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Erclosed for review by the CFGR is a draft Reculatory Cuide (Enclosure 1) which
descrites the stancard fornat end content of technical information for
applicetions to renew nuclear power plant operating licenses. The draft
regulatory guide conforms to the standerd format for regulatory cuides anc
reflects & leve) of cetail and character of content thet arc consistent with
other reculatory cuices. This cdraft has been formatted to track closely with
the proposed License Renewz) Fule (10 CFR £4) and to supplement anc amplify the
requirements conveyed by 10 CFR 54 so that licensees would meet these
requirererss in a narner acceptetle to the LEC staff,

I1sc enclosed for review by CRGR is & draft Standard Review Plar for License
Renewel (SPP-LR) (Enclosure 2) which has been prepared as guidarce for staff
use in performing safety reviews of applications Tor the renews. of power
reacter licenses. The draft SEP-iR provides a framework for the staff relative
to whet information needs to Le reviewed and provides acceptance criteria to
sssist the reviewers in eveluating the submitted information. The staff
recogrizes that the review procedures and acceptance criteria are rather
general. However, the staff fully expects the draft SFP-LR to be 2 living
document and that the review procedures and acceptance criteria in the draft
SRP-LE will be periodicelly revised to reflect the staff experience gained from
the review of the industry technica) reports anc the lead plant applications.
The result of a steff review using this SRP-LE is to obtain assurance that
license renewal will not lead to age-related degradation that would reduce the
level of sefety at an existing reactor facility below acceptible levels during
the renewc] term.

The development of the draft R.G. and the draft SRP-LR have been closely
coordinited between the Offices of Nuclear Regulatory Research (RLS) and
Wuclear Reacter Reguleticvii (NRR) to ensure that the two docunents are
conplementary and consistent. Therefore, we request that the CRGR review of
these two cocuments should occur simultaneously.
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U.S. NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REGULATORY RESEARCH

DRAFT REGULATORY GUIDE DG-1009

STANDARD FORMAT AND CONTENT OF TECHNICAL INFORMATION FOR APPLICATIONS
TO RENEW NUCLEAR POWER PLANT OPERATING LICENSES

REVISION 5A

AUGUST 1990

Contact: J. Vora (301) 492-3854

Note: This draft Regulatory Guide is based upon the proposed license renewal
rule, "Requirements for Rerewal of Operating Licenses for Nuclear Power
Plants,” 10 CFR 54 (Federal Register, Vol. 55, No. 137, July 17, 1990).

Future modifications to the proposed rule will be reflected in commensurate
changes in the draft Regulatory Guide.
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STANDARD FORMAT AND CONTENT OF TECHNICAL INFORMATION FOR APFLICATIONS
TO RENEW NUCLEAR POWER PLANT OPERATING LICENSES

REVISION 5A

A. INTRODUCTION

The Nuclear Regulatory Commission (NRC) is proposing to supplement its regula-
tions in Title 10 of the Code of Federal Regulations by adding Part 54,
"Requirements for Renewal of Operating Licenses for Nuclear Power Plants."(a)
Section 54.21 of the proposed rule specifies the technical information to be
included as part of a License Renewal Application. This information is to be
included in a supplement to the current, updated Final Safety Analysis Report
(FSAR). The supplement is to be included in the application submitted by a
nuclear power plant (NPP) Ticensee for a renewed operating license. The FSAR
supplement will include an evaluation of the aging mechanisms that result in
degradation of the plant’s systems, structures, and components (SSCs) impor-
tant to license renewal, as defined in 10 CFR 54.3(a). The FSAR suppiement
will also include a demonstration that the effects of such degradation will be
effectively managed such that the current licensing basis, as defined in

10 CFR 54.3(a), for the NPP will be maintained throughout the renewal term.
Each FSAR supplement is to contain the information required by 10 CFR 54.21.

Purpose

The purpose of this regulatory quide is to establish a uniform format and con-
tent acceptable to the NRC staff for structuring and presenting the technical
information to be compiled by an applicant for a renewed NPP operating license
and submitted by the applicant as part of an application for a renewed

(a) This draft regulatory guide is based upon the proposed License Renewal
Rule, "Requirements for Renewal of Operating Licenses for Nuclear Power
Plants," 10 CFR 54 (Federal Register, Vol. 55, No. 137, July 17, 1990).
Future modifications to the proposed rule will be reflected in commen-
surate changes in the draft Regulatory Guide.
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nical criteria for the compiled technical information. Use of this format
will help to ensure the completeness of the information compiled or provided,
will assist the NRC staff and others in locating the information, and will aid
in shortening the time needed for the process of reviewing the license renewal
application,

Scope

This regulatory guide provides a standard format and content for the technical
information required by 10 CFR 54 to be compiled or submitted in support of an
application for a renewed operating license. Detailed technical information
needs and a description of a standard format that is acceptable to the NRC
staff are presented in Section Cl of this regulatory guide.

This regulatory quide also provides for meeting the technical information
requirements of 10 CFR 54 including 1) content of technical information to be
included in license renewal applications, 2) criteria for selection of SSCs
important to license renewal and their constituent structures and components
for which age-related degradation should be assessed and accounted for,

3) evaluation of design, operational, and environmental factors that con-
tribute to age-related degradation, 4, identification of the aging mechanisms
and specific sites involved in degradation processes, and 5) attributes of
established effective programs and of acceptable actions taken or to be taken
to understand and manage age-related degradation. Detailed guidance on under-
standing and managing aging that will be useful to a license renewal applicant
in impiementing these methods is contained in Appendix \ to this regulatory
guide.

Implementation of the guidance provided herein is expected to ensure that
actions have been identified and have been taken or will be taken with respect
to age-related degradation of those SSCs important to license renewal, such
that there is reasonable assurance that the activities authorized by the
renewed license can be conducted in accordance with the current licensing
basis.
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The technical information developed by a license renewal applicant should
allow the NRC staff to make the determination that the requirements of

10 CFR 54 are met. The format in which this information is presented should
satisfy the requirements of 10 CFR 54 and should facilitate the NRC staff
review of a license renewal application. Technical information submitted by
an applicant should focus on aging mechanisms and the resultant age-related
degradation that can lead, in the context of the renewed license term, to
unacceptable deterioration of SSCs important to license renewal. The tech-
nical information content of a license renewal application should be suffi-
cient to provide an NRC reviewer of the application with a sound understanding
of the aging processes that contribute to degradation of SSCs important to
license renewal and how these processes are or will be managed. The informa-
tion needed to impart this understanding should address the integrated effects
of materials, design, environment, stressors, and plant operating history on
SSC degradation attributable to specific aging mechanisms. These effects are
discussed in Appendix A to this regulatory guide.

Use of Standard Format

Conformance with the standard format described in Chapter C, Regulatory Posi-
tion, is not required. License renewal applications with different formats
will be acceptable to the staff if they provide an adequate basis for the
findings requisite to the issuance of a renewed license. However, because it
may be more difficult to locate needed information, the staff review time for
such applications may be longer, and there is a greater likelihood that the
staff may regard the application as incomplete.

Upon receipt of a license renewal application, the NRC staff will perform a
preliminary review tc determine if the application provides a reasonably
complete presentation of the information needed for issuance of a license in
accordance with 10 CFR 54.29. The purpose of this review will be to determine
if the submittal is sufficient according to the provisions of 10 CFR 2.109(b).
The standard format will be used by the staff as a guideline to identify the
type of information needed unless there is good reason for not doing so. If
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the application does not provide a reasonably complete presentation of the
necessary information, further review of the application will not be initiated
and the provisions of 10 CFR §2.109(b) will not apply until a reasonably
complete presentation is provided. The information provided in the applica-
tion should be current with respect to the state of technology concerning age-
related degradation in operating nuclear power plants and should take into
account, as appropriate, recent changes in regulations and in industry codes
and standards; results of recent developments in nuclear reactor safety; and
experience in the construction and operation of nuclear power plants.




W 00 v~ O o & W N

10

11
12
13
14

15
16
17
18
19
20
21
22
23
24
25

26
27

28
29

The methods described in this section are acceptable to the NRC staff for
satisfying the requirements proposed in 10 CFR 54 and 10 CFR 2.109 pertaining
to the technical information to be compiled or submitted in support of an
application for an NPP operating license renewal. This information will be
reviewed by the NRC staff to assess the effectiveness of an applicant’s
established or proposed programs for understanding and managing age-related
degradation of SSCs important to license renewal during a renewed license term
and to evaluate acceptability of the application for a renewed license.

1.0 FORMAT FOR TECHNICAL INFORMATION

An application for license renewal must meet the applicable provisions of

10 CFR 54. Provisions contained in 10 CFR 54.23 deal with environmental
information to be submitted. Environmental issues are addressed in Regulatory
Guide 4.2,

The license renewal application is to contain two distinct parts: a formal
application and a supplement to the current FSAR. Regulatory Position 1.1
describes the basic information that should be included in the formal applica-
tion. Regulatory Position 1.2 describes the information that should be
included in the FSAR supplement, which will be an attachment to the formal
application., The FSAR supplement will consist of a new chapter added to the
current FSAR for the sole purpose of license renewal. This new FSAR chapter
will contain the detailed technical information to be included as part of the
application. As described in 10 CFR 54.17(e), the application may incor-
porate, by reference, information contained in previous submittals provided
such references are clear and specific.

1.1 FORMAL APPLICATION

The formal application is to contain the following elements:

1. an introduction providing general information concerning the appli-
cation. This should include:
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a) information specified in 10 CFR 50.33(a) through (e), (h),
and (i) of Part 50,

b) earliest effective date and length of the renewal term,

c) a statement summarizing how and the extent to which the
application meets the regulatory requirements for license
renewal (10 CFR 54). Exceptions should be Tisted and
justified.

d) description of scope and organization of remaining
sections of the application,

e) information specified in 10 CFR 54.17(g), and

f)  an acknowledgment that the commitments and requirements
contained in the licensee’s current Part 50 license not
affected or superceded by the license renewal application
will remain in effect when the Part 54 license is issued.

a characterization and summation of the licensee’s findings

This section should provide the justification, in summary form, to
support the conclusion that appropriate actions have been, or will
be, taken to manage the effects of age-related degradation of the
facility systems, structures, and components important to license
renewal. Details supporting these findings are to be contained in
the FSAR supplement.

an implementation plan that includes the following elements:
a) Summary of Commitments

List the commitments described in the license renewal
application.

b) Description of Administrative Controls

Describe the administrative contrel program used by the
licensee to establish and maintain the commitments
described above. Such a program should ensure that
changes to such commitments are evaluated for aging
considerations prior to revicion and conform to the
requirements for an established effective program
contained in 10 CFR 54.3(a).

¢) Task and Schedule

Detail the commitments that will be completed following
renewal of the operating license. These commitments may
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4. The licensee’s established programs effectively manage
degradation of SCs important to license renewal.

5. The licensee actions to manage age-related degradation

age-related

in SCs impor-

tant to license renewal not currently subject to established

effective programs are adequate.

1.2.2 Support.ng Documentation

The FSAR supplement should provide the facility-specific technical information

needed by the NRC staff to make the judgments cited above.

The licensee

should submit this information to meet the requirements stated in
10 CFR 54.21. Specifically, the FSAR supplement should contain:

1. a detailed description of the licensee’s integrated plant assessment
including the screening methodology for identifying 5SCs important

to license renewal and the methodology for determining

if an estab-

lished proyram is effective in managing age-related degradation.

2. information required by 10 CFR 54.21, specifically:

a) a list of SSCs important to license renewal as defined in

10 CFR 54.3(a)

b) a list of all SCs that are constituent elements of the

5SCs listed in 2(a)

¢) a list of all SCs from 2(b) that require evaluatien of

age-related degradation

d) Jjustification for conclusions that any SCs listed
but not listed in 2{c) do not contribute to the

in 2(b)

performance of a safety function of an SSC important to
license renewal or that their failure would not prevent an
SSC important to license renewal from performing its

intended safety function

e) a list of SCs for which age-related degradation is not

significant with respect to the current licensing

basis as

defined in 10 CFR 54.3(a) through the renewed license
period and documentation of the evaluations that support

these findings

f) a list of all SCs that are subject to an established
effective program as defined in 10 CFR 54.3(a), the

associated effective program(s) and the basis for

continuing them through the renewed license period

10
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for SCs important to license renewal, a summary discussion
of the evaluation of key properties and parameters that
may change with time and are affected by NPP operational
and service conditions. The initial values at the start
of operating life of these properties and parameters (such
as fatigue cycle life, cable insulation dielectric
strength fracture toughness, tensile strength, and pres-
cure boundary wall thickness) as established by analyses
or qualifications should be included, along with results
of evaluations of past operating environments and service
conditions to determine the rates of change experienced
and residual values for these properties and parameters,
This summary should also include a discussion of changes
to analyses resulting from age-related degradation evalua-
tions. These values should be used in trending and
analyses to ostablish predicted, extended operating lives
and to identify actions needed to maintain key properties
and parameters within acceptable limits during the renewal
term. (See Appendix A of this regulatory guide for
further details.)

an identification of the structures and components from
3(a) that are subject to established effective programs
including a technical justification of how these programs
effectively manage age-rvelated degradation. Reference may
be made to the 1ist described in 2(f), providing this list
clearly identifies all components and structures asso-
ciated with a particular system that are subject to
established effective programs. Descriptions of estab-
lished effective programs either should be provided as
part of the license renewal FSAR or incorporated by
reference from the most recent update of the facility FSAR
or any other material referenced in the facility’'s docket
(such as the FSAR, Quality Assurance Manual, Inservice
Inspection and Testing Programs, and training programs).
The program description should not be a general descrip-
tion of the overall program but should be specific and
justify why the program is effective in managing age-
related degradation as noted in 3(b) and 3(c) and des-
cribed in Appendix A.

a description of actions taken or to be taken to manage

age-related degradation in SSCs important to license

renewal not currently subject to established effective

programs and how programs resulting from these actions |
will be implemented and maintained effectively from an |
age-related degradation perspective. For structures and

components applicable to the system under consideration

and included in 1ist 2(c) but not included in list 2(f),

this description should contain proposed revisions to

maintenance or other program elements, including |

12
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limitations on plant operations during the renewal term. If such changes are

deemed necessary, the license renewal application (1.1 Formal Application)
should specifically request such changes and should provide the technical
justification for the changes. Such changes should be limited to those
necessary to address effects of age-related degradation.

Items 3(a) through 3(i) specify information that should be included in the
FSAR supplement for each SSC important to license renewal. Additional infor-
mation that should be submitted as part of a license renewal application or
compiled and retained by the 1icensee is described in Table II. Some of the
information items listed in Table Il should be included in the FSAR supplement
[information described in (1), (2), and (3) above]. The remainder of the
information specified in Table Il should be submitted as part of the applica-
tion but independent of the FSAR supplement or retained by the licensee as
appropriate.

2.0 TECHNICAL INFORMATION CONTENT

As required by 10 CFR 54.21, "The FSAR suppiement (that presents the technical
information requirement for license renewal) must include an evaluation of the
aging mechanisms that are present and that result in the degradatior of the
plant’s systems, structures, and components and a demonstration that the
effects of such degradation will be effectively managed throughout the renewal
term." To meet these requirements, such an evaluation must cover those SSCs
that are important to 1icense renewal and must be based upon principles of
understanding and managing age-related degradation. The following sub-
sections (2.1 and 2.2) provide guidance on selection criteria for SSCs impor-
tant to license renewal and on programs and practices for understanding and
managing aging that are acceptable to the NRC staff as the bases four the
“evaluation" and "demonstration™ required by 10 CFR 54.21 as noted above.

2.1 TYPES OF SSCs FOR WHICH AGING SHOULD BE CONSIDERED IN SUPPORT OF
LICENSE RENEWAL

The process for identifying SSCs important to licensing renewal and their
constituent SCs requiring evaluation of age-related degradation is illustrated

14
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in Figures 1A and 1B. These illustrations also identify some of the infor-
mation to be collected by the licensee and either submitted as part of a
License Renewal Application or retained in auditable, retrievable form for the
term of the renewed operating license. Figure 1B defines approaches to infor-
mation coliection and evaluation for « licensee to demonstrate an acceptable
level of understanding of age-related degradation in those SCs identified
through the selection process iliustrated in Figure 1A. Acceptable management
of age-related degradation for important-to-license-renewal SCs requires
SC-specific evaluations of the effectiveness of existing programs and
practices for timely mitigation of age-related degradation. Figure 1B also
delineates a process for identifying SC-specific deficiencies in existing
programs for addressing age-related degradation and for specifying actions
that will be pursued in addressing these deficiencies in support of a license
renewal application.

Generic functional NPP SSCs that are composed, wholly or partially, of SSCs
important to license renewal are listed in Table [II. The information in
Table III is included in this regulatory guide as a generic supplement to
Table I. This information provides guidance to the licensee for compiling the
plant-specific 1ist of SSCs important to license renewal and is not intended
to be all-inclusive. Appendix B provides a detailed system and component
hierarchy for safety categories representative of a typical pressurized water
reactor (PWR) and a typical boiling water reactor (BWR). The representative
systems, structures, and components listed in Appendix B are referenced to
corresponding Generic Functional NPP Elements (Table II11), to corresponding
sections of the Standard Review Plan (NUREG 0800), and to the Standard
Technical Specifications. For NPPs to which these documents apply, they
provide more detailed information on system functions, configurations, limita-
tions, testing needs, habitability limits for personnel, and safe environ-
mental lTimits for vital equipment.

15
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preceding paragraph [10 CFR 54.21(a)(3)]); by taking actions or committing
to actions to manage age-related degradation not adequately addressed by
established programs [10 CFR 54.21(a)(4)]; or 3) by demonstrating that age-
related degradatioa is not significant with respect to the current licensing
basis [10 CFR 54.21(a)(4)]. Adequacy of the program for addressing age-
related degradation must be demonstrated for each structure, component, or
group of similar components important to license renewal using one of the
aforementioned methods. Both existing programs and new actions taken or to be
taken to manage age-related degradation are subject to the same effectiveness
criteria. Criteria that relate to program structure and administration are
cited in the preceding paragraph. Criteria that relate to established effec-
tive programs and to new actions taken or to be taken to manage aging are
discussed in subsections 2.2.1 and 2.2.2, respectively. Subsection 2.2.3
relates to the exclusion of SCs not subject to significant age-related
degradation during the renewed licensing term, and technical criteria for
practices employed in understanding and managing aging are described in sub-
section 2.2.4 and 2.2.5, respectively.

2.2.1 Established Effective Programs

Established effective programs for managing age-related degradation are
defined in 10 CFR 54.3(a). The structural and administrative criteria pro-
vided in that definition plus the technical criteria represented in Subsec-
tions 2.2.4 and 2.2.5 should be applied by a licensee in evaluating the
current plant program for managing aging in structures and components
important to license renewal. The methodology employed in performing these
evaluations should be described, and resuits of the evaluations should be
provided for all important-to-license-renewal structures and components that
are subject to established programs. Two essential products of these evalua-
tions will be identification of those important-to-license-renewal structures
and components that are routinely replaced/refurbished at defined intervals
and SCs for which established programs do not effectively address age-related
degradation.

17
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It is expected that some important-to-license-renewal structures and compo-
nents with potentially significant age-related degradation will not be subject
to programs that address that degradation and that others will be subject to
programs that are not fully effective. Such .*ructures and components should
be identified and the bases for actions that have been taken or will be taken
to manage age-related degradation in these structures and components should be
described by the licensee. These actions and judgements concerning their
adequacy should be based upon the same criteria cited in Subsection 2.2.1 for
established effective programs.

2.2.3 Structures and Components Not Subject to Significant Age-Related
Degradation

For some structures and components important to license renewal, age-related
degradation may not lead to significant reduction in the capacity of the
structure or component to perform its safety functions, i.e., functions
defined as important-to-license-renewal. If a licensee explicitly demon-
strates that age-related dearadation of an important-to-license-renewal
structure or component will not compromise the current licensing basis during
the license renewal term, that structure or component may be excluded from
further consideration of age-related degradation.

2.2.4 Summary of Acceptable Programs and Practices for Understanding Agqing

Programs to understand age-related degradation processes in SCs important to
Ticense renewal should be implemented on a plant-specific basis by qualified
Ticensee staff using state-of-the-art knowledge of age-related degradation in
NPPs. Efforts to understand aging mechanisms and degradation should be
systematically structured, as illustrated in Figure 1B. For some SCs, e.g.,
reactor pressure vessel shells, it will be necessary to evaluate design,
materials, and environmental and operational stressors and their interactions.
Analysis of these factors will lead to identification of potential aging
mechanisms, degradation sites, and root causes when practicable. This infor-
mation is the basis for developing and implementing programs for monitoring
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and timely mitigation of age-related degradation., Not all important-to-
license-renewal SCs require in-depth evaluation of the basic factors that
contribute to age-related degradation. For some SCs, reference to empirical
information such as operational records, manufacturers’ information, test
data, and ongoing regulatory requirements will be sufficient. To the extent
practicable, equipment designers and manufacturers should be requested to
identify aging mechanisms, rates, and any other pertinent information that
they may possess. For other SCs, descriptions of surveillance or replacement
programs will suffice.

The process of developing an understanding of age-related degradation involves
integrating the relevant materials science concepts that describe degradation
processes with plant-, SSC-, and 5C-specific design and operational informa-
tion to understand aging mechanisms, degradation sites and rates, and the
consequences of degradation with respect to NPP safety. The individual and
interactive influences of SC design, constituent materials, and both normal
and abnormal stressors and environments establish the feasibility and deter-
mine the reaction rates for degradation mechanisms that can affect SSCs impor-
tant to license renewal. An effective program to understand aging will
selectively integrate a sound understanding of these basic principles with
plant-specific design, operational experience, manufacturers’ and design
information, research and test data, applicable regulatory instruments and
requirements, and qualified technical judgment to characterize age-related
degradation processes that are operative in important-to-license-renewal SCs.
These characterizations should be expressed in terms of specific degradation
sites, site-specific aging mechanisms, root cause: for degradation when
practicable, and projected effecis of degradation on SSC functions.

2.2.5 Summary of Acceptable Proarams and Replacement/Refurbishment Practices
for Managing Aging

Acceptable practices for managing aging in SCs for which no defined
replacement/refurbishment programs exist may employ combined mechanistic and
empirical approaches for understanding aging mechanisms and identifying
degradation sites and root causes, where practicable. This information may
form the basis for inspection, surveillance, condition monitoring, test

19
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and diagnosis and 2) the probability of effective defect correction given
defect detection and correct diagnosis.

A critical first step in implementing an aging management program is to define
those surveillance, maintenance, or other mitigative program elements to be
implemented to deal with the dearadation processes revealed by programmatic
efforts to understand aging (subsection 2.2.4, above). These program elements
may include inspections, tests using a wide variety of non-destructive
examination (NDE) and other methods, general surveillances, condition moni-
toring, diagnostic and root-cause analysis, preventive maintenance, corrective
maintenance, predictive maintenance, and reliability-centered maintenance.

The primary goal should be to develop effective aging management practices
implemented through replacement, refurbishment, and repair programs that
accurately reflect SC-specific residual lifetimes and the safety significance
of anticipated, SC-specific degradation. The effectiveness of aging manage-
ment programs should be evaluated on SC-specific bases using guidance such as
that contained in relevant codes 2nd standards, approved industry technical
reports, and other sources acceptable to the NRC staff. The process Tor
evaluating effectiveness should reveal those deficiencies that require correc-
tion through improved or new programs for managing aging. An accurate
assessment of current program effectiveness, based upon the principles of
understanding aging summarized in subsection 2.2.4 and in Appendix A, and
implementation of program enhancements to address revealed deficiencies in
aging management practices are prerequisites to operating license renewal in
NPPs.

An important aspect of plant surveillance and maintenance programs is reten-
tion of essential data in complete, auditable, easily retrievable records.

The records system and its contents should conform to good maintenance prac-
tices as well as the requirements of 10 CFR 50 Appendix B and the plant QA
program to the extent that these documents apply to SSCs important to license
renewal. A record of the documentation required by, or otherwise necessary to
document compliance with the provisions of, 10 CFR 54 and a record of the
administrative processes for controlling changes to such documents should be
retained by the licensee in an auditable and retrievable form for the term of

21



the renewed operating license. This should include a 1isting of and the
Jjustification for those structures, systems, and components important to
Ticense renewal and included in established effective programs as defined in
10 CFR 54.3(a) or subject to actions taken or to be taken. Records and
related data should be employed to the extent practicable in trending degrada-
tion processes, thereby providing assurance of controlled, timely maintenance.
Trends based upon data contained in the maintenance records should be used to
monitor the effectiveness of aging management in selected SCs.

0 N O U & W N e

22



o

oW

o N O o

10
11
12
13
14

This regulatory guide applies to all applications for renewal of operating
licenses for commercial NPPs. Alternative methods of implementation may be
proposed.

REGULATORY ANALYSIS

The requlatory analysis prepared in support of 10 CFR 54, NUREG 1362,
"Requirements for Renewal of Operating Licenses for Nuclear Power Plants,"”
provides the value/impact justification for this regulatory guide.

BACKEIT _ANALYSIS

This regulatory guide presents for the first time NRC staff guidance on com-
plying with a new rule, 10 CFR 54, "Requirements for Renewal of Operating
Licenses for Nuclear Power Plants." Accordingly, publication of this regula-
tory guide is not a backfit under 10 CFR 50.109, and no backfit analysis is
necessary or has been prepared for this regulatory guide.
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Process for Selecting Systems, Structures, and Components Important
to License Renewal and for Understanding and Managing Age-Related
Degradation

Figures 1A and 1B constitute a flow chart that outlines a process, acceptable
to the NRC staff for license renewal purposes, for selecting individual
structures, and components (5Cs) that are constituent elements of systems,
structures, and components (SSCs) important to license renewal, and for
developing and implementing programs for understanding and managing age-
related degradation in these SCs during the renewed license term.

Figure 1A portrays the process for SSC and SC selection. Input to this
process is defined by the four types of SSCs included in the definition of
"important to license renewal" [10 CFR 54.3(a)]. Each of the input SSCs is
subdivided into individual structures and components that are then screened
[using the criteria contained in 10 CFR 54.21(a)(2)] to yield those SCs that
require evaluation of age-related degradation (block 11, Figure 1A). This
collection of SCs constitutes the input tc the continuation of the process of
evaluating are-related degradation as part of the Integrated Plant Assessment
as shown in Figure 1B,

Two methods are described that provide guidance for determining the scope and
depth of analysis necessary to define age-related degradation mechanisms and
evaluate the adequacy of aging management programs. The first method may be
applicable when evaluating SCs that are replaced or refurbished routinely at
defined intervals. These SCs inciude items such as batteries, relays, and
selected snubbers, The second method may be applicable when evaluating SCs
that are not routinely replaced or refurbished. Such SCs typically were
designed for and expected to be in place for the original 40 years of plant
operation. These "long-lived" SCs include items such as the reactor coolant
system, large-diameter piping, the reactor pressure vessel, steam generators,
and cables.

SCs that are routinely replaced or refurbished may be evaluated based on a
review of the adequacy of the replacement or refurbishment program(s) for
timely mitigation of age-related da2gradation during the renewed license
period. An acceptable approach would be to evaluate operational experience,
replacement or refurbishment intervals, and, as appropriate, relevant design
and manufacturers information, known aging mechanisms, and other available
information. Based on this review and a conclusion that the SC will remain
functional during the defined interval between replacement or refurbishment,
an applicant may establish that the current program is adequate. When the
ongoing replacement program is demonstrated to be adequate for timely
mitigation of age-related degradation and if it is in the FSAR, approved by
the onsite review committee, and implemented by the facility operating
procedure, it is considered to be an "established effective program."
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When the ongoing replacement or refurbishment program(s) are not adequate for
timely mitigation of age-related degradation, the licensee should describe
revisions to the replacement o» refurbishment program and demonstrate its
adequacy or perform detailed mechanistic analyses. The bases should be
provided for actions taken or to be taken to manage age-related degradation
during the renewed license period.

SCs that are not routinely replaced may be evaluated based on a detailed
mechanistic analysis of age-related degradation mechanisms. When the analysis
indicates that age-related degradation is not significant with respect to the
current licensing basis throughout the renewed license term, the result of the
analysis should be documented. For those SCs potentially susceptible to
significant age-related degradation mechanisms, evaluations should be made to
determine if they are subject to an established affective program. A list of
SCs identified as being subject to an established effective program should be
provided as well as descriptions of the programs and the basis for continuing
them through the renewed license period. For those SCs that are not subject
to an established effective program, the basis for actions taken or te be
taken to manage age-related degradation during the renewed license period
should be described and provided.

Throughout Figures 1A and 1B, individual activities and decision points have
been referenced as appropriate to the specific parts and subparts of 10 CFR 54
that provide their justification. These identifications are denoted by ref-
erences to the License Renewal Rule [54.XX{X)(X)] contained within appropriate
nodes in the Figures.
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1.0

2.0
3.0
4.0

5.0

6.0

formati ] i h
- General Specifi

Part A: General Inf

I i | D :
(Part A should include, but is not limited to,

the following types of information)

Introduction

1.4 Purpose of the FSAR Supplement
1.2 Scope of the FSAR Supplement
1.3 Definition of Terms

1.4 Organization of the FSAR Supplement

1.5 Relationship of the FSAR Supplement to 10 CFR 54

Conformance to Appiicable Requlatory Guides

Listing and Summary of Material Incorporated by Reference

R S W W Ay ——

Description of Integrated Plant Assessment (see Section C.1.2.2,1. of

this Regulatory Guide)

Information Required by 10 CFR 54.21 (see Section C.1.2.2,2. of this

Regulatory Guide)

Deviations From SRP-LR Acceptance Criteria

(a)

An applicant for a renewed license will find it useful to consult the

SRP-LR for descriptions of criteria and review procedures

by the NRC to applications for license renewal.
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1.0

2.0

JABLE 1 (contd)

Part B: NPP Systems

(Numbers in brackets refer to corresponding chapters in the
FSAR and in Regulatory Guide 1.7C)

- the reactor core and those systems and subsystems that
monitor and control the core’s reactivity, remove heat from the core,
and otherwise directly support the safe operation of the reactor.

1.1 (5,3) Reactor Pressure Vessel-{includes reactor core and internals)

1.2 (5,3) Reactor Coolant System-(inciudes piping, RCPs and Steam
Generators)

1.3 (3) Reactor Control System

1.4 (3) Control Rod Drive System

1.5 (7,3) Reactor Protection System

1.6 (7,3) Nuclear Monitoring/Nuclear Instrumentation System

1.7 (5,6) Reactor Water Cleanup System (BWR)

1.8 (9,3,6) Standby Liguid Control System (BWR)

1.9 (3,5,6,9) Chemical and Volume Control Sfystem and Emergency Boration

(PWR)

Engineered Safety Features - systems, other than containment systems,
that are used to mitigate the effects of a reactor accident such as a

LOCA
2.1 (7,3) Engineered Safety Features Actuation System (PWR)
2.2 (3,5,6) Safety Injection Systems

2.2.1 Reactor Core Isolation Cooling (BWR)

2.2.2 High Pressure and intermediate pressure Safety Injection
System (PWR)

2.2.3 Core Flood System (PWR)

2.2.4 RHR/Low Pressure Safety (Core) Injection (includes shutdown
cooling function)

30
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contd)

1

2 4.3 (8) Instrument and Control Power Systems

3 4.3.) DC Power System

4 4.3.2 Instrument AC Power System

5 4.4 (8,9) Emergency Diesel Generators (EDG)

6 4.4.1 (8) EDG Instrumentation and Control Subsystem
7 4.4.2 (9) EDG Starting Subsystem

8 4.4.3 (9) EDG Cooling Subsystem

9 4.4.4 (9) EDG Fuel 011 Subsystem

10 4.4.5 (9) EDG Lubricating Oil Subsystem

11 4.5 (8,9) Plant Essential Lighting System

12 4.6 (7) Plant Computer

13 4.7 (8) Switchyard

14 4.7.1 DC Control Power System

15 4.8 (7) Information Systems Important to Safety

16 5.0 Process Auxiliary Systems - system and subsystems that support the plant
17 systems directly involved in the process of safely producing electrical power.
18 5.1 (11) Offgas System (BWR)

19 5.2 (12) Radiation Monitoring System
20 5.3 (9) Component Cooling Water System
21 5.4 (9) Service Water System

22 5.5 (9) Ultimate Heat Sink

23 5.6 (9) Refueling System

24 5.7 (9) Spent Fuel Storage

25 5.8 (9) Compressed Air System
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TABLE 1 (contd)

6.0 Plant Auxiliary Systems - systems provided to support plant activities
and personnel. They are typically nonsafety systems. Design of these
systems varies greatly from plant-to-plant.

6.1 (9) Fire Protection System
6.2 (9) Communications
6.3 (6) Control Room Habitability System

6.4 (6) Auxiliary HVAC Systems

Part C: Generic Components

(These relate to various elements of the preceding
subsection dealing with NPP Systems)

0.1 Generic Components and Structure; Review Criteria
1.0 Mechanical

1.1 Piping

1.2 Valves

1.3  Pumps

1.4 Heat Exchangers

1.5 Tanks and Vessels

1.6 Equipment and Component Supports

2.0 Electrical
2.1 Cable and Wiring
2.2 Junctions
2.3 Electrical Penetrations

2.4 Relays, Circuit Breakers, and Switchgear
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TABLE 1. (contd)

2.5 Transformers
2.6 Solenoid Operated Valves

2.7 Electric Motors

3.0 Instrumentation
3.1 Sensors
3.2 Electronic Components

3.3 Electronic Devices

4.0 Civil Structures
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(Should demonstrate the current licensing basis for SSCs that are
important to license renewal and that should be subject to established
effective programs or subject to actions taken or to be taken to
manage age-related degradation during the license renewal term.)

SUBMIT WITH
TECHNICAL INFORMATION TO BE GENERATED AND DOCUMENTED BY LR APPLICATION?

LICENSEE IN THE FORM OF AUDITABLE, RETRIEVABLE RECORDS _ _Y/N (Yes/No) .

The principal vehicle for providing technical information
in support of a license renewal application will be the
FSAR supplement described in detail in Section C.1.2 of
this regulatory guide. The FSAR supplement, which is to
be submitted along with the Formal Application for License
Renewal described in Section C.1.1, will contain or
reference various compilations of technical informa*ion
including, but not limited to, the following:

1. The most recent update of the facility FSAR and any N
other manuals or program documents referenced in the
FSAR, reports such as the Quality Assurance Manual,
Emergency Response Plans, Inservice Inspection and
Testing Programs, and training programs. These
should be incorporated by reference in the License
Renewal Application.

2. A list of all current exemptions granted pursuant Y
to 10 CFR 50.12 and reliefs granted pursuant to
10 CFR 50.55(a)(3). For exemptions or reliefs that
were granted based on an assumed service life or
period of operation bounded by the original license
term of the facility, a justification for continuing
these exemptions and reliefs shall be provided.

3. A description of any proposed modifications to the Y
facility or its administrative control procedures
resulting from the evaluation or analysis required
by (2), above.

4. A description of additions or other changes to the Tech- Y
nical Specifications as aporopriate, including technical
bases for these changes, that will be needed to account
for the modifications to the plant design, age-related
degradation, or limitations on plant operations during
the renewal term. Technical Specification changes should
not be contained in the FSAR supplement but should be
contained and justified in the formal application.









SUBMIT WITH

TECHNICAL INFORMATION TO BE GENERATED AND DOCUMENTED BY LR APPLICATION?

~LICENSEE IN THE FORM OF : JY/N (Yes/No)

i g

18.

should include identification of which records are to
be kept, in what form, and over what period of time.
Records that permit verification that all SSCs that are
important to license renewal meet their specific per-
formance requirements should be retained in an audit-
able and retrievable form for the renewal term plus
whatever additional period is required in accordance
with the current licensing basis.

A compilation of the facility’s CLB. To assure audit- N
ability and retrievability, to the maximum extent

possible, information comprising the CLB should be

structured as or easily relatable to, the FSAR

format.

A 1ist of documents identifying portions of the CLB Y
that are relevant to the integrated plant assessment.
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TABLE III (contd)

Systems or portions of systems that are required to supply fuel for
emergency equipment.

All electric and mechanical devices and circuitry between the process and
the input terminals of the actuator systems involved in generating
signals that initiate protective action.

Systems or portions of systems that are required for 1) monitoring of
systems important to safety and 2) actuation of systems important to
safety.

The spent fuel storage pool structure, including the fuel racks.

The reactivity control systems, e.g., control rods, control rod drives
and boron injection system.

The control room, including its associated equipment and all equinment
needed to maintain the control room within safe habitability limits for
personnel and safe environmental limits for vital equipment.

Primary and secondary reactor containment.

Systems, other than radioactive waste management systems, not covered by
items (a) through (o), above, that contain or may contain radiocactive
material and whose postulated failure would result in conservatively
calculated potential offsite doses (using meteoro]ogy as recommended in
Regulatory Guide 1.3, Assumptions Used for Ev
_M_QQ_QQMQQEIMM_J_LM_CQQ_LLA&ER1 ical .ident for Pressurized
Water Reactors) that are more than 0.5 rem to the whole body or its
equivalent to any part of the body.

The Class 1E electric systems, including the auxiliary systems for the
onsite electric power supplies, that provide the emergency electric power
needed for functioning of plant features included in items (a) through
(p), above.

Those portions of SSCs whose continued function is not required but whose
failure could reduce the functioning of any plant feature included in
items (a) through (q), above, to an unacceptable safety level or could
result in incapacitating injury to occupants of the control room.

The first seismic restraint beyond the boundaries defined in items (a)

through (r), above, and those portions of SSCs that form interfaces
between Seismic Category I and non-Seismic Category [ features.
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The following sections provide information that relates to 1) selecting SSCs
important to license renewal, 2) understanding age-related degradation in SCs
important-to-license-renewal SCs, and 3) managing aging in important-to-
license-renewal SCs.

A.l

The process for selecting SSCs important to license renewal and for acquiring
information that needs to be included in the license renewal application is
outlined in Figures 1A and 1B. This process provides for selecting the S$SCs
for which age-related degradation should be addressed and for ensuring
adeguate understanding and management of a3 -related degradation in support of
a license renewal application. As described in the Regulatory Position,
products of this process represent a major part of the technical information
to be compiled in support of, or included with, an application.

As required by 10 CFR 54.21, acceptable impiementation of the process shown in
Figures 1A and 1B should demonstrate that degradation of SSCs important to
Ticense renewal has been identified, evaluated, and accounted for in ensuring
that the current licensing basis, as defined in 10 CFR 54.3(a), will be main-
tained throughout the license renewal term. Consistent with requirements for
continued compliance with the current licensing basis, the selection process
to be applied to SSCs with known safety functions emphasizes deterministically
based evaluation of aging mechanisms and their effects. The license renewal
applicant may also use probabilistic risk assessment (PRA) technigues as a
supplement to the primarily deterministic methods to add additional components
to the 1ist of those designated as important to license renewal.

The process shown in Figures 1A and 1B utilizes the knowledge gained from
engineering design information, tests, and operating experience. Also, data
from in situ assessments, condition monitoring, maintenance and other records,
and post-service examination and tests are recommended inputs to this process.

A.2 ELEMENTS OF AN EFFECTIVE PROGRAM [0 _ADDRESS AGING DEGRADATION

An effective program for addressing age-related degradation will provide for
both understanding and managing the aging that occurs in NPPs. Aging
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mechanisms and their effects should be undersf%3 with sufficient accuracy and

detail to provide the basis for developing and impiementing aging management
strategies that address, in a prioritized and timely fashion, actual or poten-
tial root causes of SSC failure.

A.2.1 Understanding Age-Related Degradation{®)

The aging mechanisms that occur in NPP SSCs should be understood if age-
related degradation is to be effectively managed. The requisite understanding
may be either empirical or mechanistic depending on the nature and potential
consequences of a particular degradation mechanism. An understanding of age-
related degradation requires a detailed awareness of SSC design, fabrication,
installation, testing, inservice operation, and maintenance cycles. All of
these elements in the life cycle of SS5Cs invoive their interaction with stres-
sors associated with service environments.

Age-related degradations of SSCs are time-dependent phenomena that depend upon
the interactions of materials and environmental and operational stressors.
Assessments of age-related degradation should consider the integrated effects
of these interactions, and all SSCs that are important to license renewal
should be evaluated in this context.

A.2.1.1 Materials

Most materiais used in the fabrication of SSCs are subject to some level of
age-related degradation. Whether this degradation can affect the operability
or reliability of SSCs such that operation of the plant is reduced below
acceptable safety levels is an important concern. It is important to under-
stand how and at what rate the metallic, nonmetallic, and composite materials
used in plant components degrade with time and how this degradation can be
managed to ensure the operability or reliability of SSCs. This knowledge of
material behavior is important in design and operations and in developing
quality assurance, plant inspections, condition monitoring, and maintenance
programs. As more is learned about the age-related behavior of materials and

(a) For an expanded discussion, consult the annotated bibliography at the end
of this appendix.
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changes, component test loads, and seismically induced motions. The
operational motions of active SS5Cs (e.g., valve operation and pump
rotations) produce time-dependent distortions and inertial stresses
as well as wear. The effects of these loads in degrading SSCs are
generally understood; but degradation rates are usually only esti-
mates obtained from the analysis of inservice mcnitoring data,
inspection reports, and maintenance information. Proper maintenance
can mitigate much or all of the degradation caused by mechanical
loads. Internal and external pressure loads approaching oper-
ational or accident design limits also can produce high stresses
that can cause distortions and, after sufficient cycles, can result
in strain hardening and fatigue damage to SSC materials. If these
stresses are combined with vibration and thermal stresses, measur-
able degradation can occur in a period that is short relative to the
anticipated operational life of the SSCs. Seismic events or similar
but more localized events, e.g., water hammer, can inflict immediate
damage to SSCs at any point during their operational life. Even
though the SSCs may not fail during the impact, their functional
capability may be degraded such that the operational life is shor-
tened. The extent of the damage to SSTs resulting from external
sources must be understood to anticipate any associated reduction in
lifetime. Vibrational loads can cause fatigue damage. Methods of
analyzing vibrational fatigue damage are available; however, the
results often include large uncertainties. These uncertainties are
associated with material fatigue properties and the distribution and
magnitude of the induced dynamic stresses. Vibrational stresses may
be induced by plant operational modes, during transportation if a
component is not properly isolated, and by ground or seismic vibra-
tions. The source of vibrational loads that develop during the
operational 1ife of SSCs, the distribution of the associated
stresses, and the endurance limits of the materials must be kncwn
for lifetime prediction. Thermal stresses develop in S5Cs becaise
of temperature-gradient-induced differences in thermal expansion and
the fact that different materials expand at different rates when
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esisted internally or by
interference with adjacent component surfaces. This resistance
results in time-dependent thermal stresses that can cause age-
related degradation, either separately or when combined with the
effects of other stressors. Typical of such degradation are the
thermal fatigue cracks that have appeared in high temperature
coolant water piping and nozzles and embrittlement of insulating
materials.

2. Electrical stresses are induced in the insulating materials used in
the fabrication of electrical and electromechanical parts and compo-
nents. Both passive SSCs (cables, connectors, electrical penetra-
tions, transformers, terminal boards, etc.) and active SSCs (motors,
circuit-breakers, relays, voltage and current activated devices,
etc.) experience voltage gradients during normal operation and test-
ing. Of primary concern are the higher levels of electrical stres-
ses that are generated during switching operations and during acci-
dent and post-accident situations. The nature of electrical vol-
tage loads varies depending upon the design and functional applica-
tion of the device. Voltage gradients can be very high and may be
imposed by d.c., a.c., or nonperiodic, fast or slow transients. The
most severe voltage gradients are experienced when a device is
subjected to various combinations of these voltages superimposed at
the same time. The magnitude and duration of voltage- and current-
related stresses in plant elecirical SCs should be accurately
assessed during normal operating conditions, test sequences, and
accident and post-accident situations.

A.2.1.3 Aging Mechanisms

Stressors and environments act in concert on SSC constituent materials to
cause age-related degradation. Many mechanisms potentially can contribute to
degradation processes. Extensive analytical and experimental efforts by both
government and industry have identified numerous aging mechanisms that are
operative in nuclear power plants. These mechanisms vary widely in terms of
their potential effects. Some mechanisms affect numerous types of SSCs over

A.6



wide variations in environment and stressor level, others are limited in their
effects to specific components or materials over narrow ranges of conditions.
Aging mechanisms of concern in NPPs include the following.

1.

Corrosion

Corrosion is a common form of degradation in NPPs, resulting in wall
thinning in steam and condensate systems, pitting in service water
systems, and transport of activated corrosion products. Many localized
corrosion processes are operative in NPPs, e.g., crevice corrosion,
pitting corrosion, galvanic corrosion, various types of stress-enhanced
or irradiation-enhanced corrosion, microbiologically influenced cor-
rusion, etc. These processes can result in Jocal wall thinning that may
lead to failure.

Oxidation to produce a surface oxide scale takes place in metals by
direct reaction with an oxidizing atmosphere. If the scale is nonporous
and completely covers the surface, the reaction rate will decrease as the
oxide thickens because the transport of reactive species through the
scale becomes rate controlling. Factors such as electrical potential,
concentration gradients, or preferential migration paths through the fiim
may control the overall corrosion rate. The breakdown of surface scales,
typically through mechanical or chemical processes, often leads to a loss
in protective quality of the scale.

Pitting is a localized form of corrosion that results in small craters or
holes in the metal. Pitting is potentially one of the most insidious
forms of corrosion because it can lead to component failure by perfora-
tion while producing only a small loss of metal. Because of their small
size and because the pits are often covered with corrosion products, tray
can be difficult to detect. Pitting occurs when one area of a metal
surface becomes anodic with respect to the rest of the surface or when
highly localized changes in the environment in contact with the surface
cause accelerated attack. Causes of pitting include local inhomo-
geneities on or beneath the metal surface, local loss of passivity,
mechanical or chemical rupture of the protective oxide surface film,
galvanic corrosion from a relatively distant cathode, and the formation

A.7
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plastic deformation. Although a tensile stress is not necessary for
irradiation-assisted SCC, it can aggravate the phenomenon. The stresses
required to cause SCC are usually below the yield strength and are
tensile in nature. These stresses can be either applied or residual and
may result from the fabricaticn process or inservice loading of the
component or structure. Common sources of stress include thermal proc-
essing and stress risers created during surface finishing, fabrication,
or assembly. The length of time required to produce SCC decreases for
increasing stress lTevel. The minimum stress at which cracking will occur
depends on the temperature, the composition and microstructure of the
alloy, and the environment. SCC may initiate at pre-existing mechanical
cracks or other surface discontinuities such as pits produced by chemical
attack.

Microbiologically influenced corrosion (MIC) occurs when biological
organisms affect corrosion processes on metals by directly influencing
the anodic and cathodic reactions, by affecting the protective surface
scales on metals, by producing corrosive substances, or by creating solid
deposits. These organisms include microscopic forms such as bacteria and
macroscopic types such as algae and barnacles. Microscopic and macro-
scopic organisms have been observed to live and reproduce under broad
ranges of pressure, temperature, humidity, and pH; thus, biological
organisms may influence corrosion in a variety of environments., MIC
effects on carbon steel may result in random pitting, general corrosion,
or severe hydraulic effects due to formation of tubercies and massive
corrosion product deposits. MIC attack on stainless steel is
characterized by pitting, most commonly at weldments.

Saline water attack has resulted in the degradation of reinforced
concrete structures. The degradation mechanism involves water seepage
into the concrete thereby providing a high chloride environment to the
reinforcing bars. The reinforcing bars corrode resulting in expansion,
which leads to and cracking and spalling of the concrete. This aging
mechanism is of particular concern for Category I structures, or parts

A.9
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thereof, that cannot be routined inspected or examined because of
submergence in water or physical inaccessibility due to intense
radioactivity.

2. Erosion

Erosion caused by high velocity steam, water, or two-phase mixtures
(which may include silt or other particulates) has contributed to
failures of NPP equipment. Degradation processes of importance include
cavitation and particulate wear. Erosion caused by cavitation involves
the creation of a two-phase gas-1iquid zone in the vicinity of high-
speed, rotating parts (e.g., pump impellers) or in components in which
steep pressure gradients occur (such as throttling valves and orifices).

Erosion-corrosion is an accelerated form of corrosion caused by the
relative motion of a corrosive fluid with respect to a metal component.
The corrosion process is accelerated because of erosive destruction of
the protective oxide film resulting in chemical attack or dissolution of
the underlying metal. The carbon steel secondary piping systems in NPPs
are susceptible to erosion-corrosion. The damage morphology is usually
characterized by grooves, waves, and valieys oriented in a consistent
direction. Highest erosion rates tend to occur in regions where the
metal is in contact with wet steam. Alloy additions to carbon steel can
reduce or eliminate erosion-corrosion in most cases. Chromium is the
most effective alloying element for improving resistance. Other elements
such as copper and molybdenum also have a beneficial effect.

3. Embrittiement

Embrittiement, of metals and polymers used as electrically insulating
barriers, because of structural or chemical changes induced by radiation,
elevated temperature, or atmospheric contaminants can lead to fragility
and failure under dynamic loading. Metallic components are most
susceptible to embrittiement from neutron radiation; thus, components in
proximity to the reactor core are most affected. Embrittiement with loss
in toughness for critical components such as pressure vessels and
supports represents the most significant contribution of radiation to
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aging. Organic and electroﬁic 55té¢f§1s'$?§ parficularly susceptible to
radiation damage from gamma rays. Thermal embrittlement is associated
with chemical or metallurgical changes and results from such processes as
thermal aging leading to reduced toughness of ferrous alloys, high
temperature sensitization to intergranular stress corrosion cracking in
austenitic stainless steels, and oxidation or cross linking of polymers
with a resultant loss in toughness and dielectric strength. Hydrogen
absorption by metallic alloys can also lead to loss of toughness and
brittle fracture.

Neutron irradiation of metal components can result in a significant
increase in yield strength with accompanying decreases in ductility and
fracture toughness. Irradiation embrittiement is primarily caused by
irradiation-induced precipitation of fine-scale copper precipitates and
formation of radiation-induced point defect clusters. These mechanisms
produce barriers to dislocation movement, thereby causing an increase in
the yield stress of the steel, a shift in the ductile-to-brittle transi-
tion temperature, and a decrease in fracture energy. The major variables
controlling irradiation embrittiement in reactor steels are the copper
and nickel content of the steel and the neutron fluence. Other factors
that contribute include irradiation temperature, neutron spectrum and
flux, phosphorus content, thermomechanical history, and concentrations of
other impurities and minor alloying elements.

Thermal embrittlement can occur in cast austenitic-ferritic (duplex)
stainless steel piping. The embrittlement is associated with the forma-
tion of precipitates in the ferritic phase, leading to cleavage of the
ferrite or separation of the ferrite/austenite phase boundaries. The
degree of aging is related to the volume fraction of ferrite in the
material. In addition, the precipitation and growth of phase-boundary
carbides or nitrides can lead to brittle fracture. In general, Tow
carbon grades of cast stainless steel are the most resistant, and
molybdenum-containing high carbon grades are the most susceptible to
thermal embrittlement.

A.1}
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Hydrogen damage is an environmentally assisted degradation process that
usually results from the combined action of hydrogen and residual or
applied tensile strasses. Hydrogen damage occurs in several ways such as
hydrogen embrittliement, blistering, and cracking from hydride formation.
Hydrogen embrittlement is usualiy associated with loss of tensile ducti-
1ity in carbon steels and high strength alloys and is a function of the
stress level and time. Steel can be embrittled by only a few parts per
million hydregen, which can originate from the fabrication process or
inservice corrosion reactions. A similar effect may occur in austenitic
stainless steels, but required hydrogen levels are many times the levels
for carbon steels. Above about 400°F, steels are not affected by hydro-
gen embrittiement.

4. Mechanical Degradation Mechanisms

Fatigue is a common degradation process that occurs in rotating or
reciprocating equipment or under other service conditions that place
periodic or cyclic loads on SSCs. Fatigue damage results in progres-
sive, localized structural change in materials subjected to fluctuating
stresses and strains. Associated failures may occur at either high or
Tow cycles in response to various kinds of loads, e.g., mechanical or
vibrational loads., thermal cycles, pressure cycles, etc. The process of
fatigue consists of three stages: 1) initial fatigue damage leading to
crack initiation, 2) crack propagation, and 3) sudden fracture of the
remaining ligament. Fatigue cracks initiate and propagate in regions of
stress concentration that intensify strain, e.qg., structural defects.
The fatigue 1ife of any SSC is the number of stress or strain cycles
required to cause failure. This number is a function of several vari-
ables such as stress level, stress state, cyclic waveform, fatigue envi-
ronment, and the metallurgical condition of the material. Stress cycles
can be generated by the direct application of mechanical loads, differ-
ential thermal expansion of mechanically constrained components, or
temperature fluctuations. Although the loading conditions are different,
the resultant fatigue is considered to be additive. Fatigue cracks form
at the point of maximum local stress and minimum local strength. The

A.12
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local stress pattern is governed by the geometry of the SSC, including
local features such as surface and metaliurgical imperfections that
concentrate stress, and by the type and amplitude of the loading.
Surface imperfections such as scratches, mars, burrs, and other fabri-
cation flaws are locations where fatigue cracks may start. Inclusions,
hard precipitates, and crystal discontinuities such as grain boundaries
are examples of microscopic stress concentrators. Pitting corrosion,
SCC, and other effects of a hostile environment may also be important.
For example, many fatigue failures originate in fretted areas. In many
large, structural components, the existence of a crack does not
necessarily imply imminent failure of the component. Significant
structural 1ife may remain before the crack grows to a size at which
failure occurs. The growth of a fatigue crack under cyclic loading is
principally controlled by the maximum load and the ratio of maximum to
minimum load.

Wear is a general concern for rotating or other sliding surfaces where
tolerances can affect performance. Lubricant loss or degradation, e.g.,
because of contaminants or chemical breakdown, can greatly accelerate
wear. Fretting is a wear phenomenon that occurs between tight-fitting
surfaces that are subjected to a cyclic, relative motion of extremely
small amplitude. Fretting is frequently accompanied by corrosion.
Common sites for fretting are in joints that are bolted, keyed, pinned,
prece fit, or riveted; in oscillating bearings, couplings, spindles, and
seals; in press fits on shafts; and in universal joints. Under fretting
conditions, fatigue cracks may be initiated at stresses well below the
endurance 1imit of nonfretted specimens. The initiation of fatigue
cracks depends mainly on surface residual stresses superimposed on
applied cyclic stresses.

Shrinkage or creep can occur in most materials and are common phenomena
in plastics and in metals at high temperatuies. Polymers and composites
used as electrical insulators, supports, and protective coatings may
exhibit dimensional changes caused by exposure to high temperatures,
moisture, mechanical stresses, or radiation. These effects can lead to
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deterioration in insulating and structural properties. Shrinkage of
concrete in NPPs is due mainly to long-term dehydration. Dimensional
changes in concrete as it ages do not degrade the properties of concrete;
however, when these dimensional changes cause interference (e.g., with
other components in prestressed reinforced concrete structures), degrada-
tion can occur. Skrinkage is the main contributor to the loss of pre-
stressing forces in pres* -<sed concrete containments.

A.2.1.4 Degradation Re. g _From Operational Environment

The operational environment of an NPF has age-related degradation implications
over the plant operating history that should be properly accounted for. Some
SSCs were initially designed or qualified “or a finite lifetime (usually 40
years or less) with an associated desig n or safety factor that may, in
practice, change during service. In effect, the original design or qualifi-
cation provided initial values and minimum acceptable values for key design
properties and parameters such as minimum values of wall thickness, fatigue
cyclic life, dielectric strength, fracture toughness, tensile strength, etc.
These properties and parameters may change with time ». SSCs are subjected to
loadings and environmental stressors | design basis events and also from
events not included in the original des.ya. In the license renewal process,
each licensee should return to the initial design or quaiification analyses as
supplied by the original equipment manufacturer (including all modifications
and revisions thereto), evaluate the past service experience to determine
residual values, and determine actual rates of change for key design prop-
erties and parameters. Actual rates of change together with minimum accept-
able values of key properties and par meters will be useful in establishing an
acceptable extended operating license period. An example of an event that may
not have been included in the original design but should be considered is
leakage of hot primary cooling water into low temperature piping. While such
leakage would have been evaluated as an isolated event at the time of
occurrence, other related aspects of the plant operation should be evaluated
to ensure that a fatigue effect does not go unevaluated. Each evert with
aging consequences should be evaluated and reconciled with the original design
or original qualification to both ensure that the design conditions were not

A.14
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exceeded and that transients did not coifri ute to Timiting the expected life-
time of the affected SSC. Normal operating, testing, and environmental
stressors including those due to electrical, mechanical, and thermal loadings
also contribute to age-related degradation that should be evaluated prior to
extended life. Original equipment designers and manufacturers should be
consulted for identification of aging mechanisms specific to particular SSCs.

A.2.1.5 Degradation Sites

Most SSCs are not uniformly susceptible to degradation. Certain sites exhibit
more deterioration than others; and for many SSCs, degradation is limited to
only a specific location. Factors that affect vulnerability to degradation
include localized chemical or metallurgical variations, geometry with respect
to fluid flow or chemical potential gradients, proximity to mechanically or
chemically incompatible materials, and localized high stresses. Examples of
site-specific degradation include 1) localized erosion/corrosion in ferritic
steel piping because of local high fluid velocities, 2) enhanced intergranular
stress corrosion cracking in heat-affected zones near welds in austenitic
stainless steels, 3) excessive hinge pin wear in check valves subject to
flutter, 4) rapid degradation of pump impeller blades when cavitation occurs,
5) wear or galling of sliding contacts, 6) crevice corrosion, and 7) fatigue
cracking in regions experiencing tensile stresses. An understanding of age-
related degradation requires a knowledge of which sites degrade by what mech-
anisms and at what rates. This information is fundamental to selection of
effective monitoring methods and where, how, and with what frequency menitor-
ing should be impiemented to reliably trend and mitigate degradation.

A.2.2 Managing Aging_Qggradgtion(a)

When the interactive effects of materials, designs, and stressors due to
envircnmental and service conditions are understood, the root causes of age-
related degradation can be identified and programs to ensure that SSCs will
adequately perform their intended functions can be implemented. Inspections
and surveillance to monitor degradation in important-to-license-renewal SSCs

(a) For expanded discussions, consult the biblicgraphy at the end of this
appendix.
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should be regularly performed. Selectivé]yLapplieddiondition monitoring and
trending can also be useful in this respect. Effective management of aging
will permit timely repair, replacement, or servicing through preventive or
corrective maintenance.
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Effective maintenance programs require understanding of what to maintain, when
to maintain, and how to maintain plant SSCs. Depending upon their intended
function, these programs take various forms (e.g., inspections, surveillance,
tests, condition monitoring, trending, recordkeeping, predictive maintenance,
preventive maintenance, corrective maintenance, and reliability centered
maintenance), The mix of elements that comprise an overall maintenance pro-
gram should reflect both the technical nature and the potential conseguences
of the age-related degradation processes that the program is intended to
mitigate.

From an aging management perspective, the aey steps in determining when to
maintain and how to maintain specific SSCs aro:
1. Identify monitorable indicators that can be trended to show aging

effects on the performance or reliability of SSCs important to
license renewal .

2. Develop and implement methods for monitoring the indicators
identified in (1), above.

3. Retain information acquired by monitoring programs in auditable,
retrievable form.

4. Trend performance measures and functional indicators for each SSC
under observation and analyze the impact of rate of change; retain
information in auditable, retrievable records.

5. Determine minimum acceptable functional capability at the end of
service 1ife for normal operation and for accident mitigation.

6. Develop criteria for effective surveillance, maintenance,
refurbishment, and replacement programs.

7. Interpret, analyze, and make decisions for maintenance or
replacement.

Both predictive and preventive maintenance programs are needed to manage
aging. The aging management program will provide useful input for making
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decisions for the full spectrum of maintenance related activities including
quality assurance and quality control, engineering support, and plant
modifications.

A.2.2.1 Root-Czuse Determination

In order to avoid recurrences of excessive degradation, it is necessary to
understand the basic underlying causes of observed deterioration, i.e., root
cause. Root cause is defined as the most basic reason or collection of rea-
sons for the degradation that if corrected, will prevent future similar
deterioration. Root causes may be associated with intrinsic SSC character-
istics, such as composition, metallurgical structure, or design features or
may reflect situational factors, i.e., departures from design envelopes,
extremes in environmental factors or stressors, operational variables, or
combinations of these and other factors. An analytical program should exist
to evaluate instances of unexpected or excessive degradation in terms of their
root causes. Root-cause analysis relies upon the availability of accurate,
sufficiently detailed, retrievable records to provide the facts needed to
evaluate the potential engineering, procedural, operational, and environ-
mental contributors to the observed degradation. Given this information,
knowledgeable staff can generally track causes and effects to successively
more basic levels until the root causes are revealed. When the root causes
are understood, methods for preventing recurrence of similar degradation will
generally become evident.

A.2.2.2 Monitoring Aging Degradation

Monitoring and trending of age-related degradation are the bases for predic-
tive maintenance. The overall goal of the predictive maintenance program is
to provide information concerning degradation rates and residual lifetimes
that can be used to predict and prevent failures. Tools used in doing this
include nondestructive examination (NDE), condition-monitoring, residual life
assessment, and information analysis and trending. Trends and defined acticn
levels provide guidance needed by the preventive maintenance program to sche-
dule services with a frequency that will avoid failure of SSCs important to
Ticense renewal. Monitoring and trending of the effects of age-related degra-
dation provide opportunities for identifying and 2liminating sources of
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A.17



O 00 v oo s W N

20
21

22
23
24
25
26
27
28
29

30
31
32
33

g 3
: v
o = 4 3
ol Ky e !
' ¥ Ay oW ¥

¥ :}i, b ' :
i Ld 8
unnecessary degradation through root-cause analysis and corrective action,
Approaches to monitoring degradation include the following.

A.2.2.2.1 Nondestructive Examination. Various nondestructive techniques

are employed as part of in-service inspection and testing programs to detect
and characterize flaws or other evidence of degradation that may be failure
precursors. Commonly used methods include visual inspection, dye-penetrant
and magnetic particle treatments, radiography, eddy current testing, ultra-
sonic testing, electrical signature analysis, and acoustic emission monitor-
ing. Each of these methods has its advantages and limitations. The
limitations derive mainly from the fact that NDE techniques were developed
primarily as quality control tools for detecting manufacturing flaws. New or
improved NDE methods are continuously being developed. Techniques that will
provide the quantitative characterizations of flaws required for fracture
mechanics analysis and that will allow on-1ine monitoring of deterioration in
mechanical properties during long-term inservice exposure are expected to be
available in the future.

A.2.2.2.2 Condition Monitoring. For some SSCs that are important to
license renewal, integrated monitoring programs that might involve a combina-

tion of sensors and evaluation methods to ensure reliability may be in order.
Condition monitoring should be employed when justified in terms of the conse-
quences of potential failures.

A.2.2.2.3 Surveillance, Testing, and Inspection Programs. Detailed and
comprehensive requirements for monitoring degradation in SSCs are conveyed by
various regulatory instruments including the Inservice Inspection (ISI)
requirements in Section XI of the ASME Boiler and Pressure Vessel Code and the
surveillance testing requirements stated in the plant technical specifica-
tions. These oversight programs can provide useful indications of age-
related degradation. These programs are supplemented by nonmandatory surveil-
lance, inspections, and tests that reflect good engineering practices.

A.2.2.2.4 Residual Life Assessment. For monitored trends in age-
related degradation to have meaning in terms of service, replacement, or
refurbishment frequency, it is necessary to correlate the level of monitored
parameters with expected SSC residual lifetimes. These correlations are
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here as being particularly relevant to age-related degradation include pre-
ventive maintenance, corrective maintenance, reliability centered maintenance,
and recordkeeping and trending. Most of these elements have clear interfaces
and interdependencies with the monitoring activities discussed in the pre-
ceding sections. In addition, the scope and nature of the various maintenance
elements should reflect the as-built plant specifications; manufacturer’s
recommendations; operating experience--both internal and external; relevant
recommendations and information from the NRC, the nuclear power industry, and
its vendors; and general good engineering practices.

A.2.2.3.1 Preventive Maintenance. Preventive maintenance includes the
planned and scheduled actions performed to prevent equipment failure. Pre-
ventive maintenance relies heavily upon information generated by monitoring
programs to define necessary activities and the frequency at which they should
be performed. In addition to input from monitoring programs, preventive main-
tenance action should be based on equipment histories, other plant perform-
ance experience, vendor recommendations {to support life extension programs as
well as the current licensing basis), and good engineering practice.
Preventive maintenance conducted to support license renewal shouid be so
identified and should be comprehensive in nature. Planned actions and
schedules should be documented, and departures from these plans should be jus-
tified on technical grounds and subject to managem~nt review and approval.
Clear, comprehensive procedures are vital for preventive maintenance and other
oversight and maintenance activities.

A.2.2.3.2 Corrective Maintenance. Corrective maintenance is performed
to restore failed or malfunctioning equipment to service. For some types of

equipment (e.g., items lacking severe failure consequences), a corrective
rather than preventive approach is preferred. Malfunctions that represent
significant challenges to plant safety or reliability should be prevented. A
major responsibility of the maintenance organization is to be cognizant of the
significance of potential malfunctions and to ensure that severe consequence
events are averted by adequate preventive maintenance. As with other main-
tenance activities, corrective maintenance priorities should be based on the
relative importance of the equipment and on plant safety and reliability
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objectives. Added functions of corrective maintenance are to determine root
causes of malfunctions and carry out appropriate corrective action to prevent
recurrences.

A.2.2.3.3 Reliability-Centered Maintenance. The traditional approach to
defining maintenance program objectives and priorities is based upon engi-
neering judgment supported by vender and industry data, maintenance and opera-
ting histories, and regulatory requirements and guidance. These will continue
to be essential considerations in structuring a maintenance program. They are
likely to be supplemented by new approaches that quantitatively correlate
priority with safety significance and reliability as key factors in priori-
tizing maintenance activities. Reliability-centered maintenance uses formal-
ized decision logic to privritize preventive maintenance activities and to
Timit maintenance and oversight to those SSCs having low safety or economic
consequences of failure. The general product of applying reliability-centered
prioritization of preventive maintenance will be:

e a list of SSCs whose failure or loss of function could have sig-
nificant safety consequences. These S$5Cs require scheduled

preventive maintenance that may be further prioritized based upon
risk, operating experience, and expert opinion.

e a list of SSCs whose failure or loss of function would not be self-
evident. These SSCs should also be subject to scheduled oversight and/or
maintenance.

e all other SSCs. Failure or loss of function for these will have
economic consequences only. Preventive maintenance is at the
discretion of the plant owner and, presumably, would require
justification on economic grounds.
Results of risk-based analyses can be used to prioritize reliability-centered
maintenance activities. These methods employ quantitative failure mode and
effect analyses, e.g., PRA, to quantitatively identify SSCs, in the context of
their service and systems environments, whose malfunction could jeopardize
plant safety. In this way, SSCs can be ranked in terms of safety signif-
icance, and oversight and maintenance efforts can be commensurately focused
upon the most risk-significant equipment.
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A.2.2.4

Recordkeeping and trending are essential elements of both monitoring and main-
tenance programs. The sole product of monitoring programs is information. In
order to be useful, this information must be translated into effective main-
tenance practices. This requires that 1) the information obtained by monitor-
ing activities be recorded in adequate, unambiguous detail in a form that
allows ready retrievability and 2) the information be reliably relatabie to
specific maintenance practices that effectively address the age-related
degradation that is actually occurring. Records that meet these requirements
are needed to prioritize maintenance resources and to correlate actual operat-
ing environments and stressors with design assumptions and computed 1lifetimes
so that SSC lifetimes and maintenance intervals can be realistically
anticipated.

Maintenance records serve to establish performance histories for the SSCs that
comprise the plant., This information and its continuous feedback are useful
in specifying what, how, and when equipment should be maintained; what infor-
mation should be collected; and how it should be recorded., Maintenance his:
tories and equipment performance trends should be documented anc kept current.
Requirements for records retention and retrieval should be estahlished to meet
the needs of other elements of programs to understand and manag: age-related
degradation. These requirements should be consistent with quality assurance
program requirements related to records.

Recordkeeping can be supplemented or requirements offset by conservative main-
tenance practices based upon equipment history or conservative condition
assessments for selected SSCs; however, detailed, usable, and retrievable
records of such practices and condition assessments and supplementary raw data
should be maintained. This is a task that, in principle, can be simplified
greatly by modern computer technology, which has lanced the technical and
economic feasibility of maintaining high quality records. Trending of infor-
mation obtained by monitoring activities may be a straightforward process that
leads directly to maintenance recommendations. More often, however, trending
intended to lead to improved oversight and control requires considerable ini-
tial development of the basic trending program and qualification of the
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measures to be trended if results are to be meaningful. Records of component
failure data can be trended and monitored to assess maintenance program
effectiveness. Process indicators, such as post-maintenance test results,
surveillance test results, ratio of preventive to corrective maintenance,
maintenance backlog, and rework frequency, should also be trended to provide
indications of overall maintenance effectiveness and areas requiring
improvement .
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APPENDIX B8 - REPRESENTATIVE SYSTEMS, STRUCTURES, A?g COMPONENTS

POTENTIALLY IMPORTANT TO LICENSE RENEWAL

I. PRESSURIZED WATER REACTORS
Standard Gomrlc“” Stanciard
Review Plan, functional Technical
A, JPON RESSUR! LINDAR

1. Reactor Coolant Pressure Boundary

Reactor Vessel 5.5:3 a 3/6.2.1, 4.9.1, 4.10,
3/4.9.10

Steam Generator 5.4.1, 5.4.2.2 i 3/4.4.5, 3/6.46.6, 374.4.10
Reactor Coolant Pump 5.4.1 a 3/4.6.1, 3/4.4.10
Piping 5.4.5 “ 3/6.4.1.1, 3/4.4.10,
Pressurizer 5.6 10 “ 3/4.4.%, 3/4.6.10, 3/4.4.10
Instrumentation TA a 3/4.3
Valves 5.4.12 a 3/6.6.2, 3/4.4.4

2. Power Operated Reiief Valves, Block Valves, am Interconnected Piping
Pressurizer PORV 5.4.13 a 3/4.4.4, 3/4.4.9.3, 3/4.4.10
Pressurizer Block Valves 5.4.13 2 3/4.46.4, 3/4.4.10
Pressurizer Piping §h.3 a 374,610
Safety Valves 3/4.4.2, 3/64.4.10

3. Reactor Protection System i
Detector 7.2 i 3/4.3.1, 3/6.2, 2.2.1
Signal Comparator 7.2 J 3/4.3.1, 3/6.2, 2.2
Logic Cireuit 7.2 j 3/4.3.1, 3/6.2, 2.2.1
Master Relay 7.2 ] 3/74.3.1, 3/4.2, 2.2
Slave Relay 7.2 i 3/4.3.1, 3/4.2, 2.2.1
Connect ing Wire/Cable 7.2 J 3/6.3.1, 3/4.2, 2.2.1

&, T £ F k
Detector 7.3 k 376.3.2, 2.2.1
Signal Comparator 7.3 Kk 3/4.3.2, 2.2.1
Logic Circuit T3 Kk 3/74.3.2, 2.2.1
Master Relay 7.3 K 3/6.3.2, 2.2.1
Slave Relay 7.3 Kk 3/64.3.2, 2.2.1
Connecting Wire/Cable 7.3 Kk 3/4.3.2, 2.2.1

5. Control Room and Auxiliary

7.4 n

Cable 7.4 n 3/4.3.3.5, 2.2
Inetrumentation 7.4 n 374.3:3.9; 2.8

6' W j:ka
Source Range Detectors T2 j.k 3/4.3.1
Intermediate Range Detectors 7.2 j.K 3/4.3.1
Power Range Detectors T.2 j.k 376 3.4
Connecting Cable j.k 3/6.3.1

(a) References to NUREG-0B00 end che Standard Technical Specifications are directly relevant only to NPPs that were
reviewed against NUREG-0800. For older NPPs, these referernces should be viewed as illustrative only; and the
Licensee should consult the plant-specific CL8, which includes the current FSAR, for comparable sources of
information.

(b) Table 11l of this regulatory guide.
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Standard Generic(®) Standard
Review Plan Functional Technical
~NUREG-0800 Lriteria ——Specifications
i 3 o ATION (contd)

Tumperature, RCS .2 ik 3/6.3.1
Pressure, RCS ;A j.k 3/6.3.2, 3/4.3.1
Pressurizer Level 7.2 1K 3/6.3.1
Flow, RCS 7.2 1.k 3/6.3.1
Reactor Vessel Level 7.5 o 3/4.3.3.6
Instrumentation
Sub-cooling 7.5 1,k 3/4.3.3.6
Pressurizer Pressure T.2, 1.3, 1.4, ik 3/4.3.1, 3/4.3.3,
3/64.3.2, 3/6.3.3
Steam Generator Level Tely Toihy T3 J.k 3/4.3.1, 3/4,.3.3.6
Impulse Pressure Tl i:%
Steam Flow 7.7, 1.2 - 3/4.2
Feedwater Flow VT, Tl . 3/4.3.3.5 (AF)
Steam Pressure Ll Tk J. X 3/4.3.3.5
Feecwater Pressure =%
8. Ip-Core Instrumentstion ik
Flux Detector 7.2 - 3/4.3.3.2
Thermocoupl e 1.5 - 3/4.3.3.6
Drive Assembly 7.2 - 3/6.3.3.2
Trarsfer Device 7.2 - 3/64.3.3.2
Connecting Tubing 7.2 -
Drive Cable . 3/6.3.3.2
Readout /Control Equipment .- 3/4.3.3.2
Gas Purge System "s
Leak Detection System o
9. Piping, Rs Ca s
structures 8,c
Piping 5.2.4, 5.2.3 a,c 3/6.64.10, 3/64.1.2, 3/6.64.10
Roaceways 5.2.4 e
Cables c
Hangers 5.2.4 ¢ 3/4.7.9
Structures ¢
10, ter 7.6/10.49 B
Punps o 3/4.4.10, 3/4.7.1.2
Motor 1 3/6.7.1.2
Turbine 8 3/4.7.1.2
Valves g 3/6.6.10, 3/4.7.1.2
Piping e 3/6.4.10, 3/4.7.1.2
Pipe Supports 9 3/4.7.9
Pipe Restraints 9 3/6.7.9
Condensate Storage Tank g (not 3/6.7.1.3, 3/4.4.10
olways)
Automatic Steam Generator
Overfill Protaction m 3/4.3.1
Control Air
11. Emergency Diesel Generators 8.3.1 q
Diesel Engine q 3/4.8.1
Alternator q 3/4.8.1
Starting Al Compressor 9.5.6 q 3/64.8.1
Aftercooler q
Air Oryer Q
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13.

4.

195

16.

17.

18,

19.

Containment Building

Containment (ines
Shield Building
Primary Shield wall
Missile shield
Refueling Cavity
Recirculation Sump
Base Mat
Relief Valves
Tercions
Isolation Valve
Air Locks

Containment 1solation System
Cable
Instrumentation

Containment Spray System
Contairment Spray Pumps
Spray Additive Tank
Piping

Nozzles

Instrumentation

Valves

Containment Air Cooling System

Fans

Motors

Coolers
Roughing Filters
HEPA Filters
Dampers
Ductwork
Instrumentation
Koisture Separator
Relief Devices
Charcoal Filters

Component Cooling Water System

Pumps

Heat Exchangers
Surge Tanks
Valves

Piping
Instrumentation

Service Vater System, Safety
Related

Pumps

Strainers
Piping

Valves
Instrumentation
Cooling Towers

Standard

3.8.1-3

6.2.4

6.5.2

6.2.2

9.2.1

9.2.1

t!n
gmmﬁ 8.3.1

All Comporents with Safety
Function
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Standard
Technical
——dbecifications

) (contd)

3/6.8.3

3/6.6.1, 3/6.6.1.7
3/6.6.1

3/4.6.1

3/4.6.7

3/6.6.1.7

/6.6.4, 3/4.6.1.2, 3/6.9.9
3/6.6.1.3, 3/6.9.4

3/46.6.1.4

3/4.6.2.1, 3/4.4,10
3/4.6.2.2, 374.4,10
3/64.4.10
3/6.6.2.1

3/4.4,10

3/6.6.4, 3/4/6.1.9

3/4.7.3, 3/4.4,10
3/4/7.3, 3/4.4.10
3/4.4.10

3/4.4.10, 3/4.7.3
3/4.4.10, 3/4.7.3

3/4.7.4, 3/4.4.10

3/4.4,10, 3/4.7.4
3/4.4.10, 3/4.7.4

3/4.7.5
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Stendard Generict®? Standard
Review Plan Functional Technical
MUREG-0800 Lriteria specifications
A L UPON R_PK AJRE BOUNDAR . (contd)
2. HVAC, Control Room and EE® (contd)
Contairment Activated Charcoal c
Filter Units System o 374.6.1.9, 3/4.6.4
Resctor Cavity and Excore
Instrumentation Ventiletion o
System
Control Rod Drive Mechanism
Ventilation System e
Manipulator Crane Ventilation s 3/4.9.12
System
Pressure Vacuum and Relief System s 3/6.6.7
Control Room Ventilation System n 3/6.7.7
5. 1pstrument Air System 9.3.1 r
Compressors P
After Cooler r
Kecaiver r
Bryer/Filter Train r
Accunuliators r
Instrumentat f on r
26, F St 1§ ¥.1.35 d
System
Pumps d 376,912, 3/6.4.10
Heat Exchanger d 3764.9.12, 3/4.6.10
Purification Pumps 3/4.9.12, 34410
Demineral i zer . 3/4.6.10
Piping d 3/4.9.12, 3/4.4.10
Strainers, Filters " 36.9.12
valves d 3/4.9 .12, 3/4.4.10
27. Fire Protection 9.5.1 r
Pumps - 346.7.11.1, 3/6.7.11.2
Vaives .= 3/6.7.11.1, 3/6.7.41.2
Piping .- 3/4.7.11.1, 3/4.7.91.2
Tanks ae 3/6.7.1.1.1 3/6.7.11.2
[nstrumentation = 3/4.3.3.8
Halon 24 367114
co, - 3/64.7.11.3.3
28, Untimate Heat Sink 9.2.5% e 3/4.7.5
NA
B. FAILURE CAN AFFECT FUNCTIONING OF CATEGORY A SSC
1. Condersate/Feedwater System, 10.4.7, f,r
Including Reheat 10.53.6
Main Condenser 10.4.1 - 3/4.4.10
Condersate Punps - 3/4 4,10
Demineral izers - 376.4.10
LP Feedwater Heaters - 3/4.6.10
Piping . 3/4.4.10
Valves s 3/64.4.10, 376,71
Main Feed Punps .- 3/6.4.10
HP Feecdwater Heaters s 3/6.4.10
Startup Feedwater System ~e 3764.4.10
Heater Drain System - 3/4.4.10
fundensate Storage ardd Tranafer e 3/4.6.10, 3/4.7.1.3
System

B.6



KP Turbine

LP Turbines

Valves

Piping

Gland Steam Condenser
Conclenser Exhausters
Regulators

Piping

Valves

0il Pumps

0il Reservoir

0il Coolers

Turning Gear

Ejector

Moisture Separator Reheater
Main Generator
Excitation System
Instrumentation

3. Main Steem System
Steam Generator

Piping
Valves

4. Reactor Control System
Control Rod Drive Mechanism
Logic Cabinet
Power Cabinet
Instrumentat {on

5. Londenser Cooling System

Circuleting Water Pumps
Valves

Piping

Condenser

Cooling Towers

6. lnstrument/Service Air
Compressors
After Coolers
Air Receivers
Dryer/Filter Train
Instrumentation

10.3

3.9.4

10.4.5

9.3.1

QTHER SSCs IMPORTANT TO LICENSE RENEWAL

Instrumentation

- \4 P r

Computer
instrumentation

B.7
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Standard
Technical

3/4.3.4

3/4.7.2, 3/4.4.5, 3/4.4.10
3/4.64.10
3/4.64.10, 3/6.71

3/64.1.3, 3/4.3.3

3/4.3.3.6



c.

(contd)
1 1.4, 11.2

1.3
Liquid Subsystems
Solid Subsystens
Gaseous Subsystems

Fuel Handling Systems

Kew Fuel Storage Area

Spent Fuel Storage Pool

Fuel Storage Building Crane

Spent Fuel Bridge Crane

New Fuel Elevator

New Fuel Handling Tool

Spent Fuel Handling Tool

Refueling Cavity

Tramsfer Canal

Polar Crane

Manipulator Crane

Red Cluster Assembly Change
Fixture

Reactor Vessel Head Lifting
Device

Reactor Internals Lifting Device

Stud Tersiorer

Refueling Tools

Conveyer Car Assembly

Urive Frame Assembly

Lifting Mechanism

Valve

Instrumentation

Controls

Radiation and Environmental Monitoring
Containment Air
Particulate Detector 11.3
Contairment Noble Gas Monitor 1.3
Containment Purge Exhaust Monitor 11,3
Auxiliary Suilding ventilation 11.3
System Monitor
Plant Vent Stack Monitor 11.3
Control Room Air Intske Monitor 11.3, 9.4.1
Condenser Air Ejection Gas 1.3
Monitor
Steam Generator Blowdown Liquid 1.2
Monitor
Component Cooling Water System
Monitor
Service Water Effluent Discharge
Monitor
vaste Disposal System Liquid
Effluent Monitor
Gas Decay Tank Effluent Gas
Monitor

Cammunications Equipment 9.5.2

Telephone System
Radio System
Page System

B.8

e

Standard
Technical

3/4.9

3/4.6.10, 3/4.9.11

576.4.10
3/64.9.7
3/4.9.6

3/4.3.3.1, 3/4.9.2

3/64.9.5



Standard Standard
Review Plan Functional T«_:hnical

MUREG-0800 Lriteria ——pecifications
C. QIUER SSCs [MPORTANT TO LICENSE RENEWAL (contd)

7. Intrusion Detection -
Motion Detection System .
Sound Monitoring System .

Television System e
RF Field System ar
E-Field System iw

8. Access Control k

Door Control System .-
Badging/ID System oe

9. Guard Response Support

Weapons Systems
Commmications Systems >

10. Alarm Station Operation J

Instrumentation o

11. Ar iati itor J.k 3/64.3.3.1
Area Radiation Monitoring System e

12. Rediati t

Rextiation Monitoring Systems e

3. P L itori ig

Racdietion Detectors 12.3/4 e 3/4.6
1. Persomnel Protection Barriers

Machirery ¥

Structural i

B.9
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Reactor Vessel

MSIVs

Core Spray Isclation Vaives
Core Injector lsolation Valves
Recirculation Loops

CRDM(8)

Feedwater Isolation Valves
Head Spray Isclation Valves

tor Pr

MG Sets

Detectors (LPRM, APRM, etc.)

Divisions Chamnels

Annlog Comparator Units (ACU)

A.D. Converters

Optical Isolators

Logic Circuits

Solencid Control Logic

Scram Al Operated Pilot Valves

Back Up Solenoid Scram Values

Scram Discherge Volume Pilot
Valves

Control Rod Drive System
Suction Filters

Pumps

Isolation Valves

HCUs

Accumul gtors

Scram Discharge Volume
Control Rod

Standby Liguid Control System

Storage Tank

Pumps

Squib Valves

Neutron Absorption System

Control Room and Auxiliary
Shutdown
Remote S/D Panel

Neutron Monitoring System
Source Range Monitor
Intermediate Range Monitor
LPRM/APRM

$tandard
Review Plan
8:3:1
$.3.3, 3.2.3
$.3.3, 5.2.3
$.5.3 533
5.5.3, 5.2.3
4.5.1
5.3.5, 5.2.3
5:3:8, S43
7.2
7.2
7.2
7.2
7.2
; P
7.2
3.9.6, 7.2
3.9.4, 7.2
3.9.4, 7.2
3.9.4, 7.2
4.5
4.5
4.5.1
3.9.4
3.9.4
3.9.4
“.6
9.3.5
9.3.5
9.3.5
9.3.5
7.4
7
sl
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3/4, 1
3/4, 1
36, 1
374, 1.
374, 1
374, 1
34,1

376, 1
374, 1
376, 1.
36,1

36, 3.7

374, 3.
3/4, 3.
3/6, 3
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10.

Reoctor Vessel, System
Recirculation System

Main Steam System
Condersate and Feedwater System
Automat ic Reactor Vessel
Overtill Protection
Reactor Core Isolation
Cooling System
Reactor Water Cleanup System

pri i

Reactor Building Foundation
Drywell

Drywell Access Penetrations
Drywell Electrical Penerrations
Drywell Pipe Penetrations
Horizontal Vents and eir Wall
Containment

Fuel Transfer Tube

Suppression Pool

Contairment Upper Pool

Primsry Contairment HVAC System
Primary Containment Auxiliary

System
Containment Spray

Containment Air Cooling

Drywell Recirculation System

Drywell Purge Ventilation System

Containment Hormel Ventilation
System

Contairment Migh Flow Purge
System

Containment Recirculation System

Hydrogen Control System

Containment Combustible Gas
Control System

Distributed Igniter System

Contairment Atmospheric
Monitoring System

Standard

= uu}nuu
OO0 =00

.
A

N
o

3.2.1
3.2.1
3.2.1
3.0
3.0
3.0
3.0
9.1

-
= N W

9.0, 3.0

9.1
9.4

9.4

9.4, 6, 5.2

Standard
Technical

e Specifications
(contd)
3/, 4.6
374, 4.6
3/, 4.7
3/4, b4
3/4.3.1
3/4, 7.3
3/4, 4.4
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/6, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
374, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/4, 6.1, 6.2, 6.3,
6.4, 6.5
3/64, 6.1, 6.2, 6.3,

8.4, 6.5

374,
3/4,

3/4,

34,
3/&,

3/6,
3/4,

374,




12.

13,

14,

4,16 ¥V Switchgear

Division 182 Diesel Generaztors
Division 3 Diesel Generators
480 v Switchgear

Essential AC Power Supplies
Betteries 125, 250, vbC
Battery Chargers

Huclear System Protection

Separate Divisional Power
Suppl ies

DG (Including Air Storage,
F t Ir igsion

Cooling Water Systam
Lube Ofl System

Afr Compressors

Air Storage Tanks
Diesel Engine

Generator

Intake & Exhaust

Fuel Oil System

Instrumentation & Control
istr ion -

Safety Relateg

Divisional Power 1,2,3,4.,5
Static Bypass Switch
inverter

Reactor Core Isolation Cooling
System (including Isolation
Condenser)

Steam [solation Valves
Steom Flow Elements
Turbine Trip Throttie Valve
Turbine Governor Valve
Turbine

Turbine 0il System
Gland Seal Elements
Exhaust Piping
Suction Strainer
Suction Valves

Water Log Pump

vf. :‘;jj 1 cf,i

o L

Standard

Review Plan

8.3.1
9.5
9.5
8.3.1

8.3.1
8.3.2
8.3.2

8.1
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3/“
8.3,
3/4,
8.3,
3/4,
8.3,
374,

3/4,
803.
374,
8.3,
376,
8.3,

3/4,

3/‘ .
376,
374,
3/4,
3/4,
/4,
/4,
376,
374,

374,
344,
374,

3/4,
3/4,
374,
374,
3/4,
3/4,
3/4,
3/4,
374,
3/4,
34,

8.2,
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Stondard
Technical

Conclenser) (contd) 8,ce,9
RCIC Pump 5.6.6 g,¢ 36, 7.3
Auxiliary Equipment Cooling 5.6.6 9.¢ 34, 7.3
Minimm Flow Bypass Line 5.4.6 g,c 3746, 7.3
Test Recirculator Line 5.4.6 g,c 34, 7.3
Testable Check Valve 5.4.6 g,c 374, 7.3
Flow Controller 5.4.6 9,¢ 3/, 7.3
15. High Pressure Cooling Injection
System 8.¢
Suction Path 6.3 g.¢ 3/6, 5.1
HPCS(1) Pump 6.3 g.¢ 3/4, 5.1
Discharge Path 4.3 g,¢ 3/4, 5.1
HPCS(1) Water Leg Pump 6.3 g,c 3/4, 5.1
Leak Detection Syatem 6.3 g,c 3/4, 5.1
valve Interlock 6.3 g,¢ 3/4, 5.4
6. Aytometic Depressurization
System a
Safety/Relief Valves 6.0 a 3/6, 5.1
Alr Supply 6.0 s 3/6, 5.1
Vacum Breakers 6.0 - 374, 5.1
17. Core Spray System or Low
Suction Path 5.4.7 ¢ 3/4, 5.1
LPCS Pump 5.4.7 - 3/6, 5.1
Discharge Path 5.4.7 ¢ 376, 5.1
LPCS Water Leg Pump 5.4.7 ¢ 3/4, 5.1
LPCI System 5.4.7 ¢ 374, 5.1
8. Reactor Circulation System a,h
Recirculation Loop Suction Piping 5.2.3 ah 3k, 6.1
Suction Isolation Valve 5.2.3 ah 3/4, 4
Recirculation Pumps 5.4 ah X6, 4.1
Recirculation Pump Shaft Seals 5.4 a,h 374, 4.1
Recirculation Pump Disciarge
Piping 5.4 ah 36, 4.1
Flow Control Valve 5.4 a,h 34, 4.1
Discharge isclation Valve 5.4 2,h 3/4, 4.0
Reactor Water Sample Commection 5.4 8,h 376, &1
Discharge Manifold and Risers 4.5.2 a,h 374, 41
Jet Pumps 4.5.2 a,h 34, 4.1
Recirculation Pump Motors 5.4 a,h 374, 4.1
Low frequency Motor Generator Sets 5.4 h 3/6, 4.1



Standard
Technical
——Specificatios
A. RELIED UPON FOR PRESSURE BOUNDARY INTEC (contd)
19.
¢
Suction Strainers 5.4.7 c,dg 3/4, 4.9, 41
RHR Water Leg Pump 5.4.7 c,d, 9 3/4, 4.9, 4.1
RHR Pumps 5.4.7 c,d,g 3/4, 4.9, 41
RHR Heat Exchangers 5.4.7 c,d,9 3/4, 4.9, 4.1
Motor Operated Valves 8.7 c,d, g 374, 4.9, 4.1
Testable Check Valves 5.4.7 c,d,9 3/4, 4.9, 41
Containment Spray Spargers §5.46.7 c,d,g 3/4, 4.9, 4.1
Air Operated Control Valves 5.4.7 d 3/4, 4.9, 41
Electro Preunatic Controllers 5.4.7 d 3/4, 4.9, 4.1
20. RHR/Shutdown Service Water System
Ultimate Heat Sink Basin and
Towers 9.2.1, 9.2.5 g 3/4, 5.1, 71
Stardby Service Water Pumps 9.2.1 4 374, 5.1, 74
Heat Exchangers .25 g 34, 5.1, 1A
21, Emergency Equipment Cooling <
Heat Exchangers 9.2:.1 ¢ 374, 7.1
Closed Cooling Water System 9.2.1 ¢ 374, T
22. MVAC-Control Room and ESF n,r
Supply Air Handling Units 6.4 nr 3/6, 7.2
Recirculation Fans 6,4 n,r 3, 7.2
Makeup Air Cleaning Units b4 n,r 3/4, 7.2
23. jr=» r t
safety n,r
Service and Instrument Air
Compressors 9.3.1 n,r N/A
Air Receiver 9:5.1 n,r N/A
Refrigeration Air Dryers and
After Filters 9.3.1 n,r N/A
Dessicant Air Dryers .31 n,r N/A
Booster instrument Air
Compressors 2.3.1 n,r M/A
24. Fuel Pool Structure and Cooling
System g,
Skimmers Weife and Scuppers 9.1 d,l 374, 9.1-9.12
FPCC Drain Tank 21 d, ! 374, 9.1-9.12
FPCC Pumps e.1.2 d, ! 376, 9.1-9.12
FPCC Heat Exchangers 9.1.2 d, ! 36, 9.1-9.12
Filter/Demineral izers 9.1.2 d, ! 3/4, 9.1-9,12
Diffusers 1.3 d, !l 34, 9.1-9.12
Spent Fuel Pool 9.1.3 d, ! 3/4, 9.1-9.12
Transfer Pool ¥:1:3 d,l 34, 9.1-9.12
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A (contd) j
|
1
Fresh Weter Supplies 9.5.1 r 3/4, APPENDIX "RW |
Fire water Supplies ?2.5.1 r 3/4, APPENDIX "R™ |
Fire Jockey Pumps 9.5 r 3/4, APPENDIX MR
Fire Main 9.5.1 r 3/4, APPENDIX "R™
Marwal Hose Station 9.5.1 r 3/4, APPENDIX “R™
Preaction Type Sprinkler System  9.5.1 r 3/4, APPENDIX MR™
Deluge Type Sprinkler System 9.5.1 r 374, APPENDIX “R™
wet Pipe Type System 9.5.9 r 3/4, APPENDIX MR™
High Pressure 9.5.1 r 3/4, APPENDIX “R™ |
Low Pressure 9.5.1 r 3/4, APPENDIX “R™ |
Halon System 9.5.1 r 3/4, APPENDIX “R" |
Heat Detection Systems 9.5.1 r 3/4, APPENDIX "RY
Smoke Detectors ?.5.1 r 3/4, APPENDIX “R" |
Flame Detectors 9.5.1 r 3/64, APPENDIX “a" ‘\
26. Ultimate Heat Sink r
Circulating Water Pumps 9.2.5 r 3/4, 7.1
Cooling Towers Py r 3/6, T |
Main Condenser 9.2.5 r 374, T
Major Valves 9.2.5 r 34, 71 |
Major Piping ©.2.5 r 3/4, 7.4 ‘
B. FA N_AFFECT F ; TEGORY A |
1. Condermate/feecwater System !
Includirg Reheat 10.4.7 r .4
2. lurbine-Generator and Controls 10.2 rs 3/4, 3.8
3. Main Steom System 10.3 r,s 3/4, &.7
4. Reactor Control System 71 dm 3/, 41
5. Condenser Cooling System
{Circulation Water System) 10.4.5 r N/A
é. ir ice Air
Not S.R. 9.3.1 r N/A
7. Switchyard 8.2 r 3/4, 8.1-8.4
s TANT 1 | S WAL
1. Resctor Post-Accident
Monitoring System 9.3.2 bk 3/4, 3.1-3.9
Instrunentation 9.3.2 k 3/4, 3.1-3.9
2. Safety Parameter Display System k 3/4, 3.1-3.9
Compuiter 7.1 - 3/4, 3.1-3.9
Inatrumentation % .= 374, 3.1-3.9
3. wWaste Systems: Liquid, Gas, Solid 11.0 p 376, 11.1-11.4
Liquid Subsystems 1.0 e 34, N.1-11.4
Sol id Subsystems 11.0 a3 374, N.1-11.4
Gaseous Subsystems 11.0 - 34, 111114
B.15




Standerd Gener ic(®) Standard
Review Plan Functional Yechnical

~MBEG-0800 __  Critecis . _Specificetions
C. QIHER SSCe [MPORTANT 1O LICENSE RENEWAL (contd)

4, Fuel Handling Systems 9.0 L,p 34, 9.1-9.12

New Fuel Storage Area 2:0.1. 9.3, . 34, 91912

9.1.3 374, 9.1-9.12

Spent Fuel Storage Pool 1.1, 912, e 374, 9.1-9.12

9.1.3 .- 3/4, 9.1-9.12

fuel Storage Bullding Crane .14, .03, . 34, 9.1-9.12

9.1.% . 3/4, 9.1-9.12

Spent Fuel Bridge Crane %18, h2; - 3/4, 9.1-9.12

9.1.3 e 34, 9.1-9.12

New Fuel Elevator 5.5 30012, .- 3/4, 9.1-9.12

9.1.3 e 34, 9.1-9.12

New Fuel Hardling Tool 9.1.1, 9.1.2, “s 3/4, 9.1-9.12

9.1.3 we 34, 9.1-9.12

Spent Fuel jlandling Yool 2.15.15 92, » 374, 9.1-9.12

9.1.3 e 3/4, 9.1-9.12

keafueling Cavity 9.1.1, 9.1.2, e 374, 9.1-9.12

9.1.3 - 3/4, 9.1-9.12

Transfer Canal 0.1.1; .02, . 36, 9.1-9.12

9.1.3 - 3/4, 9.1-9.12

Polar Crane 9.1.1; 9.1.3, = 34, 9.1-9.12

91.3 “e 34, 9.1-9.12

Manipulator Crane 9:4.1, 9.1.2, .o 3/4, 9.1-9.12

9.1.3 - 376, 9.1-9.12

Recd Cluster Assembly Change it 9.0, " 34, 9.1-9.12

Fixture 9.1.3 34, 9.1-9.12

Reactor Vessel Head Lifting 9.1.1, 9.1.3, e 34, 9.1-9.12

Device 9.1.3 34, 9.1-9.12

Resctor Internals ifting 900, 98k . 34, 9.1-9.12

Device 9.1.3 e 34, 91-9.12

Stud Tensioner 903, %.1.8, .. 3/4, 9.1-9.12

9.1.3 3/4, 9.1-9.12

Refueling Tools %:1: 1 T.q; - 34, 9.1-9.12

9.1.3 - 374, 9.1-9.12

Conveyer Car Assembly 9.1 SNl 4 374, 9.1-9.12

9.1.3 - 36, 9.1-9.12

Drive Frame Assembly 9.1:%; 9.2, - 3/4, 9.1-9.12

9.1.3 e 374, 9.1-9.12

Lifting Machanism 1 t.a; va 34, 9.1-9.12

9:1.3 e 3/4, 9.1-9.12

Valve 1.1 912, 31 3/4, 9.1-9.12

9.1.3 . 3/4, 9.1-9.12

Instrumentation 9.1, 9.1.2, . 34, 9.19.12

9.1.3 - 374, 9.1-9.12

Controls R:1:1; F 18, e 3/4, 9.1-9.12

9.1.3 - 3/4, 9.1-9.12

5. Fadietion end Environmental Monitoring k
Contairment Air 12.1+12.8 3/4, 3.7
Particulate Detector 12.1-12.5 e 3/4, 3.7
Contairment Noble Gas Monitor 12.1-12.5 . 3/4, 3.7
Contairment Purge Exhaust Monitor 12.1-12.5 . 3/4, 3.7
Auxiliary Building ventilation

System Monitor 12.1-12.5 . 36, 3.7
Plant Vent Stack Monitor 12.1-12.5 . 3/4, 3.7
Control Room Air Intake Monitor 12.1-12.% -4 3/4, 3.7
Conderser Air Ejection Gas Monitor 12.1-12.5 . 3/4, 3.7
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10,

1n.

12.

13,

14,

Steam Genrrator Blowdown Liquid
Monitor

Camponent Cooling Water System
Monitor

Service water Effluent Discharge
Monitor

wWaste Disposal System Ligquid
Effluent Monitor

Gas Decay Tank Effluent Gas
Monitor

Communications Equipment
Telephone System

Radio System
Page System

Intrusion Detection
Motion Detection System
Sound Monitoring System
Television System

RF Field System
E-Field System

Access Control

Door Control System
Badging/1D System

Guard Response Support

Weapons Systems
Communications Systems

Alarm_$tation Oper_tion
Instrumentation

Area Radiation Monitors

Area Radiation Monitoring System
Radistion Survey instruments
Radiation Monitoring Systems
Personnel Monitoring Devices
Radiation Detectors

Bersonnel Protection Barriers

Machirery
Structural

{contd)
(contd)

12.1-12.5
12.1-12.5
12.1-12.5
12.1-12.,5
12.1-12.5

o

3.

»

Al AN
s s
NN

13.6
13.6
13.6
13.6
13.6
13.6

13.6
13.6

12.0

12.0

12.0

ik

Standard

3/4, 3.7
3/4, 3.7
3/4, 3.7
3/, 3.7
34, 3.7
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A

N/A
N/A

H/A

3/4, 3.7

34, 3.7

3/4, 3.7

N/A
N/A
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DRAFT NUREG 1299

STAKNDARD REVIEW PLAN
License fenewal

1,8, Nuclear Regulatury
Commission

Office of Nuclear Keactor Regulation

August 1990

Note: This draft GRP-LF 1s based upon the proposed license renewal rule,
"Requirements for Renewa! of Operating Licenses for Nuclear Power Plants,"”
10 CFR 54 (Federal Register, Vol, 55, No. 137, July 17, 1990). Future
modifications to the proposed rule will be reflected in commerisurate changes
in the draft SRP-LR.
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Part B: Systems

0.1 System Review Criteria

1.0 Nuclear Systems

Reactor Pressure Vessel

Reactor Coolant System

Reactor Control System

Control Rod Drive System

Reactor Protection System

Neutron Monitoring System

Reactor Water Cleanup System (BWR)
Standby Liquid Control System (BWR)

Chemical and Volume Control System
and Emergency Boration System (PWR)

2.0 Engineered Safety Features

2.1 Engineered Safety Features Actuation System (PWR)

2.2 Safety Injection Systems

Tt i Ty —————

2.2.1 Reactor Core Isolation Cooling System (BWR)

2.2.2 High Pressure and Intermediate Pressure Injection
System (PWR)

2.2.3 Core Flood System (PWR)

2.2.4 Residual Heat Removal System

2.2.5 Core Spray Systems (BWR)

2.2.6 MHigh Pressure Coolant Injection System (BWR)

2,3 Auxiliary Feedwater System (PWR)
2.4 Automatic Depressurization System (BWR)

2.5 Remote Shutdown System/Safe Shutdown Systems

R i, ol e R T U L R ——— ——T
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3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3:9

Containment Systems

Primary Containment Structure

Secondary Containment

Containment
Containment
Containment
Standby Gas
Containment
Containment

Containment

Heat Removal System

Isolation Systew

Purge System

Treatment System (BWR)
Combustible Gas Control System
Spray System

Ventilation Systems

Electrical Systems

4,1 Main Power System

4.2

4.3

4.4

4.1.1 Protective Relaying and Controls

Plant AC Distribution System

4.2.1 Essential Power System

4.2.2 Nonessential Power System

4,2.2 High Pressure Core Spray Power System (BWR)
Instrument and Control Power Systems

4.3,1 DC Power System

4.3.2 Instrument AC Power System

Emergency Diesel Generators

4.4.1 Emergency Diesel Generator Instrumentation and Control
Subsystem

4.4.2 Emergency Diesel Generator Air Starting Subsystem
4.4.3 Emergency Diesel Generator Cooling Subsystem
4.4.4 Emergency Diesel Generator Fuel 0il Subsystem

4.4.5 Emergency Diesel Generator Lubricating 0i1 Subsystem
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4.5 Plant Essential Lighting System
4.6 Plant Computer - to be provided later
4.7 Switchyard

4.7.1 DC Control Power System

4.8 Information Systems

5.0 Process Auxiliary Systems
5.1 O0Offgas System (BWR)
.2 Radiation Monitoring System
5.3 Component Cooling Water Systems
5.4 Service Water System
55 Ultimate Heat Sink
5.6 Refueling System
5.7 Spent Fuel Storage

5.8 Compressed Air System

6.0 Plant Auxiliary Systems
6.1 Fire Protectiaon System
6.2 Communications
6.3 Control Room Habitability System

6.4 Auxiliary HVAC Systems




1.0

2.0

3.0

4.0

Part C: Generic License Renewal Topics

Generic Components and Structures Review Criteria
Mechanical

1.1 Piping

1.2 Valves

1.3 Pumps

1.4 Heat Exchangers

1.5 Tanks and Vessels

1.6 Equipment and Component Supports

Electrical

2.1 Cable and Wiring

2.2 Junctions

2.3 Electrical Penetrations

2.4 Relays, Circuit Breakers, and Switchgear
2.5 Transformers

2.6 Solenoid Onerated Valves

2.7 Electric Motors

Instrument
3.1 Sensors
3.2 Electronic Components

3.3 Electronic Devices

Civil Structure




F»T-..--I-.-‘-—'-'" e e

PART A

IR AT T R ——_— -y . N P N R A R R W R R R R R R B A R T T e S W e R T T SN =

STANDARD REVIEW PLAN FOR LICENSE RENEWAL (SRP-LR)

GENERAL INFORMATION AND DISCUSSION

1. INTRODUCTION

A.

BACKGROUND

The Nuclear Regulatory Commission (NRC) regulations contained in
Title 10 of the Code of Federal Regulations (10 CFR) have been
supplemented by the addition of Part 54, "Requirements for Renewal
of Operating Licenses for Nuclear Power Plants.” The requirements
stated in 10 CFR Part 54 are based on the following two important
principles:

1. Except for age-related degradation, the current licensing basis
for each operating nuclear power plant provides and maintains
an acceptable level of safety for operation during any renewal
period. This principle is founded on the Commission's initial
finding of adequate protection for the initial design and
construction of a plant, as well as in the Commission's
continuing oversight and regulatory actions for these plants.

A plant's current licensing basis must be maintained during
the renewal period, in part through a program to manage
age-related degradation of systems, structures, and components
(55Cs) that are important to license renewal. This principle
is a necessary complement to the first principle. The
Commission has already made a generic finding for all nuclear
power plants that the reasonable assurance findings for
issuance of an operating license continue to be true at the
time of the renewal application and accordingly need not be
made at the time of license renewal. Therefore, the focus of
10 CFR Part 54 is on age-related concerns requiring license
renewal applicants to take the necessary actions to provide
assurance that age-related degradation will be effectively
managed so that the plant will continue to meet an acceptable
level of safety during the renewal term.

™Y

Given the above principles, the Standard Review Plan for License
Renewal (SRP-LR) is based on the staff position that reasonable
assurance must be provided to demonstrate that license renewal will
not lead to age-related degradation that would reduce the level of
safety at an operating nuclear power plant below the level
established by the current licensing basis as defined in 10 CFR
54.3(a).
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B. PURPOSE AND SCOPE OF SRP-LR

Nuclear Reactor Regulation for performing safety reviews of applications to
renew operating licenses in accordance with the requirements set forth in 10
CFR Part 54. The SRP-LR parallels Regulatory Guide DG-1009, "Standard Format
and Content of Technical Information for Applications to Renew Nuclear Power
Plant Operating Licenses," which has been prepared to provide guidance to
license renewal applicants on how to structure and present the technical
information to be compiled, including the information to be submitted, as part
of an application for license renewal.

The SRP-LR has been prepared as guidance to staff reviewers in the Office of
|

Regulatory Guide DG-1009 provides guidelines for the following: (1) specific

format and content of technical information to be included in license rerewal

applications; (2) criteria for selecting 55Cs important to license renewal

and structures and components (SCs) requiring evaluation of age-related

degradation; (3) design, operational, and environmental factors that contribute

to age-related degradation; (4) aging mechanisms and degradation sites; and (5) .
attributes of established, effective programs for understanding and managing |
age-related degradation. :

The primary purpose of the SRP-LR is to ensure the quality and uniformity of staff
reviews and to ensure that these reviews are focused on the license renewal
concerns described in 10 CFR Part 54. It is also the intent of the SRP-LR to

make information about regulatory matters widely available and to improve
communication between the NRC, interested members of the public, and the

nuclear power industry and increase understanding of the review process.
Specifically, it provides guidance to the staff regarding items that should be
reviewed and provides acceptance criteria to help the reviewer evaluate the |
information submitted as part of the license renewal application as specified :
in 10 CFR 54.17, 54.19, and 54.21. Guidance in the SRP-LR represents

approaches that are acceptable to the staff, but licensees are not required to .
conform with this guidance. If a licensee proposes new or different .
approaches, the staff is likely to require more time and effort to complete the ‘
review, The specific technical information that must be submitted as part of

a license renewal application is described in Regulatory Guide DG-1009 and in |
Section II, "Reguirements of the License Renewal Rule," which follows. Review

criteria for environmental concerns to satisfy 10 CFR 54.23 will be addressed

as part of revisions to 10 CFR Part 51.

The staff review of an application for license renewal is not intended to be a
review of the current licensing basis. Therefore, guidance provided in the
SRP-LR differs from that provided in NUREG-0800, "Standard Review Plan for the
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Review of Safety Analysis Reports for Nuclear Power Plants." The emphasis of
the SRP-LR is to provide guidance on how to evaluate those programs and
processes that the license renewal applicant utilizes or will utilize in
managing age-related degradation of selected §5Cs important to license renewal
s0 as to maintain the plant's licensing basis throughout the renewal term
requested in the application.

The manner in which the staff applies the SRP~LR can vary from plant to plant and
within a single plant for different areas. In some cases, the staff may be

able to complete some porticns of the review on a generic basis; in other

cases, the staff may need to review plant-specific features. The staff need

not review every step for every license renewal application in detail, but may
select and emphasize particular aspects of each SRP-LR section as appropriate

for the application.

The SRP-LR is part of a continuing regulatory standards development activity
that documents current methods of review and provides the basis for orderly
modifications to the review process. It will be revised periodically, as
needed, to clarify content, correct errors, and incorporate modifications
approved by the Director of the Office of Nuclear Reactor Regulation. This
version of the SRP-LR is a draft document which serves as a frame on which to
produce a more detailed document. The SRP-LR is a 1iving document to be
revised based upon experience gained during the review of the lead plant
applications and industry technical reports. Comments and suggestions for
improvement will be considered and should be sent to the Director, Office of
Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission, washington, OC,
20555. Notice of errors or omissions should also be sent to the same address.

C. ORGANIZATION OF SRP-LR

The SRP-LR is divided into three parts. Part A provides the general context
for the purpose and scope of the SRP-LR. 1In addition, Section 11 of Part A
briefly describes the integrated plant assessment as required in 10 CFR

Part 54, which is a main focus of staff review of the Jicense renewal
application. Section IIT assigns review responsibilities and describes the
criteria for making the preliminary determination of whether or not a license
renewal application is sufficient before conducting the detailed technical
review. Appendix A.1 to Part A provides review guidance for the generic
requirements in the first two steps of the integrated plant assessment as
required in 10 CFR 54.21(a). These two steps involve identifying S5Cs
important to license renewal and selecting specific SCs from the initial

1ist of SSCs that need to be evaluated for age-related degradation. Appendix
A.1 is organized into subsections similar to those described below for

Parts B and C.
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0 Implementation: This subsection states that unless the licensee
proposes an alternative method for complying with specified
portions of the SRP-LR, the staff will conduct its evaluation
according to the methods described in SRP-LR.

0 Genera Information: This subsection contains supplemental
information tnat may assist the staff during the review process.
It may contain information on recent technological advances in the
assessment of age-related degradation and in surveillance,
monitoring, and inspection technigues. It may also address
results obtained from the Nuclear Plant Aging Research Program
(NPAR) that may be useful in understanding aging mechanisms and
ways for managing aging for a particular system during the period
of license renewal. The general information section serves solely
as background material and should not be used as review criteria
or review procedures.

0 References: This subsection 1ists the references considered
useful in the review process.

Part C deals with generic classes of SCs that are constituent elements of the
systems addressed in Part B. The organization of Part C parallels the
structure of Part B.

The approach taken in structuring the detailed review process in the SRP-LR,
first by system and then by components and structures cotmon to various
systems, arises out of a need for an integrated systems analysis of age-
related degradation. Figure A-1 is a flow chart showing how a systems-level
review provides assurance that the evaluation findings and their
implementation will be consistent with the requirements of 10 CFR Part 54.

I1. REQUIREMENTS OF THE LICENSE RENEWAL RULE

A key element of 10 CFR Part 54 is the requirement for license renewal
applicants to perform and submit an integrated plant assessment which
demonstrates that age-related degradation of the facility's S5Cs has been
identified, evaluated, and accounted for as needed to ensure that the
facility's licensing basis will be maintained throughout the term of the
renewed license.

The technical information reguired by 10 CFR Part 54 will be documented in
the supplement to the final safety analysis report (FSAR) that is submitted
as part of the license renewal application. The FSAR supplement will include
the results and technical bases for the integrated plant assessment that is
i1lustrated in Figure A-2. The four major steps of the integrated plant
assessment are as follows:

1. ldentify the $5Cs important to license renewal using the definition
in 10 CFR 54.3. The SCs that are constituent elements of the SSCs
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