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Enclosed for review by the CRCR is a draft Regulatory Cuide (Enclosure 1) which
describes the standard forr.iat and content of technical information for
applications to renew nuclear power plant operating licenses. The draft
regulatory guide conforms to the standard format for regulatory cuides and-

reflects a level of detail and character of content that are consistent with
othcr regulatory guides. This draf t has been forn,atted to track closely with
the proposed License Renewal Fule (10 CFR 54) and to supplement and amplify the
requirements conveyed by 10 CFR 54 so that licensees would ineet these
requirencnts in a n.ar.ncr acceptst le to the i;EC staff.

/.lsc enclosed for review by CRGR is a draf t Standard Review Plan for License
Renewcl (SEP-Lf:) (Enclosure 1) which has been prepared as guidance for staff
use in performing safety reviews of applications for the renewa; of power
reactcr licenses. The draf t SEP-LR provides a framework for the staff relctive
to what information needs to be reviewed and provides acceptance criteria to
assist the reviewers in evaluating the submitted information. The staff
recognizes that the review procedures ed acceptance criteria arc rather
general. However, the staff fully expects the draft SRP-LR to be a living
document and that the review procedures and acceptance criteria in the draf t
SRP-LR will be periudically revised to reflect the staff experience seined from
the review of the industry technical reports and the lead plant applications.
The result of a staff review using this SRP-LR is to obttin assurance that

' license renewal will not lead to age-related degradation that would reduce the
it. vel of safety at an existing reactor f acility below accepttble levels during
the renewcl term.

The developn.ent of the draf t R.G. and the draf t SRP-LR have been closely
coordintted between the Offices of Nuclear Regulatory Research (RLS) and
liuclear Reactor Regulation (NRR) to ensure that the two docurments are
con.plementary and consistent. Therefore, we request that the CRGR review of
these two documents should occur simultaneously.
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for further inforr.ation on the draf t R.C. , please contact Robert Connak, Cerut) 1

Lirector, Division of Engineering, RES, X13E50. For information on the draft
SRP-LR, pleast contact Lillian Travers, I.ssist6nt Director for Special Projects,
I,RR, XE1117.
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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

i

Contact: J. Vora (301) 492-3854

Note: 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 Reaister, 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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1 STANDARD FORMAT AND CONTENT OF TECHNICAL INFORNATION FOR APPLICATIONS
2 TO RENEW NUCLEAR POWER PLANT OPERATING LICENSES

3 REVISION 5A

4 A. INTRODVCTION

5 The Nuclear Regulatory Commission (NRC) is proposing to supplement its regula-
6 tions in Title 10 of the Code of Federal Regulations by adding Part 54,
7 " Requirements for Renewal of Operating Licenses for Nuclear Power Plants."(a)

8 Section 54.21 of the proposed rule specifies the technical information to be
9 included as part of a License Renewal Application. This information is to be

10 included in a supplement to the current, updated Final Safety Analysis Report
11 (FSAR). The supplement is to be included in the application submitted by a
12 nuclear power plant (NPP) licensee for a renewed operating license. The FSAR
13 supplement will include an evaluation of the aging mechanisms that result in
14 degradation of the plant's systems, structures, and components (SSCs) impor-
15 tant to license renewal, as defined in 10 CFR 54.3(a). The FSAR supplement

16 will also include a demonstration that the effects of such degradation will- be
17 effectively managed such that the current licensing basis, as defined in
18 10 CFR 54.3(a), for the NPP will be maintained throughout the renewal term.
19 Each FSAR supplement is to contain the information required by 10 CFR 54.21.

20 Purpose

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

25 (a) This draft regulatory guide is based upon the proposed License Renewal
26 Rule, " Requirements for Renewal of Operating Licenses for Nuclear Power
27 Plants," 10 CFR 54 (Federal Register, Vol. _55, No.137, July 17,1990).
28 Future modifications to the proposed rule will be reflected in commen-
29 surate changes in the draft Regulatory Guide.

1
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1 license. This regulatory guide identifies the content of and provides tech-
2 nical criteria for the compiled technical information. Use of this format
3- will help to ensure the completeness of the information compiled or provided,
4 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
6 application.

,

7 Scope ,

8 This regulatory guide provides a standard format and content for the technical
9 information required by 10 CFR 54 to be compiled or submitted in support of an

10 application for a renewed operating license. Detailed technical information
! 11 needs and a description of a standard format that is acceptable to the NRC

12- staff are presented in Section C1 of this regulatory guide.

13 This regulatory guide also provides for meeting the technical information 3

14 requirements of 10 CFR 54 including 1) content of technical information to be
15 included in license renewal applications, 2) criteria for selection of SSCs;

16 important to license renewal and their constituent structures and components
i

17 for which age-related degradation should be assessed and accounted for,
18 3) evaluation of design, operational, and environmental factors that con-
19 tribute to age-related degradation, 4; identification of the aging mechanisms

,

20 and specific sites involved in degradation processes, and 5) attributes of
21 established effective programs and of acceptable actions taken or to be taken
22 to understand and manage age-related degradation. Detailed guidance on under-
23 standing and managing aging that will be useful to a license renewal applicant
24 in implementing these methods is contained in Appendix A to this regulatory
25 guide.

26- Implementation of the guidance provided herein is expected to ensure that
27 actions have been identified and have been taken or will be taken with respect
28 to age-related degradation of those SSCs important to license renewal, such
29 that there is reasonable assurance that the activities authorized by the.

30 renewed license can be conducted in accordance with the current licensing
31 basis.

,

1
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1 Applicability

2 This regulatory guide applies to applications for renewal of operating
3 licenses for commercial NPPs and to the constituent SSCs of these facilities
4 that are designated important to license renewal as de'ined in 10 CFR 54.3(a).

5 Any information collection activities mentioned in this draft regulatory guide
6 are contained as requirements in those sections of 10 CFR Part 54 that provide
7 the regulatory basis for this guide. The proposed additions to 10 CFR 54 have
8 been submitted to the Office of Management ano Sudget for clearance, as
9 appropriate, under the Paperwork Reduction Act. Such clearance, if obtained,

10 would also apply to any information collection activities mentioned in this
11 guide.

|

|

|
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1

2 The technical information developed by a license renewal applicant should
3 allow the NRC staff to make the determination that the requirements of
4 10 CFR 54 are met. The format in which this information is presented should
5 satisfy the requirements of 10 CFR 54 and should facilitate'the NRC staff
6 review of a license renewal application. Technical information submitted by
7 an applicant should focus on aging mechanisms and the resultant age-related
8 degradation that can lead, in the context of the renewed license term, to
9 unacceptable deterioration of SSCs important to license renewal. The tech-

10 nical information content of a license renewal application should be suffi-
11 cient to provide an NRC reviewer of the application with a sound understanding
12 of the aging processes that contribute to degradation of SSCs important to
13 license renewal and how these processes are or will be managed. The informa-
14 tion needed to impart this understanding should address the integrated effects ,

15 of materials, design, environment, stressors, and plant operating history on
16 SSC degradation attributable to specific aging mechanisms. These effects are
17 discussed in Appendix A to this regulatory guide.

18 Use of Standard Format

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

26 Upon receipt of a license renewal application, the NRC staff will perform a
27 preliminary review to determine if the application provides a reasonably
28 complete presentation of the information needed for issuance of a license in

| 29 accordance with 10 CFR 54.29. The purpose of this review will be to determine
30 if the submittal is sufficient according to the provisions of 10 CFR 2.109(b).
31 The standard format will be used by the staff as a guideline to identify the
32 type of information needed unless there is good reason for not doing so. If

4
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1 the application does not provide a reasonably complete presentation of the
2 necessary information, further review of the application will not be initiated
3 and the provisions of 10 CFR 92.109(b) will not apply until a reasonably
4 complete presentation is provided. The information provided in the applica-
5 tion should be current with respect to the state of technology concerning age-
6 related degradation in operating nuclear power plants and should take into
7 account, as appropriate, recent changes in regulations and in industry codes
8 and standards; results of recent developments in nuclear reactor safety; and
9 experience in the construction and operation of nuclear power plants.

i

5
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1 C. REGULATORY POSITION

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

10 1.0 FORMAT FOR TECHNICAL INFORMATION

11 An application for license renewal must meet the applicable provisions of
12 10 CFR 54. Provisions contained in 10 CFR 54.23 deal with environmental
13 information to be submitted. Environmental issues are addressed in Regulatory

14 Guide 4.2.

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

26 1.1 FORMAL APPLICATION

27 The formal application is to contain the following elements:

28 1. an introduction providing general information concerning the appli-
29 cation. This should include:

6

i
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1 a) information specified in 10 CFR 50.33(a) through (e), (h),
2 and (i) of Part 50,

,

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

4 c) a statement summarizing how and the extent to which the<

-5 application meets the regulatory requirements for license
,

6 renewal (10 CFR 54). Exceptions should be listed and
: 7 justified. .

.

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

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

11 f) an acknowledgment that the commitments and requirements
12 contained in the licensee's current Part 50 license not '

13 affected or superceded by the license renewal application
14 will remain in effect when the Part 54 license is issued.

15 2. a characterization and summation of the licensee's findings

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

| 21 the FSAR supplement.

22 3. an implementation plan that includes the following elements:;

23 a) Summary of Commitments
,

24 List the commitments described in the license renewal
25 application.

26 b) Description of Admin'istrative Controls

27 Describe the administrative control program used by the.

28 licensee to establish and maintain the commitments
j 29 described above. Such a program should ensure that

30 changes to such commitments are evaluated for aging'
.

: 31 considerations prior to revision and conform to the
L 32 requirements for an established effective program '

33 contained in 10 CFR 54.3(a).

34 c) Task and Schedule

35 Detail the commitments that will be completed following
36 renewal of the operating license. These commitments may

7

:
:

;
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1 include system design changes, one-time replacements,
2 program enhancements, and new programs.

3 A schedule should be established and provided for the specific
4 actions committed to in this section, and this schedule should be
5 consistent with the evaluations made in the license renewal
6 application.

7 4. The formal application section should also include submittals of any
8 Technical Specification and program changes and additions identified
9 as necessary to manage age-related degradation.

10 5. A list of changes in calculations or analytical approaches resulting from
11 licensing renewal activities.

_

12 1.2 FSAR SUPPLEMENT

13 The detailed technical information for a license renewal application is to be

14 contained in a supplement to the current FSAR in accordance with 10 CFR 54.21.

15 This supplement will consist of a new FSAR chapter that conforms to the admin-

16 istrative requirements for FSAR chapters. This new chapter should be cross-

17 referenced, as necessary, to other chapters in the FSAR.

18 The supplemental FSAR chapter should contain sections that describe the licen-

19 see's methodology and results for satisfying each element of 10 CFR 54.21.

20 The NRC staff will review the licensee's application on a systems basis

21 according to review procedures set forth in a new Standard Review Plan chapter

22 (SRP-LR) that deals with review of applications for renewed licenses. It is

23 expected that the technical information compiled.or submitted by a licensee in

24 compliance with 10 CFR 54.21 will conform in format and content to the new SRP

25 chapter. This expectation is based upon the requirements stated in

26 10 CFR 54.21 to assure that a facility's licensing basis will be maintained

27 throughout the term of the renewed license and upon the definition of current

28 licensing basis as stated in 10 CFR 54.3(a). Maintenance of the current

29 licensing basis, as defined in 10 CFR 54.3(a), requires a licensee to comply,

30 inter alia, with 10 CFR 50. This includes.the requirement cited in

31 10 CFR 50.34(g) that NPP operating licenses docketed after May 17, 1982,

32 include an evaluation of the facility against the SRP revision'in' effect six

33 months prior to the docket date of the application.

8

m



. .

1 Table 1 outlines the information that should be included in the FSAR supple-
2 ment. This information is structured to conform to the process that will be
3 followed by the NRC staff in reviewing applications for license renewal. As

4 indicated in Table I, the FSAR supplement should contain three categories of
5 information:

6 Part A: General Information and Discussion
7 Information of an introductory or general nature such as purpose,
8 scope, definitions, organization and relationship to 10 CFR 54,

| 9 conformance to regulatory guides, citations for referenced informa-
10 tion, general technical information required by 10 CFR $4 and-
11 described in the following subsection 1.2.2, and a description of
12 any deviations from the acceptance criteria contained in the SRP-LR.

13 Part 8: Systems

14 Information specific to the principal systems and subsystems that
15 comprise an NPP and that may contain structures or components
16 important to license renewal.

1
'

17 Part C: Generic Components

18 Information related to structures and components important to
19 license renewal for which age-related degradation may be generically
20 addressed.

21 All of the items included in the lists of SSCs in Table I are not germane to
22 all NPPs, and the lists may not include all SCCs important to license renewal
23 for any particular NPP.

24 1.2.1 Review Ob.iectives

25 The licensee's organization of the FSAR supplement should allow the NRC staff
26 to reach the following conclusions:

27 1. Sufficient technical information has been submitted as part of the
28 application to commence a review.

29 2. The licensee's screening methodologies and resulting list of SSCs
30 important to license renewal and the lists of their constituent {
31 structures and components (SCs) are acceptable. !

I
32 3. The licensee's. methodologies for identifying established effective
33 programs [10 CFR 54.3(a)].for SCs requiring evaluation of age-
34 related degradation.

9
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-1 4. The licensee's established programs effectively manage age-related
2 degradation of SCs important to license renewal.

3 5. The licensee actions to manage age-related degradation in SCs impor-
4 tant to license renewal not currently subject to established
5. effective programs are adequate.

6 1.2.2 Succortina Documentation

7 The FSAR supplement should provide'the facility-specific technical information
8 needed by the NRC staff to make the judgments cited above. ~ The licensee

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

11 1. a detailed description of the licensee's integrated plant assessment
12 including the screening methodology for identifying SSCs important
13 to license renewal and the methodology for determining if an estab-
14 lished program is effective in managing age-related degradation.

15 2. information required by 10 CFR 54.21, specifically:

16 a) a list of SSCs important to license renewal as defined in
17 10 CFR 54.3(a)

18 b) a list of all SCs that are constituent elements of the
19 SSCs listed in 2(a)

20 c) a list of all SCs from 2(b) that require evaluation of
21 age-related degradation

|

22 d) justification for conclusions that any SCs listed in 2(b)
23- but not listed in 2(c) do not_ contribute to the
24 performance of a safety function of an SSC important to'

| 25 license renewal or that their failure would not prevent an
| 26 SSC important to license renewal from performing its
L 27 intended safety function
,

28 e) a list of SCs for which age-related degradation is not
29 significant with respect to the current licensing basis as
30 defined in 10 CFR 54.3(a) through the renewed license
31- period and documentation of the evaluations that support
32 these findings

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

35
.' associated effective program (s) and the basis for

36 continuing them through the renewed license period
|

|

10
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1 g) a description of, th basis or, actions taken or to
2 be taken to manage age-related degradation including,
3 where appropriate, a description of revisions to
4- replacement / refurbishment programs to demonstrate their
5 adequacy

_6 h) a list of all plant-specific exemptions granted pursuant
7 to 10 CFR 50.12 and reliefs granted pursuant ?.o
8 10CFR50.55(a)(3). This list must include an identifi-
9 cation of those. reliefs and exemptions granted on the

10 basis of an assumed service life or period of operatior )
11 bound by the original license term of the facility or 4

|

12 otherwise related to SSCs subject to age-related degrada-
13 tion. Also, for reliefs and exemptions granted on the
14 basis of an assumed service life or period of operation

,

15 bounded by the original license term of the facility or j
16 otherwise related to SSCs subject to age-related degrada-
17 tion, justification for their continuation should be l'
18 provided in either this section or the system-specific
19 section below

20 i) a list and description of any proposed modifications to
21 the facility or its administrative control procedures
22 resulting from the integrated plant assessment
23 [10 CFR 54.21(a)] or exemptions and reliefs described in
24 2(h). [10 CFR 54.21(b)]

25 3. information specific to the systems listed in Part B of Table 1 and
26 the generic structures and components listed in Part C of Table I.
27 Information related to components that can be grouped in terms of
28 component type and expected age-related degradation may be cited
29 once in generic form and that citation referenced for subsequent
30 components that fit the appropriate grouping. For each system (Part
31 B of Table I) or generic structure or component (Part C of Table I)
32 applicable to the facility, the following information should be
33 presented:

34 a) a SSC-specific list of constituent SCs that are important
35 to license renewal. A reference to the lists provided in
36 2(a) and 2(b) will suffice, providing the lists in 2(a).
37 and 2(b) clearly identify all SCs associated with that
38 particular SSC.

39 b) identification of age-related degradation sites, site-
40 specific aging mechanisms, and root causes, when practi-
41 cable, for SCs listed in 2(c)

11
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1 c) for SCs important to license renewal, a summary discussion
2 of the evaluation of key properties and parameters that
3 may change with time and are affected by NPP operational
4 and service conditions. The initial values at the start
5 of operating life of these properties and parameters (such
6 as fatigue cycle life, cable insulation dielectric
7 strength, fracture toughness, tensile strength, and pres-
8 sure boundary wall thickness) as established by analyses
9 or qualifications should be included, along with results

10 of evaluations of past operating environments and service
11 conditions to determine the rates of change experienced
12 and residual values for these properties and parameters.
13 This summary should also include a discussion of changes
14 to analyses resulting from age-related degradation evalua-
15 tions. These values should be used in trending and
16 analyses to establish predicted, extended operating lives
17 and to identify actions needed to maintain key properties
18 and parameters within acceptable limits during the renewal
19 term. (See Appendix A of this regulatory guide for
20 further details.)

21 d) an identification of the structures and components from
22 3(a) that are subject to established effective programs
23 including a technical justification of how these programs
24 effectively manage age-related degradation. Reference may
25 be made to the list described in 2(f), providing this list
26 clearly identifies all components and structures asso-
27 ciated with a particular system that are subject to
28 established effective programs. Descriptions of estab-
29 lished effective programs either should be provided as
30 part of the license renewal FSAR or incorporated by
31 reference from the most recent update of the facility FSAR
32 or any other material referenced in the facility's docket
33 (such as the FSAR, Quality Assurance Manual, Inservice
34 Inspection and Testing Programs, and training programs).
35 The program description should not be a general descrip-
36 tion of the overall program but should be specific and
37 justify why the program is effective in managing age-
38 related degradation as noted in 3(b) and 3(c) and des-
39 cribed in Appendix A.

40 e) a description of actions taken or to be taken to manage
41 age-related degradation in SSCs important to license
42 renewal not currently subject to established effective
43 programs and how programs resulting from these actions

,

44 will be implemented and maintained effectively from an '

45 age-related degradation perspective. For structures and
46 components applicable to the system under consideration
47 and included in list 2(c) but not included in list 2(f),
48 this description should contain proposed revisions to

| 49 maintenance or other program elements, including
|
|
'
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I administrative controls, that will be implemented and
2 controlled throughout the renewal period to manage age- {
3 related degradation in these components. Alternatively, '

4 technical evaluations in the facility docket that provide
5 adequate assurance that the SSCs will not degrade below
6 acceptable levels of safety during the renewal term may be
7 provided or referenced.

8 f) a summary of all current exemptions granted pursuant to
9 10 CFR 50.12 and reliefs granted pursuant to

10 10 CFR 50.55a(a)(3). For exemptions or reliefs that were
11 granted based on an assumed service life or period of
12 operation bounded by the original license term of the j

13 facility, a justification for continuing these exemptions
'

14 and reliefs must be provided. A reference to the list
15 provided in 2(h) will suffice, providing 2(h) clearly i

16 identifies all current exemptions and reliefs associated j
17 with each system. Justification for continuation can
18 either be supplied in each system section or with the list
19 in 2(h).

20 g) a description of provisions to be taken with respect to {
21 any proposed modifications to the facility or its admini-
22 strative control procedures resulting from the integrated

1 23 plant assessment [10 CFR 54.21(a)] or exemptions and
24 reliefs described in 3(f). A reference to the list pro-
25 vided in 2(i) will suffice, providing 2(i) clearly identi-
26 fies all proposed modifications associated with each
27 system.

28 h) for existing and new programs identified as necessary for
29 managing age-related degradation, a description of how
30 these programs either are or will be implemented and con-

i

1 31 trolled to ensure that their effectiveness is not degraded
| 32 throughout the renewal term.
|

| 33 i) a description of the methods to be employed in obtaining
34 and maintaining records of the documentation described in
35 this section or to be generated in the course of perform-
36 ing-activities described in this section. This should
37 include identification of which records are to be kept, in
38 what form, and over what period of time. Records that
39 permit verification that all SSCs that are important to
40 license renewal meet their specific performance require-

| 41 ments should be retained in an auditable and retrievable
42 form for the renewal term plus whatever additional period,

'

43 is required in accordance with the licensing basis.

44 Additions or other changes to the Technical Specifications may be necessary to
45 account for modifications in the plant design, age-related degradation, or'

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

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

6 Items 3(a) through 3(i) specify information that should be included in the
7 FSAR supplement for each SSC important to license renewal. Additional infor-
8 mation that should be submitted as part of a license renewal application or
9 compiled and retained by the licensee is described in Table II. Some of the

10 information items listed in Table II should be included in the FSAR supplement
11 [information described in (1), (2), and (3) above]. The remainder of the
12 information specified in Table Il should be submitted as part of the applica-
13 tion but independent of the FSAR supplement or retained by the licensee as
14 appropriate.

15 2.0 TECHNICAL INFORMATION CONTENT

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

28 2.1 TYPES OF SSCs FOR WHICH AGING SHOULD BE CONSIDERED IN SUPPORT OF

29 LICENSE RENEWAL

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

14
!
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1 in Figures IA and 18. These illustrations also identify some of the infor-

2 mation to be collected by the licensee and either submitted as part of a
3 License Renewal Application or retained in auditable, retrievable form for the
4 term of the renewed operating license. Figure IB defines approaches to infor-
5 mation collection and evaluation for a licensee to demonstrate ar, acceptable
6 level of understanding of age-related degradation in those SCs identified
7 through the selection process illustrated in Figure 1A. Acceptable management
8 of age-related degradation for important-to-license-renewal SCs requires
9 SC-specific evaluations of the effectiveness of existing programs and

10 practices for timely mitigation of age-related degradation. Figure IB also
11 delineates a process for identifying SC-specific deficiencies in existing
12 programs for addressing age-related degradation and for specifying actions
13 that will be pursued in addressing these deficiencies in support of a license
14 renewal application.

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

15
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1 2.2 INTEGRATED PLANT ASSESSMENT - PROGRAMS FOR ADDRESSING AGE-RELATED

2 DEGRADATION (a)

3 Elements of the integrated plant assessment for the evaluation of age-related

4 degradation should be based upon sound principles and practices for under-

5 standing and managing aging. SSC-specific understanding of aging mechanisms

6 and the degradation sites at which they are operative is useful to evaluate

7 the effectiveness of existing programs and replacement / refurbishment practices

8 for managing aging or to develop acceptable new programs or practices. An

9 established effective program should include, but is not limited to, inspec-

10 tion, surveillance, maintenance, trending, recordkeeping, replacement /
-

11 refurbishment, and the assessment of operational life for the purpose of

12 timely mitigation of the effects of age-related degradation. The prime cri-
13 teria for such a program are that it be documented and that it ensures that

14 SSCs important to license renewal will continue to perform adequately, ensur-

15 ing that the current licensing basis will be maintained during the renewal

16 period. In addition, an established effective program will 1) be clearly

17 defined and documented in the FSAR, 2) be approved by onsite review commit-

18 tees, 3) be implemented by the facility operating procedures, 4) establish

19 documented acceptance criteria against which the need for corrective action is

20 evaluated to ensure that age-related degradation will not directly or

21 indirectly prevent SSCs from performing their intended functions, and

22 5) ensure that corrective action is taken when applicable acceptance criteria
23 are not met. Frograms for understanding and managing aging should be imple-

24 mented and maintained through a system of specific administrative controls

25 that ensures continuing program effectiveness throughout the term of a renewed

26 license.

27 Requirements contained in 10 CFR 54.21 provide ways for a licensee to demon-

28 strate the adequacy of the plant program for addressing age-related degrada-

29 tion in structures and components important to license renewal. These are

30 1) by substantiating that established programs, i.e., ongoing programs tnat
31 are currently in place, are effective, i.e., meet the criteria cited in the

32 (a) For expanded discussions, see Appendix A to this regulatory guide and its
33 associated bibliography.

16
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l preceding paragraph [10 CFR 54.21(a)(3)]; 2) by taking actions or committing
2 to actions to manage age-related degradation not adequately addressed by
3 established programs [10 CFR 54.21(a)(4)]; or 3) by demonstrating that age-
4 related degradatica is not significant with respect to the current licensing
5 basis [10 CFR 54.21(a)(4)]. Adequacy of the program for addressing age-
6 related degradation must be demonstrated for each structure, component, or
7 group of similar components important to license renewal using one of the
8 aforementioned methods. Both existing programs and new actions taken or to be
9 taken to manage age-related degradation are subject to the same effectiveness

10 criteria. Criteria that relate to program structure and administration are
11 cited in the preceding paragraph. Criteria that relate to established effec-
12 tive programs and to new actions taken or to be taken to manage aging are
13 discussed in subsections 2.2.1 and 2.2.2, respectively. Subsection 2.2.3
14 relates to the exclusion of SCs not subject to significant age-related
15 degradation during the renewed licensing term, and technical criteria for
16 practices employed in understanding and managing aging are described in sub-
17 section 2.2.4 and 2.2.5, respectively.

18 2.2.1 E_stablished Effective Procrams

19 Established effective programs for managing age-related degradation are
20 defined in 10 CFR 54.3(a). The structural and administrative criteria pro-
21 vided in that definition plus the technical criteria represented in Subsec-

22 tions 2.2.4 and 2.2.5 should be applied by a licensee in evaluating the
23 current plant program for managing aging in structures and components
24 important to license renewal. The methodology employed in performing these

25 evaluations should be described, and results of the evaluations should be
26 provided for all important-to-license-renewal structures and components that
27 are subject to established programs. Two essential products of these evalua-
28 tions will be identification of those important-to-license-renewal structures
29 and components that are routinely replaced / refurbished at defined intervals
30 and SCs for which established programs do not effectively address age-related
31 degradation.

I
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l 2.2.2 Actions to be Taken to Manaae Aae-Related Dearadation

2 It is expected that some important-to-license-renewal structures and compo-
3 nents with potentially s,ignificant age-related degradation will not be subject
4 to programs that address that degradation and that others will be subject to
5 programs that are not fully effective. Such .tructures and components should
6 be identified and the bases for actions that have been taken or will be taken
7 to manage age-related degradation in these structures and components should be
8 described by the licensee. These actions and judgements concerning their
9 adequacy should be based upon the same criteria cited in Subsection 2.2.1 for

10 established effective programs.

11 2.2.3 Structures and Components Not Sub.iect to Sionificant Aae-Related

12 Dearadation

13 For some structures and components important to license renewal, age-related
14 degradation may not lead to significant reduction in the capacity of the
15 structure or component to perform its safety functions, i.e., functions

16 defined as important-to-license-renewal. If a licensee explicitly demon-
17 strates that age-related degradation of an important-to-license-renewal
10 structure or component will not compromise the current licensing basis during
19 the license renewal term, that structure or component may be excluded from
20 further consideration of age-related degradation.

21 2.2.4 Summary of Acceptable Proarams and Practices for Understandina Aaing

22 Programs to understand age-related degradation processes in SCs important to
23 license renewal should be implemented on a plant-specific basis by qualified
24 licensee staff using state-of-the-art knowledge of age-related degradation in
25 NPPs. Efforts to understand aging mechanisms and degradation should be
26 systematically structured, as illustrated in Figure IB. For some SCs, e.g.,
27 reactor pressure vessel shells, it will be necessary to evaluate design,
28 materials, and environmental and operational stressors and their interactions.
29 Analysis of these factors will lead to identification of potential aging
30 mechanisms, degradation sites, and root causes when practicable. This infor-
31 mation is the basis for developing and implementing programs for monitoring

! 18
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1 and timely mitigation of age-related degradation. Not all important-to-
2 license-renewal SCs require in-depth evaluation of the basic factors that
3 contribute to age-related degradation. For some SCs, reference to empirical
4 information such as operational records, manufacturers' information, test
5 data, and ongoing regulatory requirements will be sufficient. To the extent
6 practicable, equipment designers and manufacturers should be requested to
7 identify aging mechanisms, rates, and any other pertinent information that
8 they may possess. For other SCs, descriptions of surveillance or replacement
9 programs will suffice.

10 The process of developing an understanding of age-related degradation involves
11 integrating the relevant materials science concepts that describe degradation
12 processes with plant , SSC , and SC-specific design and operational informa-
13 tion to understand aging mechanisms, degradation sites and rates, and the
14 consequences of degradation with respect to NPP safety. The individual and
15 interactive influences of SC design, constituent materials, and both normal
16 and abnormal stressors and environments establish the feasibility and deter-
17 mine the reaction rates for degradation mechanisms that can affect SSCs impor-
18 tant to license renewal. An effective program to understand aging will
19 selectively integrate a sound understanding of these basic principles with
20 plant-specific design, operational experience, manufacturers' and design
21 information, research and test data, applicable regulatory instruments and
22 requirements, and qualified technical judgment to characterize age-related
23 degradation processes that are operative in imoortant-to-license-renewal SCs.
24 These characterizations should be expressed in terms of specific degradation
25 sites, site-specific aging mechanisms, root causes for degradation when j
26 practicable, and projected effects of degradation on SSC functions. |

27 2.2.5 Summary of Acceptable Proarams and Replacement / Refurbishment Practices i

1
28 for Manaaina Aoina i

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

19
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1 methods and frequencies, and residual lifetime evaluations that will dictate

2 timely and effective preventive and corrective maintenance methods and

3 frequencies, and associated recordkeeping needs during the renewed license

4 period.

5 Monitoring methods (e.g., inspection, surveillance, testing, condition moni-

6 toring) should reflect mechanistic and empirical assessments performed by

7 licensee staff in their efforts to understand and mitigate age-related degra-

8 dation. These methods should employ state-of-the-art non-destructive exami-

9 nation, e.g., ultrasonic testing, signature analysis, vibration analysis,
dielectric performance measurements, and other measuring techniques, performed ~10

11 by qualified staff. Measurement results should be trended and analyzed with

12 respect to implications for residual lifetime of SSCs important to license

13 renewal.

14 Practices for SCs that are routinely replaced / refurbished at defined intervals

15 should be evaluated for the adequacy of the replacement / refurbishment programs

16 to ensure timely mitigation of age-related degradation during the renewed

17 license period. The evaluation process should include reviews of the opera-

18 tional experience and, as appropriate, design and manufacturers' information,

19 known aging mechanisms, and other available information.

20 The objective of aging management in support of license renewal should be to

21 ensure that SSCs important to license renewal are subject to surveillance and

22 maintenance that control, at intervals commensurate with expected component

23 lifetimes, processes that could degrade their operability and reliability.

24 The maintenance program is the principal vehicle through which age-related

25 degradation is managed. Operational and maintenance records and input from

26 monitoring programs should be employed in the maintenance program for scoping

27 and scheduling both preventive and corrective maintenance activities intended

28 to manage age-related degradation. These activities should be carried out by

29 experienced, qualified maintenance personnel and should lead to needed servic-

30 ing, repair, refurbishment, or replacement with a frequency sufficient to

31 maintain acceptable levels of SSC reliability. In evaluating the effective-

32 ness of maintenance in managing aging, the maintenance and surveillance inter-

33 vals should be considered along with 1) the probability of defect detection

20
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1 and diagnosis and 2) the probability of effective defect correction given
2 defect detection and correct diagnosis.

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

10 maintenance, predictive maintenance, and reliability-centered maintenance.
11 The primary goal should be to develop effective aging management practices
12 implemented through replacement, refurbishment, and repair programs that
13 accurately reflect SC-specific residual lifetimes and the safety significance
14 of anticipated, SC-specific degradation. The effectiveness of aging manage-
15 ment programs should be evaluated on SC-specific bases using guidance such as

16 that contained in relevant codes end standards, approved industry technical
17 reports, and other sources acceptable to the NRC staff. The process for
18 evaluating effectiveness should reveal those deficiencies that require correc-
19 tion through improved or new programs for managing aging. An accurate
20 assessment of current program effectiveness, based upon the principles of
21 understanding aging summarized in .:ubsection 2.2.4 and in Appendix A, and
22 implementation of program enhancements to address revealed deficiencies in
23 aging management practices are prerequisites to operating license renewal in
24 NPPs.

25 An important aspect of plant surveillance and maintenance programs is reten-
26 tion of cssential data in complete, auditable, easily retrievable records,
27 The records system and its contents should conform to good maintenance prac-
28 tices as well as the requirements of 10 CFR 50 Appendix B and the plant QA
29 program to the extent that these documents apply to SSCs important to license
30 renewal. A record of the documentation required by, or otherwise necessary to
31 document compliance with the provisions of,10 CFR 54 and a record of the
32 administrative processes for controlling changes to such documents should be
33 retained by the licensee in an auditable and retrievable form for the term of

21 l
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1 the renewed operating license. This should include a listing of and the
2 justification for those structures, systems, and components important to
3 license renewal and included in established effective programs as defined in
4 10 CFR 54,3(a) or subject to actions taken or to be taken. Records and

5 related data should be employed to the extent practicable in trending degrada-
6 tion processes, thereby providing assurance of controlled, timely maintenance.
7 Trends based upon data contained in the maintenance records should be used to
8 monitor the effectiveness of aging management in selected SCs.
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1 D. JMPLEMENIATION

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

5 REGULATORY ANALYSIS

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

9 BACKFJT ANALYSLS

10 This regulatory guide presents for the first time NRC staff guidance on com-
11 plying with a new rule,10 CFR 54, " Requirements for Renewal of Operating
12 Licenses for Nuclear Power Plants." Accordingly, publication of this regula-
13 tory guide is not a backfit under 10 CFR 50.109, and no backfit analysis is
14 necessary or has been prepared for this regulatory guide.

,

23
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1 flGURE 1
2 Process for Selecting Systems, Structures, and Components Important
3 to License Renewal and for Understanding and Managing Age-Related
4 Degradation

5 INTRODUCTION TO FIGURES 1A AND 1B

6 Figures lA and IB constitute a flow chart that outlines a process, acceptable
7 to the NRC staff for license renewal purposes, for selecting individual
8 structures, and components (SCs) that are constituent elements of systems,
9 structures, and components (SSCs) important to license renewal, and for

10 developing and implementing programs for understanding and managing age-
11 related degradation in these SCs during the renewed license term.

12 Figure 1A portrays the process for SSC and SC selection. Input to this
13 process is defined by the four types of SSCs included in the definition of
14 "important to license renewal" [10 CFR 54.3(a)]. Each of the input SSCs is
15 subdivided into individual structures and components that are then screened
16 [using the criteria contained in 10 CFR 54.21(a)(2)] to yield those SCs that
17 require evaluation of age-related degradation (block 11, Figure 1A). This
18 collection of SCs constitutes the input to the continuation of the process of
19 evaluating are-related degradation as part of the Integrated Plant Assessment
20 as shown in Figure 18.

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

32 SCs that are rcutinely replaced or refurbished may be evaluated based on a
33 review of the adequacy of the replacement or refurbishment program (s) for
34 timely mitigation of age-related degradation during the renewed license
35 period. An acceptable approach would be to evaluate operational experience,
36 replacement or refurbishment intervals, and, as appropriate, relevant design
37 and manufacturers information, known aging mechanisms, and other available
38 information. Based on this review and a conclusion that the SC will remain
39 functional during the defined interval between replacement or refurbishment,
40 an applicant may establish that the current program is adequate. When the
41 ongoing replacement program is demonstrated to be adequate for timely
42 mitigation of age-related degradation and if it is in the FSAR, approved by
43 the onsite review committee, and implemented by the facility operating
44 procedure, it is considered to be an " established effective program."

24
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1 When the ongoing replacement or refurbishment program (s) are not adequate for
2 timely mitigation of age-related degradation, the licensee should describe
3 revisions to the replacement or refurbishment program and demonstrate its
4 adequacy or perform detailed mechanistic analyses. The bases should be |

5 provided for actions taken or to be taken to manage _ age-related degradation
6 during the renewed license period.

7 SCs that are not routinely replaced may be evaluated based on a detailed
8 mechanistic analysis of age-related degradation mechanisms. -When the analysis
9 indicates that age-related degradation is not significant with respect to the ;

10 current licensing basis throughout the renewed' license term, the result of the ;

11 analysis should be documented. For those SCs potentially susceptible to a

12 significant-age-related degradation mechanisms, evaluations should be made to
13 determine if they are subject to an established affective program. A list of ,

14 SCs identified as being subject to an established effective program should be
15 provided as well as descriptions of the programs and the basis for continuing
16 them through the renewed license period. For those SCs that are not subject
17 to an established effective program, the basis for actions taken or to-be
la taken to manage age-related degradation during the renewed license period
19 should be described and provided.

.

20 Throughout Figures IA and IB, individual activities and decision points have -

21 been referenced as appropriate to the specific parts and subparts of 10 CFR 54 -

22 that provide their justification. These identifications are denoted by ref-,

23 erences to the License Renewal Rule [54.XX(X)(X)] contained within appropriate
24 nodes in the Figures.
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1 TABLE I-

-2 Information To Be Included in the FSAR Supplement

3 - General and SSC Specific

'4 Part A: General Information and Discussion")
5 (Part A should include, but is not limited to,
6 the following types of information)

7 1.0 Introduction

8 1.1 Purpose of the:FSAR Supplement

9 1.2 Scope of the FSAR Supplement
,

10 1.3 Definition of Terms

11 1.4 Organization of the FSAR Supplement

12 1.5 Relationship of the FSAR Supplement to 10 CFR 54

13 2.0 Conformance to Applicable Regulatory Guides

14 3.0 Listing and Summary of Material Incorporated by Reference

15 4.0 Description of Integrated Plant- Assessment (see Section C.I.2.2,1. of
16 this Regulatory Guide)

17 5.0 Information Required by 10 CFR 54.21 (see Section C.1.2.2,2. of this .
18 Regulatory Guide) j

1

19 6.0 Deviations From SRP-LR Acceptance Criteria
!

:

1
.

|

20 - (a) An applicant for a renewed license will find it useful to consult the
21 SRP-LR for descriptions of criteria and review procedures to be applied
22 by the NRC to applications for license renewal.

!

29

!
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1 TABLE I (contd)

2 Part B: NPP Systems

3 (Numbers in brackets refer to corresponding chapters in the ,

4 FSAR and in Regulatory Guide 1.70)

5 1.0 ILuclear Systems - the reactor core and those systems and subsystems that
6 monitor and control the core's reactivity, remove heat from the core,
7 and otherwise directly support the safe operation of the reactor.

8 1.1 (5,3) Reactor Pressure Vessel-(includes reactor core and internals)

9 1.2 (5,3) Reactor Coolant System-(includes piping, RCPs and Steam
10 Generators)

11 1.3 (3) Reactor Control System

12 1.4 (3) Control Rod Drive System

13 1.5 (7,3) Reactor Protection System

14 1.6 (7,3) Nuclear Monitoring / Nuclear Instrumentation System

15 1.7 (5,6) Reactor Water Cleanup System (BWR)

16 1.8 (9,3,6) Standby Liquid Control System (BWR)

17 1.9 (3,5,6,9) Chemical and Volume Control System and Emergency Boration
18 (PWR)

19 2.0 Enaineered Safety Features - systems, other than containment systems,
20 that are used to mitigate the effects of a reactor accident such as a
21 LOCA.

22 2.1 (7,3) Engineered Safety Features Actuation System (PWR)

23 2.2 (3,5,6) Safety Injection Systems

24 2.2.1 Reactor Core Isolation Cooling (BWR)

25 2.2.2 High Pressure and intermediate pressure Safety Injection
26 System (PWR)

27 2.2.3 Core Flood System (PWR)

28 2.2.4 RHR/ Low Pressure Safety (Core) Injection (includes shutdown
29 cooling function)

30

.
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1 TABLE I (contd)

2 2.2.5 Core Spray Systems (BWR)

3 2.2.6 High Pressure Coolant Injection (HPCI) System (BWR)

4 2.3 (3,6,10) Auxiliary Feedwater System (PWR)

5 2.4 (3,6) Automatic Depressuriza. ion System (BWR)

6 2.5 (7) Remote Shutdown System / Safe Shutdown Systems

7 3.0 Containment Systems - the containment (primary and secondary, as
8 applicable) and those systems needed to prevent cor.tainment over-
9 pressure, to prevent excessive leakage from the containment to the

10 environment, and to provide a habitable atmosphere inside containment.

11 3.1 (3,6) Primary Containment Structure

12 3.2 (3,6) Secondary Containment

13 3.3 (6) Containment Heat Removal System

14 3.4 (6) Containment Isolation System

15 3.5 (6) Containment Purge Systemi

| 16 3.6 (6) Standby Gas Treatment System (BWR)

17 3.7 (6) Containment Combustible Gas Control System

18 3.8 (6) Containment Spray System

19 3.9 (9) Containment Ventilation System

20 4.0 Electrical Systems - systems that supply electric power to the utility
21 grid or other plant systems, or that are purely electric in nature.

22 4.1 (8) Main Power

23 4.1.1 Protective Relaying and Controls

24 4.2 (8) Plant AC Distribution System

25 4.2.1 Essential Power System

26 4.2.2 Nonessential Power System

27 4.2.3 HPCS Power System (BWR)

31

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ ._.



r(cond)aee
1 T

2 4.3 (8) Instrument and Control Power Systems

3 4.3.1 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 Oil 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

32
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l TABLE I (contd)

2 6.0 Plant Auxiliary Systems - systems provided to support plant activities
3 and personnel. They are typically nonsafety systems. Design of these
4 systems varies greatly from plant-to-plant.

5 6.1 (9) Fire Protection System

6 6.2 (9) Communications

7 6.3 (6) Control Room Habitability System

8 6.4 (6) Auxiliary HVAC Systems

9 Part C: Generic Compongnts

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

12 0.1 Generic Components and Structures Review Criteria

13 1.0 Mechanical

14 1.1 Piping

15 1.2 Valves

16 1.3 Pumps

17 1.4 Heat Exchangers

18 1.5 Tanks and Vessels

19 1.6 Equipment and Component Supports

20 2.0 Electrical

21 2.1 Cable and Wiring

22 2.2 Junctions

23 2.3 Electrical Penetrations

24 2.4 Relays, Circuit Breakers, and Switchgear

33



1 TABLE I. (contd)

2 2.5 Transformers I

3 2.6 Solenoid Operated Valves

4 2.7 Electric Motors

5 3.0 Instrumentation

6 3.1 Sensors

7 3.2 Electronic Components

8 3.3 Electronic Devices

9 4.0 Civil Structures

i
|
|

|

?

|

|

[

!

|

|

34
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I TABLE II
2 Technical Information Needed for License Renewal (LR)

3 (Should demonstrate the current licensing basis for SSCs that are
4 important to license renewal and that should be subject to established
5 effective programs or subject to actions taken or to be taken to
6 manage age-related degradation during the license renewal ' term.)
7

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

10 LICENSEE IN THE FORM OF AUDITABLE. RETRIEVABLE RECORDS Y/N (Yes/No)

11 The principal vehicle for providing technical information
12 in support of a license renewal application will be the
13 FSAR supplement described in detail in Section C.l.2 of
14 this regulatory guide. The FSAR supplement, which is to
15 be submitted along with the Formal Application for License
16 Renewal described in Section C.1.1, will contain or
17 reference various compilations of technical information
18 including, but not limited to, the following:

19 1. The most recent update of the facility FSAR and any N

20 other manuals or program documents referenced in the
21 FSAR, reports such as the Quality Assurance Manual,
22 Emergency Response Plans, Inservice Inspection and
23 Testing Programs, and training programs. These
24 should be incorporated by reference in the License
25 Renewal Application.

26 2. A list of all current exemptions granted pursuant Y

27 to 10 CFR 50.12 and reliefs granted pursuant to
28 10 CFR 50.55(a)(3). For exemptions or reliefs that
29 were granted based on an assumed service life or
30 period of operation bounded by the original license
31 term of the facility, a justification for continuing
32 these exemptions and reliefs shall be provided.

33 3. A description of any proposed modifications to the Y

34 facility or its administrative control procedures
35 resulting from the evaluation or analysis required
36 by (2), above.

37 4. A description of additions or other changes to the Tech- Y

38 nical Specifications as appropriate, including technical !

39 bases for these changes, that will be needed to account )
40 for the modifications to the plant design, age-related j
41 degradation, or limitations on plant operations during
42 the renewal term. Technical Specification changes should

|
43 not be contained in the FSAR supplement but should be 1

44 contained and justified in the formal application. |
|

35
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1 TABLE II. (contd)

SUBMIT WITH
2
3 TECHNICAL INFORMATION TO BE GENERATED AND DOCUMENTED BY LR APPLICATION?

4 LICENSEE IN THE FORM 0F AUDITABLE. RETRIEVABLE RECORDS Y/N (Yes/No)

5 5. A facility-specific list of SSCs that are important Y

6 to license renewal as defined in 10 CFR 54.3(a) as
7 required in 54.21(a)(1). Included with this list
8 should be a description of the process used to
9 identify SSCs important to license renewal (see

10 Figure 1A for a schematic of such a process).

11 6. A facility-specific list of structures and components Y

12 (SCs) that are constituent elements of the SSCs
13 important to license renewal, listed in (5), above.

-

14 Included with this list should be a description
15 of the process used to identify the SCs.

16 7. Justification for conclusions that any selected SCs Y

17 do not contribute to the performance of a safety
18 function of an SSC important to license renewal or
19 that their failure would not prevent an SSC important
20 to license renewal from performing its intended safety
21 function.

22 8. A list of SCs requiring evaluation of age-related Y

23 degradation as required in 54.21(a)(2).

24 9. A list of SCs whose age-related degradation is not Y

25 significant with respect to the CLB through the renewed
26 license period and documentation of the evaluations that
27 support these findings as required in 54.21(a)(4)(i).

28 10. A list of the SCs subject to an established effective Y

29 program, the associated established effective program (s),
30 and the basis for continuing them through the renewed
31 license period as required in 54.21(a)(3).

32 11. A description of, and the basis for actions taken or to Y

33 be taken to manage age-related degradation as required
34 in 54.21(a)(4)(i) including changes in the refurbishment /
35 replacement program to demonstration adequacy.

36 12. For the SCs or similar SC groups cited in the facility- Y

37 specific list specified in (6), above, identification
38 of degradation sites, site-specific mechanisms, and
39 when practicable, root causes.

36

|



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .________________________________________ _ __ _ - -

hj |h k[ ,M' *

.5 s f / O J i2 f
$ $$h b(

i

1 TABLE II. (contd)

2 SUBMIT WITH
3 TECHNICAL INFORMATION TO BE GENERATED AND DOCUMENTED BY LR APPLICATION?
4 LLCENSEE IN THE FORM 0F AUDITABLE. RETRIEVABLE RECORDS Y/N (Yes/No)>

5 13. For SCs important to license renewal, a summary dis- Y

6 cur.sion of the evaluation of key properties and para-
7 meters that may change with time and are affected by
8 NPP operational and service conditions. The initial
9 values at the start of operating life of these proper-

10 ties and parameters (such as fatigue cycle life, cable
11 insulation dielectric strength, fracture toughness,
12 tensile strength, and pressure boundary wall thickness)
13 as established by analyses or qualifications should be
14 included, along with results of evaluations of past
15 operating environments and service conditions to deter-
16 mine the rates of change experienced and residual values
17 for these properties and parameters. This summary
18 should also include a discussion of changes to analyses
19 resulting from age-related degradation evaluations.
20 These values should be used in trending and analyses
21 to establish predicted, extended operating lives and to
22 identify actions needed to maintain key properties and
23 parameters within acceptable limits during the renewal
24 term. (See Appendix A of this regulatory guide for
25 further details.)

26 14. A description, including the technical bases, for all Y

27 completed actions to incorporate the SCs listed in (6),
28 above, into existing maintenance, surveillance, and |

29 inspection programs. These may include tests or
30 inspections, maintenance and surveillance, and refer-
31 ences to generic technical evaluations that provide
32 assurance that the SSCs will not degrade below accept-
33 able levels of safety during the renewal term. )

34 15. A specific description of maintenance or other program Y

35 elements, including administrative controls, that will
36 be implemented to provide for needed additional under-
37 standing and management of aging in SCs listed in (6),
38 above.

39 16. A description of the methods to be employed in main- Y
40 taining records of the documentation described in
41 this section or to be generated in the course of per-
42 forming activities prescribed by this section. This

37
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1 TABLE II. (contd)

2 SUBMIT WITH
3 TECHNICAL INFORMATION TO BE GENERATED AND DOCUMENTED BY LR APPLICATION? |
4 LICENSEE IN THE FORM 0F AUDITABLE. RETRIEVABLE RECORDS _Y/N (Yes/No) |

S should include identification of which records are to
6 be kept, in what form, and over what period of time.,

7 Records that permit verification that all SSCs that are
8 important to license renewal meet their specific per-
9 formance requirements should be retained in an audit-

10 able and retrievable form for the renewal term plus
11 whatever additional period is required in accordance
12 with the current licensing basis.

13 17. A compilation of the facility's CLB. To assure audit- N

14 ability and retrievability, to the maximum extent
15 possible, information comprising the CLB should be
16 structured as or easily relatable to, the FSAR
17 format.

18 18. A list of documents identifying portions of the CLB Y

19 that are relevant to the integrated plant assessment.

38
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1 TABLE III

2 Generic Functional NPP SSCs Important to License Renewal (a)

| 3 The following provides a generic basis for identifying SSCs important to
4 license renewal for both PWR and BWR nuclear power plants:

I 5 a. All ;omponents which constitute the reactor coolant pressure boundary.

6 b. The reactor core and reactor vessel internals.

7 c. Systems or portions of systems that are required for 1) emergency core
8 cooling, 2) postaccident containment heat removal, or 3) postaccident
9 containment atmosphere cleanup (e.g., hydrogen removal system).

10 d. Systems or portions of systems that are required for 1) reactor shutdown,
11 2) residual heat removal, or 3) cooling the spent fuel storage pool.

12 e. Those portions of the steam systems of BWRs extending from the outermost
13 containment isolation valve to the turbine stop valve, and connected
14 piping of 2-1/2 inches or larger nominal pipe size to and including the
IS first valve that is either normally closed or capable of automatic
16 closure during all modes of normal reactor operation.

17 f. Those portions of the steam and feedwater systems of PWRs extending from
18 and including the secondary side of steam generators to and including the
19 outermost containment isolation valves, and connected piping of 2-1/2 ,

20 inches or larger nominal pipe size to and including the first valve |
21 (including a safety or relief valve) that is either normally closed or
22 capable of automatic closure during all modes of normal reactor
23 operation.

24 g. Cooling water, component cooling, and auxiliary feedwater systems or
25 portions of these systems, including the intake structures, that are
26 required for 1) emergency core cooling, 2) postaccident containment heat
27 removal, 3) postaccident containment atmosphere cleanup, 4) residual heat
28 removal from the reactor, or 5) cooling the spent fuel storage pool.

29 h. Cooling water and seal water systems or portions of these systems that
30 are required for functioning of reactor coolant system components impor-
31 tant to safety, such as reactor coolant pumps.

32 (a) This table provides supplemental guidance for the development of plant-
33 specific lists of SSCs important to license renewal. This guidance
34 derives from Regulatory Guide 1.29, Seismic Desian Classification.

39
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1 TABLE III (contd)

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

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

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

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

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

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

16 o. Primary and secondary reactor containment.

17 p. Systems, other than radioactive waste management systems, not covered by
18 items (a) through (o), above, that contain or may contain radioactive
19 material and whose postulated failure would result in conservatively
20 calculated potential offsite doses (using meteorology as recommended in
21 Regulatory Guide 1.3, Assumotions Used for Evaluatino the Potential
22 Radioloaical Conseauences of a loss of Coolant Accident for Pressurized
23 Water Reactors) that are more than 0.5 rem to the whole body or its
24 equivalent to any part of the body.

25 q. The Class IE electric systems, including the auxiliary systems for the
26 onsite electric power supplies, that provide the emergency electric power
27 needed for functioning of plant features included in items (a) through

1 28 (p), above.
!

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

33 s. The first seismic restraint beyond the boundaries defined in items (a)
34 through (r), above, and those portions of SSCs that form interfaces
35 between Seismic Category I and non-Seismic Category I features.

40
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1 APPENDIX A

2 SUMMARY OF AGE-RELATED DEGRADATION PROCESSES '

|

| 3 6N!D THEIR MANAGEMENT IN OPERATING NUCLEAR POWER PLANTS

t 4 This appendix provides a discussion of the significant mechanisms that cause
5 age-related degradation in NPPs and the principles involved in understanding
6 and mitigating this degradation. Methods for selecting systems, structures,
7 and components (SSCs) in which aging is a license renewal concern are also
8 described. The information that follows is of a summary nature and is not j
9 intended to characterize in detail age-related degradation in NPPs. )

10 As an NPP ages, various degradation mechanisms with potential for reducing-SSC
11 reliability are operative. Unmitigated, some of these processes could lead .to
12 reductions in safety levels below those defined in the NPP current licensing
13 -basis. Known aging mechanisms and criteria for understanding and mitigating
14 them are described in the following sections. Many aging mechanisms and.means
15 for mitigating age-related degradation are addressed in ongoing regulatory
16 programs. For NPP license renewal, however, some aspects of age-related
17 degradation require additional attention. This regulatory guide, together
18 with requirements stated in 10 CFR 54, provides the guidance needed to ensure
19 that the technical information content of a license renewal application is
20 adequate for the NRC staff to evaluate the effectiveness of the technical
21 oversight and control applied to age-related degradation in SSCs that are
22 important to license renewal. The guidance provided herein relates specif-
23 ically to age-related degradation concerns that should be addressed by
24 programs for understanding and managing aging during a renewed license term.
25 Because these concerns center on aging mechanisms, many of which are operative ,

26 over a number of years, oversight of these mechanisms must be in place before
27 initiating a license renewal request to provide the auditable and retrievable
28 documentation of SSC performance and maintenance needed to support a license
29 renewal applicatica.
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1 The following sections provide information that relates to 1) selecting SSCs
2 important to license renewal, 2) understanding age-related degradation in SCs
3 important-to-license-renewal SCs, and 3) managing aging in important-to-
4 license-renewal SCs.

5 A.1 SELECTION OF SSCs IMPORTANT TO LICENSE RENEWAL

6 The process for selecting SSCs important to license renewal and for acquiring
7 information that needs to be included in the license renewal application is
8 outlined in Figures lA and IB. This process provides for selecting the SSCs
9 for which age-related degradation should be addressed and for ensuring

10 adequate understanding and management of g-related degradation in support of
11 a license renewal application. As described in the Regulatory Position,
12 products of this process represent a major part of the technical information
13 to be compiled in support of, or included with, an application.

14 As required by 10 CFR 54.21, acceptable implementation of the process shown in
15 Figures lA and IB should demonstrate that degradation of SSCs important to
16 license renewal has been identified, evaluated, and accounted for in ensuring
17 that the current licensing basis, as defined in 10 CFR 54.3(a), will be main-
18 tained throughout the license renewal term. Consistent with requirements for
19 continued compliance with the current licensing basis, the selection process
20 to be applied to SSCs with known safety functions emphasizes deterministically
21 based evaluation of aging mechanisms and their effects. The license renewal
22 applicant may also use probabilistic risk assessment (PRA) techniques as a
23 supplement to the primarily deterministic methods to add additional components
24 to the list of those designated as important to license renewal.

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

29 A.2 ELEMENTS OF AN EFFECTIVE PROGRAM 'i0 ADDRESS AGISG DEGRADATION

30 An effective program for addressing age-related degradation will provide for
31 both understanding and managing the aging that occurs in NPPs. Aging

A.2
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2 detail to provide the basis for developing and implementing aging management

3 strategies that address, in a prioritized and timely fashion, actual or poten-
i
'

4 tial root causes of SSC failure.

5 A.2.1 Understandina Ace-Related Dearadation(a)

6 The aging mechanisms that occur in NPP SSCs should be understood if age-

7 related degradation is to be effectively managed. The requisite understanding

8 may be either empirical or mechanistic depending on the nature and potential
9 consequences of a particular degradation mechanism. An understanding of age-

10 related degradation requires a detailed awareness of SSC design, fabrication,
11 installation, testing, inservice operation, and maintenance cycles. All of

12 these elements in the life cycle of SSCs involve their interaction with stres-
13 sors associated with service environments.

14 Age-related degradations of SSCs are time-dependent phenomena that depend upon

15 the interactions of materials and environmental and operational stressors.
16 Assessments of age-related degradation should consider the integrated effects
17 of these interactions, and all SSCs that are important to license renewal
18 should be evaluated in this context.

19 A.2.1.1 Materials

20 Most materials used in the fabrication of SSCs are subject to some level of

21 age-related degradation. Whether this degradation can affect the operability
22 or reliability of SSCs such that operation of the plant is reduced below
23 acceptable safety levels is an important concern. It is important to under-
24 stand how and at what rate the metallic, nonmetallic, and composite materials
25 used in plant components degrade with time and how this degradation can be
26 managed to ensure the operability or reliability of SSCs. This knowledge of
27 material behavior is important in design and operations and in developing
28 quality assurance, plant inspections, condition monitoring, and maintenance,

29 programs. As more is learned about the age-related behavior of materials and

30 (a) For an expanded discussion, consult the annotated bibliography at the end
31 of this appendix.

A.3
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how to use this knowledge in the design and operatio$jn of SSCs using these
1

2 materials, confidence will grow in predictions of SSC lifetime behavior and

3 plant operational safety.

4 A.2.1.2 Aoina Stressors

5 Of the factors that can affect the age-related degradation of NPP SSCs, the

6 stressors associated with environmental and service conditions are generally

7 the most difficult to understand. Stressors due to service conditions assume
8 various forms (e.g., mechanical, electrical) and can originate or are inten-
9 sified during component fabrication, assembly, transportation, installation,

10 operation, testing, and maintenance. Those who design, fabricate, operate,
-

11 and maintain SCs should understand how stressors can degrade their operational

12 capabilities.

13 A.2.1.2.1 Environmental Conditions. Environmental conditions under

14 which SSCs are designed to function contribute individually and in concert

15 with other stressors to age-related degradation. Environmental elements

16 include ambient operating conditions (humidity and temperature within the

17 plant or within a storage facility), chemicals that contact the material
18 (pollutants, acids, lubricants,etc.), radiation,etc. Environmental effects

19 can individually cause degradation or influence the rate at which degradation

20 progresses or may act in combination with other factors (e.g., material type
21 and condition, heat, and stress).

22 A.2.1.2.2 Service Conditions. Service conditions consist of steady-

23 state, cyclic, or other transient loadings imposed on SSCs during normal

24 operation, testing, or abnormal events. The principal loadings are mechani-
25 cal in nature. Significant age-related degradation can also occur because of

26 electrical loadings.

27 1. Mechanical loads are generally associated with physical movements,

28 pressure differentials, and dimensional changes. The operation of
29 SSCs either during normal operation, including testing or under

30 accident conditions, usually induces time-dependent mechanical

31 stresses. These stresses are caused by dynamic loads, internal or

32 external pressure changes, impact, vibration loads, temperature

A.4
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1 changes, component test loads, and seismically induced motions. The
2 operational motions of active SSCs (e.g., valve operation and pump
3 rotations) produce time-dependent distortions and inertial stresses
4- as well as wear. The effects of these loads in degrading SSCs are
5 generally understood; but degradation rates are usually only esti-
6 mates obtained from the analysis of inservice monitoring data,
7 inspection reports, and maintenance information. Proper maintenance

8 can mitigate much or all of the degradation caused by mechanical
9 loads. Internal and external pressure loads approaching oper-

10 ational or accident design limits also can produce high stresses
11 that can cause distortions and, after sufficient cycles, can result i

12 in strain hardening and fatigue damage to SSC materials. If these
13 stresses are combined with vibration and thermal stresses, measur-

14 able degradation can occur in a period that is short relative to the
15 anticipated operational life of the SSCs. Seismic events or similar

|
16 but more localized events, e.g., water hammer, can inflict immediate
17 damage to SSCs at any point during their operational life. Even j

18 though the SSCs may not fail during the impact, their functional
19 capability may be degraded such that the operational life is shor-
20 tened. The extent of the damage to SSCs resulting from external
21 sources must be understood to anticipate any associated reduction in i

22 lifetime. Vibrational loads can cause fatigue damage. Methods of
23 analyzing vibrational fatigue damage are available; however, the
24 results often include large uncertainties. These uncertainties are l

25 associated with material fatigue properties and the distribution and
26 magnitude of the induced dynamic stresses. Vibrational stresses may
27 be induced by plant operational modes, during transportation if a
28 component is not properly isolated, and by ground or seismic vibra-
29 tions. The source of vibrational loads that develop during the
30 operational life of SSCs, the distribution of the associated
31 stresses, and the endurance limits of the materials must be kntwn
32 for lifetime prediction. Thermal stresses develop in SSCs because

33 of temperature-gradient-induced differences in thermal expansion and
34 the fact that different materials expand at different rates when

A.5
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1 heated. Differential expansions may be resisted internally or by
2 interference with adjacent component surfaces. This resistance
3 results in time-dependent thermal stresses that can cause age-
4 related degradation, either separately or when combined with the
5 effects of other stressors. Typical of such degradation are the
6 thermal fatigue cracks that have appeared in high temperature
7 coolant water piping and nozzles and embrittlement of insulating
8 materi al s.

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

27 A.2.1.3 Aoina Mechanisms

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

A.6
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1 wide variations in environment and stressor level; others are limited in their '

2 effects to specific components or materials over narrow ranges of conditions.
3 Aging mechanisms of concern in NPPs include the following.

|

4 1. Corrosion
'

5 Corrosion is a common form of degradation in NPPs, resulting in wall
6 thinning in steam and condensate systems, pitting in service water
7 systems, and transport of activated corrosion products. Many localized
8 corrosion processes are operative in NPPs, e.g., crevice corrosion,
9 pitting corrosion, galvanic corrosion, various types of stress-enhanced

10 or irradiation-enhanced corrosion, microbiologically influenced cor-
11 rusion, etc. These processes can result in local wall thinning that may
12 lead to failure.

13 0xidation to produce a surface oxide scale takes place in metals by
14 direct reaction with an oxidizing atmosphere. If the scale is nonporous
15 and completely covers the surface, the reaction rate will decrease as the
16 oxide thickens because the transport of reactive species through the
17 scale becomes rate controlling. Factors such as electrical potential,
18 concentration gradients, or preferential migration paths through the film
19 may control the overall corrosion rate. The breakdown of surface scales,
20 typically through mechanical or chemical processes, often leads to a loss
21 in protective quality of the scale.

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

A.7
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1 of a metal ion or oxygen concentration cell under a solid deposit
'

2 (crevice corrosion). The rate of penetration into the metal by pitting
3 may be 10 to 100 times greater than for general corrosion. The most

4 common causes of pitting in steels are surface deposits that set up local

5 concentration cells and dissolved halides that produce local anodes by

6 rupture of the protective surface scale. With corrosion resistant
7 alloys, such as stainless steels, the most common cause of pitting is the
8 highly localized destruction of passivity through contact with a halide-
9 containing environment.

10 Uniform attack is normally characterized by a chemical or electrochemical
,

11 reaction which proceeds uniformly over the entire exposed surface or over

12 a large area. The metal becomes thinner and eventually fails. Wall
13 thinning of steam generator tubes has occurred because of uniform attack

14 by acid phosphate residues concentrated in low flow areas. Uni form

15 attack of carbon or low alloy steel by concentrated boric acid has also

16 been observed.

17 Interaranular attag_8 is preferential dissolution of the grain boundary

18 regions of a metal with only slight or negligible attack of the grain
19 matrix. This preferential attack can be enhanced by segregation of
20 specific elements or impurities, by enrichment of one of the alloying
21 elements in the grain boundaries, or by the depletion of an element that

22 imparts corrosion resistance to the grain boundary areas. Susceptibility

23 to intergranular attack usually develops during thermal processing such

24 as welding or heat treatments. The susceptibility to intergranular
25 attack can often be corrected by redistributing alloying elements more

26 uniformly through solution heat treatment, by modifying the alloy to
27 increase resistance to segregation, or by using a completely different

28 alloy.

29 Stress corrosion crackina (SCC) is an aging mechanism that occurs in

30 engineering materials by the combined and synergistic interaction of a
31 chemically aggressive environment, a susceptible material, and a tensile
32 stress or radiation field. The material fails by slow, environmentally-
33 induced crack growth that occurs with little or no attendant macroscopic

A.8
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I plastic deformation. Although a tensile stress is not necessary for
2 irradiation-assisted SCC, it can aggravate the phenomenon. The stresses
3 required to cause SCC are usually below the yield strength and are
4 tensile in nature. These stresses can be either applied or residual and
5 may result from the fabrication process or inservice loading of the
6 component or structure. Common sources of stress include thermal proc-
7 essing and stress risers created during surface finishing, fabrication,
8 or assembly. The length of time required to produce SCC decreases for
9 increasing stress level. The minimum stress at which cracking will occur

10 depends on the temperature, the composition and microstructure of the
11 alloy, and the environment. SCC may initiate at pre-existing mechanical
IT cracks or other surface discontinuities such as pits produced by chemical
13 attack.

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

27 Saline water attack has resulted in the degradation of reinforced
28 concrete structures. The degradation mechanism involves water seepage
29 into the concrete thereby providing a high chloride environment to the |

30 reinforcing bars. The reinforcing bars corrode resulting in expansion, !

31 which leads to and cracking and spalling of the concrete. This aging
32 mechanism is of particular concern for Category I structures, or parts |

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

4 2. Erosion

5 Erosion caused by high velocity steam, water, or two-phase mixtures
6 (which may include silt or other particulates) has contributed to
7 failures of NPP equipment. Degradation processes of importance include
8 cavitation and particulate wear. Erosion caused by cavitation involves
9 the creation of a two-phase gas-liquid zone in the vicinity of high-

10 speed, rotating parts (e.g., pump impellers) or in components in which
11 steep pressure gradients occur (such as throttling valves and orifices)..

12 frosion-corrosion is an accelerated form of corrosion caused by the
13 relative motion of a corrosive fluid with respect to a metal component.
14 The corrosion process is accelerated because of erosive destruction of
15 the protective oxide film resulting in chemical attack or dissolution of
16 the underlying metal. The carbon steel secondary piping systems in NPPs
17 are susceptible to erosion-corrosion. The damage morphology is usually

18 characterized by grooves, waves, and valleys oriented in a consistent
19 direction. Highest erosion rates tend to occur in regions where the
20 metal is in contact with wet steam. Alloy additions to carbon steel can
21 reduce or eliminate erosion-corrosion in most cases. Chromium is the
22 most effective alloying element for improving resistance. Other elements
23 such as copper and molybdenum also have a beneficial effect.

24 3. Embrittlement

25 Embrittlement, of metals and polymers used as electrically insulating
26 barriers, because of structural or chemical changes induced by radiation,
27 elevated temperature, or atmospheric contaminants can lead to fragility
28 and failure under dynamic loading. Metallic components are most
29 susceptible to embrittlement from neutron radiation; thus, components in
30 proximity to the reactor core are most affected. Embrittlement with loss
31 in toughness for critical components such as pressure vessels and
32 supports represents the most significant contribution of radiation to

A.10
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1 aging. Organic and electronic materials are parDcularly susceptible to
2 radiation damage from gamma rays. Thermal embrittlement is associated
3 with chemical or metallurgical changes and results from such processes as
4 thermal aging leading to reduced toughness of ferrous alloys, high
5 temperature sensitization to intergranular stress corrosion cracking in
6 austenitic stainless steels, and oxidation or cross linking of polymers
7 with a resultant loss in toughness and dielectric strength. Hydrogen

8 absorption by metallic alloys can also lead to loss of toughness and
9 brittle fracture.

10 Neutron irradiation of metal components can result in a significant
11 increase in yield strength with accompanying decreases in ductility and
12 fracture toughness. Irradiation embrittlement is primarily caused by
13 irradiation-induced precipitation of fine-scale copper precipitates and
14 formation of radiation-induced point defect clusters. These mechanisms
15 produce barriers to dislocation movement, thereby causing an increase in
16 the yield stress of the steel, a shift in the ductile-to-brittle transi-

17 tion temperature, and a decrease in fracture energy. The major variables
18 controlling irradiation embrittlement in reactor steels are the copper
19 and nickel content of the steel and the neutron fluence. Other factors
20 that contribute include irradiation temperature, neutron spectrum and
21 flux, phosphorus content, thermomechanical history, and concentrations of
22 other impurities and minor alloying elements.

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

A.11
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1 Hydroaen damaae is an environmentally assisted degradation process that
2 usually results from the combined action of hydrogen and residual or
3 applied tensile stresses. Hydrogen damage occurs in several ways such as

4 hydrogen embrittlement, blistering, and cracking from hydride formation.
5 Hydrogen embrittlement is usually associated with loss of tensile ducti-
6 lity in carbon steels and high strength alloys and is a function of the
7 stress level and time. Steel can be embrittled by only a few parts per
8 million hydrogen, which can originate from the fabrication process or
9 inservice corrosion reactions. A similar effect may occur in austenitic

10 stainless steels, but required hydrogen levels are many times the levels
11 for carbon steels. Above about 400 F, steels are not affected by hydro-
12 gen embrittlement.

13 4. Mechanical Dearadation Mechanisms

14 Fatique is a common degradation process that occurs in rotating or
15 reciprocating equipment or under other service conditions that place
16 periodic or cyclic loads on SSCs. Fatigue damage results in progres-
17 sive, localized structural change in materials subjected to fluctuating
18 stresses and strains. Associated failures may occur at either high or
19 low cycles in response to various kinds of loads, e.g., mechanical or
20 vibrational loads, thermal cycles, pressure cycles, etc. The process of
21 fatigue consists of three stages: 1) initial fatigue damage leading to

| 22 crack initiation, 2) crack propagation, and 3) sudden fracture of the
23 remaining ligament. Fatigue cracks initiate and propagate in regions of
24 stress concentration that intensify strain, e.g., structural defects.
25 The fatigue life of any SSC is the number of stress or strain cycles
26 required to cause failure. This number is a function of several vari-
27 ables such as stress level, stress state, cyclic waveform, fatigue envi-
28 ronment, and the metallurgical condition of the material. Stress cycles
29 can be generated by the direct application of mechanical loads, differ-
30 ential thermal expansion of mechanically constrained components, or
31 temperature fluctuations. Although the loading conditions are different,
32 the resultant fatigue is considered to be additive. Fatigue cracks form
33 at the point of maximum local stress and minimum local strength. The
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1 local stress pattern is governed by the geometry of the SSC, including
2 local features such as surface and metallurgical imperfections that
3 concentrate stress, and by the type and amplitude of the loading.
4 Surface imperfections such as scratches, mars, burrs, and other fabri-
5 cation flaws are locations where fatigue cracks may start. Inclusions,

6 hard precipitates, and crystal discontinuities such as grain boundaries
7 are examples of microscopic stress concentrators. Pitting corrosion,
8 SCC, and other effects of a hostile environment may also be important.
9 For example, many fatigue failures originate in fretted areas. In many

10 large, structural components, the existence of a crack does not
11 necessarily imply imminent failure of the component. Significant
12 structural life may remain before the crack grows to a size at which
13 failure occurs. The growth of a fatigue crack under cyclic loading is
14 principally controlled by the maximum load and the ratio of maximum to
15 minimum load.

16 Wear is a general concern for rotating or other sliding surfaces where
17 tolerances can affect performance. Lubricant loss or degradation, e.g.,
18 because of contaminants or chemical breakdown, can greatly accelerate
19 wear. Fretting is a wear phenomenon that occurs between tight-fitting
20 surfaces that are subjected to a cyclic, relative motion of extremely
21 small amplitude. Fretting is frequently accompanied by corrosion.
22 Common sites for fretting are in joints that are bolted, keyed, pinned,
23 pre" fit, or riveted; in oscillating bearings, couplings, spindles, and

24 seals; in press fits on shafts; and in universal joints. Under fretting
25 conditions, fatigue cracks may be initiated at stresses well below the
26 endurance limit of nonfretted specimens. The initiation of fatigue
27 cracks depends mainly on surface residual stresses superimposed on
28 applied cyclic stresses.

'

29 Shrinkaae or creep can occur in most materials and are common phenomena

30 in plastics and in metals at high temperatures. Polymers and composites

31 used as electrical insulators, supports, and protective coatings may
32 exhibit dimensional changes caused by exposure to high temperatures,
33 moisture, mechanical stresses, or radiation. These effects can lead to

A.13
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1 deterioration in insulating and structural properties. Shrinkage of
2 concrete in NPPs is due mainly to long-term dehydration. Dimensional

3 changes in concrete as it ages do not degrade the properties of concrete;
4 however, when these dimensional changes cause interference (e.g., with
5 other components in prestressed reinforced concrete structures), degrada-
6 tion can occur. Shrinkage is the main contributor to the loss of pre-
7 stressing forces in pres +~ Msed concrete containments.

8 A.2.1.4 Dearadation Rev ja From Operational Environment

9 The operational environment of an NPP has age-related degradation implications
10 over the plant operating history that should be properly accounted for. Some

11 SSCs were initially designed or qualified 'or a finite lifetime (usually 40;

( 12 years or less) with an associated desigt 'n or safety factor that may, in '

| 13 practice, change during service. In effect, the original design or qualifi-
|

14 cation provided initial values and minimum acceptable values for key design
15 properties and parameters such as minimum values of wall thickness, fatigue
16 cyclic life, dielectric strength, fracture toughness, tensile strength, etc.
17 These properties and parameters may change with time P. SSCs are subjected to
18 loadings and environmental stressors i design basis events and also from
19 events not included in the original des.3a. In the license renewal process,
20 each licensee should return to the initial design or qualification analyses as
21 supplied by the original equipment manufacturer (including all modifications
22 and revisions thereto), evaluate the past service experience to determine
23 residual values, and determine actual rates of change for key design prop-
24 erties and parameters. Actual rates of change together with minimum accept-
25 able values of key properties and par meters will be useful in establishing an
26 acceptable extended operating license period. An example of an event that may
27 not have been included in the original design but should be considered is
28 leakage of hot primary cooling water into low temperature piping. While such
29 leakage would have been evaluated as an isolated event at the time of
30 occurrence, other related aspects of the plant operation should be evaluated
31- to ensure that a fatigue effect does not go unevaluated. Each event with
32 aging consequences should be evaluated and reconciled with the original design

! 33 or original qualification to both ensure that the design conditions were not
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2 time of the affected SSC. Normal operating, testing, and environmental
3 stressors including those due to electrical, mechanical, and thermal loadings
4 also contribute to age-related degradation that should be evaluated prior to
5 extended life. Original equipment designers and manufacturers should be
6 consulted for identification of aging mechanisms specific to particular SSCs.

7 A.2.1.5 Dearadation Sites

8 Most SSCs are not uniformly susceptible to degradation. Certain sites exhibit
9 more deterioration than others; and for many SSCs, degradation is limited to

10 only a specific location. Factors that affect vulnerability to degradation
11 include localized chemical or metallurgical variations, geometry with respect
12 to fluid flow or chemical potential gradients, proximity to mechanically or
13 chemically incompatible materials, and localized high stresses. Examples of

14 site-specific degradation include 1) localized erosion / corrosion in ferritic
15 steel piping because of local high fluid velocities, 2) enhanced intergranular
16 stress corrosion cracking in heat-affected zones near welds in austenitic
17 stainless steels, 3) excessive hinge pin wear in check valves subject to
18 flutter, 4) rapid degradation of pump impeller blades when cavitation occurs,
19 5) wear or galling of sliding contacts, 6) crevice corrosion, and 7) fatigue
20 cracking in regions experiencing tensile stresses. An understanding of age-
21 related degradation requires a knowledge of which sites degrade by what mech-
22 anisms and at what rates. This information is fundamental to selection of
23 effective monitoring methods and where, how, and with what frequency monitor-
24 ing should be implemented to reliably trend and mitigate degradation.

25 A.2.2 Manaaina Aaina Dearadation(a)

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

31 (a) For expanded discussions, consult the bibliography at the end of this
32 appendix.
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I should be regularly performed. Selectively applied condition monitorini.1 and
2 trending can also be useful in this respect. Effective management of aging

3 will permit timely repair, replacement, or servicing through preventive or
4 corrective maintenance.

5 Effective maintenance programs require understanding of what to maintain, when
6 to maintain, and how to maintain plant SSCs. Depending upon their intended
7 function, these programs take various forms (e.g., inspections, surveillance,
8 tests, condition monitoring, trending, recordkeeping, predictive maintenance,
9 preventive maintenance, corrective maintenance, and reliability centered

10 maintenance). The mix of elements that comprise an overall maintenance pro-
11 gram should reflect both the technical nature and the potential consequences
12 of the age-related degradation processes that the program is intended to
13 mitigate.

14 From an aging management perspective, the A9y steps in determining when to
15 maintain and how to maintain specific SSCs are:

16 1. Identify monitorable indicators that can be trended to show aging
17 effects on the performance or reliability of SSCs important to
18 license renewal.

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

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

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

26 5. Determine minimum acceptable functional capability at the end of
27 service life for normal operation and for accident mitigation.

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

30 7. Interpret, analyze, and make decisions for maintenance or
31 repl acement.

32 Both predictive and preventive maintenance programs are needed to manage
33 aging. The aging management program will provide useful input for making

A.16
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1 decisions for the full spectrum of maintenance-related activities including
2 quality assurance and quality control, engineering support, and plant
3 modifications.

4 A.2.2.1 Root-Cause Determination
I

5 In order to avoid recurrences of excessive degradation, it is necessary to
6 understand the basic underlying causes of observed deterioration, i.e., root
7 cause. Root cause is defined as the most basic reason or collection of rea-
8 sons for the degradation that if corrected, will prevent future similar
9 deterioration. Root causes may be associated with intrinsic SSC character-

10 istics, such as composition, metallurgical structure, or design features or
11 may reflect situational factors, i.e., departures from design envelopes,
12 extremes in environmental factors or stressors, operational variables, or
13 combinations of these and other factors. An analytical program should exist
14 to evaluate instances of unexpected or excessive degradation in terms of their
15 root causes. Root-cause analysis relies upon the availability of accurate,
16 sufficiently detailed, retrievable records to provide the facts needed to
17 evaluate the potential engineering, procedural, operational, and environ-
18 mental contributors to the observed degradation. Given this information,

19 knowledgeable staff can generally track causes and effects to successively
20 more basic levels until the root causes are revealed. When the root causes
21 are understood, methods for preventing recurrence of similar degradation will
22 generally become evident.

23 A.2.2.2 Monitorina Aaina Dearadation

24 Monitoring and trending of age-related degradation are the bases for predic- !

25 tive maintenance. The overall goal of the predictive maintenance program is
26 to provide information concerning degradation rates and residual lifetimes
27 that can be used to predict and prevent failures. Tools used in doing this '

28 include nondestructive examination (NDE), condition-monitoring, residual life
29 assessment, and information analysis and trending. Trends and defined action
30 levels provide guidance needed by the preventive maintenance program to sche- !

31 dule services with a frequency that will avoid failure of SSCs important to |
32 license renewal. Monitoring and trending of the effects of age-related degra- I

33 dation provide opportunities for identifying and eliminating sources of

A.17
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I unnecessary degradation through root-cause analysis and corrective action.
2 Approaches to monitoring degradation include the following.

3 A.2.2.2.1 Nondestructive Examination. Various nondestructive techniques

4 are employed as part of in-service inspection and testing programs to detect
5 and characterize flaws or other evidence of degradation that may be failure
6 precursors. Commonly used methods include visual inspection, dye-penetrant
7 and magnetic particle treatments, radiography, eddy current testing, ultra-
8 sonic testing, electrical signature analysis, and acoustic emission monitor-
9 ing. Each of these methods has its advantages and limitations. The

10 limitations derive mainly from the fact that NDE techniques were developed
11 primarily as quality control tools for detecting manufacturing flaws. New or

12 improved NDE methods are continuously being developed. Techniques that will
13 provide the quantitative characterizations of flaws required for fracture
14 mechanics analysis and that will allow on-line monitoring of deterioration in
15 mechanical properties during long-term inservice exposure are expected to be
16 available in the future.

17 A.2.2.2.2 Condition Monitorina. For some SSCs that are important to

18 license renewal, integrated monitoring programs that might involve a combina-
19 tion of sensors and evaluation methods to ensure reliability may be in order.
20 Condition monitoring should be employed when justified in terms of the conse-
21 quences of potential failures.

22 A.2.2.2.3 Surveillance. Testina, and Inspection Proarams. Detailed and
23 comprehensive requirements for monitoring degradation in SSCs are conveyed by

24 various regulatory instruments including the Inservice Inspection (ISI)
25 requirements in Section XI of the ASME Boiler and Pressure Vessel Code and the
26 surveillance testing requirements stated in the plant technical specifica-
27 tions. These oversight programs can provide useful indications of age-
28 related degradation. These programs are supplemented by nonmandatory surveil-
29 lance, inspections, and tests that reflect good engineering practices.

30 A.2.2.2.4 Residual Life Assessment. For monitored trends in age-
31 related degradation to have meaning in terms of service, replacement, or
32 refurbishment frequency, it is necessary to correlate the level of monitored
33 parameters with expected SSC residual lifetimes. These correlations are

A.18
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1 difficult to establish at best; and, as a consequence, the technology for
2 assessing residual life is not well developed. Methods employed include

| 3 surveillance specimen testing, monitoring of operational parameters, evalu-
4 ation of SSCs that have been in service, and mechanistic and empirical
5 modeling to provide bases for predictions. Improvements in the technology,
6 accruing from more sophisticated and reliable models, better archiving,
7 development of miniature specimen testing and reconstituted specimen testing
8 techniques, and in situ monitoring of the effects of aging-related degrada-
9 tion, are expected to greatly increase the scope and confidence of future

10 residual lifetime assessments.

11 In summary, degradation monitoring methods, e.g., inspection, surveillance,
12 testing, condition monitoring, should reflect mechanistic and empirical
13 assessments performed by qualified staff in their efforts to understand and
14 mitigate age-related degradation. These methods should employ state-of-the-
15 art NDE, e.g., ultrasonic testing, signature analysis, vibration analysis,
16 dielectric performance measurements, and other measuring techniques performed
17 by qualified staff. Measurement results should be documented, trended, and
18 analyzed with respect to implications for residual SSC lifetime and for
19 frequency and nature of preventive and corrective maintenance.

20 A.2.2.3 tiitiaatino Aoino

21 Timely mitigation of age-related degradation through regular service, repair,
22 refurbishment, or rep.1ement of SSCs is the prime function of the main-
23 tenance program. Soc.e or all of the monitoring activities discussed in the
24 preceding sections are generally included under the auspices of the Mainte-
25 nance Department. For present purposes, mitigation of aging is construed as
26 the collection of activities that relate directly to physical maintenance of
27 important-to-license-renewal SSCs.

28 Maintenance activities range from simple, straightforward tasks to complex
29 activities that require extensive coordination, training, and technical
30 expertise. The level of oversight and resources devoted to these activities
31 should reflect their complexity and importance to plant safety and relia-
32 bility. A maintenance program has many important elements. Those considered '

!
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1 here as being particularly relevant to age-related degradation include pre-
2 ventive maintenance, corrective maintenance, reliability centered maintenance,
3 and recordkeeping and trending. Most of these elements have clear interfaces

,

4 and interdependencies with the monitoring activities discussed in the pre-
5 ceding sections. In addition, the scope and nature of the various maintenance
6 elements should reflect the as-built plant specifications; manufacturer's
7 recommendations; operating experience--both internal and external; relevant
8 recommendations and information from the NRC, the nuclear power industry, and
9 its vendors; and general good engineering practices.

10 A.2.2.3.1 Preventive Maintenance. Preventive maintenance includes the
11 planned and scheduled actions performed to prevent equipment failure. Pre-

12 ventive maintenance relies heavily upon information generated by monitoring
13 programs to define necessary activities and the frequency at which they should
14 be performed. In addition to input from monitoring programs, preventive main-
15 tenance action should be based on equipment histories, other plant perform-
16 ance experience, vendor recommendations (to support life extension programs as
17 well as the current licensing basis), and good engineering practice.
18 Preventive maintenance conducted to support license renewal should be so
19 identified and should be comprehensive in nature. Planned actions and
20 schedules should be documented, and departures from these plans should be jus-
21 tified on technical grounds and subject to managemant review and approval.
22 Clear, comprehensive procedures are vital for preventive maintenance and other
23 oversight and maintenance activities.

24 A.2.2.3.2 Corrective Maintenance. Corrective maintenance is performed
25 to restore failed or malfunctioning equipment to service. For some types of
26 equipment (e.g., items lacking severe failure consequences), a corrective

|

27 rather than preventive approach is preferred. Malfunctions that represent
28 significant challenges to plant safety or reliability should be prevented. A j
29 major responsibility of the maintenance organization is to be cognizant of the |
30 significance of potential malfunctions and to ensure that severe consequence !

31 events are averted by adequate preventive maintenance. As with other main-
32 tenance activities, corrective maintenance priorities should be based on the
33 relative importance of the equipment and on plant safety and reliability
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1 objectives. Added functions of corrective maintenance are to determine root
2 causes of malfunctions and carry out appropriate corrective action to prevent
3 recurrences.

6 A.2.2.3.3 Reliability-Centered Maintenance. The traditional approach to
5 defining maintenance program objectives and priorities is based upon engi-
6 neering judgment supported by vendor and industry data, maintenance and opera-

~

7 ting histories, and regulatory requirements and guidance. These will continue
8 to be essential considerations in structuring a maintenance program. They are

9 likely to be supplemented by new approaches that quantitatively correlate
10 priority with safety significance and reliability as key factors in priori-

11 tizing maintenance activities. Reliability-centered maintenance uses formal-
12 ized decision logic to pricritize preventive maintenance activities and to
13 limit maintenance and oversight to those SSCs having low safety or economic
14 consequences of failure. The general product of applying reliability-centered
15 prioritization of preventive maintenance will be:

a list of SSCs whose failure or loss of function could have sig-16 .

17 nificant safety consequences. These SSCs require scheduled
18 preventive maintenance that may be further prioritized based upon
19 risk, operating experience, and expert opinion.

a list of SSCs whose failure or loss of function would not be self-20 .

21 evident. These SSCs should also be subject to scheduled oversight and/or
22 maintenance.

all other SSCs. Failure or loss of function for these will have .23 .

24 economic consequences only. Preventive maintenance is at the !

25 discretion of the plant owner and, presumably, would require
26 justification on economic grounds.

27 Results of risk-based analyses can be used to prioritize reliability-centered )
28 maintenance activities. These methods employ quantitative failure mode and
29 effect analyses, e.g., PRA, to quantitatively identify SSCs, in the context of i

30 their service and systems environments, whose malfunction could jeopardize !
31 plant safety. In this way, SSCs can be ranked in terms of safety signif-
32 icance, and oversight and maintenance efforts can be commensurately focused j

33 upon the most risk-significant equipment.
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1 A.2.2.4 Recordkeepino and Trendina

2 Recordkeeping and trending are essential elements of both monitoring and main-
3 tenance programs. The sole product of monitoring programs is information. In

4 order to be useful, this information must be translated into effective main-
5 tenance practices. This requires that 1) the information obtained by monitor-
6 ing activities be recorded in adequate, unambiguous detail in a form that
7 allows ready retrievability and 2) the information be reliably relatable to
8 specific maintenance practices that effectively address the age-related
9 degradation that is actually occurring. Records that meet these requirements

10 are needed to prioritize maintenance resources and to correlate actual operat-
11 ing environments and stressors with design assumptions and computed lifetimes
12 so that SSC lifetimes and maintenance intervals can be realistically
13 anticipated.

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

23 Recordkeeping can be supplemented or requirements offset by conservative main-
24 tenance practices based upon equipment history or conservative condition
25 assessments for selected SSCs; however, detailed, usable, and retrievable
26 records of such practices and condition assessments and supplementary raw data

| 27 should be maintained. This is a task that, in principle, can be simplified
28 greatly by modern computer technology, which has uhanced the technical and
29 economic feasibility of maintaining high quality records. Trending of infor-
30 mation obtained by monitoring activities may be a straightforward process that
31 leads directly to maintenance recommendations. More often, however, trending
32 intended to lead to improved oversight and control requires considerable ini-
33 tial development of the basic trending program and qualification of the
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1 measures to be trended if results are to be meaningful. Records of component

2 failure data can be trended and monitored to assess maintenance program
3 effectiveness. Process indicators, such as post-maintenance test results,
4 surveillance test results, ratio of preventive to corrective maintenance,
5 maintenance backlog, and rework frequency, should also be trended to provide
6 indications of overall maintenance effectiveness and areas requiring
7 improvement.

i
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APPENDIXB-REPRESENTATIVESYSTEMS, STRUCTURES,At)0) COMPONENTSPOTENTIALLY IMPORTANT TO LICENSE RENEWAlga

I. PRESSURIZED WATER REAC.10M

Stardard Generic (b) Standard
Review Plan, fmetional Technical

NUREG-0800 Criteria Speelfications

A. R111ED UPON FOR PRESSURE BOUNDARY INTEGRITY SHUTDCUN AND ACCIDENT MlTIGATION

1. Recetor Coolant Pressure Botiviary

Reactor Vessel 5.3.3 a 3/4.2.1, 4.9.1, 4.10,
3/4.9.10

Steam Generator 5.4.1, 5.4.2.2 a 3/4.4.5, 3/4.4.6, 3/4.4.10
Reactor Coolant Pwp 5.4.1 a 3/4.4.1, 3/4.4.10 |

Piping 5.4.3 a 3/4.4.1.1, 3/4.4.10,

Pressurizer 5.4.10 a 3/4.4.3, 3/4.4.10, 3/4.4.10
Instrt19entation 7.1 a 3/4.3
Valves 5.4.12 a 3/4.4.2, 3/4.4.4

2. Power Operated Relief Valves, Block Valves, erd Interconnected Pipim

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 a 3/4.4.4, 3/4.4.10
Pressurizer Piping 5.4.3 a 3/4.4.10
Safety Valves 3/4.4.2, 3/4.4.10

3. Reactor protection SYStm j
Detector 7.2 j 3/4.3.1, 3/4.2, 2.2.1
Signal Conparator 7.2 j 3/4.3.1, 3/4.2, 2.2.1
Logic Circuit 7.2 J 3/4.3.1, 3/4.2, 2.2.1
Master Relay 7.2 j 3/4.3.1, 3/4.2, 2.2.1
Slave Relay 7.2 j 3/4.3.1, 3/4.2, 2.2.1
Connecting Wire / Cable 7. 2 j 3/4.3.1, 3/4.2, 2.2.1

4. Emineered Safety Features Actuation System k

Detector 7.3 k 3/4.3.2, 2.2.1
Signal Conparator 7.3 k 3/4.3.2, 2.2.1
Logic Circuit 7.3 k 3/4.3.2, 2.2.1
Master Relay 7.3 k 3/4.3.2, 2.2.1 |

Slave Relay 7.3 k 3/4.3.2, 2.2.1
Connecting Wire / Cable 7.3 k 3/4.3.2, 2.2.1

5. Control Ronm and Auxiliarv
}tutdoWD 7.4 n
Cable 7.4 n 3/4.3.3.5, 2.2.1
Instrtsnentation 7.4 n 3/4.3.3.5, 2.2.1

6. Nwlear Instementation J,k,
Source Range Detectors 7.2 J,k 3/4.3.1
Intermediate Range Detectors 7.2 J,k 3/t. 3.1
Power Range Detectore 7.2 J,k 3/4.3.1
Connecting Cable j,k 3/4.3.1

(a) References to NUREG 0800 and the Standard Technical Specifications are directly relevant only to NPPs that were
reviewed against NUREG 0800. For older NPPs, these refererces should be viewed as illustrative only; and the
licensee should consult the plant-specific CLB, which includes the current FSAR, for canparable sources of
information. j

(b) Table 111 of this regulatory guide.
,
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Standard Generic (b) Standard

Review Plan functional Technical
NUREG 0800 Criteria specifications

A. RELIED (JPON FOR PRESSURE BOUNDARY INTEGRITY. SHUTDOWN AND ACCIDENT MITIGATION (contd)

7. Non-rnclear Instruwntation j,k

Tcaperature, RCS 7.2 J,k 3/4.3.1
Pressure, RCS 7.2, 7.3 J,k 3/4.3.2, 3/4.3.1
Pressurtzer Level 7.2 J,k 3/4.3.1
Flow, RCS 7.2 J,k 3/4.3.1
Reactor Vessel Level 7.5 3/4.3.3.6--

Instrunentation
S @ cooling 7.5 J,k 3/4.3.3.6
Pressurizer Pressure 7.2, 7.3, 7.4, J,k 3/4.3.1, 3/4.3.3,

3/4.3.2, 3/4.3.3
Steam Generator Level 7.2, 7.4, 7.5 J,k 3/4.3.1, 3/4.3.3.6
Inpulse Pressure 7.7 J,k
Steam Flow 7.7, 7.2 3/4.2--

Feedwater Flow 7.7, 7.2 -- 3/4.3.3.5 (AF)
Steam Pressure 7.7, 7.2 J,k 3/4.3.3.5
Feedwater Pressure --

8. In-Core Instruwntation J,k

Flux Detector 7.2 -- 3/4.3.3.2
T>ermocouple 7.5 3/4.3.3.6--

Drive Assembly 7.2 -- 3/4.3.3.2
Transfer Device 7.2 -- 3/4.3.3.2
Connecting Tubing 7.2 --

Drive cable 3/4.3.3.2--

Readout / Control Equipment -- 3/4.3.3.2
Gas Purge System --

Leak Detection Systesn --

9. Seismic Category I PIDirst Raceways, Cables. Hermera
structures e,c

Piping 5.2.4, 5.2.3 a,c 3/4.4.10, 3/4.1.2, 3/4.4.10
Raceways 5.2.4 c
Cables c
Hangers 5.2.4 c 3/4.7.9
Structures c

10. Auxiliary Feedwater System 7.4/10.49 g

Putts g 3/4.4.10, 3/4.7.1.2
Motor g 3/4.7.1.2
Turbine g 3/4.7.1.2
Valves g 3/4.4.10, 3/4.7.1.2
Piping g 3/4.4.10, 3/4.7.1.2
Pipe supports g 3/4.7.9
Pipe Restraints g 3/4.7.9
Condensate storage Tank g (not 3/4.7.1.3, 3/4.4.10

always)
Automatic Steam Generator

overfill Protection m 3/4.3.1
Control Air

11. Emernency Diesel Generators 8.3.1 q

Diesel Engine q 3/4.8.1
Alternator q 3/4.8.1
Starting Air Conpressor 9.5.6 q 3/4.8.1

Aftercooler q
Air Dryer q

B.2
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Standard Generic (b) Standard
Review Plan Functional Technical
NUREG-0800 Criteria specifications

A. ret!ED UPON FOR PRESSURE BGJNDARY INTEGRITY. SHUTDOWN AND ACCIDENT MITIGATION (contd)

11. Enernenev Diesel Generators 8.3.1 q
(contd) |

j Air Receiver q
' Filtere q

Valves q
Piping q
Pipe Surports q
Pipe Restraints q 3/4.7.9

Intake Air Filter 9.5.8 q 3/4.8.1
Silencers q
Intercoolers q
Ducting q
Turbocharger q j

Exhaust Air Silencer 9.5.8 q 3/4.8.1
Fuel Oil Storage Tank 9.5.4 q 3/4.8.1,

'

Day Tank q 3/4.8.1
| Transfer Pumps 9.5.4 q 3/4.8.1 )

lFilters q
lStrainers q

Piping q
Valves q

Injector Ptrps q 3/4.8.1
Drain Tank q 3/4.8.1
Drain Tank Pwp q 3/4.8.1

,

Intercooler Heat Exchanger q 3/4.8.1 f

fJacket Water Heat Exchangers q 3/4.8.1
Jacket Water Pwps q 3/4.8.1 |

Jacket Water Auxtliary Pw p q 3/4.8.1 {
Ltbe oil cooler q 3/4.8.1 |

Valves q 3/4.8.1 l
Jacket Water Heaters q 3/4.8.1
Expansion Tank q 3/4.8.1
Piping q 3/4.8.1
Instrwentation q 3/4.8.1
Libe Oil Pwps 9.5.7 q 3/4.8.1
Auxiliary Lthe Oil Pwp q 3/4.8.1
Motor q 3/4.8.1
Electric Heater q 3/4.8.1
Filter q 3/4.8.1
Strainers q 3/4.8.1
valves q 3/4.8.1
Heat Exchar rs q 3/4.8.1
Auxiliary Tank q 3/4.8.1
Rocker Lebe oil PLrp q 3/4.8.1
Pre Ltbe Pump q 3/4.8.1
Motor q 3/4.S.1
Reservoir q 3/4,8,1

Gas Ejector q 3/4.8.1
Separator q 3/4.B.1
sep q 3/4.8.1
Ttbing q 3/4.8.1
instrtanentation q 3/4.8.1

12. Station Betteries ard vital Power
Stoolfes) 8.3.2 q

Battery q 3/4.8.2
Battery Charger q 3/4.8.2
Cable q 3/4.8.2
Breakers q

B.3
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Standard GenericM Standard
Review Plan functional Technical
NUREG-0800 . Criteria seccifications

A. RilllD UPON FOR PR1SSURE BOJNDARY INTEGRITY. SHUXNN AND ACC10ENT MITIGATIO( (contd)

13. Electrical Distribution. Safe.ty
Related 8.3.1 q 3/4.8.3
All Ccaponents with Safety q

Fmetion

14. Containment But|dina o

containment Lines 3.8.1-3 o 3/4.6.1, 3/4.6.1.7
shield Building o 3/4.6.1
Prisery Shield Wall o
Missile Shield o
Refueling Cavity o
Recirculation Surp o
Base Mat o 3/4.6.1
Relief Valves 3/4.6.7

Tendons o 3/4.6.1.7
Isolation Valve o 3/4.6.4, 3/4.6.1.2, 3/4.9.9
Air Locks o 3/4.6.1.3, 3/4.9.4

15. Cmtainment isolation System 6.2.4 o 3/4.6.1.4
Cable o
Instrmentation a

16. Contairvnent Sprav System 6.5,2 C

Containment Spray Punps c 3/4.6.2.1, 3/4.4.10
Spray Ad11tive Tank c 3/4.6.2.2, 3/4.4.10
Piping c 3/4,4.10

Nozzles e 3/4.6.2.1
tratrumentation e
valves e 3/4.4.10

17. Contairrnent Air Coolim System 6.2.2 c

Fans c 3/4.6.2.3
Motors e
coolers c 3/4.6.2.3
Roughing filters e 3/4.6.1.9
HEPA Filters c 3/4.6.1.9
Danvers c
Ductwork e
Instrunentation c
Noisture Separator c
Relief Devices c
Charcoal Filters c 3/4.6.4, 3/4/6.1.9

18. [onponent coolirm Wat,er System 9.2.1 g

Purps g 3/4.7.3, 3/4.4.10
Heat Exchangers g 3/4/7.3, 3/4.4.10
Surge Tanks g 3/4.4.10
valves a 3/4.4.10, 3/4.7.3
Piping g 3/4.4.10, 3/4.7.3
Instrunentation g

19. Service Water System. Safety 9.2.1 g
Relatg -
Pwps g 3/4.7.4, 3/4.4.10
$ trainers g
Piping g 3/4.4.10, 3/4.7.4
valves a 3/4.4.10, 3/4.7.4
Ins trunentation g
Ccoling Towers g 3/4.7.5

B.4
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standard Generic (b) Standard
Review Plan Functional Technical
NUREG-0800 Criteria Specifications

j A. RELIED UPON FOR PRESSURE BGJNDARY INTEGRITY. SHUTDGIN AND ACCIDENT MITICATION (contd)

| 20. hernency Core CoolIna System 6.3 c

AccumJlators c 3/4.5 *, 3/4.4.10
Borm Injection Tank c,m 3/4.5.4.1, 3/4.4.10
Refueling Water Storage Tank e 3/4.5.5, 3/4.4.10
Internedtate Head Injection c 3/4.5.2, 3/4.4.10

System
Low Head Injection Systen c 3/4.5.2, 3/4.4.10
High Head Injection System e 3/4.1.2.2, 3/4.1.2.4,

3/4.5.2, 3/4.1.2.1, 3/4.4.10
contairvnent Recirculation Smp e 3/4.5.2
Valves c 3/4.5.2, 3/4.4.10
Piping c 3/4.5.2, 3/4.4.10

| 21. Re,..auel Heat Removal System 5.4.7 d

Pums d 3/4.5.2, 3/4.4.10, 3/4.9.8
Heat Exchangers d 3/4.5.2, 3/4.4.10, 3/4.9.8
valves d 3/4.5.2, 3/4.4.10, 3/4.9.8
Piping d 3/4.5.2, 3/4.4.10, 3/4.9.8
instrunentation d 3/4.3.3.5, 3/4.9.8

22. Chemical and Volute control system 9.3.4 d,m

Regenerative Heat Exchanger -- 3/4.4.10
Letdom Heat Exchanger 3/4.4.10--

ton Exchangers -- 3/4.4.10
volune Control Tank 3/4.1.2, 3/4.4.10--

Primary Water Storage Tank -- 3/4.1.2, 3/4.4.10
Boric Acid Tanks d,m 3/4.1.2, 3/4.4.10
Boric Acid Batch Tank d,m 3/4.1.2, 3/4.4.10
Boric Acid Transfer Pums d,m 3/4.1.2, 3/4.4.10
Filter d,m
Blender d,m
Excess Letdown Heat Exchanger 3/4.4.10-

Velves d,m 3/4.1.2, 3/4.4.10
Plping d,m 3/4.1.2, 3/4.4.10
Instrunentation -

Fositive Displacement Pwp 3/4.4.10--

23. Confustible Gas Control 6.2.5 e
i

Post Accident Hydrogen venting c 3/4.6.5.3 i

System j
Post-Accident Hydrogen Sanpling e 3/4.6.5.1 {

System j
Post-Accident HWrogen Hixing c 3/4.6.5.4 |

System
Internal Hydrogen Recmbiners c 3/4.6.5.2
External Hydrogen Reconbiners c 3/4.6.5.2

24 HVAC. Control Room and R c

Purge ard Exhaust System 6.4 c 3/4.7.7
Reactor Containment Fan Cooler c 3/4.6.2.3

System

B.5
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Standard Generic (b) Standard
Review Plan functional Technical
NUREG-0800 Criteria soecifications

A. REllED UPON FOR PRES 9)RE BQJNDARY INTEGRITY. SHUTDOWN AND ACCIDENT MITIGATION (contd)

24. HVAC, control Room and ES* (contd)

Contairvnent Activated Charcoal c
Filter Units System o 3/4.6.1.9, 3/4.6.4

Reactor Cavity and Excore
Instrunentation Ventilation --

System
Control Rod Drive Mechanism

Ventilation System -

Manipulator Crane Ventilation - 3/4.9.12
System

Pressure Vacuun and Relief Systern - 3/4.6.7
Control Room Ventilation System n 3/4.7.7

25. Irstrunent Air System 9.3.1 r
Corrpressors r

After Cooler r
Receiver r

Dryer / Filter Train r
Accurulators r
Instrunentation r

26 Fuel Pool Structure ard cooling 9.1.3 d
System

Pugs d 3/4.9.12, 3/4.4.10
Heat Exchanger d 3/4.9.12, 3/4.4.10
Purification Purps -- 3/4.9.12, 3/4.4.10
Demineralizer ~ 3/4.4.10
Piping d 3/4.9.12, 3/4.4.10
Strainers, Filters ~ 3/4.9.12
Valves d 3/4.9.12, 3/4.4.10

27. Fire Protection 9.5.1 r
Punps " 3/4.7.11.1, 3/4.7.11.2
Valves - 3/4.7.11.1, 3/4.7.11.2
Piping ~ 3/4.7.11.1, 3/4.7.11.2
Tanks 3/4.7.11.1, 3/4.7.11.2~

Instrunentation - 3/4.3.3.8
Halon -- 3/4.7.11.4

2
-- 3/4.7.11.3.3CO

28 Untimate Heat sink 9.2.5 3/4.7.5--

NA

B. [AILURE CAN AFFECT FUNCTIONING ,0F_ CATEGORY A SSC

1. Cor & nsate/Feedwater System 10.4.7, f,ra

includino Reheel 10.3.6

Main Cordenser 10.4.1 3/4.4.10-

cmdensate Pums 3/4,4.10~

Demineralizers 3/4.4.10--

LP Feedwater Heaters 3/4.4.10-

Piping -- 3/4.4.10
Valves -- 3/4.4.10, 3/4.7.1
Main Feed Purps -- 3/4.4.10
HP Feedwater Heaters -- 3/4.4.10
startup Feedwater System - 3/4.4.10
Hester Drain Systern 3/4.4.10~

r:ndensate Storage ord Transfer -- 3/4.4.10, 3/4.7.1.3
System

B.6
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Standard Generic (b) Standard
Review Plan Functional Technical
NUREG-0800 Criteria soecifications

B. FAILURE CAN AFFECT FUNCTIONING OF CATLCORY A SSC (contd)

2. Turbinn. Main Generator. Controls 10.2 f,r,s

HP Turbine --

LP Turbines --

Valves --

Piping --

Glard Stearn Condenser --

Condenser Exhausters --

Regulators -

Piping --

Valves --

Oil Pw ps --

Oil Reservoir -

Oil Coolers --

Turning Gear ~

Ejector ~

Moisture separator Reheater -

Main Generator --

Excitation System ~

Instrunentation - 3/4.3.4

3. Main Steam System 10.3 a,f,r,s

Steam Generator 3/4.7.2, 3/4.4.5, 3/4.4.10
Piping 3/4.4.10
Valves 3/4.4.10, 3/4.7.1

4. Reactor Control System

Control Rod Drive Mechanism 3.9.4 d,m 3/4.1.3, 3/4.3.3
Logic Cabinet
Power Cabinet
Instruentation

5. Cmderner Coolim System 10.4.5 f,r

Circulating Water Pu ps "

Valves -

Piping --

Condenser --

Cooling Towers -

6. Instruwnt/ Service Air 9.3.1 r
Cmpressors --

After Coolers --

Air Receivers -

Dryer / Filter Train ~

Instruentation --

C. OTHER $$Cs IMPORTANT TO LICENSE RENEWAL

1. Reactor Post- Accident Monitorim 7.5 J,k 3/4.3.3.6
System

Instruentation

2. $sfety Parametee Disolev Systm k

Cmputer 7 --

Irstrunentatim -

B.7
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Standard Generic (b) Standard

Review Plan Functional Technical
NUREG 0800 Criteria Snecifications

C. OTHER SSCs IMPORTANT TO LICENSE RFNEWAL (contd)

3. Weste System: Liould. Gas. Solid 11.4, 11.2 p
11.3

Liquid Subsystems
Solid Stbaystems
Gaseous Stbsystems

4. {yet Handlina Systems 1,p 3/4.9
New Fuel Storage Area
Spent Fuel Storage Pool 3/4.4.10, 3/4.9.11
Fuel Storage Buildire Crane
Spent Fuel Bridge Crane
New Fuel Elevator
New Fuel Handling Tool -

Spent Fuel Handling Tool --

Refueling Cavity
Transfer Canal 3/4.4.10
Polar Crane 3/4.9.7
Manipulator Crane 3/4.9.6
Red Cluster Assently Change ~

Fixture
Reactor Vessel Head Lif ting ~

Device
Reactor Internals Lif ting Device -

Stud Tensioner --

Refueling Tools --

Conveyer Car Asserrbly
Drive Frame Assernbly
Lifting Mechanism --

Valve 3/4.3.3.1, 3/4.9.2
Instrtinentation
Controls

5. Radiation and Envircrvnental Monitorina k

containment Air
Particulate Detector 11.3 3/4.3.3.1~

Contalrvnent Noble Gas Monitor 11.3 3/4.3.3.1-

Containment Purge Exhaust Monitor 11.3 - 3/4.3.3.1
Auxiliary Sullding ventilation 11.3 3/4.3.3.1~

System Monitor
Plant Vent Stack Monitor 11.3 -- 3/4.3.3.1
Control Room Air intake Monitor 11.3, 9.4.1 -- 3/4.3.3.1
Corwienser Air Ejection Gas 11.3 3/4.3.3.1-

Monitor
Stem Generator Blowdown LigJid 11.2 ~

Monitor
Cmponent Cooling Water System ~

Mmitor
Service Water Effluent Discharge -

Monitor
Weste Disposal System Liquid --

Effluent Monitor
Gas Decay Tank Ef fluent Gas -

Monitor

6. Ccurunleatims Eauirsnent 9.5.2 k 3/4.9.5
Telephone System ~

Radio System --

Page System --

B.8
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Standard Generic (b) Standard 1

Review Plan Functional Technical l

NUREG-0800 Criteria Specifications l,

C. OftTR SSCs IMPORTANT TO IICENSE RENEWAL (contd) ;

7. Intrusion Detection --

|

Motion Detection System --

Sound Monitoring System --

Television System --

RF Field System --

E-Field System --

8. Access Control k

Door Control System --

Badging /ID System --

9. Guard Response Suroort

Weapons Systens --

Ccrvnunications Systems --

10. Rarm Station operation J

Instrtunentation --

11. Aree Radiatfon Monitors j,k 3/4.3.3.1
Area Radiation Monitoring System --

12. Radiation Survey Instrtments

Radiation Monitoring Systems --

13. Personnet Monitorina Devices

Radiation Detectors 12.3/4 -- 3/4.6

14. Persomel Protection Barriers
Machtrery --

Strtetural --

|

|

B.9
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II. BOILING WATER REACTORS

Standard Generic Standard
Review Plan Functional Technical
NUREG-0800 Criterie_ specificatimw

A. RELIED UPON FOR PRESSURE BOUNDARY INTEGRITY. SHUT 00WN AMD ACCIDENT MITfGATION

1. Reactor Coolant Pressure Boundafy a

Reactor Vessel 5.3.1 a 2.0, 3/4, 4.3
MSIVs 5.3.3, 5.2.3 a 3/4, 4.7
Core Spray Isolation Valves 5.3.3, 5.2.3 a 3/4, 3.2, 4.3
Core Injector Isolation valves 5.3.3, 5.2.3 a 3/4, 3.2, 4.3
Recirculation Loops 5.3.3, 5.2.3 a 3/4, 3.2, 4.3
CRDM(s) 4.5.1 a 3/4, 3.2, 4.3
Feedwater Isolation Valves 5.3.3, 5.2.3 a 3/4, 3.2, 4.3
Head Spray Isolation valves 5.3.3, 5.2.3 a 3/4, 3.2, 4.3

2. Reactor Protection System j,d

MG Sets 7.2 J,d 3/4, 3.1
Detectors (LPRM, APRM, etc.) 7.2 J,d 3/4, 3.1
Divisions Channels 7.2 J,d 3/4, 3.1
Analog Conparator Units (ACU) 7.2 j,d 3/4, 3.1
A.D. Converters 7.2 J,d 3/4, 3.1
Optical isolators 7.2 j,d 3/4, 3.1
Logic Circuits 7.2 J,d 3/4, 3.1
Solenoid Control Logic 3.9.4, 7.2 J,d 3/4, 3.1
Scram Al/ Operated Pilot Valves 3.9.4, 7.2 J,d 3/4, 3.1
Back up solenoid Scram values 3.9.4, 7.2 J,d 3/4, 3.1
Scram Discharge Volune Pilot

Valves 3.9.4, 7.2 j,d 3/4, 3.1

3. ppntrol Rod Drive System --

suction Filters 4.5 h 3/4, 1.3, 1.4
Pumps 4.5 h 3/4, 1.3, 1.4
Isolation valves 4.5.1 a 3/4, 1.3, 1.4
HCUs 3.9.4 d 3/4, 1.3, 1.4
Accunulators 3.9.4 d 3/4, 1.3, 1.4
Scram Discharge Volume 3.9.4 a,d 3/4, 1.3, 1.4
Control Rod 4.6 d 3/4, 1.3, 1.4

4 Stardby Liould Control System m

Storage Tank 9.3.5 m 3/4, 1.5
Punps 9.3.5 m 3/4, 1.5
Squib Valves 9.3.5 a 3/4, 1.5
Neutron Absorption System 9.3.5 m 3/4, 1.5

5. Control Room and AuxillerY
Shutdcen) d

Resnote S/D Panel 7.4 d 3/4, 3.7

6. Neutron Monitorina System J,k
Source Range Monitor 7.1 J,k 3/4, 3.7

,

Intermediate Range Monitor 7.1 J,k 3/4, 3.7

LPRM/APRM 7.1 j,k 3/4, 3.7

i

i B.10
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Standard Generic (b) Standard
Review Plan Functional Technical
NUREG 0800 Criteria Speciffentions

A. RELIED UPON FOR PRESSURE BOLINDARr INTEGRITY, SHUTDOWN AND ACCIDENT MITIGATION (contd)

7. Seismic Category 1 Ploina,

Receweys, Cables, Hanners,

and Structures to S woort
Dynamic Loads a

Reactor vessel, System 3.0, 3.10 m,b 3/4, 4.6
Recirculation System 3.0, 3.9, 6, a 3/4, 4.6

3.10
Main Steam System 3.0, 3.9 a,c 3/4, 4.7
Condensate and Feedwater System 3.0, 3.7 a,g 3/4, 4.4
Autcznatic Reactor Vessel

Overfill Protection 3.0, 3.7 m 3/4.3.1
Reactor Core Isolation

Coaling System 5.46 a,g 3/4, 7.3
Reactor Water Cleanup System 5.4.8 a,p 3/4, 4.4

8. Primary Containment --

Reactor Building Fomdation 3.2.1 o,s 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Drywell 3.2.1 o 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Drywell Access Penetrations 3.2.1 o,s 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Drywell Electrical Penetrations 3.0 o.s 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Drywell Pipe Penetrations 3.0 o,s 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Horizontal vents and wir Wall 3.0 o 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Containment 3.0 o 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Fuel Transfer Tt.be 9.1 o 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Stppression Pool 9.0, 3.0 o,g 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Containment Upper Pool 9.1 o 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Primary Contalrunent HVAC System 9.4 o 3/4, 6.1, 6.2, 6.3,

6.4, 6.5
Primary Containment Auxiliary 9.4 o 3/4, 6.1, 6.2, 6.3,

System 6.4, 6.5
Containment Spray 9.4, 6, 5.2 o,g 3/4, 6.1, 6.2, 6.3,

6.4, 6.5

9. Containment Air Coolina e

Drywell Recirculation System 6.2.2 e 3/4, 6.7
Drywell Purge Ventilation System 6.2.2 e 3/4, 6.7
Containment Normal Ventilation

System 6.2.2 e 3/4, 6.7
Contairvnent High Flow Purge

System 6.2.2 e 3/4, 6.7
Containment Recirculation System 6.2.2 e 3/4, 6.7

10. Hydrogen Control System c

Containment Cornbustible Gas
Control System 6.2.5 c 3/4, 6.7

Distributed Igniter System 6.2.5 c 3/4, 6.7
Contairvnent Atmos @eric

Monitoring System 6.2.5 e 3/4, 6.7

B.11
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Standard Generic Standard

Review Plan Functional Technical
NUREG-0800 Criteria Specifications

A. RELIED UPON FOR PRESSURE BOUNDARY INTEGRITY, SHU100WN AND ACCIDENT MITIGATION (contd)

11. Statim Batteries and vital
Power Smoties q

4.16 KV Switchgear 8.3.1 q 3/4, 8.1, 8.2,

8.3, 8.4
Division 1&2 Diesel Generators 9.5 q 3/4, 8.1, 8.2,

8.3, 8.4
Division 3 Diesel Generators 9.5 q 3/4, 8.1, 8.2,

8.3, 8.4
480 V Switchgear 8.3.1 q 3/4, 8.1, 8.2,

8.3, 8.4
Essential AC Power Supplies 8.3.1 q 3/4, 8.1, 8.2,

8.3, 8.4
Batteries 125, 250, VDC 8.3.2 q 3/4, 8.1, 8.2,

8.3, 8.4
Battery Chargers 8.3.2 q 3/4, 8.1, 8.2,

8.3, 8.4
Nuclear System Protection

Separate Divisional Power
Supplies 8.1 k 3/4, 8.1, 8.2,

8.3, 8.4

12. EDG (includina Air Storage.

Fuel Storace and Transmission
and Cooli,r!gl i

Coolire Water System 9.5.5 c 3/4, 5.1
Ltkae oil System 9.5.7 c 3/4, 5.1
Air Cw pressorn 9.5.6 c,i 3/4, 5.1
Air Storage Tanks 9.5.6 c,i 3/4, 5.1
Diesel Engine 9.5.8 3/4, 8.1 8.4
Generator 9.5.8.1 3/4, 8.1 8.4
Intake & Exhaust 9.5.8 3/4, 8.1-8.4
Fuel Oil System 9.5.4 3/4, 8.1 8.4
Instrunentation & Control 9.5 3/4, 8.1 8.4

13. L|ectrical Distributim -
Safety Related q

Divisional Power 1,2,3,4,5 8.1 q 3/4, 8.1-8.4
Static Bypass Switch 8.1 q 3/4, 8.1-8.4
Inverter 8.1 q 3/4, 8.1 8.4

14. Reactor Core isolation Coolina
System (Includina Isolation

Condenser) a,c,e,9

Steam Isolation valves 5.4.6 a,c.e 3/4, 7.3
Steam Flow Elements. 5.4.6 a,c.e 3/4, 7.3
Turbine Trip Throttle Valve 5.4.6 a,c e 3/4, 7.3
Turbine Governor valve 5.4.6 a,c 3/4, 7.3
Turbine 5.4.6 a,e 3/4, 7.3
Turbine CIL System 5.4.6 c 3/4, 7.3
Gland Seal Elements 5.4.6 g,c 3/4, 7.3
Exhaust Piping 5.4.6 g,c 3/4, 7.3
Suction Strainer 5.4.6 g,c 3/4, 7.3
Suction Valves 5.4.6 g,c 3/4, 7.3
Water Log Ptep 5.4.6 g,c 3/4, 7.3
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A. EEt!ED UPON FOR PRESSURE COUNDARY INTEGRITY. SHUTDOWN AND ACCIDENT MITIGAT!ON (contd)

14. Reactor Core Isolation Coo!!na
System (IncludinaIsol,gtlog
Condenser) (contd) e,c,e,g

RCIC Punp 5.4.6 g,c 3/4, 7.3
Auxiliary Equipment Cooling 5.4.6 g,c 3/4, 7.3
Minimum Flow Bypeas Line 5.4.6 g,c 3/4, 7.3
Test Recirculator Line 5.4.6 g,c 3/4, 7.3
Testable Check Valve 5.4.6 g,c 3/4, 7.3
Flow Controller 5.4.6 g,c 3/4, 7.3

15. Hiah Pressure Coolina Inlection
System g,C

Suction Path 6.3 g,c 3/4, 5.1
HPCS(!) Pulp 6.3 g,c 3/4, 5.1
Discharge Path 6.3 g,c 3/4, 5.1
HPCS(I) Water Leg Pw p 6.3 g,c 3/4, 5.1
Leak Detection System 6.3 g,c 3/4, 5.1
Valve Interlock 6.3 g,c 3/4, 5.1

16. Automatic Deoressurization
System a

Safety / Relief Valves 6.0 a 3/4, 5.1
Air supply 6.0 -- 3/4, 5.1
Vacun Breakers 6.0 3/4, 5.1-

17. Core Soray System or LOW
pressure injection System --

Suction Path 5.4.7 c 3/4, 5.1
LPCS Purp 5.4.7 c 3/4, 5.1
Discharge Path 5.4.7 e 3/4, 5.1

LPCS Water Leg Pwp 5.4.7 e 3/4, 5.1
LPCI System 5.4.7 c 3/4, 5.1

18. Reactor circulation System a,h

Recirculation Loop Suction Piping 5.2.3 a,h 3/4, 4.1 i

suction Isolation Valve 5.2.3 a,h 3/4, 4.1 '

Recirculation Pume 5.4 a,h 3/4, 4.1 )Recirculation Pwp Shaf t Seals 5.4 a,h 3/4, 4.1 '

Recirculation Pw p Discharge )Piping 5.4 a,h 3/4, 4.1
Flow Control Valve 5.4 a,h 3/4, 4.1
Discharge Isciation Valve 5.4 a,h 3/4, 4.1
Reactor Water Sanple comection 5.4 a,h 3/4, 4.1
Discharge Manifold and Risers 4.5.2 a,h 3/4, 4.1
Jet Purps 4.5.2 a,h 3/4, 4.1
Recirculation Purp Motors 5.4 a,h 3/4, 4.1 j
Low freq2ency Motor Generator Sets 5.4 h 3/4, 4.1

1
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Review Plan Functional Technical
WREG 0000 Criteria specifications

_

A. RELIED UPON FOR PRESSURE BOUNDARY INTEGRITY. SHUTDOWN AND ACCIDENT MIT!GATION (contd)

19. Residual Heat Removal System
(Incitxfina Drywell Sorgd c

sucticn Strainers 5.4.7 c,d,g 3/4,'4.9, 4.1
RHR Water Leg Ptsp 5.4.7 c,d,g 3/4, 4.9, 4.1
RHR Ptmps 5.4.7 c,d,g 3/4, 4.9, 4.1
RHR Heat Exchangers 5.4.7 c,d,g 3/4, 4.9, 4.1
Motor Operated Valves 5.4.7 c,d,g 3/4, 4.9, 4.1
Testable Check Valves 5.4.7 c,d,g 3/4, 4.9, 4.1
Containment Spray Spargers 5.4.7 c,d,g 3/4, 4.9, 4.1
Air Operated Control Valves 5.4.7 d 3/4, 4.9, 4.1
Electro Pneunatic 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, 7.1
Standby Service Water Punpa 9.2.1 g 3/4, 5.1, 7.1
Heat Exchangers 9.2.5 g 3/4, 5.1, 7.1

21. Emergency Eauinnent Gooling c

Heat Exchangers 9.2.1 c 3/4, 7.1
Closed Cooling Water Systen 9.2.1 c 3/4, 7.1

22. HVAC-Control Roorn and ESF n,r

Sy ply Air Handling Units 6.4 n,r 3/4, 7.2
Recirculation Fans 6.4 n,r 3/4, 7.2
Makeup Air Cleaning Units 6.4 n,r 3/4, 7.2

23. Instrunent Air--Imortant to
Safety n,r

Service ard Instrunent Air
Cmpressors 9.3.1 n,r N/A

Air Receiver 9.3.1 n,r N/A
Refrigeration Air Dryers and

After Filters 9.3.1 n, r N/A
Dessicant Air Dryers 9.3.1 n,r N/A
Booster instrtment Air

Conpressors 9.3.1 n,r N/A

24. fuel Pool Structure and Coolina
System d,l

Skimers Weits and Sct4pers 9.1 d,l 3/4, 9.1 9.12
FPCC Drain Tank 9.1 d,l 3/4, 9.1 9.12
FPCC Punps 9.1.2 d,l 3/4, 9.1-9.12
FPCC Heat Exchangers 9.1.2 d,l 3/4, 9.1 9.12
Filter /Denineralizers 9.1.2 d,l 3/4, 9.1 9.12
Diffusers 9.1.2 d,l 3/4, 9.1-9.12
Spent fuel Pool 9.1.3 d,l 3/4, 9.1-9.12
Transfer Pool 9.1.3 d,l 3/4, 9.1 9.12
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Standard Generic (b) Standard

Review Plan Functional Technical j

NUREG-0800, Criteria Seccifications !

A. REllED UPON FOR PRESSURE BOUNDARY INTEGRITY. SHUTDOWN AND ACCIDENT MlitGATION (contd)

25. Fire Protection (Incttdinn f

jgeression) r

Fresh Water Stpplies 9.5.1 r 3/4, APPENDIX "R" |
Fire Water Supplies 9.5.1 r 3/4, APPENDIX "R"
Fire Jockey Pwpe 9.5.1 r 3/4, APPENDIX "R"
Fire Main 9.5.1 r 3/4, APPENDIX "R"
Manual Hose Station 9.5.1 r 3/4, APPENDIX "R"
Preaction Type Sprinkler System 9.5.1 r 3/4, APPENDIX "R"
Deluge Type Sprinkler System 9.5.1 r 3/4, APPENDIX "R"
Wet Pipe Type System 9.5.1 r 3/4, APPENDIX "R"

9.5.1 r 3/4, APPENDIX "R" |High Pressure CO2
Low Pressure CO2 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 "R" i

Smoke Detectors 9.5.1 r 3/4, APPENDIX "R" |

Flame Detectors 9.5.1 r 3/4, APPENDIX "R"

26. Ultimate Heat Sink r

Circulating Water Ptsnps 9.2.5 r 3/4, 7.1
Cooling Towers 9.2.5 r 3/4, 7.1
Main condenser 9.2.5 r 3/4, 7.1
Major valves 9.2.5 r 3/4, 7.1 |
Major Piping 9.2.5 r 3/4, 7.1

'

8. FAILURE CAN AFFECT FUNCTIONING OF CATECORY A SSC

1. Condermate/Feedwater System

includira Rehent 10.4.7 r 4.4 I

2. Lurbine Generator end controls 10.2 r,s 3/4, 3.8

3. Mein Steam System 10.3 r,s 3/4, 4.7

4. Reactor Control Svetem 7.1 d,m 3/4, 4.1

5. Londenser coolina System
(Circutetion Water System) 10.4.5 r N/A

6. Instrument Air / Service Air.
Not S.R. 9.3.1 r N/A

7. !wf ts.h,vard 8.2 r 3/4, 8.1-8.4

C. OTHER SSCs IMPORTANT T0 t! CENSE RtLNEWAL,

1. Reactor Post Accidt01
Mmf torina Svstem 9.3.2 J,k 3/4, 3.1 3.9

Instrunentation 9.3.2 k 3/4, 3.1-3.9

2. Safety Paraneter Disotav System k 3/4, 3.1 3.9

Computer 7.1 -- 3/4, 3.1-3.9
3/4, 3.1-3.9Instrmumtation 7.1 -

3. Waste Systewt: L icnid Gas. Solid 11.0 p 3/4, 11.1 11.4u

3/4, 11.1-11.4tiquid Subsystems 11.0 -

3/4, 11.1-11.4Solid subsystems 11.0 -

3/4, 11.1 11.4 1Gaseous Stbsystems 11.0 -

4
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Standard Generic (b) Standard
Review Plan Fmetional Technical

,,,,,N!LPJG-0800 Criteria Snecificatforn
C. OTHER SSCs IMPORTANT TO LICENSE REWCWAJ (contd)

4 Fuel Handlinn System 9.0 L,p 3/4, 9.1 9.12

New Fuel Storage Area 9.1.1, 9.1.2, 3/4, 9.1 9.12--

9.1.3 3/4, 9.1-9.12-

Spent Fuel Storage Pool 9.1.1, 9.1.2, 3/4, 9.1 9.12-

9.1.3 3/4, 9.1-9.12-

Fuel Storage Buildire Crane 9.1.1, 9.1.2, 3/4, 9.1-9.12a

9.1.3 3/4, 9.1 9.12--

Spent Fuel Bridge Crane 9.1.1, 9.1.2, 3/4, 9.1 9.12~

9.1.3 -- 3/4, 9.1-9.12
New Fuel Elevator 9.1.1, 9.1.2, 3/4, 9.1-9.12-

9.1.3 3/4, 9.1 9.12--

New fuel Handling Tool 9.1.1, 9.1.2, 3/4, 9.1-9.12-

9.1.3 -- 3/4, 9.1 9.12
Spent Fuel llandling Tool 9.1.1, 9.1.2, 3/4, 9.1-9.12-

9.1.3 3/4, 9.1-9.12-

Refuelirg Cavity 9.1.1, 9.1.2, 3/4, 9.1 9.12--

9.1.3 3/4, 9.1-9.12--

Transfer Canal 9.1.1, 9.1.2, 3/4, 9.1 9.12-

9.1.3 3/4, 9.1-9.12-

Polar Crane 9.1.1, 9.1.2, -- 3/4, 9.1 9.12
9.1.3 ~ 3/4, 9.1-9.12

Hanipulator Crane 9.1.1, 9.1.2, 3/4, 9.1 9.12--

9.1.3 -- 3/4, 9.1 9.12
Red Cluster Assernbly Change 9.1.1, 9.1.2, 3/4, 9.1-9.12-

Fixture 9.1.3 3/4, 9.1 9.12-

Reactor Vessel Head Lif ting 9.1.1, 9.1.2, -- 3/4, 9.1 9.12
Device 9.1.3 -- 3/4, 9.1-9.12

Reector Internels t.ifting 9.1.1, 9.1.2, 3/4, 9.1-9.12-

Device 9.1.3 - 3/4, 9.1-9.12
Stud Tensioner 9.1.1, 9.1.2, 3/4, 9.1-9.12-

9.1.3 3/4, 9.1-9.12--

Refueling Toola 9.1.1, 9.1.2, 3/4, 9.1-9.12--

9.1.3 3/4, 9.1 9.12~

Conveyer Car Assenbly 9.1.1, 9.1.2, 3/4, 9.1-9.12~

9.1.3 3/4, 9.1-9.12-

Drive Frane Assembly 9.1.1, 9.1.2, 3/4, 9.1-9.12--

9.1.3 3/4, 9.1-9.12~

Lifting Mechanism 9.1.1, 9.1.2, 3/4, 9.1 9.12--

9.1.3 3/4, 9.1 9.12--

valve 9.1.1, 9.1.2, 3/4, 9.1 9.12-

9.1.3 3/4, 9.1 9.12--

Instrurentation 9.1.1, 9.1.2, 3/4, 9.1-9.12--

9.1.3 3/4, 9.1-9.12-

controls 9.1.1, 9.1.2, 3/4, 9.1 9.12-

9.1.3 3/4, 9.1 9.12~

5. bdiatim and Environtrental Monitorina k

Containment Air 12.1-12.5 3/4, 3.7
Particulate Detector 12.1-12.5 3/4, 3.7-

Containment Noble Gas Monitor 12.1 12.5 3/4, 3.7-

Containnent Purge Exhaust Manitor 12.1 12.5 -- 3/4, 3.7
Auxiliary Building Ventilation

System Monitor 12.1 12.5 3/4, 3.7-

Plant Vent Stack Monttor 12.1 12.5 3/4, 3.7-
,

| Control Room Air Intake Monitor 12.1 12.5 3/4, 3.7~

i Condenser Air Ejection Gas Monitor 12.1 12.5 3/4, 3.7-

|
l
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C. OTHER SSCs IMPORTANT TO LICENSE RENEWAL (contd)

5. Rrediation end Envirenental Monitorina (contd) k

Steen Generator Stowdown Licpid
Monitor 12.1-12.5 3/4, 3.7-

Copponent Cooling Water System
Monitor 12.1-12.5 3/4, 3.7--

Service Water Effluent Discharge
Monitor 12.1 12.5 -- 3/4, 3.7

Weste Disposal System Liquid
Effluent Monitor 12.1 12.5 -- 3/4, 3.7

Gas Decay Tank Effluent Gas
Monitor 12.1-12.5 3/4, 3.7-

6. Connmicatione Eauf ment 9.5.2 k N/A

Telephone System 9.5.2 N/A--

Radio System 9.5.2 -- N/A
Page System 9.5.2 N/A--

7. Intrusion Detection 13.6 -- N/A

Motion Detection System 13.6 N/A-

Sourd Monitoring System 13.6 -- N/A
Television System 13.6 N/A-

RF Field System 13.6 N/A**

E-Field System 13.6 -- N/A

8. Access Control 13.6 k W/A

Door control System 13.6 -- N/A
Badging /ID System 13.6 -- N/A

9. Guard Response surport

Weapons Systems 13.6 -- N/A
Comunicatiens Systems 13.6 -- N/A

10. Alarm Station Oper; tion J

Instrtmentation 13.6 -- N/A

11. Ates Radiation Monitors j,k

Area Radiation Monitoring System 12.0 3/4, 3.7--

12. Radiation survey Instrtrwgg

Radiation Monitoring Systems 12.0 3/4, 3.7--

13. Personnet Mmitorina Devices

Radiation Detectors 12.0 3/4, 3.7-

14. Personnel Protection Barriers

Machinery 13.6 N/A--

Structural 13.6 -- N/A

|
|
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Part B: Systems

0.1 System Review Criteria

1.0- Nuclear; Systems

1.1 Reactor Pressure Vessel

1.2 Reactor Coolant System
|

1.3 Reactor Control System ;

I

1.4 Control Rod Drive System -|

1.5 Reactor Protection System

1.6 Neutron Monitoring System

1.7 Reactor Water Cleanup System (BWR)

1.8 Standby Liquid Control System (BWR)
,

t

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

F

>

2.0 Engineered Safety Features
|

2.1 Engineered Safety Features Actuation System (PWR)

2.2 Safety Injection Systems .;
!

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 High 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

2
,
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- 3. 0 Containment Systems
,

3.1 Primary Containment Structure

3. 2 Secondary Containment

3.3 Containment Heat Removal System |

3.4 Containment Isolation Systen' ;

.i
3.5 Containment Purge System

3. 6 Standby Gas Treatment System (BWR) ,

;

3.7 Containment Combustible Gas Control System _ '

3.8 Containment Spray System

-3. 9 Containment Ventilation Systems ,

4.0 Electrical Systems

4.1 Main Power System

4.1.1 Protective Relaying and Controls

4.2 Plant AC Distribution System

4.2.1 Essential Power System

4.2.2 Nonessential Power System

4.2.3 High Pressure Core Spray Power System (BWR)
'

4.3 Instrument and Control Power Systems

4.3.1 DC Power System

4.3.2 Instrument AC Power System

4.4 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 Oil Subsystem

4.4.5 Emergency Diesel Generator Lubricating Oil Subsystem
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,

4.5 Plant Essential Lighting System
c
5 L4.6 Plant Computer - to be provided later

4.7 Switchyard
1
' 4.7.1 DC Control Power System
i

4.8 Information Systems

:

| 5.0 Process Auxiliary Systems

5.1_ Offgas System (BWR)

5.2 Radiation Monitoring System

j 5.3 Component Cooling Water Systems

i 5.4 Service Water System
>

! 5.5 Ultimate Heat Sink

5.6 Refueling System
,

5. 7 Spent Fuel Storage

F 5. 8 Compressed Air System

i

6.0 Plant Auxiliary Systems

i- 6.1 Fire Protection System

6.2 Communications

6.3 Control Room Habitability System

6,4 Auxiliary HVAC Systems

,
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Part C: Generic License Renewal Topics .

0.1 Generic Components and Structures 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
,

2.5 Transformers

2.6 Solenoid Onerated Valves

2.7 Electric Motors

3.0 Instrument
.|

3.1 Sensors

3. 2 Electronic Components ,

1

3.3 Electronic Devices

1

4.0 Civil Structure !

l

:
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STANDARD REVIEW PLAN.FOR' LICENSE RENEWAL (SRP-LR) .

,

'PART A: GENERAL'INFORMATION AND DISCUSSION |

.I. 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

,

t

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.

,

2. 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 !
(S$Cs) 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.

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

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

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.

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

format and content of technical information to be included in license renewal
applications; (2) criteria for selecting SSCs 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 reoarding 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, " Requirements 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

I

r
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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 SSCs important to license renewal
so as to maintain the plant's licensing basis throughout the renewal term
requested in the. application.

1

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 portions 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 living 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, DC,
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. In addition, Section II of Part A
briefly describes the intearated plant assessment as required in 10 CFR
Part 54, which is a main focus of staff review of the license renewal
application. Section III 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 SSCs
important to license renewal and selecting specific SCs from the initial
list 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.

1
i
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Part B is organized on a plant system basis. The first section (B.0.1) covers
generic license renewal review guidance for systems in general. The remaining
sections (B.1.1 through B.6.4) provide additional guidance to the staff for
particular systems within the plant that may need to be evaluated to determine
whether or not the licensee has established an effective program and what
actions might be needed to manage age-related degradation during the renewal
term.

The generic and system-specific sections in Part B focus on providing
guidance to the. staff for reviewing systems important to license renewal to-
determine if, in fact, the applicant has established an effective program to
manage aging of the SCs in the system. If no such program exists, the
reviewer needs to evaluate whether or not the actions the applicant.has taken,
or intends to take, would ensure that the degradation of the SCs important
to license' renewal due to aging will not impair a system's own safety function
and that age-related degradation of SCs within the boundaries of the system
will not prevent the intended safety function of any other SSC important to
license renewal. The systems in Part B refer to the appropriate component

| section in Part C for guidance for review of types or classes of some
generic components and structures.'

Each section in Part B is organized in the same manner as NUREG-0800. The
major subsections consist of the following:

o Review Responsibilities: This subsection assigns primary and secondary
staff responsibilities for the review of a license renewal-application.

o Areas of Review: This subsection describes the scope of review by the
staf f having primary review responsibility. It contains a description
of the system and basic degradation mechanisims that must be evaluated
as part of the particular system being reviewed. )

I
o Acceptance Criteria: This subsection identifies the NRC requirements i

that are applicable and the technical bases for determining the .i
acceptability of the programs within the scope of the area of review of ]
the SRP-LR section. The technical bases consist of specific criteria i

such as those given in 10 CFR Part 54, regulatory guides, and industry
codes and standards,

o Review Procedures: This subsection discusses how the review is
performed. It consists generally of a step-by-step procedure that
the reviewer utilizes to conclude with reasonable assurance that
the applicable acceptance criteria have been met. It also contains
a discussion of the information needed or the review expected from
other supporting staff to permit the staff having primary review
responsibility to complete its review.

o Findings: This subsection presents the type of conclusions that
are drawn from the review. The conclusions are included in the
staff's safety evaluation report (SER), which documents the
results of the review.

9
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o 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.

o Genera Information: This subsection contains supplemental
i nformation that 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 techniques. It may also address
results obtained f rom 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.

o References: This subsection lists 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 common 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.

II. 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 SSCs 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 required 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
illustrated in Figure A-2. The four major steps of the integrated plant
assessment are as follows:

1. Identify the SSCs important to license renewal using the definition
in 10 CFR 54.3. The SCs that are constituent' elements of the SSCs
important to license renewal included in the initial list are also
identified.

10
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2. Select the SCs requiring evaluation of age-related degradation by
identifying those SCs that contribute to the safety functions of an
SSC important to license renewal and those SCs whose failure can
interfere with the performance of a safety function of an SSC important
to license renewal. The term " safety function" in 10 CFR Part 54 refers
to any function that causes an SSC to be identified as important to
license renewal. This definition is not limited to the narrow definition ts

of a safety function associated with safety-related equipment, but
includes certain other functions, such as those associated with
non-safety-related SCs and post-accident monitoring equipment.

3. Determine which SCs identified in step 2 above are subject to established,
effective programs for managing age-related degradation as defined in
10 CFR 54.3a. This determination may be made either through a detailed-

mechanistic analysis or through evaluation of operational experience and
other data pertaining to aging.

4. For those SCs that are not part of an established, effective program
for managing aging, the applicant for license renewal must determine if
aging is significant to the plant's current licensing basis, and if not,
then such finding must be demonstrated by evaluation. If aging is

found to be significant, then the applicant must describe and
provide the basis for actions taken or to be taken to manage aging.

Aa indicated in the second step of the integrated plant assessment, 10 CFR
Part 54 requires the applicant for license renewal to list those SCs important
to license renewal that should be further evaluated for aging, and to focus
the evaluation or whether or not the applicant has established an effective
program for these SCs.

However, a systems approach is essential for reviewing the licensee's
integrated plant assessment. The system-specific environmental and operating
conditions may contribute te aging mechanisms and the degradation process;
hence, any established program for a structure or component has also to be
evaluated in terms of its effect on the whole system.

Appendix A.1 provides more detailed standard review criteria for the process of
identifying SCs that need to be evaluated for age-related degradation.

III. SUFFICIENCY OF LICENSE RENEWAL APPLICATION

Title 30 CFR 2.109 allows the licensee's current license to remain in effect
during the time that the staff is reviewing the license renewal application,
provided the licensee files a sufficient application at least 3 years before
the current license is scheduled to expire. Although the staff expects to i

|complete its review of a renewal application in a timely manner before the
existing license expires, in some instances it may take more time to fully
evaluate the technical adequacy of the application and make a final
determination on the application. The staff has to perform an initial review
of the application in order to determine if the application is sufficient to
commence the detailed review. Therefore, one of the first actions to be taken
nn an application for license renewal is to determine if it is " sufficient" so i

that the timely renewal provision of 10 CFR 2.109 applies. |

11

!
!

.. _ .. - . .



J d -w e._ -d-Atma .r$ _.at-=- ,4 .6++- 44 h - w, & + i 64i ,y-4,.-. %.=6 e = w # dA*m Jia,-

A. REVIEW RESPONSIBILITIES

The License. Renewal Project Directorate (LRPD) Office of Nuclear Reactor
Regulation, has primary responsibility for determining the sufficiency of an
application for license renewal.

B. REVIEW PROCEDURES
,

I
Regulatory Guide DG-1009 provides guidance to the licensee on the content of I

the technical information that should be submitted as part of the license- |
!renewal-application. The general checklist that the project manager should

use as guidance in determining sufficiency is shown in Figure A-3. This i

checklist is consistent with the guidelines in Regulatory Guide DG-1009. l

.

6
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APPLICATION RECEIVED

APPLICATION SUFFICIENT TO COMMENCE DETAILED REVIEW

REVIEW 0F METHODOLOGY

REVIEW FROM SYSTEMS PERSPECTIVE

REVIEW FROM COMPONENT AND STRUCTURE PERSPECTIVE

INTEGRATION INTO COMPOSITE SAFETY EVALUATION REP 0FT
,

|

Figure A-2. Overall perspective of the review process

NOTES:

1. LRPD is the primary reviewer listed in all sections of the SRP-LR.
However, the staff anticipates that significant review responsibility
will be assigned to the secondary reviewer (s) with LRPD performing the
coordinating functions. All reviewers will follow the guidance

contained in the SRP-LR.

2. The review of methodology includes the following:

a. The methodology for identifying systems, structures, or components
(SSCs) important to license renewal (ILR) and requiring further
evaluation of age-related degradation is reviewed.

b. The methodology for determining the effectiveness of established, :
programs to monitor and manage age related degradation:is reviewed.

3. The review from the systems perspective includes the following: ]
1

a. All appropriate systems are identified.

b. All structures and components (SCs) ILR within the system boundary are
identified,

Appropriate environmental and operating conditions ILR are identified.c.

4. The review from the component perspective includes the following:

Established effective programs (EEPs) are identified and justified, ora.

I
b. New programs to identify and manage age related degradation are

identified and justified, or

c. Justification that age-related degradation is not significant during
the renewal term is submitted.

d. Justification on continuing reliefs or exemptions previously granted -
which may be affected by age-related degradation concerns is
submitted.

13
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Figure A-2. Integrated plant assessment for license renewal

A-10
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CHECKLIST FOR REVIEWING SUFFICIENCY OF APPLICATION FOR LICENSE RENEWAL

The reviewer should use this checklist to verify that the basic requirements
of 10 CFR Part 54 have been' addressed in the license renewal application. A

check in the "No" column without sufficient explanation may be justification
for rejecting the application.

Yes No
|

1. The application for renewed license is filed in
accordance with: [54.17(a)]

A. 10 CFR Part 2, Subpart A
|

B. 10 CFR 50.4'

C. 10 CFR 50.30

2. Applicant is eligible to apply for a )
license [54.17(c)] j

3. Application is within specified time frame
[54.17(d)] [2.109(a)(b)]

4. References to information contained in previous
applications'are clear and specific [54.17(f)]

i

5. Restricted data agreement is present [54.17(g)]

6. Information specified in 50.33(a) through (e),
(h), and (i) is provided or referenced [54.19]'

A. Name of applicant

B. Address of applicant

C. Business description

D. Citizenship or corporation

1. Where incorporated

Figure A-3 Checklist for Review of a License Renewal Application for
Sufficiency

|

|

)
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'

2. Board of directors _and principal officers i

3. Ownership details

E. Class of license j

F. Construction / alteration dates

Regulatory agencies with jurisdiction
'l

u.

7. A statement is previded that summarizes how and
the extent to which the application meets the
regulatory requirements for license renewal-

[10 CFR Part 54]

,8. Implementation plan contains: 1

- A. Summary of commitments

B. Description of administrative controls

C. Task and schedule (detail of commitments
that will be completed following-the
renewal of the operating license)

9 FSAR supplement-includes an evaluation of aging
mechanisms and a. demonstration that the effects
of degradation will be effectively managed throughout
the renewal term [54.21]. The FSAR supplement
includes:

A. Integrated plant assessment [54.21(a)]'

B. Methodology to identify all SSCs important to
license renewal [54.21(a)(1)]

C. List of all SSC's important to license renewal
[54.21(a)(1)]

D. List of structures and components (SCs) that
are constituent elements.of SSCs important to
license renewal (optional) [54.21(a)(2)]

Figure A-3 (continued)

4
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E. Methodology, including selet. tion criteria, to
identify those SCs from 9.D that contribute to
the performance of the safety function of an SSC
important to license renewal or whose failure |
could prevent an SSC from performing its intended
safety function [54.21(a)(2)]

,

1

F. List of SCs identified in 9.E [54.21(a)(2)].

G. Methodology to identify those SCs from 9.F that
are subject to an established effective program'

,

as defined in 54.3(a) [54.21(a)(3)]'

H. List of those SCs identified in 9.G

[54.21(a)(3)]

I. Established effective programs for the SCs in
9.H [54.21(a)(3)]

J. Information of the following type for SCs on
the list from 9.F and not on the list from

9.H [54.21(a)(4)]:

1. Describe and provide basis for action
taken to manage age-related degradation; or

2. Describe and provide basis for action to be
taken to manage age-related degradation; or

3. Demonstrate by evaluation that the age-related
degradation is not significant with respect to
the current licensing basis

10. List of all plant-specific exemptions granted
pursuant to 10 CFR 50.12 and reliefs granted
pursuant to 10 CFR 50.55(a)(3) is provided
[54.21(b)]

11. Justification is provided for continuing those
exemptions and reliefs granted on the basis of an
assumed service life or period of operation bound
by the original license term or otherwise related to
SSCs subject to age-related degradation [54.21(b)]

Figure A-3 (continued)

17
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-12. Description is provided of proposed plant
modifications to the facility or its
administrative control procedures resulting
from analysis or evaluations of Section
54.21 [54.21(c)]

13. Description is provided of additions or other
changes'to the Technical Specifications, when
applicable, including technical bases for these
changes that will account for the modifications
to the plant design, age related degradation, or
limitations on p'lant operations during the
renewal term

14. List of documents is provided identifying portions of
CLB that are relevant to the integrated plant assessment
and a brief description of the administrative controls
for and location of these documents is provided '

[10 CFR 54.37]

15. Environmental report complies with the
requirements of subpart_A of 10 CFR Part 51

Figure A-3 (continued)

|

!

|
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APPENDIX A.1

SELECTION OF STRUCTURES AND COMPONENTS
FOR EVALUATION OF AGE-RELATED DEGRADATION

This appendix covers the portion of the inte' rated plant assessment related tog
selection of structures and components (SCs) for detailed evaluation of
age-related degradation. The objective of the integrated plant assessment
is to demonstrate that age-related degradation of the facility's systems,
structures, and components (SSCs) 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 evaluation of aging
mechanisms, degradation sites, and root causes is an important part of this
process, but not every SSC in the facilityis evaluated. Rather, a subset of
SCs is selected from the set of all SSCs using a process described in the rule,
and a detailed evaluation of aging is performed only for these SCs. This
selection process, which is described in the first two steps of the integrated
plant assessment, 10 CFR 54.21(a)(1) and 54 21(a)(2), is illustrated in Figure
A-2 from Part A of SRP-LR. Review guidance to the staff is provided below.

REVIEW RESPONSIBILITIES
i

Primary - LRPD
Secondary - All technical review branches

I. AREAS OF REVIEW

The licensee should submit several lists of systems, structures, and components
as part of the license application: a list of SSCs important to license
renewal, a list of SCs that are constituent elements of the SSCs important to
license renewal, and a list of the SCs requiring further evaluation of
age-related degradation.

The next section provides guidance to the staff in reviewing the methodologies
for preparaing the necessary lists. |

1

|
II. ACCEPTANCE CRITERIA

The acceptability of the licensee's selection of SSCs important to license
renewal and of SCs requiring evaluation of age-related degradation will be
based on criteria in the following three categories:

I

1
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A. SCs IMPORTANT TO' LICENSE RENEWAL

The licensee has submitted a list of SSCs important to license renewal
and has described the methodology for identifying these SSCs. If the

licensee has used the methodology described in Regulatory Guide
DG-1009~or a method that was previously approved and documented in an
NRC safety evaluation report (SER), the standard methodology can be
referenced with enough supporting information to demonstrate that the
methodology has been correctly applied and its limitations understood.
If a new methodclogy has been used, the licensee should provide
specific detail concerning the selection of SSCs.

B. SCs THAT ARE CONSTITUENT ELEMENTS OF THE SSCs IMPORTANT TO LICENSE
RENEWAL

The licensee has submitted a list of SCs that are constituent elements
of the SSCs important to license renewal and has described the
methodology used for preparing this list. The description of the
methodology should include the means of identifying system boundaries
from which the list of SCs is derived.

C. SCs REQUIRING FURTHER EVALUATION OF nGE-RELATED DEGRADATION

The licensee has submitted a list of SCs from Item II.B above that
have one or both of the following characteristics:

o The structure or component contributes to the performance of a
safety function of an SSC important to license renewal or

o The failure of the structure or component could prevent an SSC
important to license renewal from performing its intended safety
function.

The licensee also has described the methodology, including selection
criteria, used to assess the relevance of each SC to safety functions of
SSCs important to license renewal.

The term " safety function" in 10 CFR Part 54 refers to any function that
causes an SSC to be identified as important to license renewal. This
definition is not limited to the narrow definition of a safety function

20

. . -. .



, . --. _ -. - -. . .. - . .-

0

1

associated with safety-related equipment, but includes certain other
functions, such as those associated with non-safety related equipment and
post' accident monitoring equipment.

III. REVIEW PROCEDURES

The reviewer should adher to the following review procedures to assess
the adequacy of the licensee's methodology for identifying SSCs important
to license renewal and SCs to be evaluated in detail and to provide
reasonable assurance that the methodology has been appropriately applied.
NRC will focus its review differently for licensees referencing
methodologies that have already been approved by the NRC than for
licensees proposing new methodologies.

If the NRC has already issued an SER on the' proposed approach, the
principal responsibility of the primary reviewer is to confirm that the
implementation of the methodology falls within the bounds and conditions
specified in the SER. This may involve auditing selected aspects of the
analysis to ensure that it is carried out in an appropriate manner and
carefully reviewing any deviations from the standard methodology. If the

licensee proposes a new metnodology, the NRC staff must review all
aspects of the methodology more thoroughly. The NRC reviewer must be
able to conclude that the method will, with reasonable assurance, be
comprehensive and meet the intent of the rule. In either case, the

reviewer should select and emphasize areas in which there are major ;

deviations from standard procedures, as appropriate for a particular -

case. Specific guidance follows for reviewing the licensee's program for
selecting SSCs and SCs based on the acceptance criteria in Item II
" Acceptance Criteria" above.

A. SSCs IMPORTANT TO LICENSE RENEWAL

The reviewer should confirm that the licensee's application includes
deterministic methodology and criteria for identifying SSCs important
to license renewal in the following four categories, as described in
10 CFR 54.3(a):

(i) Safety-related SSCs
,

,

(ii) All SSCs used in a safety analysis or plant evaluation for
the licensing basis

|

|
i
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(iii) Any, including non-safety-related, SSCs.whose failure could
' keep safety-related equipment from satisf actorily performing
required safety functions

(iv) . Post accident monitoring equipment as defined in
10 CFR 50.49(b)(3)

The rule does not prescribe how to identify these SSCs, and criteria
and methodologies may vary among plants or among different systems
within the same plant. The reviewer should examine the criteria and
methodology provided by the licensee, paying particular attention to
deviations from previously approved approaches or to new approaches-,

developed by the licensee. The reviewer should confirm that
probabilistic techniques are used only'to supplement the list obtained
from deterministic considerations. The reviewer also should confirm
that no SSCs are eliminated at this stage on the basis of aging

-considerations.

The methodology and the list of SSCs should be reviewed at a level that
provides reasonable confidence that all SSCs important to license
renewal have been properly identified. The reviewer should examine the ,

licensee's final safety analysis report (FSAR) and other licensing-
basis documents to the extent necessary. The review should assume that
all safety-related systems as well as non-safety-related systems, such
as overfill protection-systems and ATWS mitigation systems have been
identified as important to lir.ense renewal. For methodologies that have
not been previously approved by NRC, the reviewer may use the generic
list of SSCs from Appendix B to Regulatory Guide DG-1009 as a starting
point for assessing the completeness of the licensee's list. Although
this generic list is likely to contain some SSCs that are not relevant
to every plant, it may be used to identify areas in which additional
justification or analysis is warranted.

B. SCs THAT ARE CONSTIlUENT ELEMENTS OF THE SSCs IMPORTANT TO LICENSE
RENEWAL

The reviewer should confirm that the licensee has described the
methodology for converting SSCs important to license renewal into SCs
that are their constituent elements. This is an. implicit requirement
in 10 CFR 54.21(a)(2) and is shown as a separate step in Figure A-2.
In this step, any structure or component that was initially identified .

as important to license renewal is automatically included as a
constituent SC. In addition, all SCs from any of the systems'

identified as important to license renewal are added to the second
list.

The focus of this review is to examine the methodology for
defining system boundaries to ensure SCs are not eliminated.
inappropriately. The system boundaries should be broadly defined,
reserving.the question of safety function for the next step. The ,

reviewer could refer to Table III in Regulatory Guide DG-1009 for
guidance concerning appropriate system boundaries when evaluating
methodologies that have not been approved by the NRC.

22-
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The reviewer may wish to use the licensee's FSAR and other licensing-'

basis documents to check the implementation of the licensee's
methodology for identifying constituent SCs for selected systems.

C. SCs REQUIRING EVALUATION OF AGE-RELATED DEGRADATION

The reviewer should confirm that the licensee has submitted the
methodology and selection criteria for identifying the SCs requiring
aging evaluation from the list of SCs in Item III.B above. The

objective of this review is to develop reasonable assurance that the
list of SCs is comprehensive since these are the only SCs that will
be analyzed in detail with respect to age-related degradation. The
licensees may have to review previously completed analysis of aging
issues and identify questions concerning the analysis (including its
assumptions. The reviewer should ensure that the licensee has not
eliminated SCs on the basis of consideration about aging at this
step. Guidance for the review of the detailed aging evaluations of
SCs identified at this step can be found in SRP-LR Parts B and C.

The reviewer should confirm that the licensee has identified SCs that
contribute to the performance of the safety function of an SSC
important to license renewal or whose failure could prevent an SSC
important to license renewal from performing its intended safety
function. As noted in SRP-LR Part A, the term " safety function" in
10 CFR Part 54 refers to any function that causes an SSC to be
identified as important to license renewal.

It is possible that some constituent SCs in a system may not
contribute to the performance of the system or to the performance of
other SSCs important to license renewal. It is also possible that
these same SCs do not have failure modes that could prevent SSCs
important to license renewal from performing their intended safety
functions. Although SCs of this nature need not be included in the
list of SCs requiring further evaluation regarding the reviewer
should confirm that the licensee has provided the justification for
eliminating them from further consideration. The reviewer should
check the implementation of the licensee's procedure for some subset
of the SCs that were eliminated to ensure that the methodology is
properly applied.

The reviewer should confirm that deterministic analyses form the
basis for the principal conclusions about safety functions. However,
insights from probabilistic assessments may be used to the extent
that they supplement the list of SCs for further evaluation.

IV. FINDINGS ,

The reviewer should determine and verify the licensee has provided
sufficient information and the review supports the conclusion to be
included in the staf f's SER that: (1) the licensee's methodology for
identifying SSCs important to license renewal and for identifying SCs
requiring aging evaluation is acceptable and (2) the licensee's
implementation of this methodology is acceptable.

23
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V, IMPLEMENTATION

Except in those cases in which the licensee proposes an acceptable
alternative method for complying with specified portions of SRP-LR,
the staff plans to use the methods described herein during its 1

|review.

VI. GENERAL INFORMATION

:
VII. REFERENCES 1

t

J
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SRP-LR

PART B: PLANT SYS.TEMS

Part B addresses the review of various systems requiring evaluation of age-
related degradation. Key plant systems-that'are likely to be identified as
important to license renewal have been included in Part B. Plant-speci fic
analysis could id; .fy additional systems as important to license renewal that
are not treated so- 2rately in Part B, such as main steam, turbine generator,
and turbine bypass systems. Part C provides guidance for reviewing the
constituent structures and components of all systems important to license
renewal.

B.0.1 SYSTEM REVIEW CRITERIA

This first section, 8.0.1, provides information and criteria which are
applicable to all systems important to license renewal. Standard acceptance
criteria, review procedures, findings, and implementation applicable to each
system are given below. The remaining sections contain the information which
is applicable to selected specific systems. Sections of individual systems
include system descriptions, requirements, and information unique to a
particular system.

The review of systems not addressed in an individual system section
should follow the generic guidance in this section (B.O.1).

I. AREAS OF REVIEW

A. See the section on the specific system for a description of the
subject system, its function, and its boundaries. ,

B. The SRP-LR addresses age-related degradation of the subject system
that must be understood and controlled with sufficient certainty to
permit the statf to consider issuing an operating license for the
requested renewal period while maintaining the current licensing
basis. The licensee's staff has conducted an integrated plant
assessment (IPA) to identify potential age-related degradation of
systems, structures, and components and to evaluate the adequacy of
the licensee's programs to identify and mitigate age-related
degradation for the renewal term. The FSAR supplement for license
renewal provides a list of systems, structures, and components
identified as important to license renewal and a list of structures
and components requiring evaluation of age related degradation. The
reviewer's safety evaluation for the subject system will be
contained in the corresponding section of the safety evaluation
report (SER) for license renewal.

-. - - -- . . - - - --. - - - _, . _ - -
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The review of issues contained in this SRP-LR is not intended to be
a review of the existing licensing basis. However, the actual >

licensing basis for an individual plant is contained, in.part, in
the FSAR specific to that facility. The NRC staff documented its
review of the FSAR in the safety evaluation report (SER) it prepared ,

to accompany the original operating license.

The areas of aging concern should be reviewed in accordance with
site-specific conditions and e.xperience as documented in the IPA.

C. See the section on the specific system for a discussion of the
typical age-related degradation associated with the subject system.

II, ACCEPTANCE CRITERIA

Acceptance and performance criteria for structures and components within
the boundaries of the subject system are typically contained, in part, in
such sources as technical specifications; ACI, AISC, ASME, and IEEE codes
and standards; root cause analysis; failure-mode analysis; equipment
performance history; branch technical positions; approved topical and
other industry reports; vendor criteria; and regulatory guides. For
specific components, the vendor recommendations for extending their life
through the renewal period could be critical in such areas as (1)
applicability of current maintenance practices, (2) applicability of the
current technical manual, and (3) design limitations for the specific
component which may require replacement of selected parts. The licensees
may have to review previously completed analysis if aging issues identify
questions concerning the analysis (including its assumptions). The
acceptability.of the licensee's proposed program for identifying age-
related degradation, monitoring aging degradation, and mitigating the
effects of age-related degradation in the subject system will be based on
the following criteria:

A. The licensee has performed and documented an IPA which demonstrates
that degradation related to the aging of the subject system has been
identified, evaluated, and accounted for as necessary to ensure that
the current licensing basis will be maintained throughout the term
of the renewed license. The review focuses on the following items:

1. The licensee has listed all structures and components within
the boundary of this system that contribute to the performance .'

of a safety function of an SSC important to license renewal or
whose failure could prevent an SSC important to license renewal
from performing its intended safety function (refer to Appendix
A.1, Part A of SRP-LR).

2. The licensee has listed the structures and components within'
the boundary of this system from II A.1 above that are subject
to an established effective program. This program must
continue to ensure the capability of the structures and
components to either perform their safety functions during the
renewal term or not to impair the safety functions of other
SSCs. In accordance with the requirements of 10 CFR 54.3(a),.
an established effective program shall include as appropriate,

t
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but is not limited to, inspection, surveillance, maintenance,
trending, recordkeeping, replacement, refurbishment, and
assessment of operational life for timely mitigation of the
effects of age-related degradation. An established effective
program must satisfy the following three criteria:

The program is documented in the FSAR, approved by thea.
onsite review committee, and implemented by the facility
operating procedures.

b. The program ensures that all SSC safety functions affected
by age-related degradation of the subject system are
properly reviewed by adhering to the program procedures.

The program establishes acceptance criteria against whichc.
the need for corrective action is to be evaluated and
requires that timely corrective action be taken when these
criteria are not met.

Programs and practices acceptable to the staff are discussed in
Regulatory Guide DG-1009, " Standard Format and Content of
Technical Information for Applications to Renew Nuclear Power
Plant Operating Licenses." Such programs and practices contain
the following important eiements: (1) use of state-of-the-art
knowledge of age-related degradation in nuclear power plants;
(2) integration of relevant materials science concepts, which
describe degradation processes, with plant-specific design and
operational information; and (3) use of state-of-the-art
monitoring methods that reflect the mechanistic and empirical
assessments performed by the licensee to understand age-
related degradation and mitigate its effects.

Some existing programs will have to be modified in order to be
classified as established effective programs for the renewal
period. For example, for selected electrical components the l

licensee may claim the equipment qualification (EQ) program |

required by 10 CFR 50.49 is an established effective program.
But for a subset of these components, either extensive !

additional testing is required or a reanalysis (with |
appropriate justification documented or selected
verification tests, as appropriate) must be performed in order ,

for the EQ program to be applied to the renewal period. !

3. For those structures or components within the system's boundary
identified as requiring evaluation of age-related degradation .

but which are not included in an established effective program, !

the licensee has described and provided the bases for actions !

taken, or to be taken, to manage the age-related degradation or
has demonstrated, by evaluation, that the age-related
degradation is not significant with respect to the current
licensing basis. This action will include one of the following: ;

l
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a. Discuss specific aging-management actions, including
inspection, maintenance, surveillance testing,
condition monitoring, replacement, refurbishment,
recordkeeping, and any adjustments made to the operating
environment of the SSCs, as appropriate; or

b. Demonstrate that age-related degradation is not
significant and that the subject system will continue to
meet the current licensing basis without additional action
during the term of the renewed license.

B. The' licensee has identified plant-specific exemptions granted 1

pursuant to 10 CFR 50.12, " Specific Exemptions," and reliefs granted
pursuant to 10 CFR 50.55a(a)(3), " Codes and Standards." The
licensee should justify continuing those exemptions and reliefs that
were granted on the basis of an assumed service life or period of
operation bounded by the original license term of the facility, or i

otherwise related to SSCs subject to age-related degradation. |
|

C. Additional criteria are discussed 6 sections on specific systems I

as applicable.

III. REVIEW PROCEDURES |

Upon request from the primary reviewer (LRPD), the coordinating review
branches will provide material for the areas of review identified in
Item I above. The primary reviewer obtains and uses such information
as required to ensure that this review procedure is complete.

These procedures should be followed for reviewing specific systems
to determine whether or not: (1) the structures and components within
the boundaries of the subject system requiring evaluation of age-related i

degradation have been identified, (2) the potential aging mechanisms have
been identified by the licensee for specific components and structures
within the boundaries of the subject system (typical examples are
provided in Item I.C of each SRP-LR Part B chapters)', (3) the established j

or new programs for managing age related degradation are adequate, (

(4) exemptions and reliefs based upon assumed service life will continue
to be appropriatt during the renewal terms, and (5) proposed modifications
to the administrative procedures are adequate to manage age-related
degradation.

The reviewer should perform the following steps to evaluate the
licensee's program for license renewal based on the acceptance criteria :

given in Item Il above.

A. The reviewer should confirm that an IPA has been documented and i

submitted which demonstrates that age-related degradation related to
the subject system has been identified and evaluated in conformance
with 10 CFR 54.21(a). Typical degradation mechanisms of concern for
a specific system are discussed in Item I.C of each chapter of
SRP-LR Part B. However, the actual mechanisms of concern for a
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particular facility should be addressed in its IPA. The methodology
for identifying structures and components within the boundaries of
the subject system that require evaluation of age-related
degradation, should be reviewed as described in SRP-LR Part A
to ensure it has been adequately applied to this system.

B. The reviewer should verify the licensee has presented information
that demonstrates acceptable performance from an aging perspective
for each structure and component in an established effective program, t

The reviewer should confirm that the licensee identifies the
method for evaluating age-related degradation and the adequacy of
the aging-management program for each structure and component.
For structures or components identified as being routinely replaced
or refurbished at defined intervals, the reviewer should ensure
that the licensee demonstrates ongoing programs are adequate for-
timely mitigation of age-related degradation. The support for this
determination could focus on review of joperational experience,
replacement or refurbishment intervals, and, as appropriate, design
and manufacturer information, known aging mechanisms, and other
relevant information. For structures and components not routinely
replaced or refurbished, the reviewer should ensure that the
licensee's support for the conclusion that the structure or
component is subject to an established effective program includes a
detailed mechanistic analysis of age-related degradation' mechanisms.
The reviewer should confirm that:

1. The established program is documented in the FSAR, approved by
the onsite review committee, and implemented by the facility
operating procedures.

2. All $$C safety functions affected by age related degradation
are reviewed.

3. The program establishes acceptance criteria against which the
need for corrective action is to be reviewed and requires that
timely corrective action be taken when these criteria are not
met. Replacement, refurbishment, and inspection schedules
that may be necessary to manage age-related degradation are
implemented by ensuring that the plant program defines.
inspection methods used, inspection frequency, replacement and
refurbishment frequency, and meets current licensing-basis
requirements.
The reviewer should ensure that the acceptance criteria are
based on an industry standard or technically acceptable report
and that the action taken or to be taken is timely and will
restore the component or structure to an acceptable
performance condition in accordance with the facility's
current licensing basis.

C. For structures and components in the system that are not subject to
established effective programs, the reviewer should verify one of
the following:

.
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1. Current programs have been or will be revised to provide for
timely mitigation of age-related degradation for this structure
or component, or a new program will be developed specifically
for this structure or component. The reviewer should confirm
that the licensee's evaluation of the adequacy of the aging- i

management program includes detailed mechanistic analyses for
all structures and components not routinely replaced
or refurbished. These analyses may also be required for
structures and components that are routinely replaced or
refurbished if analysis of operational experience is not
sufficient to demonstrate adequacy of the replacement or
refurbishment program to provide for timely mitigation of age-
related degradation.

2. Evaluation is provided to demonstrate that age-related .

degradation is not significant with respect to the current
licensing basis for this structure or component and to justify
why the structure or component is not required to be part of an
aging-management program.

1

D. Exemptions and reliefs granted on the basis of assumed service life
have been reviewed to determine if they will continue to be valid
for the term of the license renewal.

E. Additional review procedures are discussed in the sections on
specific systems, as applicable.

IV. FINDINGS

The reviewer should determine and verify that sufficient information has
'

been provided and the review supports the following conclusions to be
included in the staff's SER regarding license renewal.

A. The licensee's analysis of the subject system acceptably identifies
the structures and components requiring evaluation of age-related
degradation. The generic components and structures reviewed from
SRP-LR Part C which are applicable to the system under review are
included in this finding.

B. The licensee demonstrated compliance with the requirements of 10 CFR
Part 54, " Requirements for Renewal of Operating Licenses for Nuclear
Power Plants," and demonstrated through the IPA that age-related .

degradation had been identified, evaluated, and accounted for as .

,

necessary to ensure that the licensee's current licensing basis will
be maintained throughout the term of the renewed license.

C. The licensee is implementing an effective program for license
renewal which uses existing programs and any necessary new
procedures and methods to identify the plant-specific age-related
degradation mechanisms, to manage age-related degradation, to ensure
that the activities authorized by the renewed license can be
conducted in accordance with the current licensing basis over the
renewed term.

i
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,

D. The licensee provided a list of exetaptions related to the subject-
system granted pursuant to 10 CFR 50.12, " Specific Exemptions," and
reliefs granted. pursuant to 10 CFR 50.55a(a)(3), " Codes and
Standards." The justifications for continuing the exemptions and
reliefs are acceptable for the renewal term.

E. The licensee adequately addressed and identified any proposed-
modifications to the facility or its administrative control and
plant procedures,

r

V. IMPLEMENTATION

Except in those cases in which tne licensee-proposes an acceptable-
alternative method for complying with specified portions of the SRP-LR,
the staff plans to use the methods described herein during its review.

VI. GENERAL INFORMATION

Addressed in specific system sections.

VII. REFERENCES

Addressed in specific system sections. ;

;
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SRP- LR

B.1.1 REACTOR PRESSURE VESSEL

REVIEW RESPONSIBILITIES

Primary - LRPD Secondary - EMEB/EMCB

I. AREAS OF REVIEW

A. This section addresses the reactor pressure vessel (RPV).

1. Description

The RPV is cylindrical with a welded hemispherical bottom and a
removable flanged hemispherical upper head. The RPV is
typically constructed of a manganese molybdenum alloy; all
surfaces in contact with reactor coolant are clad with stainless

steel or nickel-chromium-iron. The RPV contains the core, core

support structures, cuntrol rods, internal, components and other
associated items.

The RPV support structure is designed to permit thermal growth
and to simultaneously restrain vertical, lateral, and rotational
movement resulting from seismic and pipe break events. For PWRs,
head penetrations include those for control rod drive mechanisms
(CRDMs) adapters, head vent, and, for those plants so equipped, i

upper head injection adapters. The bottom contains penetrations
for the incore nuclear instrumentation. Typically, inlet and
outlet nozzles are located in a horizontal plane below the head
flange, but above the top of the fuel assemblies. However, there
are variations in some earlier RPV designs where the inlet and ,

outlet nozzles are located near the top of the fuel assemblies. j

For BWRs, head penetrations include those for the vent and head
spray and a spare penetration. The bottom penetrations include
those for the bottom drain, CROM. housings, incore nuclear instru-
mentation, and other incore instrumentation. The various inlet
and outlet nozzles are located at separate elevations on the
cylindrical portion of the RPV.

,

The RPV is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the specific facility. |

2. System Function

The RPV provides a barrier to the release of fission products,
forms part of the primary coolant boundary, and supports and |

aligns the reactor core, control rod drive assemblies, and other l
''RPV internals / components.

The main functions of the reactor internal components are to

f
1
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provide orientation and support for the reactor core and to ;

guide and protect the reactor control rod drive assemblies.
They also provide a passageway, support, and protection for any
in-vessel instrumentation and direct water flows as necessary.

|

3. System Boundaries

The RPV boundary extends to the end of each penetration nozzle,
housing, or adapter.

'

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. A variety of age-related degradation mechanisms can affect the safe,
continued operation of the RPV and internal components. The
principal RPV degradation mechanisms and degradation sites are given
in the following paragraphs. '!

|In PWRs, the beltline region is subject to irradiation embrittlement',
which is the primary RPV aging concern, and to thermal and
pressure-induced fatigue. Inlet and outlet nozzles are susceptible
to thermal and mechanical fatigue and irradiation embrittlement.
Instrumentation and CRDM housing nozzles are susceptible to thermal 1

and mechanical fatigue. Flange closure studs are subject to
mechanical fatigue and stress corrosion cracking. Head flanges and
vessel flanges are subject to corrosion, erosion, and mechanical I

wear. Core support pads are subject to mechanical wear and ;

irradiation embrittlement. The RPV head dome is susceptible to ,

corrosion damage and the head penetrations may experience fatigue. ]
i

In BWRs, the feedwater nozzles and safe-end welds are subject to, j
'

high-cycle thermal fatigue and mechanical fatigue. Recirculation '

inlet and outlet nozzles and dissimilar metal welds are exposed to
stress corrosion cracking (SCC) and thermal and mechanical fatigue. |
SCC has been found in welds to CRDM stub tubes and RPV interval i

attachments. The beltline region is subject to irradiation R
embrittlement and thermal fatigue. Closure studs are susceptible to j

mechanical fatigue and corrosion. J

|The potentici degradation mechanisms for RPV internal components for
both BWRs and FWRs are neutron embrittlement, stress corrosion
cracking, mechanical wear, low- and high-cycle fatigue, and stress
relaxation.

2

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience i

are documented in the IPA. 1

II. ACCEPTANCE CRITERIA )

See Section II, " Acceptance Criteria," of SRP-LP B.O.1 for Items II.A
and II.B.

|
\
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C. Licensees shall verify using plant-specific fatigue
analyses for the reactor vessel and all safety-related
vessel intervals, that the ASME Section III cumulative
usage factor allowable of 1.0 will not be exceeded during
the projected lifetime of the plant.

s

D. All of the current programs to monitor and/or mitigate age-
related degradation of the RPV shall remain in effect
throughout the license renewal term.

Tables B.1.1-1 and B.1.1-2 (Ref. 1) summarize the aging
concerns and the current NRC requirements for addressing these
concerns for PWRs and BWRs respectively.

Also listed in Tables B.1.1-1 and B.1.1-2 are various
alternative methods, proposed in Reference 1, that may assist
in managing or mitigating the aging concerns.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LP B.0.1 for Items III.A
through III.D.

I

E. Using the criteria of Item II.C, the reviewer should confirm that'
the overall RPV surveillance and monitoring program submitted by the
licensee is adequate to manage aging effects. The program should
present reviews, current status, evaluations, and enginee.'ing
analysis to provide reasonable assurance that the licensee
understands and is managing aging for this important component.

Elements that should be included in the licensee's RPV aging
management program, as appropriate, are the.following:

1. Microhardness and tensile testing of notched RPV material
specimens

2. Reconstituted and miniature test specimens, or accelerated '

testing for plants that do not have adequate surveillance
material for the license renewal period for evaluating
irradiation embrittlement .

3. Reviews of nickel, copper, and phosphorus contents of RPV
materials

4. Reliable detection, sizing, and characterization of RPV defects
and crack growth., using ASME Code methods or additional improved
techniques

.

5. Fatigue crack growth curves, including the effects of the
specific reactor environment

6. Acoustic emission monitoring to monitor crack growth for on-
line fatigue monitoring

r
.
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1

7. Evaluation of high-cycle fatigue l
i

8. Monitoring and evaluation of corrosion !
l

9. Evaluation of hydrogen water chemistry (BWRs) )

u
10. Examination, procedures, and schedules for interior attachment ;

welds

11. Inspections and evaluations of pressure-retaining welds

F. An acceptable conservative approach to satisfy the staff's fatigue
concerns would be to verify that the licensee has accomplished the
following:

a. List the original design basis calculated cumulative i

usage factor for all reactor vessel and internal
components. These calculations should have been based on
the estimated number of plant transients and cycles for a
plant life of 40 years.

b. Provide the additional number of transiants and cycles to
be used as the design basis for the extended life of the
plant, e.g., if the projected life is an additional 20
years for a total of 60 years, the original design basis
transients from a. above should be increased by 50L .For
all components, calculated the cumulative usage factors for
this additional increment of time.

List any known cycles due to unanticipated plant transientsc.
which were not considered as design basis events in a or b
above. For all components, calculate cumulative usage
factors for these additional transients.

I

d. Add the cumulative usage factors calculated from a, b and
c above to arrive at the total end of life fatigue usage
factors for all components.

If the rate of actual plant cycles indicate that thee.
design basis cycles will be exceeded at the end of life of
the plant, the procedures in a, b and c above should be )
adjusted to account for these additional cycles.

f. The above analyses should be in accordance with ASME
Section III', Subsections NB-3222.4(e) and NB-3228.5 or
NG-3222.4(e) and NG-3228.3. If the total number of stress

6cycles is estimated to be greater than 10 , the licensee
should provide the basis for appropriate design fatigue-

_

curves,

g. In the above analyses, the licensee should include an '

evaluation of environmental effects on.the fatigue crack
initiation to the extent needed to show that the analyses
are conservative.

,

4

_ -_..- _ _ , _ . , _



. .. _. ... .- ., . . . . . .- -. -.

k

h. All of the above evaluations should be based on elastic
analyses. The use of elastic plastic or fully plastic
approaches as a means to remove conservatism in fatigue
analyses may be acceptable if a detailed description of the
analysis techniques and the basis on which these techniques
have been qualified are submitted to the staff for review
and evaluation prior to using such procedures.

i. Each licensee should list any plant-specific history.of
failure due to fatigue in any reactor vessel or vessel
interval component.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR Section B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

A. Aging Degradation

The aging concerns for the RPV are very similar for both BWRs and
PWRs, dif fering primarily- in magnitude. The major areas of concern
for the PWR RPVs are (Refs. 1 and 2):

o Irradiation embrittlement in the beltline region

o Thermal and mechanical f atigue at the inlet and outlet
nozzles (penetrations) ^ '

Thermal and mechanical fatigue at the CRDM penetrations ando
incore instrument penetrations ,

!

The major areas of concern for the BWR RPVs are (Refs. I and 2): |
|

o High-cycle thermal fatigue and mechanical fatigue at the-
feedwate) inlet nozzles (penetrations)

o Thermal and mechanical fatigue and intergranualar stress
corrosion cracking (IGSCC) at the other nozzles

!(recirculation loop-inlet and outlet nozzles and.various
-emergency core cooling system' penetrations)

o Thermal-and mechanical fatigue and patential for IGSCC at )
the CRDM and incore instrumentation-penetrations and i

internal component attachments

o Irradiation embrittlement in the beltline region and in the
reactor internals components

I
l

|

|

|
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o Thermal and mechanical f6tigue of the closure studs i

The important degradation sites, mechanisms, and consequences
are summarized in Tables B.1.1-3 and B.1.1-4 for PWR and BWR
RPVs respectively. The various age-related degradation mechanisms
acting on the beltline region', penetrations, and
internal components are discussed below (Refs. 1 and 2)

1. Beltline R9aion

The primary concern for PWR RPVs .is to ensure against
catastrophic failure caused by irradiation embrittlement
combined with thermal and mechanical stresses of the ferritic
steel adjacent to the reactor core. Irradiation embrittlement
is not as severe for BWR RPVs as it is with PWR RPVs; the
greater amount of water between the reactor core and.the vessel i

!wall generally reduces the expected neutron fluence accumulated
/cm2during the initial 40 years of operation to about 5 x 103

(E-1 MeV) for BWR RPVs, compared with 4 x 10 /cm2 (E-1 neV)
typically expected for PWR RPVs. Thus,althNghirradiation
embrittlement should not be ignored, it is of lesser concern in
BWR RPVs than in PWR RPVs, BWR RPVs are more difficult to
inspect because of jet pump placement and have often been
exempted from certain inspection requirements.

Irradiation reduces the energy required te fracture the steel
and increases the ductile-to-brittle transition temperature.
The amount of embrittlement caused by a given amount of
radiation exposure (neutron fluence) depends primarily on the
irradiation temperature and the composition of the steel. Lower
irradiation temperatures increase the rate of embrittlement as a
function of neutron fluence. The presence of some elements,
notably cooper and nickel, also increase the rate of
irradiation embrittlement.

Restrictions are imposed on operational limi u to account for
the effects of irradiation embrittlement. If these restrictions
become, or are predicted to become, too severe from an
operations standpoint, one alternative is to thermally anneal
the RPV beltline region so as to remove a significant portion of

~

the embrittlement. ASTM Standard Guide E509-86 (Ref. 3) covers
the general procedures to be considered for conducting an
inservice thermal anneal of the RPV and for demonstrating the
effectiveness of the procedure. Thermal and mechanical ,

transients, which arise both from normal operational cycles and
abnormal events, can also produce fatigue damage in the beltline
region. Cycling of the stresses can initiate crack growth and
cause ductile fracture and leaking at the welds. This is
discussed in more detail in Item V1.A.2, " Penetrations".

-
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2. Penetrations

Stresses are concentrated at weld regions, especially where
dissimilar metals are joined and where geometrical
discontinuities occur. The stress distributions at these
positions vary in response to temperature and pressure
changes during normal and abnormal events. Cycling of
these stresses results in fatigue damage of the stressed
regions. It can also cause growth of existing cracks and i

accelerate stress corrosion cracking of susceptible !
I

materials. At the inlet and outlet nozzles of PWRs,

irradiation embrittlement may contribute to degradation
induced by thermal and mechanical cycling.

The primary concern is that an abnormal event might lead to
overpressurization, possibly combined with thermal sho'ck,
leading to ductile fracture and leaking at one of the
welds. Periodic inservice inspection of the welds and
fatigue-damage modeling, based on thermal and mechanical
transient histories, are used to ensure that the
penetration welds could sustain such an abnormal event.

Procedures to predict crack initiation, addressed in ASME
Code, Section III, (Ref. 4), are based on the classical
stress-strain / life approach, with no provision for
accounting for the sequence of loading events. In
contrast, the procedures for predicting crack growth are
based on the damage-tolerant fracture-mechanics approach,
as defined in ASME Code, Section XI (Ref. 5). Additional
research is being conducted, under the NRC Pressure Vessel
Research Program, to improve the life prediction
procedures. NUREG/CR-4731 (Ref. 1) discusses a modified
approach for fatigue-damage modeling for residual. life

'

assessment. This modified approach bases crack initiation .
on the local strain history, including the sequence of the
stress-strain cycles, and bases crack propagation on integration
of a realistic crack growth relationship (local-strain
approach). It is anticipated that this approach will supplant
those currently incorporated in ASME Code, Sections III and XI.

3. Internals

One of the potential f ailures of the RPV internal components,
(i.e. , cooling water jetting), has led to the degradation of
fuel rod cladding and the disbursement of fuel into the coolant
in certain reactors (Ref. 1). Failure of the RFV internal
components could also relocate fuel away from the control rods
or prevent the control rods from inserting properly and lead to
an operational transient without scram.

The key RPV internal components susceptible to aging degradation
*

are the lower core plate, the baffle-former assemb_ly, the upper
support column bolts, the control rod guide tube sheaths and
support pins, the thermal shield bolts, the core. barrel bolts,

'

the incore instrument nozzles, and the flux thimble tubes.

._. _ _ _ _ _
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The potential degradation mechanisms are neutron embrittlement,
stress corrosion cracking, mechanical wear, low- and high cycle
fatigue, and stress relaxation. The low-cycle fatigue is caused
by the loads resulting from changes in power levels, vessel
inlet and outlet temperature differences, and coolant pressures
and flow rates. The high-cycle fatigue is a result of the
flow-induced vibrations. Tne control rod guide tube sheath
and support pins and flux thimble tubes are locations that may
experience significant mechanical wear.

B. Managing Aging Degradation

1. PWR RPVs

Inservice inspection (ISI) is required by ASME Code,
Section XI. Inspection intervals, during which certain
welds must be examined, are 10 years long. All shell,

head, shell-to-flange, head-to-flange, and repair welds
must be subjected to a 100 percent volumetric examination
during the first inspection interval. The staff antici-
pates implementing a required 100 percent volumetric
examination for all successive ISI. Successive inspection
intervals require fewer beltline region, head, and repair
weld examinations. The nozzle-to-vessel welds must all be
subjected to a volumetric examination during all inspection
intervals. Twenty-five percent of the partial penetration
nozzle welds (CRDM and instrumentation) are required to
ho e a visual, external surface examination during each
inspection interval, leading to total coverage of all
nozzles. All nozzle-to-safe-end butt welds with dissimilar
metals (i.e., ferritic steel nozzle to stainless steel'or
Inconel) must be subjected to volumetric and surface
examinations during each inspection interval. Any
integrally welded attachments are required to have surface
or volumetric inspections of welds during each inspection
interval.

The inspection plan is very complete and results in close-
mon.' . ring of potential fatigue crack formation and growth.
Additional monitoring and recording of transients are
usually done in accordance with the plant technical
specifications. Irradiation embrittlement of RPV beltline
materials is normally monitored by testing specimens that
have been irradiated in surveillance capsules located
near the vessel wall. ASTM Standard Practice E185-82
(Ref. 6) provides guidelines for designing and conducting a
minimum surveillance program. This practice covers
selection and characterization of materials, type and
number of specimens, specification and monitoring of
irradiation conditions, conduct of the test program, and
reporting of results. ASTM Standard Practice E636-83

_ _ - - - _ _ - _ - _ - _ _ _ _ _ _ _ _ _ - - - _ _ _
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(Ref. 7) provides guidance on recommended supplemental test
methods and procedures to be used in conjunction with those
required by Standard Practice E185-82. These supplemental
test methods permit acquisition of additional information
on irradiation-induced changes in fracture toughness and
strength properties of RPV steels.

It is recommended in the referenced standards that several
surveillance capsules be installed before to reactor
startup, each containing Charpy V-notch and tensile
specimens that have been cut from base material, welds,
and the heat-affected zone near the welds. At specified
intervals over the design life of the pressure vessel,
capsules should be removed and the enclosed specimens
tested to determine the changes in the ductile-to-brittle
transition. temperature and the upper-shelf energy.

2. BWR RPVs.

The methods and requirements of ASME Code Section XI, BWR
RPVs are the same as those for PWR vessels However, many
older BWRs have very limited accessibilit) for external.ISI
of the vessel. Typically, 75 to 90 percer t of the vessel
weld lengths are exempted because of inaccessibility. The
only alternative is ISI methods of examination from the
inside surface. This is of particular importance at the
beltline welds. Minor and major repairs were made to shell
plates during construction, but some of these cannot be
examined because of limited accessibility. This is also
true for some of the pipe-to-nozzle welds that were not
configured to facilitate ISI. This was changed in later
reactors after the requirements of ASME Code, bection XI,
were published.

<

burveillance for irradiation embrittlement is dictated
for BWRs as well as PWRs. Therefore, monitoring of' actual
changes in Charpy V-notch and tensile properties with
regard to accumulated fluente for the most critical vessel
materials is under way.
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TABLE B.1.1-1 Summary of PWR Pressure Vessel Aging Concerns

thdorstanding Aging (enterials
A I"1 Mi_t_i.98 tionistressors, and environmental _ interaction 3) Wa"*2 "2 9

Sites Ming Concerns Inser v ice Insp*t i ons, Su rve i l l ance,_end _E>n i tor i ns
NPC Requirements Peconeenda.tions

Beltline Region Irradiation embrittleeant Surveillance prograe to 6sses irradia- Include fracture toughness and Neutron flum
- Chanical coeposition tion damage, i.e., shift in RINDie and tensile test specisens in reduction

of vessel esterials drop in USE+ (le CFR 58 Appendia H, surveillance prograss
(Cu,Ni,P) R*gulatory Guide 1.99, Revision 2) Irservice annealing

Develop use of reconstituted (AstW E 5e3-86)
- Drop in upper shelf PTS screening cr;teria (18 CFR 58.61) and miniature specimens

Determine affects ofenergy
Daenge evaluation (le CFR 58, Appen- Accelerated irradiation of annealing and re- >

- Shift in reference diu C) reconstituted spacimens embrittlement rate
nil-ductility-

transition- Volumetric examiration of all eelds Revise Regulatory Guide
tesperatura during each inspection interval (le 1.97, Revision 2 to account

CTR58.55a,150-2520) for phosphorus with los
Environmental fatigue copper

(thereal and mechanical) Flaw detection and evaluation (le CFR
59.55a,ITB-3028) Use state-of-the-art NDE

techniques fer improved
Leakage and hydrostatic pressure tests reliability of defect
(19 CF R 59.553, IfA-5rre) detection, sizing, and

characterization

Use fatigue crick growth ,

curves (ASuE Section XI, |

Appendia A)
USE =T = Refarence Temperature, Nil Ductility Transitione RIND

Upper Shelf Energy

Develop acnustic esission
monitoring to detect crack
growth (Noneandatory appendis;

+

is being devaleped by ASWE
Section XI)

B.I.1-10
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TA0l_E B.1.1-1 Continued

Understanding Aging (materials
Iliti 8tiomA inastressorsandenvironmentalinteractions) Idanapn2 92

Sites Aging Concerns Inarwice Inspections Surveil _ lance,_ endymitorins
Nic Pe7draesnts Racommandations

Outlet / Inlet Norries Environmental fatigue Volueetrie evieination of all norrie- Use on-line fatigue monitoring
to-vessel welds and nozzle inside (sonitoring of pipe wall teep-

Irradiation embrittlement radius section during each inspection cratures and coolant flow, tesp-
- Function of norrie interv*l (113-25f8) erature, pressure)

elevation
Volueetric and surface examination of Evaluate irradiation embrittle-

- Potential impact of all dissimilar metal nelds during each sent daerge
Regulatory Guide inspect ion interval (ITB-2500)
1.99, Revision 2

Instrueentation Environe ntal fatigue Visual evasination of enternal said
Norries/CRCU Housing surfaca of 25% of norries during systes
Norries hydrostatic test (159-2507)i

Flange Closure Studs Environmental fatigue Volumetric and surface evasination of
all studs and threads in flange stud .

Onric acid corrosion (if holes during each inspection interval
leakage occurs) (189-2503)

i

J

B.1.1-11
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TA RE_8 1.1-2 Suseary of PTR Pressure Vessel Aging Concerns

tbderstanding A in2 (asterialsQ

Mit_i stionstronors,_andenvironeantalinteractions) b nagin L ginaA 9
Sites Agina Concerns Inurvicejnspections. Surveillance and A nitorinam

N Q equiraments Pecoomendati_ons

feedwatar Norries and High-cycle thereal fatigue Volumetric erasinat;on of all U n on-line fatigue sonitoring Revise design and op-4

Safe End felds caused by feedwater norrie-to-vessel esids and (menitoring of pipe .311 erating procedures and
leakage norrie inside radius sections temperature, and pressure) recove feedwater

during each inspaction interval norrie cladding to
Environsantal fstigua (ISB-25e#) Develop criteria for assessing prevent fatigue i

(thersal and sechanical) high-cycle fatigue damage cracking

Recirculation / Inlet ICSCC crack initiated in Volueetric and surface ensina- Develop on-line corrosion Impleeent hydregen
Outlet Norries and Dis- HAZ eay propagate in base tion of all dissimilar metal sonitoring water chemistry to
similar 14tal felds metal welds during each inspection sitigate corrosion

(193-2523) Evaluate long-tere effects of fatigue
Environeental fatigue hydrogen ester chemistry

felds ,

- Control rod drive ICSCC crack initiated in Visual evanination of all Develop remote inspection tech-
stub tubes HM may prepagate in base accessible interior attacheent nique for interier attacheent

octal by corrosion and/or velds during each inspection welcs
- Interior attachments environmental fatigue interval (119-2520)

Beltline Region Irradiation embrittlement Surveillance pro 2rae to assess Revise Regulatory Guide 1.99, Inservice annealing
- Cheeical composition shift in RTugy and drop in LSE Revision 2 to accour.t for (ASTW E 583-85)

of materials (18 CFR 58 /ppendin H, Regula- phosphorous when copper content
(Cu,Mi,P) tory Guide 1.99, Revision 2) is los Determine effects cf 'i

annealing and
- Drop in upper shelf Damaga evaluation (18 CFR 59 Use state-of-the art inspection re*ebrittlement rates

energy (USE) Appendia C) techniques for improved reli-
ability of defect detection, Implement neutron flus

- Shift in reference Volueetric examination of all sizing, and characterization reduction progran
nil-ductility-transi- shell selds during each
tion-teeperature inspection interval (18 CFR Develop robotics system for

(RTNDI) 59.55a,118-2500) remote probe inspection posi-
tioning and scanning

- felds are more sus. Flas detection and evaluition
ceptible than base of all shell welds during each Include fracture toughness and
metal inspection interval (18 CTR tensile test specimens in sur-

59.55a, 192-328, Regulatory veillance prograe
,

- Flus is lower than cuide 1.15e, Revision 1)
that in M R vessel Develop use of reconstituted and

Leabge and hydrostatic pres- miniature specimens and accele-
Environmental fatigue sure tests (le CFR 59.55a, rated irradiation of reconstituted

114-5000,IWB-50f0) speeimens

B.I.1-12



T ADLE B.1.1-2 Continued

Witigati_onUnderstanding Aging (asterials Managing _Agj9g
stressors,,ap environeynta linteractions) Inservice Inspections surveillance and Wonitorin2mu

CAginL oncerns RxoomendationsSites NRC Pequirements

Use fatigue crack growth curves
(ASWE Section XI, Appendia A)

Develop scoustic emission soni-
toring to detect crack growth
(nonaandatory appendia is being
developed by ASWE section XI)

Volueetric and surface erneination
Closure Studs fatigo., fretting of all studs and threads in flange

stud holes during each inspection
interval (It3-25f2) r

4

t

i
i

!

.

B.1.1-13
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TABLE B.I.1-3 Summary of Degradation Processes for PWR Reactor Pressure Vessels

Rank of
Degradation Degradation Potential

Sitee Site Stryssors Daqredation unchanisms Failure Wodes ISI Surveille=ce Wethods

1 Beltline Region Neutron irradiation, Irradiation e=brittlement Ductile high-energy tearing 100% volueetric during
mechanical and there-I (degree is dependent on leading to leakage (net section first inspection; one
stresses individual vessel materials over-load) weld for subsequent inspection

and fium spectrum histcry)

Stress corrosion cracking Brittle fracture (i.e., pressurized Surteillance prograe for
thermal shock) assessing irradiation damage

is required by las
Ductile lev-energy tearing (low
upper-shelf toughness)

Environ, ental fatigue (thermal Ductile overload leading to a leak;
and pressure induced fatigue) possible brittle fracture if PTS

occurs

2 Outlet / Inlet Wechanical and thereal Fatigue crack initiation and Ductile overload leading to a leak; A!! norrie welds inspected
nozzles stresses propagation possible brittle fracture if volumetrically at each interva

pressurized thermal shock occurs
with some irradiation esbrittlement

3 Instrumentation Wechanical and thereal Fatigue crack initiation and Ductile overload leading to a leak Visual, inspection of eaternal
norrles (pene- stresses propagation surface; 25% of norries
trations) and inspected at first interval;
control rod ressining 75% spread out over
drive sechanism nest three intervals
housing nortles

4 Flange closure Wechanical and thereal Fatigue crack initiation and Ductile overload failure (can be Volumetric and surface inspec-
studs stresses and propagation (pessibly replaced) tion of all studs and threads

corrosion assistad) in flange stud holes at each
interval

e Rank of Degradation Site: 1 is highest in ranking priority

t

I

B.1.1-14
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SRP-LR

B.1.2 REACTOR COOLANT SYSTEM
|

!

REVIEW RESPONSIBILITIES

.imary - LRPD
Secondary - SRXB/EMEB/EMCB

1. AREAS OF REVIEW

A. This section addresses the reactor coolant system-(RCS). ,

i
'

1. Description

a. The PWR RCS consists of two, three, or four heat transfer
loops connected in parallel to the reactor pressure vessel
(RPV). Components that are associated with the loops
include steam generators, primary coolant-pumps (PCPs), a >

pressurizer, interconnecting piping and fittings, and safety
'

relief and isolation valves. The BWR RCS consists of RPV
recirculation pumps, jet pumps, interconnecting piping and ,

fittings, and isolation valves. The BWR RCS is-often
referred to as the reactor recirculation system (RRS). -

b. Steam generators (SGs) are typically vertical shell and
U-tube / straight tube heat exchangers constructed of carbon
steel. Metal surfaces in contact with reactor coolant are

'

made from or clad with an appropriate corrosion-resistant
material.

c .' The pressurizer (Pzr) is a carbon stcel vessel connected to
the RCS by surge and spray lines. All surfaces in contact
with reactor coolant are made from or clad with an
appropriate corrosion-resistant material.

The RCS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

''

2. System function

a. In PWRs the RCS functions to transfer the heat produced in t

the reactor to steam generators, where steam is produced
and transported to the turbine generator. In BWRs
the function of the RCS is to provide a forced flow of
coolant through the reactor core and to control.the core
power level. The RCS also functions as a barrier against
fission product release to the environment.

\
i
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3. System Boundaries

.The RCS bot , y includes each component of the system that is
subject to full RCS operation pressure. The boundary extends to
and includes the second isolation valve in each line. The major
components of a PWR are the steam generators (tube side), the
reactor coolant pumps, the pressurizer, and connecting piping
and valves. The major components of a BWR are the recirculation
pumps and connecting piping and valves; jet pumps, which are an
integral part of the recirculation system, are covered in Section

'

B.1.1, " Reactor Pressure Vessel."

The instrumentation and control boundaries of the RCS include
equipment that is considered significant to the RCS's safety
function. Most of these components are addressed as generic I&C
equipment and include but are not limited to control switches,
relays, controllers, sensors, transmitters, recorders,
computational modules, and circuit breakers. For BWRs the
reactor recirculation flow control is covered in Section B.1.3,

" Reactor Control System."

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. A variety of age related degradation mechanisms can affect the safe,
continued operation of the RCS, including the Pzr and SGs. Typical
examples of age-related degradation associated with the RCS are
listed below (Refs. 1-4). The areas of aging concern for a facility
should be reviewed to evaluate the acceptability of the licensee's
program to manage potential aging mechanisms. Site-specific

conditions and experience are documented in the IPA.

o 0xidation
o Pitting
o Crevice corrosion
o Intergranular attack (IGA)
o Stress corrosion cracking (SCC)
o Intergranular stress corrosion cracking (IGSCC)
o Microbiologically influenced corrosion (MIC) .

'

o Uniform corrosion (wastage)
o Erosion / corrosion
o Thermal embrittlement
o Hydrogen embrittlement
o Fatigue crack initiation and propagation
o Thermal fatigue ;

o Corrosion fatigue
o Denting i
o Fretting

!
II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II. A
and II.B.

1

l
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C. Licensees should verify using plant-specific fatigue analyses for
all ASME Class 1 components in the RCS that the ASME Section III
cumulative usage factor allowable of 1.0 will not be exceeded during
the projected lifetime of the plant.

D. The provision of ASME Code, Section XI (Ref. 5) for inservice |
inspection and inservice testing (ISI/IST) of RCS components are
implemented through the license renewal period.

For those components important to license renewal that are not
included in the facility's ISI/IST program (i.e., because they are
small), a 10 percent minimum sample shall be. inspected to ensure
design adequacy is maintained throughout the license renewal period.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. The RCS components not specifically addressed in this chapter
may be addressed by the generic aging topic reviews in Part C of the
SRP-LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections of SRP-LR Part C
should be used for the review C.1, " Mechanical" (all); C.2,
" Electrical" (all); and C.3, " Instruments" (all).

The various control systems associated with the RCS (i.e., SG level
control, pressurizer pressure control, recirculation flow control,
etc.) are addressed in SRP-LR B.1.3, " Reactor Control System.",

Reviews of these systems may require other staff input.

The reviewer should verify:

F. 1. That the ISI/IST program will continue throughout the license
renewal period.

2. That. wall-thinning mechanisms such as erosion are specifically
addressed for components that are located in lines with high-
velocity fluids.

3. That on a one-time basis the licensee inspects a 10 percent sample ,

of components that are important to license renewal and that are not
part of the ASME Code, Section XI ISI/IST program. This testing
shall be performed in accordance with Section XI or its equivalent.

G. An acceptable conservative approach to satisfy the staff's fatigue
concerns would be to verify that the licensee has accomplished the
following:

a. List the original design basis calculated cumulative usage
factors for all components. These calculations should have
been based on the estimated number of plant transients and
cycles for a plant life of 40 years.

.

, ,, _.. .-_r - --.e . , . - - - , ---
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b. Provide the additional number of transients and cycles to be

used as the design basis for the extended life of the plant, i

e.g., if the projected life is an additional 20 years for a :
Itotal life of 60 years, the original design basis transients

from a. above should be increased by 50 percent. For all )
components, calculate the cumulative usage factors for this
additional increment of tiem.

List any_known cycles due to unanticipated plant transientsc.
which were not considered as design basis events in a or b
above. For all components, calculate cumulative usage factors ,

for these additional transients.

d. Add the cumulative usage factors calculated from a, b and c
above to arrive at the total end of life fatigue usage factors
for all components.

e. If the rate of actual plant cycles indicate that the design
basis cycles will be exceeded at the end of life of the plant,
the procedures in a, b and c above should be adjusted to
account for these cycles.

f. The above analysis should be in accordance with ASME Section
III, Subsections NB-3222.4 (e)(5) and NB-3228.5. Ifthetgtal
number of stress cycles is estimated to be greater than 10 ,
the licensee should provide the basis for appropriate design
fatigue curves.

g. In the above analyses, the licensee should include an-

evaluation of environmental-ef fects on fatigue crack' initiation
to the extent needed to show that the analyses are conserva'tive.

i. All of the above evaluations should be based on elastic
analyses. The use of elastic plastic or fully plastic
approaches as a means to remove conservatism in fatigue
analyses may be acceptable if a detailed description of the
analysis techniques and the basis on which these techniques
have been qualified are submitted to the staff for review and
evaluation prior to using such procedures,

j. Each licensee should list any plant-specific history of failure
due to fatigue in any RCS component.

IV. FINDINGS-

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

-. - - _ - - _ __ _ -. _ - ~ , . - -
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SRP-LR

B.1.3 REACTOR CONTROL SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB

I. AREA 0F REVIEW

A. This section addresses the reactor control system.

1. Description

The RCSs consists of the instrumentation and control elements
that sense plant conditions and are used for normal operations.
The RCS are not relied on to perform safety functions following
anticipated operational occurrences or accidents but are relied
on to control plant processes having a significant impact on
safety.

1

The RCS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

2. System Function ;

The RCS controls the reactor during startup, power operation,
and shutdown via the reactivity control systems; and controls and |

maintains reactor coolant pressure, temperature, flow, and j
inventory; controls secondary system pressure and flow controls;
and controls the environmental control systems for safety-related |

instruments and instrument sensing lines. |

3. System Boundaries j

!

The RCS includes the power sources, sensors, transmitters, -j

initiation circuits, logic matrices, bypasses, permissive I

relays, interlocks, racks, cables, panels, control boards, and
actuation and actuated devices that are required to control the
reactor during startup, power operation, and shutdown via the 1

reactivity control systems; to control and maintain reactor i

coolant pressure, temperature, flow, and inventory; to control i
'

secondary system pressure and flow controls; and to control the
environtrental control systems for safety-related instruments and
instrument sensing lines. The review of the controls, permissive
relays, inhibits, and interlocks for the withdrawal, the insertion,
normal and scram, and the selection and sequencing of control rods
is also addressed in this section.

__ _.__ _ __ . .
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The objectives of this review are to confirm that the RCS satisfies
the acceptance criteria and guidelines for age-related degradation
applicable to the control system and that this system will

' perform its intended function during plant conditions for which
it is required.

Typical reactor control systems are (other reactor control
systems may also be used):

a. Reactivity control systems
b. Reactor coolant pressure control systems
c. Reactor coolant temperature control systems
d. Reactor coolant flow control systems

e. Condensate and feedwater control systems
f. Environmental control systems for safety-related instruments

and instrument sensing lines

Typical secondary control systems are (other secondary control
systems may also be used):

a. Secondary system pressure control systems
'

b. Secondary system flow control systems
c. Environmental control systems for safety-related instruments

and instrument sensing lines

The RCS system is isolated from the engineered safety
features actuation system (ESFAS) and the engineered safety
features (ESF) and essential auxiliary supporting (EAS)
systems, the reactor trip system (RTS), and the normal and
emergency ac and dc power systems by circuit breakers,
isolation amplifiers, isolation transformers, actuation
logic, fuses, and other approved isolation devices.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

1. Typical examples of age-related degradation associated with
the RCS are the following:

Age-related degradation due to setpoint drifta.

b. Age-related degradation due to functional testing
b cycles and trips

Age-related degradation due to improper maintenancec.
repair

,

d. Age-related degradation _of sensors, connectors,-cables
and wiring, circuit breakers, relays and electronic <*

components, etc.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage *

potential aging mechanisms. Site-specific conditions and
experience are documented in the IPA.*

.. ,, , - . _ -_ _ . - -. .-. _ .
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2. Electrical systems and instrurentation and control systems
and their components are subject to age-related
degradation. A wide variety of age-related degradation
mechanisms can affect the ability of these. systems .

'

and components to operate reliably. Several of these
systems and components are li'sted below. The age-related '

degradation mechanisms for these systems and components are
discussed in Part C, of the SRP-LR.

a. Electrical Systems and Components

o Cables and wiring
o Junctions
o Penetrations
o Relays and switchgear
o Transformers
o Solenoid-operated valves
o Electrical motors

b. Instrumentation and control systems and components

o Sensors
o Electronic Components
o Electronic Devices

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.01.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 Items III.A.
through III.D.

E. Components of the RCS not specifically addressed in this section
may be addressed in the generic aging topic reviews in Part C of
the SRP-LR. The following sections of SRP-LR Part C are applicable
to the RCS and should be used for the review: C.2.1, " Cable and.
Wiring"; C.2.2, " Junctions"; C.2.3, " Electrical Penetrations"; C.2.4, ,

" Relays, Circuit Breakers, and Switchgear"; C.2.5, " Transformers"; |
'

C.2.6, " Solenoid-0perated Valves"; C.2.7, " Electrical Motors"; and
all of C.3 " Instruments." This may require other staff input.

IV. FINDINGS '

l

1

See Section IV, " Findings," of SRP-LR B.0.1. |

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

|

j



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

VI. GENERAL INFORMATION-

Reference 1' indicates that, in general, the current testing programs are
adequate for the intended purpose of verifying RCS operability
and performance.

VII. REFERENCES

1. U.S Nuclear Regulatory Commission, " Nuclear Plant Aging Research
of Reactor Protection Systems," NUREG/CR-4740 (TI88 007920),

;' January 1988.
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SRP-LR

B.1.4 CONTROL ROD DRIVE SYSTEM

REVIEW RESPONSIBILITIES |

Primary - LRPD
Secondary - SICB/EMEB ,

)I. AREAS OF REVIEW

A. This section addresses the control rod drive system which

1. Description

The PWR control rod drive mechanisms (CRDMs) are located at the
top of the reactor pressure vessel. Each CRDM is linked to its -

assembly by a detachable coupling. An assembly can be withdrawn
or inserted by its CRDM at speeds consistent with the reactivity
changes required for reactor operation or can be held at a desired
location. The coupled assemblies and CRDM drive rods can also
be released to drop into the core by gravity for maximum negative
reactivity insertion (scram). ,

In BWRS, the CRDMs are located on the bottom of the reactor
pressure vessel. The CRDMs used for positioning the control rods ;

are mechanically latched, hydraulically actuated devices that rely
on hydraulic fluid pressure differential for rod insertion. The
CRDM provides a mechanical latch to hold the control rod in position
until the hydraulic system is actuated. The hydraulic control units
(HCUs.)~ provide pressurized water, on command, to the CRDM. The HCU
is a system of valves that actuate in various sequences to provide
normal or scram movement of the control rod.

The CRDS is described in the most recent revision of the final safety
analysis report (FSAR) or updated safety analysis report (USAR) for
the facility.

2. System Function .

The CRDS allows manual positioning of control rods within the reactor
core, In PWRs the CRDS also allows automatic positioning of control rods. |

This provides one means for regulating the reactivity in the core for
startup and shutdown, as well as the maintenance of a programmed
average temperature during power operations.

|

i

|
.

!
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The CRDS is also designed to respond to scram signals, from the
reactor protection system, by rapidly inserting withdrawn control
rods. The CRDS is designed to prevent control rods from withdrawing .

as a result of a single malfunction.

3. System Boundaries ')

a. PWR

The boundaries of the PWR CRDS extend to the internal latching
assemblies, rod drive assemblies, and magnetic coil stacks.
The CRDM nozzle (or pressure housing), which contains tne CRDM,
is discussed in SRP-LR B.1.1, Reactor Pressure Vessel."

,

b. BWR

The typical CRDS for a BWR consists of four major components:

1. Control rod drive mechanisms
2. Hydraulic control units
3. Hydraulic system
4. Control rod drive supports

The hydraulic system supplies pressurized water to the HCUs.
The hydraulic supply system consists of the following
components:

1. Drive water pumps
2. Filters / strainers
3. Flow control station
4. Pressure control station
5. Scram discharge volume '

'The control rod drive supports are horizontal beams installed
directly below the bottom of the reactor vessel'between the
rows of control rod drive housings. These supports ensure that
control rod movement, following a control rod drive housing
failure, is limited to prevent an inadvertent reactivity
addition.

The following is a general description of the system interfaces
involved with the typical BWR CRDS.

1. The hydraulic water typically comes from the condensate storage
'
,

system and then is discharged into the reactor vessel during
normal operation. In the event of a scram, some.of the water
is discharged into the scram discharge volume and then, in turn,
is drained to a liquid radwaste system.

,

i
,

I
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2. The reactor manual control system inputs (insert or
withdrawal) signals to the HCU directional control valves
to actuate normal rod movement. The reactor protection
system inputs scram signals to open the scram inlet and
outlet valves, which will rapidly insert the rod.

3. The CRDMs are bolted to the reactor pressure vessel and,
therefore, interface with the primary pressure boundary.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B. ;

C. Typical examples of age-related degradation associated with CRDMs
are provided in Tables B.I.4.-1 and B.1.4.-2 (Ref. 1). The areas
of aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging '

mechanisms. Site-specific conditions and experience are documented
in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP LR B.C.1 Items A., and B.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 Items III. A
through III. D.

1

E. CRDS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in Part C of the SRP- ,

LR. The reviewer should ensure that structures and components -

included as part of the generic SRP-LR topics are adequately
'

reviewed for this system. The following sections of SRP-LR Part C
should be used for the review: C.1.1, " Piping"; C.1.2, " Valves";
C.2.1, " Cable and Wiring"; C.2.4, " Relays, Switchgear"; C.2.6,
" Solenoid-0perated Valves" (BWR only); C.2.7, " Electrical Motors"
(PWR only); C.3.1, " Sensors"; C.3.2, " Electronic Components"; and
C.3.3, " Electronic Devices." This may require other staff input. ,

IV. FINDINGS

'

See Section IV, " Findings," of SRP-LR B.0.1.
,

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

The technology of CRDM replacement is well established; thus, degradation
of CRDM components is generally not a limiting factor in license renewal.
However, periodic rotation of PWR CRDMs to different locations could
allow more even wear and extend their life.

i
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Table B.1.4.-1 Summary of degradation process center for BWR control rod mechanisms -

i

Degradation site Strassors Degradation mechanisms Potential failure modes

Pressure housing Corrosive water, Intergraded stress Cracking leading to leak
stub tube thermal stress, corrosion cracking ;

residual stress

Latching mechanism Thermal transients, wear, IGSCC, fatigue Binding, stuck rods.

(collect assembly corrosive water,

and index tube) rubbing, impacting ;-

Piston seal Preloads, corro- IGSCC Stuck rods
i C-spring sive water

Hydraulic Control Thermal stress, Valve diaphragm Stuck rods, uninten-
system corrosive water, embrittlement and tional rod movement

debris, improper cracking
maintenance, over-
pressure mis-
alignment

.

Piston seals Temperature, Embrittlement wear Stuck rods
corrosive water

Latch assembly Loose parts, Fretting, wear, Binding, stuck None i
impacting spalling rods

i

Coil stack Moisture, Insulation break- Dropped rods, None ;

temperature, down, electrical stuck rods t

radiation shorting !
r

Drive rod Rubbing, wear,. low-cycle Uncoupling of None
impacting fatigue control assembly,

i

External components Boric acid (if Boric acid Leaks .. None !
leak.is present) corrosion

.

f

'
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8.1. E REACT 00 FE0TECT101: SYSTEM'

bey 1EWPLSP01SIDI,LITIES

I Priruary - LPPD
Secondary - SICB

1. AREAS OF REVIEW

This scction adcresses the reactor Protection System (RPS):A.

1. Lescriptich

The RPS cor.sists of the instrunientation and- control elen,ents that.
sense pinnt conditior.s and activate equipnint to n,itigate
the consequenccs of abnorraal conditions.

The hPS includes the power sources, senscrs, transo.itters,
initiction circuits, logic oatrices, b)p6sses, interlocks,
racks, cables, parEls, control boards, air systents, fluid
s) sten.s, and actuation and actuated devic 6s that cre
required to initiate L reactor shutdown and actuate the
uitrgency equipment.

The EPS is described in the o,ost recent revision of the firial'
safety ar alysis report (FSAR) or updated sbfety analysis
report (USAR) fcr the utility.

E. System function

The first fur.ction of the EPS is to ensure that specified plant
safet) liriits arc r.ot exceectc by automatically de-energizing
the power sources tc the control rod drive roechanisms, which
allow the control rccs to insert into the corc. This function
is accon:plishtd Ly the reactor trip s3 sten. (RTS) arid is addressed
in this section of the SPP-LL. The secord function of the RPS
is to actuate elaergency equipn.ent in the event of'a loss of
pritzry or secondary systcr.: coolant inventory. This function
is accotplished by the engineered safety features actuction |

systera (ESFAS), which is addressed in SRP-LE C.E.1~ The review !
.

of the controls, permissive relays, ir.hibits, rod blocks, and
it.terlocks for the withdrawal, insertion, sequencing and
selection cf control rods is addressed in SRP-LE B.I.3.
(PC) systen..

3. System Ecurdaries

The RTS, including its sensors, generally shares many of its
coraponents rith the ESFAS and the asscciated engineered safety
features and essential auxiliary supporting systems. All shared
ccr..ponents shculd be identified as such, however, they will be
reviewed under the applicable specific system sections cf this

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ .
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SRP-LR. In regard to the remaining system boundaries,-the RTS
is isolated from the reactor control systems, and the associated
normal and emergency ac and de power systems by circuit breakers,
isolation amplifiers, isolation transformers, actuation-logic,
fuses, or other approved isolation devices.

The objectives of this review are to confirm that the RTS
satisfies the' acceptance criteria and guidelines for age related

.

degradation applicable to the protection system and that this
system will perform its intended function during the plant
conditions for which it is required.

Actuation of the RTS to scram the control rods is initiated.
by the following typical parameters. Other parameters may
also be used.

o High reactor power
Nuclear overpower based on reactor coolant flow and axialo

o imbalance
Loss of power to reactor coolant pumpso

o High T-hot
o High reactor coolant system pressure
o Low reactor coolant system pressure
o High reactor building pressure
o Anticipatory loss of main feedwater
o Turbine trip

o Overtemperature delta temperature-
o Overpower delta temperature
o Low steam generator level
o Low feedwater flow

Safety injection signal actuationo
o Turbine stop valve closure
o Turbine control valve fast closure
o Reactor vessel low water level
o Main steamline isolation

Scram discharge volume high water levelo
o Main steamline high radiation
o Main condenser low Vvacuum
o Mode switch in shutdown
o Manual operator action

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

Typical examples'of age related degradation associated with the RTS are
the following:

The areas of aging for a facility should be reviewed to evaluate the
acceptablity of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented in-
the IPA.

1. Age-related degradation due to setpoint drift

i

l

|

I

|
,
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2. Age-related degradation due to functional testing cycles
and trips :

3. Age-related degradation due to improper maintenance or repair

4. Age-related degradation of sensors, connectors, cables
and wiring, circuit breakers, relays, electronic
components, etc.

Electrical systems and instrumentation and control systems and their
components are subjected to age-related degradation. A wide variety of

age related degradation mechanisms can affect the ability of these systems
and components to operate reliably. Several of these systems and components
are listed below. The age-related degradation mechanisms for these
systems and components are discussed in Part C of the SRP-LR,

1. Electrical Systems and Components:

a. Cables and wiring
b. Junctions
c. Penetrations
d, Relays and switchgear
e. Transformers
f. Solenoid operated valves
g. Electrical motors

2. Instrument and Controls Systems and Components

a. Sensors
b. Electronic Components
c. Electronic Devices

II. ACCEPTANCE CRITERI&

See Section II, " Acceptance Criteria," of B.0.1 Items A and B.

III. REVIEW PROCEDURES

See Section III, " Review Procedures", of SRP-LR B.0.1 Items III. A
through III.D.

E. Components of the RPS not specifically addressed in this section ]may be addressed in the generic aging topic reviews in Part C .
of the SRP-LR. The following sections of SRP-LR Part C are
applicable to the RPS and should be used for the review: C.2.1,
" Cable and Wiring"; C.2.2, " Junctions"; C.2.3, " Electrical
Penetrations"; C.2.4, " Relays, Circuit Breakers, and Switchgear";
C.2.5, " Transformers"; C.2.6, " Solenoid Operated Valves";
C.2.7, " Electrical Motors"; and all of C.3.0 " Instruments". This
may require other staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0,1.

1

I
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W

i

V. IMPLEMENTATION

.See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

Regerence 1 indicates that, in general, the current testing programs are-
adequate for the intended purpose of verifying RPS operability and
per.formance.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research -

of Reactor Protection Systems," NUREG/CR-4740 (TI88 007920),' January
!

1988.
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SRP-LR

B.l.6 NEUTRON MONITORING SYSTEM-

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB

l

I. AREAS OF REVIEW !

|

A. This section addresses the neutron monitoring system. 1

|

1. Description

The nuclear instrumentation system provides the detectors and ;

electronic circuitry needed to monitor the leakage neutron flux |

(which is proportional to reactor power) from the reactor under
all conditions from shutdown to full power or overpower
excursions.

In BWRs, incore detectors are used for core monitoring and all
automatic safety protection. Some BWRs have, in addition, an
excore neutron monitoring instrumentation system for post
accident monitoring. The incore power. level signal provides
indication, control, and protective functions in the reactor
control system and the reactor protection system. :Any excore
power level signal is for indication only.

In PWRs, excore detectors are used for core monitoring and all
automatic safety functions. The excore nuclear instrumentation
system provides the detectors and electronic circuitry needed
to monitor tha leakage neutron flux (which is proportional to
reactor power) from the reactor'under all conditions.from
shutdown to full power or overpower excursions. The power
level signal thus developed is used to provide indication,
control, and protective functions in the reactor control system
and the reactor protection system.

The neutron monitoring system is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the facility.

2. System Function

Indication and recording of the various ranges are provided in
the control room for the BWR incore and PWR excore instrumentation,
including tne status of various nuclear instrumentation trip and
permissive bistable trip devices. BWR excore instrumentation, if
provided, is also indicated and recorded in the control room.

- . __
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3. System Boundaries

The BWR incore nuclear instrumentation is a component of the
reactor protection system. Only the power range detectors have
stable mountings. The source and intermediate detectors can be
inserted or withdrawn from th'e core region depending on the
core power level. Alarms, trips, and protective actions are
generated in the instrumentation and transferred to the reactor
protection system. Any BWR excore nuclear instrumentation is
provided for indication only.

The PWR excore nuclear instrumentation is a component of the
reactor protection system. Alarms, trips, and protective
actions are generated in the instrumentation and transferred to
the reactor protection system.

Power is typically provided from the reactor protection system
120-V ac or a 120-V ac vital instrument bus.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for item I.B.

C. Typical examples of age-related degradation associated with neutron
monitoring instrumentation are provided below. The areas
of aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

All detectors inside the containment are qualified to a specific
life and replaced before that lifetime ends. Potential problems
include cable aging, detector burnup, and connector aging. The
neutron monitoring instrumentation is subject to random electronic
component failure and system drift. Most age-related degradation is
identified during routine testing and calibration programs.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1- for Items A.
and B.

C. In addition to the above items, include the following:

1. Section 4.4 of IEEE Standard 279-19711) (Ref. 1) requires, for
those plants issued a construction permit after 1971, type test
data (or reasonable engineering extrapolation of type test
data) that verify that this instrumentation meets, ON A
CONTINUING BASIS [ emphasis added], the system performance
requirements. Older plants may also be committed to IEEE
Standard 279-1971.

2. Regulatory Guide 1.97 (Ref. 2), which was backfitted on all
plants as part of NUREG-0737, Supplement (Ref. 3), requires
neutron flu > instrumentation that is installed and maintained

.
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in accordance with Category 1 criteria. Some licensee *
installed, or are installing, additional excore neutron
monitoring instrumentation in response to this requirement.
Other licensees (both BWR and PWR) upgraded, or are upgrading,
their existing neutron flux monitoring instrumentation in
response to this requirement. Some PWR licensees had
instrumentation that met this criteria.

3. These criteria should be part of an established ongoing
licensee program to ensure the availability of the neutron
flux instrumentation. The licensee may also propose a one-
time or new periodic inspection of components of the neutron
flux instrumentation. For example, the licensee may institute
an in-containment cable check and evaluation (Ref. 4). In
addition, the licensee's program should contain provisions for
adding new testing and evaluation criteria to monitor newly
detected aging degradation (Ref. 5).

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LRB.0.1 for Items III. A
through III.D.

E. Components of the neutron monitoring system not specifically
addressed in this section may be addressed in the generic aging
topic reviews in Part C of the SRP-LR. The following sections of
Part C are applicable to the neutron monitoring system and should
be used for the review: C.2.1 " Cable and Wiring"; C.2.2,
" Junctions"; C.2.3, Electrical Penetrations"; and all of C.3.
" Instruments". This may require other staff input.

F. The plant license renewal review should show the existence of a
well planned and implemented surveillance and maintenance program.
This program should include the periodic replacement of the neutron
flux detectors. The review should also establish that the licensee
has shown the acceptability of or replaced the in-containment cables
associated with the neutron flux monitoring instrumentation.

The licensee's program for circumventing age-related degradation
of the neutron monitoring system should include a continuing
program that assesses the acceptability of the in-containment
cables associated with this system.

IV. FINDINGS
4

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION {

|
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The electronic circuitry, including amplifiers and power supplies, is
located outside the containment. The primary contributors to failure of
this equipment are overheating and electrical transients. Electrolytic

capacitors, fuses, indicators, transformers, and semiconductors are susceptible
to aging degradation that is accelerated by these stresses. Aging deterioration
can be detected by periodic equipment surveillance, output analysis, and

-

component (mostly capacitor) parameter measurements. A comprehensive maintenance
program will address inspection, cleanliness, testing, predictive maintenance,
and corrective maintenance. ,

'

A. The detectors are part of the environmental qualification program.
A detector is replaced periodically so that it is always at the point in
its qualified life when it can perform during and following an accident.
Cables run through the containment and in auxiliary building areas are
addressed as part of SRP-LR C.2.1 of this SRP-LR. The electronic
circuitry is addressed as part of SRP-LR C.1.5. That review will include
the power supplies and the nuclear instrument racks.

VII. REFERENCES

1. Institute of Electrical and Electronics Engineers, IEEE Standard 279-
1971, " Criteria for Protection Systems for Nuclear Power Generating
Stations."

2. Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled
Nuclear Power Plants To Assess Plant and Environs Conditions During
and Following an Accident."

3. U. S. Nuclear Regulatory Commission, " Clarification of TM1 Action
Plac Requirements," NUREG-0737, Supplement 1.

4. U.S. Nuclear Requiatory Commission, " Inspection, Surveillance, and
Monitoring of Electrical Equipment Inside Containment of Nuclear
Power Plants - With Applications of Electrical Cables," Vol. 1,
NUREG/CR-4257, August 1985.

5. U.S. Nuclear Regulatory Commission, " Nuclear Plant-Aging Research
on Reactor Protection Systenes," NUREG/CR-4740, January 1988.
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SRP-LR

B .1. 7 REACTOR WATER CLEANUP SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB/SRXB/EMCB

I. AREA 0F REVIEW

A. This section addresses the reactor water cleanup system (RWCS).

1. Description

The RWCS consists of a pumping system that takes suction on
both recirculation loop suction lines and the reactor vessel
bottom head, pumps the water through heat exchanger and ion
exchange facilities, and pumps the water back to the reactor
vessel via the feedwater piping or recirculation loop
discharge line.

The RWCS is described in the most recent revision of the fint
safety analysis report (FSAR) or updated safety analysis
report (USAR) for the facility.

2. System Function

The RWCS maintains water effluent conductivity typically lest
than 0.3 " micro- and undissolved solids at less than 0.01 par

per million (PPM); and chlorides and sulphates less than
15 parts per billion (PPB). The RWCS is normally operated
continuously during all phases of reactor plant operation,
startup, shutdown, and refueling.

3. System Boundaries

The boundaries of the RWCS extend from the reactor pressure
vessel and recirculation loop piping back to the point where
the coolant enters the feedwater piping. All pumps, pipes,
valves, heat exchangers, ion exchangers, and instrumentation ,
within the boundary of the RWCS.

B. See Section I, " Area of Review," of SRP-LR B.1.0 for Item I.B.

C. No specific aging concerns are associated with the RWCS other
than those generic aging concerns discussed in Part C of the SRP-l:
for the various components in the RWCS. ,

|

,

!
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.1.0.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of_SRP-LR B.1.0.

E. RWCS components not specifically addressed this section may
be addressed by the generic aging topic reviews in Part C of the
SRP-LR. Specifically, the reviewer should review all of the generic
license renewal topics except for C.2.5, " Transformers," and C.4.0,
" Civil Structure." This may. require other staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B,1.0.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.1.0.

VI. GENERAL INFORMATION

VII. REFERENCES

I
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SRP-LR

B.1.8 STANDBY LIQUID CONTROL SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB/SRXB/EMCB

1. AREAS OF REVIEW

A. This section addresses the standby liquid control system (SLCS).

1. Description

The SLCS is a high pressure pumping system that injects a
neutron absorber solution (sodium pentaborate) into the core.
The highly concentrated boron solution is maintained in solution
by trace heating. A batch mix tank supplies the boron solution
to a storage tank, which in turn supplies two 100 percent
capacity pumping trains. The system also has an accumulator at
the pump discharge to absorb pressure swings and relief valves
to prevent piping damage due to.overpressurization. A miniflow
line provides a flow path from.the test. tank through the pumps
returning to the test tank:

Each pumping train consists of a piston-type positive
displacement pump with an associated explosive discharge valve
and motor-operated suction valve. The explosive discharge

!valves of both trains discharge.into a common line that enters
the drywell and has a f acility-specific path for injecting the
sodium pentaborate solution into the reactor pressure-vessel.

2. System Function

The SLCS provides an alternate method independent of the control
rods for inserting negative reactivity into the core to render
the reactor subtritical. If the control rods fail to: insert on
demand anticipated transient without scram (ATWS), the SLCS is
initiated manually or automatically to inject the boron solution
to shut down the reactor. Sufficient solution is injected to

ensure adequate margin in order to maintain the reactor
subcritical at cold shutdown conditions.

3. System Boundaries

The SLCS includes the boron storage tank, two' independent
pumping trains, a system test tank, and a delivery path to the
reactor vessel. The injection point varies at different
f acilities from an injection sparger in the bottom head to an
injection nozzle-into the high pressure core spray line. A1.1

pumps, tanks, accumulators, valves, piping, interconnections,
and cross-connections are included in the SLCS, but these,

individual components will be reviewed during the generic
reviews.

_. _ , _ . . . - _ __
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The electrical boundaries include electrical power-for heaters
and for the pumps.

The instrumentation and control (I&C) boundaries of the SLCS
include equipment that is required to perform plant-specific
functions that are considered significant to the SLCS's safety
t'uncti on. Most of these components are addressed as generic I&C
equipment and include, but are not limited to, control switches,
relays, controllers, sensors, transmitters, recorders,
computational modules, and circuit breakers.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. A review of licensee event reports showed that four types of SLCS
failures have affected the operability of the SLCS. These failures
are listed below and are issues that should be reviewed the license
renewal process.

1. System Relief Valve Set Point Drift

The set point for SLCS relief valves drifted to a relief point
that was the technical specification limit. The relief point
ranged from as low as 600 psig to as high as 1540 psig. In at
least one case, crystallized sodium pentaborate was found on
valve surfaces; the reasons for the other occurrences remain
unexplained.

2. Heat Trace Failures

Two cases of failures of heat tracing occurred. These cases
were both corrected by modification. Heat trace failures are
detected by routine temperature monitoring and surveillances.

3. Test Loop Throttle Valve Failure - Disc Separation

Two cases of a failure of the test loop throttle valve occurred
in which the valve disc / plug separated from the valve stem. In
each case the valve was repaired by -replacing the stem and
disc / plug. This type of failure appears to be due to a cyclic
stress mechanism and thus is an aging concern.

4. Accumulator Precharge Loss

Three cases of loss of accumulator precharge occurred. In two
cases, a leak at the nitrogen charging valve stem was the cause;
in the third case, a ruptured bladder was the cause. These type
of failures are common to accumulators and are covered in
SRP-LR C.1.5, " Tanks and Vessels."

Typical examples of age-related degradation associated with the
: SLCS are provided above. The areas of aging concern for a

facility should be reviewed to evaluate the acceptability of the+

licensee's program to manage potential aging mechanisms. Site-

specific conditions and experience are documented in the IPA.
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1. ,

- III. REVIEW PROCEDURES
'

See Section III, " Review Procedures," of SRP-LR B.O.1 for Items III.A.
through III.D.

E. SLCS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in Part C of the SRP-LR.
The reviewer should ensure that structures and components included as
part of the generic SRP-LR topics are adequately reviewed for.this
system. The following sections of SRP-LR Part C should be issued for
the review: C.1.1, "P i pi ng" ; C .1. 2, " Valve s" ; C.1. 3, " Pumps" ; C.1. 5,
" Tanks and Vessels"; C.1.6, " Equipment and Component Supports"; all
of C.2.0, " Electrical" except C.2.5, " Transformers"; all of C.3.0,
" Instrument". This may require other staff input.

t

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

The failure events discussed in Item I.A.3.C above were identified by a
review of licensee event reports for the last 10 years. Age-related
failures were screened by component. Pacific Northwest Laboratory is
conducting research on the SLCS aging effects. The results of that research
will be included
as a section in NUREG/CR-5562, "A Review of Information
Useful for Managing Aging in Nuclear Power Plants" (Ref. 1).

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), 1990.

.
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SRP-LR

- B.1.9 CHEMICAL AND VOLUME CONTROL SYSTEM AND
EMERGENCY B0 RATION SYSTEM (PWR)

,

. REVIEW RESPONSIBILITIES ,

-i

Primary - LRPD
Secondary - SRXB/EMCB ,

,

I. AREAS OF REVIEW
f

A. This section addresses the chemical and volume control system (CVCS) '

and the emergency boration system.
I

1. Description

The CVCS or the emergency location system consist of those
components and controls that provide the normal makeup and
purification function for the reactor coolant system. This
system also includes all control and components providing the
emergency or rapid boration capability. .

The.CVCS or the emergency boration system are described in the
most recent revision of the final safety analysis report (FSAR)
or updated safety analysis report (USAR) for a specific facility.

1

2. System Function

The portions of the CVCS that serve the emergency core cooling-
system, the reactor coolant pump shaf t seals and the emergency
boration system are designed to seismic Category I. These -;

systems provide the following functions:
'

Adjusts the reactor coolant system (RCS) boric acid ta.
concentration

b. Maintain the proper water inventory in the reactor ,

coolant system

c. Provida seal water flow to the reactor coolant pump shaft
seals

d. Maintain the proper concentration of corrosion-inhibiting-
chemicals in the reactor coolant

Purify the reactor coolant by removing impurities toe.
maintain RCS ionic inpurities and fission products
within operating limits

,

6
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1

I

f. Provide borated water for emergency core cooling

g. Process reactor coolant for reuse of boric acid and !
'

reactor makeup water

h. Degass the reactor coolant system

i. Provide a means of emergency boration of the RCS

j. Provide a hydrostatic pressure capability for those i

systems that use a positive displacement pump

k. Provide dissolved hydrogen to control and seavenge oxygen
generated by radioloysis of water in the reactor core

3. System Boundaries

Extraction from and input to the reactor coolant system form
two major boundaries. Extraction flow, normally~ termed
" letdown", generally taps off an intermedicts section of cold-
leg RCS piping through two series isolatiori valves and a
letdown delay pipe to a regenerative heat exchanger. Input or
charging occurs with one to three charging pumps which supply
preheated water to a choice of RCS loops.

Other system boundaries may be established at tie-in points for
such systems as the reactor makeup system, seal injection
system, and excess letdown system (Westinghouse only) and at the
check valves leading back to the boric acid tanks in the
emergency boration system (called rapid boration system at some
plants).

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. No system-specific areas of aging concern have been identified at
this time other than those associated with pumps, piping, heat
exchangers, and tanks and those associated with the instrumentation.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. CVCS components not specifically addressed in this section may
be addressed by the generic aging topic reviews. in Part C of the
SRP-LR. The reviewer should ensure that structures and

'

components included as part of the generic SRP-LR topics are
adequately reviewed for this system. All the sections of'SRP-LR
Part C (Sections C.1.0, " Mechanical"; C.2.0, " Electrical"; and
C.3.0, " Instrument" should be used for the review.

,

,
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In' addition, the reviewer should coordinate the review of the
CVCS and the emergency boration. system with that of the reactor i

control system (SRP-LR B.1.3). q

- IV. FINDINGS
4

See Section IV, " Findings," of SRP-LR B.0.1.
'

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.
'

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful'
for Managing Aging in Nuclear Plants," NUREG/CR-5562, (PNL-7323),
June 1990.

,
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SRP-LR

B.2.1 ENGINEERED SAFETY FEATURES ACTUATION SYSTEM (PWR)

REVIEW RESPONSIBILITIES'

Primary - LRPD
Secondary - SICB

1. AREAS OF REVIEW

A. This section addresses the engineered safety features actuation
system (ESFAS),

1. Descriptior;

The ESFAS portion of the reactor protection system (RPS)
consists of the instrumentation and control elements that
sense plant conditions and actuate emergency equipment in
the event of a reactor transient or accident, including a
loss of primary or secondary system coolant inventory.
Engineered safety features actuation is necessary for
providing emergency core cooling, for maintaining reactor
building integrity, and for mitigating the consequences of
a reactor transient or accident.

The ESFAS is described in the most recent revision of the
final safety analysis report (FSAR) or updated safety
analysis report (USAR) for the facility.

2. System Function

The ESFAS actuates engineered safety features equipment in
the event of a reactor transient or accident, including a
loss of primary or secondary system coolant inventory, to
provide emergency core cooling, to maintain reactor building
integrity, and to mitigate the consequences of the reactor
transient or accident.

3. System Boundaries

The ESFAS includes both the automatic and manual initiation
of the engineered safety features (ESF) systems and the
essential auxiliary supporting (EAS) systems. The ESFAS
includes the power sources, sensors, transmitters,
initiation circuits, logic matrices, bypasses, interlocks,
racks, cables, panels, and control boards, and actuation and
activated devices that are required to actuate and control
the ESF and EAS equipment. This section of the SRP-LR also
includes the review of control systems that regulate the
operation of ESF components following their initiation by
the protection system. The review of instrumentation and
control elements for EAS systems are addressed in the SRP-LR
sections applicable to each specific system.
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The objectives of-this review are to confirm that the ESFAS
satisfies the acceptance criteria and guidelines for
age-related degradation applicable to the ESFAS and ESF
systems. The review also confirms that the controls for
ESF systems satisfy the acceptance criteria and guidelines
applicable to ESF systems, including their performance
requirements.

Actuation of the ESFAS and subsequent initiation of ESF -
systems are initiated by the following typical parameters.
Other parameters may also be used.

a. Reactor coolant system pressure low / pressurizer pressure
low

b. Reactor building pressure high/ containment pressure high
c. Steam generator pressure low
d. Steam generator differential pressure high
e. Main steamline flow high
f. Manual operator action

Typical ESF systems are (other ESF systems may also be used):

a. Containment and reactor vessel isolation systems
b. Emergency core cooling systems
c. Containment heat removal and depressurization systems
d. Auxiliary / emergency feede ter systems
e. Containment air purification and cleanup systems-
f. Containment combustible gas control systems

The ESFAS is isolated from the ESF systems it actuates, the
reactor control systems, the reactor trip system excluding
sensors that may be shared with the ESFAS, and the
associated normal and emergency ac and dc power systems by
circuit breakers, isolation amplifiers, isolation
transformers, actuation logic, fuses, and other approved
isolation devices.

B. See Section I, " Area of Review," of Section B.0.1 for Item I.B.

C. Measures must be taken to monitor systems, component.s, and
interfaces to detect degradation and if necessary, to restore
integrity through maintenance, repair, or replacement (Ref. 1).

1. Typical examples of age-related degradation associated with
the ESFAS are the following:

Age related degradation due to setpoint drifta.

b. Age-related degradation due to functional testing cycles
and trips

:
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c. Age-related degradation due to improper
maintenance or repair

d. Age-related degradation of sensors, connectors, cables
and wiring, circuit breakers, relays, electronic
components etc.

The areas of aging concern for a facility should be reviewed
to evaluate the acceptability of the licensee's program to
manage potential aging mechanisms. Site-specific conditions
and experience are documented in the IPA.

2. Electrical systems and instrumentation and control systems4

and their components are subject to age-related
degradation. A wide variety of age-related
mechanisms can affect the ability of these systems and
components to operate reliably. Several of these systems
and components are listed below. The age-related
degradation mechanisms are discussed in Part C of the SRP-LR.

a. Electrical Systems and Components

o Cables and wiring
o Junctions
o Penetrations
o Relays and switchgear
o Transformers
o Solenoid-operated valves
o Electrical motors

b. Instrumentation and Control Systems and Components

o Sensors
o Electronic components
o Electronic devices

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items A.
through D.

E. Components of the ESFAS not specifically addressed in this section-
may be addressed in the generic aging topic reviews in Part C of
the SRP-LR. The following sections of Part C are applicable to the
ESFAS and should~be used for the review: C.1.6, " Supports"; C.2.1
" Cable and Wiring"; C.2.2, " Junctions"; C.2.3, " Electrical Penetrations";
C.2.4, " Relays, Circuit Breakers, and Switchgear"; C.2.5, " Transformers";
C.2.6, " Solenoid-operated Valves"; C.2.7, " Electrical Motors"; and
all of C.3.0 " Instruments." This may require other staff input.

-
. . . 4
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|
IV FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1. ;

1

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B 0.1.

VI. GENERAL INFORMATION

Reference 2 indicates that, i n general, the current testing programs are
adequate for the intended purpose of verifying RPS operability and performance.

V11. REFERENCES

1. U.S. Nuclear Regulatory Commission, " An Aging Failure Survey of
Light Water Reactor Safety Systems and Components," Vol. 2,
NUREG/CR 47-47 (EGG-2473) July 1988.

2. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research
of Reactor Protection Systems," NUREG/CR-4740 (T188 007920),
January 1988.
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SRP-LR i

B.2.2.1 REACTOR CORE ISOLATION COOLING SYSTEM (BWR) )
i
<

REVIEW RESPONSIBILITIES !

Primary - LRPD
;

Secondary - SRXB
i

I. AREA 0F REVIEW

A. This section addresses the reactor core isolation cooling (RCIC) |
system.

I

1. Description

The typical BWR RCIC system provides a limited source of makcup |

water and cooling water to the reactor vessel during shutd un !

conditions when the main feedwater is unavailable and the reactor
'

iis pressurized with steam. The RCIC system is capable af startup
independent of auxiliary ac power, plant service air, and
external cooling water systems.

!The RCIC system is described in the most recent revision of the
final safety analysis report (FSAR) or updated safety analysis
report (USAR) for the facility. j

2. System Function j

The RCIC system is classified as an engineered safety feature i

(ESF) in many BWR plants and as a safe shutdown system in some
plants. At least one plant classifies the RCIC system as not ,

'

being safety related. Early model BWRs (typically BWR/2 and
some BWR/3 plants) may have an isolation condenser system or
emergency condenser system instead of a RCIC system. j

3. System Boundaries
i

The main components of the RCIC system include the steam-
turbine and pump unit and associated _ instruments, controls,
piping, and valves.

~|

RCIC system boundaries may differ from plant to plant and are
described in each licensee's FSAR. In general, boundaries |
exist at the reactor vessel main steamline inboard of the steam

'

isolation valve. At this interconnection, steam from the |
reactor vessel is supplied to the RCIC turbine stop valve during i

standby conditions and to the turbine during RCIC system
operation. An additional reactor vessel boundary exists at the j

head spray nozzle where makeup water is supplied to the vessel i

during RCIC system operation. Other boundaries exist at the ,

condensate storage tank and suppression pool where makeup water '|
is supplied and where steam exhaust is directed to the (

i

.
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suppression pool. For plants that use a steam-condensing mode
-

of residual heat _ removal (RHR), an RCIC/RHR system boundary-
exists in the RCIC pump line where makeup water can be' drawn
from the RHR heat exchanger. All of the associated piping,
valves,-lube oil cooler systems, water leg pumps, and gland seal
compressors should be considered a portion of the RCIC system.

B. See Section I, " Area of Review," of SRP-LR 8.0.1.for Item I.B.

C. Aging-related failures have been experienced in virtually all of the
main components of the RCIC system (Ref. 1) including the following:

o Valves and operators
o Instrumentation
o Electrical components
o Piping and supports
o Turbine and pump

these observed failures are the result of a number of age-related
degradation mechanisms, including corrosion, wear, temperature
effects, etc.

The above failures are typical examples of age-related degradation -

associated with the RCIC system. The areas of aging concern for a
facility should be reviewed to evaluate the acceptability of the
licensee's program to manage potential aging mechanisms. Site-
specific conditions and experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items A.
and B.

C. Specific areas of concern that should be addressed by the licensee
for monitoring aging in the RCIC system include the following:

1. An inspection and surveillance program that addresses the
condition and on-demand response of RCIC system components
using information presented in Table B.2.2.1-1 (Ref. 1) to guide
the licensee in targeting components that are susceptible to
age-related failures.

Table B.2.2.1-2, (Ref. 2) provides eging processes typical for the
RCIC system.

.III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for items A.
through D.

!
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E. Components of the RCIC system not specifically addressed in this
section may be addressed in the generic aging topic reviews in Part
C of the SRP-LR, The following sections of Part C are
applicable to the RCIC system and should be used for the re dew:
C.1.1, "Pipi ng" ; C.1. 2, " Val ves"; C.1. 3, " Pumps" ; C.1. 6, "Sepports";
C.2.1, " Cable and Wiring"; and all of C.3.0, " Instruments " This
may require other staff input.

F. The reviewer should ensure that the licensee's aging management
program specifically addresses a one-time inspection and
surveillance program to assess RCIC system components susceptible to
age related degradation as indicated in Tables B.2.2.1-1 and
B.2.2.1-2 and to inspect components exempt from ASME Code,
Section XI requirements.

The reviewer should ensure that the licensee's aging management
program establishes _ appropriate increases to future inspection
frequencies for marginal conditions identified.

.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1. j

VI. GENERAL INFORMATION

In a light-water-reactor (LWR) aging survey, time-dependent failure
contributions of safety system components were analyzed using data
compiled from the Nuclear Plant Reliability Data System (NPRDS) data
base (Ref. 1) The failure data are identified by system and grouped in
five failure categories, one of which includes age-related failures.
Table 2.2.1-1 illustrates that for the RCIC system, approximately 30
percent of the observed failures could be associated with age related
degradation. RCIC system components contributing to failures within
the system are listed in Table B.2.2.1-1, which identifies the component-
f ailure fractions by f ailure category and ordered by aging fractions.
Of the failures associated with aging recorded, valve failures had the
highest occurrence with approximately 50 percent of these failures
attributed to aging. Although valve operators and instrumentation
switches also had a relatively high number of failures, a lower
percentage of these failures were attributed to aging. Supports,
instrumentation controllers, transmitters, and recorders, and turbines
had f ailures attributed to aging in each case of less than 35 percent,

9

The RCIC system is important to plant safety. However, aging mechanisms
associated with the degradation of RCIC system performance are not well

!

defined. Aging mechanisms in other LWR systems that include components
within the RCIC system can provide some guidance. In general, the
turbine is a component in which aging mechanisms have been identified.

!

)
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Although the turbines,-themselves, have been shown to be relatively
reliable and rugged, the turbine auxiliary systems (e.g., governor
controls, trip and throttle valves) have contributed significantly to
operational failures in this system (Ref. 2).

'

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "An Aging Failure Survey of
Light Water Reactor Safety Systems and Components," NUREG/CR-4747
(EGG-2473), July 1987.

2. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging.in Nuclear Power Plants," NUREG/CR-5562, 1990.
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Table B 2.2.1-1 Reactor core isolation cooling component failure category fractions

Component Total Design Aging Testing Human Other

Motor 7 0.143 0.571 0.143 0.143----

Pipe 2 0.500 0.500---- ---- ----

Instrumentation: 10 0.100 0.500 0.100 0.300----

| Computation Module
' Valve 199 0.080 0.492 0.075 0.020 0.332

Instrumentation 26 0.115 0.346 0.077 0.462----

Recorder
| Support 36 0.056 0.278 0.028 0.639----

| Valve Operator 144 0.090 0.229 0.111 0.007 0.562
'

Instrumentation: 44 0.045 0.227 0.023 0.023 0.682
| Transmitter

Circuit 8reaker 34 0.147 0.206 0.059 0.588----

Pump 5 0.200 0.200 0.200 ---- 0.400
Instrumentation: 27 0.111 0.185 0.074 0.630----

Controller.
Mechanical Function Unit 17 0.118 0.176 0.059 0.647----

Turbine 31 0.129 0.161 0.129 0.032 0.548*

Relay 10 0.200 0.100 0.300 0.100 0.300
Instrumentation: 176 0.085 0.097 0.108 0.017 0.693

Switch
Generator / Invertor / 5 1.000---- ---- ---- ----

Alternator
Electrical Conductor 1 ---- ---- ---- ---- 1.000

Total 774

l
|
!

.
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Table B.2.2.1-2. Summary of aging process for the high pressure injection system
1

Degradation Potential Inservice
Major component Stressors mechanisms failure modes inspection methods

Nozzles and thermal System operating Fatigue crack initiation Leaks through wall, Visual inspection, >

sleeves transients, thermal and propagation loose parts volumetric
cycling, vibration, inspection ;

:water-hammer'

.

Valves System operating Wear, foreign material, Leakage, failure to Visual and t

transients, main- mechanical leakage, operate, blockage, operational tests !

tenance, faults command faults
' testing |,

Air-operated valves System operating Sticking, blockage, Failure to operate Visual and 3
!

transients, contam- fouling water, oil operational tests

inated air supply

t

Instrumentation and Electrical tran- Corrosion, loose Open, shorts, failure Testing
controls sients, thermal connections failure to operate'

cycles, maintenance (catastrophic)
s

Pumps System operating Wear, vibration, Seal leaks, failure Testing, visual

transients, thermal fatigue to start, failure to inspection ;

.

cycles run

Pipe Supports Vibration, water Fatigue, loosening of Breaking loose ' Visual inspectionI'

hammer abrasive water
j ,

Piping Vibration, water- Thermal fatigue Through the wall Visual inspection, i

! hammer, thermal abrasive water leaking or cracks volumetric4

;

cycles inspections (

L

5

_ . _ - . . _ - . _ - - _ - . _ - _ - _ - _ _ - - . - . - - - _ . _ - _ _ _ . - - _ - _ _ _ _ - . - - - _ - - _ - - - - - . _ . - - - - _ _ _ . . - - _ _ . - - - , - ,--.,w.- - - - >. - - , a
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SRP-LR

B.2.2.2 HIGH-PRESSURE AND INTERMEDIATE-PRESSURE INJECTION SYSTEM (PWR)

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SRXB

I. AREA 0F REVIEW

A. This section addresses the high pressure injection system (HPIS) and
the intermediate pressure injection system.

1. Description

The HPIS and SIS are emergency core cooling systems (ECCSs).
Plant-specific designs are subject to considerable variation
with respect to the equipment used and its interface with normal
operation of the plant at some Westinghouse. and Combustion
Engineering plants, the normal makeup (charging) pumps provide
high pressure injection capability during small-break loss-of-
coolant accidents (LOCAs) which do not rapidly depressurize the
reactor at these plants, additional intermediate head safety
injection pumps (SIS) are used as part of the HPIS to provide
coolant injection. At Babcock and Wilcox (B&W) plants,
HPIS pumps provide reactor coolant injection for the full
range of LOCAs up to that which depressurizes the reactor
sufficiently for the low pressure injection system to operate
(typically the residual heat removal system, sdaich is discussed
in Section B.2.2.4 of the SRP-LR). The B&W HPIS pumps also
provide reactor makeup water during normal operation.

In most designs,.the HPIS includes two fully independent 100
percent capacity trains, which pump borated water from'a
storage tank to the reactor pressure vessel (RPV) cold-leg
piping under small-break LOCA conditions. Some HPIS equipment
is also used to provide reactor-makeup water during normal
operation, which is not an ECCS function. In those plants where
the intermediate pressure system (SIS) is-used, typically two
independent 100 percent capacity trains are provided which pump
borated water from a storage tank to the RPV cold-leg piping
under small to intermediate-break LOCA conditions. The SIS also
can be manually switched over.to provide hot-leg injection
during long term LOCA events to mitigate boric acid precipita-
tion in the core, which could hinder core cooling.

The HPIS and SIS are described in the most recent revision of the
final safety analysis report (FSAR) or updated safety analysis
report (USAR) for the facility.

.

m.... _ ,, - .-- - , - -- | .
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2. System Function

The HPIS and SIS are designed to provide sufficient coolant
injection to ensure cooling of the reactor core in the event of
a small to intermediate-break in the reactor coolant. pressure
boundary. They are also designed to provide emergency boration
which ensures adequate shutdown margin to mitigate such events
as secondary steamline breaks, steam generator tube ruptures,
and control rod drive mechanism housing ruptures (rod ejection
accident).

3. ' System Boundaries

The boundaries of the HPIS and SIS extend from the
'

refueling / borated water storage tank through.the injection
pump to the cold leg (s) supplying water to the reactor. The
boundaries of the SIS also include connections to the hot legs.
All valves, piping, and interconnections are included.

The normal charging and suction lines to the injection pumps
are only included up to the block valves nearest to the pumps.

B. See 5ection I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. Table B.2.2.2-1 provides typical examples of age-related degradation
mechanisms and failure modes for the various components of the HPIS
(Refs. 1 and 2). Similar age-related degradation mechanisms and
failures have been experienced in the SIS.

The areas of aging concern for a facility st.uld be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1-for Items IV.A.
through III.D,

E. HPIS and SIS components not specifically addressed in this section
may be addressed by the generic aging topic reviews in Part C of the
SRP-LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections in SRP-LR Part C
should be used for the review: C.1.1, " Piping"; C.1. 2, " Valves";
C.1.3, " Pumps"; C.1.6, " Equipment and Component Supports"; all of
C.2.0, " Electrical"; and all of C.3.0, " Instruments." This may .,

require other staff input. '

I
a

l
i
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IV. FINDINGS l

see Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

The HPIS and SIS are designed with redundant channels, which interact
with many of the other reactor systems making item vulnerable to common-
mode failures. However, for failures associated with the HPIS and SIS,-

maintenance error is the leading cause of system failure. The effect of
aging on these systems is primarily through aging of the components. The
HPIS components with the highest frequency of failure were valves,
followed by instrumentation and control (I&C) components, pumps, and
pipes. The pipe failures usually were leaks through cracks. For example,
one of the piping concerns involves cracks in nozzles and thermal sleeves.
that had occurred in B&W and Westinghouse plants. In this case, the cracks

were attributed to fatigue due to thermal cycling. Boric acid leaks are
potentially serious because of the corrosive action of boric acid on carbon
steel. An example might be corrosion of bolts, which could lead to leaks
in the pressure boundary. Flow blockages may also occur if boric acid
crystals are allowed to form as a result of loss of temperature or boration-
concentration control.

Because of redundancy, only about 0.7 percent of the HPIS and SIS failures
caused total loss of system function, and 21.3% of the component failures
were age related. Plant records reveal that many small leaks and problems
with I&C are required before major failures develop. Thus, the use of
plant records is one method for identifying incipient failures (Ref. 3).

,

Personnel at the plants usually follow the manuf acturer's recommendations
for maintenance of major components. About 28 percent of abnormal-
occurrences at PWRs is due to faulty maintenance and surveillance testing.
Current inspection methods include visual inspection, volumetric
inspection, and operational tests (Ref. 3).

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Nuclear Plant-Aging Research on
High Pressure Injection Systems," NUREG/CR-4967 (EGG-2514),
November 1987.

2. L.C. Meyer, " Nuclear Plant Aging Research on the High Pressure
Injection System," Proceedings of the Topical Meeting on Nuclear
Power Plant Life Extension, July 31-August 3, 1988, Snowbird, Utah
Vol. 1.

3. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 June 1990.
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Table B.2.2.2-1 ' Summary of aging process for the high pressure injection system :

Degradation Potential Inservice
Major component Stressors mechanisms failure modes inspection methods {,

Nozzles and thermal System operating Fatigue crack initiation Leaks through wall, Visual inspection,

sleeves transients, thermal and propagation loose parts volumetric''

cycling, vibration, inspection

wate r-hammer

. alves System operating Wear, foreign material, Leakage, failure to Visual and
transients, main- mechanical leakage, operate, blockage, operational tests
tenance, faults command faults
testing

Air-operated valves System operating Sticking, blockage, Failure to operate Visual and
transients, contam- fouling water, oil operational tests
inated air supply

'

Instrumentation and Electrical tran- Corrosion, loose Open, shorts, Testing
controls sients, thermal connections failure failure to operate

1

cycles, maintenance (catastrophic)
vibration

Pumps System operating Wear, vibration, Seal leaks,' failure Testing, visual
transients, thermal fatigue to start, fail to inspection
cycles run

Pipe supports Vibration, water- Fatigue, loosening of Breaking loose Visual inspection
hammer abrasive water<

Piping Vibration, water- Thermal fatigue Through the wall Visual inspection,
hammer, thermal abrasive water leaking, or cracks volumetric

cycles inspection

!

. - _. _ _ - . _ _ _ _ . _ _ _ - . _ _ _ _ - - - _ _ _ - - _ _ . _ _ - _ _ _ .
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SRP-LP.

B.f.f.S CORE FLCCl SYSTEM (PWI-)

[El/JQ'_ RESP 0tiSIf;][] TIE [

Primary - LPPD
<

Secondcry - SRXD-

.PF/S OF_DEVIEWF' 1. /

I. This section addresses the core flood system (CFS).

1. L e_s,cr iption

The CFS in addi* ion to a high pressure injection system and a low
pressure injection systen, is c part of the energency core cooling
sy s tera (ECCS) of a TKP.

Typically, the core flood tanks contain bcrated water and are
pressurized to about CCO psig, f:itrogen is used to provide the
chcrging pressure. The outlet of each tank is conr,ected to a
check vaht that directs flow out of the tank. In series with
the check vahc is a motor-opcrated isclation valve. Under
noriaal operating cor.ditions, the motor-operated valves (fiOVs)
are open and reactor ccolant pressure against the check valve
cutlets.Leeps the check velves closed. In the event of a
large loss-of-cool-ct,c-accident (LOCA), retctor vessel pressure
will dccrease. Lhen the pressure.has decreased below the charging
pressure in the tcnis, the check valves will open, injecting
cooling watcr into the sessel. The tanks contain enough borated
water to costr the reactor core. In the cold shutdcwn condition
when reactor vessel pressure is not high encugh to keep the check
valves closed, the l',0Vs are Lept closed.

The Cf5 is described in ttc roost recent revision of the final ~
safety analysis report (FSI,R) or updcted saftty analysis report
(US/.E) for the f acility. ;

!

E. System F, unction

The- CFS syster, is a passive system thct requires'no external-
signal or power source to operate. It is designed to inject -!

cooling water rapidly into the reactor vessel when. vessel
pressurt falls below a' predetermined level. -It also provides-
sufficier.t borated water to cover the reactor core in the'

.

evu.t of a large LCC/..
,

e
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3. System Boundaries

The CFS for a PWR extends from the connections for the supply
of fill water through the core flood tanks to the points of
water injection into the reactor core. All valves, piping, and
interconnections are included. Also included is the gas system 1

used to pressurize the core flood tanks and an interface with
the radioactive liquid waste system for draining the tanks.

B. See Section I, " Area of Review," of SPR-LR B.0.1 for Item I.B. |

C. Typical examples of age-related degradation associated <ith the CFS
are the following:

1. Corrosion stressors - electrical, mechanical, and thermal

2. Environmental factors - chemical, atmospheric, and underground .i
!

3. Corrosion / fouling phenomena - uniform and pitting corrosion

4. Intergranular stress corrosion cracking - alloy selection and ;

treatment .)
|

The areas of aging concern for a facility should be reviewed to i

evaluate the acceptability of the licensee's program to manage ,

'

potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

u
See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

!See Section III, " Review Procedures," of Section B.0.1 for Items III A.
through III D.

E. CFS components not specifically_ addressed in this section may be
addressed by the generic aging topic reviews in Part C of the SRP-
LR. The reviewer should. ensure that structures and components:
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections of SRP-LR Part C
should be used in the review: C.1.1, " Piping"; C.1.2, " Valves";
C.1.5, " Tanks and Vessels"; C.1.6, " Equipment and Component Supports";
and C.3.0, " Instruments." This may require other staff input.~

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

i

,

_ ._. _ _ _ _ _ _ _ _
(
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V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

,
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SRP-LR

B.2.2.4 RESIDUAL HEAT REMOVAL SYSTEM

REVIEW RESPONSIBILITIES |

Primary - LRPO
Secondary - SRXB

I. AREAS OF REVIEW

A. This section addresses the residual heat removal (RHR) system. |

l

|1. Description
!

The typical BWR RHR system performs one or more of the !

following functions, depending on plant design: |
j

Restores and maintains desired water level in the reactor
vessel following a loss-of-coolant-accident (LOCA); condenses-
steam and reduces airborne activity in the containment
followir.g a LOCA; removes heat from the suppression pool;
removes decay hoat from the core following a reactor shutdown;
condenses reactor steam and returns the condensate back to the
reactor vessel via the reactor core isolation cooling (RCIC)
System; provides fuel pool cooling if capacity beyond the
normal system is required; and floods the containment if
required for long term post LOCA recovery operations.

For a PWR plant, the main function of the RHR system is to
remove decay heat from the reactor during plant shutdown. Some

PWR plants use the RHR pumps for LPI service.

The specific description of the RHR system is contained in the
most recent revision of the final safety analysis report (FSAR)
or updated safety analysis report (USAR) for the facility.

2. System Function

The RHR system is used to bring the reactor to safe shutdown
condition and to mitigate the consequences of an accident. The

RHR pumps restore and maintain reactor coolant inventory
following a large-break LOCA. The system removes heat from the
suppression' pool (BWR) or the reactor coolant (PWR) in long
term cooldown mode following 3 LOCA. The RHR system can also
provide cooling to the spent fuel pool if cooling capacity is
needed beyond the normal system capacity.

- - . -
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3. System Boundaries

Typically the RHR system interfaces with reactor systems, J
containment systems including suppression pool, the service l

water system, and the instrument air system. |

The normal water supply of the RHR system is the suppression i

pool for BWR and the refueling water storage tank for PWR.
Some BWR facilities may have RHR cross-ties to the
recirculation system for shutdown cooling or the fuel pool and
cleanup for supplemental fuel pool cooling.

,

B. See Section I, " Area of Review," of SRP-LR B,0.1. item I,B.

C. There are a variety of age related mechanisms that can affect the-
ability of the RHR to continue to operate. safely and efficiently.
Most of these concerns are generic in nature and are addressed by
the generic topics of Part C of the SRP-LR. In addition to the
generic aging concerns spray nozzles and spargers are subject to
erosion / corrosion and radiation embrittlement. Table B.2.2.4-1,

Summary of Aging Processes for the High Pressure Injection System
(Ref. 1), provides aging processes typical for the RHR.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section II, " Review Procedures," of SRP-LR B.0.1 for items III.A
through III.D.

E. RHR system components not specifically addressed in this section may ,

be addressed by the generic aging topic reviews in Part C of the
SRP-LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed. The sections of SRP-LR Part C applicable to the RHR
system are: C.1.0, " Mechanical" (all); C.2.0 " Electrical" (except

'
C.2.5, " Transformers); and C.3.0 " Instrument" (all) This may.
require other staf f input.

.IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1. <

, - , . ._
- - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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V. IMPLEMENTATION

See Section.V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful for
Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-7323), June
1990.
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. Table B.2.2.4-1 Summary of aging process for the high pressure injection system .

Degradation Potential

Major component Stressors Mechanisms Failure modes ISI methods
,

'

Nozzles and thermal System operating Fatigue crack initiation Leaks through wall, Visual inspec ,

sleeves transients, thermal and propagation loose parts tion volumetric

cycling, vibration, inspection

water hammer

_ Valves System operation Wear, foreign material, Leakage, fail to Visual and
transients, main- mechanical leakage, operate, blockage, operation tests

tenance, and faults command faults
testing

'

Air-operated valves Systems operating Sticking, blockage, Fail to operate Visual and
transients, contam- fouling water, and oil operational tests

inated air supply

I&C Electrical tran- Corrosion, loose Open, shorts, fail Testing
sients, thermal connections failure to operate ,

cycles, maintenance (catastrophic) ;

vibration ,

*

Pumps Systems operating Wear, vibration, Seal leaks, fail to Testing, visual

transients, thermal fatigue start, fail to run inspection

cycles
.

Pipe Supports Vibration, water Fatigue, loosening of Breaking loose Visual inspection ;
*

hammer abrasive water

Piping Vibration, water Thermal fatigue Through the wall Visual inspection,

hammer, thermal abrasive water leaking, or cracks volumetric i

cycles inspections
<

$
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SRP-LR

C.T.2.5 CCEE SPRAY SYSTEMS (CWR)

[E VJpi,,RESPCt:S IBILI,TJ ES

Primary - LEFC
Secondary - SRyC

1

1

1. AREAS 0[_P[VJEU

A. This section addresses the high pressure ar.d low pressure core spray
(PPCS and LPCS) systeras.

4

1. Cpsc[jption

Ecth the !!PCS and LPCS syster.;s are classified as eraergency core
ccoling systeras (ECCSS).

Early Dis have a two-lecp LPCS system with a single-loop )stear turbirr-driven high pressure ccolant injcction (HPCI
systera (tte HPCI systone is addressed in Section C.f.E.6). The

tecent CUF-E cnd CWR-6 picnts have toth the HPCS and LPCSinort

systeris, each containing a sir.gle loop.

The HPCS crid LPCS systeias are described in thc roost recent

revision of the final safety) analysis report (FSAR) cr updated-scfety analysis rcport (L!EAP for the facility.

1. SgtpEt[ ggt,iop

The !!PCS system is Gcsigned to preside spray ccoling to the.
rer.c toi tore and tc rcLiritair reactor pressure vessel inventory
following small-pipe breaks, which do not rapidly depressurize
the reactor pressure vessel (RPV). It is a single-loop systeru
taking sucticr: fror, either the condensate storage tank or the
suppression pool and discharsing water above the core directly
on the fuel buncles.

The LPCS system is cesigned to provide spra) cooling to the
reactor core and to assist other einergency core ccoling s) stems
r..itigate the consequences of loss-of-coolant accider.ts for which
the RPV is depressurized. The LFCS systera is either a' single- or
two-loop systen. takine suction frop the suppression pool and-
dischcrging water through a core spray sparger ring.

SUME pupdgrjftsC3-

The HPCS and LPCS systeris include conponents frcm the
supprcssion poc1 through the spray nozzics and includc all
pur.ts, piping, vulves, instrun:entatior., ccntrols End logic. The-

' keep-full put.ps, tcst lines, anc all associated conTonents are
inclLGed as part of the core spr ay syster.,s. The core spray
systen.s also intcrfcce with the fcllowing systems:

. . _ -_ . . __ _ _ _ . . -- - _ - _ _ _ - .. - - - - . _ -
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a. Primary Containment

The suppression pool, which is part of the primary
containment system, is used for normal suction and as a
return for the minimum-flow and full-flow test lines. The
primary containment is addressed in SRP-LR B.3.1.

b. Standby Auxiliary AC Power System

The diesel generators provide emergency backup power for the
'

LPCS and HPCS systems. The emergency diesel generators are
addressed in SRP-LR B.4.4.

c. Condensate Transfer and Storage System

This system is used for flushing the HPCS and LPCS systems.

d. DC Power System

The 125 Vdc system provides logic power and control and
instrument power. The 24 Vdc system provides analog
instrument power to the logic. These. systems are addressed
in SRP-LR B.4.3.1.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. A variety of age-related mechanisms can affect the ability of the
HPCS and LPCS systems to continue to operate safely and efficiently.
Most of these concerns are generic in nature and are addressed by
the generic topic reviews in Part C of the SRP-LR. In addition to
the generic aging concerns, spray nozzles and spargers are subject
to erosion / corrosion and radiation embrittlement. Table B.2.2.5-1
(Ref. 1) providas aging processes typical for the HPCS and LPCS
systems.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience '

are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

,
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E. The HPCS and LPCS components not specifically addressed in this
section may be addressed by the generic aging topic reviews in Part
C of the SRP-LR. The reviewer should ensure that structures and
components included as part of the generic SRP-LR. topics are
adequately reviewed for this system. The following sections of
Part C should be used for the review: .C.1.1, " Piping"; C.1.2,
" Valves"; C.1.3, " Pumps"; C.1.6, " Equipment and Component Supports";-
C.2.1, " Cable and Wiring"; C.2.3, " Electrical Penetrations"; C.2.4,
" Relays, Circuit Breakers, and Switchgear"; C.2.7, " Electrical
Motors"; and all of C.3.0, " Instruments". This may require other
staff input.

IV. FINDINGS

See Section IV, " Findings," of.SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V,." Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

^

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful for
Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-7323), June
1990.
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Table B.2.2.5-1 Summarv of aging process for the high pressure injection system ;

;

Degradation Potential Inservice
Major component Stressors mechanisms failure modes inspection methods

Nozzles and thermal System operating Fatigue crack initiation Leaks through wall, Visual inspec- 1
sleeves transients, thermal and propagation loose parts tion, volumetric r

cycling, vibration, inspection
water-hammer

,
Valves System operating Wear, foreign material, Leakage, failure to Visual and I

transients, main- mechanical leakage, operate, blockage, operational tests'
;

tenance, faults command faults
testing ' j

Air-operated valves System operating Sticking, blockage, Failure to operate Visual and *

transients, contam- fouling water, oil operational tests
inated air supply

,

Instrumentation Electrical tran- Corrosion, loose Open, shorts, failure Testing
sients, thermal connections failure to operatet
cycles, maintenance (catastrophic)
vibration ;

Pumps System operating Wear, vibration, Seal leaks, failure Testing, visual
transients, thermal fatigue to start, fail to inspection .

cycles run I
,

Pipe Supports' Vibration, water- Fatigue, loosening of Breaking loose Visual inspection [
,

hammer abrasive water ,
,

Piping Vibration, water- Thermal fatigue, Through the wall Visual inspection, *

hammer, thermal abrasive water leaking, cracks volumetric ,

cycles inspections >

!

t

,
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SRP-LR

B.2.2.6 HIGH-PRESSURE COOLANT INJECTION SYSTEM (BWR)

REVIEW RESPONSIBILITIES
!
'

Primary - LRPD
Secondary - SRXB

I. AREAS OF REVIEW

A. This section addresses the high pressure coolant injection (HPCI)
system.

1. Description

The HPCI system typically consists of a turbine-driven pump and
a booster pump with associated piping, valves, and instrumentation.
The turbine-driven pump is used to supply clean makeup water to
the reactor vessel. The HPCI system is normally in a standby-
condition and will automatically start on a low reactor water
level or high drywell pressure initiation signal. Normal suction
for the HPCI system is the condensate storage tank with automatic
switchover to the suppression pool.

The HPCI system is described in the most recent revision fo the
final safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

2. System Function

The purpose of the HPCI system is to provide cooling in the
reactor core under loss of-coolant-accident conditions that.do
not result in rapio depressurization of the reactor vessel. The
HPCI system allows for :omplete plant shutdown while maintaining
sufficient reactor water inventory until the reactor is depressurized
to a point where low pressure cooling systems can be placed into
operation. The HPCI system is capable of operation independent of
auxiliary ac power, plant servi-ce air, or external cooling water
systems.

3. System Boundaries

The HPCI system is bounded by interconnections with other plant
systems. The HPCI turbine-driven cump system supplies clean
demineralized makeup water to the reactor vessel normally via
the feedwater system. The HPCI water supply typically comes
from the condensate storage tank, as an alternate source of

_ _ _
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makeup water is available from the suppression pool. The HPCI ;

turbine is driven by steam from the main steam system. The HPCI
'

steam supply line taps into a main steamline upstream of.the j

main steam isolation valves. The steam exhausted from the HPCI I

turbine is discharged into the suppression pool. I

The HPCI system interfaces with plant electrical and reactor |
'instrumentation systems. The electrical system supplies ac and

dc power to operate associated valves, turbine control,
indicating lights, and. system relay logic. The instrumentation
system provides automatic initiation signals from drywell
pressure and reactor vessel level instrumentation. Condensate
storage tank (CST) level and suppression pool (SP) level provide
actuation signals for automatic switchover of HPCI suction from
the CST to the SP.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. Typical age-related degradation mechanisms that could affect the
operation and safety of the HPCI system are the following (Ref. 1):

1. Fatigue crack initiation and propagation have been found in
nozzles and thermal sleeves.

2. Wear, foreign material, and faults have resulted in valve leaks
and operability problems.

3. Wear, vibration, and fatigue have resulted in pump reliability
problems.

4. Vibration, waterhammer, and thermal cycles have affected the
system piping and pipe supports.

5. Errosion/ corrosion of the steamlines of the turbine-driven pump
have resulted in wall thinning.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items A. through D.

,
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E. The HPCI components not specifically addressed in this section may
be addressed by the generic aging topic reviews in Part C of the
SRP-LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections of Part C should
be used for the review: C.1.1, " Piping"; C.1.2, " Valves"; C.1.3,
" Pumps"; C.1.6, " Equipment and Component Supports"; all of C.2.0,
" Electrical"; and all of C.3.0 " Instrument." This may require
additional staff input.

F. The reviewer should ensure that the licensee's IPA addressees the
cumulative effects of applicable aging prosesses identified in Table
B.2.2.6-1.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990,

i
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Table B.2.2.6-1 Summary of aging process for the high pressure injection system ,

.

Degradation Potential Inservice Inspection
*

Major component Stressors mechanisms failure modes methods

Nozzles and thermal System operating Fatigue crack initiation Leaks through wall, Visual inspection,
,

sleeves transients, thermal and propagation loose parts volumetric
,

cycling, vibration, inspection'

, waterhammer
! i

i Valves System operating Wear, foreign material, Leakage, failure to Visual and
' transients, main- mechanical leakage, operate, blockage, operational tests -

tenance, faults command faults
testing

Air-operated valves System operating Stickirg, blockage, Failure to operate Visual and
t''a:1sients , contam- fouling water, oil operational tests
it;ated air supply

Instrument and controls Electrical tran- Corrosion, loose Open, shorts, failure Testing i
"

: sients, thermal connections failure to operate
cycles, maintenance (catastrophic)-

vibration

Pumps System operating Wear, vibration, Seal leaks, failure Testing, visual
transients, thermal fatigue to start, fail to run inspection
cycles |

Pipe supports Vibration, water- Fatigue, loosening of Breaking loose Visual inspection
hammer abrasive water

.

6

4

Piping Vibration, water- Thermal fatigue, Through the wall Visual inspection,
*

hammer, thermal abrasive water- leaking, cracks volumetric
cycles inspections

{
y
[

i.

a
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SRP-LR

B.2.3 AUXILIARY FEEDWATER SYSTEM (PWR)
i

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary 'SPLB

I. AREA 0F REVIEW

A. This section addresses the auxiliary feedwater system (AFW3) of
pressurized-water reactors.

1. Description

A typical AFW consists of redundant auxiliary feedwater (AFW)
trains, with a 50 percent capacity motor-driven pump in each
train feeding directly to the steam generators and a 100 percent
capacity steam turbine-driven pump able to supply either of the
redundant trains. There are variations in this AFWS arrangement;
however, the factors that affect the aging process are
independent of the type of systen design.

The AFWS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

2. System Function

The AFWS supplies feedwater to the steam generators to allow
secondary-side heat removal from the primary system when main
feedwater is unavailable. The system is capable of functioning for '

extended periods either to hold the plant at hot standby or to cool
the plant down to temperature and pressure levels at which the low-
pressure residual heat removal system can operate.

3. System Boundaries

The boundaries of the AFWS extend from the condensate storage
tank and the backup seismic Category I water supply to the
connections with the steam generators, which are made either
through a connection to the main feedwater piping or-through
separate. auxiliary feedwater piping connected directly to the

~

steam generators. Pumps, valves, piping, interconnections,
and cross-connections are included in the AWFS.

,

l
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B. See Section I, " Area of Review," of SRP-LR B 0.1 for Item I.B.

C. A variety of age-related mechanisms can affect the ability of the
AFWS to continue to operate safely and efficiently. Typical examples
of the areas of degradation in the AFWS are the following (Refs. 1-4):

1. The combined failures of motor and air operators for valves
have been found to result in approximately the same level of
degradation of the AFWS as the turbine drives alone. Pump
failures and check valve failures are also significant
contributors to system degradation.

2. The single, largest source of historical AFWS. degradation is the ,

turbine drive for AFW pumps. It should be noted that the turbine
proper has been a relatively reliable and rugged piece of equipment.
However, the turbine auxiliaries, including the governor control
and trip throttle valve have contributed substantially to the overall
turbine problems.

3. Instrumentation and control (I&C)-related failures dominated
the group of failures that were detected during demand
conditions (as opposed to failures detected as the result of
periodic monitoring or routine observations made by operators
or other personnel). Many of the potential failure sources
that were found to not be detectable by the current monitoring
practices were related to the I&C portion of the system.

The areas of aging concern for a facility should be reviewed.to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.,

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II. A.
and II.-B.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III. A.
through III. D.

E. AFWS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in Part C of the SRP-
LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for the AFWS. The following sections'should be used for
the review: C.1.1, " Piping"; C.1.2, " Valves"; C.1'.3, " Pumps"; C.I.6
" Equipment and Component Supports"; all of Section C.2.0,
" Electrical," except C.2.5, " Transformers," and all of Section C.3.0,
" Instrument" This may require other staff support.

. - _ _ _ .
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IV. FINDINGS 1

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.
1

VI. GENERAL INFORMATION
'

Historical failure data indicate that the turbine drive is the most
significant source of AFWS degradation. The turbine drive is the single,
largest source of system degradation associated with on-demand failures.
The turbine drive itself has been f airly reliable; however, a number of
problems have developed with the governor and controls for the turbine-
driven pumps.

The other significant types of AFWS components, including pumps, check
valves, and air and motor operators, have been, or are being, reviewed in
detail as part of the Nuclear Plant Aging Research (NPAR) Program. In
light of the significance.of the turbine to historical AFWS degradation,
as well as the fact that the turbines used on AFW pumps are similar to
those used on some safety-related pumps in boiling water reactor plants,
turbine drives in general, and more specifically the turbine controls,
will be reviewed further as part of on going programs.

The fraction of AFWS degradation that has historically been found
during demand events, as well as the number and types of failure and
degradation sources that were found to not be detectable by the
monitoring methods in place at the reference plant for NPAR studies,
indicates the need for improvements in certain aspects of the current
monituring practices. Although there are no guidelines to establish what
is an acceptable fraction of failures detected during demand, the rate
indicated by the failure data review (about 18 percent of all system
degradation was detected during demand conditions) appears. excessive.
This is particularly the case for certain component types and parts (e.g. ,
the pump driver group and the turbine-driven pump instrumentation and
controls I&C and governor controls).

During the reference plant review, the NRC staff also found that the
ability of some components to function as required under design-basis or
of f-normal conditions is not verified periodically. This was found to be
the case particularly where multiple component interaction is involved.
Decidedly adverse effects could result from routine testing of some of
these currently non-tested areas (such as checking the ability of the AFW
pumps to successfully negotiate the suction transfer from the condensate
storage tank to emergency service water). Other areas could be checked
fairly easily with little additional effort and no adverse consequences
(such as verification of pump capability by monitoring additional
parameters during the full stroking of discharge check valves).

-|
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Another observation made was that some components, or certain parts
or aspects of components, appear to be tested in excess of what
failure history indicates to be appropriate. On the other hand, as
can be gathered from the comments above, other aspects of certain parts
of the AFWS are either never tested or receive less than thorough testing. .

It appears that enhanced testing requirements are needed in order to reduce !
excessive testing while at the same time ensuring that performance is
thoroughly verified periodically.

VII. REFERENCES I

1. U.S. Nuclear Regulatory Commission, "A Review of Information useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990.

2. V.S. Nuclear Regulatory Commission, " Aging and Service Wear of
Auxiliary Feedwater Pumps for PWR Nuclear Power Plants, " Volume 1,
" Operating Experience and Failure Identification," NUREG/CR-4597
(ORNL-6282/V1), July 1986.

3. U.S. Nuclear Regulatory Commission, " Aging and Service Wear of
Auxiliary Feedwater Pumps for PWR Nuclear Plants," Vol. 2, " Aging
Assessments and Monitoring Method Evaluations," NUREG/CR-4597 (T188
012499), June 1989.

4. U.S. Nuclear Regulatory Commission, " Auxiliary Feedwater System
Aging Study," Vol 1 " Operating Experience and Current Monitoring
Practices," NUREG/CR-5404 (0RNL-6566/V1), Draf t,1989. '
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B.2.4 AUTOMATIC DEPRESSURIZATION SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB

1. AREAS OF REVIEW

A. This section addresses the automatic depressurization system (ADS).

1. Description

The ADS is an emergency core cooling system (ECCS). The system
consists of pneumatically operated pressure relief valves -

designed to relieve reactor coolant system pressure automatically
or manually during small or intermediate loss-of-coolant accidents.

The ADS is described in the most recent update of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

2. System Function

The ADS utilizes certain main steam safety relief valves
(SRVs) to depressurize the reactor vessel so that the low-
pressure ECCSs can inject sufficient coolant into the vessel
to cool the core.

3. System Boundaries

The ADS includes all the piping, accumulators, and pneumatic ,

and shuttle valves from the SRVs to the isolation valve of the
compressed air system. The SRVs are considered part of the main
steam system, but the actuating devices for the ADS are part of
the ADS. The dc power system is only used to supply power. All

'of the ADS logic and indicating lights are part of the ADS.
Annunciators are excluded.
There are some differences in the ADS for the different BWR
product lines; however, the system functions are the same. |
The number of SRVs varies with plant size, the logic is
slightly different, and manual initiation is not available in
the older plants.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. The primary aging concern identified for the ADS is foreign
material in the pneumatic system. A large fraction of BWRs have
experienced problems with the pneumatic valves because of foreign
material in the system. This material has been attributed to
age-related scaling, dirty air supply, and other causes.

.- . ~ .-. . . . -- -. - - . - - - . . . . - - . -
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The areas of aging concern for a facility should be reviewed to l
evaluate the acceptability of the licensee's program to manage I
potential aging mechanisms. Site-specific conditions and experience j

are documented in the IPA. I

II. A_CCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SPR-LR B.O.1 for Items III. A.
through III. D.

r. The ADS components not specifically addressed in this section may be
addressed by.the generic aging reviews in Part C of the SRP-LR. The
reviewer should ensure that structures and components included as
part of the generic SRP 'P topics are adequately reviewed for this
system. The following . '?lons in Part C should be used for the
review: C.1.1, " Piping"; C.1.2, " Valves"; C.2.1, " Cable and
Wiring"; C.2.3, " Electrical Penetrations"; C.2.4, " Relays, Circuit
Breakers, and Switchgear"; C.2.6, " Solenoid-0perationed Valves";
and all of C.3.0, " Instruments." In addition, since most of the
problems with the ADS are associated with the air supply, the
reviewer should review Section B.S.8, " Compressed Air System,"
for those portions of the ADS exposcd to the air supply. This may
require additional staff support.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII REFERENCES

,
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SRP-LR

B.2.5 REMOTE SHUTDOWN SYSTEM / SAFE SHUTDOWN SYSTEMS

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB

I. AREA 0F REVIEW

A. This section addresses the remote shutdown / safe shutdown systems:

1. Description

These systems are used to achieve and maintain a safe shutdown of
the plant.

The remote shutdown / safe shutdown systems specific description
is contained in the most recent update of the final safety i

analysis report (FSAR)-or updated safety analysis report (USAR)
for the specific facility. '

SRP-LR B.4.6 addresses "Information Systems Important to Safety"
for informatisn about which controls are used for the control of
systems required for remote shutdown / safe shutdown,

.|
2. System Function O

The functions of the Remote Shutdown / Safe Shutdown Systems are
to achieve and maintain safe shutdown of the plant. Some
engineered safety features (ESF) systems are used to both !

mitigate accidents and to achieve and maintain a safe shutdown. j
The review of the systems in this section is limited to those i
system features that are unique to safe shutdown, and does not !
include those directly related to accident mitigation (those l
features unique to accident mitigation are addressed in SRP- 1

LR, B.2.1 ).

3. System Boundaries

The remote shutdown / safe shutdown' systems controls are isolated I
from the systems components which they control and the normal l
and emergency ac and dc power systems by circuit breakers, 1

isolation amplifiers, isolation transformers, actuation logic, i
fuses, or other approved isolation devices.

~
,

i
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The objectives of this review are to confirm that the remote

shutdown / safe shutdown systems and controls satisfy the
requirements of the acceptance criteria and guidelines for
age-related degradation affecting those systems.

This review covers sensor couplings, sensors, initiating
. circuitry, logic bypasses, interlocks, redundancy features,
and actuated devices of those systems which provide the
necessary instrumentation and control functions to achieve
safe shJtdown.

Typical systems and features required for remote shutdown / safe
shutdown are:

| Remote Shutdown Panel
| Auxiliary Feedwater System

Residual Heat Removal System
Chemical and Volume Control System (Boration Co'ntrol)
Reactor Protection System
Neutron Monitoring System
Mode Switch

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item 1.B.

Typical examples of age-related degradation associated with
Remote Shutdown / Safe Shutdown are provided in this section.
The areas of' aging concern for a facility should be reviewed
to evaluate the acceptability of the licensee's program to-
manage potential aging mechanisms. Site-specific conditions
and experience are documented in the IPA.

1. Age-related degradation due to setpoint drift.

2. Age-related degradation due to functional testing cycles
and trips. I

3. Age-related degradation due to improper
maintenance / repair.

4. Age-related degradation of sensors, connectors, cables and wires,
circuit breakers, relays and electronic components, etc.

II. ACCEPTANCE CK:Ic[1?

See Section '.I. " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCIDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 Items III. A
through III. D.

.
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.

E. Components of the remote shutdown / safe shutdown system not
specifically addressed in this section may be addressed in the
generic aging topic reviews in Part C of the SRP-LR. Specifically
the following sections of SRP-LR Part C are applicable to the remote
shutdown / safe shutdown system and should be reviewed: C.2.1 " Cable
and Wiring," C.2.2 " Junctions," C.2.3 " Electrical Penetrations,"
C.2.4 " Relays, Circuit Breakers, and Switchgear," C.2.5
" Transformers," C.2.6 " Solenoid Operated Valves," C.2.7 " Electrical
Motors," and all of C.3.0 " Instrument." This may require other
staff input.

IV. EVALUATION FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

NUREG/CR-4740, Nuclear Plant-Aging Research of Reactor Protection
Systems (Ref. 1) indicates that, in general, the current testing programs
are adequate for the intended purpose of verifying RPS operability and
performance. This, in conjunction with the redundancy built into the RPS
systems, makes the RPS and similar systems, i.e., the remote shutdown / safe
shutdown systems not susceptible to many of the age-related degradation
concerns.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research
~

of Reactor Protection Systems," NUREG/CR-4740, (TI88 007920),
January 1988.

.
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SRP-LR

B.3.1 PRIMARY CONTAINMENT STRUCTURE

REVIEW RESPONSIBILITIESp

:
Primary - LRPD
Secondary - ESGB

'

I. AREAS OF REVIEW
,

A. This section addresses the primary containment structure (PCS).

1. Description

Primary containments are either of the free-standing ASME steel
vessel type, which accommodate both structural and leak-tightness
requirements, or of the concrete containment type, which use a
reinforced or prestressed concrete structure with a carbon steel
liner for leak-tightness.

,

PWR containments enclose the steam generators, the reactor
coolant pumps, the pressurizer, and the reactor pressure vessel;
therefore, PWR containment structures tend to be quite large,

'providing room for the expansion of steam resulting from a loss-of-
coolant accident (LOCA). Some PWR containments include an ice
cor. denser which provides a large passive heat sink for initial LOCA
hest loads. The use of an ice condenser reduces peak post-LOCA-
containment pressure,thereby allowing the use of a smaller
containment volume. The ice condenser containment is addressed
further in Section B.3.3, " Containment Heat Removal System," of the
SRP-LR.

BWR containments are based on a pressure-suppression concept
whereby the LOCA fluid is channeled to a large water-filled pool
(suppression pool) where the steam is condensed, thereby reducing
peak containment pressure. As with the ice condenser containment,
the pressure-suppression design allows for a smaller containment
volume. The suppression pool is also used to condense the steam
released by the safety relief valves (SRVs) during actuation. BWRs
experience a number of plant transients that result in actuation
of one or more of the SRVs.-

BWR containments have evolved through three distinctly different.
designs. The first BWR design, referred to as the " Mark I
containment," is made up of a drywell in the general shape of'a
inverted light-bulb and a toroidal shaped suppression chamber
(pool) located below and encircling the drywell. Circular vent
pipes with expansion joints connect the drywell and the pressure-
suppression chamber. The drywell head closure is made with a double
tongue and groove seal, which permits periodic leak checks without
pressurizing the entire vessel.

9
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The second BWR containment design, referred to as the " Mark II_ '

containment," includes a cylindrical / conical drywell with a steel
closure head. A cylindrical suppression pool is located directly
beneath the drywell. Vertical vent pipes connect the drywell and
suppression chamber.

The BWR Mark III design is the third and most recent BWR
containment design. The Mark III design includes a cylindrical
drywell with steel closure head. The suppression pool is contained
within concrete walls in an annulus below and encircling the
reactor vessel and to the outside of the drywell. Horizontal vents
with a weir wall provide the flow path from the drywell to the-
suppression pool.

.

All primary containment designs include numerous penetrations
through the containment boundary for piping, electrical, and
instrument sensing lines. Additional penetrations include
personnel access hatches in the drywell and suppression chamber,
equipment hatch (s)_in the drywell, and the drywell closure head.

The PCS is described in the most recent revision of the final safety
analysis report (FSAR) or updated safety analysis report (USAR)
for the facility.

2. System Function

The primary containment provides the main barrier to the release of
fission products to the environment in the event of core damage.
As such, the primary containment, including penetrations, is
designed.to accommodate, without exceeding the design leakage rate,
the calculated temperature and pressure conditions resulting from
any LOCA.

>

The primary containment design also includes a sump (PWR) or a
suppression pool (BWR) which provides the source of water for
operation of the emergency core cooling system during LOCA
conditions after depletion of the water or transfer from the borated
water / condensate storage tank.

3. System Boundaries

The primary containment includes the containment structure (and
liner) and all penetrations. Isolation valves and isolation logic
are addressed in SRP-LR B.3.4, " Containment Isolation System," of
the SRP-LR. BWR containments include the drywell, suppression pool,
and connecting vent pipes.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. Aging concerns include the potential for loss of structural integrity
and leak-tightness of the boundary. One concern for concrete is the
loss of bound water and associated degradation of the shielding properties
that can be caused by nuclear heat. Corrosion of the reinforcing steel

;
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can cause cracking and spalling of the concrete, which degrades the
structural integrity of the containment or its shield. The steel vessel
or steel liner and suppression pool (BWR) and vent pipes (BWR) are
subject to corrosion from the internal corrosive environment. The
expansion joints on the vent pipes are susceptible to fatigue from
thermal cyclic loading. The occasional actuation of the SRVs adds to
the thermal and cyclic loads placed on the containment and suppression
pool for BWRs, (Refs. 1-3) furnish additional information on containment
aging.

A unique aging concern for prestressed concrete containment structures
is loss of tendon preload as a result of corrosion of the tendons, creep
or other aging phenomena.

Another concern is the degradation of the protective coatings used on
the containment liner, the drywell, and the suppression pool walls.

Considerable information relative to the aging concerns of containment
structures can be found in References 1 through 6. The following
discussion summarizes many of those concerns and identifies
recommendations for managing the age-related degradation experienced by
containment structures.

1. Aging Concerns and Mechanisms

In addition to the potential for degradation of the containment
liner or structure, there is a potential for degradation of seals at
penetrations for piping, access doors, hatches, and ventilation
openings. These sites represent pathways for escape of
radioactivity irrespective of the containment liner or vessel.

a. Concrete Containments

Reference 2 discusses aging and degradation of concrete
structures. In general, the strength of concrete tends to
increase with age. Steel that is enclosed in concrete (rebar
plates and tendons) is well protected from corrosion; however,
small cracks, porous areas, or voids that allow the penetration
of moisture and air through the concrete provide conditions
conducive to the corrosion of the steel. The iron oxide
corrosion products are less dense than steel; thus, formation
of the oxides produces tensile stresses in the concrete that
tend to expand the area that is-accessible to corrosion.

A steel liner forms the inner wall of the containment and
serves as the primary barrier against leakage of radioactive
materials to the external environment. Corrosion or cracking
of this steel barrier could allow radioactive gases or liquids
to escape the containment system.

_
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Table B.3.1-1 summarizes the degradation concerns for concrete
containments. In reinforced concrete containments, parts of |
the concrete may be placed in tension; as a result, cracks may j
open and expose the reinforced steel to corrosive conditions. 1

The same stress conditions may exist in basemats; here, however, I

Imoisture and chemicals in the soil may compound the seriousness
of the situation. In contrast, prestressed concrete vessels
are intended to be maintained in compression, which tends to
prevent the formation (or opening) of cracks. However,
experience has shown that prestressing is reduced over time.
Significant loss of prestressing may occur and lead to
degradation of the containment. Corrosion of the steel tendons
or anchorage assemblies (caused by the ingress of moisture,
breakdown of the grease protection material, or microbial
action) must be prevented to ensure that the concrete remains
in compression. Partial failures of anchorage assemblies and
individual stranh of the tendons have occurred as a result of
improper chemistry or neat treatment of the steel.

b. Steel Containments

Tables B.3.1-2 and B.3.1-3 (excerpted from Reference 1)
summarize the degradation processes of concern for steel
containments. The major concern is corrosion; the most
significant experience to date has been the corrosion of the
exterior surf ace of a BWR drywell near the sand pocket.

Corrosion in the BWR steam pressure-suppression system
presents special problems; in addition to the potential for
microbial growth (and increased corrosion) in the suppression
pool, stagnation of the pool water increases the possibility of
corrosion at any site where the protective coating is damaged
or has deteriorated. In addition, stainless steel bellows in
the piping that connects the drywell to the suppression chamber
are susceptible to fatigue and stress corrosion cracking.

2. Managing Aging Degradation

Reference 3 discusses various elements of a program-to manage the
age-related degradation of PWR concrete-containments. The
potential degradation mechanisms along with the actions proposed in
Reference 3 are summarized in Table B.3.1-4.

These recognized problems are expected to continue through-out the life
of the plant, including the license renewal term. The areas of aging
concern for a f acility should be reviewed to evaluate the acceptability
of the licensee's program to manage potential aging mechanisms. . Site-
specific conditions and experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B.

. _ . - _ _ _ . - - - _ _ .
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C. The results of the inspection and reviews required in III below
shall comply with the requirements of References 7-9, as
appropriate.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.O.1 for Items III.A
through III.D.

E. PCS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in Part C of the SRP-
LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections of Part C
should be used for the review: C.1.1, " Piping"; C.2.3, " Electrical
Penetrations"; and C.4.0, " Civil Structures." This may require
other staff input.

f. The reviewer should confirm that the licensee has committed to
implement the inservice inspection requirements of Reference 7
during the license renewal period. For prestressed concrete
containment structures, the licensee's inservice inspections should
also address the provisions of References 8 or 9.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.
V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION
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TABLE D.3.1-1 Summary of concrete containment degradation processes
i

Degradation site Stressor Degradation mechanisms Potential failure modes

Reinforcing bars Corrosive environment Corrosion, fatigue loss of structural integrity |

stray currents

| Post-tensioning Trapped water, Hydrogen embrittlement, Loss of stress |system anchors * steady-state stress corrosion |

Posttensioning Moisture, trapped Pitting, .aicrobiologically Loss of stress !' ' tendon wire or water, microorganisms, be induced corrosion,
strand * steady-state stress relaxation i

.\Steel liner dome Moisture, acidic Corrosion Liner-concrete interaction, h
'

and wall environment, leakage of radioactive gases- '

stress
,

Steel liner over Moisture, acidic Corrosion Leakage of radioactive
base slab environment, materiali

-t

stress
1

Suporession pool Cyclic thermal and Corrosion due to differ- Leakage of radioactive :

steel _ liner below mechanical loads, cor- ential aeration, fatigue, material !

water line ** rosive internal environ- microbiologically influenced
,

ment, microorganisms corrosion :
t

Drywell steel liner, Moisture, corrosive' Corrosion, fatigue Leakage of radioactive
suppression pool steel internal environment, gases
above water line ** cyclic thermal and

pressure loads 3

Concrete Aggressive environment, Cracking, spalling Loss of integrity, corrosion Iinternal chemical reactions of reinforcing steel

Nuclear heat ** Loss of bound water ** Degradation of shielding *

properties **
;

* Prestressed concrete containments only.
.

** ,

Boiling-water reactors only. L

i

i

!
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| Table B.3.1-2 Summary of PWR tteel containment degradation processes

Degradation site- Stressor Degradation mechanisms Potential failure modes

Shell welds and base Stresses, vibration, Corrosion Loss of structural integrity,
*

metal cyclic loading, leakage of radioactive gases
aggressive environment

Interface between shell Stresses, vibration, Corrosion Loss of structural integrity,9

and concrete slab at cyclic loading, leakage of radioactive gases

a.
base of shell aggressive environment

Discontinuities in the Stresses, vibration, Corrosion Leakage of radioactive gases
'shell such as hatches cyclic loading,

'

and penetrations aggressive environmente

Steel bottom of shell Aggressive environment Corrosion Leakage of radioactive gases
embedded in concrete

' Base slab concrete Aggressive environment, Cracks, spalling Corrosion of reinforcing steel,
internal chemical corrosion of steel bottom of
reactions containment shell

Exterior surface of Moisture, microorganisms, Aqueous corrosion, crevice Leakage of radioactive gases
- drywell base near sand degraded fill material corrosion, microbiologically
pecket corrosion influenced

Exterior surface of Degraded fill material, Crevice corrosion, aqueous Leakage of radioactive gases
drywell moisture corrosion

Embedded shell region Cyclic thermal loading, Thermal fatique, crevice Loss of structural integrity
corrosive internal - corrosion and pitting-

environment-

liigh energy pipe line Cyclic thermal loading, Thermal and mechanical Leakage of radioactive gases
,
~

penetrations, hatches, pressure testing, cor- fatigue,1 environmentally
vent lines rosive internal environ- assisted fatigue

ment

,

9 + v v e = tw 9 v -
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Table B.3.1-2 (continued) -;

e

Degradation site Stressor- Degradation mechanisms Potential failure ocdes

Stainless steel bellows Corrosive internal environ- Intergrnular stress Leakage of radioactive gases ,
'

ment, cylic thermal load- corrosion cracking at >

1 ing, pressure testing heat-affected zone, ;.

intergranular stress
corrosion cracking,
fatigue

i

lSubmerged portion of Corrosive internal environ- Differential aeration, Leakage of radioactive gases
; suppression pool. ment, safety relief valve mechanical fatigue, pitting,

discharge tests, pressure 'microbilogically influenced
testing, microorganisms ccrrosion

Transition region from Cyclic thermal loading, Thermal and mechanical Leakage of radioactive gases-
cylindrical to pressure testing, corrosive fatigue, environmentally
sperical portion of dry- internal environment, assisted fatigue, irradiation
drywell shell at the neutron radiation embrittlement
' core

,

Dissimilar metal welds Corrosive internal environ- Galvanic corrosion, fatigue Leakage of radioactive gases
ment, cyclic thermal -load-
ing, pressure testing !

<

'
,

i

k
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T A111_B. 3.1-3 Suestry of BIR (Wark I) Steel Containment Degradation Processes

N redation Site Stressor N redation Schenisms Potential Feiture E des

Eaterior surface of dry- uaisture, microorganisms, A w4ous corrosion, crevice Leakage of radioactive gases
well base near sand degraded fill material corrosion, microbial influenced
pocket corrosion

Eaterior surface of Degraded fill material, Crevice corrosion, aqueous Leakage of radioactive gases
dryvell soisture corrosion

Embedded shell region Cyclic tharsal leading, Thermal fatigue: crevice loss of structural integrity
corresive internal corrosion and pitting
enviroceent

High eaergy pipe line Cyclic thermal leading, 1beraal and mechanical Leakage of radicactive gases
penetrations, hatches, pressure testing, cor- fatigue, environmentally
vent lines resive ir.ternal environ- assisted fatigue

sent

Stainless steel bellons Corrosive internal enesron- ICSCC at heat affected zone, Leakage of radioactive gases
sent, cylic thereal load- ICSCC, fatigue
ing, pressure testing

Submerg*d portion of Corrosive internal anviron- Differential aeration, mechanical Leakage of radioactive gases
suppression pool sent, safety relief valve fatigue, pitting, microbial

discharge tests, pressure influenced corrosion
testing, microorganises

Transition region free Cyclir thermal loading, Thermal and mechanical fatip e, Leakage of radioactive gases
cylindrical to spherical pressure testing, corrosive environmentally assisted fatigue,
portion of drywell, dry- internal enviropeent, irradiation embrittlement
well shell at the core neutron radiation

Dissimilar metal welds Corrosive internal environ- Calvanic corrosion, fatigue Leakage of radioactive gases
sent, cyclic thermal load-
ing, pressure testing

.
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Table B.3.1-4' Proposed elements of a program for extended' life of PWR concrete containments *

'
Potential
degradation -Propsosed action Comments

1:

Concrete Periodically inspect accessible Assembly of data from available records
degradation above concrete surfaces for shouldallow evidence that materials.were
ground grade o Freeze-thaw damage checked for compatibility, that air entrainment

o Leaching of calcium hydroxide was used, and that concrete cover was adequate.
o Aggressive chemical attack Few adverse observations are anticipated.
o Reactivity
o Corrosion of reinforcing*

Monitor temperature and radiation Normal operational temperature and -

around penetrations. radiation exposures are considered to be
incapable of affecting the concrete. '

Monitoring of local areas near
,

penetrations should establish that
exposure levels are too low to cause
damage. If temperatures exceed preset
value, determine specific action required,
such as nondestructive examination,
analysis of effects, penetration
modification and/or cooling.

Prestressing Perform inservice inspections (ISIS) as Review data from previous inspections to '

system degradation required by applicable regulatory guide. show that currently performed ISI . is
'

sufficient to ensure continuously
satisfactory performance and that*

corrective action taken as required was
effective.

Liner degradation Perform inservice inspection n+ Incipient stages of interior liner
from containment interior and accessible liner surfaces corrosion should be detectable on visual

,

interior (above for corrosion and physical abuse. examination. Physical abuse need only be
intersection with. considered after an event such as a

| base mat) maintenance activity.
_

,

m

.

'

,

I
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' Table B.3.1-4 (continued) '

.

4

Potential
i degradation Propsosed action Comments
,

: Monitor temperatures at penetrations Monitoring these areas will provide data -
'

and radiation exposures at strategic showing that degradation due to ,

areas. temperature or radiation extremes was not t

possible. .;,

Concrete Monitor groundwater levels, chemistry, Groundwater monitoring can be
degradation below and pH when they could affect accomplished with relatively limited
ground grade the lower containment concrete impact. For containments that have

i suitable waterproof membranes or where !
groundwater levels in relation to
below grade portions of the .|
containment are controlled, licensees need

'

not consider this action. ;

,

Review existing soil characteristics Examine concrete if groundwater monitoring
! for potential effects, or conduct tests or soil characteristics suggest attack is

of soil sample. possible.
,

i

: corrosion below protection system (if available). to ensure protection.
'

[Reinforcing steel Monitor performance of cathodic Maintain current levels per system design,

s

grade

For those containments that do not Examine specific areas where possible
,

have a cathodic protection system for corrosion has been indicated by remote -!
reinforcing, develop and implement a monitoring. t

'

system to remotely monitor corrosion of !1

reinforcing.
' ;

Liner corrosion Monitor performance of cathodic Maintain current levels per system design '

from concrete protection system (if available). to ensure protection:

| side, below grade

;

!
|

'

:

a i
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Table B.3.1-4 (continued)
.

Potential-
,

| degradation Propsosed action Comments i
.'

Perform ultrasonic tests (UT) of. Conduct refined UT in suspect area where
,'

control areas (frequency of examination corrosion may be ongoing.
depends on existence of cathodic.

cathodic protection system).
] Develop and implement.a system to The impact of a potential liner leak

remotely monitor corrosion of liner suggests that remote monitoring of the
(from concrete side). liner for corrosion damage is necessary.

Liner corrosion of Monitor performance of cathodic Maintain current levels per system design
floor liner plate protection system (if available). to ensure protection.
(from interior of
containment) Inspect interior concrete floor surface

for signs of attack and corrosion.

Inspect condition of joint sealants. '

Establish areas of control where !
concrete can be removed for periodic

'
inspection of liner. :

i

, _ Develop and implement a system to Conduct a more extensive removal of 3'

remotely monitor corrosion of floor concrete for examination of liner in areas '

liner plate. where corrosion may be indicated.
I

Coating Perform qualification of containment If qualification cannot be done, develop
degradation coating with analysis showing that an in place test to assess ability of aged i

,

safety system operation is not coating to withstand a loss-of-coolant accident
;

compromised by coating failure. such as by adhesion testing.
,

1

i' t

*
|

!

|

|
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Table B.3.1-4 (continued)

Potential
-

degradation Propsosed action Comments

.

Pile corrosion Monitor performance of cathodic Pile corrosion in undisturbed soil is not
protection system and maintain its anticipated. Corrosion in zones of ,

,

operation within design parameters. disturbed soil is expected to be minor.
'

,,

Cathodic protection of piles should,

eliminate any concern about pile corrosion.

; I

,

I

;

P
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SRP-LR

D.3.0 SLC0hlALY LCl;TAltailt:T

REVIEW fdSPCNSIBILITIES

Prir..aty - L EPD
Secondary - LSGB

1. IfffE CF FLY!fW

I, . This section cddresses the secundary containnient system.

1. [;e scrftt,ioJn

Sone f acilities have a secondary containroer.t (the reactor
building for scn1 EWRs) that con,pletely cncloses the primary
cont a i nn.e n t. The ucondary cor,tainnent cids in minin izing the
crounc'-level releast of eirborne radioactive n.aterials and
provides fcr the controllco releast of radioactive matericls
under cccident conditions.

The secondory ccntainment, if applicable, is described in thc.
n,ost recent revision of the final safety analysis report (FSAP)
or updcted Safety I.r alysis Report (USfR) for the facility.

L. Snieglugtig
,

The secondary containn:ent structure and supporting systems are
prctided to collect and process radioactive ' material that may
leck froro the pritacry containnient. Typically, the secondary
containcent is ruaintcined at a lcher pressure than the priraary
centainn,ent cnd the atnosphere.

5. [ysten, Ecut c'crics

lhe typical secondary tcntainnent substructure consists of
reinf er ced concrete extcriar wt.115. The superstructure may be
constructed of L structural steel frarat with n.etal siding and
rocfing. I,irlocLs and pipir9, electricci, and instrun,entation
penetrations are part of the scconcary containment system as
well as toilding ventilation isolation dan.pers and control ;

e len,e n ts . ]

L. fet Section 1, "/rea of Retiew," of SRP-LR B.0.1 for Item 1.P..

C. Typical exan.ples of age-related degracation associated with the
seconcary conte.innrent are listed below:

!
|

|

1
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1. Steel corrosion resulting in structural degradation

2. Rebar corrosion resulting in concrete structural degradation

3. Coating degradation which allows corrosion of structural
elements to occur ,

4. Degradation of sealing materials (caulking) used on roofing and
siding.

The areas of aging concern for a facility should be reviewed to
,

evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA '

See Section II, " Acceptance Criteria," of SRP-LR B.0 1.

III. RE11EW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
threugh III.D.

E. Secondary containment components not specifically addressed in this
section may be addressed by the generic aging topic reviews in Part
C of t'Te SRP-LR. The reviewer should ensure that structures and
components are adequately reviewed for this system. Section C.4.0,
" Civil Structure," in SRP-LR_Part C should be used for the review.
This may require other staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.
,

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

_
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SRP-LR

B.3.3 CONTAINMENT HEAT REMOVAL SYSTEM
I

REVIEW RESPONSIBILITIES ]

Primary - LRPD
Secondary - SPLB

I. AREA 0F REVIEW

A. This section addresses the containment heat removal system.

1. Description

Plant-specific designs for the containment heat removal system
are subject to considerable variations relative to the systems
and equipment used. Some PWR containments are equipped with en
ice condenser in which a large mass of ice provides a heat sink for
absorbing initial loss-of-coolant-accident (LOCA) heat loads.
BWR containments (see SRP-LR B.3.1) a large mass of water in
the suppression pool is used as a passive heat sink for initial
LOCA heat loads. For either approach, the use of a large heat
sink allows the containment volume to be considerably smaller
than that of the large dry containments that are used at most
PWRs. For most containment designs, the containment
spray system (see SRP-LR B.3.8) is used for long term post-LOCA
cooling and pressure reduction; in some PWRs,-the containment
ventilation system (see SRP-LR B.3.9) fan coolers are used.
For these PWRs, appropriate components of the containment
ventilation system are required to be safety reisted. In
addition, the residual heat removal (RHR) systems (see SRP-LR
B.2.2.4) of both PWRs and BWRs are used to transfer' heat from
the containment sump or suppression pool through.the RHR heat
exchangers to the ultimate heat sink. The BWR RHR system can
also be operated in a suppression pool cooling mode independent
of reactor injection. At some older plants, containment sprays
are not used for long-term cooling.

During the coatainment cooling mode of operation, condensate
and spray water flow to the containment sump or suppression
pool. The water is then circulated through the containment
spray (PWR) or RHR (BWR) heat exchangers, which transfer heat to
the service water system (SWS) (SRP-LR B.S.'4) and then to the
ultimate heat sink (VHS) (SRP-LR B.5.5.). At PWRs where
the containment ventilation system fan coolers are used, heat
is also transferred from these coolers to the UHS via the SWS.
Additionally, at some PWRs the component cooling water system
is used as an intermediata system between the reactor coolant
system and the SWS.

.
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The containment heat removal system is described in the'most
recent revision of the final safety analysis report (FSAR) or
updated safety analysis report (USAR) for the facility.

,

2. System Function

The function of the containment heat removal system is to reduce
the containment pressure and temperature following a design-
basis accident such as a LOCA and, in some cases, to control sump
pH. Containment heat is removed during normal operation and
shutdown by the containment ventilation system
(see SRP-LR B.3.9)

3. System Boundaries

The containment heat removal system includes the containment
spray system, those portions of the RHR system that provide
containment cooling (i.e., suppression pool cooling and contain-
ment spray), components of the containment ventilation system
for certain PWRs, and the ice condenser for PWRs with ice
condenser containments. With the exception of the ice condenser,
all components of the containment cooling system are addressed
in other sections of this SRP-LR as noted in Item I.A.1 above.

System boundaries for the ice condenser include the ice condenser
structure, insulation, and doors; the ice and ice baskets; the
ref rigeration unit; the return air fans, ducts, and dampers; and
instrumentation required to ensure proper operation during
normal and post-LOCA plant conditions. With the exception of
power sources and operator controls, all ice condenser equipment
is located within the primary containment.

B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. The aging concerns and mechanisms for the containment heat removal
system are the same as those for other cooling and ventilating
systems. The currently recognized problems of bearing wear and
replacement, f an blade cracking and repair or replacement, motor
failure, and heating and/or cooling coil failures apply.
Additionally, aging concerns associated with ice condensers include
potential insulation degradation, corrosion and wear of the ice
baskets; wear and corrosion effects on the refrigeration system,
and corrosion and wear on the large doors and hinges (Ref. 1).
The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage ,

potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

.
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II. ACCEPTANCE CRITERIA ,

see Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. Containment heat removal system components not specifically
addressed in this section may be addressed by the generic aging
topic reviews in Part C of the SRP-LR. The reviewer should ensure
that the structures and components included as part of the. generic SRP-
LR topics are adequately reviewed for this system. The following
sections in SRP-LR Part C should be used for the review: all of
Section C.1.0, " Mechanical"; all of Section C.2.0, " Electrical"; and :

all of Section C.3.0,'" Instruments." This may require other staff
input.

F. In addition, since the typical containment heat removal system
uses other plant systems to perform its functions of post-LOCA
containment heat remeval and pressure reduction, the reviewer
should coordinate this review with the reviews of the other
systems, namely:

1. Containment spray (SRP-LR B.3.8).

2. RHR/ low pressure safety (Core) injection (SRP-LR B.2.2.4)

3. Containment ventilation (SRP-LR B.3.9) for PWRs where
components of this system are used for post-LOCA heat removal i

Ice condensers are not addressed in other SRP-LR sections. For ice
condenser containment plants, the reviewer should ensure that the
licensee's IPA provides a suitable assessment of' industry experience
with ice condensers, including research in this area, and that its
aging management program specifies appropriate mitigation measures.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

;
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VII. REFERENCES
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1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
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SRP-LR

B.3.4 CONTAINMENT ISOLATION SYSTEM

REVIEW RESPONSIBILITIES

'

Primary - LRPD
Secondary - SPLB

I. AREAS OF REVIEW

A. This section addresses the containment isolation system.

1. Description

The containment isolation system consists of sensors, processors,
and automatic closing valves, which serve to isolate selected
systems under accident conditions. The status of the automatic
isolation valves is indicated by lights in the main control room.
Containment isolation valves are designed to seismic Category I
requirements. Some plants have exemptions for specific contain-
ment isolation valves.

The containment isolation system is described'in the most recent
revision of the final safety an.:1ysis report (FSAR) or updated
safety analysis report (USAR) for the facility.

2. System Function

The containment isolation systems provide the means of isolating
fluid systems that pass through containment penetrations so as
to confine to the containment any radioactive material that may
be released in the containment following an accident. The
containment isolation systems are required to function following
a design-basis event to isolate non-safety-related fluid systems
penetrating the containment.

3. System Boundaries

The components and actions considered within the review of this
system include the following:

a. A double barrier at the containment penetration in those
fluid systems that are not required to function following a
design-basis event

b. Automatic, fast. closure of those valves required to close-
for for maintaining containment integrity following a
design-basis event to minimize release of any radioactive
material

i,
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c. A means of leak testing barriers in fluid systems-that are
used for containment isolation

d. The capability to test the operability of containment
isolation valves periodically

e. The electrical and instrumentation control circuitry
required to generate and transmit the actuation signal (s)

8. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. A variety of age-related mechanisms can affect the ability of the
containment isolation system to perform its safety function (Ref. 1).
Nuclear heat and high thermal temperatures can cause degradation of.
the cables providing control signals to isolation valves. The areas
of aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to inanage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items
A. through D.

E. Components of the containment isolation system that are not.
specifically addressed in this section may be addressed by the
generic aging topic reviews in Part C of the SRP-LR. The reviewer
should ensure that structures and components included as part of the
generic SRP-LR topics are adequately reviewed for this system. The
following sections should be used for the review: C.1.2, " Valves";-
C.2.1, " Cable and Wiring"; C.2.3, " Electrical Penetrations";
C.2.4, " Relays, Circuit Breakers, and Switchgear"; C.2.6, " Solenoid-
Operated Valves"; C.2.7, " Electric Motors"; and all of Section C.3.0,

" Instrument." This may require other staff support.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1 .

, . _ _ - _ _ _ _ .
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VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990.
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SRP-LR

B.3.5 CONTAINMENT PURGE SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB

I. AREAS OF REVIEW

A. This section addresses the containment purge system.

1. Description

The containment purge system consists of fans, isolation
devices, ducting, filters, sensors, and exhaust stacks used to
purge containment air under selected circumstances.

The containment purge system is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the facility.

2. System Function

The containment purge system is used to establish the working
atmosphere within the containment building for access during
planned or unplanned reactor shutdowns. The containment purge
system is designed to ensure safe, continuous access to the
containment after a planned or unplanned reactor shutdown by
reducing the airborne particulates of the containment atmosphere.
This system also provides a path for the release of the containment
atmosphere to control the pressure increase resulting_from
normal containment heatup during reactor startup. In addition,
for some facilities, portions of the containment purge system
are used to aid in the control or removal of hydrogen in the
event of hydrogen buildup following a loss-of-coolant-accident.
Generally, this is the case for those facilities that do not
have a containment combustible gas control system as discussed
in SRP-LR B.3.7.

3. System Boundaries

The containment purge system normally consists of supply and
exhaust air-handling units, exhaust filter units, ductwork,
isolation valves, and exhaust stack. Motor control centers and
electrical and instrumentation control circuitry are also a
part of the system boundaries to be considered within this
review.

_ _
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B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. The aging concerns and mechanisms for these systems are the
same as those for other ventilation systems. The currently
recognized problems of bearing wear and replacement, fan blade
cracking an'] repair or replacement, motor failure, and heating
and/or cooling coil failures are expected to continue throughout
the life of the plant, including the license renewal term.

The araas of aging concern for a facility should be reviewed to
evaluate the acceptability of the' licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA
i
'See Section II, "Acceptece Criteria," of SRP-!.R B.0.1

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.O.1 for Items III.A
.'

through III.D.
,

E. Components of the containment purge system not specifically
'

addressed in this section may be addressed by the generic aging |
topic reviews in Part C of the SRP-LR. The reviewer should ensure !

that structures and components included as part of the generic SRP- |
LR topics are adequately reviewed for this system. The following |sections should be used for the review as part of the containment '

purge system review: C.1.1, " Piping"; C.1.2, Valves"; C.1.4, " Heat
Exchangers"; C.2.1, " Cables and Wiring"; C.2.3 " Electrical :

Penetrationc"; C.2.4, " Relays, Circuit Breakers, and Switchgear"; 1

C.2.7, " Electrical Motors"; and all of C.3.0, " Instruments." This q
may require other staff input. i

IV. FINDINGS .

|
See Section IV, " Findings," of SRP-LR B.O.1 .'

'

V. IMPLEMENIATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INF0RMATION ~)
:

VII. REFERENCES i

1

l
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SRP-LR

B.3.6 STANDBY GAS TREATMENT SYSTEM (BWR)-

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB

i I. AREAS OF REVIEW

'

A. This section addresses the standby gas treatment system (SBGTS).

1. Description

The SBGTS, upon activation by an engineered safety feature
(ESF) signal caused by a design-basis accident such as a
loss-of-coolant accident (LOCA), usually draws. contaminated
air and gases from the refueling zones, from the high pressure core'

injection area, and from the reactor zones. In the Mark III
design, the contaminated gases are collected from the annulus
recirculation exhaust, the auxiliary building secondary contain-
ment exhaust, and the fuel building exhaust. Ventilation
air from the SBGTS rooms and the annulus recirculation exhaust
fan room is also discharged to the inlet of the SBGTS. This
system also filters the drywell purge flow when the reactor is
in the refueling or shutdown mode until there is no indication
of high activity in the drywell or in the drywell purge flow.

The SBGTS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

2. System Function

The SBGTS removes fission products from the air drawn from the
i

secondary containment under accident conditions to limit I

radiation dose rates to less than the 10 CFR Part 100- !

guidelines and purges the drywell and suppression chamber
area. An elevated discharge is typically provided by
exhausting the gases to the plant stack. The SBGTS is
classified as an engineered safety feature.

3. System Boundaries

The SBGTS is located in the secondary containment and
typically consists of the following components:

a. Fans, motors and fan housings
b. Electrical and instrumentation control circuitry
c. Heating coils, cooling coils, and moisture separators
d. Prefilters, high-efficiency particulate air filters, and

filter housings

| i

|

)
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i

e. Activated charcoal adsorbers and adsorber housings
f. Motor-operated valves and dampers
g. Ventilation duct-work, supply and exhaust
h. Plant exhaust stack

B. See Section I, " Area of Re iew," of SRP-LR B.0.1 for Item 1.B.

C. The aging concerns and mechunisms for the SBGTS are the same
as those for other ventilation systems. The currently recognized
problems of bearing wear and replacement, fan blade cracking and
repair or replacement, motor failure, and heating and/or cooling - i

coil failures are expected to continue throughout the life of the
plant, including the license renewal term (Ref. 1). The areas of'
aging concern for a facility should be reviewed to evaluate the i

acceptability of the licensee's program to manage potential' aging
mechanisms. Site-specific conditions and experience are documented ',
in the IPA. !

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1. ;
1

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items.III.A
through III.D.

E. SBGTS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in Part C of the
SRP-LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections in SRP-LR Part C
should be used for the review: B.1.1, " Piping"; B.1.4, " Heat
Exchangers"; C.2.1, " Cable and Wiring"; C.2.3, " Electrical
Penetrations"; C.2.4, " Relays, Circuit Breakers, and Switchgear";
C.2.7, " Electrical Motors"; C.3.1, " Sensors"; C.3.2, Electronic
Componeats"; and C.3.3, " Electronic Devices." This may require
other staff input. r

,

IV. EVALUATION FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION -

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL- ,

7323), June 1990. |
|

)
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SRP-LR

B.3.7 CONTAINMENT COMBUSTIBLE GAS CONTROL SYSTEM (CCGCS)

REVIEW RESPONSIBILITIES-

Primary - LRPD
Secondary - SPLB

1. AREAS OF REVIEW ;

A. This section addresses the containment combustible gas control .,

system (CCGCS). ;

1. Description

Some facilities use the CCGCS to control in-containment, >

'

postaccident hydrogen buildup to a level below the flammability
limit so that uncontrolled hydrogen / oxygen recombination does
not occur. Other facilities may use an inert atmosphere inside -

the containment during operation, or they may use portions of
the containment purge system to aid in the control of post-LOCA
hydrogen buildup. The CCGCS is capable of controlled hydrogen /
oxygen recombination, sampling the containment atmosphere and
analyzing the samples for hydrogen. The CCGCS also circulates
the containment atmosphere to ensure good hydrogen mixing and
may control the hydrogen concentration by dilution or purging. -

The following systems are considered part of the CCGCS:

a. Postaccident hydrogen venting system
b. Postaccident hydrogen sampling system
c. Postaccident hydrogen mixing system'

d. Hydrogen recombiners

The CCGCS is described in the most recent revision of the final-
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the specific facility. .

2. System Function

In the event of a design-basis accident, the CCGCS provides for
the controlled recombination, mixing, venting, and dilution of
hydrogen and oxygen to prevent conditions that would result in

'deflagration or explosion. The system also provides for'
monitoring the content of oxygen and hydrogen in the containment
building atmosphere to alert operators when action levels are
reached.

3 System Boundaries
'

Systems for the control of combustible gas within the containment
may be totally inside the containment building or portions may be
outside the containment building. The major components-of the
four systems listed above that constitute the CCGCS are given >

below.
,

,
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The postaccident hydrogen venting system consists of a supply
and exhaust system, including fans, ducting, a prefilter, a
high-efficiency particulated air (HEPA) filter, and a charcoal
filter. The postaccident hydrogen sampling system comprises
fans, ducting, a sample vessel, and hydrogen monitoring
instruments. The postaccident hydrogen mixing system typically-
includes fans and ducting. The hydrogen recombiners, if
external to the containment, also are associated with ducting
(large-diameter piping).

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. As a result of aging mechanisms such as fatigue, general wear,_
thermal and radiation embrittlement, bearing wear, and fan blade
cracking, there have been f ailures of motors, heating coils, and
various electrical and instrumentation components (Ref. 1). These
areas of concern are expected to continue throughout the life of the
plant, including the license renewal period. The areas of aging
concern for a facility should be reviewed to evaluate the' accept-
ability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented:
in the IPA.

II. ACCEPTANCE CRITERIA
*

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Itens III. A.
through III. D.

E. CCGCS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in SRP-LR Part C.
The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections of SRP-LR Part C
should be used for the review: C.2.1, " Cables and Wiring"; C.2.3, "

" Electrical Penetrations"; C.2.4, " Relays, Circuit Breakers, and
Switchgear"; C.2.7, " Electrical Motors"; and all of Section C.3.0,
" Instruments." This may-require other staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B 0.1.

V. IMPLEMENTATION
,

See Section V, " Implementation," of SRP-LR B.0.1.
,

|
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VI. GENERAL INFORMATION

VII. REFERENCES
,

|
1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful i

for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL- -|
7323), June 1990. I
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SRP-LR

B. 3. 8 CONTAINMENT SPRAY SYSTEM

REVIEW RESPONSIBILITIES-

Primary - LRPO
Secondary - SPLB/EMCB

I. AREAS OF REVIEW

A. This section addresses the containment spray system (CSS)

1. Description

Although specific designs of the CSS are different for the
various reactor vendors, their general characteristics are quite
similar. In general, the CSS consists of two separate trains
of equal capacity with each train independently capable of
meeting system requirements. Typically each train includes a
pump, heat exchanger, ring header with nozzles, isolation
valves and associated piping, and instrumentation and controls.
During normal operation, all of the equipment is idle and the
associated isolation valves are closed. During a loss-of- '

coolant accident (LOCA), the CSS may initially draw water from
an external source (e.g., borated / refueling water storage tank).
Once the external source is depleted, the CSS pump suction is
automatically realigned to draw from the containment sump for
pressurized-water reactor (PWRs) or the suppression pool for
boiling-water reactor (BWRs).

The addition of sodium hydroxide (NaOH) to the containment
building spray during injection or trisodium phosphate during
recirculation removes and retains radioactive iodine in a non-
volatile form, thereby reducing post-LOCA offsite doses.
However, these additives are not used with BWR systems, nor are
they used with PWR ice condenser systems in which the ice
contains sodium tetraborate that accomplishes the same result as
iodine control.

The BWR CSS is a subsystem of the residual heat removal (RHR)
system. Other post-LOCA RHR subsystems include' low pressure
coolant injection to the reactor and suppression pool cooling.
The BWR RHR system also provides cooling of the reactor during i

normal shutdown conditions. -|
|

The CSS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the specific facility.

.I
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2. System Function*

The CSS is an engineered safety features system that is used to
reduce containment pressure and temperature-following a LOCA.
Addition of sodium hydroxide to PWR containment sprays during
injection or trisodium phosphate during recirculation helps to !

remove radioactive fission products from the containment j
building atmosphere, thereby reducing offsite dose.

BWR containment spray system functions are performed by the RHR
system and cannot be placed in operation unless the core
cooling requirements of the low pressure coolant injection
subsystem have been satisfied.

The CSS removes heat from primary containment and is,
therefore, also part of the containment heat removal system
(see SRP-LR B.3.3 title of the SRP-LR).

L 3. System Boundaries

The CSS extends from the pump suction valves, through the pump,
heat exchangers, piping, and containment spray nozzles. All
associated instruments, controls, and electrical equipment are
included in the CSS. For the BWR CSS, which is a subsystem of
RHR, the RHR control logic that places the CSS in service is:
considered part of the CSS.

B. See Section I, " Area of Review," of B.0.1 for item I.B.

C. Aging Concerns and Mechanisms

Typical examples of age-related degradation associated with CSS
are listed below.

1. Valve degradation from wear, foreign material, or vibration
damage

2. Pump degradation from wear or vibration damage

3. Heat exchanger degradation, especially the tubes, from
corrosion and erosion

4. Piping degradation from corrosion, erosion, and thermal
fatigue

The areas of aging concern for a facility should be reviewed to evaluate
the acceptability of the licensee's program to manage potential aging ,

mechanisms. Site-specific conditions and experience are documented in .|
the IPA. |

|
i

l
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A.
through III.D.

E. CSS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in SRP-LR Part C.
The reviewer should ensure that structures and components included
as part of the generic SRP-LR topics are adequately reviewed for
this system. Specifically all the sections of Part C should be
used for the review except Sections C.1.5, " Tanks and Vessels";
C.2.5, " Transformers"; and C.4.0, " Civil Structures." This may
require other staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

Aging assessments of several plant systems similar to the CSS have been
performed as part of the nuclear plant aging tesearch (NPAR) program
(Ref. 1). Failure data from various national data bases were reviewed ,

and analyzed to identify predominant failure modes, causes, and mechanisms.
Time-dependent failure rates for major components were determined to
identify aging trends. Plant-specific data were obtained and evaluated
to supplement data results.

The data suggested that piping and heat exchangers can become very
dominant in later years if failure rates increase at the rates indicated.
This is due to the predominant failure mechanisms of corrosion and
erosion, which are relatively slow processes. Increased surveillance
may be necessary for these components in later years of plant life.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful-
,

for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990.

1
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SRP-LR

B.3.9 CONTAINMENT VENTILATION SYSTEM

REVIEW RESPONSIBILITIES >

Primary - LRPD
Secondary - SPLB

1. AREA 0F REVIEW

A. This section addresses the containment ventilation systems (CV3)

1. Description
.

The CVS typically uses large fan cooler units (FCOs) with
associated ductwork, dampers, and local fans to maintain
temperature relatively uniform and within design limits. The

,

system also may include strategically located safety-related
fans that are used in the environment following a loss-of-
coolant accident (LOCA) to prevent buildup of denotable
hydrogen in dead air spaces. The FCus transfer heat fron the
containment to the component cooling water system and then to the
service water system, or directly to the SWS from the FCus.
Plant-specific designs are subject to considerable variation
depending on the equipment used and its importance to safety.

The CVS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the specific facility.

2. System Function

The CVS cools the atmosphere of containment and related
subcompartments, maintaining each within peak and average
temperature limits during normal operation and shutdown,' including
anticipated transients. Some PWRs.use elements of_the CVS to
assist the containment spray system in reducibc ontainment
post-LOCA pressure. For these plants, appropriate CVS components
are required to be safety-related. Boiling-water reactors
(BWRs), and some PWRs, use only the containment sprays for
post-LOCA pressure and temperature reduction. For these plants,
the CVS is nonsafety-related. Both PWRs and BWRs may use certain
elements of the.CVS (e.g., fans, ductwork, and dampers) to prevent
the potential buildup of post-LOCA hydrogen in dead air spaces.
These elements of the CVS are required to be safety-related.

Containment filtration and pressure control during normal
,

operations and shutdown is provided by the containment purge-
system.

,
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3. System Boundaries

The CVS includes all fan cooler units, ductwork, dampers, fans,
and instrument sensors located in the primary containment and
related subcompartments for the purpose of heat removal during
normal operation and shutdown. Depending on the plant-specific
design, the CVS may interface with the containment heat removal
system and the containment combustible gas control. system or the
containment purge system.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for item I.B.

C. Aging mechanisms such as fatigue, general wear, and thermal and
radiation embrittlement, among others, result in bearing wear, fan
blade cracking, and failure of m . ors, heating coils, and electricalv
and instrumentation control circu;try. These age-related
degradation mechanisms are expected to continue throughout the
license renewal period. The areas of aging concern for a facility
should be reviewed to evaluate the acceptability of the licensee's
program to manage potential aging mechanisms. Site-specific
conditions and experience are documented in the integrated plant
assessment (IPA).

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for items
III.A. through III.D.

E. CVS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in Part C of the SRP-
LR. The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. The following sections from SRP-LR Part C-
should be used for the review: C.1.4, " Heat Exchangers"; C.2.1,
" Cable and Wiring"; C.2.3, " Electrical Penetrations"; C.2.4,
" Relays, Circuit Breakers, and Switchgear"; C.2.7, " Electrical
Motors"; and all of section C.3.0, " Instruments." This may require
other staff input.

F. The reviewer should coordinate the review of the CVS with that of
the containment heat removal system and the containment combustible
gas system, SRP-LR B.3.3 and B.3.7, respectively. 1

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1. |

H
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V. IMPLEMENTATION )

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

The CVS is subject to aging effects similar to all ventilation cystems.
Typically, these systems operate in elevated temperatures, receive
limited preventive maintenance, and are equipped with minimal instrumenta-
tion for detection of performance degradation. Additional information
regarding aging of fan coolers may be found in References 1 and 2. Aging
effects include:

Fatigue failures of fan blades, dampers, baffles, and housings

Bearing failures resulting from wear, misalignment, excessive belt
tension or vibration

Degradation of heat exchanger performance resulting from dirt
accumulation on the air side and fouling on the water side-

Corrosion associated with condensation on cool surfaces (ductwork
and cooling coils)

Mechanical damage to ductwork and dampers associated with adjacent
maintenance activities

Electric motor failures resulting from wear, elevated temperature
effects, vibration, and radiation degradation ;

VII. REFERENCES
,

1. U.S. Nuclear Re0ulatory Commission, "A Review of Info mation Useful
_

for Managing Aging in Nuclear _ Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990.

2. Pacific Northwest Laboratory, " Operating Experience and Aging
Assessment of ECCS Pump Room Coolers," PNL-5722, October 1986.
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SRP-LR

B.4.1 MAIN POWER SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SELB/SICB

I. AREA 0F REVIEW

A. This section addresses the main power system

1. Description

The main power system supplies power both to the electrical
equipment for balance of plant ~that is required.for normal
operation and control of the plant and to the electrical
equipment for engineered safety features that is required for
the safe shutdown and control of the plant during design-basis
accidents. In some plants the same electrical buses that supply
nonessential loads also provide power to essential loads. The
essential power system is reviewed under SRP-LR B.4.2.1 and the
nonessential power system under SRP-LR B.4.2.2. The main power
system receives power from redundant sources to enable it to
continuously function during adverse conditions. Redundant
sources are typically some combination of offsite power, the
station switchyard, or the station generator. The main power
system may be divided into at least two independent channels to
further provide for redundant grouping of loads. Thus, the main
power system not only provides for redundant sources of power
but also redundant grouping of loads.

The main power system is described in the most recent revision
of the final safety analysis report (FSAR) or updated safety
analysis report (USAR) for the specific facility.

2. System Function

The main power system supplies power both to the electrical
equipment for balance-of plant that is required for normal
operation and control of the plant and to the electrical
equipment for engineered-safety-features that is required for
the safe shutdown and control of the plant during design-basis
accidents.

3. System Boundaries

The main power system includes the disconnects, switches,
circuit breakers, relays, switchgear, buses, cables, and
transformers that are necessary to provide electrical power
to both the essential and the nonessential power systems.
The system boundary begins with the disconnect switches.
feeding all power from the switchyard and ends with the

-- - . _ _ _ _ - _ _ _ _ _ - _ - _ _ _ _
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circuit breakers feeding essential and nonessential buses.
In some plants the system also includes the tertiary offsite

. power system which provides another source of offsite power
to the essential power system.

B. See Section I, " Area of Reviek," of SRP-LR B.0.1 for Item I.B.

C. The main power system is composed primarily of components that are
reviewed in accordance with other sections of SRP-LR. These
components and the applicable SRP-LR section are:

Component Section

Cable and wiring C.2.1
Junctions C.2.2
Relays, switchgear, circuit breakers C.2.4
Transformers C.2.5

In addition, protective relaying and controls are reviewed in
accordance with SRP-LR B.4.1.1.

Typical examples of age-related dr radation associated with the main
power system are provided in this section. The areas of aging
concern for a facility should be reviewed to evaluate the accept-
ability of the licensee's program to manage potential aging mechanisms.
Site-specific conditions and experience are documented in the IPA.

Any aging degradation of these components can potentially affect
their ability to function as required. However, aging degradation
of some of these components is of particular concern to the main
power system because the affected component must function at the
time of an event or provide additional power. Some of the
components of concern are noted below,

o Circuit breakers that must disconnect a failed power source,
such as loss of power from the switchyard, loss of power
generated on. site, or total loss of offsite power

i

i

o Protective relaying and control |
i

o Transformers that must begin to transfer power as result having
to switch from one source of power to another

o Cables l

o Switchgear

Circuit breaker aging stressors may be categorized as either-
thermal, electrical, mechanical, or environmental. The most likely -!

failures are related to mechanical and electrical effects and 1
p'rimarily result in failure to open or close, improper operation,
restrike, shorting, and arcing. A summary of these effects is
given in Table B.4.1-1.

|

|
,- - , . . . - _
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II. ACCEPTANCE CRITERIA 1

!

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B.

C. In addition to the above items, the licensee's program should
thoroughly address the stressors each circuit breaker will
experience and show that the existing or proposed program of
surveillance and maintenance will detect and correct aging
degradation before loss of function is experienced. Table
B.4.1-1 provides a listing of stressors that should be considered.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. Components of the main power system not specifically addressed in
this section may be addressed in the generic aging topic reviews in
SRP-LR Part C. The following sections of SRP-LR Part C and should
be used for the review: C.2.1, " Cable and Wiring"; C.2.2, " Junctions;"
C.2.4, " Relays, Circuit Breakers, and Switchgear;" C.2.5 " Transformers."
This may require additional staff input.

F. The reviewer should ensure that the licensee's program identifies
and addresses aging degradation of circuit breakers.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

Studies performed as a part of the NRC Nuclear Plant Aging Research
(NPAR) Program have shown that of the components that form the main
power system, circuit breakers have the highest frequency of events
requiring licensee event reports (66.3 percent of all Class 1E power-
system events) followed by transformers (4.7 percent of all 1E power
system events) (Ref. 1). Studies utilizing the Nuclear Plant Reliability
Data System (NPRDS) information have shown that about 21 percent of
circuit breaker failures and 13 percent of transformer failures are
aging related. Aging of electrical conductors accounts for only
8 percent of the reported failures (Ref. 2). Circuit breakers, therefore,
have the highest failure rate and also are affected the most by aging-
related degradation.

<
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Table B.4.1-1 Aging. Degradation of Circuit Breakers
Stressors Cause Failure Mechanism Failure Mode

Thermal Poor contact Degraded insulation Short to ground

Large current Degraded contacts Poor or open
contacts

Degraded are chutes
Flash over

Degraded overload
mechanism Failure to
(molded-case) extinguish the

arc

Premature trip at
low current

Electrical Over voltage Arcing of contacts Restrike
transients causing contamina-

tion of components
Spikes Shorting of

components-

Fault Arcing to ground
interruption or between phases

|

Lightning

Mechanical Routine Degraded contacts Failure to open
operation or close

Fault Fatigue Improper
operation

Interruptions Wear

Vioration Loose connections

Friction Reduced force

Compound failure

Environmental Elevated Increased friction Failure to open
temperature

.

or close
Degraded insulation

Elevated humidity Shorting and.
Oxidation arcing

Table B.4.1-1 Aging Degradation of Circuit Breakers.

Stressors Cause Failure Mechanism . Failure Mode

Dirt Hardening of Improper
lubricant operation -|Chemicals

Rust Embrittlement of
materials
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SRP-LR

B.t.1.1 PROTECTIVE RELAYING AND CONTROLSi

REVIEW RESPONSIBILITIESE

Primury - LRPD
Secondary - SELB/SICC

1. AREA 0F REVIEW

A. This section addressee the protective relaying and controls:4

1. Description

The prctective reluying and controls is composed of components
that are required to control and protect the various items of
equipment in the electrical distribLtion system. The components
ere reviewed in accord 6hte with other sections of SRP-LR. These
components and the applicable SRP-LR sections are:,

Cable and Wirirg C.2.1
Junctinns C.2.2
Relays, Switchgear, Circuit Ereakers C.E.4
Electronic Devices C.3.3

The protective relaying and controls specific description is
described in the most recent revision of the finel safety analysis
report (FSAR) or updated safety artlysis report (USAR) for the
f acility.

2. System Function

The prctective relaying and controls perform the following
functions:

a. Continuously monitors power to safety related loads and
uutomatically switches pwer sources when necessery,

b. Precludes damage tc electrical equipment as a result of
extended pe riods of operation at reduced voltage levels.

; c. Overrices the effects of short-duration system disturbances
as well as the effects of transients due to the storting of
large motors fed from the plant distribution system.

d. Provides for remote indication, alarms, and control of the
plant power systems.

1E6
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3. System Bcundaries

Protectivt relaying ar.d controls iricludes the relays, current and
potential transformers, and controls and indicators that are
r.ecessary to cetect ebriorrr.al operating conditions and initial
corrective actions. Also include.d are the c6bles, switches, and
indicators for providing both rernote and local control and
indication of the state of the equipment. The system boundaries ;

,

do not include the various iterus of controlleo equipment, such as j
breakers, or the control panels or enclosures. Also not included

,are the sources or required power, such as 125 V/dc or-120 V/ac - '

power. j

B. See Sect 1or,1, " Area of Review," of SFP-LP B.0.1 for Item I.L..

C. Any aging degradation of these components can potertially affect their
dbility to functitri as required. However, aging degradation of some i
of these componer ts is of pat ticular corcern to the protective re1 Lying
and controls systtru because the affected component nust function at
the time of ar, event in ccritrast to conponents that are only required
to continue te function. Some of significant aging degradations are:

1. Breakdowt, of relay and trensformer ccil insulation caused by
induct he surges and over tenperature. Over temperature roay be
caused by chraic heating as a result of overvoitage operation,
elevated ordient temperature, and temperature rises in the cabinet
housir<g.

2. Wear cf relays er.c switches at a result of continued use and high
cycling rate.

3. Increase friction cf relays and switches caused by dust, dirt and
ccntaminatior.

Relay stressors may _be categorized as either thermal, electrical,
mechanical, or environnental. The n.ost likely failures are related
to nechanicai erd electrical ef fects and primarily result in feilure
to cpen or clost, inproper c peration, and arcina of the contacts. A-
summary of these ef f ec ts is givu, in Table B.4.1.1-1.

Typical exanples of age-related degradation ussociated with protective
relays and controls arc provided in this section. The areas of aging
concern for a facility should be reviewed to evaluate the acceptability _
of the licensce's progran to manage potential aging mechanisms. Site-
spcific ccnditions and experience are documented in the IPA.

II. ACCEPTANCE CRITE!/

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.
:
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III. REVIEL PROCEDURES

See Section ~11I, " Review Procedurcs," of SRP-LR B.0.1.

E. Components of the Protective Relaying and Controls system not
specifictlly addressed in this section may be addressed in the generic
aging topic reviews in SRP-LR Part C. SpecificElly the SRP-LR Part C
chapter listed in I. A 1 abcve should be reviewed in conjunction with
SRP-LR B.4.1.1 following sections of Part C are applicable to the
Protective Eelaying and Controls system and should be reviewed: C.2.1
" Cable and Wiring"; C.2.2 " Junctions"; C.2.4, "Relcys, Circuit Dreakers,
and Switchgear", and C.3.3 " Electronic Devices." This may require
additional staff input.

IV. FINDlhCS

See Section IV, " Findings," of SRP-LR B.0.1.

V. If tPLEFit;TATION

Ste Section V, "Implemer.tation," of SPP-LR B.0.1.

VI. CEllERAL If FCRiiATICN

Studies performed as a part of the FRC Nuclear Flant Aging Pesearch (HPAR)
Program hcve shown tFot of the components thet form the Protective Relaying
ar;d Control system, relays and switches account for the majority of the
failures. Studits utilizing fuclear Plant Reliability Data Systems (NPRDS)
information have shown that about 25 percer.t of relay failures and 23 percent
of switch failures are aging related. Aging of electrical conductors accounts
for only 8 percent of the reported failures (Refs 1 an6 F) Relays are a
dtvice thht rsust operate during abnormal conditions and yet ure significantly
affected by 69 ng effects.i .

VII. REFEREffE_S

1. U.S. hucitar Regulatory Commissitr, " Nuclear fiant Aging Research:
The 1E Power System," NUREG/CR-5181, April 1950.

.

2. U.S. Hucitar Reguletory Commission, "An Agir.g Failure Survey of Light
Water Reactor Safety Systems und Comper. tnt," NUREG/CR-4747, July 1987.

.
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i
lat'le B.4.1.1-1 Tabulation of stresses and effects on relays :

!

St.ess Effect of Stress on Component Effect on Operation i

!

Electrice1 Stresset {
|

Inductive surge Breakdown of coil insulation Open-circuited coils ]
(ccrena attack and dielectric |
breakdown of insulation weak

'

points)

Overvoltage Increases ohmic heating of See Thermal Stresses ,

operation relay |

|

Mechanical Stresses

High cyclins rate Wear of r.ioving parts Binding of relay

Certact wear Misoperation of relay

Increased frictier: Coil failure )
1

Mechanicti fatigue '

Electrical pitting and ercing
of contacts

:

Inductive surge

Loose connections Loosening of pin / socket High resistance paths
(relay socket / it.terf ace
tert:inal s) Arcing across

1.ir gaps between contacts and contacts
connectior.s

Open circuits -

Vibrotion Materiti fatigue Cetponent failures

Loosening of connections Open circuits

Interriittent contact opening Inadvertent operation
(chatter)

Inadvertent contact closure

Dornancy Organic raaterials set Failure to operate
(lack of operation)

Crgarsic materials adhere to Binding
edjacent material

155
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-

Table B.4.1.1-1 (continued)

Stress Effect of Stress on Componcn_t Effect on Operation
1

i

Thernial Stresses

Continuous energi- Accelerates aging cf coil Leads to insulation
zation (ohmic insulation and other non- and component failure
heating) metallic components

Ter:perature rises Accelerates aging of non- Same as above
in cabinet housing metallic materials including

coil insulttion, bobbin, relay
base, and contact spacers

Elevated ambient Accelerates aging of non- Same as above
temperature n;etallic components

Humidity Corrosion of centacts Open circuits /
increased resistances

Coil und contact leakage paths

Dust, dirt, Interferences Dirding
contamin6 tion

increases in friction forces Slow or sluggish
operation

Increased resistance
Open circuits /
increased ohmic
heating

1

8

6
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SRP-LR

B.4.2.1 ESSEllTIAL PCWER SYSTEN

REVIEW PESPONSIBILillES

Prirury - LRPD
Secondary - SEL8/SICf3

1. AREA 0F REVIEW

A. This section addresses the essential power system:

1. Description

The essential pcwer systen supplies pcwer to the clectrical
equipment for engineered safety features that is required to
provide for the safe shutdown and control of the plant during
design-basis accidents. The system receives power from
redundant sources so that it can centinuously function during
adverse arid accident cer.ditions. Redundant sources include main
power, as described in SRHLR B.4.1 of SPP-LR, offsite power,
and energency pLber systeri.s, as described in SRP-LR B.4.4 and
B.4.3.1 of SRP-LR. The essential power systens is divided into
at lu.st two independent ch6nnels to further provide for
redundar.t grouping of crititel loads. Thus, the essential power
system not only provides for redundar.t sources of power but also
for reduncent groupir g of loads.

The essential power systen is described in the most recent
revision cf the final safety analysis report (TSAR) or updated
safety analysis report (USAR) for the specific fccility.

2. Syster.. Function

Tu essential power systen rupplies pwer to the electrical
equipment for engineert.d saf ety f eatures that is required to
provide for the safe shutdown and control of the plant during
desigr-basis bccidents.

3. Systen Foundaries

lhe essential power system includes the breakers, buses, cabling,
and transforners that are necessory to provide electrical power
to the electrical Equipment for engineered safety features that
is required to provide f or the safe shutdown and control of the
plant durir.c design basis accider.ts. The system boundary begins
with the circuit breakers feeding the various essential power
system buses anc ends at the motor control centert that provide
power to the electrical equipment. The system does not include
the sotr ces of electrical power such as the higher voltage buses
tl.ct feed the essential pewer system buses, the of fsite power,
or the dicscl generators. In addition, the essential pwer
system dets not include the varicus items oi electrical
(quipn.ent thet are connected to the motor control centers.

1El
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11 See Section 1, " Area of Review," of SRP-LR for Item I.B.

C. The essential power system consists primarily of comporients that
are reviewed in accordance with other sectiert. of the SRP-LP.,
These componer.ts and the applicable SRP-LR section are:

I _Componer.t Section

Cable and wiring C.2.1
Jur,ctions C.P.2
Relays, switchgear, circuit breakers C.2 A
Transforners C.2.5

In Ldoition, prctective relaying arid controls are ieviewed in accordance
with SRP-LF B.4.1.1.

t i

| Ariy aging degredation cf these components can potentially affect their )
ability to function es required. iHowever, 69 ng degradhtlon of son.ti'

| et these coicponents is of par ticular concern to the essential pwer
syrtem because the affectf d component must function at the tirae of an
event or provide adcitiora 1 power. Some of the components of
cuncern are noted below.

o Circuit breakers that must disconnect a failed power source, such
er loss of power from the switchyard, loss of power generated
ensite or total loss cf effsite p u r

o The circuit breaker that must close to supply power fren, a diesel
generator

o Circuit breakers that trist open and then reclose during load
shedding and Luhsequent energizing en startut of the diesel
generator

i

|

0 Frotective relaying and control |
t

o Transforicers that must becin to provice power as result having to
switch fron one source of power to another

'Circuit breaker aging stressors may be categorized as either
thern.cl, electrical, rrechanical, or enviror.rnental. The most likely
f ailures are related to irechanical or.c electrical effects and
primarily r esult in f ailure to open or close, iraproper operation,
restrike, shorting, ard arcing. A surr.rrary of the.se ef fects is given
i n T ot. l e B .4. 2.1_1.

Typicel examples of age-related degradution associated with the
essential power system are provided in this section. The areas of
concern with regard to aging for a facility should be reviewed
to evaluate the ecceptability of the licensee's program to manage
potentiti aging icechanisms. Site-specific conditier.s and experierce
are docur.:ented in the IPA.

I
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II. ACCFPTAkCE CRITERIA

See Section I!, " Acceptance Criteria," of SRP-LR B.0.1 for Items II. A
and II.B.

C. In addition to the above items, the licensee's program should
thoroughly address the stressors each circuit breaker will
experience and show that the existing or proposed program of
surveillance and maintenance will detect and correct aging
degradation before loss of function is experienced. Table
5.4.2.1-1 provices a listing of stressors that should be considered.

III. REVlEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 Itens III. A
through III.D.

E. Components of the essential power system not specifically aodressed
ir, this section trey be addressed in the ger.eric aging topic reviews
in SRP-LR Part C. Specifically the following sections of SRP-LR
Port C ore applicable to the Essential Power systen and should be
reviewto: C.2.1, " Cable and Wiring"; C.2.2, " Junctions"; C.2.4,
" Relays, Circuit Breakers, anc Switchgee," C.2.5 "1ransformers."
This ray require other sta'f input.

F. The reviewer should ensure thet the licensee's progran identifies and
addresses aging degradation of circt:it breakers.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B 0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

M. GENERAL INFORMATION

Studies performed as a part of the NRC Nuclear Plant Aging Research
(HPAR) Prcgram have shown that, of the components that form the
essential power system, circuit breakers have the highest frequency of
events requiring licenste event reports (66.3 percent) of all class 1E
power system events) followed by transformers (4.7 percent of all 1E '

power system events). Studies utilizing the Nuclear Plant ~ Reliability
Data Syster: (NPRDS) information have shown that about 21 percent of
circuit breaker failures and 13 percent of transformer failure are aging
related. Aging of electrical conductors accounts for only 8 percent of
the reported failures.

M3
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VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research:
the IE Power System," NUREG/CR-5181, April 1990.
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TABLE D.4.2.1-1 Aging degradetion of circuit breakers

Stressors Cause Failure hechantsu failure Mode

Thenoal poor contact Degraded insulation Short to ground

Lorge current Degr6ded contacts Poor or open
contocts

Degraded arc thutes
Flash over

Degraded overload
mechonism Failure to
(molded-case) extinguish the

arc

Premature trip at
low current

Electrical Overvoltage /tcing of contacts Restrike :

transients causing contamine-
tion of components Shorting of !

Spihr components i

Fault Arcing to ground
interruption or between phases

Lightr irig

Mechanical Routine Degraded contacts failure to open
ope ra tier. or close

Fatigue
fault Improper

operation
intetiuptions WEat

Vibrction Loose connections

Friction Reduced force

Corpound fuilure

Environmental Elevated Increased friction Failure to open
tenperature or close

Degraded insulation
Elevated humidity Shorting and

0xidttion arcing
Dirt

Herdening of In: proper
operation

TABLE B.4.2.1-1 Aging degredation of circuit breakers

Stressors Cause failure Pechanism failure Mode
.

Chemicals lubricant

host Embrittlen'ent of
materials
165
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SRP-LP 1

B.4.2.2 N0fiESSElGIAL POWEP SYSTEM

REVIEW RESPONS MlliTIES l

Primary - LRPD
Secondary - SELB/SICE

1. AREASOFREQEW

A. This section addresses the nonessential power systera.

1. Description

The nonessential power systen supplies pcker to the balance of
pltnt electrical equiptrc-nt that is required for normal operation
and control of the plant but not required durirp design-basis
accidents. In some plants, the sane electrical Luses that supply
ronessential loads also provide power to the essential power system
thbt is reviewed under SRP-LR B.4.2.1. The nonessential power
system receives power from redundant sources to enable it to
continuously functior. curing adverse conditions. Redundant sources
are typically some coirb1 nation of offsite pcwer, the station switchyard,
or the stction generator. The ner, essential power systen may be
divicea into 6t least two it. dependent channels to further provide
for redundant grouping of loads. Tht.s, the nonesstntial powtr system
not only provides f or udundant sources of power but also for
redundant grouping of loads.

The renessential power system is described in the most recent

revision of the final safety) analysis report (FSAR) or updatedsafety ct: clysis r eport (USAR for the specific facility.

P. System function

The ncnessentiel power system supplies power to the balance of
plant electrical er,uipnient that is required for norm 61 operation
and control of the plant but net required during desien-basis
accidents.

3. Systen Dour. caries

The nonessentici power system includes the breakers, buses,
cabling, and transformers that are necessary to provide electrical
power to the balance of plant electrical equipment that is required
for norrrcl operaticns of the plant. The system boundary begins
with the circuit breakers feeding the nonessentiti power buses
anc tnds at the n:otor control centers thet provide power to the
electrical equiprnent. The system does not include the sources of
electrical power, such as the switchyard, that feeds the non-
essentiel wer buses. In adoitiors the nonessential pcwer '

systeni does not include the varlot.s items of tiectrical equiprnent
that are connected to the n:otor control centers,

lf fi
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E. See Section I, " Area of Review," of SRP-LR B.O.1 fr iteu 1.B.

C, The nur, essential power systen is composed primari'i of components that
are reviewed in accordance with other sections of SRP-LR. These
components and the applicable SRP-LR section are:

Component &c, tion
'

'

Cable and wiring C.2.1
Junctions C.2.2
Relays, switchgear, circuit breakers C.2.4
Transformers C.2.5

In addition, protective relaying and controls are reviewed in accordance
with SPP-LR B.4.1.1.

Agirg degradation of some of these components is of part r concern,

to the nonessential power system becaute the affected comp.,.ient must
functico at the tin of an event in contras' to components that are
only reouircd to continue to functicn or provi% additional power. Some
wmponentr, nf concern or e noted below.

1. Circuit breeters that most disconnect a f ailed power sour ce, such
as loss of power from th switchyard, loss of power generated on-
site or total loss of offsitt power

2. Protective relaying and control
,

3. Transformers that must begin to provide power as result having to
switch from one source of power to another

Circuit breaker aging stressors may be categorizec as either thermal,
'?ectrical, n.echenical, or environmental. The most likely failures
are related to mechanical and electrical cffects and primarily result in
failure to open or close, improper operaticr., restrike, shorting, and
arcing. A surrary of these ef fects is given in Table B.4.2.2-1.
Typical excmples of eging-related degradation associated with the
noressential' power systtr: ere provideo in this section. The areas of
concern with iegard tc aging for a facility should be reviewed to
evaluate the acceptability of the licensee's program to raanage
potential aging mechanisrrs. Site-specific conditions and experience
are docuniented in the IPA.

II. ACCEITAliCE CRITERI A

See Section 11, " Acceptance criteria," of SRP-LR B.0.1.

III. REVIEW PFOCEDURES
,

See Section III, " Review Pru.edures," of SRP-LR C.0.1 for Items III. A
thrcugh III. D.

,
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E. Con;ponents of the nonessential power system not specifically addressed |
in this rection may be addressed in the generic aging topic reviews '

in SRP-LP Part C. Specifically the following sections of SRP-LR Part C
ere applicabic to the non essential power systeni and should be used
for the review C.2.1, " Cable and Wiring"; C.2.2 " Junctions"; C.2.4,
" Relays, Circuit Breakers, anc Switchgear"; C.2.5 " Transformers "
This may require additicral staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.G.I.

V. IMPLEMENTATION

See Sectior i, "Implerrentation," of SRP-LR B.0.1.

VI. CENERAL INFORMATION

Studits perforraed as e part of the NRC Nuclear Plant Aging Research (NPAR)
Program have shown that of the compcnents the+ form the nonessential power
system circuit breakers have the highest frequer.cy of events requiring
licensee event reports (66.3 percent of all class 1E power systen: events),
f allowed by transforn.ers (4.7 nrcent of all 1E power system events).
Studies utilizing Nuclear Pldnt Rcliability Data System (NPRDS) information
have shown that about 21 percent of circuit breakers failures and 13 percent
of transformer failures are aging related. Aging of electrical conductors
dCCLunts for or.ly. 8 percent bi the reported failure. (Ref. 2) Circuit '

breakers, therefort, have the highest failure rate and are also affected
the nicst by aging-related degradatior,.

VII. REFERENCES

1. U.S. Nuclear RLbu latory Commission, " Nuclear Plant Aging Research:
the IE Fower Systen " NUREG/CR-5181, April 1590.

2. l'.S. Nuclear Regula~ . . Commission, "An Aging Failure Survey of Light
Water Reactor Safety Systues una Con penent," NUREG/CR-4747, July 1987.

3. Institute of Electrical and Electronics Engineers, li'EE Standard
308-19EO, "IEEE Sttnderd Criteria for Cicss IE Power Systems for ,

Nuclear Power Generating Stations."
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TABLE B.4.2.2-1 Agiris cegradation of circuit breakers .
,

Stressors Cause Failurt itechanism Failure Mode i

Thermal Poor ccntdct Degraded insulation Short to ground

Large current degraded contacts Poor or open
contucts

Degraded arc chutes
Flash over

Degraded overload
mechanism Failure to
(raolded-ca st) extinacish the

arc

Premature trip at
low currer,t

Electrical Over voltage Arcing of cont 6 cts Restrike
tronsients causing coritamiria-

tion of cornponents Shorting of
Spi kes components

Ftult Arcing to ground
interruption or between phases

Lightnirig

flechanical Routine Degraded contacts failure to open
operatior cr close

Fatigue
fcult Improper

creration
interruptions Wear

Vibr6 tion Loose connections

Fr4ction Reduced force

Compound failure

Env i rcr;i..e nta l Elevated Increased friction Failure to open
or closeterferature .

Degraded insulation
Elevater; tumidity Shorting and

0xidttion arcing
Dirt

Hardening of Improper
lubricant operation

Chemicels

Rust Erobrittler.ier.t of
meterials
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SRP-LR

B.4.7.3 HIGH PRESSURE CORE SPRAY POWER SYSTEli (BWR)

. REVIEW RESP 0hS10ItITIES

Pr ima ry - LhPD
Secondary - SRXB/SELB/SICB

1. AREAS CF REVIEW

A. This section accresses the high pressure core sprey (HPCS) power
sys tem.

1. Description

Eight CUP plants utii1ze HPCS systems to depressurize the reactor
and maintain the reactor vessel water level in the event of a
snall break LOCA. The HPCS Pcwer System supplies power to the
!!PCS pur..p and supporting electrical equipment that is needed to
depressurize the reactor and raointain the reactor vessel water
level in the event of a sn.c11 break LCCA. The HPCS power system
is usually a dedicated bus of the Essential Power System that is
reviewed under SRP-LR B.4.2.1, " Essential Power System". The
HfCS Power System t eceives pcwer from redunoant sources to
enable it to continuously functicn during adverse conditions.
Redundant sources are typically some combination of off-site
powcr, the staticn switchyct d, the station generator, and a
dedicated diesel generator for loss of off-site power situations.
The schrees of pcwer ore reviewed under SkP-LR B.4.1,
"liain Fcwer", 0.4.4, " Emergency Diesel Generators", and
B.4.3.1, "DC Power System".

The HPCS power system specific description is described in the
most recent revision of the firti safety ar.alysis rerort (FSAR)
or updated safety coalysis report (USAP.) for the speci1ic
fa ci li ty.

2. Sys tein Function

The HPCS pouci system supplies power to the HPCS pump and
supporting electrical equipment that is needed to depressurize
the reactor and maintain the reactor vessel water level in the
evo.1 of a small break loss-of-coolant-accident (LOCA).

3. Syster. Ecundaries

The HPCS pcs.er system includes the breakers, busses, cablir.g, .

and transformers that are necessary to provide electrical power.
tc. the HPCS purr and associated electrical ecuipment that is
required to depressurize the reactor ar.d maintain the reactcr'

I

,
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vessel water level in the event of a small break LOCA. The
system boundary btgins with the circuit breakers feeding the
HPCS power systera busses and-ends at the motor control centers
that previos power to the electrical equipment. The system does
not include the sources of electrical power such as the higher
voltage busses that feed the HPCS power tuses, the of f-site
power, or the diesel generators. In addition, the HPCS power
system does not include the various items of electrical
equipment that are connected to the rbotor control centers.

B. See Sectior, 1, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. The HPCS power r.ystem is composed primarily of components that are
reviewed in accordance with other sections of SRP-LR. These
components and the appiicable SEP-LR section are:

Cuap_onent SPP-LR Section

Cable and Uiring C.2.1
Junctions C.2.2
Releys, Switchgear, circuit breakers C.P.4
Transformers C.2.b

:n adaition, protective relaying and controls is reviewed in
accorderce with SRP-LR B.4.1.1.

Any aging degradation of these components can potentially affect
their ability to function as required. However, aging degradation
of circuit breakers that inust function at the time of the event is
of particular concern to the HPCS Power System. Some of the age
related degradations are noted below:

1. Degraded insclition that leads to shorts to ground or between
conductors. Therraal ef fects are a leading cause of this
degradation.

2. Degrac'ed contactt causing a failure to open or close. Arcing and
thermally ir.duced corrosion art primary causes of the degradation.

3. Degraded arc chutes thct leads to flash over. Thermal effects
caused by large currents are a primary cause of this degradation.

Typical examples of age-related degradation associated with the HPCS
power system are provided in this section. The areas of aging
concern for a facility shculJ be reviewed to evaluate the ;
acceptability of the licensee's procrua to manage potential aging
mechanisms. Site-specific conditions and experience are documented ;

in the IPA. :

!

1
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II. ACCEPTANCE CRITERIA

See Section 11, " Acceptance Criteria," of SRP-LR B.0.1 items III.A
and III.B.

C. In addition to the above items that should be considered by the
licensee, include the following:

1. The licensee's program should thoroughly address the degradation-

mechanisins each circuit breaker will experience and show that the
existing or proposed program of surveillance and inaintenance will
detect and currect aging degradation before loss of function is
experienced. Table B.4.2.3-1 provides a listir.g of degradation
mechanisras that should be considered.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SEP-LR B.0.1 items Ill.A
thrcugh III.D.

E. Compor,ents of the HPCS systen nct specifically addressed in this
section may be addressed in the generic aging topic reviews in
SRP-LR part C. Specifically the following sections of SRP-LR
Part C are 6pplicable to the HPCS system anc should be reviewed:
C.2.1 " Cable and Wiring", C.2.2 " Junctions", C.2.4 " Relays, Circuit
Breakers, and Switchgear", C.2.5 " Transformers". This may require
other staf f input.

f. The reviewer should assure that the licensee's program iaentifies ard
addresses aging degradation of circuit breakers.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IfiPI EMENTATION

See Section V, "Implerrentatior,," of SRP-LR B.O.1.
VI. GENERAL INF0Fi1AT10N

Studies perforned as a part of the NFr Nuclear Plant Aging Research (NPAR)
Program have shown thet of the components that form the HPCS power systen,

LER events (C6.3 percentfcircuit breakers have the highest frequency o
of all 1E power system events), followed by transformers (4.7 percent
of ull 1E power system events). Studies utilizing Nuclear Plar,t
kliebility Data Systerns (NPRDS) information have shown that about
21 perceret of circuit breakers failures and 13 percent of transformer
failures are aging related. Aging of electrical conductors accounts for
only 8 percent of the reported failures (Refs. 1,2). Circuit
breakers, therefore, historically have the highest f ailure rate of
these coraponents and are also affected the raust by aging rel6ted
degradc tiori,

t
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Circuit breaker aging nochanistas r.ey be categorized as either thermal,
electrical, mechanical, or environotntal. The most likely failures are
relatec tc mechanicnl und electrical effects and prinerily result in
iailure to'open or close, linproper oper6 tion, restrike, shorting und
arcing. /, summary of these effects is given in. Table B.4.2.3-1.

'!! I . REFERENCES

U.S. Nucleer Regulatory Commissien, " Nuclear Plant Aging Research: i..

The IE Power System," NUREG/CR-5181, /pril 1990.

2. U.S. Nuclear Regulatory Commit.sion, "An Aging Failure Survey of Light
Water Frector Safety Systems 6nd Componer.t," NUREG/CR-4747, July 1987.

3. Institute of Electrichl trd Electronic Engineers, IEEE Std 308-1980,
Octobe r 1980, "IEEE Standard Criteria for Class 1E Power Systems for
Nucirar Power Generating Stations."
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lable B.4.2.3-1 Aging cegradation of circuit breakers

Stressors Cause f ailure niechanism Failure mode

Thern,&1 Poor contLct Degraded insulation Short to ground

Lcrge current Degraded contacts Poor or open
contacts

Degraded orc chutes
Flash over

Degraded overload
n.echanisn Failure to
(molced-case) extinguish the

arc

Premature trip at
low current

Flectricel Over voltege Arcing of contacts kestrike
transients ccusing contemina-

tion of componcnts Shorting of
Spikes cotoponents

Fault Arcing-to greer.d
inttrruption or between phases

Lightning

Meche riica l Routint Degraded contacts failure to open
operation or close

Fatigt e
Fault Improper

operation
interruptier.r Wear

Vibra tier, Loose connections

Frictico Reduced force

Cor, pound failert-
|

Table B.4.P.3-1 Aging degradaticn of circuit breakers

|
Stressors Couse Failure mechanisn. Failure mode '

Eliv i rontenta l Elevated Increased friction Failure to open
ter.pe rature or close

Legraded insulation
Elevated humidity Shorting and

Ox 1c's tion arcing
Dirt

liardening of Iraproper
operation

Cher ic uls lubricant

Rust Er.trittleraer t of
isterials 1
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ShP-LR

0.4.3.1 DC PCWER SYSTEF -

UVIEWPESTONSIBILITY

Primary - LRPD
Secondcry - SELB/SICB

1. AP.LAS Of kEVIEW
,

A. This section addresses the dc power system.

1. Description

The de pcwer system includes those dc power sources and thei.-
distribution systems erd vital supporting systems provided'to
supply rnotive or contrci power to safety-related and important- '

to-sofety equipnient. :

The dc pcwer systen, is aescribcd specifically in the most
recent update of the fir.al safety artlysis report (FSAR)
or updated safety analysis report (USAR) for the individual
f aci lity.

2. System function

The dc power system typically supplies control povier to feeder
breakers on thc main ec feeder buses, 6.9-kV ac (if used),
4.10- kV ac, and 600- or 480-V ac load buses, and load center
feeder end load circuit-breakers. A separate de power system I

may or indy not be used for switchyard switching and is not j
safety r elated. The emerger,cy safeguards system provides :

signels for stortire the emergency standby pcwer units arid I
'

control logic for load shedding and subsequent loading of the i
diesti generators. The dc power systen italudes batteries, i
battery chargers,1riverters, ond associated load centers, i

switchgear, er:d buses. |;
,

3. System BounJarles

Batteries and battery chargers are used as the power sources !

for the dc power system. Invcrters are used to convert de
power from the dc distribution systera ac instrument and
control power es required. The dc powu system is unique for

~

each station.

B. See Section I, " Areas of Review," of SRP-LR B.1.0 for Item I.B.

'!

I
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C. A variety of aging mechanisms can affect the ability of the de
power systen to continue to operate safely and effectively. The
typical dc pcwer systera has a complement of meters and alarms in
the control room to alert the operators to a rapid degradation of
power. With careful observation, the operators can observe long-
teru degradatien of the dc power system by observing the float
voltage and current. Observing technical. specification required
testing for the de power system will cetect degradation of the
systen. Typical examples of age-related degradation associated
with the dc power system are given in this section. The areas of
aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mecha nist:;s. Site-specific conditions and experience are documented
in the IPA.

The dc power system can be degraded by degradation of the batteries,
battery chargers, er tus systems. Batteries z.re affected by
thermally induced grid and connector oxidation, plate and grid
swelling, container anc cover cracking, separator deterioration, or
specific cravity changes. Battery chargers are affected by the
aging cf electrolytic capacitors, transformers, inductors, solid-

| state devices, and fuses. The battery chargers are also affected
i by the quality of the connected source power. Bus systems uge with
I dielectric stress or partial c'ischarge, cooling system degradation,

end bus heating.

Circuit breakers, switchgear, and relaying aging ere addressed in
SLRP-LR C.2.4. C6ble aging is oddressed in SRP-LR'C.2.1.

11. ACCEPTANCF ff:ITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.O.I Items II. A 6nd II.B.

C. These criteria should be pert of an estztlished ongoing licensee !
progrem to assure the avbi htility of the dc power system. The
licensee should also have a one time or new periodic inspection of
components of the dc pcwer syster, in conjunction with the license
renewel applicaticn.

111. EEVIEW PPOCEDURES

See Section III, " Review Procedures," of SPF-LR B.0.1, Items III.A
through III.D.

E. Components of the dc power system not specifically adaressed in
this section may be addressed in the generic component or structure
reviews in SRP-LR Part C. Specifically the following sections of
SRP-LR Part C are applicable to the de power system and should be
reviewec: C.2.1, '' Cable and Hiring"; C.2.2, " Junctions"; C.2.3,

| "Electricel Penetrations"; C.2.4, " Relays, Circuit Breakers, and
! Switchgear"; C.2.5, "Trur;sformers"; and all of C.3.0 " Instrument."

This r:ay require additionhl staff input.

|
|
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l

.)

F. 1. The reviewer shall ensure that the licensee hos an established
ongoirig roaintenance and surveillonce program to ensure the
availability of the dc power system. This program should
include a mechanism to add new testing and evaluation criteri6
to monitcr newly cetected agirg deterioration.

2. Has a load study aralysis that shows adequate capacity and
'

capability, plus reserves and' rrargins, to power any connected
load configuratior .

:
IV. EVtti:ATION FINDINGS

See. Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEl'EtiTATICH

See Section V, "Irplementatict'," of SRP-LR B.0.1.

VI. GENU:f L INFORMATI,0fj

Section 4.4 of IEEE Standard 279-1971 (Ref.1) ru;uires, for those plants
issued a ccnstruction ruit af ter 1971, type test data (or reasonable
ergineering extrdpolation of type test dato) that verifies this equipment
rneets, on a contir.uing basis (en.phasis acded), the system perf ormance
requ ir en;ents. 016er plants racy disu be concitted to IEEE Standard
279-1971.

Regulatory Guide 1.32 (Ref. 2) endcrses IEEE Standerd 308-1974 (Ref. 3).
This industry standero recommends system capabilities and component
capabilitits for being able to start and operate the required loads
during norrral and post-eccident corditions. It also includes provisions
to test thc battery capability to IEEE Standard 450-1975 (Ref. 4). This
industry standarc u, endorsed by Regulatory Guide 1.129 (Ref. 5).

A. Batteries

fil' PEG /CR-44E7 (Ref. 6) is er evaluation of the agirc effects of
safety-related betteties. It aise e.valuates maintenance, testing,
anc monitorirp practices and ciscusses the effectiveness of these
programs. The r.. cst significant aging factor is thcrmally induced
oxidation of grids erd top conductors. Oxidation causes the plates
anc grids to svc11. This results in poor conduction between the
plate ar,d grid, reducing battery capacity and causing stresses
in the container and covers. The stresses can result in cracts in,

the battery case. Separator deterioration is a cause of cell
shortirg. Ccnsiderable care is r,eeded to maintain batteries in an
operable condition. Maintenance practices that conform to IEEE .

*Standard 450 and Rer"latory Guide 1.129 ensure reliable battery
ctracity over its quclifit.d life. Battery mainter;ance allows a
history of the battery to be documented, and can be used to evaluate i

the state of the battery. Recorr. mended hattery naintenance includes )

|

l
I
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battery capacity tests er.o recommended battery replacenient should
the battery capacity be less then 80 percent of the manufacturer's
rating, aroong other criteria. Typically, the licensee will have
r(placed the battery before it has deteriorated to this lirnit.
lhese other factors incluae service tests, the original sizing"

criteria utilized, and the capacity available compared to the load
requirements. Other test methods may be developed in the future to
better or,alyze degredation. physical conditions of individual cells
(such as platt condition, cell reversal, specific crovity readings,
or electrolyte cont 6minution) of ten require the replacement of
individual cells. A bettery nearing the end of its life should not
have individual cells replaced.

B. Battt.ry Chargers

NUREG/CR-50511 (Pef. 10) is an evaluation of the aging effects of
safety-relcted battery chargers, bettery chargers are static
electricci or electrcr ic devices that convert low voltage ac power
(typically 600-V ac or 4E0-V ac) to de pcwer (125-V dc or 2-125-V de
systems connected to yield 250-V dc). Battery chargers ere the
primary source of pen t to the dc power system. They charge and
float charge the batterie s that provide power on loss of ac power.
Loss of ac power disables the battery chargers.

Electrolytic capacitors,)tr6nsformers, itiuctors, end silicon con-trolled rectifiers (SCRs are the battery charger components that
are most susceptible tc aging degradation. Fuse failures, caused-

prict rily by thermal fatigue, can also contribute to battery charger
failure, but are difficult tc detect until they fail. The life of
transformers ard inductors is determir,(d by the condition of the
insulation. Electrolytic capacitors age as a result of deteriorotion
or outgassing of the electrolyte. SCRs are subject to volta
tronsients end cther semicer.cuctor stress (usually thermal) gefailures.
Operation of the battery chargers during diesel generator testing
can stress battery chargers because of voltage and frequency varie-
tions. Excessively high equalization charge voltage can damage
system loads er,d cause fuses to open. Son,e fuses nay fail unde-
tected. Excessive ac rippie voltage on the dc output will do this
also. In addition, excessive ripple will cause premature aging of
the buttery. Electrical transients, such as coulc bc caused by a
noisy setpoint potentiometer, can cause the same prerature aging.

All plants have some battery charger n,aintenance and capacity
testing (Refs. 10 crd 11). So!rc plants follow the battery charger
internal temperature. The internal terrperature is known to have
an eficct on component aging. Increased internal temperatures
deu case thc cor.pcnent life.

,

t
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B.4.3.2 INSTFUMENT AC POWER SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD i

Secondary - SELB/SICB

I. AREA 0F REVIEW

A. This section adaresses instrument ac power syster.s.

1. Description

The 120-Vac vital instrument power system includes those
120-Vac power sources and their distribution systems and vital
supporting systems provided to supply power to safety-related
and important-to-saf(ty instruraents and cor, trol circuits. The
dc power systern (SRP-LR B.4.3.1) provides power to inverters.
These ir.verters alsc have a Class 1E ac power source.
Deper. ding on plant oesign, either the ac or the dc source may
be the primary source or the backup source of power. A raain-
tenance ac source is also typically provided. In any case,
the inverter output is synchronized with the a'c source to allow
automatic switching between sources in a few milliseconds. The
120-Vac vit61 instrument power syst(n is typically unique
between stations, consisting of inverters, static switches,
Lypass switches, associated switchgear anc buses, and alternate
oc power sources.

The ac pcwer syster specific descriptior, is described in the

nost recent revision of the final safety) analysis report (TSAR)cr updated safety analysis report (USAR for the facility.

1. System Fur.ction

The 120-Vac vital instrument power system is designed to supply
very relicble power to the reactor protection system and other
instrumentation and controls that are important-to-safety.

3. System Boundaries

The 120-Vac vital instrument power system interfaces with the
dc power system and the essential ac power systems at the
inverters and the alternate source transformers. It also
interfaces with the reactor protection system and other
instruraentation and control circuits.

180
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B. See Section I, " Area of Review," of SRP-LR B.0.1 for Item I.B.

C. There are a variety of aging acchanisms that can affect the ability
of the 12 M cc vital instrument power system to continue to operate
safely and ef fectively. The typical 120-Vac vitti instrument power
system has clarms in the control room to alert the operators to a
change in system stotus. Testing typically required by technical
specificatic ns for the 120-Vac vital instrument power system Nill
detect long term systen oegrodation. System redundancy 'imits the
effects of rapid system f ailure.

Circuit breakers, switthgear, and re16ying aging (and by extension
static switch and bypass switch) aging is addressed in SRP-LR C.2.4.

The areas of aging concern for a fecility shculd be reviewed to
evaluate the acceptability of the licensee's program to manage
potential eging mechanisms. Site-specific cor.ditions and experience
arc documented in the IPA,

II. _ ACCEPTANCE CRITf f.IA FOR THE 120-VAC VITAL INSTRUMENT POWER SYSTEPS

See Section II, " Acceptance Criteria," of SRP-LR B.0.1, Items II.A
and II.L.

C. These criterie should be part of an established ongoing licensee
prograr, to assure the availability of the 12C-Vac vital instrument
power system. The licensee should also have a new periodic or a
one-tnt inspecticn of compontnts of the 120-Vac vital instrument
power systen in conjunctinr. with the license renewal applicaticr..

D. Lood study erilysis should show that the instruinent ac power system
has the cepacity and cepability to power the connected load, incluciing
reoniied ieser es and maroins, for any load configuration.

III. REVIEW PROCEDUPES

See Sect 1u. Ill, " Review Procedures," of SRP-LR B.O.1, Itms A through !
D. !

E. Components of the instrument air system not specifically addressed
in this section may be addressea in the generic aging topic reviews
in Part C of the SRP-LR. Spccifically the following sections of
SRP-LP Pcrt C ore applicable to the instrument ac power system and
should be reviewed: C.2.1 " Cable and Wiring", C.2.2 " Junctions",
C.2.3 " Electrical Penetrations", C.2.4 " Relays, Circuit Breakers,
and Switchgear", C.2.5 " Transformers", and all of C.3.0 " Instruments". ;

This ucy requirt other staf f input. )
1

F. 1. The reviewer shall assure that the licensee has an established
ongoing mair.tenance and serveillance program to assure the ,

availatility of the 120-Vac vitui instrument power system. |
This prcgram should include a r.echanism to add new testing and !

evalustion criteria to monitor newly detected aging deteriora-
tion.

I
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2. The reviewer shall assure that the licensee's load study
analysis shows ~ adequate c6pacity and capability, plus reserves
and mergins, to powe:r any connected load configuration.

IV. FINDif;GS

See Section n , " findings," of SRP-LR B.0.1.

V. IMPLUT P TATig

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL IliF6RMATION

5ection 4.a of IEEE Steraaro 279-1971 requires, for thosc plants issueo :
a construction permit af ter 1971, type test cata (or reasonable engineering
extrapolation of type test data) that verifies this equipment raeets, leave,

on a continuing tisis the system perforuance recuirements. Older plants
rnay also be committd to IEEE Standard 279-1971.

Regul6 tory Guide 1.32 (Ref. 2) cndorses IEEE Standard 308-1974 (Ecf. 3).
This inoustry siardard recoiserids system capabilities and component
capabilitics for being able to stort ar.d operate the requirt.d loads
during ncrual ario pcst-acciderit conditions.

A. f r.ver ter s

The priisiy contribetors to inverter faihire are overheating, ).electrical tronsients, end personrel errors (Refs. 4, 5, and 6
Critical ir verter components at e stressed by overheating and voltage
transitnts. Electrolytic cepacitors, fuses, incoctors, transformers,
and ser.iconductors are susceptible to aging degrodation that is
accehr61ed b,7 these stresses. Aging deterioration.can be detected
by conipunent anc equipment temperature rnonitoring, periodic observa-
tion of voltage waveform, and corrponent (mostly capacitor) paroineter
rxasurementr.,

An excessively)high input voltagt (due to an excessively high equali- ;
zotion voltage can doniage an inverter. Der: age can occur to fuses,

,

capacitors, seniconductors, and other components. Excessive ac
ripple on the dc input will do this also be creating additional heat
losses in con:perents.

All piants have some inverter maintenar.ce. This rnaintenance,
acccrding to NUREG/CR-SCE1 (Ref. 5) bet a wide range in level of
ma inter:arce. Thus, scne units have only minin:al maintenance per-
f ci rc.ed. For exan:ple, germi instructions for ir.specting and
cleaning the inverters at refueling outages is not an adequate
mt.intenance program. A sufficient program as oiscussed in NUREG/
CR-5051 will include citaning to remove accurculated debris, dirt, j

|
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and dust; inspecting cleanliness, electrical and mechanical connec-
tions, airflow and evidence of overheating; component replacement
(especially for electrolytic capacitors); capacity tests and checks
of internal temperature, cable meggering, and fan condition; and
calibration of output voltage and frequency and metering instru-
ins.;ta ti o n. The frequency of these tests varies between units. An
adequate licensee maintenance and surveillance program for inverters
will detect and mitigate the effects of inverter aging (Ref. 6).

VII. REFERENCES

1. Institute of Electrical and Electronics Engineers, IEEE Standard
279-1971, " Criteria for Protection Systems for Nuclear Power
Generating Stations."

2. Regulatory Guide 1.32, " Criteria for Safety-related Electric Power
Systems for Nuclear Power Plants."

3. Institute of Electrical and Electronics Engineers, IEEE Standard
308-1974, " Criteria for Class 1E Power Systems for Nuclear Power
Generating Stations."

4. U.S. Nuclear Regulatory Commission, " Operating Experience and
Aging - Seismic Assessment of Battery Chargers and Inverters,"
NUREG/CR-4564, June 1986.

5. U.S. Nuclear Regulatory Commission, " Detecting and Mitigating
Battery Charger and Inverter Aging," NUREG/CR-5051, August 1988.

6. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research:
the 1E Power System," NUREG/CR-5181, April 1990,
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SRP-LR

B.4.4 EMERGENCY DIESEL GENERATORS

REVIEW RESPONSIBILITIES

Primary - LRPD |

Secondary - EMEB
]

1. AREAS OF REVIEW I

A. This section addresses the emergency diesel generators (EDG) system

1. Description

The basic EDG system typically consists of two or more diesel
generator sets, each rated at 3,000 to 10,000 hp. For the
purpose of this review, the basic EDG consists of the generator,
block assembly, one or more heads, baseplate, and air-induction
and exhaust ducting. Supporting subsystems including the
instrumentation and control subsystem, starting subsystem,
cooling subsystem, fuel oil subsystem, and lubricating subsystem
are covered i n SRP-LR B. 4.4.1, B.4. 4. 2, B.4.4. 3, B. 4,4.4, 'and
B.4.4.5 respectively.

The EDG specific description is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the individual facility.

2. System Function

The EDG system supplies emergency electrical power to maintain
cooling and other vital plant functions during loss of offsite
power.

3. System Boundaries

The EDG system boundary includes the generator, engine block
assembly, heads, baseplate, foundation, and air induction and
exhaust systems.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. EDG operating history includes a significant number of failures and
performance degradations as a result of wear and aging as documented
by the NRC's Nuclear Plant Aging Research Program (Refs. I and 2).
The mitigation of identified aging mechanisms and the management of
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the aging process has also been documented (Refs. 1 and 2). The
areas of aging concern for a facility should be reviewed to evaluate,

the acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA. ,

The NRC requires regular EDG testing and some licensees are required by
their technical specifications to submit special reports documenting
test failures. On-site data should be evaluated, especially for the
listed systems which typically are the high failure rate systems within
the diesel generator system boundary.

The licensee should evaluate data from EDG failures by reviewing failures
and LERs for the station. Maintenance and operational records should be -
reviewed for repetitive failures and part replacement, failure root-cause
analysis, and evidence of operational problems. Surveillance data, data
monitoring, and trer. ding data should be reviewed and analyzed. The
licensee should evaluate this data for the diesel generator system,
especially for the last 10 year period, and assign each failure or
important data point to the appropriate EDG subsystem.

Diesel generators are generally very robust mechanisms which have been
demonstrated in non-nuciear commercial service to be capable of many
decc.ies of reliable continuous service with only routine maintenance
attention. When properly operated, maintained, monitored and tested,
nuclear service EDGs should be capable of maintaining similar long-term
reliability well past the initial licensing period. License-renewal
attention should be focused on ensuring the absence of subtle 6ccumulated
damage from wear, stress, and metal fatigue which could unknowingly
compromise established levels of reliabi:ity. The reviewer should not
expect the licensee to perform mandatory engine teardowns for detailed
inspection, because it has been shown by various studies that such tear-
downs are counterproductive from the reliability standpoint. Instead,
it has been shown to be more appropriate for limited inspections to be
performed to investigate abnormal behavior and suspicious trends indi-
cated by engine and generator data.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II. A
and II.B.

C. The following additional criteria should be applied to one-time
tests and engine condition reviews.

1. The EDG goal reliability has been met for the previous 10 years
and all operating boundaries are currently within acceptable
limits established by the manufacturer.

2. Engine crankshaft and generator alignment is within the
manufacturer's recommendations.

185
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!

3. Main bearing wear should not exceed the manufacturer's
recommenda tion.

4. Fatigue cracking of connecting rod bearings should not exist.
|

S. No gear fatigue or excessive wear should be found.

6. Turbochargers should be free from signs of ingestion damage,
f atigue cracking, and bearing damage.

i..

III. REVIEW PROCEDURES
,

See Section III, " Review Procedures," of SRP-LR B.O.1 for Items III.A
through III.D.

,

E. The reviewer should ensure that the licensee has performed the
,

following additional one-time tests and inspections. These one- |
-

time tests should be performed within 2 years of the date j
the application is submitted for license renewal.

1. Historical engine testing and monitoring data have been reviewed
for the previous 10 years indicating that goal reliability
criteria have been met and that all current engine operating
parameters are within the engine manufacturer's recommended
limits. Where goals and limits were exceeded, the licensee
provided evidence of effective corrective actions.

2. A check was made of the diesel engine crankshaft, pedestal
bearing, and generator alignment. If misalignment exceeded
manufacturer's recommendations, the unit was realigned to the
manufacturer's specifications.

3. If realignment was required or if engine oil analysis showed
metallic particulates indicative of excessive bearing wear, the
licensee inspected the main bearings and corrected any excessive
wear condition.

4

4. The connecting rod-bearing journal subject to the highest
torsional vibration. stress was examined with fluorescent dye
penetrant for fatigue cracks initiating in the area of highest
rtresses; that is, at the oil hole and fillets. If cracks were
found, additional inspections were performed to determine the
extent of damage. If the engine had a~ history of misfiring or
cylinder exhaust temperature variations exceeding manufacturer's
specifications, 25 percent to 50 percent of the connecting rod

j

journals were examined for fatigue cracking. '

5. The engine gears were inspected for signs of metal fatigue and j

excessive wear.
,

6. The turbochargers were inspected for fatigue cracking, bearing
wear, and ingestion damage.

,
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IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1. !

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

The review should ensure that the applicant has an established effective
program for diesel generator reliability and maintenance to address
aging. The implementation of a reliability program may be briefly
described in the application for license renewal. The licensee's
response to the NRC's Generic Letter (90-xx), .related to the resolution
of Generic Issue B-56, is acceptable for this review.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Aging of Nuclear Station Diesel
Generators: Evaluation of Operating Experience," Vol.1,
NUREG/CR-4590 (PNL-5832), August 1987.

,

2. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990.

i
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SRP-LR

B.4.4.1 EMERGENCY.01ESEL GENERATOR INSTRUMENTATION AND CONTROL. SUBSYSTEM
,

. REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - EMEB/SELB

I. AREAS OF REVIEW

A. This section addresses the emergency Jiesel generator (EDG) instru-
ment and control (I&C) subsystem.

1. Description

Electrical cables, .elays, circuit breakers, limit switches,
indicators, and electronics associated with the emergency
diesel generators that contral starting, monitor operation, and
connect the generator to the loads upon automatic or manual
start signal.

The EDG I&C subsystem is described specifically in the most
recent revision of the final safety analysis report (FSAR) or
updated safety analysis report (USAR) for the individual facility.

2. System Function

The function of the EDG I&C subsystem is to cause the EDG to. 1

start in response to a need for emergency electrical _ power, and
to connect automatically or manually to the loads upon an auto-
matic or manual start signal. Other functions are speed control,
engine and system protection, and operator information,

f 3. System Boundaries
,
^

The EDG I&C subsystem boundary consists of all electrical and
electronic components associated with the EDGs.up to and
including the generator breakers and emergency signal input
terminals. Also included in the EDG I&C subsystem are local
pressure indicators and the governor; however, it does not
include the emergency signal source (s) or associated wiring.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item 1.B.
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C. . References 1-4 show that the instrument and control system is a high
failure rate subsystem. Diesel generator aging research data indi-
cated that about 30 of every 100 failures reported could be attributed
to failures in the I&C equipment. High individual failure rate
components are the governor, sensors, relays, wiring, terminations,
and control air devices. Open relays hve often been prevented from
operating correctly by dust. Other sensors and components are alsoi

environmentally sensitive. More modern components are less environ-
mentally sensitive, as would be expected. The skid-mounted components
for the diesel generator control equipment are exposed to the engine
vibration. Engine vibration is a major stressor for certain com-
ponents incleding relays. Solid-state devices are not usually

degraded by vibration to the same extent.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III. A
through III.B.

E. The licensee's maintenance program, evidence of operational problems,
and test data should be reviewed for license renewal concerns for
the I&C system. The reviewer should also consider the generic aging
topics of SRP-LR C.3.0.

F. A general review by the licensee of the EDG control system is
appropriate considering its importance, large failure rate, and the
perceived obsolescence proolem. The review need not address minor
system components with acceptable failure histories nor equipment
that has been recently upgraded and is expected to be serviceable
for the entire license renewal period. The reviewer should ensure
that tF2 licensee has reviewed the EDG I&C system to determine:

o That the expected service life of all major I&C system com-
ponents is adequate to cover the requested license renewal
period. List all components that do not meet this goal. Also
list components for which spare parts availability is a
problem or is projected to be a significant problem.

o Note specific plans for I&C module replacement or other
actions that are being proposed for the listed equipment.

o EDG I&C cable is only subjected to a mild environment and
ambient conditions. In general, EDG cable is not a concern
and should not require replacement. Only visual inspection
should be performed, and the results should be documented as
part of the license renewal activities.

.
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IV. FINDINGS <

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Aging of Nuclear Station Diesel
Generators: Evaluation of Operating Experience," Vol.1, NUREG/CR-
4590 (PNL-5832), August 1987.

2. U.S. Nuclear Regulatory Commission, " Aging of Nuclear Station Diesel
Generators: Evaluation of Operating Experience, Workshop," Vol.'

,

II, NUREG/CR-4590 (PNL-5832), August 1987.

3. U.S. Nuclear Regulatory Commission, " Aging Mitigation and Improved
Programs for Nuclear Service Diesel Generators," NUREG/CR-5057,
December 1989.

4. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), June 1990.
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SRP-LR
-,

B.4.4.2 EMERGENCY DIESEL GENERATOR AIR STARTING SUBSYSTEM
,

REVIEW RESPONSIBILITIES .

Primary - LRPD
i

Secondary - EMEB

1. AREAS OF REVIEW .

A. This section addresses the emergency diesel generator (EDG) air
starting subsystem which consists of:

1. Description
:

Air supply, valves, piping and air motors (if used) used to
rotate the engine for starting.

The EDG air starting subsystem specific description is
described in the most recent revision of the final safety
analysis report (FSAR) or updated safety analysis report (USAR) '

for the individual facility.

2. System Function

The system function is to rotate the EDG at a sufficient speed
and within rated time to ensure starting in response to a need
for emergency power.

3. System Boundaries

The EDG air starting subsystem consists of one or more com-
pressors, intercoolers, aftercoolers, drain valves, storage
tanks, piping, electrically operated valves and air motors (if

used). It does not include electrical or electronic circuitry ,

which originates the signal for the electrically operated air- |
start valve. '

|

B. See Section I, " Area of Review," of SRP-LR B.0.1 for item I.B. !
i

C. Internal corrosion attack from condensed air moisture can occur in
many air supply system components including compressors, intercoolers,
aftercoolers, automatic drain valves, tankage, piping, and both
refrigerated and desiccant driers. In addition, extended corrosive |

'lattack may occur as desiccant driers become degraded with trace
quantities of lubricating oil in the air, deposited over many years,
and allow moisture to enter critical starting. system components such
as starting air valves and air-motors. The effects of this corrosion
attack are not easily seen during routine maintenance, but could.
result in the gradual loss of system reliability over decades of i

operation from wall-thinning, accelerated wear, and generation of
particulates that could cause obstruction of critical flow paths.-

- |

!*
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Becauce of their obvious importance to the emergency starting cap-
ability of emergency diesel generators, starting air valves'and
starting motors should, and normally do, receive considerable specific

)attention in routine maintenance programs. Most electrical and i

air powered starting system components will receive adequate attention l

during routine monitobing and maintenance programs to assure a high |

level of reliability of the starting system. Issues of concern !
relating to air-starting systems include: 1) the possible presence i

of subtle long-term degradation of air supply systems, air storage
tanks, and piping as a result of internal corrosion which is dif fi-
cult to detect during routine maintenance and 2) long-term wear and ;
degradation of valves, moisture separators, and refrigerated (or
desiccant) driers that can affect their reliability. The areas of
aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

'

II. ACCEPTANCE CRITERIA
,

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B.

C. The additional following criteria apply to the air start system: j

1. The wall thickness of pipes, tanks'and other important com-
ponents should be the minimum code construction or manufacturers
design thickness to withstand the design pressure plus the
corrosion allowance for the remaining time period (remaining
license time and the license renewal period). Generic topics
in SRP-LR C.I.1, C.1.2, and C.1.5 also apply to this review.

.

2. Pipes and air storage tanks constructed of stainless steel
should have no indications of stress corrosion, cracking, or
other intergranular attack. A minimum of five percent of the >

weld areas should be sampled by NDE methods.
.

III. REVIEW PROCEDURES

ISee Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A_
through III.B. i

E. The air starting components ~not specifically addressed within this
section may be addressed by the generic aging topic reviews in SRP-LR-
Part C. The reviewer should ensure that structures and components
included as part of the generic SRP-LR are adequately reviewed for

,

this system. These specific sections from SRP-LR Part C should be
reviewed: C.1.1 " Piping"; C.1.2 " Valves"; and C.1.5 " Tanks and
Vessels." This may require other staff input.

i
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.

F. The reviewer should confirm that the licensee has investigated the
wall thickness and condition of piping and air storage tanks,.if not
already a part of the ongoing maintenance and reliability program
for the EDG air starting system. The licensee should present
evidence and analysis of the following:

1. Approximately five percent of the sensitive locations of
piping, tanks, valves and other pressure retaining components ,

should be examined by NDT methods for wall' thinning. Locations
where water or moisture tend to collect should be included in
this testing, as well as intercoolers and aftercoolers.

2. Pressure retaining components constructed of stainless steel
should be sampled for stress corrosion cracking. Five percent
of the sensitive locations is adequate.

3. Any pipe or tank failure in the LER records for the station due
to vibration or other cause should have the same location
examined for incipicnt failures at the time of the license
renewal application. An incipient failure should be followed ,

by immediate corrective action. Repeated failures are evidence
of incorrect root cause analysis and/or' corrective action.

IV. FINDINGS
.

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION <

.

See Section V, " Implementation," of SRP-LR B 0.1. ;

VI. GENERAL INFORMATION i

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Aging of Nuclear Station Dieselr.
Generators: Evaluation of Operating Experience," Volume 1,
NUREG/CR-4590, (FNL-5832), August 1987.

2. U.S. Nuclear Regulatory Commission, " Aging of Nuclear Station Diesel '

Generators. Evaluation of Operating Experience, Workshop," Volume
II, NUREG/CR-4590, (PNL-5832), August 1987.

3. U.S. Nuclear Regulatory Commission, " Aging Mitigation and Improved
Programs for Nuclear Service Diesel Generators," NUREG/CR-5057,
December 1989.

'
4. U.S. Nuclear Regulatory Commission, "A Review of Information Useful

for Managing Aging in Nuclear Power Plants," NUREG/CR-5562, (PNL-
7323), June 1990.
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SRP-LR

B.4.4.3 EMERGENCY DIESEL GENERATOR COOLING SUBSYSTEM
'

REVIEW RESPONSIBILITIES

Primary - LRPD

Secondary - EMEB

I. AREAS OF REVIEW ,

A. This section addresses the emergency diesel generator (EDG) coo. ling
subsystem.

1. Description

A circulating water system including engine-driven or motor-driven
pumps, a heat exchanger, and interconnected piping that circulates,

water treated with corrosion inhibitors and biocides through the
engine cooling jackets and oil cooler. The heat absorbed by the

,

water in the cooling jackets and oil cooler is either rejected
to the plant cooling water system by the heat exchanger or it.is
released to the atmosphere by the engine radiator.

The EDG cooling subsystem is described in the most recent revision
of the final safety analysis report (FSAR) or updated safety
analysis report (USAR) for the specific facility. '

2. System Function |

The system serves to keep the engine oil and component
temperatures within operating limits by transferring combustion ,

and friction heat lost in the engine to the cooling water.

3. System Boundaries j
t

The EDG cooling subsystem includes-the circulating pump (engine-
driven or motor-driven), cooling water heat exchanger (or. radi-
ator), and interconnecting piping. It does not include plant
cooling water system piping or the engine jackets (included in

'
basic EDG system).

B. See Section I, " Areas of Review," of SRP-LR B.0.1. for Item I.B. !

C. This system is subject to long-term corrosion, fouling of heat |
exchanger surfaces, and degradation of seals and gaskets which can |
compromise its function to provide reliable cooling to the emergency j
diesel generator. ;
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Accumulated degradation may result in reduced diesel generator
operating efficiency and reliability in the cooling system heat
exchangers. In these heat exchangers, the heat from the engine
jackets and oil cooler is rejected to the plant cooling water system.-
These heat exchangers are subject to corrosion, fouling, and silting
principally on the plant cooling water side (the recirculating water
is generally treated to reduce corrosion and deposition). This -

corrosion can result in the leakage of untreated water into the
engine cooling systems. Fouling of the heat exchanger tubing can
interfere with the heat transfer efficiency of the cooling system.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA. ,

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B

,

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III. A
through III.D

E. The cooling subsystem components not specifically addressed within
this section may be addressed by the generic aging topic reviews in
SRP-LR Part C. The reviewer should ensure that structures and com-
ponents included as part of the generic SRP-LR topics are adequately
reviewed for this system. These specific sections from SRP-LR Part C
should be reviewed: C.1.1, " Piping"; C.1.2, " Valves"; C.1.3, " Pumps";
and C.1.6, " Equipment and Component Supports." is may require
additional staff input.

F. The reviewer should confirm that the licensee has investigated and
provided evidence that heat exchangers or radiators are in good
condition and free from long-term deterioration that would make them-
less reliable during the license renewal period. This evidence may
come from ongoing programs or from a one-time investigation when
preparing for license renewal. The potential problems to be reviewed
include wall thinning of tubes and radiators and crud deposits on the
secondary side of heat exchangers. ;

IV. FINDINGS
i

See Section IV, " Findings," of SRP-LR B.0.1. I

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES
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SRP-LR

B.4.4.4 EMERGENCY DIESEL GENERATOR FUEL OIL SUBSYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD'
Secondary - EMEB

s

I. AREAS OF REVIEW

A. This secticn addresses the emergency diesel generator (EDG) fuel oil *

subsystem. 1

1. Description

The EDG fuel oil subsystem comprises fuel oil tanks, pipes,
fuel pumps, and filters that supply fuel to the EDGs."

,

The EDG fuel oil subsystem is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the specific facility.

!
T System Function 1

The system supplies fuel oil to the EDGs during operation and i

testing.

3. System Boundaries

The EDG fuel oil subsystem includes all fuel storage tanks,
above ground and underground fuel piping, fuel oil transfer
pumps, and day tanks.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The principal license renewal concern is the.long-term deterioration
of the piping, fuel oil tanks, and any buried piping. The risk of
undetected deterioration of the tanks and piping is judged to be
high enough to warrant a more complete inspection at license
renewal.

Corrosion and corrosion products have been found in the fuel oil
'tanks and system. Failures of cathodic protection systems have been

observed, as well as fractured buried oil transfer lines caused by
earth movement problems. However, most fuel oil leakage has been ,

caused by engine vibrations that. loosen fittings. The areas of aging
concern for a. facility should be reviewed to evaluate the accept-
ability of the licensee's program to manage potential aging mech-
anisms. Site-specific conditions and experience are documented in
the IPA. ;'

;
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B.

C. Piping and tank wall thickness for the EDG fuel oil subsystem should
not be corroded from the inside or the outside to less than the
minimum wall thickness for design plus a corrosion allowance for the
remaining operational and license renewal perivd. Ten percent of
sensitive areas should be sampled for wall th'ckness measurements.
The criteria of SRP-LR C.1.0 and C.1.5 also apply.

,

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. The fuel oil components not specifically. addressed within this
section may be addressed by the generic aging topic. reviews in
SRP-LR Part C. The reviewer should ensure that structures and *

components included as part of the generic-SRP-LR topics are i

adequately reviewed for this system. These specific sections
from SRP-LR Part C should be reviewed: C.1.1, " Piping"; C.1.2,
" Valves"; C.1.3, " Pumps"; and C.1.6, " Equipment and Component
Supports." This may require additional staff input.

F. Piping and tank wall thickness measurements should De obtained by a
sampling technique as part of the license renewal process, unless
these are already part of the surveillance program and it should be
shown that these wall thickness are not below code specifications or
manufacturer's recommendation. Tank walls should be inspected for
local corrosion and pitting and degraded coatings. Wall pitting and
coating degradation should be repaired by approved procedures.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

s

P
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SRP-LR.

B.4.4.5 EMERGENCY DIESEL GENERATOR LUBRICATING OIL SUBSYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - EMEB

I. AREAS OF REVIEW

A. This section addresses the emergency diesel generator (EDG)
lubricating oil subsystem.

1. Description

The EDG lubricating oil subsystem comprises lubricating oil
storage tanks, pipes, pumps, valves and heat exchangers that
supply pressurized and cooled lubricating oil to the EDG including
the turbocharger or supercharger. This subsystem also includes ;

the " pre-lube" system consisting of pumps, piping, valves, and
heaters that supply warm lubricating oil to the engine during
starting and standby conditions.

The EDG lube oil subsystem is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the specific facility.

2. System Function

The EDG lubricating oil subsystem provides oil of proper temper-
ature, pressure, and viscosity to the EDG during starting and ,

normal operation for the purpose of cooling and lubricating
internal EDG components.

3. System Boundaries

The EDG lubricating oil subsystem includes all components of the i

lube oil and pre-lube subsystems external to the EDG block,
head (s), baseplate, and generator.

!
B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The engine lubrication system is one of the higher failure rate.

systems in the typical licensee event reports (LER) of plant failures.
The chief failures occur in pumps, heat exchangers, regulating valves
and piping. Oil performance has also been a problem, but is outside
of the scope of license renewal concerns.
Typically, the lubrication oil system is well monitord for aging -t
effects through the provisions of NRC guidelines. Except for heat
exchanger wall thinning or pitting due to corrosion on the water
side, no special license renewal activities or inspections appear to
be needed.

:
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A review of the LER reported failures should be compared to the plant
maintenance and reliability program activities to ensure that aging
concerns were adequately addressed for the lubrication system.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage-
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items IL A and II.B

C. In addition to criteria listed above, the licensee should have
provided test data to show that heat exchanger wall thickness is no
less than 40 percent of the original value. Alternatively, by suit-
able calculations, the licensee may have demonstrated that this
thickness is adequate.

I

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A through
III.D

E. The lubricating oil components not specifically addressed within
this section may be addressed by the generic aging topic reviews in
SRP-LR Part C. The reviewer should ensure that. structures and com-
ponents included as part of the generic SRP-LR topics are adequately
reviewed for this system. These specific sections from SRP-LR Part C
should be reviewed: C.1.1, " Piping"; C.1.2, " Valves"; and C.1.3,
" Pumps." This may require additional staff input.

F. The reviewer should ensure that the wall thinning and pitting of'the
lube-oil cooler was checked for license renewal, or this cooler was
replaced within the 40 year license period or at license renewal.
The reviewer should be aware that the typical wall thickness of
lubricating oil coolers is conservative for corrosion allowance. A

i minimum of 40 percent remaining wall thickness is usually adequate.
The reviewer should also consider the generic topics of SRP-LR C.1.0.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.
VI. GENERAL INFORMATION
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SRP-LR

.B.4.5 PLANT ESSENTIAL LIGHTING SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB/SELB

I. AREAS OF REVIEW

A. This section addresses the plant essential lighting system.

1. Description

The normal and emergency or essential lighting systems must
be operable during loss of offsite power. The plant lighting
system is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the specific facility. .

2. System Function

The normal lighting system provides lighting during all plant
operating conditions; while the essential lighting system, in
addition to functioning as a normal lighting system, must also
provide lighting under fire, transient and accident conditions.

3. System Boundaries

The plant lighting system comprises motor control centers,
transformers, circuit breakers, wires, lighting devices,
lighting fixtures, control switches, and enclosures.

B. See Section I, " Areas of Review," of B.0.1 for item I.B.

C. The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and i

experience are documented in the IPA.

II. ACCEPTANCE CRITERIA
l

See Section II, " Acceptance Criteria," of SRP-LR B.0.1. |
1

III. REVIEW PROCEDURES
'

See Section III, " Review Procedures," of SRP-LR B.0.1.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.
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V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

The Illuminating Engineering Society (Ref.1) through its Lighting
Handbook as related to systems design and illumination levels sets the
standards for the essential lighting system.

VII. REFERENCE

1. Illuminating Engineering Society, Lighting Handbook (latest edition).

,

|

|

|
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8.4.6 PLANT COMPUTER TO BE PROVIDED LATER i
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SRP-LR

1B.4.7 SWITCHYARD

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SELB/SICB )

|

I. AREAS OF REVIEW ;

A. This section addresses the switchyard.

1. Description

The main switchyard with its breakers, transmission lines, de I
control power, and protective relays is part of the preferred I

'power supply providing offsite power to the facility. The
switchyard is designed to provide a reliable source of
auxiliary power from two independent transmission circuits to
the plant power distribution system for startup, operation, and
shutdown of the plant. It is also designed to be available
within a few seconds following a design-basis accident to
ensure that vital safety functions are maintained. The power
is typically routed to the plant distribution system via a
configuration of breakers, transformers, and transmission lines.
The de control power system supplies control power to the
high-voltage circuit breakers from independent dedicated
batteries. The review of this section should be limited to the
equipment required to deliver the power from offsite to the
power distribution system. If the switchyard is not the sole :
source of power to the distribution system and does not tie !

directly to a vital Class 1E system, the requirements of this ;

section may not be applicable. The switchyard is described in
the most recent update of the final safety analysis report
(FSAR) or updated safety analysis report (USAR) for the specific
facility.

2. System Function ;

The switchyard supplies a reliable source of auxiliary power from
independent transmission circuits to the plant power distribution ,

system for startup, operation, and shutdown of the plant. !

i
3. System Boundaries ;

i

The switchyard includes the breakers, transmission lines, |
batteries, housings, and support equipment (towers, arrestors,
etc.) that are necessary to provide electrical power to the ;

plant electrical distribution system that is required for !

operating the plant. The system boundary begins with the trans- ]
mission lines providing power to the switchyard and ends at the ;

,

:

!
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transmission lines leaving the switchyard to provide power to
the electrical busses in the plant. The system does not include
any equipment not directly associated with providing power to !
the plant electrical distribution system (such as connecting ;

breakers in the system that only provide supplementary
1

distribution of generated power) or the transformers located |
in between the switchyard and the internal busses. |

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The offsite power system contains some components that are reviewed
in accordance with other sections of the SRP-LR. These components
and the applicable SRP-LR section are:

o Cable and wiring, C.2.1
o Circuit breakers, C.2.4

In addition, protective relaying is reviewed in accordance with
SRP-LR B.4.1.1.

Any aging degradation of these components can potentially affect their
ability to function as required. However, aging degradation of some
of these components is of particular concern to the offsite power
system because the affected component must function at the time of an
event in contrast to components that are only required to continue to
function or provide aduitional power. Some of these are noted below:

1. Circuit breakers that must disconnect a failed power source, such
as a fault in the switchyard, loss of onsite generated power,
or total loss of offsite power. Circuit breaker aging
stressors may be categorized as either thermal, electrical,
mechanical, or environmental. The most likely failures are
related to mechanical and electrical effects and primarily result in
failure to open or close, improper operation, restrike, shorting, and
arcing. A summary of these effects is given in Table B.4.7-1.

2. Protective relaying and control.

3. DC batteries that must provide control power to the breakers.
The de control power is dependent upon batteries dedicated to
providing this control power. EPRI EL-5885 (Ref. 2), discusses
mechanisms and causes of failures in batteries, all of which are
directly age related.

4. Supports, towers, and any equipment necessary to maintain the
integrity of the incoming power.

Typical examples of age related degradation associated with plant
computers are provided in this section. The areas of aging concern for
a facility should be reviewed to evaluate the acceptability of the
licensee's program to manage potential aging mechanisms. Site--

specific conditions and experience are documented in the IPA.
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES ;'

i

See Section III, " Review Procedures," of SRP-LR B.0.1.

E. Components of the switchyard system not specifically addressed in
this section may be addressed in the generic aging topic reviews in
SRP-LR Part C. Specifically, the following sections of SRP-LR Part C
are applicable to the switchyard and should be reviewed: C.2.1 " Cable ;

and Wiring," and C.2.4 " Relays, Circuit Breakers, and Switchgear."
This may require additional staff input.

IV. FINDINGS |

See Section IV, " Findings," of SRP-LR B.0.1.
|

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1. ;

VI. GENERAL INFORMATION !
i

As addressed in the SRP-LR, Section 4.2.2, studies performed as a part of
the NRC Nuclear Plant Aging Research (NPAW) Program have shown that of
the Class 1E power system components, circuit breakers have the highest I

frequency of LER events (66.3 percent of all 1E power system events),
followed by transformers-(4.7 percent of all IE power system events).
Studies utilizing Nuclear Plant Reliability Data Systems (NPRDS) infor-
mation have shown that about 21 percent of circuit breakers failures are ;

aging related (Refs. 1 and 2). Circuit breakers, therefore, have the |

highest failure rate and are also affected the most by aging-related
.'degradation. Though the breakers used in the switchyard are not the

same as those in the plant electrical distribution system, they are
subject to.many of the same aging factors, as well as being directly
exposed to the environment.

Support equipment such as lightning arrestors and support towers needs to
maintain its environmental qualification in order to maintain the
integrity of the switchyard in events such as severe thunderstorms,
hu;'ricanes or earthquakes.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research:
The 1E Power System", L.C. Meyer, J. L. Edson, NUREG/CR-5181,
April 1990.

2. Electric Power Research Institute, " Generic Guidelines for the Life
Extension of Plant Electrical Equipment," EPRI EL-5885, July 1988.

I
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I
Table B.4.7-1 Aging Degradation of Circuit Breakers

Stressor Cause Failure Mechanism Failure Mode

Thermal Poor contact Degraded insulation Short to ground

Large current Degraded contacts Poor or open
contacts

Degraded arc chutes Flash over

Degraded overload Flash to
mechanism extinguish the
(molded-case) arc

Premature trip
.

at low current i

Electrical Overvoltage Arcing of contacts Restrike
transients causing contamina-

tion of components

Spikes Shorting of
components

Fault Arcing to ground
interruption or between phases

Lightning

Mechanical Routine Degraded contacts Failure to open
operation or close

Fatigue

Fault Improper i
interruptions operation

Wear
.

.)
Vibration Loose connections

Friction Reduced force 1

Compound failure
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Table B.4.7-1 Aging Degradation of Circuit Breakers

Stressor Cause Failure Mechanism Failure Mode

,

Environmental Elevated Increased friction Failure to open
temperature or close

Degraded insulation
Elevated humidity Shorting and

'

,

0xidation arcing
Dirt

,

Hardening of Improper'

lubricant operation
Chemicals

Rust Embrittlement of '

materials

i

,

t

|

1

l
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SRP-LP !

B.4.7.1 DC CONTROL POWER SYSTEM i

!

REVIEW RESPONSIBILITIES

Primary - LRPD r

Secondary - SELB/SICB

I. AREA 0F REVIEW

A. This section addresses the de control power system

1. Description

The switchyard de control power system includes those de powc
sources and their distribution systems and vital supporting systems
required to supply control power to breakers and switchgear in
the switchyard. The system utilizes batteries that are kept
charged by batteries chargers. The chargers are capable of
providing the required power during normal operations when ac power
is available. Upon the loss of ac power, the batteries provide
the power needed to control the switchyard breakers and switches.
Some nuclear plant utilize de power from the instrumentation and
control power system, described in SRP-LR B.4.3.1, "DC Power
System"; others utilize a separate system dedicated to the
switchyard. The de control power system is described in the most
recent revision of the final safety analysis report (FSAR) or
updated safety analysis report (USAR) for the specific facility.

.

2. System Function

The switchyard de control power system supplies power to the
switchyard breakers and switchgear to provide for control during
normal operations when ac power is available and during abnormal
conditions when ac power is not available.

3. System Boundaries

The switchyard dc control power system includes the batteries,
battery chargers, cabling, breakers and switches, and control
circuits. The system does not include the ac power sources, the
ac distribution system, or the connected dc loads. This system
boundary includes portions of the instrumentation and control
power system, described in SRP-LR B.4.3.1, "DC Power System", for
those plants that utilize the de power system of the instrumenta-
tion and control power system to provide switchyard control power.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

208
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C. The switchyard de control power system is composed primarily of f
components that are reviewed in accordance with other sections of- |

the SRP-LR. These components and the applicable SRP-LR section are: 1

1

o Cable and wiring, C.2.1 j
'

o Junctions, C.2.2
o Relays, switchgear, circuit breakers, C.2.4

In addition, protective relaying and controls is reviewed in accordance
with SRP-LR B.4.1.1. ;

A variety of aging mechanisms can affect the ability of the dc '

control power system to continue to operate safely and effectively.
Typical xamples of age-related degradation associated with the de
control power system are provided in this section. The areas of
aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

The dc Control Power System can be degraded by degradation of the
batteries, battery chargers, or bus systems. Batteries are affected
by thermally induced grid and connector oxidation, plate and grid
swelling, container and cover cracking, separator deterioration, or
specific gravity changes (Ref. 1). Battery chargers are affected by
the aging of electrolytic capacitors, transformers, inductors, solid-
state devices, and fuses. The battery chargers are also affected by
the quality of the connected source power (Refs. 2 and 3). Bus
systems age with dielectric stress or partial discharge, cooling
system degradation, and bus heating (Ref. 4).

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1.

E. Components of the de control power system not specifically addressed
in this section may be addressed in the generic aging topic reviews
in SRP-LR Part C. Specifically the following sections of SRP-LR
Part C are applicable to the dc contal power system and should be
reviewed: C.2.1 " Cable and Wiring," C.2.2 " Junctions," and C.2.4
" Relays, Circuit Breakers, and Switchgear." This may require
additional staff input. |

IV. FINDINGS
,

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

!See Section V, " Implementation," of SRP-LR B.0.1.

I

I
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VI. GENERAL INFORMATION

Components of the switchyard dc control power system do experience aging
degradation. Studies conducted within the framework of the Nuclear
Regulatory Commission's Nuclear Plant Aging Research (NPAR) Program have
investigated the aging effect on the various components (Refs. 1-4). The
following material discus the results of those studies. |

A. Batteries

NUREG/CR-4457 is an evaluation of the aging effects of safety-related
batteries. It also evaluates maintenance, testing, and monitoring
practices and discusses the effectiveness of these programs. The
most significant aging factor is thermally induced oxidation of
grids and top conductors. This oxidation causes the plates and
grids to swell, resulting in poor conduction between the plate and
grid. This reduces battery capacity and causes stresses in the con- !
tainer and covers. The stresses can result in cracks in the battery !
case. Separator deterioration is a cause of cell shorting. Con- !
siderable care is needed to maintain batteries in an operable condi- |

tion. Maintenance practices that conform to IEEE Standard 450-1975
.

(Ref. 5) and Regulatory Guide 1.129 ensure reliable battery capacity I

over its qualified life. Battery maintenance allows a history of
the battery to be documented, and can be used to evaluate the state
of the b.ittery. Recommended battery maintenance includes battery
capacity tests and recommended battery replacement should the battery

,

capacity be less than 80 percent of the manufacturer's rating, among j
other criteria. These other factors include service tests, the .

original sizing criteria utilized, and the capacity available compared .)to the load requirements. Other test methods may be developed in the i
future to better analyze degradation. Physical conditions of indi- ividual cells (such as plate condition, cell reversal, specific gravity |

readings, or electrolyte contamination) often require the replacement !

of individual cells. A battery nearing the end of its life should
not have individual cells replaced.

B. Battery Chargers

NUREG/CR-5051 (Ref. 3) is an evaluation of the aging effects of
.

safety-related battery chargers. !
!

Electrolytic capacitors, transformers, inductors, and silicon cen- I

trolled rectifiers (SCRs) are the battery charger components that
are most susceptible to aging degradation. Fuse failures, caused i

primarily by thermal fatigue, can also contribute to battery charger ifailure, but are difficult to detect until they fail. The life of i
transformers and inductors is determined by the condition of the j
insulation. Electrolytic capacitors age as a result of the deterio- i

ration or outgassing of the electrolyte. SCRs are subject to voltage
transients and other semiconductor stress (usually thermal) failures.
Operation of the battery chargers during diesel generator testing

|

|
J

|
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can stress battery chargers because of voltage and frequency varia-
tions. Excessively high equalization charge voltage can damage
system loads and cause fuses to.open. Soma fuses may fail undetected.
Excessive ac ripple voltage on the dc output will do this too. In
addition, excessive ripple will cause premature aging of the battery.
Electrical transients, such as could be caused by a noisy setpoint
potentiometer, can cause the same premature aging.

All plants have some battery charger maintenance and capacity testing.
It varies from capacity tests to inspection and calibration to
cleaning, adjustment, component replacement, connection tightness
verification, and component mounting torque verification. Some plants
follow the battery charger internal temperature. The internal
temperature is known to have an effect on component aging. Increased
internal temperatures decrease the component life.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Aging of Class 1E Batteries in
Safety Systems of Nuclear Power Plants," J. L. Edson and J. E. Hardin,
NUREG/CR-4457, July 1987.

2. U.S. Nuclear Regulatory Commission, " Operating Experience and Aging -
Seismic Assessment of Battery Chargers and Inverters," W, E. Gunther,
R. Lewis, and M. Subudhi, NUREG/CR-4564, June 1986.

3. U.S. Nuclear Regulatory Commission, " Detecting and Mitigating Battery
Charger and Inverter Aging," W. E. Gunther, R. Lewis, and M. Subudhi,
NUREG/CR-5051, August 1988.

4. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research:
the IE Power System," L. C. Meyer and J. L. Edson, NUREG/CR-5181,
April 1990.

5. Institute of Electrical and Electronics Engineers, IEEE Standard
450-1975, " Recommended Practice for Maintenance, Testing, and
Replacement of Large Lead Storage Batteries for Generating Stations
and Substations."

6. U.S. Nuclear Regulatory Commission, " Aging Evaluation of Class 1E
Batteries: Seismic Testing," J. L. Edson, NUREG/CR-5448, July 1990.

7. Institute of Electrical and Electronics Engineers, IEEE Standard
535-1979, "IEEE Standard for Qualification of Class 1E Lead Storage
Batteries for Nuclear Power Generating Stations."
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SRP-LR

B. 4. 8 INFORMATION SYSTEMS

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB

I. AREAS OF REVIEW

A. This section addresses the information systems that are important to
license renewal.

1. Description

The information systems important te 'icense renewal consist of
the safety parameter display system ' 905) and the Regulatory.,

Guide (RG) 1.97 displays (Ref. 1).

a. The SPDS is usually a part of a centralized computer-based
information and display system and, for the most part,
consists of electronic isolation devices, fiber-optic
cables, multiplexers, input / output modules, and analog
and/or digital displays.

b. The RG 1.97 display system can be a combination of both an
analog and a digital information and display system. The i

system may have dedicated sensors or it may extract its -

input signal from existing data channels through the use
of electronic isolation devices. The RG 1.97 display- '

system will have both analog and digital displays.

The information systems is described in'the most recent revision
.,

of the final safety analysis report (FSAR) or updated safety i

analysis report (USAR) for the specific facility.

2. System Function

a. The SPDS provides a display of critical plant variables to j
the control room operators to aid them in rapidly and
reliably determining the safety status of the plant, even

,

though the system in not required to operate during or '

after an accident. The SPDS enhances operator ability to
;

comprehend plant conditions and interact in situations i

that may require human intervention.

|

|

i
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b. RG 1.97 displays indications of plant variables which are
.needed by the control room operators during and after
accident situations to determine (1) the operating status
of plant safety systems and other systems important to
safety including those that give the operating status of
the reactor and (2) the potential for the release of'

radioactive materials to the environment.

3. System Boundaries

a. The SPDS will consist of electronic isolation devices,
fiber-optic cables, multiplexers, input / output modules,
analog and/or digital displays, power-sources, racks, and
panels.

b. The RG 1.97 display system will consist of sensors,
electronic isolation devices, fiber-optic cables,
input / output modules, analog and/or digital displays,
power sources, racks, and panels.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The information systems and the electronic devices used in them are
or can be subjected to the aging characteristics of their individual
components and therefore, the maintenance or replacement schedules
should include considerations of the specific aging characteristics
of the component materials (see SRP-LR C.3.2).

The components of both systems which are susceptible to aging and/or
age degradation include both analog and digital integrated circuits,
resistors, capacitors, wiring, terminal blocks, semiconductors,
potentiometers, and PC boards. Typical examples of age-related
degradation associated with the information systems are provided in
this section. The areas of aging concern for a facility should be
reviewed to evaluate the acceptability of the licensee's program to
manage potential aging mechanisms. Site-specific conditions and
experience are documentea in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.O.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. Components of the information system not specifically addressed in
this section may be addressed in the generic aging topic reviews in
Part C of the SRP-LR. Specifically, Section C.3.2, " Electronic
Devices," of Part C is applicable to the information system and should
be reviewed. This may require additional staff input.
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IV. FINDINGS

See Section IV, " Findings," of SRP-LR 8.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCE

1. U.S. Nuclear Regulatory Commission, " Instrumentation for Light Water
Cooled Nuclear Power Plants to Assess Plant and Environs Conditions>

During and Following an Accident," Regulatory Guide 1.97, May 1983,
Revision 3.
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SRP-LR
|

B.S.1 0FFGAS SYSTEM (BWR) ]

REVIEW RESP 0NEIBILITIES
,

Primary - LRPD
Secondary sPLB

I. AREAS OF REVIEW

A. This section addresses the offgas system (0GS).

1. Description

The major components of the OGS are the main condenser air
ejector, offgas pre-cooler and after condenser to remove water
vapors from the gas stream, catalytic recombiners to reduce
concentration of detonable hydrogen, and the gas holdup piping
for decay of radioactive gases. The system also includes HEPA
prefilters and charcoal adsorber filters along with an electric
preheater.

The offgas system is described in the most recent revision of
the final safety analysis report (FSAR) or updated safety analysis
report (USAR) for the specific facility.

2. System Function

The OGS performs the following functions:

o Reduces radioactive releases below established limits to
. protect the public.

o Supports the main condenser function by removing and "

providing a safe path for processing radioactive
noncondensibles and other noncondensibles.

o Provides recombination of radiolytic hydrogen and oxygen
to prevent detonation and subsequent equipment damage.

o Collects and processes miscellaneous contaminated gas
streams from other plant processes.

3. System Boundaries

The OGS extends from the main condenser to the offgas stack.
The radioactive gases, including hydrogen and oxygen, generated
in the reactor and carried over to the main condenser are
collected, processed, and held up for radioactive decay by the
OGS before discharging to the environment. Besides controlling
the release of radioactive material, the offgas system is
provided with necessary equipment for recombining hydrogen with
oxygen to prevent hydrogen detonation.

!

|
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The main components of the OGS are:

a. Steam jet air ejector -)

b. Holdup (delay) pipe for radioactive decay

c. Hydrogen recombiner, moisture condenser

d. Hydrogen analyzer
|

e. Gas compressor
_

f. Offgas HEPA filters, including pre-filters, pre-heaters, |
and charcoal delay bed !

The OGS radiation monitors are part of the process radiation I
monitoring system which is addressed in SRP-LR B.S.2. |

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The OGS is prone to the same problems and failures as most
ventilation systems. The presently recognized problems of bearing
wear and replacement, fan blade cracking and repair / replacement,
motor failure, heating and/or cooling coil failures, and
instrumentation and control failures are expected to continue
throughout the life of the plant, including the license renewal
period (Ref.1).

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential eqing mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURE

See Section III, " Review Procedures, " of SRP-LR B.0.1 for items III. A
through III.D.

E. Components of the OGS not specifically addressed in this section may
be addressed by the generic aging topic reviews in SRP-LR Part C.
The reviewer should ensure that structures and components included
as part of the generic SRP-LR topics are adequately reviewed for this
system. These specific sections from SRP-LR Part C should be reviewed:
C.1.1, " Piping"; C.1.4, " Heat Exchangers"; C.1.6, " Equipment and
Component Supports"; C.2.1, " Cable and Wiring"; C.2.3, " Electrical
Penetrations"; C.2.4, " Relays, Circuit Breakers and Switchgear"; C.2.7,
"Elactrical Motors", and all of section C.3.0, " Instrument". This may
require cdditional staff input.
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IV. FINDINGS
,
.

See Section IV, " Findings," c,/ SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCE
|

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful ,

for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), 1990.
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SRP-LR

B.5.2 RADIATION MONITORING SYSTEM

REVIEW RESPONSIBILITIES

Primary LRPD
Secondary - SICB

I. AREAS OF REVIEW

A. This section addresses the radiation monitoring system (RMS).

1. Description

The sub-systems of the RMS are hard-wired stand-alone systems
that interface with other information and control systems and
the plant's control room. The RMS contains all of the
equipment necessary to perform its functions with the actual
descriptions of the subsystems contained in tiie plant-specific
FSAR.

The radiation monitoring system is described in the most
recent revision of the final safety analysis report (FSAR)
or updated safety analysis report (USAR) for the specific
facility.

2. System Function

The RMS provides indication of direct radiation levels within and
outside plant areas, radioactive concentrations'in liquid effluent,
and continuous sampling of plant gaseous effluent for. releases of
radioactive iodides and particulate during normal operation and in
the event of an accident. The RMS consists of three major sub-
systems which perform the functions of monitoring radiation levels
of (1) the working and storage areas within the facility (area ;

monitors), (2) the process fluid flows that may discharge radioactive
materials (process monitors), and (3) the atmospheric environment

,

i

surrounding the facility (environmental monitors).

a. The plant area monitors survey the gamma radiation within
the facility and warn of any excessive level changes.
The system provides operating personnel with a record
of gamma radiation levels within the facility.

b. The process monitors surv'ey the radiation' levels of
liquid and gaseous processes throughout the facility. .

The system assists in controlling the release of
radioactive byproducts within set limits and provides
for personnel safety by warning of abnormal radiation
levels. It also provides operating personnel with a
record of radiation levels.
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c. The environmental monitors measure and establish natural
background and other radiation levels, determine the
facility's contribution to the environmental radiation
levels, and assist the facility in complying with public
health and safety regulations. The monitoring stations
are located in areas selected to obtain representative
samples of the atmosphere, fallout, vegetation, water
of the plant environs, and radioactivity of the
atmosphere.

3. System Boundaries

The review of the RMS is limited to that equipment and
interfaces as shown on the plant P& ids as they relate to the
RMS.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The RMS is subject to a wide variety of age-related mechanisms that
can affect the ability of the system and its components to operate
reliably. Many of the components are discussed further in SRP-LR
C.3.2.

Typical examples of age-related degradation associated with the RMS
are provided in this section. The areas of aging concern for a.
facility should be reviewed to evaluate the acceptability of the
licensee's program to manage potential aging mechanisms. Site-
specific conditions and experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for items III.A
through III.D.

E. Components of the RMS not specifically addressed in this section
may be addressed in the generic aging topic reviews in Part C of the
SRP-LR. Specifically, Section C.3.2 " Electronic Components," of
Part C is applicable to the RMS and should be reviewed: This may
require additional staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.
V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES
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SRP-LR

B.5.3 COMPONENT COOLING WATER SYSTEMS

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB/EMCB

I. AREAS OF REVIEW '

A. This section addresses the component cooling water systems.

1. Description

The component cooling water (CCW) systems are those closed-loop
systems required for safe thutdown during normal operation,
transient, and accident conditions. CCW systems are closed-
loop cooling systems that transfer the heat from vital loads to
the service water systems.

The loads cooled or supplied by CCW systems varv from plant to
plant. Typical safety-related loads are decay heat or residual
heat removal coolers, containment building coolers, and
injection pump coolers.

The component cooling water system is described in the most
recent revision of the final safety analysis report (FSAR) or
updated safety analysis report (USAR) for the specific facility.

2. System Function

The primary function of the CCW systems is to provide a closed
loop cooling system as an additional barrier from potentially
contaminated reactor systems.

3. System Boundaries

The boundaries of each CCW system include the head tank, pumps,
heat exchangers, piping, and isolation valves. The electrical
supply and makeup water supply are not considered part of the |CCW system boundary. The systems are different from plant to
plant, but in general, a CCW system includes all of the equipment
in the system recirculation flow path.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The CCW age-related degradation mechanisms include those common to
,

pumps, heat exchangers, vessels, valves, and piping as discussed in '

SRP-LR Part C. The areas of aging concern for a facility should be
i

reviewed to evaluate the acceptability of the licensee's program to '

manage potential aging mechanisms. Site-specific conditions and )experience are documented in the IPA.
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. The CCW components not specifically addressed in this section may be
addressed by the generic aging topic reviews in SRP-LR Part C. The
reviewer should ensure that structures and components included as part
of the generic SRP-LR topics are adequately reviewed for this system.
These specific sections from SRP-LR Part C should be reviewed: C.1.1,
" Piping"; C.1.2, " Valves"; C.1.3, " Pumps"; C.1.4, " Heat Exchangers";
and all of C.2.0 , " Electrical." This may require additional staff
input.

F.
1. The reviewer should verify that the licensee has evaluated of the

CCW operating parameters that are monitored and alarmed to ensure
that these parameters represent the best choices as indicators for
incipient failures.

2. Established a program to closely monitor components of the CCW
systems, including such passive components as heat exchangers and
piping.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCE

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), 1990.

.
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SRP-LR

B. 5. 4 SERVICE WATER SYSTEM

REVIEW RESPONSIBILITIES
Primary - LRPD
Secondary - SPLB/EMCB

I. AREA 0F REVIEW

A. This section addi !sses the station service water system (SWS).

1. Description

The service water system (SWS) typically includes two
subsystems. These are: essential (or standby) service water
(ESW) and nonessential service water. The latter is not
safety related and may not be addressed in the IPA for-
license renewa: Although plant-specific ESW systems are
subject to wica variations in design details, the basic
functional aspects during essential system operation are
quite similar. During conditions requiring essential system
operations, the SWS takes cooling water from the ultimate
heat sink, circulates it through the plant piping system to
equipment heat exchangers to control the temperatures of
reactor coolant and critical components, and returns the
cooling water to the ultimate heat sink.

The station service water system is described in the most
recent revision of the final safety analysis report (FSAR)
or updated safety analysis report (USAR) for the facility.

2. System Function

The ESW system consists-of those coolers and heat exchangers
that are required to operate for a safe reactor shutdown or to |mitigate the consequences of postulated accidents.. The ESW
system circulates water from the ultimate heat sink through
equipment and closed cooling water system heat exchangers to ;

accomplish this goal. |

3. System Boundaries

The ESW system extends from the inlet cooling water source (the
ultimate heat sink) through any screens or filters, the SWS
pumps, the equipment and component cooling water system heat
exchangers, and back to the ultimate heat sink. All pumps,
valves, screens, filters, piping, heat exchangers and
interconnections are included.

The I&C boundaries of the SWS include equipment that is required
to operate the system. Most of these components are addressed
as generic I&C equipment and include, but are not limited to:
control switches, relays, controllers, sensors, transmitters,
status displays, recorders, computational modules, and circuit
breakers.
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B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. Of the wetted systems in the NPPS, the SWS may have some of the more
aggressive combinations of degradation factors, even though the
temperatures experienced by _ the materials is relatively low
(typically, 35 F to 120 F). The follosing is a listing of
important aging degradation mechanisms which have been manifested in
ESW systems. Characterization and localization of the listed
degradation mechanisms can be found in References 1-3.

1. Corrosion

a. General surface

b. Galvanic

c. Pitting

d. Under deposit

e. - Microbiological 1y stet corrosion (MIC)

f. Induced chemical

2. Biological Attack *

a. Surface biofouling

b. Macro-blockage

c. MIC

3. Deposition

a. Siltation (micro-impurity)

b. Debris (macro-impurity)

4. Erosion

a. Cavitation

b. Solids impingement

5. Mechanical Agitation

a. Vibration (low amplitude)

b. Impact (high amplitude)

The areas of aging concern for a facility should be reviewed to evaluate
the acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented in
the IPA.
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~II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1. for Items II. A
and II.B.C. In addition to the above, the licensee's program should
include:

1. Irplementation and maintenance of a surveillance program to
control flow blockage due to biofouling.

2. Verification of heat transfer capability of safety-related heat
exchanges cooled by service water.

3. Implementation of an inspection and maintenance program to ensure
that corrosion, erosion, protective coating failure, silting,
and biofouling cannot degrade performance of safety related systems.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. Components of the SWS not specifically addressed in this section may
be addressed by the generic aging topic reviews in SRP-LR Part C.
The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for the SWS. Specifically all of the sections from SRP-LR
Part C exceot for C.1.5, " Tanks and Vessels" and C.4.0, " Civil
Structures' should be reviewed in conjunction with the SWS review.
This may require additional staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

!

1. U.S. Nuclear Regulatory Commission, "Biovalve Fouling of Nuclear |

Power Plant Service-Water Systems. Current Status of Biofouling
Surveillance and Control Techniques," Vol. 2. NUREG/CR-4070 (PNL-5300),
March 1985.

2. U.S. Nuclear Regulatory Commission, " Nuclear Plant Service Water ;

System Aging Degradation Assessment," Vol. 1 NUREG/CR-S379 |
(PNL-6560) June 1989. September 1990,

3. U.S. Nuclear Regulatory Commission, " Nuclear Plant Service Water
System Aging Degradation Assessment, "Vol. 2, NUREG/CR - 5379
(PNL- ), September 1990.

|
|
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SRP-LR

B.5.5 ULTIMATE HEAT SINK

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB/ESGB

I. AREAS OF REVIEW

A. This section addresses the ultimate heat sink (VHS).

1. Description

The UHS provides a highly reliable continuous supply of cooling
water to equipment in the engineered safety features system and,
for many plants acts as a backup water supply for the auxiliary
(emergency) feedwater system. Regulatory Guide 1.27 describes
several types of UHSs, including a large river, a large lake,
an ocean, two spray ponds, a spray pond and a reservoir, a
spray pond and a river, two mechanical draft cooling towers with
basins, a mechanical draft cooling tower with a basin and a river,
a mechanical draft cooling tower with a basin and a lake, a lake
with a cooling pond, two wet / dry forced draft cooling towers, or
two dry forced draf t cooling towers.

The UHS is described in the most recent revision of the final
safety analysis report (FSAR) or updated safety analysis report
(USAR) for the facility.

2. System Function

The UHS has two principal safety functions: (1) the dissipation
of residual heat after reactor shutdown and (2) the dissipation
of residual heat after an accident.for a-period of 30 days
(typically) to allow time to evaluate the situation and to take
corrective actions.

For a single nuclear power plant unit, the UHS is required to
provide sufficient cooling water to accomplish each of these
safety functions. For a multiple-unit station, the UHS is
required to provide sufficient cooling water to permit simul-
taneous safe shutdown and cooldown of all units it serves
and to maintain them in a safe shutdown condition. In the
event of an accident to one unit, the UHS is required to
dissipate the heat for that unit, to permit the concurrent
safe shutdown and cooldown of the remaining units, and to
maintain all units in a safe shutdown condition.
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3. System Boundaries

The UHS boundary generally includes a complex of water sources
with necessary structures (e.g., a pond with a dam or a river
with a dam), mechanical water cooling systems (e.g., spray
systems, mechanical draft cooling towers, or dry cooling towers),
and the canals or conduits connecting the water sources and/or
mechanical water cooling systems with, but not including, the
cooling water system intake structure for the plant. The intake
structure is covered in SRP-LR Section 4.0, " Civil Structure."

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The UHS typically includes mechanical, electrical, and instrumen-
tation and control (I&C) components plus civil structures, (e.g.,
dams, basins, or dikes). As a result, a broad number of age-related
degradation mechanisms exist for the VHS. Typical examples of these
mechanisms are the following:

1. Fatigue, for example, as applied to rotating fans or pumps

2. General wear of mechanical moving parts

3. Thermal embrittlement of plastic seals, etc., and of electrical
and I&C components

4. Corrosion and erosion of metallic piping, in-line piping
components, and cooling tower equipment (e.g., heat transfer
surfaces used in dry cooling towers and spray nozzles)

5. Erosion and embrittlement of plastic piping used in cooling
towers and spray systems and of plastic fill used in wet cooling
towers

i

6. Plugging and/or fouling of cooling tower coils

7. Potential long-term biological effects on water basins and/or i

cooling towers and related equipment |

8. Erosion and freeze damage of concrete dams, concrete basin
walls, dikes, intake structures, ponds, or water basin soil
shapes

9. Degradation of concrete and rebar corrosion in the intake
structure associated with the VHS

l

Most UHS equipment, components, and subsystems subject to deteriora-
tion from aging are considered generically in the generic aging topic
reviews in SRP-LR Part C of the SRP-LR as described above. Aging-related
issues of particular concern in regard to the wet cooling tower, the dry
cooling tower, and spray system components include the following.
Depending on the type of packing used (e.g., wood, plastic, or asbestos),
the structure and wetability of the packing in wet cooling towers can
change with time, possibly resu' ting in local flow blockages and
degraded performance.
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Dry cooling tower coils are subject to not only internal fouling and
corrosion (analogous to tube-side _ fouling and corrosion in a conven-
tional heat exchanger), they are also subject to air-side corrosion,
fouling, and plugging of the extended heat transfer surfaces. Corrosion
of a fin-tube interface has a particularly devastating effect on coil
performance and cannot always be detected by visual examination.

Spray pond nozzles are subject to degradation over time from abrasive
wear by particulates suspended in the water and from erosion / corrosion.
This degradation results in a modification of spray droplet size and
dispersal and can result in degraded cooling pond performance.

The areas of aging concern for a facility should be reviewed to evaluate
the acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented in
the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. UHS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in SRP-LR Part C.
The reviewer should ensure that structures and components
included as part of the generic SRP-LR topics are adequately
reviewed for this system. Specifically all the sections of SRP-LR
Part C with the exception of C.1.5, " Tanks and Vessels," should be
used for the review in conjunction with the review of the UHS. This
may require other staff support.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION >

See Section V, " Implementation," of SRP-LR B,0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

,
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SRP-LR

B. S. 6 REFUELING SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary -SPLB

I. AREAS OF REVIEW

A. This section addresses the refueling system.

1. Description

The refueling system provides for movement and/or replacement
of the fuel assemblies in the reactor core. The refueling
cavity is flooded with water so that the movement of fuel by
the refueling system is accomplished under a sufficient depth
of water to minimize radiation exposure to operators. Fuel
is lifted and maneuvered remotely by using the cask handling
and polar cranes.

The refueling system is described in the most recent revision
of the final safety analysis report (FSAR) or updated safety
analysis report (USAR) for the specific facility.

2. System Function

The refueling system is designed to transfer new and spent fuel
between the spent fuel pool (SFP) and the reactor, to shuffle
fuel assemblies within the SFP and the reactor, and to load
spent fuel in the shipping cask. The design of the refueling
system includes features to prevent criticality and damage to
fuel assemblies during fuel handling operations with a
resulting release of radioactive material to the environment.
The refueling system is also used to relocate control rod
assemblies-and burnable poison assemblies.

|

|
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3. System Boundaries

The refueling system consists of a fuel bridge located at the
reactor refueling cavity inside the containment and another
similar bridge inside the SFP building. The refueling system
also includes the fuel transfer subsystem which transfers fuel
between the SFP and the reactor refueling cavity across the
containment wall.

The equipment used to lift reactor vessel head and reactor
internals are reviewed as components of the refueling system,
to ensure that these components do not impair the function of
the refueling system.

The major refueling system components are listed below:

o Fuel bridge (or manipulator) inside the containment

o Fuel bridge (or long-handled tool hooked to a crane) inside the
SFP building

o Fuel transfer carriages and winch devices

o Fuel assembly upenders (typically hydraulically operated)

o Instruments and controls, including limit switches, sensors, and
transmitters

o Reactor vessel head stud tensioners and lifting devices and
associated crane equipment

o Reactor internal lifting devices

o Radiation detectors associated with the refueling system are
addressed in SRP-LR B.5.2.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The refueling system has components that could wear with prolonged
use and result in malfunction of the system. Components like limit
switches, and locking devices on the grapples could degrade with age -

to the extent to cause or allow dropping or misalignment of fuel
assemblies. Typical examples of age-related degradation associated
with refueling system are listed below:

1. Age-related wear of limit switches

2. Corrosion and loose connections on instruments, control
components and electric components
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3. Electric cables cracking and moisture intrusion

4. Grapple locking devices failing to lock

5. Excessive backlash in indexing devices on fuel bridges,
carriages, and upenders

6. Binding of sliding components, such as telescopic fuel masts
and fuel transfer carriages.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III. A.
through III. D.

E. Refueling system components not specifically addressed in this
section may be addressed by the generic aging topic reviews in
SRP-LR Part C. The reviewer should ensure that structures and
components included as part of the generic SRP-LR topics are
adequately reviewed. The sections of SRP-LR Part C applicable to the
refueling system are: C.1.2, " Valves"; C.1.6, " Equipment and
Component Supports"; all of Section C.2.0, " Electrical" (except
C.I.5, " Transformers"); and all of Section C.3.0, " Instrument."
This may require additional staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of B.0.1.
,

VI. GENERAL INFORMATION

Information on age-related degradation of components of the type
installed in the Refueling System, and the recommended methods of
managing age-related degradation are provided in reference 1. |

VII. REFERENCES
!

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL- )
7323), 1990. I
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SRP-LR

B.S.7 SPENT FUEL STORAGE

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB/EMCB

I. AREAS OF REVIEW

A. This section addresses the spent fuel storage facility, consists of:

1. Description

Nuclear reactor facilities include storage facilities for the
wet storage of irradiated fuel assemblies. The spent fuel
storage facility consists of all those facilities and tools
designed for the safe removal of the irradiated fuel from the
core, the transfer of the fuel to storage racks in the spent
fuel storage pool, and the subsequent transfer of the irradiated
fuel into shipping casks. Also included in the facility is the
monitoring equipment designed to ensure safe storage of the
irradiated fuel.

The spent fuel storage facility is described
in the most recent revision of the final safety analysis report
(FSAR) or updated safety analysis report'(USAR) for the specific
facility.

|

2. System Function

The function of the spent fuel pool and storage racks is to
maintain the spent fuel assemblies in a safe and subcritical !
array during all crediole storage conditions and to provide a
safe means of le ding the assemblies into shipping casks.

3. System Boundaries

Included in the spent fuel storage facility are the spent fuel
storage pool, storage racks, the spent fuel pool liner plate,
fuel transfer canal, cask loading area, spent fuel pool cooling
and cleanup, and all monitoring equipment associated with spent
fuel storage. Also included within the boundaries of this
facility are all tools used in the manipulation of the irradiated
fuel from the time it leaves the reactor vessel until such time
it is placed in the shipping cask.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

,
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C. Typical examples of age-related Jegradation associated with
spent fuel storage are provided in this section. The areas of
aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III. A.
through III. D.

E. The spent fuel storage facility components not specifically_ addressed
in this section may be addressed by the generic aging topic reviews
in SRP-LR Part C. The reviewer should ensure that structures and
components included as part of the generic SRP-LR topics are adequately I

reviewed for this system. These specific sections from SRP-LR Part C
should be reviewed: C.1.6, " Equipment and Component Supports";
C.2.4, " Relays, Circuit Breakers, and Switchgear"; C.3.1, " Sensors";
C.3.2, " Electronic Components"; and C.4.0, " Civil Structure." This
may require additional staff input.

F. Specific areas of concern that are to be addressed by the licensee
program for monitoring aging in the spent fuel storage facility
are:

1. The reviewer should verify that the licensee has an established
program of inspection and surveillance practices to detect
aging and wear-related degradation in the structures housing
the facility and the facility itself, including the monitoring
system.

2. The reviewer should verify that the licensee has an estab-
lished program of inspection and surveillance 1to determine
the effects of aging mechanisms on the capability of the
spent fuel storage facility tu function under both normal
operating and accident conditions.

,

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.
V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1. ;

VI. GENERAL INFORMATION

VII. REFERENCE

,
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SRP-LR

B. S. 8 COMPRESSED AIR SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB

I. AREA 0F REVIEW

A. This section addresses the compressed air system (CAS).

1. Description

The CAS consists of the air compressors and their auxiliaries,
and the piping necessary to supply clean, dry air for plant use.
The CAS may include a compressed air system which supplies
safety-related equipment and an additional compressed air system
for non-safety-related equipment (normally referred to as
instrument air and service air, respectively). Facilities with
containments inerted with nitrogen may also have a nitrogen
compressor which takes suction from the containment and supplies
containment loads. As used in this section, the CAS will
also include the compressed nitrogen subsystem.

The compressed air system is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the specific ft.cility.

2. System Function

The CAS provides air / nitrogen to safety-related equipment and
also to plant equipment used only for normal facility operation.
Compressed air / nitrogen is, therefore, vital for maintaining
stable plant operation. Its loss often results in a reactor
trip and, on occasion, the actuation of engineered safety |
feature systems.

3. System Boundaries

The CAS consists of all components from the air compressors and
their drive motors to the air supplies for air operated valves
and instruments and controls. This includes the air compressor ;

controls, coolers, receivers,.and. filters, as well as the air 1

dryers, piping distribution system, and safety-related accumulators. |
The compressed nitrogen subsystem includes the containment !

penetration intake piping, compressor (s) receiver, discharge i
piping and containment penetration, and associated isolation
valves. Some facilities may include a bank of compressed
nitrogen bottles as an automatic backup to, or in place of, the
nitrogen compressors.
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B. See Section I, " Areas of Review," of SRP-LR B 0.1 for Item I.B.

C. Compressors and air system dryers and filters cause most CAS component
failures, followed by particulate contauination and valve failures.
A large fraction of these failures are attributed to the age-related
degradation of these components. Typical examples of age-related
degradation mechanisms are listed below:

1. Contaminants

2. Corrosion

3. Wear

4. Material deterioration of seals and gaskets

Additional information regarding age related degradation of CAS
components can be found in NUREG/CR-5419 (Ref. 1).

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage poten-
tial aging mechanisms. Site-specific conditions and experience are
documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1 for Items II.A
and II.B.

C. Additional criteria associated with the CAS that should be considered
by the licensee, and that should be evaluated by the reviewer,
includes

a one-time evaluation of the wall thickness of a representative
sample (10 percent) of the CAS piping and storage tanks should be
performed to detect the possible, subtle, long-term degradation
of CAS components due to internal corrosion.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. The reviewer should review.the licensee's data pertaining to the ;

performance and response of the CAS during demand. events to ensure
age-related degradation has not reduced the capability of the CAS to
function properly.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.
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V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION ,

Daspite the fact that plant maintenance includes regular monitoring of
some parameters and inspection of many components, CASs have experienced
more failures than were expected (Ref. 2). A testing and maintenance
program could provide indications of degradation due to aging.
Table B.6.8-1 (Ref. 2) provides typical testing and maintenance actions.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Aging Assessment of Instrument
Air Systems in Nuclear Power Plants," NUREG/CR-5419.

2. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-
7323), 1990. '

|
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Table B.6.8-1 Recommended testing and maintenance for compressed
air system

- Subsystem Testing & maintenance Frequency 4

Compressor and rr.ceiver Inspect for visible Refueling outage
signs of degradation (physical
damage, corrosion, erosion,
loss of integrity)

Nondestructive testing at Refueling outage,

the bottom of vessel for
thickness check (ASME
Code)

Receiver relief valve Once in 2 years
functional testing

Bearing monitoring (vibration) Quarterly

Oil sample check Quarterly

Inlet filter pressure drop Monthly

Compressor loaded and Weekly
unloaded hours

Heat exchanger approach
temperature; compressor outlet
temperature; compressor oil Each shift
pressure, and level function
of moisture separators and
automatic drains

Dryer and filter Dew point for air dryer Daily

Pressure drop of filter, Weekly
cooler air flow measurement

Purge flow for desiccant dryer Daily

Function of separator automatic Each shift
drain for refrigeration dryer

Function check on prefilter Each shift .

(drainage)

Cartridge changeout in Semiannually
prefilters and afterfilters

.

I
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Table B.6.8-1 (continued)
,

Subsystem Testing & maintenance Frequency

'

Distribution network Flow rate Weekly

System pressure Quarterly

Air quality (dew point, Semiannually
contamination, and operating
pressure)

Leak test on accumulators Refueling outage
and check valve operability

i

|

I
!

|

|

|

!

|

|

|
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SRP-LR

B.6.1 FIRE PROTECTION SYSTEM

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB

I. AREA 0F REVIEW

A. This section addresses the fire protection system (FPS).

1. Description

The FPS includes fire detection and suppression equipment which
will sense conditions indicative of a fire, actuate alarms, and
initiate fire suppression equipment as appropriate. Fire
is detected by a network of sensors (thermal, lignt, smoke)
located throughout the plant which actuate alarms in the plant
control room identifying the location of the fire indicator.
Fire suppression is provided by a fire water system, a carbon
dioxide system for specific applications at specific plants, and
a halon system for specific applications. Fire suppression
systems may be automatically actuated or may require fire
brigade action (manual), depending on the location and
equipment being protected.

The fire water system (FWS) consists of piping and pumps
serving areas throughout the entire site to provide a means of
fire suppression. The FWS is usually the largest and most
versatile of the automatic fire suppression systems at any
plant site. Some facilities may use the FWS as a contingency
source of reactor coolant injection during site blackout
conditicas, as directed in emergency operating procedures.

The carbon dioxide system is used to extinguish fires _where the
application of water is undesirable. The system may consist of
carbon dioxide at high pressure, low pressure, or a combination
of these two methods.

The halon system utilizes the total flooding principle to
disrupt the combustion process. Two types of halon are
typically used: Halon 1301 or Halon 1211. System actuation is
determined by design requirements and specifications.

The FPS is described in the most recent revision of the final
safety analysis report (FSAR) or updated Safety Analysis Report
(USAR) for the specific facility.
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2. System Function

The system is designed to automatically detect fires quickly,
actuate audible and visual alarms, and, when necessary, provide
a sufficient supply of water from the FWS to suppress fire
in any of the areas it serves and to supply simultaneous
hose station operation. The system is provided for those areas
that contain or present potential fire exposure to plant equip-
ment. Although this review should be limited to that part of
the FPS which provides protection to or could impair SSCs
important to license renewal, integrity of the FPS must
also be assured.

3. System Boundaries

The boundary of the FWS consists of a reliable supply of water,
fire water pumps, a jockey pump, a fire main loop, supply lines,
manual hose stations, standpipes, and automatic sprinkler devices.
There are variations to this arrangement; however, the factors
that affect the aging process are independent of the type of
system design.

The carbon dioxide system includes all storage tanks, valves,
distribution piping, and all detection and actuation equipment.
Similar types of equipment are included within the system
boundary for the halon system.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. Age-related degradation mechanisms affecting the FWS are typical of
low-temperature water systems and include erosion, corrosion,
cavitation, plugging, and fatigue.

Concerns related to aging, or degradation of halon system components
may include external effects, or the decomposition product effects
of halon in the presence of available hydrogen (from water vapor).
The main decomposition products of Halon 1301 are hydrogen fluoride,
hydrogen bromide, and free bromine. The decomposition products of
Halon 1211 include hydrogen chloride and free chlorino. When
present in a small quantity, free water can provide a site for
concentrating acid impurities into a corrosive liquid. These highly
corrosive liquids, if allowed, can influence material corrosion
mechanisms in materials like ' steel, rubber, and synthetic elastomer
material that may be used by the system, or in other systems.

The water scurce for FWSs is frequently from wells. In some cases,
precipitation of dissolved solids from the well water supply creates a
chronic plugging problem.

FWS piping has potential for erosion / corrosion which advance with age of
the system. The resulting degradation (pipe thinning) could create a
potential for a break in the later part of the plant's life, even if the
problem is not indicated at the time the licensee's application
for license renewal is reviewed.
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Since the FWS piping is subjected to stagnant conditions or to operation
with low or intermittent flow, it is susceptible to microbiologically
induced corrosion (MIC). In addition to causing FWS leakage, MIC is
known to cause excessive corrosion that can lead to reduced piping flow
as well as complete flow blockage.

Corrosion and pitting are also common concerns when dealing with pumps.
These problems are expected to continue throughout the plants's life,
including the license renewal term.

Typical examples of age-related degradation associated with the fire
protection system are discussed above. The specific areas of aging
concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES
;

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A i
through III.D.

E. FPS components not specifically addressed in this section may be
addressed by the generic aging topic reviews in SRP-LR Part C.
The reviewer should ensure that structures and components '

included as part of the generic SRP-LR topics are adequately
reviewed for this system. Specifically, the following sections
from SRP-LR Part C should be reviewed: all of C.1.0, " Mechanical,"
except C.1.4, " Heat Exchangers"; all of C.2.0, " Electrical,"
except C.2.5, " Transformers"; and all of C.3.0, " Instrument." This
may require additional staff input.

F. The licensee's IPA shall include an assessment of the performance
characteristics and physical condition of the FPS. This assessment
should include an evaluation of performance trends over the
preceding several years. The performance trends should be used to
project any required corrective action for the license renewal
period.

The physical condition of the. FPS should be evident from the plant
maintenance / repair records. These records should address observed
degradation, including leaks, cracks, corrosion, erosion, plugging,
and so forth. Where the records do not allow a clear assessment of
the physical condition, a special inspection should be performed.
As a minimum, the following special inspections should be addressed
by the licensee's IPA:
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NDE of welds and pipe fittings where deadend piping.

(e.g. , standpipes) connects to circulating piping

NDE for pipe well thickness in regions of high fluid velocity.

and turbulence to assess erosion / corrosion, and in areas of
stagnant flow for corrosion

Physical inspection of fire protection pumps in accordance with.
,

NFPA requirements

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants," NUREG-
0800, June 1987.
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SRP-LR

B.6.2 COMMUNICATIONS

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SICB

I. AREAS OF REVIEW

A. This section addresses the communications system.

1. Description

The communications systems of any facility usually consists of
(a) hard-wired systems such as telephone, paging system, and
headsets and of (b) radio frequency systems such as walkie-
talkies, citizen band (CB) radios, and other types of two-way
radios.

The communications systems is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the facility.

2. System Function

The sections of the communications systems that are of concern
in this review are limited to those portions used in intra plant
and plant-to-offsite communications during transient, fire, and
accident conditions. The portions of the system that are under
consideration and important to license renewal must remain
operable during loss of offsite power.

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. Typical examples of age-related degradation associated with the
communications systems are provided in this section. The areas of
aging concern for a facility should be reviewed to evaluate the
acceptability of the licensee's program to manage potential aging
mechanisms. Site-specific conditions and experience are documented
in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of B.0.1.

, .
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IV. FINDINGS

See Section IV, " Findings," of B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of B.0.1.

VI. GENERA INFORMATION

The communications systems and the electronic devices used in them are
or can be subject to the aging characteristics of their individual
components and, therefore, the maintenance or rep'lacement schedules
should include considerations of the specific aging characteristics of
the component materials (see SRP-LR C.3.2).

VII. REFERENCES

i
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SRP-LR

B.6.3 CONTROL ROOM HABITABILITY SYSTEM t

REVIEW RESPONSIBILITIES

Primary - LRPO
Secondary - EMCB/SPLB

I. AREAS OF REVIEW

A. This section addresses the control room habitability system.

1. Description

The typical system consists of two 100 percent capacity units
that filter, cool, heat, and humidify air supplied to the control
room, and often the computer and relay rooms, and sometimes other
areas. Under normal conditions, fresh air is mixed with recirculated
air. The air is cooled by a component cooling water system.

During the special operating mode, the outside air is routed ,

through particulate, absolute, and charcoal filters before mixing
with the recirculated air. For post accident recirculation,
typically two fan and filter units filter the recirculated
control room air. The units may be used to filter fresh air
drawn from the outside. There are radiation monitors and toxic
gas monitors-in the supply ducts that, when activated, will
close the intake ducts and establish total recirculation with
cleanup flow.

The control room habitability system is described in the most
recent revision of the final safety analysis report (FSAR) or
updated safety analysis report (USAR) for the specific facility.

2. System Function

The control room habitability system is designed to provide a
reliable means of cooling and filtering air supplied to the
control room area under both normal and post accident i

conditions. The system cools recirculated air and cools or
heats of fresh air used to ventilate the control room for both
personnel comfort and equipment cooling, i

3. System Boundaries
,

1

The control room habitability system extends from the air |
intakes,. normal and remote, to the discharge peints. It =lincludes ducts, piping, fans, motors, filters, chiller, 'l

electrical.and instrumentation control circuitry, damper's,
'

valves, chlorine and other toxic gas monitors where applicable,
smoke and radiation detectors, and motor control centers. )

i

-
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B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The control room habitability system is prone to the same problems
and failures as most ventilation systems. The presently recognized
problems of bearing wear and replacement, fan blade cracking and
repair / replacement, motor failure, heating and/or cooling coil
failures, ar.J instrumentation and control failures are expected to
continue throughout the life of the plant, including the license
renewal period. In addition, the door and other penetration seals
for the control room habitability system are prone to the typical
problems of hardening, cracking, and limited life associated with the
various pliable sealing materials.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR B.0.1 for Items III.A
through III.D.

E. Components of the control room habitability system not specifically
addressed in this section may be addressed by the generic aging
topic reviews in SRP-LR Part C. The reviewer should ensure
that structures and components included es part of the generic SRP-
LR topics are adequately reviewed for this system. These specific
sections from SRP-LR Part C should be reviewed: C.1.4, " Heat
Exchangers"; C.2.1, " Cable and Wiring"; C.2.3, " Electrical
Penetrations"; C.2.4, " Relays, Circuit Breakers and Switchgear";
C.2.7, " Electrical Motors"; and all of section C.3.0, " Instruments."
This may require additional staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES
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SRP-LR

B.6.4 AUXILIARY HVAC SYSTEMS

REVIEW RESPONSIBILITIES

Primary - LRPD
Secondary - SPLB

I. AREA 0F REVIEW

A. This section addresses the auxiliary heating, ventilation, and air
conditioning (HVAC) systems.

1. Description

Typical auxiliary HVAC systems important to license renewal
include, but are not limited to, the diesel building, spent fuel
pool storage area, and the turbine building.

Typically, the BWR turbine building (area) HVAC system is a
safety grade system. The air is exhausted through a filter bank
and discharged to the plant vent stack. This operation occurs
especially in the event of a main steamline break outside the
containment and during maintenance periods when the turbine
covers are removed.

The typical diesel building HVAC system provides a controlled
environment in the diesel building area. The ventilation air is
heated or cooled as required for the controlled environment.
The ventilation system may, but does not necessarily, provide the
combustion air for the diesel engines.

For the typical auxiliary building HVAC system, the path of
ventilation air is from clean, or low-activity areas toward
areas of progressively higher activity. Ventilation air is
drawn from outside, through two makeup air units. The system is
balanced to maintain the auxiliary building at a pressure slightly
negative with respect to atmospheric and adjacent turbine building
pressures. The air is exhausted through activated charcoal beds
and high efficiency particle absorber (HEPA) filters from areas
subject to possible radioactive contamination.

The typical spent fuel pool area HVAC includes fans with
ductwork and dampers for distribution and filters to remove
airborne radioactivity within the spent fuel pool and related
equipment areas. The system may include a non-safety related
subsystem that provides ventilation during normal conditions.
For high radiation conditions, the system typically includes
redundant 100 percent capacity safety-related trains, each of
which typically includes roughing filters, moisture separators,
HEPA filters, activated charcoal filters, and associated
ductwork and dampers for distribution. In the event of high
radiation detected in the pool area, the safety-related system
is automatically actuated.

~
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For BWRs, normal ventilation of the spent fuel pool area is
provided by the reactor building ventilation system (see SRP-LR
C.3.9). Ventilation and filtration during high radiation
conditions is provided by the standby gas treatment system
(see SRP-LR B.3.6).

Each of these HVAC systems is described in the most recent
revision of the final safety analysis report (FSAR) or updated
safety analysis report (USAR) for the facility.

2. System Function

The turbine area HVAC system is typically designed to provide
maximum safety and comfort for operating personnel, with equipment
arranged in a noncontaminated area for easy access for testing _
and maintenance. The system provides cooling in summer and
heating in winter and also ventilates gases and fumes from
the area. In the BWR plants, this system typically cleans the
area atmosphere of potential gaseous and airborne particulate
radioactive contamination.

The diesel building HVAC system typically provides the following
functions:

1. Maintains the room ambient temperature low enough so that
the diesel generator life is not degraded during normal
operating and shutdown periods.

2. Maintains room temperatures in a tolerable range for
personnel to perform maintenance and surveillance work.

3. Prevents building heat from accumulating.

The auxiliary building HVAC system is typically designed to
provide maximum safety and convenience for operating personnel,
with equipment arranged so that potentially contaminated areas
are separated from clean areas. Redundant equipment is provided
for those systems where, in case of malfunctions, public health
and safety may be endangered or where safeguard equipment may be
impaired.

The typical spent fuel pool area HVAC maintains ventilation in
the spent fuel pool equipment areas to permit personnel access
and to control airborne radioactivity in the area during normal
operation, anticipated operational transients, and following
postulated fuel handling accidents.
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3. System Boundaries

The components considered within the review of the auxiliary
HVAC systems include the following:

a. Ventilation system ductwork

b. Ventilation system inlet dampers, exhaust dampers and flow
distribution dampers

c. Ventilation system supply fans, drive motors, and fan
housings

d. Ventilation system exhaust fans, drive motors, and fan
housings

Ventilation system motor control centers for the supply ande.
exhaust fan drive motors

f. Electrical and instrumentation control circuitry for the
supply and exhaust ventilation fan motors and damper
operators

g. Exhaust filter units, housings, supports, and heating and
cooling coils

h. Plant ventilation exhaust stack

i. Radioactive gaseous and particulate radiation samplers,
monitors and control circuitry

B. See Section I, " Areas of Review," of SRP-LR B.0.1 for Item I.B.

C. The concerns and mechanisms for age related riegradation within these
HVAC systems are '.he same as for other ventilation systems either
safety related or non-safety-related. The presently recognized
problems and maintenance issues include:

o Bearing wear and replacement
o Fan blade cracking and repair / replacement
o Motor failure
o Heating coil repair / replacement

Air handling unit supports repair / replacemento

Electrical and instrumentation control circuitry.o

repair / replacement
o Cooling coil repair / replacement

These issues are expected to continue to be concerns throughout the
life of the plant, including the license renewal term.

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program.to manage ;

potential aging mechanisms. Site-specific conditions and experience iare documented in the IPA. '

!
j
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II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR B.0.1.

III. REVIEW PROCEDURES
.

See Section III, " Review Procedures," of SRP-LR B.0.1 Items III.A
through III.D.

E. CVS components not specifically addressed within this section may be
addressed by the generic aging topic reviews in SRP-LR Part C.

The reviewer should ensure that structures aid components included
as pact of the generic SRP-LR topics are adequately reviewed for
this system. These specific sections from SRP-LR Part C
should be reviewed: C.1.4, " Heat Exchangers"; C.1.6, " Equipment and
Component Supports"; C.2.1, " Cable and Wiring"; C.2.3, " Electrical
Penetrations"; C.2.4, " Relays, Circuit Breakers, and Switchgear";
C.2.7, " Electrical Motors"; and all of Section C.3.0, " Instrument."
This may require additional staff input.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR B.0.1.

V. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR B.0.1.

VI. GENERAL INFORMATION

VII. REFERENCES
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SRP-LR

C.0.1 GENERIC COMPONENTS AND STRUCTURES REVIEW CRITERIA

SRP-LR Part C addresses the review of the various generic components and
structures requiring evaluation of age-related degradation. Standard
acceptance criteria, review procedures, evaluation findings, and implementation
applicable to all of the generic topics are provided below. Specific
requirements, descriptions and information unique to a particular generic
component or structure are provided in that specific generic section.

I. AREA 0F REVIEW

A. Description
See individual generic topir. section for description.

B. Limits of Review:

The SRP-LR addresses aging degradation related to the subject
topic that must be understood and controlled with sufficient certainty
to permit the staff to consider issuing an operating license for the
requested renewal period while maintaining the current licensing
basis. The licensee has conducted an integrated plant assessment
(IPA) to identify potential age-related degradation of systems,
structures, and components and to evaluate the adequacy of the
licensee's programs to identify and mitigate age-related degradation
for the renewal term. This SRP-LR is not intended to be a review
of the existing licensing basis.

The areas of aging Concern should be reviewed in accordance with
site-specific conditions and experience as documented in the IPA.

C. Aging concerns and Mechanisims: See individual generic topic
section for sepcific age related degradation concerns related to this
component or structure.

II. ACCEPTANCE CRITERIA

Acceptance and performance criteria for specific structures or components
1are typically contained, in part, in such sources as technical specifica-

tions; ACI, AISC, ASME, and IEEE codes and standards; root-cause analyses;
failure-mode analyses; equipment performance history; branch technical

,

positions; approved topical and other industry reports; vendor criteria; '

and regulatory guides. For specific components, the vendor recommenda-
tions for extending their life through the renewal period could be critical
in areas such as (1) applicability of current maintenance
(2) applicability of the current technical manual, and (3) practices,design limita-
tions for the specific component which may require replacement of selected
parts.

I

|

|
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The licensees may have review previously completed analysis if
aging issues identify questions concerning the analysis (including its
assumptions). The acceptability of the licensee's proposed program for
identifying age-related degradation (as described in Item I.C for each
specific chapter in SRP-LR Part C), monitoring aging degradation, and
mitigating the effects of age-related degradation related to specific
structures and components will be based on the following criteria:

A. The licensee has performed and documented an IPA which demonstrates
that degradation related to the aging of specific structures and
components has been identified, evaluated, and accounted for as i

,

necessary to ensure that the licensee's current licensing basis will
be maintained throughout the term of the renewed license. As part
of the IPA, the licensee has described the methodology for ;
identifying SSCs important to license renewal and structures and !
components requiring evaluation of age-related degradation, and has '

provided a list of these SSCs and structures and components. This
section of the SRP-LR is restricted to the review of specific |
components or structures. '

l
B. As part of the IPA, the licensee has evaluated and accounted for :

age-related degradation related to specific structures and components !
to ensure that the licensing basis will be maintained throughout the
term of the renewed license. The review focuses on the following i
items:

|

1. The licensee has listed the structures and components from Item
II. A above that are subject to on established effective program.
This program must continue to ensure the capability of the specific ,

'structures and components to either perform their safety functions
during the renewal term or not to impair the safety functions I

of other SSCs. In accordance with the requirements of
10 CFR 54.3(a), an established effective program shall include
as appropriate, but is not limited to, inspection, surveillance, i

maintenance, trending, recordkeeping, replacement, refurbishment, |
and assessment of operaticnal life for timely mitigation of the
effects of age-related degradation. An established effective
program must satisfy the following three criteria:

a. The program is documented in the FSAR, approved by the )onsite review committee, and implemented by the facility
i

operating procedures.

b. The program ensures that all SSC safety functions affected
by age-related degradation of the specific structures or
components are properly evaluated by the program procedures.

l

c. The program establishes acceptance criteria against which
the need for corrective action is to be evaluated and
requires that timely corrective action be taken when these
criteria are not met.

261 i
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Programs and practices acceptable to the staff are discussed in
Regulatory Guide DG-1009, " Standard Format and Content of
Technical Information for Applications to Renew Nuclear Power
plant Operating Licenses." Such programs and practices have
the following important elements: (1) use of state-of-the-art
knowledge of age-related degradation in nuclear power plants;
(2) integration of relevant materials science concepts, which
describe degradation processes, with plant-specific design and
operational information; and (3) use of state-of-the-art
monitoring methods that reflect the mechanistic and empirical
assessments performed by the licensee to understand age-
related degradation and mitigate its effects.

Some existing programs will require modification to be
classified as established effective programs for the renewal
period. For example, for selected electrical components the
licensee may claim the equipment qualification (EQ) program
required by 10 CFR S0.49 is an established effective program.
But for a subset of these components, either extensive
additional testing is required or a reanalysis (with appropriate
justification documented or selective verification tests, as
appropriate) performed for the EQ program to apply for the
renewal period.

2. For those specific structures or components identified as
requiring evaluation of age-related degradation but not
included in an established effective program, the licensee has
described and provided the bases for actions taken, or to be
taken, to manage the age-related degradation or has
demonstrated, by evaluation, that the age-related degradation
is not significant with respect to the current licensing basis.
This action will include one of the following:

A. Discuss specific aging management actions including
inspection, maintenance, surveillance testing,
condition monitoring, replacement, refurbishment,
recordkeeping, and any adjustments made to the operating
environment of the SSCs, as appropriate; or

B. Demonstrate that age-related degradation is not significant
and that the specific structure or component will continue
to meet the current licensing basis without additional
action during the term of the renewed license.

C. The licensee has identified plant-specific exemptions

granted pursuant to 10 CFR 50.12. " Specific Exemp(tions,"and reliefs granted pursuant to 10 CFR 50.55a(a) 3), " Codes
and Standards." The licensee should justify continuing
those exemptions and reliefs that were granted on the
basis of an assumed service life or period of operation
bounded by the original license term of the facility, or
otherwise related to SSCs subject to age-re'ated degradation.
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D. Additional criteria are discussed in the sections for
specific structures and components, as applicable.

III. REVIEW PROCEDURES
.

Upon request from the primary reviewer (LRPD), the secondary review
branches will provide material for the areas of review identified in
Item I above. The primary reviewer obtains and uses such information as.
required to ensure that this review procedure is complete.

These review procedures should be followed for the review of the specific
structure or component to determine whether or not: (1) the structures
and components of the type addressed in the generic topic section have been
appropriately identified as requiring evaluation of age-related degradation,
(2) the potential aging mechanisms have been identified by the licensee for
the specific components and structures (typical example, are provided in
Item I.C in each chapter of SRP-LR Part C), (3) the established or new
programs for managing age-related degradation are adequate, (4) exemptions
and reliefs based upon assumed service life will continue to be appropriate
during the renewal term, and (5) proposed modifications to the administrative
procedures are adequate to manage age-related degradation.

The reviewer should perform the following steps to evaluate the
licensee's program for license renewal based on the acceptance criteria
given in Item II above.

A. The reviewer should confirm that an IPA has been documented and
submitted which demonstrates that age-related degradation of the
specific structures and components has been identified and evaluated
in conformance with 10 CFR 54.21(a). The methodology for selecting
SSCs important to license renewal and structures and components
requiring evaluation of age-related degradation and the lists of
SSCs and structures and components should be reviewed to ensure that
all structures and components of the type addressed in this section
have been appropriately identified. This section of the SRP-LR is
limited to specific components or structures.

B. The reviewer should verify that the licensee has presented
information which demonstrates acceptable performance from an aging
perspective for each structure and component in an established
effective program. The reviewer should confirm that the licensee
identifies the method for evaluating age-related degradation and the

( adequacy of the aging-management program for each structure and
component. Typical degradation mechanisms of concern for a specific
component or structure are discussed in Item I.C of each chapter of
SRP-LR Part C. However the actual mechanisms of concern for a

j particular facility should be addressed in its IPA. For structures
or components identified as being routinely replaced or refurbished'

at defined intervals, the reviewer ;

should ensure the licensee demonstrates ongoing programs are i
adequate for timely mitigation of age-related degradation. The i

1
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support for this determination could focus on evaluation of opera-
tional experience, replacement or refurbishment intervals, and, as
appropriate, design and manufacturer information, known aging
mechanisms, and other relevant information. For structures and
components not routinely replaced or refurbished, the reviewer
should ensure the licensee's support for the conclusion that the
structure or component is subject to an established effective
program includes a detailed mechanistic analysis of age-related
degradation mechanisms. The reviewer should confirm that:

1. The established program is documented in the FSAR, approved by
the onsite review committee, and implemented by the facility
operating procedures.

2. All SSC safety functions affected by age-related degradation
are evaluated.

3. The program establishes acceptance criteria against which the
need for corrective action is to be evaluated and requires that
timely corrective action be taken when these criteria are not
net. Replacement, refurbishment, and inspection schedules
that may be necessary to manage age-related degradation are
implemented by ensuring the plant program defines inspection
methods used, inspection frequency, replacement and
refurbishment frequency, and meets current licensing-basis
requirements.

The reviewer should ensure that the acceptance criteria are
based on an industry standard or technically acceptable report
and that the action to be taken is timely and will restore the
component or structure to an acceptable performance condition
in accordance with the facility's current licensing basis.

C. For specific structures and components not subject to established
effective programs, the reviewer should verify one of the following:

1. Current programs have been or will be revised to provide for
timely mitigation of age-related degradation for this structure
or component, or a new program will be developed specifically
for this structure or component. The reviewer should confirm
that the licensee's evaluation of the adequacy of the aging-
management program includes detailed mechanistic analyses for 4

all structures and components not rcutinely replaced or i
refurbished. These analyses may also be required for
structures and components that are routinely replaced or
refurbished if analysis of operational experience is not i

sufficient to demonstrate adequacy of the replacement or ]
refurbishment program to provide for timely mitigation of age- |

related degradation. )
|

|
!
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2. Evaluation is provided to demonstrate that age-related
degradation is not significant with respect to the current i

licensing basis for this structure or component and to justify I
the reason for the structure or component not being required |
to be part of an aging-management program.

i

D. Exemptions and reliefs granted on the basis of assumed service life
have been reviewed to determine if they will continue to be valid
for the term of the license renewal.

E. Additional review procedures are discussed in the sections for
specific structures and components, as applicable.

IV. FINDINGS

The reviewer should determine and verify that the licensee has provided
sufficient information and the review supports the following conclusions
to be included in the staff's SER regarding license renewal.

A. The licensee's analysis acceptably identified the specific
structures and compcnents requiring evaluation of age-related
degradation.

B. The licensee demonstrated compliance with the requirements of 10 CFR
Part 54, " Requirements for Renewal of Operating Licenses for Nuclear
Power Plants," and demonstrated through the IPA that degradation
related to the aging of specific structures and components has been
identified, evaluated, and accounted for as necessary to ensure that
the licensee's current licensing basis will be maintained throughout
the term of the renewed license.

C. The licensee proposed or is implementing an effective program for
license renewal which uses existing programs and any necessary new
procedures and methods to identify the plant-specific age-related
degradation mechanisms, to manage degradation related to the aging
of specific structures and components, and to ensure the
activities authorized by the renewed license can be conducted in
accordance with current licensing basis over the renewed term. For
components hnd structures not covered by an existing or new program,
the licensee has provided acceptable justification that the
degradation experienced over the renewal term will not be
significant.

D. The licensee provided a list of exemptions related to the specific
structures and components granted pursuant to 10 CFR 50.12,
" Specific Exemptions," and reliefs granted pursuant to
10 CFR 50.55a(a)(3), " Codes and Standards." The justifications for
continuing the exemptions and reliefs are acceptable for the renewal
term.

i
,
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E. The licensee adequately identified any proposed modifications to the
facility or its administrative control and plant procedures.

With respect to potential degradation that could result from degradation
related to the aging of specific structures and components, the staff
concludes that this issue is adequately addressed and the potential
effects will be monitored, evaluated, and corrected.

Y. IMPLEMENTATION

Except in those cases in which the licensee proposes an acceptable
alternative method for complying with specified portions of the SRP-LR,
the staff olans to use the methods described herein during its
evaluation.

VI. GENERAL INFORMATION

Addressed in individual generic topic sections.

VII. REFERENCES

Addressed in individual generic topic sections.
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SRP-LR
C.1.1 PIPING

REVIEW RESPONSIBILITIES
]

Primary - LRPD
Secondary - EMEB/EMCB

I. AREAS OF REVIEW

A. Description

This section addresses that piping important to license renewal. Design
codes typically contain corrosion allowance, which is based on the
service life of the piping system. This corrosion allowance is added to
the wall thickness needed to withstand pressure and to other design
calculation considerations. Further corrosion allowances may be added in
the selection of piping schedules for a specific system during the
construction process.

B. See Section I, " Areas of Review," of SRP-LR C.0.1 for Item I.B.

C. Aging Concerns and Mechanisms

A variety of age-related degradation mechanisms can affect the safe,
continued operation of safety-related and high-energy piping. These
mechanisms include fatigue, embrittlement, stress-corrosion cracking,
wall thinning by various erosion and corrosion processes, pitting, and
microbiologically induced corrosion (NIC). Typical degradation
mechanisms and degradation sites are as follows (Ref 1).

1. High cycle thermal and mechanical fatigue acting on PWR
nozzles and thermal sleeves on charging, safety injection,
surge, spray, and coolant lines; terminal and dissimilar metal
welds; feedwater piping, nozzles, and thermal sleeves /spargers;
spray, surge, charging, safety infection, and residual heat
removal lines; BWR high-thermal stress regions of recirculation
piping; feedwater nozzles; and main steam and feedwater piping
near fittings and other piping discontinuities (i.e., tee's,
orifices,elboews, valves,etc.).

2. Thermal embrittlement acting on PWR cast stainless steel
piping and BWR cast stainless steel recirculation piping.

3. Intergranular stress corrosion cracking (IGSCC), on BWR
cast austenitic piping and safe-end welds. (The NRC recognizes
that, in general, the materials now in use for BWR recircula-
tion piping are less susceptible to IGSCC.)

4 Corrosion fatigue acting on BWR recirculation piping and high
thermal stress regions.

5. Low-cycle fatigue caused primarily by thermal stress transients
d5 a result of heatup and Cooldown Cycles.
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6. Erosion and corrosion acting on PWR feedwater piping, and BWR main
steam and feedwater piping near piping discontinuities (i.e.,
elbows, pipe joints, flow control valves, orifices, etc.).

7. Corrosion acting on BWR main steam and feedwater piping near
structural discontinuities.

8. Other degradation mechanisms include crevice corrosion,
erosion, pitting, galvanic cerrosion, microbiologically
influenced corrosion, intergranular attack, transgranular
stress corrosion cracking, hydrogen embrittlement, and
oxidation.

The areas of aging that affect a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and
experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR C.0.1 for Items II.A
through II.C.

D. Additional Criteria

1. Th1oning of Pipe Wall

Piping systems are examined for reduced wall thickness caused
by the following corrosion processes: general and uniform
corrosion, and erosion / corrosion.

A representative sample (10 percent) of the piping that is
exempt from ACME Code, Section XI, inspections should be
nondestructively examined to ensure that the pipe wall is
sufficiently thicnk to satisfy design requirements through the
renewal period. A one-time examination should be performed ;

within 5 years of the license renewal application, as a ;

minimum. In accordance with NRC Generic Letter 89-08 (May '

1989), licensees are required to implement a long tern I

erosion / corrosion monitoring program that provides assurances )that procedures-administrative controls are in place to assure
jthat an effective program is implemented and the structural -

integrity of a'l high-energy (including two phase as well as
single phas?) carbon steel systems is maintained.

For those cases in which the wall thicknesses do not comply |
with these criteria, wall thickness should be tracked to '

identify trends and action levels should be specified when
acceptance criteria are not met. |
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2. Fatigue-Thermal, Vibratory, and Pressure

Licensees shall verify using plant-specific fatigue analyses
for all ASME Class I piping that the ASME Section III
cumulative usage factor allowable of 1.0 will not be exceeded
during the projected lifetime of the plant.

3. Stress Corrosion Cracking

The license should examine a representative sample (10 percent)
of the piping exempt from ASME Code, Section XI, inspections
for evidence of intergranular and transgranular-assisted stress
corrosion cracking (IGSCC and TGSCC) and any other forms of
cracking. A one-time examination should be performed within
5 years of the license renewal application as a minimum.

4. 'otential Flow Reduction

The licensee should examine a representative sumple (10 percent)
of those piping systems exposed to untreated water for potential
buildup of silt or corrosion products that could restrict or
limit flow through the piping. A one-time examination should
be performed within 5 years of the license renewal application
as a minimum.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR C.O.I for Items III.A
through III.D.

E. The methods of examination for piping systems important to license
renewal are listed in the requirements of ASME Codes, Section XI
(Ref. 2), IWB-2000, IWC-2000, and IWD-2000.

The reviewer should ensure that the examination techniques and
procedures used by the licensee are in agreement with the following:

1. The methods, techniques, and procedures for visual, surface, or
volumetric examination are in accordance with ASME Code,
Section XI, IWA-2000.

Alternative examination methods, combination of methods, or
newly developed techniques to those given in IWA-2000 3re
acceptable provided that the results are equivalent or
superior. The acceptance standards for these alternate methods
are given in ASME Code, Section XI, IWB-3000, IWC-3000,
and IWD-3000.

The samples should be obtained from the following areas of
piping systems exempt from ASME Code, Section XI, inspections:
discharge of pumps, downstream of elbows, downstream of
pressure reducing orifices, downstream of control valves,
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flow measurement devices, high-velocity areas of pipe,
stagnant areas, low-pressure areas, screwed fittings
(crevice corrosion), high-vibration areas, areas where
vibration can cause cold working of pipe.

1

Approximately 10 percent of these piping areas should be
inspected. However, the entire circumference of those
pipes in areas susceptible to erosion and corrosion or two-
phase flow should be inspected to ASME Code, Section XI,
inspection methods.

If the licensee discovers areas where the original design
corrosion allowance has already been utilized or is expected to
be utilized before the end of the renewal period, begin to
track wall thickness to identify trends upon license renewal
on a basis commensurate with the wall corrosion allowance
utilization. Also take additional samples throughout the
system to track for trends. The action is to specify levels
when selected criteria have been met.

If pipe thinning is detected in excess of wall thinning
allowances for the current life, the inspection program should
be expanded consistent with the severity of the thinning.
For example, another 10 percent of the pipes should be examined
for slight thinning up to 25 percent for significant thinning.

2. The licensee should list exemptions that have been permitted by
ASME Code, Section XI, IWC-1220. Fcr license renewal, the
licensee should describe the sample of exempt piping that is
selected by the plant staff for an additional one-time
examination.

3. Fatigue data need to be developed to assess fatigue damage to
piping. The stressors include heatups, cooldowns, operational
transients, water hammers, steam hammers, thermal shocks,
stratified flows, and flow-induced and eouipment vibrations.
A complete accounting of actual in-plant thermal loadings is
needed to accurately predict the residual life of those
components. Cyclical piping analyses need to be reverified,
using the operational history data for all cyclic loadings.

An acceptable conservative approach to satisfy the staff's
fatigue concerns would include the following.

a. List the original design basis calculated cumulative usage
factors for all components. These calculations should
have been based on the estimated number of plant
transients and cycles for a plant life of 40 years.
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b. Provide the additional number of transients and cycles to
be used as the design basis for the extended life of the
plant, e.g., if the projected life is an additional 20
years for a total life of 60 years, the original design
basis transients from a. above should be increased by 50
percent. For all components, calculate the cumulative
usage factors for this additional increment of time,

c. List any known cycles due to unanticipated plant
transients which were not considered as design basis
events in a or b above. For all components, calculate
cumulative usage factors for these additional transients,

d. Add the cumulative usage factors calculated from a, b and
c above to arrive at the total end of life fatigue usage
factors for all components.

e. If the rate of actual plant cycles indicate that the
design basis cycles will be exceeded at the end of life of
the plant, the procedures in a, b and c above should be
adjusted to account for these additional cycles.

f. The above analyses should be in accordance with ASME
Section III, Subsections NB-3222.4 (e) (5) and NB-3228.5.
If the total nugber of stress cycles is estimated to be
greater than 10 , the licensee should provide the basis
for appropriate design fatigue curves,

g. In the above analyses, the licensee should include an
evaluation of environmental effects on fatigue crack
initiation to the extent needed to show that the analyses
are conservative.

h. All of the above evaluations should be based on elastic
analyses. The use of elastic-plastic or fully plastic
approaches as a means to remove conservatism in fatigue
analyses may be acceptable if a detailed description of
the analysis techniques and the basis on which these
techniques have been qualified are submitted to the staff
for review and evaluation prior to using such procedures.

1. Each licensee should list any plant-specific history of
failure due to fatigue in any piping.

4. For erosion / corrosion, ASME Code Case N-480, dated May 10, .

I1990, should be used for analytical evaluation, inservice
inspection, repair, and replacement of Class 1, 2, and 3 carbon

Iand low alloy steel piping susceptible to wall thinning.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1.

I

!
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V. If1PLEMENTATION

See Section V, " Implementation," of SRP-LR C.0.1.

VI. GEllERAL INFORMATION

A. Aging Concerns

1.
PWR Primary System Piping and BWR Recirculation Piping

The degradation processes of concern for PWR primary system
piping and BWR recirculation piping are summarized in Tables
C.1.1-1 and C.1.1-2, respectively (Ref. 1). For the curient-

generation of reactors, these piping systems are designed to
withstand several hundred heatup and cooldown cycles, during
which time thermal stress transients produce low-cycle fatiguedamage in the pipes.

Improved methods for modeling of fatigue damage will supplant
those currently incorporated in ASME Code, Sections III
(Ref. 3) and XI (Ref. 2). Before small fatigue cracks
penetrate the pipe, they can be identified by nondestructive
examination techniques; the pipes can then be repaired or
replaced before the cracks penetrate a pipe.

Intergranular stress corrosion cracking (IGSCC) has occurred
extensively in BWR recirculation piping.
has been replaced with steels that are less susceptible toMost of that piping
IGSCC as discussed in NUREG 0313 (Ref. 4). Hydrogen water
chemistry has been implemented on several BWR plants to mitigateIGSCC. However, the potential for IGSCC degradation in crevices
and in cold-worked areas still exists. Extensive long-term
testing and examination may be required to ensure that IGSCC does
not reemerge as a problem in BWR piping.

Long-term thermal embrittlement of cast stainless steels is a
potential problem that is yet to be resolved. The results of
accelerated aging tests are not conclusive, because of
differences in the mechanisms controlling embrittlement indifferent temperatures.

2. Feedwater and BWR Main Steam Piping

Table C.I.1-3 summarizes the degradation processes of concern
for BWR feedwater and main steam lines (Ref 1).Table C.I.1-4
summarizes the degradation processes of concern for PWR
feedwater piping, feedwater nozzles, safety injection nozzles,
and RCS nozzles and, in some plants, feedwater spargers and
thermal sleeves (Ref. 1).

The primary degradation mode of concern for the piping is
erosion and corrosion, a process whereby carbon or low alloy'

steel components lose their protective oxide layer and
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dissolve at an accelerated rate. Erosion and corrosion result
in wall thinning, especially in the vicinity of flow
discontinuities, which are caused by elbows, pipe joints, flow ;

control valves, etc. Low pH, low oxygen content, and
temperatures in the range from 250 F to 400 F increase the rate ;

of attack, which can occur over a large area, or be as highly ;
localized as a narrow axial groove. 1

In addition to the normal temperature transients experienced by
PWR primary system piping and BWR recirculation piping, feed-
water piping can experience thermal shock when cold feedwater
is injected. These thermal shocks can initiate cracking at
the interior surface of the piping and may contribute
substantially to crack propagation. ;

|Water-hammer or steam-hammer events can produce fatigue damage,
or, in more severe cases, deformation and cracking of piping
and pipe support structures. In addition, flow-induced and
equipment-induced vibrations can cause fatigue damage.

3. Surge and Spray Piping, and Nozzles ;

In addition to the thermal cycling expected under normal
operating conditions, the surge and spray lines can be
subjected to stratified flow conditions wherein a layer of hot
water or steam in the spray lines flows over a stagnant layer
of cold water. In addition to circumferential stresses,
stratified flow produces beam-bending forces in the pipe. The
stress conditions resulting from stratified flows have a more
severe effect on the pipes because they tend to persist for '

longer periods of time and tend to propagate any existing
cracks. Thermal shock loadings of the spray lines can also
occur when water flow is initiated in a steam-laden line. ,

Table C.1.1-5 sumarizes the degradation processes of concern |
for the pressurizer surge and spray lines, and nozzles. '

Note that thermal shock loading can cause crack initiation, but
usually not enough cycles exist for continued crack propagation.

,

Thermal fatigue can initiate cracking and can cause the crack |
to propagate by a small increment during each successive i

cycle. Mechanical vibration also may produce only small
increments of crack propagation per cycle; however, cycle
repetition rates may be quite high, compared to thermal cycle
rates. Even more rapid crack propagation can be caused by
stresses induced by stratified flows and seismic events, which
persist over longer time periods than do the thermal cycles.
The potential for flow stratification could be eliminated by
relocating pipes to avoid horizontal runs of piping. Li kewise,
thermal fatigue and thermal shock could be minimized by
continuous operation of the spray system.

|
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The aging degradation mechanism that is pervasive throughout
PWR pressurizers and associated piping is fatigue. Low-cycle
fatigue damage is caused by plant heatup and cooldown cycles,
plant uploading and loading at power, step-load increases and
decreases, reactor trips, hydrotests, so forth. The surge-line
nozzle and thermal sleeve are particularly affected by the
insurge of pressurizer fluid associated with power changes.
Key fatigue degradation sites are calculated to have high
cumulative fatigue usage factors and include the spray and
surge lines.

B. Aging Mitigation

1. Inspection

Formal guidelines for examination of pressure piping are
described in ASME Code, Section XI, (Ref. 2). Only the weld
areas of the Class 1 systems, such as the BWR feedwater piping
inside containment, must now be inspected. Inspection of areas
of piping away from weld zones is not now requireo. However,
in response to an NRC bulletin developed because of the Surry
pipe break incident, all utilities have instituted inspection
programs that include their feedwater system piping. Various
computer programs have been developed to assist in identifying
potential problem areas. These programs use plant piping
material alloy content, chemistry, and flow data to determine
areas in the piping most susceptible to erosion and corrosion.
The ASME Code, Section XI, Sub-Committee ASME Code Case N-480,
dated May 10, 1990, has developed inspection procedures to
detect wall thinning in piping. NUMARC has also developed
guidance for selecting examination techniques for specific
plant situations and has provided suggestions for additional
detailed examinations if erosion and corrosion is detected
(Ref. 5).

EPRI has developed CHEC and CHECMATE computer programs to
assist in selecting inspection locations for single phase and
tow phase piping respectively.

Inspection procedures are being developed to detect
erosion and corrosion damage in piping. Manual ultrasonic
techniques can be used to measure average thicknesses, but
these techniques could not be satisfactorily used in the past
to determine minimum thicknesses. However, the accuracy of
ultrasonic inspection has improved in recent years.

Note that these methods do not provide 100 percent inspection
coverage of the susceptible sites, and they may therefore not
be able to detect the minimum wall thickness, that is, the
maximum erosion and corrosion damage. Development has begun
on a new ultrasonic inspection method, a modified portable
automated remote inspection system (PARIS) that uses a
flexible transducer array. The flexible transducer array can ,
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conform and acoustically couple to the complex geometries of
elbows and tees. Laboratory results show that this new
ultrasonic method can examine carbon steel piping rapidly, with
100 percent coverage. Inspection of wrought stainless steel
can be aided by performance demonstration qualification.
However no present inspection method has been found completely
acceptable for cast stainless steel.

Twoothernondestructiveexamination(NDE)methodsavailable
to detect wall thinning are (a) high-energy radiography,
through the insulation of a water-filled pipe, and
(b) high-energy or isotope radiography, through the insulation
of an empty pipe. The tangential radiographic technique has I

been used to measure wall thicknesses to within 0.076 nn - !

(0.003 in.) in small-diameter, thick-walled pipe. High-energy |
radiation sources are used to inspect large-diameter 1

(202-mm [8-in.]) pipe. The perpendicular radiographic
technique can detect abrupt changes in thickness within

'|

2 percent of the wall thickness. A calibration curve of ,

thickness versus density is required for accurate measurements. '

2. Recordkeeping and Trending

Thickness measurement data from the plant can be used to
identify sites susceptible to erosion / corrosion.

Monitoring of water chemistry, including oxygen level, pH
level, and impurities can assist in estimating
erosion / corrosion rates. j

An accounting of actual in-plant thermal loadings is needed '

to accurately predict the residual life of those components.
Once the loadings are more accurately defined, an appropriate
prediction of fatigue life can be made, and an appropriate |

inservice inspection program can be implemented with state- |
of-the-art techniques. This increased accuracy is particularly
important for the horizontal portions of the surge line, which -

are subject to-stratified flow. Stratified flows can cause I
significant fatigue damage to the horizontal portions of the
surge line, which the original design may not have accounted
for.

3. Managing Aging Degradation

Countermeasures fc managing age-related degradation of reactor
coolant; piping are summarized in Table C.I.1-6, and are
discussed in the following paragraphs of this item (Ref. 4).
Research is continuing in this area _to assess the effectiveness
of these countermeasures.
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a. - Heat sink welding, induction heating stress improvement,
and mechanical stress improvement are three stress-

~

introducing residual compressive stresses in the heat- . )improvement methods that effectively mitigate IGSCC, by
|

affected zone (HAZ) on the inside surface of the j
recirculation piping.

. >
"

b. The stress improvement methods introduce compressive.
stresses at the tip of shallow cracks in the HAZ, and are
effective in inhibiting the growth of short cracks that do' ;

not exceed 30 percent of the wall thickness. However, '.;
a higher inspection frequency and a larger sample size are ~

required for these welds.

c. For BWRs, use of hydrogen water chemistry has been |
successful in suppressing IGSCC crack initiation and IGSCC |
work growth, provided it is combined with very low levels
of ionic impurities. Hydrogen water chemistry is ;

effective when the level of dissolved oxygen is reduced
below 20 parts per billion (ppb), and the coolant
conductivity is kept below.0.3 afcro per centimeter
(mhos) (and the electro-chemical potential is kept
below -230 mV - standard hydrogen electrode). Online
crack arrest verification testing is desirable,

d. BWRs on hydrogen water chemistry inject oxygen into the
condensate system to maintain 20 to 50 ppb in the feed-
water and condensate syste m to control carbon steel
corrosion.

1e. Weld overlays introduce compressive stresses in the
weldment that inhibit IGSCC crack initiation and growth.

' Analytical results indicate that weld overlays will 1

inhibit the growth of cracks that do not extend beyono |

60 percent of wall thickness. The major barrier to
extended use of weld overlays is the difficulty in
performing reliable inspections of the weldment under the
overlays. Improved ultrasonic methods are under

,

development.for this purpose. Welds repaired by weld
overlays are generally inspected within two refueling
cycles following the repair.

f. Mechanical clamping devices introduce axial and
circumferential compressive stresses in the piping and 1

retard crack growth. In addition, such clamping devices
could provide an alternative load path around any degraded
weldment to ensure its structural integrity.

.

g. Solution heat' treatment of piping shop welds eliminates
sensitization in the heat affected zone (HAZ), and thus
provides protection against IGSCC. This treatment.is i

applicable to new piping; presently approximately. !

40 percent of the welds in the recirculation piping are
solution heat-treated.
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h. Types 304NG and 316NG stainless steels are much more
resistant to IGSCC, and have been qualified as alternative
materials for BWR piping. However, Type 316HG does not
have the same weldability as Type 304 stainless steel, and
it is susceptible to transgranular stress corrosion
cracking (TGSCC). Laboratory results show that the use of
hydrogen water chemistry and strict control of impurities 1

in the coolant can mitigate TGSCC.

i. Application of corrosion-resistant cladding on the inside
surface of the piping helps to protect any sensitized
surfaces from exposure to BWR coolant. Corrosion
resistant cladding may be applied to the new piping
weldments in the shop or field.

|

Acoustic emission methods are being developed for detecting
fatigue crack growth in both the base metal and the welds of
surge and spray lines. Acoustic emission methods can
potentially provide global information regarding defects in
piping and may be capable of detecting the location and growth i

of small flaws that are not detectable by other NCE methods.
However, acoustic emission methods should be viewed as
complementary to inservice inspection methods, not as their
replacement.

!

Fatigue crack detection by acoustic emission methods dependse
upon the ability of the instrumentation to detect the accustic
signals caused by crack growth under reactor operating i
conditions, specifically in the presence of reactor coolant )
flow noise. The acoustic signal produced by crack growth |

consists of discrete burst-type sounds with a duration ranging ;

from a few microseconds to a few milliseconds. The source of 1

'the signal is determined from the times of signal arrives at
several different sensors installed at various locations. I

However, some test results indicate that the acoustic signal
produced during tensile crack growth in Type 304 stainless
steel may not be detectable at certain stages of the crack
growth. On the other hand, the preliminary results from the
inservice acoustic emission monitoring of a Peach Bottom Unit 3 |recirculation-bypass line, core spray line, and feedwater

,

nozzle indicate that pipe cracking can be detected using ;
acoustic emission techniques. l
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Summary of degradation processes for PWR reactor coolant system pipingTable C.I.1-1

Degradation Potential Inservice inspection

mechanisms failure modes methods
Degradation site Stressors

Main coolant pipe System operating Fatigue crack initia- Through-wall Volumetric inspection

nozzles * transients tion and propagation leakage for diameter of 24-in.

Thermal end dissimilar System operatir.g Fatigue crack initia- Through-wall Surface inspection

netal weld * transients tion and propagation leakage for diameter of 4-in.

Cast stainless steel Temperature Thermal embrittlement Through-wall Volumetric
leakage inspection

Additional
The nozzles in the reactor coolant piping are ranked highest among the degradation sites. Reported
specificity is avoided because nozzles which are the most severely loaded are difficult to determine. Actual damage will completely depend on the

o

results are heavily dependent on the type of analysis performed.
actual transient usage that occurs in the plant which is the basis for the recommendation.

In Westinghouse plants, the dissimilar metal welds are at the reactor vessel and steam generator nozzles.oo

.
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Table C.1.1-2 Sunmary of degradation process for BWR recirculation piping

Degradation Potential Inservice inspection
Degradation site Stressors mechanisms failure nodes Methods ;

,

Weld heat-affected Tensile stress, IGSCC Cracks, leaks Ultrasonic examination,

zone furnace-sensi- oxygen environment moisture-sensitive
tized safe ends sensitized heat- tape, acoustic

affected zone emission

High thermal stress Cyclic tensile Thermal fatigue, Cracks, leaks Ultrasonic examination, ;

regions predicted by stress, corrosive corrosion fatigue moisture-sensitive- ,

stress rule environment tape, acoustic !

index analysis emission

Austenitic-ferritic High temperature Thermal enbrittlement Cracks, leaks Ultrasonic examinatica,
stainless steel tensile stress, moisture-sensitive
casting with high shock loads tape, acoustic
delta ferrite levels emission

;

i

l

9

,
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Table C.1.1-3 Sunwary of BWR feedwater dr.d main steam system degrecation processes
i ,

Degradation Potential Inservice
Degradation site Stressors mechanisms failure nodes inspection nethoos

Feedwater nozzles Thernal stress, Fatigue rupture Cracks, leaks Volumetric and surface-

into reactor, corrosive water, examination at welds
thermal sleeves / water-nammer,
spargers. vibration

Main steam piping Wet steam, steam Corrosion, erosion and Rupture, leaks, Volumetric and surface
near fittings and hanrer . temperature corrosion, fatigue cracks, large examination at welds

'at geometric gradients, vibration deformations
discontinuities

Feedwater piping Corrosive high- Corrosion; erosion / Rupture, leaks, Volumetric and surface
near fittings and velocity water, corrosion; fatigue cracks, large examination at welds
at geometric temperature deformations
discontinuities gradients, water-

hanner, vibration

>
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Table C.I.1-4 Summary of PWR feedwater piping and nozzle degradation processes'

. .

Degradation Potential Inservice inspection
Degradation site S:vessors mechanisms failure modes methods

Feedwater piping Fjowvelocity, Erosion and corrosion, Rupture caused by Ultrasonic testing,
inside containment,. O content and pH high- and low-cycle wall thinning, radiography *
sites in horizontal level in feedwater, thermal fatigue, leakage through
piping runs in impurities, mechanical fatigue fatigue cracks,
vicinity of mixing stratified flows, rupture caused by
layer thermal shocks, water hammer

water-hammers

Feedwater piping near Hjghflowvelocity, Erosion and corrosion Rupture caused by Ultrasonic testing,
fittings O content and pH mechanical fatigue wall thinning, radiography *

level in feedwater, leakage through
impurities, water- cracks
hamer

.. __

Currently being performed but not required by ISI requirements.o

i
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Table C.1.1-4 (continued)

Degradation Potentihl Inservice inspect'

Degradation site Stressors mechanisms failure modes methods

2Geometric discontinu- Flow velocity. 0 Erosion and corrosion, Rupture caused by Ultrasonic testing,

ities on inside content and pH level mechanical fatigue wall thinning radiography *
surface of piping in feedwater,

impurities, water
hammer

Charging nozzle Thermal transient High- and low-cycle Crack initiation Piping and nozzle welds
and shock stress thermal fatigue, and propagation inspected volumetrically
loadings, flow- mechanical fatigue leading to at each of the four 10-
induced vibration possible through- ye'r intervals

wall leak

Currently being performed but not required by ISI requirements.o

,
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Table C.I.1-5 Summary of degradation process for PWR pressurizer surge and spray line and nozzles

Degradation Potential Inservice
-Degradation site Stressors mechanisms failure modes inspection methods

Feedwater end safety Thermal transient High- and low-cycl Crack initiation Piping and nozzle welds
injection nozzles and shock stress thermal fatigue, and propagation inspected volumetrically

loadings, stratified mechanical fatigue leading to at each of the fou- 10-
flow stress load- possible through- year intervals
ings, flow-induced wall leaks
vibration

Pressurizer spray Thernal transient Low- and high-cycle Crack initiation Piping and nozzle welds"

line and nozzle stress loadings thermal fatigue and propagation inspected volumetrically
leading to at each of the four 10-

Stratified flow possible through- year intervals
stress loadings, wall leak
thermal stripping

Thermal shock Thermal sleeve
cracking

Flow induced Mechanical fatigue Thermal sleeve
mechanical vibra- cracking, crack
tion initiation in

nozzle

Pressurizer surge Thermal transient Low- and high-cycle Crack initiation Piping and nozzle welds
! line and nozzle stress loadings fatigue and propagation inspected vclumet-

leading to rically at each of
possible through- the four 10-year

intervals intervals

wall leak

Stratified flow Thermal sleeve
loadings (pipe cracking
only) thernal
striping
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Table C.1.1-5 Summary of degradation process for PWR pressurizer surge and spray line and. nozzles

Degradation Potential Inservice-

Degradation site Stressors mechanisms failure modes inspection methods

Flow-induced Mechanical fatigue Thermal sleeve
mechanical vibra- cracking, crack ;

tion initiation in
<

h

s

t
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Table.l.1-6 Summary of countermeasures for managing degradation of reactor coolant pipe

Nechanism Countermeasure Mitigation Repair Replacement '

--

IGSCC Inductive heating stress X X X

improvement

Heat sink welding X X X

,

Mechanical stress X X X

improvement

Solution heat treatment X

Corrosion-r esistant cladding X

Nuclear-grade material X

Hydrogen water chemistry X

Weld overlay X X

Clamping device X X

TLSCC Hydrogen water chemistry X

Minimize cold working in X

fabrication

Thermal Use of less susceptible X

embrittlement naterial
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SRP-LR

C.1.2 VALVES

REVIEW RESPONSIBILITIES

Primary - LRPO
Secondary - EMEB/EMCB

I. AREAS OF REVIEW

A. Description

This section addresses the valves identified as in;portant to license
renewal. The valves typically are those valves required to meet the
ASf1E Code, Section XI, (Ref. 1) Class 1, 2, or 3. In addition, other
valves the staff considers important to license renewal are discussed
in this section.

B. See Section 1.B., " Area of Review," of SRP-LR C.0.1 for Item B.

C. Aging Concerns and liechanisms

The valve components affected by age-related degradation are as
follows:

Valve Bodies: exterr,al and internal surfaces, materials of
construction, mounting and mating surfaces and components,

Valve Internals: all surfaces; materials of construction; operating
components; gaskets and lubricants; springs, clips, fasteners,
pins, shims, and spacers; liners, protectants, and surface hardeners;
spaces, channels,-gaps, and orifices

Fasteners: nuts, bolts, studs, bushings and clamps

0]erators: handwheels and cranks; gear boxes, transmissions and
11eir components and lubricants; all parts and components of motor,1
pneumatic, and hydraulic operators unless covered elsewhere in the ,

SRP-LR.

Age-related mechanisms affecting valves, valve components, and
operators, which include corrosion, erosion, fatigue, and physical
damage are discussed below. Typical examples of age-related
degradation concerns associated with valves are listed below:

,

1. Valve Codies
Corrosion; stress, chemical and microbioligically influenced
corrosion (f1IC) erosion; high fluid velocities, inappropriate
application, environmental changes, cavitation, high temperature
high differential pressure, and throttling fatigue; thermal and :

mechanical

E87
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2. Valve Internals |

Physical damage: wear; breaks, cracks, and chips; warped, bent,
binding corrosion and erosion of valve internals and seats; high
fluid velocities, inappropriate application, high temperature, and
high differential pressure, throttling fatigue; thermal, mechanical, !
and cavitation

3. Fasteners
Corrosion: stress and chemical attack

|

4. Operators physical darnag: ,

'

Wear; breaks, and cracks at mounting, couplings and connector
locations; warped, bent, and bound
Corrosion; stress and chemical attack
set point drift

Pneumatic and hydraulic o air and oil leaks and blow-by;-
excess drag and frTctioii;perators:elastomers and synthetics abraded, torn,
brittle, inflexible; orifices, vents and filters obstructed;
debris and foreign material present; grease aging; and additional
aging concerns identified in SRP-LR B.5.8.

Soler.oid b lectro-pneumatic) valves: liquid contaminants; debris
and foreign material; orifices, vents, and filters obstructed;
additional aging concerns identified in SRP-LR B.5.8 and SRP-LR
C.2.6.

Electric motor operators: any aging concerns identified in SRP-LR
C.2.7.

Instrumentaticn and controllers: any aging concerns identified in
SRP-LR C.3.2, anu SRP-LREE

~

The aging mechanisms stated, though comprehensive, are by no means
an all encompassing listing of valve aging and degradation phenomena.
Because of the myriad of valve applications, incipient and unique
valve aging and degradation mechanisms can exist that are not included
here.

The areas of concern about aging for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisms. Site-specific conditions and experience

'are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR C.0.1 for Items II.A 1

through II.C. |

|
,

!
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The ASf!E Code, Sectior. XI,) provisions for inservice inspection ano
D.

inservice testing (ISI/IST of valves is continued through the license
renewal perico.

The acceptance criteria for fatigue as described in SRP-LR C.1.1 Item
II.D is applicable to all ASME class 1 valves.

,

For those valves important to license renewal that are not included
in the facility ISI/IST program, a 10-percent minimum sample shall be
tested to ensure that design adequacy is maintaineo throughout the
license renewal period.

III. REVIEW PRCCEDURES

See Section III, * Review Procedures," of SRP-LR C.0.1 for Items III.A
thrcugh III.D.

E. The tcviewer shculd verify that wall thinning mechanisms such as
erosion are specifically addressed for valves that are routinely
placed in a throttled position or are located in lir.es with high-
velocity fluids.

The rcviewer shobid verify that the licensee at least once performs
an inspecticn on a 10-percent sample of valves that are important to
license renewal and that are not part of the ASiiE Code, Sectinn XI,
ISI/IST program. This testing shall be in accordance with ASME Code,
Sectich XI, or its ecuivalent.

The review precedure for fatigue as discussed in SRP-LR C.1.1 Item
III.E is applicable to all ASPE class 1 valves.

IV. Tit! DINGS

See Section IV, " Findings," of SRF-LR C.0.1.

V. It!PLEMEt1 TAT 10N

See Section V, " Implementation," of SRP-LR C.0.1.

VI. GEf1ERAL INFORitATI0ti

VII. REFERENCES
.

1. ASME Code Section XI

1

i

1
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SRP-LR

C.1.3 FUMPS

,

REVIEW RESP 0fiSIBILITIES

Priraury - LRPD
Secondary - EMEB

1. AREAS Of REVIEW

A. Descriptier.

This section addresses the area of review for those pumps identified
as beir.g important to license renewal. These pumps are typically,
but are not limited to, all pumps required to meet the inservice
inspection and testing (ISI/IST) recuirements of the ASME Code,
Section XI, Class 1, 2, and 3.

B. See Section I, "Areu of Review," of SRP-LR C.0.1 for Item I.B.

C. Aging Concerns and tiechanisms

The aging concerns and rcechanisms listed below have been identified
as applicable to the components of reactor coolant and recirculation
pumps (Refs.1-C' ar.c may apply to other pumps covered by the scope
of this section.

1. Punp Casings

* thermal embrittlement
theroi.i and methonical fatigue
stress corrosior. cracking

" high residual stress owing to no postweld heat treatment .

erosien und erosion / corrosion
crevice corrosion

2. Closure Studs

corrosion6
,

stress corrosion cracking '

3. Shofts

mechanical br.o therrial fatigue
* corrosion

Chvitation ercsion is a concern for many pumps although it has r.ot
been identified as a concern for reactor coolant or recirculation pumps.
The 6rers of about aging concern for a facility should be reviewed
to evElbate the acceptability of the licensee's prograrn to manage
poter,tial aging rechanisms. Site-specific conditions and experience
are docurcrited in the IPA.
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II. ACCEPTAf:CE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR C.0.1 for Items II.A.
through II.C.

D. The licensee's IPA should address those aging mechanisms identified
in Item I.C above such as corrosion, f atigue, and entrittlenient. The
assessment shall ensure that design adequacy is maintained throughout
the license renewal period.

Pump shaft inspections done during shutdown should include surface
dr.d volumetric examinations.

The ASl1E Code, Section XI, inservice inspection requirements,
which are currtotly limited to volumetric examinations, should be
supplemented to include visual inspections.

ASME Ccde, Section XI, provides for ISI/IST of pump corr.ponents
throughout the license renewal period.

The acceptance criteria for fatigue as described in SRP-LR C.I.1
Item !I.D is applicable to all ASME Class 1 purrips.

III. REVIEW PROCEDURES

See Section III, " Review Procedur es," of SRP-LP C.0.1 for Items III. A.
through III.D.

E. The rcviewer should ensure that the licensee's program addresses
those effects of aging on pumps that are not detected by existing ,

inspection and ecnitoring programs. Exarrples of potential prcblem
areas that may not be detected by existing programs include sinall
flaws causec by thermal enbrittlenent and stud corrosion.

The reviewer should verify that pump shaft inspections done during
shutdcwn include surface ano volumetric examinations.

The reviewer should verify that th( IS1/IST program will continue ;

throughout the license renewal period.

The review precedure for fatigue as discussed in SRF-LR C.1.1 Item
III.E is applicable to all ASME Class 1 pumps.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1. |
.I

V. IMPLEf;ENTATION

See Section V, "In plementation," of SRP-LP C.0.1. !

|
|
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VI. GENERAL IfJChMAT10N

1he following is a discussion of degradation mechanisus ard inspection
recFtnisms for pump casings, closure studs, and pump shafts.

A. Purap Casings

1. Degadation

Some pump casings are cast stainless steel that have austenitic
ferritic microstructures. These casings are subject to thermal
embrittlemer.t resulting from prolonged exposures at the typical
operating temperatures of 288 C (550 F). Thermal embrittlement
of the base rietal results in a slow loss of fracture toughness
over extended pcriods of time and is influenced by the coolant
temperature and the time of exposure at that temperature.

The pump casing is subjected to thermal and mechanical fatigue
douage caused by the operating transients and pump vibrations
system. In son.e pumps, the welds were n.cde using the electroslag
technique, and these welds are susceptible tc fatigue damage
because of the high residual stresses. The susceptible sites
for fatigue dar. age are likely to include some portiun of both
the base metal or.d weld regicn.

2. Inspection Methods

The pumps that are within the scope of this section of the
SRP-LR will be disassembled for inspection and maintenance at
intervuls specified in the program.

ISI rcquiren,ents for the pump body include surface and volu-
metric examinstion of identified repair trd fabrication welds.
The pump bodies made of cast stainless steel are difficult to
inspect with conventional ultrasonic testing methods because of
the elastic anisotropy caused by the different grain structures
in the castings and because of the severe attenuation of the
ultrascnic wave caused t>y the coarse grains in the steel.
Therefore, rcciography is generally used for volumetric
examinution of welds for pump body made of cast stainless
steel. In accordance with ASPE Code, Section XI, any indication
detected by radiography must be considered a worst-case flaw
because normal radiography can only detect the presence of a
flaw, not its location or size (a worst-case flaw is a surface
flaw with an aspect ratio of 0.5). However, triangulation
radiography may be used to chcracterize, size, and locate a
flaw.

The extent of the thermal embrittlement of cast stainless steel
compor.ents may be such that the critical flaw size decreases to
the size of an existing flaw or that the size of the critical
flaw may become too snill to be reliably detected using current
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inservice inspection methods. However, advanced ultrasonic
testirs (UT) methods are being developed that can better detect
flas and determine their size, orientation, and location
(Refs. E and 3), lhese advanced UT methods should be mcre
effective than radiography.

B. Closure Stuos

1. Degradation

Typically, two concentric Type 304 stainless steel-graphite-
asbestos gaskets are used for sealing between the PWR coolant
pump covei- and casing. A leakoff line is installed between the
pastets to allow for detection of any leakage of reactor
coolant. Only one gasket is used in SWR coolant pumps. Leak 1ng
reactor coolant, if not checked, may cause corrosion of the
closurc studs, which are made of low-alley steel-either SA193
Grade E/ or SA540 Grade B23. If the leakof f line installed
betwecn the gaskets is plugged or not instruirented, no
indication of reactor coolant leakage f rom the inner gasket will
be evident.

2. Inspection Pethods

ASME Code, Section XI, requires volumetric examination of all
the bolts, studs, nuts, and bushings during each inspection
interval. However, the conventional U1 volumetric examination
techniques do not etfectively measure stud corrosion wastage.
Ther efore, the ASME inservice inspection requirements, which are
currently limited to voluraetric examinations, should be
supplernented to include visual examinations. Removal of the
insulation and paint covering the studs will facilitate visual
examinations to deterraine whether reactor water leakage hos
caused cortesion of the studs. It noy also be necessary to

before-break aalysis (Ref. 5)pection or consider a leak-
either renove the bolt for ins

ASME Ccde, Section XI, requires.

examination of the flange surfeces when a mechanical joint is
disa sserr bled.

C. Pump Shafts

1. Degradation

Pump shaf ts in light-water reactors are susceptible to dairage
from high-cycle mechanical and thermal fatigue, which is caused
by alternating mechanical bending stresses and also by the
rapidly varying thermal stresses in the thermal barrier region.
The benoing stresses are caused by any asymmetric distribution
of the pressure. These alternating bending stresses, along with
any. stress risers and high residual stresses at the local welds
on the shaft surface, can initiate circumferential cracks and ;

fropagate them in a plane perpendicular to the shaft axis. These
cri.cks usually occur in grooves un the shaft surface and
propagate in a transgranular manner.
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Reactor coolant pumps use thermal barriers or heat exchangers, or l

both, te 11rait the reactor coolant heat reaching the mechanical !seal cavity. In earlier pumps, the hot reactor coolant was i
mixed with cold cooling water at the top of the thermal barrier. |
The resulting turbulent r.nxing introduced high-cycle (1 to 25 !
Hz) thcrinal fatigue loads on the pump shaf t surface. !

!
2. Inspection f<cthods !

LWR coolant pumps ate generally equipped with two monitors
mounted at the top of the 'notor stand in a horizontal plane to
aetect radial vibrations of the pump. lionitoring of pump motor
frame vibrations has been successfully used to detect damage to
the pump shaft (Refs. C and 7). Proximity probes have also been
used for vibration n.onitoring to detect circumferential cracks
in the pump shaf t. However, vibration monitoring can not detect
axial cracks caused by thermal fatigue. '

The inspections done during shutdown should include surface and
volur etric examinat. ions of the pump shaft. Several utilities
have used the conventional UT technique to inspect pump shafts,
but the results have been inconclusive end misleading. A new UT
technique, the modified cylindrically guided wave technique, is
being developed for shatt inspection; the initial results of its
use ore promising.

Vl!. REFERENCES

1. U.S. Nuclear Regulatory Commission, "A Review of Information Useful
for Managing Aging in hocleer Power Plants," NUREG/CR-5562 (PNL-

- 7323), June 1990.

2. G. R. Egan et al., " Inspection of Centrifugally Cast Stainless Steel
Corrpenents in PbRs, " Electric Power Research Institute, EPRI NP-5131,
June 1987.

3. P. Jecng and F. Auroirato, "Nordestructive Examinttien of Coolant
Pump Welds--Ultrascnic Exarnination of Cast Stainless Steel
Components," paper presented at the Pressure Vessel anc Piping
Conference, Fittsburgh, Pennsylvania, June 1988.

4. U.S. Nuclear Regulatory Commission, Generic Letter 88-05, " Boric Acid
Corrosion of Carbon Steel Reactor Pressure Boundary Components in
PWR Plants," Generic Letter 88-05, March 1988.

5. R. E. Nickell, "Degrah tien and Failure of Bolting in Nucleor Power
Plants, Electric Power Research Institute, EPRI" RP 2520-7,
June 1987.

6. S. D. Leshnoff and F. C. Riccardella, " Reactor Coolant Pump Shaft
Crack Investigations at Tf!I-1," Proceedings of the Conference on Main
Ccolant Pump Diagnostics, December 1980, EPRIliP-6116, pp.
11-1 through 11-34.

.

F94



-_ - _ _ _ _ _ _ - _ .

l
|

7. S. M. Stoller Corporauon, "RCP Shaf t Fractured, Cap Screws Cracked, !

Broken-Fabrication, Thermal and Weld Stresses, IGSCC, Insufficient '

Preload," Nuclear Power Experience, PWR-2, April 1986, p. 52.

8. U.S. Nuclear Regulatory Ccnsnission, " Residual Life Assessment of 1

Il Major Light Water Reactor Compatients - Overview," Vol. 1,
NUREG/CR-4731 (EGG-2469), Jur,e 1987.

,

|

I

i
<

1

295



_. . _ _ _ _

SEF-LR

C.1.4 HEAT EXCHANGERS

REVIEW PESf0NSIBILITIES

Primary - LRPD
Secondary - EMEB/EMCB

I. AREA 0F REVIEW

A. Descriptich

This section addresses those heat exchangers identified as being
irrortant to license renewal. This typically includes, but is not
limited to, all heat exchangers that are required to meet the
inservice inspection and testing (ISI/IST) requirements of ASME
Code, Sectior. XI, Class 1, 2, and 3. Heat exchangers and coolers
provide heat removal capability and pressure bouncaries. The
license renewal process must include an assessment of the role that
each heat exchanger / cooler / chiller plays in the overall safety of
the plant.

Steam generators, that are affected by many of the aging issues, are
tiso addressed in Section B.1.2, " Reactor Coolant System," of the
SRP-LR. Heat exchangers identified as being insportant to license
rentwal potertially include, but are r,ct limited to:

o Heat exchangers (l|EX)

Component cooling vater HEX
Service water liEX
Shutdown ecoling HEX
Regen HEX
!!en-Reger. Hfl
Residual heat removal (RhR) HEX

o Coolers

Containment cooler / chiller
Instrument air cooler
Jacket water cooler
Lube oil cooler
Service air cocler

B. See Section I, " Area of Revieu," of SRP-LR C.O.1 Iten I.L.
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C. Aging Concerns and Mechenisms

Condihons that could irrpair the function of any heat exchanger
include high terrperatures; high pressures; exposure to filtered,
demineralized, or row (untreated) water; fluid flow; radiation
exposure; foreign t.;oterial intrusion; and deficient maintenance
(Refs. 1-3).

The typical effects on heat exchanger performance from exposure to
these conditions include:

1. Fouling of heat transfer surfaces
2. Cracking of shell, tubes or welds
3. Distortion of internal parts
4. Erosion /corrcsion of internals
5. Blockage of flow passages
6. Fatigue of nozzles, tubes cnd supports
7. MIC pittino
8. Galvanic corrosion

The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potentit.' eiing mechanisms. Site-specific conditions ard experiencet

arf; Gocume'.ted in the IPA.

II. ACCEPTANCE CP.I'ERIA

See Section II, " Acceptance Criteria," cf C.0.1 for Items A through C.

D. Heat exchanger ptrformance characteristics, accounting for observed
dnd projected degradation, shall be within the desien envelope as
represented by the design calculations, safety analyses, and
industry codes and standards to which the licensee is committed.

III. REVIEW PROCEDURES

See Section III, ' Review Procedures," of C.0.1 for Items A through D.

E. Historical trenas niey be used to teflect the useful lifetime
remaining for each component. The amcunt of new performance testing
should be inversely proportional to the acceptable data available.

The licensee's IPA shall include an assessment of the performance
charatteristics and physical condition of all heat exchangers
important to license renewal. This assessn.ent'should include an
evaluaticn of performance trerds over the preceding 'several years.
The perforriance trends nay be used to project the_ remaining useful
life for each heat exchanger.
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Temperature, pressure, and flow data requireo to assess heat.

exchanger performance should be available from existing plant
records for most of the heat exchangers of interest. Where the
existing plant information is not sufficient or does not include
performance at heet loads near design, ncw performance
intorraation is recuired.

The physical condition of most heat exchangers of interest.

should be evident from the plant niaintenance/ repair records.
These records should address observed degradation including at
leas.t leaks, cracks, corrosion (general, pitting, galvanic, etc.),
erosion, fouling / plugging, and tube support damage. If the
records do not allow a clear assessment of the physical
condition of a heat exchanger, a special inspection should be
performed.

IV. FINDINGS
.

See SRP-LR Sc.ction IV, " Findings," c.f C.0.1.

V. IMPLEMENTATION

See SPP-LR Section V, "Iraplenantation," of C.O.1.

VI. GENERAL INFORMATION

VII. REFERENCES

1. U.S. Nuclear regulatory Commission, * Residual Life Assessnort of
Fajor Light Water Reactor Components - Overview," Vol. 1, NUREG/CR-
4731 (EGG-2469), Jur.c 1987.

2. U.S. Nuclear fxgulatory Conniission, " Residual Life Assessrtnt of
Major Light Water Reactor Ccmpunents - Overview," Vol. 2, NUREG/CR-
4731(EGG-2469), October 1989.

S. A. S. Arnar and V. N. Shih, " Remedies for PWR Recirculating Steam
Generctor Tube Aging," presented at the 10th International
Conference nn Structural itcchanics in F.e6ctor Technology, Anaheim,
California, August 14-18, 1989, EGG-fi-88422 (CONF-890855).
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SRP-LR

C.1.5 TANLS AND VESSELS

REVIEW RESP 0f!SIBILITIES

Primary - LRPD
Secondary - EMCB/EMEB

I. AREA 0F REVIEW

A. Description

This section addresses the gereric structural and mechanical
considerations for. tanks and vessels identified as important to
license renewal. Pressure vessel design codes, as applicable
and as fcur.d in Article 3000 of ASME Code, Section III (Ref.1),
for Class 2 and 3 vessels, ar4 Section VIII have been typically
used to estat>1ish the required material thickness of these
components. However, sone steel tar.ks considered important to
license rei.ewal may be designed in accordance with other industry
ccdes such as the American Petroleum Institute (API) or the
Anerican Water Works Association ( AKKA). In the plant design
specification, the ifcensee or the designer identifies the
loadings anticipated or postulated to occur during the intended
service life of each component. These lcadings, which include
tenperature, pressure, and other 6nticipated service and
test conditions, are used as the basis for establishing the

.

'dppropriate design, service, and test limits for each component.

This section dces not cover the reactor pressure vessel, nor the
pressurizer and steam generators, which are covered in Section
B.I.1, ' Reactor Pressure Vessel," and Section B.1.2, '' Reactor
Recirculation System," respectively, of the SRP-LR. Concrete tanks
will be covered in SRP-C.4.0 Section C.4.0, " Civil Structures," of
the SRP-LR.

B. See Section 1, *Arca of Review," of SRP-LR C.0.1 Item I.B.

C. Aging Ccncerns and Mechanisms

Erosion / corrosion, errbrittlement, fatigue, oxidation, pitting,
nicrobiologically influenced corrosion (MIC), and stress corrosion
cracking are typical uamples of age-related degradation nechanisms
that should be reviewed for tanks and vessels. The areas of aging
concern for a facility should be reviewed to evaluate the accept-
tbility of the licensee's program to n.anage potential aging
irechanisms. Site-specific conditiens and experience are documented
in the IPA.
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li. ACCEPTANCE CLITERIA
|

See Sectinn II, " Acceptance Criteria," of SRP-LR C.0.1.

III. REVIEW PROCEDURES

See: Section III, '' Review Procedures," of SRP-LR C.0.1 for Items A
through D.

E. The licensee's aging-management progran should include
reconciliation of the design calculations and analyses (e.g., ASME
Code stress reports) with the applicable age-related degradation
concerns identified in I.C above for the license renewal term.

1. Examination Categories, Methods, and Systen Pressure Tests
,

i

The descriptive examination categories and methods included in
ASME Code, Section XI (Ref. 2), Articles IWA-1000, IWC-2000,
and IWD-2000, should be reviewed as they pertain to tanks and
vessels irrportant to iicense renewal. Section XI, Article
IWF-1CCC and IWF-2000, pertain to componcnt supports. System
pressure testins, progranis art reviewed against criteria found
in Section XI, Article IWC-5000 for Class 2 components, or
Article IWD-5000 for Class 3 components.

2. Evcluation of Examination Results

Dispcsition of examination results should be reviewea as
applicable for conpliance with applicable sectionr of ASME
Code, Section XI, Article IWC-4000 for Class 2 repair-
procedures, Article IWC-70C0 for Class 2 replacements, Article
IMD-4CC0 for Class 3 repair procedures, end Article IWD-7000
for Class 3 replacecients. Corrpcnent support examination
results should bc reviewed es applicable with ASME Code,
Scction XI, Article IWF-3000.

3. Code and Licensee Exemptions

The licensee's exemptions, as permitted by AStiE Code,
Sectior, XI, Article IWC-1220 for Class 2 components and
systems which are exempted for the licensee's aging mitigation
prograrn, should be reviewed for acceptability for the renewal
terc.

IV. FINDINGS

See Sectior IV, " Findings," of C.0.1.

V. IMPLEliENTATION

See Section V, "Impimentatior ," of C.0.1.

;
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VI. GENERAL INF0FitATI0f!

VII. LEFERENCES

1. Anierican Society of Mechanical Engineers, Boiler and Pressure Vessel
Code, Section III, " Nuclear Power Plant Corponents."

2. Aritrican Society of Mechanical Engineers, Boiler and Pressure Vessel
Code, Section XI, " Rules for Inservice Inspection of huclear Power
Plant Con:ponents."
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SRP-LR

C.I.6 EQUIPMENT AND COMP 0NEtiT SUPPORTS

REVIEW RESPONSIBItITIES

Frimary - LRPD
Secondary - ESGB/EllEE

1. AREA 0F REVIEW

A. Descriptior

This section addresses reactor pressure vessel supports
piping / equipment snubbers, piping / equipment supports, anchor bolts,
and reactor shield walls.

There are five n.ajor types of reactor pressure vessel supports:

heutren shield tank supporti

ColuP,r Supports

Cantilever supports

Bracket-tyg supports

Skirt-type supports j

Snubbers are r:echanical or hydraulic devices which allow free !
thern.al movement of piping or equipment during normal cperating '

conditions but which control dynamic displacements during abnormal
dynanic conditicns (such as ecrthquakes). The majority of
piping sr.ubbers are irechanical devices, with load ratings of 130,000
lb or less, whereas equipment snubbers are almost exclusively
hydraulic devices and are r:anufactured with load ratings up to
2,000,000 lb.

Piping / equipment supports (other than snubbers) are structural
members that support dead weight, accommodate thermal displacements
and accommodate design-basis dynamic loads for the piping / equipment

,

supported. These supports include features that n.ay allow free l
movement along certain axes while restricting motion along other
axes depcnding on the specific applicaticn.

Anchcr bolts provide connections between equipment / supports and
concrete structures. They may be cast in the concrete, grcuted in
the concrete, or retained through expansion features.
Rcactor shield walls are large concrete / steel structures which
surround por tions of the RPV to shicio instrumertation ar.d
electrical equipment. The-shield wall may also perforn structural
functions such as for pipe supports.

?CE
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E. See Section I, " Area cf Review," of SRP-LR C.0.1 for Item I.B.

C. Aging Concerns and Mechenisms

The aging mechanism important ti; a given reactor vessel support
structure will vary, depending on the type of support structure and
its location in the plant. The age-related degradation mechanisms
applicable to RPV supports are briefly summerized in Table
C.1.6-1 (Ref. 1).

Both hydraulic arid mechanical snubbers are susceptible to failure
from a varicty of mechanisms, including those related to aging. The
major aging concern for hydraulic snubbers is seal degradation which
may be influenced by environinental conditions such as radiation or
temperature. For mechanical snubbers, the major aging concern
relates to loss of free movement characteristics due to environmental
conditions such as corrcsion, temperature, and vibration (Ref. 2).

Many plants have experienceo failures of piping / equipment supports
under normal plant operating conditions. These failures are the
result of unanticipated or irproperly cheracterized loading
phencmeria such as water-hammer or cavitation loads. Metal fatigue
is often the apparent cause of failure, although the root cause is
likely a failure to properly characterize and design for cyclic
loading phenomena.

Piping / equipment supports are also subject to corrosion dar: age if
not properly protected.

Anchor bolts are subject to corrosiori ar.d rray experience relaxation
of preload (ir.itial torove' which could degrade pcrformance during a
design-bases accidtrt (DBA).

Material prcprties of reactor shield walls and doors are subject to
degradation associated with radiation exposure (primarily neutrcns).
Corrosion may also be a significant dcgradation mechanism.

Typical examples of ace-related degradation concerns associated with
support structures are provided above. The specific areas of aging
concern for a facility should be reviewed to evaluate the accept-
ability of the licensee's program to manage potential aging mechanisms.
Site-specific ccnditions and experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of C.0.1. for items A through C.

D. Observed and projected age-related degradation shall be within the
aesign er.velope as represented by the design calculations, safety
analyses, and inaustry codes and standards to which the licensee is
committed.

;
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III. REVIEW PROCEDURES
|

See Section III, " Review Procedures," of C.0.1 for items A through D.

E. The following review procedures apply:

1. The reviewer should verify that age-related inechanisms applicable
RPV supports, ano their effects, have been adequately addressed.
These include the rrechanisms stated below:

* Ferritic components of support structures exposed to neutron
irradiation will have degraded inechanical properties and
should be examined / evaluated to ensure that they will-
inaintair their structural integrity for all oesign loads.

* The long-term effects of radiation-enhanced corrosion of RPV
supports shoulc be examir,ed.

The need for replacernent of non-netallic elements of
support, fron; exceeding radiation thresholds, should
be assessed.

The increased rurber of thermal cycles on the skirt
supports should be addressed.

2. The reviewer sbculd verify that the licensee's pregram
incorporatcs the results of further ?!RC snubber aging research.

3. The reviewer shoulc serify that where piping / equipment
suprcrt failures have occurred as a result of fatigue or dynamic
loads, these and similar supports are assessed for potential
increased cycles of the license renewal period.

* Th licensee should visually examire a statistical sample
of piping /cquipment supports to assess corrosion damage.

4. The revievo should verify that the licensee inspects a
statistical sarrple of all types of anchor bcits for torruei
setting (preloco) and corrosion.

5. The reviewer should verify that the licensee recorciles the design
calculations for the reactor shield wall and doors with any
raaterial property degradation associated with increased neutron
fluence over the license renewal period.

6. The reviewer should verify that the licensee pcrforms a visual
inspection f or corrosion damage should be performed.

IV. fit'Dil1GS

See Section IV, " Findings," of SRP-LP. C.0.1.

.
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V. IMPLEl-:ENTATION

See Section V, "In.plementation," of SRP-LR C.0.1.

'!I . GENERAL liiFORMATION

VII. REFERENCES

I1. "U.S. Nuclear Regulatory Commissiori, "A Review of Informatior Useful for
Managing Aging in Nuclear Pcwer Plants," NUREG/CR-5562 (PNL-7323),1990.

t

2. U.S. Nuclear Regulatory Corrission, " Aging and Service Wear of flydraulic
and Mechanical Snubbers Used on Safety Related Piping and Components of
i:uclear Power Plants," NUREG/CR-4279 (PNL-5479), Vol.1, february 1986.
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Table C.I.6-1 Suntnary of degradation processes for PUE ar.d BWR RPV Supports
r
|

Poter.tial ' '

:.

Eegradation site Stressor regraci. tion mechanisn. failure n.edes ISI uthod
,

- t!eutron shield tank !?eutron irradiation, i;eutron embrittlenent, Ci.tastrophic brittle ftonitcring

at the tore horizontal tensile stresst.s, operat- corrosion failure
!midplcr.e evaluation ir.g temperature, water

' chemistry

Column support at the Gansna neutron irradia- En:bri t tleu r,t Catastrophic brittle ffonitoring and' ,

horizontal mid- tion, mechanical and failure core scnipling i

planc elevation thermal stresses, op-
eratirig temperature

Cantilever support in Can.ma' neutron irradia- Err,brittlement Catastrophic brittle t-lonitoring and
*

the active zor.e of tion, tensile stresses, failure sampling
the core operating tersperature

Thrcaded parts in Tensile stresses, Stress corrosion crackirig Cinding that causes
slidirfj foot assen.bly operating temperature, possibly excessive

high humidity stresses in the primary
system during heatup'

and cooldown

.

. !

t
,

306
_

_ - - _ _-__L _ _ _ _ _ _ _ _ - _ _ _ _ _ _ --*'w- - de a w _ -.i. <z._____m___-_ -- -_____ -_a _ __ ___ _ - - _ _ . _ _ . _ _ - __m__._______ ___.__ s__ - _



- _ - _ _ - - -_- . _ _ - - - _ _ - - _ --- _ _ - - - - - - - - - - - - .-- ..

. .. . ..
. . .

. . . ..

.. . . , . .
.

-

Table C.I.6-1 continued

Potential
Eegradation Site Stressor Ecgradatior, flechanism failure Moc'es ISI !!ethcc'

Cry lutaricant in 1:cutrori irradiation, Eegradation caused by Cinding that causes
sliding foot asser.:bly opercting temperature neutron irradiation possily excessive stresses

in the primary sysicru
during heatup and
cocldown

Skirt support f echanical and therral FLtigue Overlaod failure on
stresses fatigue cracked component
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SRP-LR

C.P.1 CABLE AfD WIRING

REVIEW RESPONSIBILITIES |

Primary - LRPD 1

Secondary - SFLB/SICB |

1. AREA 0F REVIEW

A. Description

Cables provide the path for signals between sensors and electronics I

used for the protecticn and control of the reactor, and for the !
control and powering of c:cuipment used during normal operation and
in niitigating the effects of accidents. Thus, cables are important
to plant safety both curing nornal operation and under accident
co r.d i ti ons . The raaterial for conductors and shields of most cables
is strchced copper, often with tin or some other coating to prevent
copper / insulation interaction and to provide good corrosion-resistant
connections. The insulations of cables are generally polymer-based
corpounds, except for mineral-insulated cables (Ref.1). Depending
upon circuit requircr:ents, insulations serve to isolate the electrical
conductors from ground, and scraetimes to maintain high dc resistivity,
low ac losses, or proper concentricity of conductor and shield. The
dielectric properties of breakdown strength and insulation resistance
are particularly irportant. The jacket is e traterial on the outside
of the cable erd is often considered vital in maint61ning the
hermetic integrity of the cable, as well as in furnishing cuter
Protection. Jacket materici is usually extruded polymers, except
for silicone cabies whcre a textile braid is woven over the
insulation for mechanical protection.

B. See Section 1, "Arca of Review," of SRP-LR C.0.1 for item 1.B.

C. Agir.g Concerns end Mechanisms

There are a variety of age-related mechanisms that can effect the
ability of cables to continue to operate reliably. While the aging
processes are presently in progress and some failures have been
observed, it is expected that the aging cegradation will be more
evident as cables and wiring approach the crid of their documented
qualified life. Typical ex6mples of age-related degradation
concernt. essociated with cable and wiring are given in this
sect ior.. The arcas of aging concern for a facility should be
reviewed to evaluate the acceptability of the licensee's program
to manage potential aging mechanisms. Site-specific conditions
and experience are documented in the IPA.
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1. Thermal and radiation aging leeds to embrittlement of the
jach.t and insulation. Embrittlement allows the jacket and
insulation to crack or break with the subsequent intrusion
of moisture or chemicals. The moisture or chemicals can i

cause reduced insulation values, as well as corrosion of the '

conductornaterial(Ref.1).

2. Thermal stress and damage, radiation, and moisture lead to
increased leakage of current and large changes in ac losses
er capacitence. These effects can degrade performance of
sensitive circuits (Ref. 1).

These aging degradetions are a particular concern for design-basis
accidents in which severe temperature, moisture, and mechanical
stresses may all be present at the same time. The most common
design-basis accidents are LOCA or main steamline break. |

11. ACCEPTANCECPITEQ

See Section ll, " Acceptance Criteria," of C.0.1. Items A through C.

D. In aaaition to the above items that should be considered by the
litersee, incluce the following specifically for cable concern.

1. The licensec has or will implement a program to identify
degradetion due to aging. This program should include a
ccnbination of tests, aralyses and inspections to (a) defire
the current material condition of cables and (b) establish a
replacement interval if apprcpriate.

III. REVIEW PROCEDURES

See Section 111, * Review Procedures," of SRF-LR C.0.1 Items A through D. j

E. The reviewer will verify that the current raterial condition of
cables has been identified and that replacement intervals are
established where appropriate.

IV. FIND ING_S

iSee Section IV, " Findings," of SRP-LR C.0.1. l

V. IMPLEf'ENTATION

See Sect ion V, " Implementation," ofSRP-KR C.0.1. .

VI. GENERAL INFORMATION I
|
;Studies performed as a part of the hRC Nuclear Plant Aging Research

(NPAR) Program have shown thet of the components that form cabling and
wiring (conductors and shielos, insulations, and jackets) conductors I

and shielos are expected to experience the least amount of aging
degradation and that ir.tulations and jackets are more prone to aging
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degradation. The most severe aging stressors are usually found in the-
containnient. The most corron aging stressors and failure mechanisms
are thermal and radiatior aging leading to cmbrittlement of the jacket
anc insulation. Ertrittlement allows the jacket anc insulation to
crack or break with the subsequent intrusion of moisture or chemicals.
The n,cisture or chemicals can cause reduced insulation values, as well
as corrosion of the conductor iraterial. In addition, temperature,
radiation, and moisture leads to increased dc leakage, de and ac
capacitance, and ac losses in the insulation. These effects can
degradt performance of sensitive circuits (Ref.1). Table C.2.1-1
summarizes the aging-related degradation mechanisms, strcssors, and
cegradation sites for cables (Ref. 2).

Several bulletins have alerted utilities to check for weaknesses that
have occurred at one or more plants. Exaniples of those weaknesses are
physical damage to silicon rubber-insulated cables, inisapplication of
shrink tube splice covers, degradation by local heat sources, and
ebuse/ degradation of Kapton-insulated wires. To date, no continuing
inspections have been required for cubles in the containnent. Routine
visual examir,ations of open runs, terminal areas, and areas of known
lccel high stressors are another element of an effective program of
mainter.ance to detect signs of abuse or degradation. Aging changes
that lead to eventual circuit f ailures or near-f ailures are normally
r.ct observable until the troubled component is isolated for dissection
anc cnalysis. 'Jrtil more experience has been accunrulated or new
measureirent techniques have been developed, it is not possible to
electrically monitor the agine cf in situ ceble systems'in a way that
relates electrical measurements to the preaging carried out as a part of
eouiprcent qualification (EQ) progran:s.

A number of physical, electrical, and chemical laboratory test
methocs that have been used for in situ monitoring of aging changes in
low-voltage cab les. None of these test raethods have been used in
evaluating cables in place because the methods are destructive and must
be applied tc samples, using laboratory equipnient. Several programs are
being developed for using electrical and mechanical techniques cables
to track cradual aging ef f ects cn cables; such techniques must have the
potential for relating to qualification preaging programs. Several
new aiid/or evolving eging assessment test raethodologics for monitoring
cable systems include the following:

1. A mechanical cable indenter that may be effective for surveying |

overali cable envircnmental aging severity in a containment and
for tracking the aging of cable jackets or exposed insulations
with reference to a preaged ccndition in qualification is being
developed

1

2. Tinie derrain spectroscopy is a technique of applying a oc step
'

voltage to a cable, analyzing the frequency spectrum of the
resulting current flow, and deriving the cable insulation I
capacitance and loss characteristics as a function of a wide i
freauency range. It is prcsently being evaluated in laboratory |
testing. J

l
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3. Partial discharge detection nethods for finding insulation defects
are customarily used for medium- and high-voltage cables. New
concepts of these technigees that are applicable to nuclear plants
are being investigated by NIST and EPRI.

4. Chemical ar,alysis of surface scrapings froa cable jackets is a
method of possible value in life assessments.

5. NRC and EPRI are sponsoring projects at Sandia National Laboratory
to tests which of the many previous electrical and mechanical cable
mcritoring tests produced data that correlate with cable performance
under LOCA/MSLB stressor conditions (Ref 3).

,

Table C.2.1-2 sumn;arizes results of NPAR aging research and presents a
listir.g of naterials, aging concerns, recommended inspection and
monitoring, and recommended naintenance for cables (Ref. 2).

VII. REFERENCES
f

1. U.S. Nuclear Regulatory Commission, " Pressurized Water Reactor and
Lolling Water Peactor Cables and Connections in Containment, Residual
Life Assessment of Major Light Water Reactor Components - Overview,"
Vol. 2, NUREG/CR-4731, November 1989.

2. U.S. Nuclear Regulatory Commission, "A Review of Information Useful for
Managing Aging in Nuclear Power Plants," NUREG/CR-5562 (PNL-7323),1990.

3. U.S. Nuclear Regulatory Comniscion, "An Aging Assessment of Cables,
Connectors, and Electrical Penetration Assemblies Used in Nuclear Power
Plants," NUREG/CR-5461 (Draft), March 1990.
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SUMMARY OF POTENTIALLY IMPORTANI FAILURE f10 DES AND DEGRATION FACIORS FOR LWR C0fiTAINMErli CABLESTABLE C.2.1-1
AND CONNECTIONS

Failure Modas Aqe Degradation Mechants-s Dominant Aatnq 5tressors Cremonant s Degradation Sites

,

Circuit ground or short Jacket e,brittlmnt and High traverature. O Single and eutticonductor Hot spo'ts, terminal areas at hot
y
na nonsbleidad jackettd egulpment, proximity to hot

when subject to c rack ing-propaga t ing presence, radiation

condansingstep, spray through insulation. Bare few cases. somette s cablas. Kapton-esposed pipas, fire stops, exposed

or water (CCF) insu lat ion crack lag.* misture. wires. susceptible insulation.

Corrostnn causes opens Jactret cracking or Motsture, high teapprature. Shteide1 coastal or multi- Moist wa m areas, high humidity; ,

In. total loss of, or moisture diffusas through conductor paired cables. near we * team leaks, or

seepage.
multiple grounds on jacket and condenses.
shields (CCF. RF).

Corrosion of contacts. Dif fused moisture collects High temerature, misture. Connections not Motst warm areas, nigh humidity.

Circuit opens, grounds, in cable and migrates into and wate- contamination. parmanently sealed against near water. or steam leaks. or
cable internal moisture. saepage.

or shorts (CCF. RF). connection internals.

DBA pressure / steam / spray Polymer sesis (0-rings) or High tamrerature and/or Connections with Hot spots-thermal and radiation.

p. asses into or through cable polymers cold flow radiation dosa, cable compression sesis. connections where cable is
moved.

connection. Contacts so that seals are not mvements. vibrat ton,

corrode or circuit . he me t ic .* thermal cyc1tng.

grounds or shorts (CCF).

Peak temperature and Thermal and radiat ion Heat. radiation, and Cables insulated with General-where esposed to harsh

radiation during DBA aging leave remanent moisture diffusion in halogenated or filled accidant environments.

cause excess leakage or electrolytes to incresse normil service. po lymer s .

losses to disable circuit leakage or losses. Temperature, dose rete, and
moisture after DBA.function or leid to

Insulation breakdown
(CCF).

Same as above, eveept Gradual increases in Accumulations of wattable Terminal strips. Nonbew tric junction or terminal
bowes with external or internal

steam condensation and surface contamination." or conductive surface
dust or contaminationcontamination.lontring radiatler are gecerators.

L

. prima factors.

Excessive leakage Metal cold flow or Vibration, repeated Mi cable connections. Connections subjact to vibration

disables MI cable circuit loosened thread open movemant, thermal cycling. or flexing.

operation (CCF. RF). hermetic seals to moisture
intrusion.

Howaver.
The problems listed may have been anticipated and adequately sddressed in the original Class IE nuclear qualtrication program practices.

they are ones that should be considered if quellfication practices were not complete or rigorous in iheir application or in considering the extension
a.

of the original life.

Notations in parentheses Indicate potential for ccerm-cause failures af ter a DBA or submersion (CCF) and for random failures during normal orb.
abnormal service (RF).

The dagraded condition noted is probably not electrically detectable whan conditions dre dry.c.

.
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TABLE C.2.1-2 HNIAGillG AGillG OF IllSTRUMEllTATION CABLES, C0fiflECil0NS, Afl0
PEllETRAT10fl5 FOR LIGitT WATER REACTORS

;

UNDERSTANDING AGING
(Mater f als, Stressors. & Env T ronma,t Interact tons)

Component Subcomponents Typical Matertal Aging Concern

Cable Insu lat ion CrosslinkPd pcIyethylene Ihermal and radiatlon
i mbrittlemant, osidatlon,

erack ing, and moisture
Jacket Chlorosulf onated polynthane intrusloa.

Mechanical stress, thermal

and radiat ton embeltt icent,

Conductor & Shields Strandad cepper and cracking, and moisture t

intrusion.

Fatigue or corrosion.

Penetration R-ring seal Elastomer Pressure leak, cracking

Contact socket ra,1d plated copper Wear with use

Interfaelal seal Dow corning sylgard tracking
,

Insulator Polysolf one Cracking

Multi-pin Pins and sockets Gold plated corper Vaar with use, gold-solder
connector cham (cal react 1on

Inserts (Insulation) ' Thermal plastic polymer Embrfttlemant, wear

Seals and gromets F luorostilicone clastamars tracking ,

Shells and rings Aluminum or statniess steel Cracking

Terminal strips Terminal board Glass filled phenolic Embrittlement ,

!

Cable clamp lug and screw Stainless steel Broken or loose screws or
dirty connection

Shrinit tubing Polyolelin
Cracking

Junction bow Seals Elastomer Embr it t lement

.
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TABLE C.2.1-2 MANflGING AGING OF INSikuMENTATION CABLES, CONNECTIONS, AND
PENE1RAll0NS FOR LIGIII WATER REACTORS (CONTINVED)

MANAGING AGING

Inspectton and Monttoring'
Maintenance

Preservice Inservice

10 CrR 50,43 4 No requir w nt for inservice a Performad when system
inspection performance has degraled

Calls fnr artificial or
natural aging prior to a Inspection of connections a Performed e n testing

E.Q. testing f ollowing maintenance identif tes specific problems

Ret Guide 1.89 3 Monitor redundant channels for 3 Replace cmponents at end of
discrerancies quallfled lif e

Quallfled life may be
demonstrated based on a End-to end system tests during
arrhenius theory and a refueling outage
surveillance and maintenance
program

IEEE-383 Recomende t lens Recort,andatlens

Provides Industry guidance a Develop inservice surveillance 3 Develop advanced remote
for qualifying Class IE- criteria monitoring for detecting
cables and connecttons deterioration

a Perform periodic inspections
IEEE-317 3 Develop criteria for replacing

a Perform te v rature and radiation cable in severe environment
Covers design, installation, mapping in containmant cable
and testing of electrical locations
penetrations in containment
structures

>

|
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SRP-LR

C.2.2 JUNCTIONS

_REyIEU RESPONSIDILITIES

Primary - LRPD
Secondary - SPLB and SELB

I. AREA Of REVIEV

A. Description

The most common types of junctions / connections used in nuclear
safety-related applications are splices (butt or bolted), crimp-
type ring lugs, and ternipal blocks. Splices and lugs may be
insulated or unir.sulated. Some splices are covered with tape or
heat shrink tubing v, Fen used in potentially harsh environn.ents.

Terminal blocks are used throughcut plants in many low-voltage power
(less than 480 V) and control applications. In response to equipment
qualificaticn (EQ) concerns such as those outlined in Information
Notice 64-47, a number of plants have removed either all irside
conteinment termir.al blocks in safety circuits or all inside contain-
ment terminal biccks in instrumentatior. circuits. Terminal blocks are
especially convenient where access to equipment letds is necessary ,

for maintenance or calibretion.

Coaxici connections are in limited use in safety-related circuits in
harsh enviernment areas; the most critical application (in terms of
required function) is for rodiation ironitoring circuits, where very
high insuh tion resistance may be rcquired during acciden:t
conditions.

Other types of connections are used in nuclear plants, such as
i

thermocoupie connectors,(but they are less popular and are generallyspecialized connections Ref. 1).

B. See Section I, '' Area of Review," of SRP-LR C.0.1 for Item 1.C. |

C. Aging Concerns and Mechanistas i

The simplicity of typical connections limits the number of age- -]vulnerabic caterials they contain. Terminal blocks are often
constructed of pher.olic roaterials that are very aae resistant.
Mcwever contaminates may cause excessive leakage in instrumentation
circuits. Butt and bolt splices iray have insulation that could be
vulnerable to aging, usually nylon or Kynar. Raychem heat shrink

by aging (Ref.1)pe are polymeric materials that could be degraded
tubing and the ta

.

I
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The pessible failure modes of connections are either loss of
dielectric isolation sufficient to disrupt a circuit or loose
connections. Loose connections can cause open circuits, or in some
cases, electrical fires. However, the large number of terminations
in t nuclear plant and the relatively few reports of loose connec-
tions irdicete that loose connections are not a significant aging
effect. Loss of dielectric isolation is most likely during accident
conditicns and is rarely reported during normal operation.

Coaxial connections are typically constructed of metal with an
organic insulator that might be Teflon. In a coaxial connection,
the insulator is in a confined location and has mechanical separa-
tion, which provides electrical separation. Thus, although Teflon
is known to be age sensitive, its application in ceaxial connections
appecrs to render the aging effect minimal.

Coaxiti connections, while relatively in.n.une to aging effects by
themselves, might be vulnerable to cccident environments as a result
of aging effocts on coaxial cable jackets. This situation could
arise, for example, if coaxial cable jacket integrity were lost
before or during an accident and moisture were to travel along the
cable shield into the connectier.. This could result in decreased
insulation re.sistance or induced voltages, with possible failure of
the circuit.

Because of the r..oterials used in terminel block construction, it is
unlikely that aging would have a significant impact on accident
performance. The one pos:;ible exception to this statement is that
cerrosion ano/or dirt accumulation on the blocks stight affect their
perforuance. It shculd be noted that corrosion and dirt accumulation
ure largely ignored under current quelification requirements; the
assumption is that norraal traintenance would identify and correct any
such degradation rnechanism.

Typical examples of age-related degradation concerns associated with
functions are provided in this section. The areas of aging concern
for a facility should be reviewed to evaluate the acceptability of
the licensee's program to n.unage potertial aging mechanisms. Site-
specific conditions and experience are documented in the IPA.

II. ACCFFTANCE CRITERIA

See Section II, " Acceptance Criteria," SRP-LR of C.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," SRP-LR cf C.0.1.

IV. FIhDINGS

Sec Section IV, * Findings," of SRP-LR C.0.1.
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Y. If1PLEMELTATION

See Section Y, " Implementation," SRP-LR of C.0.1.

VI. GENERAL INF0FitAT10N

Most fiRC information that has been disseminated regarding connections
resulted from design, selecticn, installation, anc quality assurance
inadecuacies, not f rom any aging effects.

Information Notice 82-03 discussed the requirements for keeping
equipment clear, particularly terminal blocks. Dust and chemical
attack are the two major ways terminal blocks become contaminated.

The major cause of failure of connectors under accident conditions
is moisture-induced leakage currents to other electrical equipnent
or to around. A second possible cause of failure is loosening of
connections resulting in oper: circuits. In a harsh environment,
tempereture effects could cause a loose connection or make an
alreedy loose connection worse.

Heat shrink tubing and tapes are made fron materials similar to cable
materials and their degradation can be expected to be similar to cable
materials to a significant extent. One advantage that these connections
have over cabit insulaticri is that they normally have significantly
thicker insulation. However, thair big disadvantage as compared to cable
is that they must Lund to existing insulation to form a moisture-tight
seel (Ref. 1).

VII. REFERENCES

1. U.S. Nuclear Regulatcry Commission, "An Agirg Assessroent of Cables,
Connectors, end Electrical Penetration Assenblies Used in Nuclear
Power Plants,' hbREG/CR-5461 (SANC69-2369 RV), (Draf t) flur ch 1990.

2. Institute of Electrical and Electronics Engineers, IEEE Standard
323-1974, " Qualifying Class 1 Equipment for Nuclear Power
Generating Station." |

l
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SRP-LR

C.E.3 ELECTRICAL PE!:ETRATIONS

REVIEll RESP 0l!SIBILITIES

Primary - LRPC

Secondary - SPLB/SELB

1. ARE/,0F REVIEW

f. Cescription

The electrical penetration assemblies (EPAs) covered by SRP-LR C.2.3
Electrical Penetrations are devices perforraing a safety function. They
are used (to I) e) tend conductors through the reactor containment
structure and (E) provide a hermetic seal between the inside
environnent of thc ccntainment structure and the outside environment.
The integrity of the hermetic seal is usually determined by monitoring
the internal pressure of an inert gas placed in the area of the two
sealing bulkheads. Pcruetic seals between each conductor'and between
the inside ar,d outside ccr,tainment environments are obtained through
the use of such materials as gaskets, 0-rings ~, n.etals, plated metals,

-polymer-bastd rubbers, ceramic matcrials, high-strength and high-
temperature glass (Ref. 1).

C. See Section I, " Area of Feview," SRP-LR of C.O.1 for. Item I.C.

f. Iging Concerns and Mechar, isms ,

Electrical penetrations are subjected to many of the sane stressors
and aging i.echanisns as electrical cables. The most connen (normal)
agir.g stressors ior EPAs are thermal, radiation, vibration, humidity,
chuaical (corrosion), electrical load cycling, and maintenance damage.
The abnortnal aging stressors are in; posed by accident conditions; the
czjor stressor is moisture relatec and occurs when high-temperature,_
high-pressure steam causes reduced electrical isolation in circuits
(Ref. 1). The areas of aging concern for a facility should be reviewed
to evaluate the acceptability of the licensee's procram to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTALCE-CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR C.0.1.

III. REVIEW PROCECURES

See Section III, "Rcview Procedures," of SRP-LR C.0.1.

.
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IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1.

V. IMPL Ff:EtiTATION |

!

See Section V, " Implementation," of SRP-LR C.0.1.

'!I . GENERAL. IhFORMATION i
;

i

Vll. , REFERENCE

1. U.S. fiuclear Regulatory Connission, " Aging of Cables, Connections,
and Electrical Penetration Assemblies Used in Nuclear Power Plants,"
NUREG/CP-5461, ileb 1990.

i
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SRP-LR

C.2.4 RELAYS, CIRCUIT BREAKERS, AtiD SWITCHGEAR

REVIEW RESP 0li51RILITY

Primary - LRPD
Secondary - SELB/SICB

!. ARE/. CF REVIEW

A. Description

Circuit breakers, lo6d centers, notor control centers, power panel
boards, and relays, regardless of nomenclature, are included within
the scope of this review. fer the purposes of this review, relays are
used and associated with switchgear and circuit breaker control and
protective circuits. Relays are also discusst.d in SRP-LR C.3.2. :

B. See Sectien I, " Area of Review," of SRP-LR C.0.1 for Item I.B.

C. Aging Corcerns and l'echanisms

This review is restricted in scope to only age-related concerns of
relay, switchgear, and circuit breaker equipment. Typically, this
equipment is located outside the containmert in a mild environment, as
defined in 10 CFP 50.49. Potential problerts include protective

relcy f ailure, control reley failure, auxiliary (relay failure,instrurxnt relay f ailure, timing relay f ailure such as used in
time overcurrent tpplicatier.s), indication and annunciation failure,
wirirg and connection failures, corrosion (either electrolytic or
moisture based), dielectric breakdown, internal corona, surface
tracking or arcing, and circuit breaker failure. A circuit breaker
failure can be failure to clear a fault, or failure to energize a
lead. The failure cen often be attributed to root causes, such as
welded contacts, overcurrent relay failure, or a jammed mechanism.
Typical aging concerris relateo to relays, circuit breakers, and >

switchgear are aiscussed below.

1. Relays

Relays are normally located in mild environments, yet they experience
significant aging stresses (Ref. 1). These stresses are generally
grouped into four categories: electrical, mcchanical, thermal, and
environrental. Relays are subject to aging via, among other causes,
coil failurts, contact wear, oxidation and pitting, mechanical
binding, and setpoint drif t. Setpoint orift affects time-delay relays
and protective relays. High thermal stresses, which can be caused by
overvoltage and undervoltage ccnditions, cause coil burnout on
cortinuously energized relays. Shrinkage and misalignment of plastic
f rames are also caused by thermal conditions. Most relays, except
for thcse mounted nt.xt to such large machinery as diesel generators
and compressors, ere not subject to high level vibrations. Such
vibr6 tion should Fave been reviewed as part of the original SRP
review.
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Electrical stressors applicable to relays are in two groups:
inductive surges (transient) and continuing under- or overvoltage. ;

Inductive surges cause the breakdown of coil insulation via corona i
anc dielectric breakdown. Ohmic heating is caused by either under- |
or overvcitage conditions.

flechanical stressors applicable to relays are in four groups; high
cycle rate, loose connections, vibration, and lack of operation.
Higher-than-design cycle rates cause excessive wear on moving parts
and contacts that cause binding and misoperation. These conditions
also cause coil failure, increased friction, and mechanical fatigue.
Loose cennections cause high resistance circuits, open circuits, and
arcing. Vibration causes material f atigue, loose connections, and
intennittent relay operation (open or close) when not intended.
Lack of operation can cause mechanical binding by component
outgassing, materici set, or adherence causing binding or a stuck
relay.

Thetul stresses applicable to relays lead to insulation deterioration
ano component failure. Excessive component heating-caused by chmic
heating, enclosure: temperature rises, arc elevated ambient temperatures-
causes accelerated aging of coil and contact lead (if any) insulation
and other nonmetallic ccrrponents. Such accelerated aging is nct
reacily determined until the component fails. However, safety systems
are dcsigned to function with such a single cetectable failure.

Environnotal stresses appliceble to relays, such as humidity, dust,
dirt, and contamination, cause open circuits, increased resistances,
contact and ohmic heating, binding, anc sluggish or slow (or non)
operation. These stresses come from contact corrosion, current
leafage, mechanical binding, and friction forces.

2. Circuit Breakers

Circuit brcakers are ncrmally located in mild ervironments, yet
they Elso experience significant aging stress (Ref.1).

These stresses are generally grouped into fcur categories:
electrical, mechanicci, thermal, and envircomental. Circuit
breakers are subject to aging via, among other causes, restrikes,
internal short circuits, arcing to
impreper (failure to open or close) ground or between phases,operation, premature trips at
a low current, f ailure to trip at high cur rcnts, and flashover.

Shrinkage and misalignment of nonmetallic components are also
caused by therrral conditions. Lubricant migration can be caused
by elevated temper 6tures. 110st circuit breakers, except for those
trounted next to such large machines, as diesel generators and
compressors, are not subject to high vibration levels. Such
sibrations may have been reviewed as part of the original lictnsing i
review. If mounted in an area subject to high vibration levels, the '

circuit breaker could age prematurely.
1

1

4
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Electrical stressors applicable to circuit breakers are in two groups:
overvoltage transients, including voltage spikes and lightning strikes,
and fault interruption. Overvoltage transient and inductive surges
can cause corona and resultant carbon tracking. Fault interruption
also causes an arc which shculd be extinguished as designed. However,
flashover can degrade the arc chutes and contacts. Carbon tracking
can contaminate the circuit breaker enabling restrike and additional
arcing, and potential lov impedance between phases or phase to ground.
Arcing also causes ohmic heating.

Mechanical sticssors applicable to circuit breakers are the
result of routine operation, fault clearing operation, vibration
ano friction. Wear, component fatigue, degraded contact area,
and reduced mechenism operating force (and resultant change in
operating characteristics) can result. Leck of operation can cause
binding by component outgassing, material set, lubricant gelling,
or adherence.

Therrial stresses lead to degraded insulation, degraded contacts,
ciegraded are chute, and, for molded case circuit breakers, degraded
overload rechanisms.

Environroertal stresses applied to circuit breakers, such as humidity,
dt.st, dirt, and contamiriation, cause increased friction, oxidation,
corrosion, degraded insulation, hardening or rnigration of lubricants,
and mater ial embrittlen;ent.

3. Switchgeor

Switchgear are assemble.ci pieces of equiprnent including, but not
limited to, one or merc of the following: function switching,
interrupting, ccntrol, it.strumenterion, metering, protective and
regulatinc cevices or relays, together with their supporting
structures, enclosures, cor.ductor, electrical interconnections,
and accessories. The corponent aging mechanisr.is discussed
above are applicable to switchgear that contains these components.

The following ccr,citions con cause switchgear to fail prematurely
(Ref. 1): arrbient teroperature excursions beyond design, excessive
relative humidity, continuous lcading factors close to inaximum
10cc, overleads, repetitive circuit breaker operation beyond
design, presence of corrcsive or conductive contaminants, abnormal
vibration or shock, and excessive fault interrupting duty.

Electricel stressor 5 applicable to switchgear are in four groups:
ir.ductive surges and continuing under- and over-voltage
(discussed above) and overvoltage transients and fault interruption
(discussed above).

322
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Mechanical stressors applicable to switchgear are in three groups:
loose connections, vibrations, and friction. Loose connections
cause high resistance circuits, open circuits, and arcing.
Vibration causes raaterial fatigue, loose connections, and
intermittent operation when not intended. Friction can cause
reduced mechanism operating forces and resultant change in
operating characteristics and binding.

i

j
Thermal stresses applicable to svitchgear lead to insulation and '

component degradation. Exr s coroponent heating, enclosure
temperature rises, and elevated ambient terrperature accelerates
acing of insulation and other nonmetellic components. Such accel-

,

erated aging is not readily determined until the component fails. i

However, safety-systems are designed to function with such a single j
detectable failure. |

l

Einironmental stresses applicable to switchgear, such as humidity,i

dust, and contamination cause open or short circuits, increased
circuit resistance, contact and chmic heating, binding, increased
mechanism friction, oxidatict., corrosion, degraded insulation,
hardening or migration of lubricants, ar.d material errbrittlement.

|

lypical exarrples of age-related degradation concerns associated
with relays, circuit breakers, and switchgear are provided in this
section. The areas of aging concern for a facility should be
reviewed to evaluate the cacceptability of the licensee's program
to nar. age poter.tial aging mechanisms. Site-specific conditions and
experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See httion II, " Acceptance Criteria," of SRP-LR C.0.1.

III. REVIEV PP0CEDURES

See Sectior III, " Review Procedures," of SRP-LR C.0.1.
i

| IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1.
|

Y. IMPLEMENTATION

See Section V, " Implementation," of SRP-LR C.0.1.

VI. GENEP.AL INFORMATION

Relays, switchgear, and circuit breakers are components of the electric
power system. Many cornponents of the electric power system receive
adequate attention during routine surveillance programs to ensure a high
level of reliability (Ref. 1).
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Infrared hect scanners can be used to identify overheated connections,
contacts, or components. Audible discharges can be used to identify-
potential age-related degradation cf the insulation materiul. Cleanliness
of the switchgear cubicle is important. Dry-type transformers used in
load centers are addressed in the SRP-LR Section C.2.6.

VII. REFERENCES

1. U.S. Nuclear Regulatory Commission, " Nuclear Plant Aging Research:
The 1E Power System," LeRoy C. tieyer and Jerald L. Edson,
NUREG/CR-5181.

;

2. Institute of Electrical end Electronics Engineers, IEEE Standard .|
308-1974, " Criteria for Class IE Power Systems for Nuclear Power !
Generatino Station < * '
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SRP-LR

C.2.5 TRA!!SFORMERS

REVIEW RESP 0t!SIBILITY :

Primary - LRPD
Secondary - SELB

1. AREA 0F REVIEW

A. Description

Transformers are used extensively in nuclear power stations to
transfer power by electromagnetic induction between circuits of
different voltd5e levels. Transformers vary in size from the large
stction service transformers, main transformers, and unit auxiliary
transformers to smell instrumer.t and control transformers. The
scope of this review dces not include instrument and control
transformers, which are_ reviewed under the appropriate system
SRP-LR review. This review covers til-immersed transformers and
dry-type transformers, where the secondary voltage is equal to or
gretter than 120-V ac.

B. See St.ction I, " Area of Review," of SRP-Lt! C.0.1 for Item I.B.

C. Aging Concerns and Mechanisms

Typicel examples of age-related cegradation concerns associated with
transformers are ccvered in this section. The areas of aging
concern for a fecility shculd be reviewec to evaluate the
acceptability of the licensee's program to manage potential eging
mechanisms. Site-specific conditions and experience are cocumented
in the IPA.

1. Oil-Iwersed Transforners

An insulating cil, such as mineral oil or Askarel, is used for
both insuh. tion and ccoling in an oil-immersed transformer.
Askarel is t group of synthetic, fire-resistant, chlorinated,
aromatic hydrocarbcns that are used for insulating properties
in electrical licuid-cooleo equipment. The service life of
oil-immersed transformers is affected by the ccr.dition of the
insulating oil, long-term core exposure to moisture or oxygen,
external short circuits, cvericading, arcing or flashovers,
bushing design, and hot spots. System transient faults and
transformer maintenance also affect the life of the transformer.
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2. Dry-Type Transforrucrs

Dry-type transformers can be cooled by natural or forced air
circulation. An insulating gas, such as air, nitrogen, or
fluorocarbcn, may be used. The service life of dry-type
transformers is affected by the integrity of the magnetic case,
bushing design, moisture seal cracking, corrosion, overheating,
insulation breakdown, end leaa fracture. System transient
faults and trensformer naintenance also affect the life of the
tra r.sformer.

II. ACCEPTANCE CRITERIA
,

See Section II, " Acceptance Criteria," of SRP-LR C.0.1.

III. REVIEll PROCEDURES

fee Section !!I, " Review Procedures," of SRP-LR C.0.1.

IV. FINDINGS

See Section IV, "Finoings,* of SRP-LR C.0.1.

V. IMPLEMEhTATION

See Section V, "Implen.entation," of SRP-LR C.0.1.

VI. GEf ERAL INFORftATION

Regulatory Guide 1.32 (Ref. 2) addresses Class IE power systems for
nuclear power stations. Transforruers are an essential part of these
power systu.is. Regulatcry Guide 1.32 endorses IEEE Standaro 308-1974
(Ref. 1). Section 7.4 of this incustry standard recommends testing to
detect the dtterioratior of equipment toward an unacceptable condition.

VII. PEFERENCES

1. Ir.stitute of Electrical ana Electror,ics Engineers, IEEE Standard
3C8-1974, " Criteria for Class IE Fower Systems for Nuclear Power
Generating Stations." ;

2. U.S. Nucladr Regulatory Commission, " Criteria for Safety-related
Electric Power Systens for Nuclear Power Plants," Regulatory Guide-
1.3?.

3. U.S. f;uciear Regulatory Conr. ission, " Nuclear Plant Aging Research:
The 1E Power System," LeRoy C. Meyer end Jerald L. Edson, NUREG/CR- H

E381.
,
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SRP-LR

1

C.E.6 S0LENOID-OPERATED VALVES .j
;

REVIEU RESPONSIBILITY I

Primary- LRPD
Secondary- SELB

1. AREAS OF REVIEW
1
'

A. Description
l
'A solenoid-operated valve, for the purposes of this review, is

defined as an electric-actuated device that consists of an
electromagnet, with an energizing coil 6pproximately cylindrical j

in form, an armature, whose rnotion is reciprocating within and ;

along the axis cf the coil, e linkage, and a valve. For the purposes of
this review, there are two types of solenoid-operated valves. The
first is a direct operating valve. The second is c pilot valve that
controls air or another pressurized fluid which then controls the
process valve. They are essentially identical in f orm.

C. See Section I, " Area of Review," of SRP-LR C.0.1 for Item I.B. ;

C. Aging Concerns and l'echanisms

This review is restricted in scope to only age-related concerns of !
solenvid-operated valves. This equipircot is located both outside the
containment in a miio environment during accident conditions and
ir. side the ccnteinmerit in a potentially harsh environment. Potential
problems include solenoid failure; valve failure; seal failure;
mechunical binding of the linkage, plunger, or valve mechanism;
wiring and connection failures; corrosion, either electrolytic or
moisture based; dielectric breakdown; internal corona; and surface i

tracking or arcing,
,

The failure can be a failure to open, a failure to returr, to normal
position, en incompiete stroke, an oscillating motion, or a pressure
boundary failure. Typical examples of age-related degradation concerns
associated with solenoid-operated valves are given in this section.
The areas of aging concern for a facility should be reviewed to
evaluate the acceptability of the licensee's program to manage
potential aging mechanisas. Site-specific conditions and experience I

are documented in the IFA. ;

II. ACCEPTANCE CRITERIA
!

See Section II, " Acceptance Criteria,".of SRP-LR C.0.1. l

|

III. REVIEW PROCEDURES
1

See Section Ill, '' Review Procedures," of SEP-LR C.0.1. I

|

i
1
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IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1. |

!
'

V. IltPLEMENTATION

See Sectiwi V, "Implen+ntation, of SRP-LR C.0.1.

VI. CEf;ERAL INF0EMAT10N0

VII. REFERENCES

1. U.S. Nuclur Regulatory Commissicn, " Nuclear Plant Aging Research:
The 1E Power System," LeRoy C. Meyer and Jerald L. Edson, NUREG/
CR-5181. ;

l
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SRP-LR

C.2.7 ELECTRIC MOTORS

REVIEW RESP 0l!SIBILTIES

Prinary - LRPD-

Secondary - SELB

1. , AREA 0F REVIEW

A. Description

Electric motors that are important to license renewal are used in
systems needed for safe operation of the plant during both normal and
accident situations. They vary in size f rom thousands of horsepower
tc e fraction of horsepower cud are used as the motive force for, as
examples: normal ano emergency core cooling, feedwater and condensate
water, ventilaticn, positioning various devices, movement of ccntrol
rods, driving compressors, mekeup and exhaust air, mekeup and letdown
u ter, transfer of various other lictids ano gases throughout the
plant both inside and cutside of the containment, and also for such
tasks as driving strip-chart recorder s and small cooling fans for
control clevices (Ref.1).

B. See Section 1, " Area of Review," of SRP-LR C.0.1 for item I.B.

C. Agirs Concerns and Mechanisns

The main aging concerns and failure mechanisms for electric motcrs
are electrical, mechanical, chemical, thernal, humidity, and
radiation (Re1. 2). The electrical aging of motors affects the
dielectric strength of the insulating caterial covering the
conductors and windinas of the motor. The mechanical degradation
affects the bearings, the mechanical strength of the windings and
the insulating meterial, the inherent strength of the material, the
loosenirc of rotor bars and the lemination in the rotor and stator.
Chen:ically it duced degredation causes lube oil decompositico,
degradation of the insultting properties of materials, and overall
corrosion of the motor.

The thernai, humidity. and radiation aging mechanisms affect the
performance of motors over a long pericci of time. If these
mechtusms occur at excessive. levels, the insulating material is
difeCled the most.

The electrical motor components may degrade through wear exacerbated
by interral vibration, at rotating surfaces (e.g., brushes,
commutators, bearings, shafts, seals), and at bushings. Vibration
may also affect mechanical components in motor installations which
incluces shafts, supports, bolts, anchors, braces, brackets,
terniinals, lugs, connectors, and wiring.
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Thc areas of acing concern for a facility should be reviewed to
evalente the acccptability of the licensee's progran to manage
potential aging mechanisms. Site-specific conditions and experience
are documented in the IPA.

II. ACCEPTA!1CE CPITERIA

See Section 11, " Acceptance Criteria," of SRP-LR C.0.1.

III. REVIEW PPCCEDURES

See Section III, " Review Procedures," of SRP LR C.0.1.

IV. FINDINGS

See Section V, " Findings," of SRP-LR C.0.1.

V. IMPLEMEh1ATION

See Section V, "Irnplementation," of SRP-LR C.O.1.

VI. GEFff:AL INFORMATION

V11. REFEREllCES

1. U.S. I!cclear Regulttory Commission, " Improving Motor Reliability in
NLeiear Power Plants," NUREG/CR-4939, November 1987.

2. U.S. Nuclear Regulatory Commission, " Operating Experience and Agirg-
Scismic Assessment of Electric Motois," NUREG/CR-4156, June 1985.-

.
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SRP-LR

C.O.1 SENSORS

REVIEU RESPONSIBILITIES

Primary - LRPD
Secondary - SICB

I. AREA 0F REVIEW

A. Description

The electronic sensors that are important to license renewal are
those used in instrumentation and control (180) systems that have
beer, determined to be necessury for the continued safe operation of
the plant. The sensors are useo in safety systers which are relied
uper for maintcining the integrity of the reactor coolant pressure
boundary, safe shutdowr. capability, and accident prevention and
mitigaticn. The senscrs of concern are commonly known as process
sensors and are used to measure pressure, fluid flow, fluid level, and
temperature. They are directly responsive to the value of the messured
quantity.

B. See Section I, " Area of Review," of SRP-LR C.0.1 for Item I.B.

C. Aging Concerns and Mechanisms

Pressure sensors ar.c differential pressure (flow, level) sensors may
exhibit age or performance degradation through sense.line blockage,
seal failure, sensor failure, electronic device failures (e.g., power
supplies, amplifiers, signcl converters), and electronic corponent
failure (e.g., resistors, capacitors, semiconductors, printed circuit
(PC) boards, and poter,tiometers). Temperature sensors may exhibit age
and or perfornance degradation through broken connectors, leaa-in wire
damage, resistance changes, and electronic device failure. Typical
examples of age-related degradation concerns associated with sensors
are given here. The areas of aging concern for a facility should be
reviewed to evaluate the acceptability of the licer,see's prograra to
manage potential aging mechanisms. Site-specific conditions and
experience are documented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, "Acccptance Criteria," of SRP-LR C.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRP-LR C.0.1.
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IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1.

V. If tPLEl1ENl ATION

See Section V, " Implementation," of SRP-LR C.0.1.

VI. GENERAL INFORMATION

The sensors that are installed in harsh environments are qualified to
a specific lifetime (Ref.1) and are replaced at or before their qualified
life expires; therefore, sensors in hersh environments are affected less
by the life extension program than sensors used in mild environments.

The sensors end the electronic devices used with them are or can be
subjected to the agirig characteristics of their individual components.
Therefore, the maintenance or replaccrent schedules normally include
considerations of the specific acing characteristics of the component
materialsused(RefSRP-LRC.3.2).

VII. kEFERENCES

1. U.S. i'uclear Regulatory CorTaission, "Environmentel Qualification of
Certain Electrical Equiprer,t Important to Safety for Nuclear Power
Plants," Regulatory Guide 1.09, June 1984
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C.3.2 ELECTRONIC C0liPONEliTS

REVIEW RESP 011SIBILITIES

Primary - LRPD
Secondary - SICB

I. AREAS OF REVIEW

A. Description

The electronic components are the items from which the electronic
devices are assenibled or fabricated. The predominant components are
capacitors, resistors, semiconductors, potentiometers, printed

circuit (PC) boards, relays and switches (instrument and control),).instrument transforr.crs, and connectors (FC beard and small signal
Relays cre also discussed in SRP-LR C.2.4.

B. See Section 1, " Area of Review," of SRP-LR C.0.1 for Item I.B.

C. Aging Concerns and Mechanisnc

Son.c time-dependent stresses that can cause degradation within the
electronic componcnts, either separately or in combination with other
stressors, incluoe vibration, electrical stressors, thermal stressors,
corrosicn, erosion, ert rittlen.ent, wear, maintenance, testing, and
fatigue. Another factor involved in stress is: are the main
stressors electrical and/or thermal. Typical examples of ace-related
degradation concertis associated with electronic components are given
below. Tbt areas of aging concern for a facility should be reviewed
to evaluate the acceptability of the licensee's program to mariage
potential aging mechanisms. Site-specific conditions and experience
are docuniented in the IPA. Some cetails of component degradation
follow (Ref. 1):

1. Capacitors ray suf fer a loss of capacitcrice and dielectric
breakdown by overheat ing from interr.a1 stresses caused by high
ambient and interno1 torperatures and excessive electrical
cerditions, lhey may also be subjected to an open circuit or
lead wire breakege caused by continued vibration.

2. Resistors ney suffer a change in their ohmic value by overheating
from internel stresses caused by high ambient and internal
temperatures and excessive electrical conditions. They may also
be subjected tc an open circuit or lead wire breakage caused by
continuea vibration.

,

3. PC boards (modules) may experience a change in their output as
a result of tenperature cycling and excessive electrical voltage.
They may also experience lif ted tracks and degraced solder
joints upon continue 6 vibration.
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4. Semiccnductors may experience a semiconductor barrier breakdown
resulting in short or open circuits caused by high ambient or
internal temperatures and excess 1ve electrical voltage. They
may also be subjected to lead wire breakage caused by continued
vibration.

5. Pctentimeters may experience a short circuit, an open circuit,
a short between adjacent spool wires, or lead wire breakage as a
result of thermal degradation, corrosion, or excessive
vibration.

6. The instrument and control relays and switches may fail because
of failed-open or failed-closed contacts caused by oxidation
and pitting of contact surfaces, or excessive vibration. The
relay coil can be subjected to open-circuit ccnditions and
irsulating material degradation caused by corrosion and/or high
thermal stresses.

~/ . The instrurrent trat.sformers n6y experience 6 primury to
secondary short circuit, a short betweui adjacent wires in the
same winding, or failure of the dielectric niaterial caused by
high operating tenperatures, excessive electric field intensity,
vibration, thernal shock, or ai,y combination of the stressors.

8. The PC board and staall signal connectors may suffer frora
seraiatton of ccotacts, degradatiori cf insulating material,
increase in contact resistance, and lost signhls caused by
corrosion, peeling of the plating, or high temperature and
humidity ccnditions.

II. ACCEPTANCE CRITERIA

Sec Section II, ' Acceptance Criterit," of SRP-LR C.0.1.

II!. IIVIEW PROCEDURE,S,
P

See Section III, 'Aview Procedures," of Sfir-LR C.0.1.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1. ;

V. IMPLEMENTATION

See Section V, "Iniplementation," of SRP-LR C.0.1.

VI. GENERAL INFORMATION

The main stressors in these components are electrical stress and/or
thermal stress. Cut sonie time-dependent stresses that can cause
degradation within the electronic components either separately cr in-
cabinaticn with other stressors include vibration, electrical stressors,
thermal stresscrs, corrosion, erosion, embrittlement, wehr, maintenance,
testing, and faticue.
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Electrical stressors are induced in the insulating materials used in the
fabricatior cf electronic and electro-mechanical components and are at
their worst during switching operations and during accident situations.

1

Thermal stressors are induced in electronic components because the ;
various meterials cf constructico have properties that vary with ;

temperature at different rates.

V11. REFERENCE

1. NP-1558, EPRI Project 890-1, "A Review of Equipment Aging Theory and
Technology," September 19EO.
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SRP-LR

C.3.3 ELECTRONIC DEVICES

REVIEW RESP 0f1SIBILITIES

Frimary - LRPD
Secondary - SICB

1. AREAS OF REVIEW

A. Description

The electror.ic devices useo in systems that are important to license
renewal include electronic isolation oevices, signal processors,
controllers, signal converters, and bistables.

Isolation devices ustd in instrumentatior, und control (l&C) circuits
function in such a way that voltage and current faults applied to the
device's non-Liass IE sidt veill not degiade below an acceptable level
the operetion of the safety-related circuit connected to the device's
Clcss 1E side. Isolation devices are used to separate safety circuits
from noc-safety circuits (isolation between control circuits and
protection circuits), redundent circuits within the same safety division
(isolation between safety circuits A and C), and one safety division
from another safety division (isolation between Divisions A and B).
Signal processors and controllers att upon a signal in such a way that
it is recognizable by other devices, scaled so that the signal has a
meanincful relationship with the measured variable and thus can be
used to control other equipment. These devices can also provide for
su;sor excitttion.

Signal converters rod bistables act a upon a signal to cause a change
of state of the sigr.el, that is, a signal tray be changed from ac to
dc, frcrr a high to a low signal, or from an analog to a digital signal.

;

Ir.dicators and recorders are display devices used to display the status
of a signal. The disphy may be in analog or digital form, temporary
(indicators), or permanent (recorders).

B. See Section I, " Area of Review," of SRP-LR C.0.1 for Item I.B. l
i

C. Acing Concerns and Mechanisms
'

Random failure is the major failure mode of electronic cevices. This
is trainly caused by the aging characteristics of the specific components
used in the design of the devices. Therefore, the maintenance or
replacement schedules shoulo include considerations of the specific |
aging characteristics of the component materials used (See SRP-LR I

C.3.2). Typical examples of age-related degradation concerns !
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associated with electronic devices are provided in this section. The
areas of aging concern for a facility shoula be reviewed to evaluate
the acceptability of the licensee's program to manage potential aging
mechanisr.s. Site-specific conditions and experience are documented
ir, the IPA.

II. ACCEPTANCE CRITERIA

See Section II, " Acceptance Criteria," of SRP-LR C.0.1.

III. REVIEW PROCEDURES

See Section III, " Review Procedures," of SRF-LR C.0.1.

IV. FINDINGS

See Section IV, " Findings, of SRP-LR C.0.1.

V. IMPLEP.ENTATION

See Section V, "In plement6 tion," of SRP-LR C.0.1.

VI. GENERAL INFORMATION

The main stressors associated with these components are electrial stress
and/or thermal stress. But some time-dependent stresses that can cause
degradetion withir. the electrcnic devices either separately or in
ccabinaticr. with other stressors include vibration loads, electrical
stressors, therinol stressors, corrosion, erosion, embrittlemerit, wear,
maintenance, testing, f atigue, shrinkage, ano creep.

Electrical stressers are induced in the insulating materials used in the
fabrication of electronic an6 electromechanical devices and are at their
worst during switching operations and during accident situations.

Thermal ctressors are inducea in electronic devices because the various
mLterials of constructicr have properties that very with temperature at
different rates.

'

VII. REFERENCES
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C.4.0 CIVll STRUCTURE

REVIEW RESPONSIPILITIES

Prir:ary - LRPD
Secondary - ESGB

I. AREAS Cf REVIEW

A. Description

This section addresses the aging factors and environmental stressors
thet can degrade structures of importance to license renewal
(Categcry I structures). These structures include: builoings that
house anu support systeris/compchents importarit to license renewal
such as teactor buildings, control rooms, control buildings, radwaste
build 11.g, diesel ger.erator buildings, etc.; primary containment
(adr:ressed in SFF-LR B.3.1); major load carry features such as the
hf V support structure (accressed in SRP-LR C.I.6 coolant reservoirs
and intufe structures (e.g., spray ponds); refueling canal and fuel
storage facilities; concrete tanks; and elevated release stacks.
Structures inpertant to license renewal are typically constructed of
reinforced concrete, post-tensioned concicte, structur61 steel, or a
ccrobination cf these, and are, in general, designated as those
structures required to withstend a design-basis event such as an
earthauake or 161ge-scale loss-of-collant-accident (LOCA). For
specific applications ot certain plants, masonry block walls must
also be considered.

Pottntial ag-related dcgradations mechanisms for the various structural
cor.ponents include (Refs. I and 2):

Concrete

o Freeze-thaw
o Leaching of calcium hydroxide
o Aggressive chemicals
o Recctions with aggregates
o Corrosion of embt.dded steel

Elevated teraperature
,

o Irradietion
o Creep
e Shrinkage
o Abrosion and cavitttion
o Cracking of iaasonry block walls
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Reinforcir.g Steel

o Corrosion
o Elevated temperature
o Ir rddiatior.

Pile _s

o Corrosior.

Structural steel

o Corrosion
o Elevated temperature
o Irradiation

Stainless Steel Liner Plate

o Corrosion, IGSCC
o Elevated temperature
o Irradiation

Miscellaneous Degradation Issues

o Fatigue
o Cathodic protecticr effects en bond strength
o Settlement

While the rajority of these potential degredation mechanisms are not
significart tt all the plants, each should be assessed on a plant-by-
plant basis before disuissint it.

B. See Section 1, * Areas of Review," of SRP-LR C.0.1 for Item I.B.

C. A ing Concerns asi kechanisntJ

The long-tert performance of concrete structures may be influenced
by the presence of aggressive environments and the cccurrence of
degradation. The relevant degradation factors are those that affect
the mater ial systems and manifest themselves in such a n:aaner as to
reduce structural integrity or decrease structural margins, for
example, loss of concrete strength due to leaching of-the
calcium-containing products, cracking of. concrete due to alkali-
silica reactions or sulfate attack, and corrosion of the mild steel
reinforcement er post-tensioning systems. Synergism of these factors
is also important us it can accelerate the degradation process, for
example cracking of concrete due to alkalf-silica reaction and
reinforcement corrosion due to chloride penetration. Concrete
materials are susceptible to degradation through chemical and physical
attack. Masonry block walls can develop cracks as a result of such
movements, as found6 tion settlement, thermal expansion. Metallic
materials can occur as a result of corrosion, elevated temperature,-

irradiation, er fatigue.
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SRP-LR C.1.6 provides review guic;ance for radiation embrittlement
of structural steels. Stainless steel liner plates (e.g., fuel pool

- lir(rs) are subject to geural corrosion and IGSCC.

Typical examples of age-related degradation concerns associated with
civil structures are discussed above. The areas of aging concern for
a facility should be reviewed to evaluate the acceptability of the
licensee's program to manage potential aging mechanisms.
Site-specific cor;ditions and experience are docurrented in the IPA.

II. ACCEPTANCE CRITERIA

See Section II, * Acceptance Criteria," of SRP-LR C.O.1. Items A through C.

D. Observed and projected age-relateo degradation shall be such that
despite its effccts, the performance of the structure will reniain
within the design envelope as represented by the design calculations,
safety analyses, and industry codes and standards to which the
licensee is committed.

Ill. PEVIEW PRCCECURES

See Sectier. III, " Review Procedures," of C.O.1 Items A through D.

E. The reviewer should confirn that the licensee perforus a one-time
inspection of civil structures important to license renewal which <

shall irclude, as a minimum:

1. Visually ir.spect above-grade buildings, structures, tanks, and ;

enban kme nts . Assess cbserved and projected cracks, corrosion, ,

cettlement, and other forrrs of age-related degradation on the i

capebility of the structure to accommodate its design loads.

2. Inspect conditirn of structures, anchers, and protective
coatings subrerged in spiay ponds, ccoling tower basins, intake
structures, BWR suppression pools, and other water pools. Assess
ef fects oi observed and projected corrosion ard/or abrasion /
cavitatier, camage on the capability cf structures to accomnodate
design lc-ads.

2. Assess cher:ical enviror. ment of foundations ar.d structures below
grade. Visually inspect at grade elevation for indications of
settlement (may be covered by existing progran). Assess observed
and rrojected degradation on capability of structures to
accor:n.ocate desigr, loads.

a. Assess condition of prestressing elements of all prestressed
structures that are not part of the primary containment
structure.

The licensee's IPA should address all of the potential age-related
degradation mechanist's discussed in paragraphs I.C and VI of this section
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and any potential age-related degradation mechanisms experienced during
the current literse period for civil structures important to license
renewal. Results of the above one-tine ir.spection shall be addressed and
ongoing monitoring prograt.3, analyses and proposeo corrective actions
defined to provide assurance that these structures will perform their
required functions during the liter.se renewal period. For those potential
degradation rechonisms that the licensee proposes to eliminate from

,

i

consideration, an adequate technical justification shall be provided.

IV. FINDINGS

See Section IV, " Findings," of SRP-LR C.0.1.

Y. IliPLEMENTATION

'

See Sectior. V, "Implenentation," of SRP-LR C.0.1.,

VI. CEfiERAL INFORifATION i

VII. P.EFERENCES '

1. U.S. Nuclear Regulatory Commissicr, " Class I Structures License
Renewal Industry Report," NUMARC 90-006, June 1990.

E. U.S. Nuclear Regulatory Connission, " Concrete Component Aging and
,

Its Sicnificance Relative to Life Extension of Nuclear Power Plants",
D.J. Naus, Oak Ridge National Laboratory, HUREC/CR-4652, '

(ORNL/TM-10009), September 1986.
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