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FINAL LICENSE RENEWAL INTERIM STAFF GUIDANCE
LR-ISG-2011-04

UPDATED AGING MANAGEMENT CRITERIA FOR
REACTOR VESSEL INTERNAL COMPONENTS FOR PRESSURIZED
WATER REACTORS

INTRODUCTION

This license renewal interim staff guidance (LR-ISG) updates the U.S. Nuclear Regulatory
Commission (NRC’s) guidance in NUREG-1800, Revision 2, “Standard Review Plan for Review
of License Renewal Applications for Nuclear Power Plants,” (SRP-LR) and NUREG-1801,
Revision 2, “Generic Aging Lessons Learned Report” (GALL Report). This LR-ISG is primarily
based on the issuance of Revision 1 to the Final Safety Evaluation (SE) of Electric Power
Research Institute (EPRI) Report, Materials Reliability Program (MRP) Report 1016596
(MRP-227), Revision 0, “Pressurized Water Reactor (PWR) Internals Inspection and Evaluation
Guidelines,” by letter dated December 16, 2011 (SE, Revision 1, on MRP-227) (ADAMS
Accession No. ML11308A770). After the issuance of the staff's SE, Revision 1, on MRP-227,
EPRI Technical Report No. 1022863 (MRP-227-A) was published in January 2012. MRP-227-A
is the NRC-endorsed version of MRP-227, which incorporates the NRC staff's SE, Revision 1, on
MRP-227. Specifically, this LR-ISG revises the recommendations in the GALL Report and the
NRC staff's acceptance criteria and review procedures in the SRP-LR to ensure consistency with
MRP-227-A. This LR-ISG also provides a framework to ensure that PWR license renewal
applicants will adequately address age-related degradation and aging management of reactor
vessel internal (RVI) components during the term of the renewed license.

DISCUSSION

Current Requlatory Framework

Pursuant to Part 54, “Requirements for Renewal of Operating Licenses for Nuclear Power
Plants,” Section 21(a)(3), of Title 10 of the Code of Federal Regulations (10 CFR 54.21(a)(3)), a
license renewal applicant is required to perform an integrated plant assessment (IPA) that
demonstrates that the effects of aging on structures and components subject to an aging
management review (AMR) are adequately managed so that the intended function(s) will be
maintained consistent with the current licensing basis (CLB) for the period of extended operation.
The NRC'’s guidance in SRP-LR Section 3.0.1 defines the AMR as the identification of the
structure and component materials, environments, aging effects, and aging management
programs (AMPs) credited for managing the aging effects. In turn, SRP-LR Section A.1.2.3
defines an acceptable AMP as consisting of 10 elements. In addition, 10 CFR 54.21(d) requires
the license renewal application (LRA) to contain a final safety analysis report (FSAR) supplement
that includes a summary description of the programs and activities for managing the effects of
aging and the evaluation of time-limited aging analyses (TLAAs) for the period of extended
operation.



GALL Report AMP XI1.M16A, “PWR Vessel Internals,” provides recommendations for an AMP to
manage the effects of aging for PWR RVI components. In addition, the GALL Report provides
component-specific AMR items for PWR RVI components in the following tables:

e Table IV.B2 for Westinghouse-designed RVI components
e Table IV.B3 for CE-designed RVI components
e Table IV.B4 for B&W-designed RVI components

SRP-LR Table 3.1-1 provides the specific commodity group-based AMR items for PWR RVI
components. SRP-LR Sections 3.1.2.2.1, 3.1.2.2.3, 3.1.2.2.9, 3.1.2.2.10, 3.1.2.2.12, 3.1.2.2.13,
and 3.1.2.2.14 provide the aging management review results for which further evaluation is
recommended by the GALL Report for PWR RVI components. Finally, SRP-LR Table 3.0-1
provides an example of the type of information to be included in the FSAR Supplement for an
AMP for PWR RVI components.

Basis for Issuing Interim Guidance

On January 12, 2009, EPRI submitted Technical Report No. 1016596, “Materials Reliability
Program: Pressurized Water Reactor Internals Inspection and Evaluation Guidelines (MRP-227,
Revision 0),” for NRC staff review and approval. On June 22, 2011, the NRC staff issued its SE
on MRP-227, Revision 0, which contained specific topical report condition items (TRCIs) on the
use of MRP-227 and Applicant/Licensee Action Items (A/LAls) that must be addressed by those
applicants or licensees utilizing this topical report. The staff issued a revision of its SE on the
report methodology (i.e., SE, Revision 1, on MRP-227) by letter dated December 16, 2011.
MRP-227-A, the NRC-endorsed version of MRP-227, was later published in January 2012 and
provides guidance for a PWR licensee or license renewal applicant to use in the development
and implementation of an AMP for RVI components. MRP-227-A also incorporates A/LAls that
are to be addressed if this report is referenced to satisfy the requirements of 10 CFR 54.21(a)(3)
for demonstrating that the effects of aging on the RVI components, within the scope of MRP-227,
will be adequately managed. The staff recommends that a PWR license renewal applicant
provide its responses to these A/LAls in Appendix C of the LRA. The use of MRP-227-A by a
PWR license renewal applicant is not a substitute for performing a plant-specific IPA to identify
those structures and components subject to an aging management review, in accordance with
10 CFR 54.21(a)(1).

Regulatory Issue Summary (RIS) 2011-07, “License Renewal Submittal Information For
Pressurized Water Reactor Internals Aging Management,” dated July 21, 2011, was issued, in
part, to facilitate a predictable and consistent method for reviewing the aging management of RVI
components for commercial PWR LRAs. An “inspection plan” is one aspect of the A/LAls of the
staff's SE, Revision 1, for MRP-227. This “inspection plan” provides information about the RVI
components to be inspected and a description of how they will be managed for age-related
degradation. Details of an “inspection plan” for those PWR plant licensees that have not
submitted but plan to submit an LRA in the future will be incorporated into the LRA as part of the
10-element aging management program and aging management review line items. Thus,
consistent with RIS 2011-07, these future license renewal applicants need not submit a separate
document that contains an “inspection plan” in response to the A/LAls of the staff's SE,

Revision 1, for MRP-227.

Prior to the completion of its review and issuance of the SE on MRP-227, the staff issued

SRP-LR, Revision 2, and GALL Report, Revision 2, in December 2010. Since SRP-LR,
Revision 2, and GALL Report, Revision 2, were based on MRP-227, Revision 0, the relevant
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portions of the SRP-LR, Revision 2, and GALL Report, Revision 2, are now being updated with
this LR-ISG to reconcile any differences with MRP-227-A.

ACTION

This LR-ISG updates the GALL Report, Revision 2, and SRP-LR, Revision 2, to ensure
consistency with MRP-227-A for the aging management of age-related degradation for PWR RVI
components during the term of a renewed operating license. Appendix A, “Revisions to the
GALL Report and SRP-LR,” to this LR-ISG shows these changes. The majority of these
changes result in the incorporation of MRP-227-A within the SRP-LR, Revision 2, and the GALL
Report, Revision 2. To better show these changes, a mark-up is shown in Appendix B, “Mark-Up
of Changes to the GALL Report and SRP-LR,” to this LR-ISG.

On March 20, 2012, at Volume 77, page 16270, of the Federal Register (77 FR 16270), the
NRC requested public comments on draft LR-ISG-2011-04. Subsequently, as noticed on
April 19, 2012, at Volume 77, page 23513, of the Federal Register (77 FR 23513), the NRC
issued an editorial correction to the original notice to specifically identify the ADAMS
Accession Nos. for additional documents associated with draft LR-1ISG-2011-04.

The staff received comments on draft LR-1ISG-2011-04 by letters from EPRI and the Pressurized
Water Reactor Owners Group Materials Subcommittee (ADAMS Accession No. ML12146A267)
and from the Nuclear Energy Institute (ADAMS Accession No. ML12144A147). The staff
considered all comments, and its evaluation of these comments is contained in Appendix C,
“Staff Response to Public Comments on Draft License Renewal Interim Staff Guidance 2011-04,”
of this LR-ISG. The guidance described in this final LR-ISG supersedes the affected sections of
the SRP-LR, Revision 2, and the GALL Report, Revision 2, and is approved for use by the NRC
staff and stakeholders.

NEWLY IDENTIFIED SYSTEMS, STRUCTURES, AND COMPONENTS
UNDER 10 CFR 54.37(b)

Any structures and components identified in this LR-ISG as requiring aging management, which
were not previously identified in earlier versions of the SRP-LR, Revision 2, or GALL Report,
Revision 2, are considered by the staff to be newly-identified structures and components under
10 CFR 54.37(b).

BACKFITTING AND ISSUE FINALITY

This LR-ISG contains guidance on one acceptable approach for managing the associated aging
effects during the PEO for components within the scope of license renewal. The staff's
discussion on compliance with the requirements of the Backfit Rule, 10 CFR 50.109 is presented
below.

Compliance with the Backfit Rule and Issue Finality

Issuance of this LR-ISG does not constitute backfitting as defined in 10 CFR 50.109(a)(1), and
the NRC staff did not prepare a backfit analysis for issuing this LR-ISG. There are several
rationales for this conclusion, depending on the status of the nuclear power plant licensee.

Licensees currently in the license renewal process — The backfitting provisions in 10 CFR 50.109
do not protect an applicant, as backfitting policy considerations are not applicable to an
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applicant. Therefore, issuance of this LR-ISG does not constitute backfitting as defined in

10 CFR 50.109(a)(1). There currently are no combined licenses (i.e., 10 CFR Part 52) license
renewal applicants; therefore, the changes and new positions presented in the LR-ISG may be
made without consideration of the issue finality provisions in 10 CFR Part 52, “Licenses,
Certifications, and Approvals for Nuclear Power Plants.”

Licensees who already hold a renewed license — This guidance is nonbinding and the LR-ISG
would not require current holders of renewed licenses to take any action (i.e., programmatic or
plant hardware changes for managing the associated aging effects for components within the
scope of this LR-ISG). Current holders of renewed licenses should treat this guidance as
operating experience and take actions as appropriate to ensure that applicable aging
management programs are, and will remain, effective. If, in the future, the NRC decides to take
additional action and impose requirements for managing the associated aging effects for
components within the scope of this LR-ISG, then the NRC would follow the requirements of the
Backfit Rule.

Current operating license or combined license holders who have not yet applied for renewed
licenses — The backfitting provisions in 10 CFR 50.109 do not protect any future applicant, as
backfitting policy considerations are not applicable to a future applicant. Therefore, issuance of
this LR-ISG does not constitute backfitting as defined in 10 CFR 50.109(a)(1). The issue finality
provisions of 10 CFR Part 52 do not extend to the aging management matters covered by

10 CFR Part 54, as evidenced by the requirement in 10 CFR 52.107, “Application for Renewal,”
stating that applications for renewal of a combined license must be in accordance with

10 CFR Part 54.

APPENDICES

Appendix A provides the staff’s revisions to the SRP-LR, Revision 2, and the GALL Report,
Revision 2, for managing aging in PWR RVI components and includes the following sections:

e Section 1 — Revised version of the GALL Report
e Section 2 — Revised version of the SRP-LR

Appendix B provides a mark-up of the SRP-LR, Revision 2, and GALL Report, Revision 2, to
better show the changes made as a result of LR-1ISG-2011-04 and includes the following
sections:

e Section 1 — Mark-up of changes to the GALL Report
e Section 2 — Mark-up of changes to the SRP-LR

Appendix C provides the staff’'s bases for resolving comments that were received on the draft
LR-ISG-2011-04.
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Appendix A, Section 1 — Revised version of the GALL Report

(1) Revised version of GALL Report AMP XI.M16A

XI.M16A PWR VESSEL INTERNALS
Program Description

This program relies on implementation of the Electric Power Research Institute (EPRI) Technical
Report No. 1022863, “Materials Reliability Program: Pressurized Water Reactor (PWR) Internals
Inspection and Evaluation Guidelines,” (MRP-227-A) and EPRI Technical Report No. 1016609,
“Materials Reliability Program: Inspection Standard for PWR Internals,” (MRP-228) to manage
the aging effects on the pressurized water reactor (PWR) reactor vessel internal (RVI)
components. The recommended activities in MRP-227-A and additional plant-specific activities
not defined in MRP-227-A are implemented in accordance with Nuclear Energy Institute (NEI)
03-08, “Guideline for the Management of Materials Issues.” The staff approved the augmented
inspection and evaluation (I&E) criteria for PWR RVI components in NRC Safety Evaluation
(SE), Revision 1, on MRP-227 by letter dated December 16, 2011.

This program is used to manage the effects of age-related degradation mechanisms that are
applicable in general to the PWR RVI components at the facility. These aging effects include:
(a) cracking, including stress corrosion cracking (SCC), primary water stress corrosion cracking
(PWSCC), irradiation-assisted stress corrosion cracking (IASCC), and cracking due to
fatigue/cyclic loading; (b) loss of material induced by wear; (c) loss of fracture toughness due to
either thermal aging or neutron irradiation embrittlement; (d) changes in dimensions due to void
swelling or distortion; and (e) loss of preload due to thermal and irradiation-enhanced stress
relaxation or creep.

The program applies the guidance in MRP-227-A for inspecting, evaluating, and, if applicable,
dispositioning non-conforming RVI components at the facility. These examinations provide
reasonable assurance that the effects of age-related degradation mechanisms will be managed
during the period of extended operation. The program includes expanding periodic
examinations and other inspections, if the extent of the degradation identified exceeds the
expected levels.

MRP-227-A guidance for selecting RVI components for inclusion in the inspection sample is
based on a four-step ranking process. Through this process, the RVIs for all three PWR
designs were assigned to one of the following four groups: “Primary,” “Expansion,” “Existing
Programs,” and “No Additional Measures.” Definitions of each group are provided in “Generic
Aging Lessons Learned Report” (GALL Report), Revision 2, Chapter IX.B.

The result of this four-step sample selection process is a set of “Primary” internals component
locations for each of the three plant designs that are inspected because they are expected to
show the leading indications of the degradation effects, with another set of “Expansion” internals
component locations that are specified to expand the sample should the indications be more
severe than anticipated.

The degradation effects in a third set of internals locations are deemed to be adequately
managed by “Existing Programs,” such as American Society of Mechanical Engineers



(ASME) Code, Section XI,"" Examination Category B-N-3, examinations of core support
structures. A fourth set of internals locations are deemed to require “No Additional Measures.”

Evaluation and Technical Basis

1. Scope of Program: The scope of the program includes all RVI components based on the
plant’s applicable nuclear steam supply system design. The scope of the program applies the
methodology and guidance in MRP-227-A, which provides an augmented inspection and flaw
evaluation methodology for assuring the functional integrity of safety-related internals in
commercial operating U.S. PWR nuclear power plants designed by Babcock & Wilcox (B&W),
Combustion Engineering (CE), and Westinghouse. The scope of components considered for
inspection in MRP-227-A includes core support structures, those RVI components that serve an
intended license renewal safety function pursuant to criteria in 10 CFR 54.4(a)(1), and other RVI
components whose failure could prevent satisfactory accomplishment of any of the functions
identified in 10 CFR 54.4(a)(1)(i), (ii), or (iii). In addition, ASME Code, Section Xl includes
inspection requirements for PWR removable core support structures in Table IWB-2500-1,
Examination Category B-N-3, which are in addition to any inspections that are implemented in
accordance with MRP-227-A.

The scope of the program does not include consumable items, such as fuel assemblies,
reactivity control assemblies, and nuclear instrumentation. The scope of the program also does
not include welded attachments to the internal surface of the reactor vessel because these
components are considered to be ASME Code Class 1 appurtenances to the reactor vessel and
are managed in accordance with an applicant's AMP that corresponds to GALL AMP XI.M1,
“ASME Code, Section Xl Inservice Inspection, Subsections IWB, IWC, and IWD.”

2. Preventive Actions: MRP-227-A relies on PWR water chemistry control to prevent or
mitigate aging effects that can be induced by corrosive aging mechanisms (e.g., loss of material
induced by general, pitting corrosion, crevice corrosion, or stress corrosion cracking or any of its
forms [SCC, PWSCC, or IASCC]). Reactor coolant water chemistry is monitored and
maintained in accordance with the Water Chemistry Program, as described in GALL AMP
XI.M2, “Water Chemistry.”

3. Parameters Monitored/Inspected: The program manages the following age-related
degradation effects and mechanisms that are applicable in general to RVI components at the
facility: (a) cracking induced by SCC, PWSCC, IASCC, or fatigue/cyclic loading; (b) loss of
material induced by wear; (c) loss of fracture toughness induced by either thermal aging or
neutron irradiation embrittlement; (d) changes in dimensions due to void swelling or distortion;
and (e) loss of preload due to thermal and irradiation-enhanced stress relaxation or creep.

For the management of cracking, the program monitors for evidence of surface-breaking linear
discontinuities if a visual inspection technique is used as the non-destructive examination (NDE)
method, or for relevant flaw presentation signals if a volumetric ultrasonic testing (UT) method is
used as the NDE method. For the management of loss of material, the program monitors for
gross or abnormal surface conditions that may be indicative of loss of material occurring in the
components. For the management of loss of preload, the program monitors for gross surface
conditions that may be indicative of loosening in applicable bolted, fastened, keyed, or pinned
connections. The program does not directly monitor for loss of fracture toughness that is
induced by thermal aging or neutron irradiation embrittlement. Instead, the impact of loss of

" Refer to the GALL Report, Chapter |, for applicability of various editions of the ASME Code, Section XI.
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fracture toughness on component integrity is indirectly managed by: (1) using visual or
volumetric examination techniques to monitor for cracking in the components, and (2) applying
applicable reduced fracture toughness properties in the flaw evaluations, in cases where
cracking is detected in the components and is extensive enough to necessitate a supplemental
flaw growth or flaw tolerance evaluation. The program uses physical measurements to monitor
for any dimensional changes due to void swelling or distortion.

Specifically, the program implements the parameters monitored/inspected criteria consistent
with the applicable tables in Section 4, “Aging Management Requirements,” in MRP-227-A.

4. Detection of Aging Effects: The inspection methods are defined and established in

Section 4 of MRP-227-A. Standards for implementing the inspection methods are defined and
established in MRP-228. In all cases, well-established inspection methods are selected. These
methods include volumetric UT examination methods for detecting flaws in bolting and various
visual (VT-3, VT-1, and EVT-1) examinations for detecting effects ranging from general
conditions to detection and sizing of surface-breaking discontinuities. Surface examinations
may also be used as an alternative to visual examinations for detection and sizing of surface-
breaking discontinuities.

Cracking caused by SCC, IASCC, and fatigue is monitored/inspected by either VT-1 or EVT-1
examination (for internals other than bolting) or by volumetric UT examination (bolting). VT-3
visual methods may be applied for the detection of cracking in non-redundant RVI components
only when the flaw tolerance of the component, as evaluated for reduced fracture toughness
properties, is known and the component has been shown to be tolerant of easily detected large
flaws, even under reduced fracture toughness conditions. VT-3 visual methods are acceptable
for the detection of cracking in redundant RVI components (e.g., redundant bolts or pins used to
secure a fastened RVI assembly).

In addition, VT-3 examinations are used to monitor/inspect for loss of material induced by wear
and for general aging conditions, such as gross distortion caused by void swelling and
irradiation growth or by gross effects of loss of preload caused by thermal and irradiation-
enhanced stress relaxation and creep.

The program adopts the guidance in MRP-227-A for defining the “Expansion Criteria” that need
to be applied to the inspection findings of “Primary” components and for expanding the
examinations to include additional “Expansion” components. RVI component inspections are
performed consistent with the inspection frequency and sampling bases for “Primary”
components, “Existing Programs” components, and “Expansion” components in MRP-227-A.

In some cases (as defined in MRP-227-A), physical measurements are used as supplemental
techniques to manage for the gross effects of wear, loss of preload due to stress relaxation, or
for changes in dimensions due to void swelling or distortion.

Inspection coverages for “Primary” and “Expansion” RVl components are implemented
consistent with Sections 3.3.1 and 3.3.2 of the NRC SE, Revision 1, on MRP-227.

5. Monitoring and Trending: The methods for monitoring, recording, evaluating, and trending
the data that result from the program’s inspections are given in Section 6 of MRP-227-A and its
subsections. Flaw evaluation methods, including recommendations for flaw depth sizing and for
crack growth determinations as well as for performing applicable limit load, linear elastic and
elastic-plastic fracture analyses of relevant flaw indications, are defined in MRP-227-A. The
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examination and re-examinations that are implemented in accordance with MRP-227-A,
together with the criteria specified in MRP-228 for inspection methodologies, inspection
procedures, and inspection personnel, provide for timely detection, reporting, and
implementation of corrective actions for the aging effects and mechanisms managed by the
program.

The program applies applicable fracture toughness properties, including reductions for thermal
aging or neutron embrittlement, in the flaw evaluations of the components in cases where
cracking is detected in a RVI component and is extensive enough to warrant a supplemental flaw
growth or flaw tolerance evaluation.

For singly-represented components, the program includes criteria to evaluate the aging effects
in the inaccessible portions of the components and the resulting impact on the intended
function(s) of the components. For redundant components (such as redundant bolts, screws,
pins, keys, or fasteners, some of which are accessible to inspection and some of which are not
accessible to inspection), the program includes criteria to evaluate the aging effects in the
population of components that are inaccessible to the applicable inspection technique and the
resulting impact on the intended function(s) of the assembly containing the components.

6. Acceptance Criteria: Section 5 of MRP-227-A, which includes Table 5-1 for B&W-designed
RVIls, Table 5-2 for CE-designed RVIs, and Table 5-3 for Westinghouse-designed RVIs,
provides the specific examination and flaw evaluation acceptance criteria for the “Primary” and
“Expansion” RVI component examination methods. For RVI components addressed by
examinations performed in accordance with the ASME Code, Section XI, the acceptance criteria
in IWB-3500 are applicable. For RVI components covered by other “Existing Programs,” the
acceptance criteria are described within the applicable reference document. As applicable, the
program establishes acceptance criteria for any physical measurement monitoring methods that
are credited for aging management of particular RVI components.

7. Corrective Actions: Any detected conditions that do not satisfy the examination acceptance
criteria are required to be dispositioned through the plant corrective action program, which may
require repair, replacement, or analytical evaluation for continued service until the next
inspection. The disposition will ensure that design basis functions of the reactor internals
components will continue to be fulfilled for all licensing basis loads and events. The
implementation of the guidance in MRP-227-A, plus the implementation of any ASME Code
requirements, provides an acceptable level of aging management of safety-related components
addressed in accordance with the corrective actions of 10 CFR Part 50, Appendix B or its
equivalent, as applicable.

Other alternative corrective actions bases may be used to disposition relevant conditions if they
have been previously approved or endorsed by the NRC. Alternative corrective actions not
approved or endorsed by the NRC will be submitted for NRC approval prior to their
implementation.

8. Confirmation Process: Site quality assurance procedures, review and approval processes,
and administrative controls are implemented in accordance with the recommendations of

NEI 03-08 and the requirements of 10 CFR Part 50, Appendix B, or their equivalent, as
applicable. The implementation of the guidance in MRP-227-A, in conjunction with NEI 03-08
and other guidance documents, reports, or methodologies referenced in this AMP, provides an
acceptable level of quality and an acceptable basis for confirming the quality of inspections, flaw
evaluations, and corrective actions.
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9. Administrative Controls: The administrative controls for these types of programs, including
their implementing procedures and review and approval processes, are implemented in
accordance with the recommended industry guidelines and criteria in NEI 03-08, and are under
existing site 10 CFR 50 Appendix B, Quality Assurance Programs, or their equivalent, as
applicable. The evaluation in Section 3.5 of the NRC’s SE, Revision 1, on MRP-227 provides
the basis for endorsing NEI 03-08. This includes endorsement of the criteria in NEI 03-08 for
notifying the NRC of any deviation from the I&E methodology in MRP-227-A and justifying the
deviation no later than 45 days after its approval by a licensee executive.

10. Operating Experience: The review and assessment of relevant operating experience for its
impacts on the program, including implementing procedures, are governed by NEI 03-08 and
Appendix A of MRP-227-A. Consistent with MRP-227-A, the reporting of inspection results and
operating experience is treated as a “Needed” category item under the implementation of NEI
03-08.

The program is informed and enhanced when necessary through the systematic and ongoing
review of both plant-specific and industry operating experience, as discussed in Appendix B of
the GALL Report, which is documented in LR-1ISG-2011-05.

References

10 CFR Part 50, Appendix B, Quality Assurance Criteria for Nuclear Power Plants, Office of the
Federal Register, National Archives and Records Administration, 2011.

10 CFR Part 50.55a, Codes and Standards, Office of the Federal Register, National Archives
and Records Administration, 2011.

ASME Boiler & Pressure Vessel Code, Section V, Nondestructive Examination, 2004 Edition,
American Society of Mechanical Engineers, New York, NY.

ASME Boiler & Pressure Vessel Code, Section Xl, Rules for Inservice Inspection of Nuclear
Power Plant Components, The ASME Boiler and Pressure Vessel Code, 2004 edition as
approved in 10 CFR 50.55a, The American Society of Mechanical Engineers, New York,
NY.

EPRI Technical Report No. 1016596, Materials Reliability Program: Pressurized Water Reactor
Internals Inspection and Evaluation Guidelines (MRP-227, Revision 0), Electric Power
Research Institute, Palo Alto, CA: 2008.

EPRI Technical Report No.1022863, Materials Reliability Program: Pressurized Water Reactor
Internals Inspection and Evaluation Guidelines (MRP-227-A), December 2011, ADAMS
Accession No. ML12017A193 (Transmittal letter from the EPRI-MRP) and ADAMS Accession
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(2) Revised version of GALL Report Chapter IV.B2

B2. REACTOR VESSEL INTERNALS (PWR) - WESTINGHOUSE

Systems, Structures, and Components

This section addresses the Westinghouse pressurized-water reactor (PWR) vessel internals,
which consist of components in the upper internals assembly, the control rod guide tube
assembly, the core barrel assembly, the baffle/former assembly, the lower internals assembily,
lower support assembly, thermal shield assembly, bottom mounted instrumentation system, and
alignment and interfacing components.

Common miscellaneous material/environment combinations where aging effects are not
expected to degrade the ability of the structure or component to perform its intended function for
the period of extended operation are included in IV.E.

System Interfaces

The systems that interface with the reactor vessel internals include the reactor pressure vessel
(IV.A2).
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(3) Revised version of GALL Report Chapter IV.B3

B3. REACTOR VESSEL INTERNALS (PWR) - COMBUSTION ENGINEERING

Systems, Structures, and Components

This section addresses the Combustion Engineering (CE) pressurized-water reactor (PWR)
vessel internals, which consist of components in the upper internals assembly, the control
element assembly (CEA), the core support barrel assembly, the core shroud assembly, and the
lower support structure assembly, and encore instrumentation (ICl) components.

Common miscellaneous material/environment combinations where aging effects are not
expected to degrade the ability of the structure or component to perform its intended function for
the period of extended operation are included in IV.E.

System Interfaces

The systems that interface with the reactor vessel internals include the reactor pressure vessel
(IV.A2).
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(4) Revised version of GALL Report Chapter IV.B4

B4. REACTOR VESSEL INTERNALS (PWR) - BABCOCK AND WILCOX

Systems, Structures, and Components

This section addresses the Babcock and Wilcox (B&W) pressurized-water reactor (PWR) vessel
internals, which consist of components in the plenum cover assembly, the upper grid assembly,
the control rod guide tube (CRGT) assembly, the core support shield assembly, the core barrel
assembly, the lower grid assembly, incore monitoring instrumentation (IMI) guide tube
assembly, and the flow distributor assembly.

Common miscellaneous material/environment combinations where aging effects are not
expected to degrade the ability of the structure or component to perform its intended function for
the period of extended operation are included in IV.E.

System Interfaces

The systems that interface with the reactor vessel internals include the reactor pressure vessel
(IV.A2).
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(5) Revised version of GALL Report Chapter IX.C and IX.G

IX.C Selected Definitions & Use of Terms for Describing and Standardizing

MATERIALS

Stainless steel

Products grouped under the term “stainless steel” include
austenitic, ferritic, martensitic, precipitation-hardened (PH),
or duplex stainless steel (Cr content >11%). These
stainless steels may be fabricated using a wrought or cast
process. These materials are susceptible to a variety of
aging effects and mechanisms, including loss of material
due to pitting and crevice corrosion, and cracking due to
stress corrosion cracking. In some cases, when an aging
effect is applicable to all of the various stainless steel
categories, it can be assumed that the term “stainless
steel” in the “Material” column of an AMR line-item in the
GALL Report encompasses all stainless steel types. Cast
austenitic stainless steel (CASS) is quite susceptible to loss
of fracture toughness due to thermal and neutron irradiation
embrittlement. In addition, MRP-227-A indicates that PH
stainless steels or martensitic stainless steels may be
susceptible to loss of fracture toughness by a thermal aging
mechanism. Therefore, when loss of fracture toughness
due to thermal and neutron irradiation embrittlement is an
applicable aging effect and mechanism for a component in
the GALL Report, the CASS, PH stainless steel, or
martensitic stainless steel designation is specifically
identified in an AMR line-item.

Steel with stainless steel cladding also may be considered
stainless steel when the aging effect is associated with the
stainless steel surface of the material, rather than the
composite volume of the material.

Examples of stainless steel designations that comprise this
category include A-286, SA193-Gr. B8, SA193-Gr. B8M, Gr.
660 (A-286), SA193-6, SA193-Gr. B8 or B-8M, SA453, Type
416, Type 403, 410, 420, and 431 martensitic stainless
steels, Type 15-5, 17-4, and 13-8-Mo PH stainless steels,
and SA-193, Grade B8 and B8M bolting materials.
Examples of wrought austenitic stainless materials that
comprise this category include Type 304, 304NG, 304L,
308, 308L, 309, 309L, 316 and 347. Examples of CASS
that comprise this category include CF3, CF3M, CF8 and
CF8M. [Ref. 6, 7, 30]
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IX.G References

30. Welding Handbook, Seventh Edition, Volume 4, Metals and Their Weldability, American
Welding Society, 1984, p. 76-145.
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Appendix A, Section 2 — Revised version of the SRP-LR

(1) Revised version of SRP-LR Table 3.0-1

Table 3.0-1 FSAR Supplement for Aging Management of Applicable Systems

No. 1022863 (MRP-227-A) and EPRI
Technical Report No. 1016609
(MRP-228) to manage the aging
effects on the reactor vessel internal
components. This program is used to
manage (a) cracking, including stress
corrosion cracking, primary water
stress corrosion cracking,
irradiation-assisted stress corrosion
cracking, and cracking due to
fatigue/cyclical loading; (b) loss of
material induced by wear; (c) loss of
fracture toughness due to either
thermal aging, neutron irradiation
embrittlement, or void swelling; (d)
dimensional changes due to void
swelling or distortion; and (e) loss of
preload due to thermal and irradiation-
enhanced stress relaxation or creep.

prior to period
of extended
operation

GALL GALL Description of Program Implementation | Applicable GALL
Chapter Program Schedule Report and SRP-LR
Chapter References
XI.M16A PWR Vessel | The program relies on implementation | Program GALL IV /SRP 3.1
Internals of the inspection and evaluation should be
guidelines in EPRI Technical Report implemented

(2) Revised version of SRP-LR Section 3.1.2, “Acceptance Criteria”

2.9

210
212
213
2.14

WWWWwWw

.
A
A
.
A

NNNNDDN

Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04

(3) Revised version of SRP-LR Section 3.1.3, “Review Procedures”

2.9

.2.10
212
213
214

WWWWwW

A
.
A
A
.

WWWWWw

Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
Removed as a result of LR-ISG-2011-04
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Appendix B

MARK-UP OF CHANGES TO THE GALL REPORT AND SRP-LR



Appendix B, Section 1 — Mark-up of Changes to the GALL Report

In the mark-up, strikethrough text indicates a deletion and underline text indicates an insertion.
Double strikethrough text indicates the original location of the moved text and a double underline
text indicates the final location of the moved text.

(1) Mark-up of changes to GALL Report AMP XI.M16A
XI.M16A PWR VESSEL INTERNALS
Program Description

This program relies on implementation of the Electric Power Research Institute (EPRI)
Technical Report No. 401466961022863, “Materials Reliability Program: Pressurized
Water Reactor (PWR) Internals Inspection and Evaluation Guidelines,” (MRP-227-A) and
EPRI Report Technical No. 1016609, “Materials Reliability Program: Inspection Standard
for PWR Internals,” (MRP-228) to manage the aging effects on the pressurized water
reactor (PWR) reactor vessel internal (RVI) components. The recommended activities in
MRP-227-A and additional plant-specific activities not defined in MRP-227-A are
implemented in accordance with Nuclear Energy Institute (NEI) 03-08, “Guideline for the
Management of Materials Issues.” The staff approved the augmented inspection and
evaluation (I&E) criteria for PWR RVI components in NRC Safety Evaluation (SE),
Revision 1, on MRP-227 by letter dated December 16, 2011.

This program is used to manage the effects of age-related degradation mechanisms that are
applicable in general to the PWR RVI components at the facility. These aging effects include-:
(a) varieus-forms-of-cracking, including stress -corrosion cracking (SCC), which-alse
encompasses-primary water stress -corrosion cracking (PWSCC), irradiation-assisted stress
corrosion cracking (IASCC), erand cracking due to fatigue/cyclical loading; (b) loss of material
induced by wear; (c) loss of fracture toughness due to either thermal aging or neutron irradiation
embrittiement; (d) changes in dimensions due to void swelling or distortion; and (e) loss of
preload due to thermal and irradiation-enhanced stress relaxation or creep.

The program applies the guidance in MRP-227-A for inspecting, evaluating, and, if applicable,
dlsposmonlng non- conformlng RVI components at the faC|I|ty lheqeregrameeﬂferms%the

mternats—leeatrens—These examrnatlons prowde reasonable assurance that the effects of age-
-related degradation mechanisms will be managed during the period of extended operation.
The program includes expanding periodic examinations and other inspections, if the extent of
the degradation effeets-identified exceeds the expected levels.

Fhe-MRP-227-A guidance for selecting RVI components for inclusion in the inspection sample is
based on a four-step ranking process. Through this process, the reacterinternalsRVIs for all
three PWR designs were assigned to one of the following four groups: “Primary;-,” “Expansion;
,” “Existing Programs " and “No Additional Measures-cemponents.” Definitions of each group
are provided in “Generic Aging Lessons Learned Report” (GALL Report), Revision 2, Chapter
IX.B.

The result of this four-step sample selection process is a set of “Primary” linternals Scomponent
locations for each of the three plant designs that are inspected because they are expected to
show the leading indications of the degradation effects, with another set of “Expansion”
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linternals Scomponent locations that are specified to expand the sample should the indications
be more severe than anticipated.

The degradation effects in a third set of internals locations are deemed to be adequately
managed by “Existing Programs,” such as American Society of Mechanical Engineers (ASME)
Code, Section XI,"" Examination Category B-N-3 examinations of core support structures. A
fourth set of internals locations are deemed to require “Nno aAdditional mMeasures.”-As-a

. . e o . .

Evaluation and Technical Basis

" Refer to the GALL Report, Chapter |, for applicability of various editions of the ASME Code, Section XI.
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er—B&MAasa,ep#eable]—based on the pIant S appllcable nuclear steam supply system NSSS
design. The scope of the program applies the methodology and guidance in MRP-227-Athe
mostrecently-NRC-endorsed-version-of- MRP-227, which provides an augmented inspection and
flaw evaluation methodology for assuring the functional integrity of safety-related internals in
commercial operating U.S. PWR nuclear power plants designed by Babcock & Wilcox (B&W;-),
Combustion Engineering (CE;), and Westinghouse. The scope of components considered for
inspection undenn MRP 227gardanee+nelades -A mcIude core support structures-{typically

; ; X1, those RVI
components that serve an mtended Ilcense renewal safety functlon pursuant to criteria in 10
CFR 54.4(a)(1), and other RVI components whose failure could prevent satisfactory
accomplishment of any of the functions identified in 10 CFR 54.4(a)(1)(i), (ii), or (iii).- In addition,
ASME Code, Section Xl includes inspection requirements for PWR removable core support
structures in Table IWB-2500-1, Examination Category B-N-3, which are in addition to any
inspections that are implemented in accordance with MRP-227-A.

The scope of the program does not include consumable items, such as fuel assemblies,

react|V|ty control assemblles and nuclear |nstrumentat|on—beeause—these—eempenents—a¥e—net

: The scope of
the program also does not |ncIude welded attachments to the mternal surface of the reactor
vessel because these components are considered to be ASME Code Class 1 appurtenances to
the reactor vessel and are adeguately-managed in accordance with an applicant’'s AMP that
corresponds to GALL AMP XI.M1, “ASME Code, Section Xl Inservice Inspection, Subsections
IWB, IWC, and IWD.”

2. Preventive Actions: The-guidance-in-MRP-227-A relies on PWR water chemistry control to
prevent or mitigate aging effects that can be induced by corrosive aging mechanisms (e.g., loss
of material induced by general, pitting corrosion, crevice corrosion, or stress -corrosion cracking
or any of its forms [SCC, PWSCC, or IASCC]). Reactor coolant water chemistry is monitored
and maintained in accordance with the Water Chemistry Program, as described—Fheprogram
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esented in GALL AMP

XI M2, “Water Chemlstry

3. Parameters Monitored/Inspected: The program manages the following age-related
degradation effects and mechanisms that are applicable in general to the-RVI components at
the facility: (a)- cracking induced by SCC, PWSCC, IASCC, or fatigue/cyclical loading; (b)- loss
of material induced by wear; (c)- loss of fracture toughness induced by either thermal aging or
neutron irradiation embrittlement; (d)- changes in dimensions due to void swelling-and-irradiation
growth; or distortion;-er-deflection; and (e)- loss of preload eaused-due toby thermal and
irradiation--enhanced stress relaxation or creep.

For the management of cracking, the program monitors for evidence of surface breaking linear
discontinuities if a visual inspection technique is used as the non-destructionve examination
(NDE) method, or for relevant flaw presentation signals if a volumetric ultrasonic testing (UT)
method is used as the NDE method. For the management of loss of material, the program
monitors for gross or abnormal surface conditions that may be indicative of loss of material
occurring in the components. For the management of loss of preload, the program monitors for
gross surface conditions that may be indicative of loosening in applicable bolted, fastened,
keyed, or pinned connections. The program does not directly monitor for loss of fracture
toughness that is induced by thermal aging or neutron irradiation embrittlement,-er-by-void
swelling-and-irradiation-growth-instead. Instead, the impact of loss of fracture toughness on
component integrity is indirectly managed by: (1) using visual or volumetric examination
techniques to monitor for cracking in the components, and by(2) applying applicable reduced
fracture toughness properties in the flaw evaluations-if, in cases where cracking is detected in
the components and is extensive enough to warrant-necessitate a supplemental flaw growth or

flaw tolerance evaluation-underthe MRP-227 guidance-or ASME-Code-SectionX}

reguirements.. The program uses phyS|caI measurements to monitor for any dimensional

Specifically, the program implements the parameters monitored/inspected criteria consistent
with the applicable tables in Section 4, “Aging Management Requirements,” in MRP-227-A.
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4 Detectlon of Aglng Effects: Ihedeteeheneﬁagmgeﬁeet&&eevered—m%#eﬁlaees—(a)—me

exammatlen The mspectlon methods seleeted—fepdeteetlngJeheagmgre#eet&ef—mteFest—and—(b)
standards-for-examinationare defined and established in Section 4 of MRP-227-A. Standards
for implementing the inspection methods;procedures; are defined and personnelare
providedestablished in a-companion-document,-MRP-228. In all cases, well-established

inspection methods are were-selected. These methods include volumetric UT examination
methods for detecting flaws in bolting;-physical-measurements-for-detecting-changes-in
dimension; and various visual (VT-3, VT-1, and EVT-1) examinations for detecting effects
ranging from general conditions to detection and sizing of surface-breaking discontinuities.
Surface examinations may also be used as an alternative to visual examinations for detection
and sizing of surface-breaking discontinuities.

Cracking caused by SCC, IASCC, and fatigue is monitored/inspected by either VT-1 or EVT-1
examination (for internals other than bolting) or by volumetric UT examination (bolting). Fhe VT-
-3 visual methods may be applied for the detection of cracking in non-redundant RVI
components only when the flaw tolerance of the component-er-affected-assembly, as evaluated
for reduced fracture toughness properties, is known and the component has been shown to be
tolerant of easily detected large flaws, even under reduced fracture toughness conditions.- VT-3
visual methods are acceptable for the detection of cracking in redundant RVI components (e.g.,
redundant bolts or pins used to secure a fastened RVI assembly).

In addition, VT-3 examinations are used to monitor/inspect for loss of material induced by wear
and for general aging conditions, such as gross distortion caused by void swelling and
irradiation growth or by gross effects of loss of preload caused by thermal and irradiation-
enhanced stress relaxation and creep.

In-addition-theThe program adopts the recommended-guidance in MRP-227-A for defining the
“Expansion eriteriaCriteria” that need to be applied to the inspection findings of “Primary
Components-and-Existing-Requirement-Components-” components and for expanding the
examinations to include additional “Expansion-Cemponents—As-aresult;” components. RVI
component inspections performed-on-the-RVl-components-are performed consistent with the
inspection frequency and sampling bases for “Primary-Cempeonents;-” components, “Existing
Requwemen%@empenentsPrograms” components and “Expansmn@empenen%s” components




In-addition-in some cases (as defined in MRP-227-A), physical measurements are used as
supplemental techniques to manage for the gross effects of wear, loss of preload due to stress
relaxatlon or for changes in dlmensmns due to void swelllng—deﬂeetlen or dlstortlon —'Fhe

Inspection coverages for “Primary” and “Expansion” RVl components are implemented
consistent with Sections 3.3.1 and 3.3.2 of the NRC SE, Revision 1, on MRP-227.

5. Monitoring and Trending: The methods for monitoring, recording, evaluating, and trending
the data that result from the program’s inspections are given in Section 6 of MRP-227-A and its
subsections. Fhe Flaw evaluation methods-include, including recommendations for flaw depth
sizing and for crack growth determinations as well as for performing applicable limit load, linear
elastic and elastic-plastic fracture analyses of relevant flaw indications-, are defined in MRP-
227-A. The examinationsexamination and re-examinations required-by-thethat are implemented
in accordance with MRP-227-guidance-A, together with the requirementscriteria specified in
MRP 228 for mspectlon methodologles mspectlon procedures and inspection personnel,

tlmely detectlon reporting, and |mplementat|on of correctlve actlons for the aglng effects and
mechanisms managed by the program.

The program applies applicable fracture toughness properties, including reductions for thermal
aging or neutron embrittlement, in the flaw evaluations of the components in cases where
cracking is detected in a RVI component and is extensive enough to warrant a supplemental flaw
growth or flaw tolerance evaluation.

For singly-represented components, the program includes criteria to evaluate the aging effects
in the inaccessible portions of the components and the resulting impact on the intended
function(s) of the components. For redundant components (such as redundant bolts, screws,
pins, keys, or fasteners, some of which are accessible to inspection and some of which are not
accessible to inspection), the program includes criteria to evaluate the aging effects in the
population of components that are inaccessible to the applicable inspection technique and the
resulting impact on the intended function(s) of the assembly containing the components.
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6. Acceptance Criteria: Section 5 of MRP-227-A, which includes Table 5-1 for B&W-designed
RVIs, Table 5-2 for CE-designed RVIs, and Table 5-3 for Westinghouse-designed RVIs, provides
the specific examination and flaw evaluation acceptance criteria for the “Primary” and “Expansion
Componentexaminations—For” RVl component examination methods. For RVI components
addressed by examinations referenced-te-performed in accordance with the ASME Code,

Section Xl, the PAB-3500-acceptance criteria apphyin IWB-3500 are applicable. For otherRVI
components covered by other “Existing Programs;,” the examination-acceptance criteria are
described within the Existing-Programapplicable reference document.

The-guidance-in MRP-227 contains three-types-of examination As applicable, the program

establishes acceptance criteria:

condltlons that do not satlsfy the examlnatlon acceptance criteria are requwed to be
dispositioned through the plant corrective action program, which may require repair,
replacement, or analytical evaluation for continued service until the next inspection.
The disposition will ensure that design basis functions of the reactor internals components will

continue to be fquIIIed for aII I|cenS|ng baS|s Ioads and events —Beamples—ef—metheeeleges—tha{

o The implementation
of the gwdance in MRP 227-A plus the |mplementat|on of any ASME Code requirements,
provides an acceptable level of aging management of safety-related components addressed in
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accordance with the corrective actions of 10 CFR Part 50, Appendix B or its equivalent, as
applicable.

Other alternative corrective actionactions bases may be used to disposition relevant conditions
if they have been prevrously approved or endorsed by the NRC Examplese#prevreeslyNRG—

basesactlons not approved or endorsed by the NRC will be sub.mltted for NRC approval prior to
their implementation.

8. Confirmation Process: Site quality assurance procedures, review and approval processes,
and administrative controls are implemented in accordance with the recommendations of NEI 03-
08 and the requirements of 10 CFR Part 50, Appendix B, or their equivalent, as applicable.-ltis
expected-thatthe The implementation of the guidance in MRP-227-will-provide-A, in conjunction
with NEI 03-08 and other guidance documents, reports, or methodologies referenced in this
AMP, provides an acceptable level of quallty and an acceptable baS|s for mspeetlenconflrmlng
the quality of |nspect|ons flaw ey ‘

correctlve actlons

9. Administrative Controls: The administrative controls for suchthese types of programs,
including their implementing procedures and review and approval processes, are implemented
in accordance with the recommended industry guidelines and criteria in NEI 03-08, and are
under existing site 10 CFR 50 Appendix B, Quality Assurance Programs, or their equivalent, as
applicable. Such The evaluation in Section 3.5 of the NRC’s SE, Revision1, on MRP-227
provides the basis for endorsing NEI 03-08. This includes endorsement of the criteria in
NEI-03-08 for notifying the NRC of any deviation from the I&E methodology in MRP-227-A and

Justlfyrng the devratron no Iater than 45 days after |ts approval by a pregram%thusexpeeted—te

prewded—nsrAppendrx—Aref—MRP——Zﬂ—A— The applman#r&e*peetedterevrew subseqeentand

assessment of relevant operating experience for impaetits impacts on itsthe program-erto

icati i i [ ' , including
|mplement|ng procedures are governed by NEI 03 08 and Appendrx A of MRP 227-A
Con3|stent wrth MRP- 227 A, the reporting of mspectron results and operatlng experience ever

treated as a Needed category item under the |mpIementat|on of NEI 03- 08
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The program is informed and enhanced when necessary through the systematic and ongoing
review of both plant-specific and industry operating experience, as discussed in Appendix B of
the GALL Report, which is documented in LR-ISG-2011-05.
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ML12017A195 and ML12017A199, (Final Report).

EPRI Technical Report No. 1016609, Materials Reliability Program: Inspection Standard for
PWR Internals (MRP-228), Electric Power Research Institute, Palo Alto, CA, July 2009-
(Non-publicly available ADAMS Accession No.umber ML092120574). The non-proprietary
version of the report may accessed by members of the public at ADAMS Accession
No.umber ML092750569.




NRC Interim Staff Guidance LR-ISG-2011-05, Ongoing Review Of Operating Experience, March
16, 2012, (ADAMS Accession No. ML12044A215).

Nuclear Energy Institute (NEI) Report No. 03-08, Revision 2, Guideline for the Management of
Materials Issues, ADAMS Accession No. ML101050334).

NRC Safety Evaluation from Robert A. Nelson (NRC) to Neil Wilmshurst (EPRI), Revision 1 to
the Final Safety Evaluation of Electric Power Research Institute (EPRI) Report, Materials
Reliability Program (MRP) Report 1016596 (MRP-227), Revision 0, Pressurized Water
Reactor Internals Inspection and Evaluation Guidelines, December 16, 2011, ADAMS
Accession No. ML11308A770.



(2) Mark-up of changes to GALL Report Chapter IV.B2

B2.REACTOR VESSEL INTERNALS (PWR) - WESTINGHOUSE

Systems, Structures, and Components

This section addresses the Westinghouse pressurized--water reactor (PWR) vessel internals-and
consists-of, which consist of components in the upper internals assembly, the control rod guide
tube assembliesassembly, the core barrel assembly, the baffle/former assembly, the lower
internal-assembly;—and-theinternals assembly, lower support assembly, thermal shield assembly,
bottom mounted mstrumentatlon suppeﬁ—s#uetures—Based—e#Regu@ew—G&W—Z@—“QuaMy

vesseLa;e—ge%med—by—GFeup—A—er—B—QuaJWStandaFds-system and allgnment and mterfacmg

components.

Common miscellaneous material/environment combinations where aging effects are not
expected to degrade the ability of the structure or component to perform its intended function for
the period of extended operation are included in IV.E.

System Interfaces

The systems that interface with the reactor vessel internals include the reactor pressure vessel
(IV.A2).
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(3) Mark-up of changes to GALL Report Chapter IV.B3

B3.REACTOR VESSEL INTERNALS (PWR) - COMBUSTION ENGINEERING

Systems, Structures, and Components

This section addresses the Combustion Engineering (CE) pressurized--water reactor (PWR)
vessel internals-and-censists-of, which consist of components in the upper internals assembly,
the control element assembly (CEA)}-shrouds;), the core support barrel assembly, the core

shroud assembly, and the Iower MemaLassembly—Based—en—Regulatery—@cude—’l—Z@—

structure assembly, and encore mstrumentatlon (ICl) components.

Common miscellaneous material/environment combinations where aging effects are not
expected to degrade the ability of the structure or component to perform its intended function for
the period of extended operation are included in IV.E.

System Interfaces

The systems that interface with the reactor vessel internals include the reactor pressure vessel
(IV.A2).
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(4) Mark-up of changes to GALL Report Chapter IV.B4

B4.REACTOR VESSEL INTERNALS (PWR) - BABCOCK AND WILCOX

Systems, Structures, and Components

This section addresses the Babcock and Wilcox (B&W) pressurized--water reactor (PWR) vessel
internals-and-censists, which consist of components in the plenum cover and-plenum
eylinderassembly, the upper grid assembly, the control rod guide tube (CRGT) assembly, the

are-governed-by-Group-A-or B-Quality-Standards-incore monitoring instrumentation (IMI)

guide tube assembly, and the flow distributor assembly.
Common miscellaneous material/environment combinations where aging effects are not

expected to degrade the ability of the structure or component to perform its intended function for
the period of extended operation are included in IV.E.

System Interfaces

The systems that interface with the reactor vessel internals include the reactor pressure vessel
(IV.A2).
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(5) Mark-up of changes to GALL Report Chapter IX.C and IX.G

IX.C Selected Definitions & Use of Terms for Describing and Standardizing

MATERIALS

Stainless steel

Products grouped under the term “stainless steel” include
wrought-orforged austenitic, ferritic, martensitic,
precipitation-hardened (PH), or duplex stainless steel (Cr
content >11%). These stainless steels may be fabricated
using a wrought or cast process. These materials are
susceptible to a variety of aging effects and mechanisms,
including loss of material due to pitting and crevice
corrosion, and cracking due to stress -corrosion cracking.
In some cases, when therecommended-AMPan aging
effect is applicable to all of the same-foerPHvarious
stainless steel ereastcategories, it can be assumed that
the term “stainless steel” in the “Material” column of an
AMR line-item in the GALL Report encompasses all
stainless steel types. Cast austenitic stainless steel
(CASS)asie%nlesssteel,—Rthta##lesssteeLePGASS
However CASS is quite susceptible to loss of fracture
toughness due to thermal and neutron irradiation
embrittlement.-Therefore;-when-this-aging-effect-is-being
considered-CASS In addition, MRP-227-A indicates that
PH stainless steels or martensitic stainless steels may be
susceptible to loss of fracture toughness by a thermal aging
mechanism. Therefore, when loss of fracture toughness
due to thermal and neutron irradiation embrittlement is an
applicable aging effect and mechanism for a component in
the GALL Report, the CASS, PH stainless steel, or
martensitic stainless steel designation is specifically
identified designated-in an AMR line-item.

Steel with stainless steel cladding also may be considered
stainless steel when the aging effect is associated with the
stainless steel surface of the material, rather than the
composite volume of the material.

Examples of stainless steel designations that comprise this
category include A-286, SA193-Gr. B8, SA193-Gr. B8M, Gr.
660 (A-286), SA193-6, SA193-Gr. B8 or B-8M, SA453, Type
416, Type 403, 410, 420, and Fypes431 martensitic
stainless steels, Type 15-5, 17-4, and 13-8-Mo PH stainless
steels, and SA-193, Grade B8 and B8M bolting materials.
Examples of wrought austenitic stainless materials that
comprise this category include Type 304, 304NG, 304L,
308, 308L, 309, 309L, 316; and 347,-403,and-416-.
Examples of CASS designationsthat comprise this category
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‘ include CF-3,-8-3M.CF3, CF3M, CF8 and -8M-CF8M.
[Ref. 6, 71, 30]

IX.G References

30. Welding Handbook, Seventh Edition, Volume 4, Metals and Their Weldability, American
Welding Society, 1984, p. 76-145.
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Appendix B, Section 2 — Mark-up of Changes to the SRP-LR

In the mark-up, red or green strikethrough text indicates a deletion and blue underline text
indicates an insertion. Green text indicates a move, where a double strikethrough indicates the
original location of the text and a double underline indicates the final location of the moved text.

(1) Mark-up of changes to SRP-LR Table 3.0-1

Table 3.0-1 FSAR Supplement for Aging Management of Applicable Systems

GALL GALL Description of Program Implementation Applicable GALL
Chapter Program Schedule Report and SRP-LR
Chapter
References
XI.M16A | PWR Vessel | The program relies on implementation | Program should | GALL IV /SRP 3.1
Internals of the inspection and evaluation be implemented

guidelines in EPRI Technical Report prior to period of
No. 10165961022863 (MRP-227-A) extended

and EPRI Technical Report No. operation
1016609 (MRP-228) to manage the
aging effects on the reactor vessel
internal components. This program is
used to manage (a) variousforms-of
cracking, including stress corrosion
crackingSEEC, primary water stress
corrosion crackingPWSEC, irradiation-
assisted stress -corrosion cracking
HASCC), -erand cracking due to
fatigue/cyclical loading; (b) loss of
material induced by wear; (c) loss of
fracture toughness due to either
thermal aging-e+, neutron irradiation
embrittlement, or void swelling; (d)
dimensional changes and-petential
less-offracture-toughness-due to void
swelling and-irradiation-growthor
distortion; and (e) loss of preload due
to thermal and irradiation-enhanced
stress relaxation or creep.

(2) Mark-up of changes to SRP-LR Section 3.1.2, “Acceptance Criteria”

3.1.2.2.9 Removed as a result of LR-ISG-2011-04Cracking-due-to-Stress-Corrosion
Cracki { Irradiation-Assisted Stress. Corrosion Cracki
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3.1.2.2.12 Removed as a result of LR-ISG-2011-04Cracking-due-to-Fatigue

3.1.2.2.13 Removed as a result of LR-ISG-2011-04Cracking-due-to-Stress-Corrosion
Cracki | Eati

3.1.2.214 Removed as a result of LR-ISG-2011-04Less-of Material-due-to-Wear

(3) Mark-up of changes to SRP-LR Section 3.1.3, “Review Procedures”

3.1.3.2.9 Removed as a result of LR-ISG-2011-04Cracking-due-to-Stress-Corrosion
Cracki { Irradiation-Assisted Stress. Corrosion Cracki
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3.1.3.2.12 Removed as a result of LR-ISG-2011-04Cracking-due-to-Fatigue

3.1.3.2.13 Removed as a result of LR-ISG-2011-04Cracking-due-to-Stress Corrosion
Cracki | Eati

3.1.3.2.14 Removed as a result of LR-ISG-2011-04kess-of Material-due-to-Wear
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