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General Comments



General Comments on the Standard Review Plan 
Chapter 4 - Time-Limited Aging Analyses 

Use of the GALL report and the Standard Review Plan for TLAAs: 

1. Time-limited aging analyses (TLAA) should only be addressed in the Standard 
Review Plan (SRP). Sufficient detail for TLAAs is provided in each section of 
Chapter 4 of the SRP such that a discussion in the GALL report is not required.  
Detailed comments from the technical review of the GALL report has been 
transferred to the detailed comments of the SRP as applicable. Note that each TLAA 
identified in the GALL report can be binned against one of the Categories identified 
in the attached table. Refer to Note 3 of the table.  

2. Related to the February 3, 2000 letter from the NRC on the use of the GALL report 
and the SRP, the section on the treatment of the GALL report should be revised. Per 
the previous comment, the applicant would not reference the GALL report for 
TLAAs. Since the GALL report identified that every TLAA required 'further 
evaluation', that feature of the GALL report is not implemented. A plant specific 
evaluation is required and the SRP can provide the necessary guidance to do the 
review.  

3. In the case that Option iii (manage the effects of aging) is selected, the licensee will 
need to identify a program. EQ represents the only previously evaluated TLAA 
program. The evaluation of this program has been added to the SRP as a basis for 
comparison by the licensee. If the licensee asserts that their program is bounded by 
this evaluation, then no additional review by the NRC is required. For any other 
program identified for Option iii, the reviewer will need to evaluate the adequacy of 
the licensee program. However, TLAA programs do not always fit the 10 criteria 
model unless they are typical mitigation or inspection types of activities. A basis for 
evaluation of these programs has been provided in our detailed comments.  

General Comments on Section 4.1: 

4. Please refer to the attached Table. NEI 95-10, the SRP and the GALL report each 
identify different TLAAs. In order to achieve consistency, the table presents a 
proposal to provide alignment. Conforming changes to NEI 95-10 would also be 
made. Conforming changes to the GALL report would not be required based on 
comment 1 above.  

5. Section 4.1 should clarify that the list of TLAAs in the application is a summary list.  
A detailed listing of each calculation by number will not be provided.  

6. In Section 4.1.3, the paragraph starting "The reviewer should use..." leads the 
reviewer to look at analyses from a few sources such as SERs or picked at random.



In fact, the TLAAs will be specific to the NSSS vendor and AE of record. Since 
TLAAs must meet the six criteria to be a valid TLAA, the reviewer should look at 
NSSS/AE analyses included in the CLB where it is likely that all of these criteria will 
be met. The reviewer should be cautioned that not every aging effect will have a 
TLAA. However, aging effects in general will be handled from other branches of 
engineering. The licensee's methodology for determining TLAAs could also provide 
the reviewer with a good starting point for understanding calculations that were not 
identified as TLAAs. This could be facilitated by an on-site review of the licensee's 
documentation. Specific language has been proposed to better direct the reviewer to 
identify calculations for review including calculations not identified by the licensee.  

7. Pursuant to comment 6 above, Tables 4.1-2 and 4.1-3 may not be required. Their 
purpose was to help direct the reviewer in finding calculations that were not identified 
by the licensee in their application. Since better direction based on CLB 
documentation and TLAA methodology will be proposed, these tables no longer 
would be required. In fact, using these tables may lead a reviewer to question areas 
that are not relevant for the licensee's plant.  

8. Other wording changes are recommended for Section 4.1. They have been included 
in a proposed revision to the document.  

General Comments on the FSAR Supplement: 

9. The FSAR supplement example should be revised. The implementation schedule 
should not be included in the FSAR. Licensees will make commitments for an 
implementation schedule elsewhere in the application. These commitments will be 
tracked internally by the licensee using their existing Commitment Tracking System.  

10. The content and level of detail of the FSAR supplement needs to be discussed 
further with the NRC. The FSAR supplement should be revised to indicate the type 
of statements that need to appear somewhere in the FSAR. In some cases the licensee 
may choose to reflect license renewal commitments where the TLAA is already 
discussed in their FSAR. In other cases, the licensee may choose to discuss these 
commitments in a separate table of the FSAR. Direction to the reviewer should be 
aimed at assuring the FSAR statements are consistent with both of the license 
conditions imposed on Oconee and likely on future applicants as well. One deals 
with changes being made pursuant to 50.59. The other deals with future inspections 
prior to the renewal period.  

General Comments on Other Sections of the SRP: 

11. The SRP consistently refers to plant-specific calculations. The actual TLAA 
calculations may be generic and bound a specific plant. The reanalysis may be 
performed on a generic basis and incorporated by reference in a plant specific 
application. Specific conforming changes in Chapter 4 of the SRP have been 
provided.



12. The reactor vessel surveillance program and the tendon prestress surveillance 
program are not TLAAs because they are not a calculations. They have been deleted 
from Sections 4.2 and 4.5 respectively.  

13. References should be specific to the Section in which they appear. Conforming 
changes have been identified.  

14. Section 3 and Section 6 each deal with fatigue issues. Section 6 specifically deals 
with the Containment liner. Clarification has been incorporated to carefully divide 
fatigue scopes between Sections 3 and 6.  

15. GSI-190 needs to be addressed further with the NRC. Environmental Fatigue may 
not be a TLAA. If so, then environmental fatigue should be addressed in Chapter 3.2 
Reactor Coolant System. Conforming changes need to be made to Section 4.3 once 
an accepted approach is identified.  

16. Section 4.4 on EQ has been revised substantially to reflect the recent discussions on 
Chapter VI of the GALL report related to EQ.  

17. Clarification on how to address tendon prestressing has been provided consistent with 
comments previously identified for the GALL report.  

18. Additional detailed technical comments are summarized in the proposed revision 
document for TLAAs.



Review of the Time-Limited Aging Analysis Topics 
Addressed in NEI 95-10, GALL, SRP

Topic NEI 95-10 SRP SRP GALL Proposed Notes 
Sect. Table 

Metal Fatigue X 4.3 4.1-2 107 4.3 

Reactor Vessel Embrittlement X 4.2 4.1-2 3 4.2 

Environmental Qualification (EQ) X 4.4 4.1-2 1 4.4 

Concrete Containment Tendon Prestress X 4.5 4.1-2 2 4.5 

High Density Neutron Poisons (Boraflex) X - 4.1-2* - - *Not included in the SOC 

Metal Corrosion Allowance X - 4.1-2 - - This is not a TLAA 

Inservice Flaw Growth Analysis X - 4.1-2 - - Note 5 

Inservice Ctmt Corrosion Anal. X - 4.1-2 - - This is not a TLAA 

HELB Fatigue X - 4.1-2 - - Note 5 

Void Swelling - - 27 - This is not a TLAA 

Elastomers for Vent Ducts - - 4 - This is not a TLAA 

Fire Protection Sealants - - - 4 - This is not a TLAA 

Underclad Cracking - - 4.1-3 - - Note 5 

MS to AFW Pipe Fatigue - - 4.1-3 - - Note 5 

MS Valve Operating Cycles - - 4.1-3 - - Note 5 

RCP Flywheel Fatigue - - 4.1-3 - - Note 5 

Polar Crane Fatigue - - 4.1-3 - - Note 5 

Reactor Internals Analyses - - 4.1-3 - - Note 5 

Leak Before Break - - 4.1-3 - - Note 5 

Containment Liner Plate/Penet. Fatigue - 4.6 4.1-3 - 4.6 

Ctmt Penet. Press. Cycles - - 4.1-3 - - Include in Section 4.6 

Other TLAAs - 4.8 - - 4.7



Notes: 
(1) The NEI 95-10 items are identified in Table 5.1-2.  
(2) The Standard Review Plan Items are identified in Tables 4.1-2,3.  
(3) The GALL numbers indicate the number of times the word TLAA is invoked within each of the stated categories. This 
demonstrates that each of the GALL TLAAs is addressed by an SRP section or it is not a TLAA at all.  
(4) The proposed column reflects items that only items 4.2-4.7 apply. Tables 4.1-2 and 4.1-3 would be deleted.  
(5) These TLAAs are subsets of either the fatigue or vessel integrity TLAA sections. Per the general comments, Tables 4.1-2,3 are not 
required.



Line-In Line-Out



4.1 IDENTIFICATION OF TIME-LIMITED AGING ANALYSES

Review Responsibilities 

Primary - Branch responsible for materials and chemical engineering 
Secondary - Other branches responsible for engineering, as appropriate 

4.1.1 Areas of Review 

This review plan section addresses the identification of time-limited aging analyses (TLAAs).  
There are certain plant-sperifiG safety analyses which may have been based on an explicitly 
assumed 40-year plant life (for example, aspects of the reactor vessel design). Pursuant to 10 
CFR 54.21(c)(1), a license renewal applicant is required to provide a list of TLAAs, as defined in 
10 CFR 54.3. The area relating to the identification of TLAAs is reviewed. The listing of TLAAs 
should provide sufficient detail to identify the type of calculations and the specific TLAA. A 
listing of specific calculation numbers is not required.  

TLAA r.equirements may have evolved and are plant specific-. As indicated in 10 CFR 54.30, the 
adequacy of the plant's current licensing basis (CLB), which includes TLAAs, is not an area of 
review. Potential concerns or enhancements regarding the CLB is to be addressed under the 
backfit rule (10 CFR 50.109) and are separate from the license renewal process.  

In addition, pursuant to 10 CFR 54.21 (c)(2), an applicant must provide a list of plant-specific 
exemptions that are based on TLAAs. However, the initial license renewal applicants have 
found no such exemptions for their plants.  

An applicant has the flexibility to deteFrmine the set of analyses for which an evaluation is 
performed, provided that this set en•ompasses the TILAAs for which the Commission has 
determnined an evaluation is required. Therefore, the reviewer should not review all analyses 
that the applicant has identified as TLAAs, because ilt is an applicant's option to include more 
analyses than those required by 10 CFR 54.21(c)(1). The staff should focus its review to confirm 
that the applicant did not omit any TLAAs, as defined in 10 CFR 54.3.  

4.1.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.1.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54-21(c)(1). The staff should find no omission of TLAAs, as defined in 10 
CFR 54.3, from the applicant's list.  

Pursuant to 10 CFR 54.3, TLAAs are those licensee calculations and analyses that: 

1. Involve systems, structures, and components within the scope of license renewal, as 
delineated in 10 CFR 54.4(a); 

2. Consider the effects of aging; 

3. Involve time-limited assumptions defined by the current operating term, for example, 40 
years; 

4. Were determined to be relevant by the licensee in making a safety determination;
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5. Involve conclusions or provide the basis for conclusions related to the capability of the 
system, structure, and component to perform its intended functions, as delineated in 10 CFR 
54.4(b); and 

6. Are contained or incorporated by reference in the CLB.  

4.1.3 Review Procedures 

For each area of review described in Subsection 4.1.1 of this review plan section, the following 
review procedures are followed: 

The reviewer verifies that the TLAAs not identified by the applicant-don't meet at least one of 
the following criteria 
(Ref. 1).  

1. Involve systems, structures, and components within the scope of license renewal, as 
delineated in 10 CFR 54.4(a). Chapter 2 of this standard review plan provides staff review 
guidance on the scoping and screening methodology, plant level and various system level 
scoping results.  

2. Consider the effects of aging. The effects of aging include, but are not limited to: loss of 
material, loss of toughness, loss of prestress, settlement, cracking, and loss of dielectric 
properties.  

3. Involve time-limited assumptions defined by the current operating term, for example, 40 
years. The defined operating term should be explicit in the analysis. Simply asserting that a 
component is designed for a service life or plant life is not sufficient. The assertion should 
be supported by a calculation or analysis that explicitly includes a time limit.  

4. Were determined to be relevant by the licensee in making a safety determination.  
Relevancy is a determination that the applicant should make based on a review of the 
information available. A calculation or analysis is relevant if it can be shown to have direct 
bearing on the action taken as a result of the analysis performed. Analyses are also 
relevant if they provide the basis for a licensee's safety determination and, in the absence of 
the analyses, the licensee may have reached a different safety conclusion.  

5. Show capability of the system, structure, and component to perform its intended functions, 
as delineated. Involve conclusions or provide the basis for conclusions related to the 10 
CFR 54.4(b). Analyses that do not affect the intended functions of systems, structures, and 
components are not TLAAs.  

6. Are contained or incorporated by reference in the CLB. Plant specific documents contained 
or incorporated by reference in the CLB include, but are not limited to: FSAR, NRC safety 
evaluation reports (SERs), Technical Specifications, the fire protection plan/hazards 
analyses, correspondence to and from the NRC, quality assurance (QA) plan, and topical 
reports included as reference to the FSAR or correspondence to the NRC. Calculations and 
analyses that are not in the CLB or not incorporated by reference are not TLAAs. When the 
code of record is mentioned in the FSAR, for particular groups of structures or components, 
reference material includes all calculations required by that code of record for those 
structures and components.
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TLAAs that need to be addressed are not necessarily those analyses that have been previously 
reviewed or approved by the Commission. The following examples illustrate TLAAs that need to 
be addressed and were not previously reviewed and approved by the Commission: 

" The FSAR states that the design complies with a certain national code and standard. A 
review of the code and standard reveals that a TLAA is required. The actual calculation was 
performed by the licensee to meet code and standard requirements, the specific calculation 
was not referenced in the FSAR, and the NRC had not reviewed the calculation.  

"* In response to a generic letter, a licensee submitted a letter to the NRC committing to 
perform a TLAA that would address the concern in the generic letter. The NRC had not 
documented a review of the licensee's response and had not reviewed the actual analysis.  

The following examples illustrate analyses that are not TLAAs and need not be addressed 
under 10 CFR 54.21(c): 

"* Population projections (Section 2.1.3 of NUREG-0800) (Ref. 2).  

"* Cost-benefit analyses for plant modifications.  

"* Analysis with time-limited assumptions defined short of the current operating term of the 
plant, for example, an analysis for a component based on a service life that would not reach 
the end of the current operating term.  

The number and type of TLAAs vary depending on the plant-specific CLB. All six criteria of 
TLAAs in 10 CFR 54.3 (and repeated in Subsection 4.1.2 of this review plan section) must be 
satisfied to conclude that a calculation or analysis is a TLAA. Table 4.1-1 provides examples of 
how these six criteria may be applied (Ref. 1). Table 41.1 2 provides a list of potential TLAAs 
(Ref. 1). Table 4.1 -3 provides a list of other plant specif ic TLAAs that have been identified by 
the initial license renewal applicants. Table 4.1 2 and 4.1 3 provide examples of analyses that 
potentially co-Ild be TLAAs for a particular plant. However, TLIAs are plant specific and depend 
on an applicant's CLB. It is not expected that all applicants Would identify all the analyses in 
these tables as TLAAs for their plants. Also, an applicant mnay have specific TLAAs for its plant 
that is not shown in these tables.  

The reviewer should use the plant Updated Final Safety Analysis Report (UFSAR) and other 
CLB documents, such as staff SERs, in performing the review. The reviewer should select 
analyses that the applicant did not identify as TLAAs that are likely to meet the six criteria 
identified above. Sections 4.2 through 4.6 identify typical types of TLAAs for most plants.  
Information on the licensee's methodology for identifying TLAAs may also be useful in 
identifying calculations that did not meet the six criteria. The reviewer may select analyses 
based on the inomto nTables 4.1 2 and 4.1-3 of this review plan section because these 
analyses have been identified as TLAA-s for som.e plants. in addition, the reviewer may select 
analyses that -are not shown in these t-able-s.  

Aging effects that may typically be a TLAA for most plants, may not be a TLAA for a specific 
plant. In these cases, the aging effect may simply be addressed as part of the aging 
management review. The plant-specific application should direct the reviewer from the TLAA
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section to the appropriate Chapter 3 section for the description and demonstration of how the 
aging effect is being or will be managed.  

There are staff members from other branches of engineering reviewing the application in their 
assigned areas separate from the identification of TLAAs. However, they may come across 
situations where they may have a question on why the applicant did not identify certain analyses 
within their areas of review as TLAAs. Should this be the case, the reviewer should coordinate 
the question resolution with these other staff members and determine whether these analyses 
should be included as TLAAs.  

Should an applicant identify a TLAA, which is also a basis for a plant-specific exemption granted 
pursuant to 10 CFR 50.12 and the exemption is in effect, the reviewer verifies that the applicant 
has also identified that exemption pursuant to 10 CFR 54.21(c)(2). However, the initial license 
renewal applicants have found no such exemptions for their plants.  

The reviewer should find no omission by the applicant to make the staff finding that there is 

reasonable assurance that the applicant has identified the TLAAs for its plant.  

4.1.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff evaluation supports conclusions of the 
following type, to be included in the staffs safety evaluation report, as appropriate.  

The staff concludes that the applicant has provided a list of acceptable TLAAs as defined in 
10 CFR 54.3 and that no 10 CFR 50.12 exemptions have been granted on the basis of a 
TLAA as defined in 10 CFR 54.3.  

4.1.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.1.6 References 

1. NEI 95-10, Revision 1, "Industry Guideline for Implementing the Requirements of 10 CFR 
Part 54 - The License Renewal Rule," Nuclear Energy Institute, January 2000.  

2. NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports Nuclear 
Power Plants," July 1981.
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Table 4.1-1. Identification of Potential Time-Limited Aging Analyses 
and Basis for Disposition

Draft - 3/20/00

Example Disposition 
NRC correspondence requests a utility to Does not qualify as a TLAA because the 
justify that unacceptable cumulative wear did design life of control rods is less than 40 
not occur during the design life of control rods years. Therefore, does not meet criterion (3) 

of the TLAA definition in 10 CFR 54.3.  

Maximum wind speed of 100 mph is expected Not a TLAA. Does not involve an aging effect.  
to occur once per 50 years.  

Correspondence from the utility to the NRC This example does not meet criterion (4) of the 
states that the membrane on the containment TLAA definition in 10 CFR 54.3 and therefore 
basemat is certified by the vendor to last for 40 is not considered a TLAA. The membrane 
years. was not credited in any safety evaluation.  

Fatigue usage factor for the pressurizer surge This example is a TLAA because it meets all 6 
line was determined not to be an issue for the criteria in the definition of TLAA in 10 CFR 
current license period in response to NRC 54.3. The utility's fatigue design basis relies 
Bulletin 88-11. on assumptions related to 40 year operating 

life for this component.  

Containment tendon lift-off forces are This example is a TLAA because it meets all 6 
calculated for the 40-year life of the plant. criteria of the TLAA definition in 10 CFR 54.3.  
This data is used during Technical The lift-off force curves are limited to 40-year 
Specification surveillance for comparing values currently and are needed to perform a 
measured to predicted lift-off forces, required Technical Specification surveillance.

4.1-5



ITabe 4.1 2i . I-,otenti-l I iimc imit, " Aflin Analyses

4.1-6 Draft - 3/20/00

Fatigue 

Reactor vessel neut..r embrittlement 

EnviFronmental aging (Environmnental qualification) 

Loss of prestress in cncrete contain•mn•t tendons 

High density neutron poin•sR (e.g., Boraflex) of spent fulel racks 

Metal or inO br allowance 

Insor.Ic~e flaw grov~h analyses that demonstrate stmcture integrity for 10 years 

lnser:iGe local metal containment corrosion analyses 

High energy line break postulation based on fatigue "cumulative uisage factor'



Tale.1 a .4 AdditionalEE~. Examples. of Plant '......!* 11*As A f .1 L..id

the Initial Icer-nse Rienemwal Aonlicants

Intergranular separation in the heat affected zone (HA7.) of reactor vessel low alloy steel un~dei 
auistenitic stainless steel cladding.
Low temperature overpressure proqtection (LTOP) analyses.  

Fatigue analysis for the main steamn supply lines to the turbine driven auxiliary' feedwater pumps.  

Main steamn isolation valves operating cycles.  

Fatigue analysis of the reactor coolant pumnp flywheel.  

Fatigue analysis of polar crane.  

FloGw induced vibration endurance limit, transient cycle count assumptions, and ductility reduc~tion 
of fractur~e toughness for the reactor vessel itras 

Leak before break.  

Fatigue analysis for the containment liner plate.  

Contafinment penetratio prssriation cycles.  

Reac~tor vessel circumwferential weld inspection relief (B\WR).
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4.2 Reactor Vessel Neutron Embrittlement

Review Responsibilities 

Primary- Branch responsible for materials and chemical engineering 
Secondary - Branch responsible for reactor systems 

4.2.1 Areas of Review 

The fracture toughness of ferritic steel in the reactor vessel beltline region of light-water nuclear 
power reactors is reduced during plant service by neutron irradiation. Areas of review to ensure 
that the reactor vessel has adequate fracture toughness to prevent brittle failure during normal 
and off-normal operating conditions are (1) upper-shelf energy, (2) sur.eillance program, (3,2) 
pressurized thermal shock (PTS) for pressurized water reactors (PWRs), (43) heat-up and cool
down (pressure-temperature limits) curves, and (54) boiling water reactor (BWR) Vessel and 
Internals Project (VIP) VIP-05 analysis for elimination of circumferential weld inspection-fer 
BWRs.  

The adequacy of the upper-shelf energy analyses ard surveillance programs for light-water 
reactors, the PTS analyses for pressurized water reactors (PWRs), and the heat-up and cool
down (pressure-temperature limits) curves are reviewed for the period of extended operation.  

The branch responsible for reactor systems should review neutron fluence and dosimetry 
information in the application.  

4.2.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.2.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.2.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) The analyses remain valid for the period of extended operation; 

(ii) _The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Specific acceptance criteria for reactor vessel neutron embrittlement depending on the 
applicant's choice, i.e., 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.2.2.1.1 Upper-Shelf Energy 

Paragraph IV.A.1 in Appendix G (Ref. 1) to 10 CFR Part 50 requires that the reactor vessel 
beltline materials must have a Charpy upper-shelf energy of no less than 68 J (50 ft-lb) 
throughout the life of the reactor vessel unless otherwise approved by the NRC.
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4.2.2.1.1.1 10 CFR 54.21 (c)(1)(i) 

The existing upper-shelf energy analysis remains valid during the period of extended operation 
because the neutron fluence projected to the end of the period of extended operation is 
bounded by the fluence assumed in the existing analysis.  

4.2.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

The upper-shelf energy is re-evaluated to ereer-consider the period of extended operation in 
accordance with Appendix G to 10 CFR Part 50.  

4.2.2.1.1.3 10 CFR 54.21(c)(1)(iii) 

Acceptance criteria under 10 CFR 54.21(c)(1)(iii) have yet to be developed and will be 
evaluated on a case-by-case basis to ensure that the aging effects will be managed such that 
the intended function(s) will be maintained during the period of extended operation.  

4.2.2.1.2 Sureillance Progrm 
The RV Surveillance program does not meet all six of the criteria for TLAAs contained in 54.3.  
The surveillance program is an administrative program that has established when capsules are 
to be withdrawn from the RV. The timing is based on ASTM E 185 guidance for projected 
fluence levels. The surveillance program does not consider the effects of aging, the effect 
considered is fluence: the program does not involve a time-limit established by the current term 
- the time-limit is established by projected and actual fluence. The Appendix H vessel 
surveillance program was not identified as a TLAA at either CCNPP or Oconee. In an RAI 
subsequent to the submission of the CCNPP LRA, the NRC asked BGE to iustify not identifying 
the surveillance program as a TLAA. (This issue does not appear to have been raised for the 
Oconee LRA.) BGE answered simply that no calculations or analyses meeting the definition of 
a TLAA were identified for this issue. In subsequent discussions between BGE and the NRC, it 
was agreed that extension of the program into the period of extended operation would constitute 
an aging management program modification issue and not a TLAA. No further mention of this 
issue (as a TLAA) was made in the SER for the CCNPP LRA. Even though this item is not 
considered a TLAA, the program must be evaluated (as a modified credited aging management 
program) to determine if it can be extended through the period of extended operation.  
Specifically, it must be determined that surveillance capsules are available to provide an 
additional twenty years of coverage, or capsule information must be available through another 
source. Recommend removing this issue from the SRP. Staff review of the capsule 
surveillance program is more appropriately handled during the AMR of the RV as part of the IPA 
process.  

Appendix H (Ref. 2) to 10 CFR Part 50 requires the r-eactor vessel mnaterials surveillancee 
programn to meet the Amnerican Society for Testing and Materials (ASTM) E 185 Standard 
(Ref. 3). However, the surveillanc p R ASTM E 185 is based on plant operation drig 
the current license term, and additional-; suvilac apsules may be needed for the period et 
extended operation. Alternatively, an integrated sureillance pprogarn for the period of extended 
r'rtar"f;ian - ha r•;nraa ar k af r;-,4rr. A f•. k, .$;•-;1 t; &...I... -
U lUrd ,c,,;i m--ay-,rbc- .II- Ca a a r o t at 1t 1 ,±1 s111|,,v design and op..erating

Draft - 3/20/00

Ourrlu ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U CAMIUU t7IO UOM2'tIWZVtt ~~ee fetne pepatI~io IU[ THIS alt~ernaivIe 
aIso9.

4.1-9



4.1.2.1-2.1 10 CFR54.21(c)(1)(;) 

Not applicable. As discussed above, the specified surveillance programn does not address the 
period of extended operation.  

4.2.2.1.2.22 10 C-FR 5-4.21 (G)(1)(ii)I 

Specific acceptaRne criteria for the surveillance program during the period of extended 

operation have yet to be developed and will be evaluated On a case by case basis.  

4.2.2.1.2-3 10 CFR 54.21G ()(1;)(iii) 

The existing reactor vessel mnaterial surveillance program should be evaluated for sufficient 
ma;4teri-al data and dosimretFy to montor- iradiation embrittlement at the end of the period of 
extend-ed- operation and need for operating restrictions (that is, inlet temperature, neutron 
spectmm, and flux). if surveillanc.e capsules are not withdrawn during the period of extended 
operation, operating restrictions should be established to ensure the plant is operated within t 
envronmernt of the suv-1eillance 1apsules.  

4.2.2.1.32 Pressurized Thermal Shock (for PWRs) 

For PWRs, 10 CFR 50.61 (Ref. 4) requires the "reference temperature RTPTS" for reactor vessel 
beltline materials to be less than the "PTS screening criteria" at the expiration date of the 
operating license unless otherwise approved by NRC. The "PTS screening criteria" are 1320C 
(2700F) for plates, forgings, and axial weld materials, or 149°C(300°F) for circumferential weld 
materials. The regulations require updating of the pressurized thermal shock assessment upon 
a request for a change in the expiration date of a facility's operating license. Therefore, the 
RTpTs value must be calculated for the effective full power years (EFPY) correspondingq to the 
renewal period, reacto• life extension perFid of 48 effective full power years (EFPY).  

4.2.2.1.32.1 10 CFR 54.21(c)(1)(i) 

The existing PTS analysis remains valid during the period of extended operation because the 
neutron fluence projected to the end of the period of extended operation is bounded by the 
fluence assumed in the existing analysis.  

4.2.2.1.32.2 10 CFR 54.21 (c)(1)(ii) 

The PTS analysis is reevaluated to e-er--consider the period of extended operation in 
accordance with 10 CFR 50.61. An analysis is performed in accordance with Regulatory Guide 
1.154 (Ref. 5) if the "PTS screening criteria' in 10 CFR 50.61 are exceeded during the period of 
extended operation, 

4.2.2.1.32.3 10 CFR 54.21(c)(1)(iii) 

Acceptance criteria under 10 CFR 54.21(c)(1)(iii) have yet to be developed and will be 
evaluated on a case-by-case basis to ensure that the aging effects will be managed such that 
the intended function(s) will be maintained during the period of extended operation.
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4.2.2.1.43 Pressure-temperature (P-T) limits 

10 CFR Part 50, Appendix G (Ref. 1) requires that heatup and cooldown of the reactor pressure 
vessel be accomplished within established pressure-temperature (P-T) limits. These limits 
specify the maximum allowable pressure as a function of reactor coolant temperature. As the 
reactor pressure vessel becomes embrittled and its fracture toughness is reduced, the allowable 
pressure is reduced. Operation of the react•o Gc•lant systemr is also limited by the net positive 
suction cUr~es for the reactor coolant pumps. These cUr.es specify the minimu pressure 
required to operate the reactor coolant pumps. Therefore, in order to heatup andcodoth 
reactorF coolant temperature and pressure must be maintained within an operating Window 
established betweeR the Appendix G P T limits and the net positive suction curves.  

4.2.2.1.43.1 10 CFR 54.21 (c)(1)(i) 

The existing P-T limits are valid during the period of extended operation because the neutron 
fluence projected to the end of the period of extended operation is bounded by the fluence 
assumed in the existing analysis.  

4.2.2.1.43.2 10 CFR 54.21(c)(1)(ii) 

The P-T limits are re-evaluated to G~verfconsider the period of extended operation in 
accordance with Appendix G to 10 CFR Part 50 (Ref. 1).  

4.2.2.1.43.3 10 CFR 54.21 (c)(1)(iii) 

An operating window shouldd exist between the P T limits and the net positive suction curves at 
the end of the period of exteRded operation. AppeRdix G to 10 CFR Part 50 requirements will 
require priodic update of the P T limits.Not applicable. Updated P-T limits for the period of 
extended operation must be available prior to entering the period of extended operation. (It is 
not necessary to implement P-T limits to carry the RV through 60 years at the time of 
application. The updated limits must merely be available prior to the period of extended 
operation 

4.2.2.1.54 Elimination of Circumferential Weld Inspection (for BWRs) 

Some BWRs have an approved technical alternative eliminating been granted relief fo-m the 
reactor vessel circumferential shell weld inspections for the current license term because they 
satisfy the limiting conditional failure probability for the circumferential welds at the expiration of 
the current license based on BWRVIP 05 and the extent of neutron embrittlement (Refs. 6-8).  
An applicant for such a BWR may provide justification to extend this relief into the period of 
extended operation. The staff is currently reviewing BWRVIP-74, which addresses license 
renewal (Ref. 9). If approved by the staff, BWRVIP-74 may provide the basis for granting such 
relief.  

4.2.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21 (d) is: 

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that later
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changes can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis regarding the basis for determining that aging 
effects are managed On the p..i.d of extended operationthe TLAAs have been dispositioned for 
the period of extended operation.  

4.2.3 Review Procedures 

For each area of review described in Subsection 4.2.1 of this review plan section, the following 
review procedures are followed: 

4.2.3.1 Time-Limited Aging Analysis 

For reactor vessel neutron embrittlement, the review procedures, depending on the applicant's 
choice, i.e., 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.2.3.1.1 Upper-Shelf Energy 

4.2.3.1.1.1 10 CFR 54.21(c)(1)(i) 

The projected neutron fluence at the end of the period of extended operation is reviewed to 
verify that it is bounded by the fluence assumed in the existing upper-shelf energy analysis.  

4.2.3.1.1.2 10 CFR 54.21 (c)(1)(ii) 

The documented results of the revised upper-shelf energy analysis based on the projected 
neutron fluence at the end of the period of extended operation is reviewed for compliance with 
Appendix G to 10 CFR Part 50. An applicant may use Regulatory Guide 1.99, Rev. 2 (Ref. 10), 
to project upper-shelf energy to the end of the period of extended operation. An applicant may 
also use Appendix K of Section Xl of the ASME Code (Ref. 11) for evaluating upper-shelf 
energy. The staff should review the applicant's methodology for this evaluation.  

4.2.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposal to demonstrate that the effects of aging on the intended function(s) will 
be adequately managed for the period of extended operation will be reviewed on a case-by
case basis.  

4.2.3.1.2 Su.veillance Program 

4.2.3.1.2.1 10 CER_ 5-4.21 (G)(1 )(0) 

This option is not applliable.  

4.2.3.1.2.2 10 CFR 54.21(G)(1)(00) 

The surve*iance progra is reiwed for its adequacy during the period of extended operation 
onacase by cas bais. if an applicant proposes an integrated surveillance program forn the 
period of extended operation for a set of reactor-s that have similar design and operating 
features, the proposal is reviewed for comnpliance with Paragraph 11I.0 of Appendix H to 10 ()FR 
Part 50.
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4.2.3.1.2.3 10 CFR 54.21 (G)(1)(000) (Ref. 12) 

1 . An applicant may project the extent of reactor vessel embrittlement for upper shelf energy 
and pressure temperatur~e limits for 60 year-s in accordance with Regulator; Guide 1.1990, 
Rev. 2, "Radi4ation Emri-httlement of ReactorF Vessel Materials." When Using Regulatr 
Guide 1.99, Rev. 2, an applicant has a choiGe of the following: 

(a) Neutron Embr-ifflement Using Chemistry Tables 

An applicant may use the tables in Regulator; Gude 1.99, Rev. 2, to pr•ojet the extent of

Regulator; Position I in the Regulatory Guide.  

(b) Neutron Embrittlement Using Surveillance Data 

When credible surveillance data are available, the extent of reactor vessel neutr-on 
emnbrittlement for the period of extended operation mnay be proected accordng to Regulatory 
Position 2 in Regulator; Guide 1.99, rev. 2. The credible data could be collected during the 
cu~rrent oper-ating term. The applicant may have a plant specific program or an integrated 
surveillance pr-ogram during the period of extended operation to oI!lect additional da.  

2. For an applicant that determines embrittlement using the Regulator; Guide 1.99 tables [see
item 1 (a) above], the applicant should use the applicable limitations in Regulator; Position 
1.3 of the regulator; guide.  

3. For an applicant that determnines embrittlemnent using surveillance data [see item 1 (b) 
above], the applicant should define the applicable bounds of the data, such as cold leg 
operatiRg temperatur and neutFron fluenRe. These bounds should be specific for the 
referen•ed sur..eillane data and would be more restrictive than the bounds for the 
Regulator; Guide in itemn 2 above. For example, the plant specific data could be collected 
wthn a smaller tempeFa•r•e rFaRge thaR that in the regulator; guide.  

4. All pulled and tested capsules, unless previously discarded, should be placed in storage.  
(Note: Thes seins are saved for fu-tu~re recons;ti0tu.tion u se, in case the uvilac 
progrm needs to be re established.  

5. if an applicant has a sur.eillancGe programn which consists Of capsules with a projected 
fluence of less than the 60 year fluehne at the end of 10 years, at least one capsule should 
remnain in the reactor vessel and should be te-sted during the period of extended operation.  
The applicant should either delay withdrawal of their last capsule or withdraw a standby 
capsule during the period of extended operation to monitor the effects of long te~rm exposure 
to neutron irradiation.  

6. if an applicant has sur~veillance program which consists of capsules with a projected fluenc 
exceeding the 60 year fluence at the end of 10 years, the applicant should pull these 
capsules when they reach the 60 "ear fI uenee and test one capsule to meet the 

rqiements of ASTM El 85 and place the remaining capsules in storage without testing.  
An hanges in anticipation of additional renewals, how~eve r, should be discussed with the 

staff
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7. ApplicaRts without in vessel capsules should have alternative dosimetr to mo nitor neutron 
fluence during the period of extended operation, as part of the agn aagemnent proegram 
for reactor vessel neutFro embrittlemnent.

8. The reactor vessel monitoring programn shouldicld that, when future plant operations
ex(Geeu irie 11I~aIrii~nS. OF POLuSo in item 2or a abeve kaS appii~aDie) SUcn as operating at a 
lower cold leg temperature or higher fluence, the imnpact of plant operation changes 
regarding the extent of reactor vessel ebri-ttflement will be evaluated and the NRC will be 
notified. For an applicant withou1t capsules in their reactor vessel, the applicant couldG 
propose re establishing the reacator ve-6ssel sumVeillance program to assess the extent of 
embrittlement. Thi prga ma cnsist of (1) capsules from item 6 above; (2) 
reconstitution Of SpeciGlmenRs firom itemn 4 above; and/or (3) capsules made from any available 
archival materials. This program could be plant specific pro~gram or an integrated
surveillance program.  

4.2.3.1.32 Pressurized Thermal Shock (for PWRs) 

4.2.3.1.32.1 10 CFR 54.21(c)(1)(i) 

The documented results of the projected neutron fluence at the end of the period of extended 
operation is reviewed to verify that it is bounded by the fluence assumed in the existing PTS 
analysis.  

4.2.3.1.32.2 10 CFR 54.21 (c)(1)(ii) 

The documented results of the revised PTS analysis based on the projected neutron 
fluence at the end of the period of extended operation is reviewed for compliance with 10 CFR 
50.61. There are two methodologies from 10 CFR 50.61 that can be used in the PTS analysis 
based on the projected neutron fluence at the end of the period of extended operation. RTNDT is 
the reference temperature (subscript NDT means nil-ductility temperature) used as an indexing 
parameter to determine the fracture toughness and the amount of embrittlement of a material.  
RTpTs is the reference temperature used in the PTS analysis and is related to RTNDT at the end 
of life.  

The first methodology does not rely on plant-specific surveillance data to calculate delta RTNDT 
(i.e., the mean value of the adjustment or shift in reference temperature caused by irradiation).  
The delta RTNDT is determined by multiplying a chemistry factor from the tables in 10 CFR 50.61 
by a fluence factor calculated from the neutron flux using an equation.  

The second methodology relies on plant-specific surveillance data to determine the delta RTNDT.  
In this methodology, two or more sets of surveillance data are needed. Surveillance data 
consists of a measured delta RTNDT for a corresponding neutron fluence. 10 CFR 50.61 
specifies a procedure and a criterion for determining whether the surveillance data are credible, 
e.g., the difference in the predicted value and the measured value for delta RTNDT must be less 
than 280F for weld metal for the surveillance data to be defined as credible. When a credible 
surveillance data set exists, the chemistry factor determined from the surveillance data can be 
used in lieu of the values in the table in 10 CFR 50.61 and the standard deviation of the 
increase in the RTNDT can be reduced from 28 0F to 140F for welds.  

If the "PTS screening criteria" in 10 CFR 50.61 are exceeded during the period of extended 
operation, an analysis based on Regulatory Guide 1.154 is reviewed.
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4.2.3.1.32.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposal to demonstrate that the effects of aging on the intended function(s) will 
be adequately managed for the period of extended operation will be reviewed on a case-by
case basis. If -the projected reference temperature exceeds the screening criterion established 
in 10 CFR 50.61, the licensee is required to implement such flux reduction programs as are 
reasonably practicable to avoid exceeding the screening criterion. The schedule for 
implementation of such programs may take into account the schedule and anticipated approval 
by the Director, NRR, of detailed plant-specific analyses to demonstrate acceptable risk with 
RTpTs above the screening limit. If the licensee cannot avoid exceeding -the screening criteria 
by using a flux reduction program, it must submit a safety analysis to determine what actions 
are necessary to prevent potential failure of the reactor vessel. 10 CFR 50.61 also permits the 
licensee to perform a thermal annealing treatment to recover fracture toughness, subject to the 
requirements of 10 CFR 50.66.  

4.2.3.1.43 Pressure-temperature (P-T) limits 

4.2.3.1.43.1 10 CFR 54.21(c)(1)(i) 

The documented results of the projected neutron fluence at the end of the period of extended 
operation is reviewed to verify that it is bounded by the embrittlement assumed in the existing P
T limit analysis.  

4.2.3.1.43.2 10 CFR 54.21(c)(1)(ii) 

The documented results of the revised P-T limit analysis based on the projected reduction in 
fracture toughness at the end of the period of extended operation is reviewed for compliance 
with 10 CFR Part 50, Appendix G.  

4.2.3.1.43.3 10 CFR 54.21(c)(1)(iii) 

In order to heatup and coldown., the r.eactor coolant temperature and pressure must be 
maintained within an operating w..indow established beteen the Appendix G P T limits and the 

et positive sction nUmes. The r eifies that the applicant has prvided information to 
i ndicate that such an operating window should exist and is sufficient to conduct heatups and 
cooldoWns at the end of the period of extend-ed operation. Appendix G to 10 CFR Part 50 

reure eriodic update of P T limits based an projected embrittlement and data from material 
survillnceprogram. Thus, the applicant's surveillance programn will provide data to update the 

P T limits and will manage the reduc•t*i in f•acture t.ugh.ess.Not applicable.  

4.2.3.1.54 Elimination of Circumferential Weld Inspection (for BWRs) 

Some BVWRs have been granted relief from the reat•or vessel cicumferential shell weld 
i nspections for the current license term because they satisfy the limiting conditional failure 
probability for the ciFGrcuferential welds at the expiration of the current license based on 
BWVRVIP 05 an~d the extent of neutron embrittlement (Refs. 69 8). An applicant for sucah a BWR 

mypoide justification to extend this relief into the period of extended operation. The staff is 
currently r;eviewing B'ARVIP 74 which superiedes BWR\VIP 05 and addresses liGense renewal 
(Ref. 9). if approved by the staff, BWROMP 74 may provide the basis for granting such relief.
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When available, an applicant may reference the approved BWRVIP-74 as its basis for requesting 
the continuation of the relief to the end of the period of extended operation. The staff should 
review to ensure that the applicant's plant is bounded by the BWRVIP-74 analysis and that the 
applicant has committed to actions that are the basis for the staff approval of BWRVIP 74.  

4.2.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of the reactor vessel neutron embrittlement TLAA. Table 4.2-1 of 
this review plan section contains examples of acceptable FSAR supplement information for this 
TLAA. The reviewer verifies that the applicant has provided a FSAR supplement usi-g a format 
similamwith information equivalent to that in Table 4.2-1.  

4.2.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report.  

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that, for the reactor vessel neutron embrittlement TLAA, (i) 
the analyses remain valid for the period of extended operation, (ii) the analyses have been 
projected to the end of the period of extended operation, or (iii) the effects of aging on the 
intended function(s) will be adequately managed for the period of extended operation. The 
staff also concludes that the FSAR supplement contains an appropriate summary 
description of the reactor vessel neutron embrittlement TLAA evaluation for the period of 
extended operation.  

4.2.5 IMPLEMENTATION 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.2.6 References 

1. 10 CFR Part 50 Appendix G, "Fracture Toughness Requirements." 

2. 10 CFR Part 50, Appendix H, "Reactor Vessel Maternial Surveiliance Program~ 
Requrments-.  

3.ASSTM E 185, "Standard Practice of Conducting Surveillance Tests for Light Water Coole 
NUclear Power Reactor Vessels," Ameri•c• Society for Testing and Materals, 1982.  

4. 10 CFR 50.61, "Fracture Toughness Requirements for Protection Against Pressurized 
Thermal Shock Events."
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5. Regulatory Guide 1.154, "Format and Content of Plant-Specific Pressurized 
Thermal Shock Safety Analysis Reports for Pressurized Water Reactors," January 1987.  

6. BWRVIP-05, "BWR Vessel and Internals Project, BWR Reactor Pressure Vessel Shell Weld 
Inspection Recommendations (BWRVIP-05)," Boiling Water Reactor Owners Group, 
September 28, 1995.  

7. Letter to Carl Terry of Niagara Mohawk Power Company, from Gus C. Lainas of NRC, dated 
July 28, 1998.  

8. Generic Letter 98-05, "Boiling Water Reactor Licensees Use of the BWRVIP-05 Report to 
Request Relief from Augmented Examination Requirements on Reactor Pressure Vessel 
Circumferential Shell Welds," Nuclear Regulatory Commission, November 10, 1998.  

9. BWRVIP-74, "BWR Reactor Pressure Vessel Inspection and Flaw Evaluation Guidelines," 
Boiling Water Reactor Owners Group.  

10. Regulatory Guide 1.99 Rev. 2, "Radiation Embrittlement of Reactor Vessel Materials," May, 
1988.  

11. Appendix K of ASME Code, Section XI, "Rules for Inservice Inspection of Nuclear Power 
Plant Components." 

12. Letter from C. I. Grimes (NR C) to D. J. Walters (NEI), License Renewal Issue No. 98 0085, 
"Reactor Vessel Sur-veillance Program," dated Dec 3, 1999.
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Table 4.2-1. Examples of FSAR Supplement for Reactor Vessel Neutron Embrittlement 
TLAA Evaluation 

Description of Implementation 
TLAA Evaluation SGhedule 

Upper-shelf Paragraph IV.A.1 in Appendix G to 10 CFR Part 50 GeMplete4 
energy requires that the reactor vessel beltline materials must 

have Charpy upper-shelf energy of no less than 50 ft-lb 
throughout the life of the reactor vessel unless otherwise 
approved by the NRC. The upper-shelf energy has been 
determined to exceed 50 ft-lb to the end of the period of 
extended operation.  

Suipveillan~e Irradiating and testing of metallurgical samples are used The surveillance 
progr~am to monitor the progress of neu~tOro embrittlement as a capsule wAithdrawAal 

function Of neutFro fluence. The current prga is in schedule will be 
accordance with ASTM E= 185. The progra conssissts of revised-by...
6 capsules in each unit, with 2 capsules tested, 3 
capsules to be tested, and one standby capsule. The 
withdrawal schedule will be revised to provide data at 
neutFro fluence equal to or greater than the projected 
peak fluence at the end of the license renewal period.  

If the last crapsule is withdraw• before year 55, will 
establish r reactor vessel neut e ent conderitions 
applicable to the surveillange data. if the plant operate-s 
outside of the limits established by these conditions, wir 

ynform the NRC and determine the impact of the 
conditieo orgneaGtor vessel integrity.  

if the last capsule is withdrawn before fear 55, will instal 
neutron dosimretry to permit taking ef the fluence to the 
reac~tor vessel.  

Pressurized For PWRs, 10 CFR 50.61 requires the "reference Ga.MPlete 
thermal temperature RTpTs" for reactor vessel beltline materials 
shock be less that the "PTS screening criteria" at the expiration 
(for PWRs) date of the operating license unless otherwise approved 

by the NRC. The "PTS screening criteria" are 270 OF for 
plates, forgings, and axial weld materials, or 300 OF for 
circumferential weld materials. The "reference 
temperature" has been determined to be less than the 
"PTS screening criteria" at the end of the period of 
extended operation.  

Pressure- Appendix G to 10 CFR Part 50 requires that heatup and Update as requir-ed 
temperature cooldown of the reactor pressure vessel be by Appendix G to 
(P-T) limits accomplished within established P-T limits. These limits 10 CFR Part 50 

__________specify the maximum allowable pressure as a function of _________
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reactor coolant temperature. As the reactor pressure 
vessel becomes embrittled and its fracture toughness is 
reduced, the allowable pressure is reduced. Appendix G 
to 10 CFR Part 50 requires periodic update of P-T limits 
based on projected embrittlement and data from material 
surveillance program. The P-T limits will be updated to 
consider the period of extended operation.

Elimination NRC has granted relief from the reactor vessel Gempleted 
of circum- circumferential shell weld inspections, because the plant 
ferential has been demonstrated to meet BWRVIP-74 as 
weld approved by the NRC.  
inspection 
(for BWRs)

Open Item - These examples need to be revised to reflect the General Comments on the FSAR 
Supplement that have been provided separately. General Comments 9 and 10 apply.
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4.3 4,3-METAL FATIGUE

Note: SRP 4.3 has been revised to be similar to the wordinq in SRP 4.6 in the same locations.  

REVIEW RESPONSIBILITIES 

Primary- Branch responsible for mechanical engineering 
Secondary- None 

4.3.1 AREAS OF REVIEW 

A metal component subjected to cyclic loading at loads less than the static design load may fail 
because of fatigue. Metal fatigue of these components may have been evaluated based on an 
assumed number of transients or cycles for the current operating term. The validity of such 
metal fatigue analysis is reviewed for the period of extended operation. The metal fatigue 
analysis review includes, as appropriate, a review of inservice flaw growth analyses, reactor 
vessel underclad cracking analyses, reactor vessel internals fatigue analyses, postulated high 
energy line break locations and leak-before-break.  

The adequacy of the fatigue analyses of the containment liner plates (including welded joints), 
penetration sleeves, dissimilar metal welds, and penetration bellows is reviewed separately 
following the guidance in Section 4.6, "Containment Liner Plate and Penetrations Fatigue 
Analysis" of this standard review plan.  

For some plants, fatigue may not be addressed by a TLAA. In these cases, the applicant will 

address fatigue issues in Chapter 3.  

4.3.1.1 Time-Limited Aging Analysis 

Metal components may be designed or analyzed based on guidance in the American Society of 
Mechanical Engineers (ASME) Boiler and Pressure Vessel Code or the American National 
Standards Institute (ANSI) requirements. These codes contain explicit metal fatigue or cyclic 
considerations based on time-limited aging analyses.  

4.3.1.1.1 ASME Section III, Class 1 

ASME Class 1 components, which include core support structures, are analyzed for metal 
fatigue. ASME Section III (Ref. 1) requires a fatigue analysis for Class 1 components 
considering all transient loads based on the anticipated number of transients. A Section III 
Class 1 fatigue analysis requires the calculation of the "cumulative usage factor" (CUF) based 
on the fatigue properties of the materials and the expected fatigue service of the component.  
The ASME Code limits the CUF to a value of less than unity for acceptable fatigue design. The 
fatigue resistance of these components during the period of extended operation is an area of 
review.  

4.3.1.1.2 ANSI B31.1 

ANSI B31.1 (Ref. 2) does not require an explicit fatigue analysis. It specifies allowable stress 
levels based on the number of anticipated thermal cycles. ANSI B31.1 applies only to piping.
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The specific allowable stress reductions due to thermal cycles are listed in Table 4.3-1. For 
example, the allowable stress would be reduced by a factor of 1.0, that is, no reduction, for 
piping that is not expected to experience more than 7,000 thermal cycles during plant service 
but would be reduced to half of the maximum allowable static stress for 100,000 or more 
thermal cycles. The fatigue resistance of these components during the period of extended 
operation is an area of review.  

4.3.1.1.3 Other Evaluations Based on CUF 

The codes also contain metal fatigue analysis requirements based on a CUF calculation [the 
1969 edition of ANSI 831.7 (Ref. 3) for Class 1 piping, ASME NC 3200 vessels, ASME NE 
3200 Class MG components, and metal bellows designed to ASME NG 3649.4(e)(3), ND 
3649A(e)(3), or NE 3366.2(e)(3)]. For these components, the discussion relating to ASME 
Section III, Class 1 in Subsection 4.3.1.1.1 of this review plan section applies.  

4.3.1.1.4 ASME Section III, Class 2 and 3 

ASME Section III, Class 2 and 3 piping cyclic design requirements are similar to those for ANSI 
831.1. The discussion relating to B31.1 in Subsection 4.3.1.1.2 of this review plan section 
applies.  

4.3.1.2 Generic Safety Issue 

The fatigue design criteria for nuclear power plant components has changed as the industry 
consensus codes and standards have evolved. The fatigue design criteria for a specific 
component depend on the version of the design code that applied to that component, that is, the 
code of record. There is a concern that the effects of the reactor coolant environment on the 
fatigue life of component was not adequately addressed by the code of record.  

The Commission has decided that the adequacy of the code of record relating to metal fatigue is 
a potential safety issue to be addressed by the current regulatory process for operating reactors 
(Refs. 4 and 5). The effects of fatigue for the initial 40-year initial reactor license period were 
studied and resolved under Generic Safety Issue (GSI)-78, "Monitoring of Fatigue Transient 
Limits for Reactor Coolant System," and GSI-166, "Adequacy of Fatigue Life of Metal 
Components" (Ref. 6). GSI-78 addressed whether fatigue monitoring was necessary at 
operating plants. As part of the resolution of GSI-166, an assessment was made of the 
significance of the more recent fatigue test data on the fatigue life of a sample of components in 
plants were Code fatigue design analysis had been performed. The efforts on fatigue life 
estimation and ongoing issues under GSI-78 and GSI-166 for 40-year plant life were addressed 
separately under a staff generic task action plan (Refs. 7 and 8). The staff documented its 
completion of the fatigue action plan in SECY-95-245 (Ref. 9).  

SECY-95-245 was based on a study described in NUREG/CR-6260, "Application of 
NUREG/CR-5999 Interim Fatigue Curves to Selected Nuclear Power Plant Components" (Ref.  
10). In NUREG/CR-6260, sample locations in the plant with high fatigue usage were evaluated.  
Conservatisms in the original fatigue calculations, such as actual cycles versus assumed cycles, 
were removed and the fatigue usage was recalculated using a fatigue curve considering the 
effects of the environment. The staff found that most of the locations would have a CUF of less
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than the ASME Code limit of 1.0 for 40 years. On the basis of the component assessments, 
supplemented by a 40-year risk study, the staff concluded that a backfit of the environmental 
fatigue data to operating plants could not be justified. However, because the staff was less 
certain that sufficient excessive conservatisms in the original fatigue calculations could be 
removed to account for an additional 20 years of operation for renewal, the staff recommended 
in SECY-95-245 that the samples in NUREG/CR-6260 should be evaluated considering 
environmental effects for license renewal. GSI-1 90, "Fatigue Evaluation of Metal Components 
for 60-year Plant Life," was established to address the residual concerns of GSI-78 and GSI-166 
regarding the environmental effects on fatigue on pressure boundary components for 60-years 
of plant operation.  

The scope of GSI-1 90 included design basis fatigue transients, studying the probability of 
fatigue failure and its effect on core damage frequency (CDF) of selected metal components for 
60-year plant life. The study showed that some components have cumulative probabilities of 
crack initiation and through-wall growth that approach unity within the 40- and 60-year period.  

The maximum failure rate (through-wall cracks per year) was in the range of 10-2 per year, and 
those failures were generally associated with high cumulative usage factor locations and 
components with thinner walls, i.e., pipes more vulnerable to through-wall cracks. In most 
cases, the leakage from these through-wall cracks is small and not likely to lead to core 
damage. Based on the results of probabilistic analyses, along with the sensitivity studies 
performed, the interactions with the industry (NEI and EPRI), and different approaches available 
to the licensees to manage the effects of aging, it was concluded that no generic regulatory 
action is required, and that GSI-190 is resolved (Ref. 11). However, the calculations supporting 
resolution of this issue, which included consideration of environmental effects, and the nature of 
age-related degradation indicate the potential for an increase in the frequency of pipe leaks as 
plants continue to operate. Thus, the staff concluded that licensees must address the effects of 
coolant environment on component fatigue life as aging management programs are formulated 
in support of license renewal.  

One method acceptable to the staff of satisfying this recommendation is to assess the impact of 
the reactor coolant environment on a sample of critical components. These critical components 
should include, as a minimum, those components selected in NUREG/CR-6260 (Ref. 10). The 
sample of critical components can be evaluated by applying environmental correction factors to 
the existing ASME Code fatigue analyses. Formulas for calculating the environmental life 
correction factors for carbon and low-alloy steels are contained in NUREG/CR-6583 (Ref. 12) 
and those for austenitic stainless steels are contained in NUREG/CR-5704 (Ref. 13).  

An applicant may also chose to address the effects of coolant environment on component 
fatigue life by an aging management program.  

An applicant's consideration of the effects of coolant environment on component fatigue life for 
license renewal is an area of review.  

Open Item - Section 4.3.1.2 needs to be revised to reflect the recent discussions between the 
industry and NRC staff on the topic of GSI-1 90. The current accepted approach to the 
resolution of GSI-190 is the reanalysis of certain existing fatigue calculations. In the future, an 
accepted approach may be along the lines of enhanced or augmented inspection of certain 
locations in an aging management program. Consideration should be given to relocation of the 
GSI-190 discussion to SRP 3.2, Reactor Coolant System. Conforming changes should also be 
made to SRP Sections 4.3.2.1.1 and 4.3.3.1.1.
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4.3.1.3 FSAR Supplement

Detailed information on the evaluation of time-limited aging analyses is contained in the renewal 
application. A summary description of the evaluation of time-limited aging analyses for the 
period of extended operation is contained in the applicant's final safety analysis report (FSAR) 
supplement. The FSAR supplement is an area of review.  

4.3.2 ACCEPTANCE CRITERIA 

The acceptance criteria for the areas of review described in Subsection 4.3.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.3.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) the analyses remain valid for the period of extended operation, 

(ii) the analyses have been projected to the end of the extended period of operation, or 

(iii) the effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Specific acceptance criteria for metal fatigue are: 

4.3.2.1.1 ASME Section III, Class 1 

For components designed or analyzed to ASME Class 1 requirements, the acceptance criteria, 
depending on the applicant's choice, that is, 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.3.2.1.1.1 10 CFR 54.21(c)(1)(i) 

The existing CUF calculations remain valid because the number of assumed transients weoul 
will not be exceeded during the period of extended operation. The effects of coolant 
environment on component fatigue life (GSI-190) are included within the existing CUF 
calculations.  

4.3.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

The CUF calculations have been re-evaluated based on an increased number of assumed 
transients to bound the period of extended operation. The resulting CUF remains less than 
unity as required by the code during the period of extended operation. The effects of coolant 
environment on component fatigue life (GSI-190) are included within the re-evaluated CUF 
calculations.  

4.3.2.1.1.3 10 CFR 54.21(c)(1)(iii)
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The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the CUF for the replacement will be 
less than unity during the period of extended operation. The effects of coolant environment on 
component fatigue life (GSI-1 90) are included within the proposed aging management program.  

Alternative ac.eptanGe criteria under 10 CFR 54.21.(c)(1)(iii) have yet to be developed and will 
be evaluated on a case by case basis to ensure that the aging effects will be managed such 
that the intended functions(s) will be maintained during the period of extended Operation.  
Alternative aging management program provided by the applicant will be evaluated on a case
by-case basis to ensure that the aging effects will be managed such that the intended 
functions(s) will be maintained durina the oeriod of extended operation.

4.3.2.1.2 ANSI B31.1 

For piping designed or analyzed to B31.1 requirements, the acceptance criteria, depending on 
the applicant's choice, that is, 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.3.2.1.2.1 10 CFR 54.21(c)(1)(i) 

The existing allowable stresses remain valid because the number of assumed thermal cycles 

would not be exceeded during the period of extended operation.  

4.3.2.1.2.2 10 CFR 54.21(c)(1)(ii) 

The allowable stresses have been re-evaluated based on an increased number of assumed 
thermal cycles and Table 4.3-1 to bound the period of extended operation. The resulting 
allowable stresses remain sufficient as required by the code during the period of extended 
operation.  

4.3.2.1.2.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the allowable stresses for the 
replacement will be sufficient as required by the code during the period of extended operation.  

Alternative acceptance criteria under 10 CFR 54.21(c)(1)(iii) have yet to be developed and will 
be evaluated on a case-by-case basis to ensure that the aging effects will be managed such 
that the intended functions(s) will be maintained during the period of extended operation.  

4.3.2.1.3 Other Evaluations Based on CUF 

The acceptance criteria in Subsection 4.3.2.1.1 of this review plan section apply.  

4.3.2.1.4 ASME Section III, Class 2 and 3 

The acceptance criteria in Subsection 4.3.2.1.2 of this review plan section apply.
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The Staff recomnmendation for the closure of OS! 190 is contained in a Decemnber 26, 1999, 
memorandum from Ashok Thadani to William Travers (Ref. 11). The staff recomimended that.  
licensees address the effects of the coolant enVironment on comnponent fatigue life as aging 
management programs arc formulated in support Of license renewal. One method acceptable
to tne stafr of satisfying this recommenaation is to assess the impact of the reactor cooiant 

omnt on a sample Of criti•al GoPmpAn•et These critical eo;mpoents should include, as 
a minimum, those comnponents selected in NURE&GOR 66260 (Ref. 10). The sample Of critica 
components can be evaluated by applying envir.onmental correction fa.etors to the existing 
ASME Code fatigue analyses. Formulas for cGalulating the environmental life correction fact•rs 
for carbon and low alloy steels are contained in NUREG/nR 6583 (Ref. 12) and those fo.  
austenitic stainless steels are contained in NUREG/CR 5704 (Ref. 13).  

4.3.2.32 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that later 
changes can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis regarding the basis for determining that agP• 
effects are managed in the period of extended vperatin•. .the TLAA has been properly 
dispositionedT for the period of extended operation.  

4.3.3 REVIEW PROCEDURES 

For each area of review described in Subsection 4.3.1 of this review plan section, the following 
review procedures are followed: 

4.3.3.1 Time-Limited Aging Analysis 

4.3.3.1.1 ASME Section III, Class 1 

For components designed or analyzed to ASME Class 1 requirements, the review procedures, 
depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.3.3.1.1.1 10 CFR 54.21(c)(1)(i) 

A list of the assumned transients used in the exiSting CUJF calculations for the current operating 
term and operating tranlsient experience is rviewed to ensure that the numnber of assumed 
transients would not be exceeded during the period of e.tended operation. The number of 
assumed transients used in the existing CUF calculations for the current operating term is 
compared to an evaluation of the number of operatincq transients experienced to date as 
extrapolated to 60 years of operation. The comparison confirms that the number of transients in 
the existing analyses will not be exceeded during the period of extended operation.  

The reviewer verifies that the effects of coolant environment on component fatigue life (GSI
190) are included within the existing CUF calculations.  

4.3.3.1.1.2 10 CFR 54.21(c)(1)(ii)
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A list of the increased number of assumed transients projected to the end of the period of 
extended operation and operating transient experience is reviewed to ensure that the transient 
projection is adequate. The revised CUF calculations based on the projected number of 
assumed transients are reviewed to ensure that the CUF remains less than unity at the end of 
the period of extended operation.  

The code of record should be used for the re-evaluation, or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

The reviewer verifies that the effects of coolant environment on component fatigue life (GSI
190) are included within the revised CUF calculations.  

4.3.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed program to ensure that the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation is reviewed. -if-the-appliG 
proposed compnen91t replacement before its CUF exceeds unity, the reviewerz verifies that the 

ICUFfr .Fthe replae•mrent will remain less than unity during the peri-d of extended operation.  
The proposed program should include corrective actions such as component reanalysis, 
transient re-classification, more sophisticated monitoring, repair or replacement.  

The reviewer verifies that the effects of coolant environment on component fatigue life (GSI
190) are being addressed within the applicant's proposed aging management program.  

Other applicant proposed programs will be reviewed on a case-by-case basis.  

4.3.3.1.2 ANSI B31.1 

For piping designed or analyzed to ANSI B31.1 requirements, the review procedures, 
depending on the applicant's choice, that is, 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.3.3.1.2.1 10 CFR 54.21(c)(1)(i) 

A-listThe documented results -of the assumed thermal cycles used in the existing allowable 
stress determination and operating cyclic experience is reviewed to ensure that the number of 
assumed thermal cycles would not be exceeded during the period of extended operation.  

4.3.3.1.2.2 10 CFR 54.21(c)(1)(ii) 

A-tistThe documented results of the increased number of assumed thermal cycles projected to 
the end of the period of extended operation and operating cyclic experience is reviewed to 
ensure that the thermal cycle projection is adequate. The revised allowable stresses based on 
the projected number of assumed thermal cycles and Table 4.3-1 are reviewed to ensure that 
they remain sufficient as required by the code during the period of extended operation.  

The code of record should be used for the re-evaluation or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.
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4.3.3.1.2.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed program to ensure that the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation is reviewed. If the applicant 
proposed component replacement before it exceeds the assumed thermal cycles, the reviewer 
verifies that the allowable stresses for the replacement will remain sufficient as required by the 
code during the period of extended operation. Other applicant-proposed programs will be 
reviewed on a case-by-case basis.  

4.3.3.1.3 Other Evaluations Based on CUF 

The review procedures in Subsection 4.3.3.1.1 of this review plan section apply.  

4.3.3.1.4 ASME Section III, Class 2 and 3 

The review procedures in Subsection 4.3.3.1.2 of this review plan section apply.  

4.3.3.2 Generic Safety issue 

The reviewer verifies that the applicant has addressed the staff recommendation for the closure 
of GSI 190 contained in a Decemnber 265, 1999, mnemoIrandum from Ashok Thadani to William 

Travers (Ref. 11). The reiwe eifies that the applicant has addressed the effects of the 
coolant environment on component fatigue life as aging mnanagement proegrams are formulate 
in support of license renewal. if an applicant has chosen to assess the impact of the reactor 
coolant environment on a sample Of critical components, the reviewer verifies the followiRg: 

1. The critical components includea mnium, those components selected in NUREGIOR 
62690-(Ref. 4Y) 

2. The sample Of critical components have been evaluated by applying envirnmenteal 
correctioer fiators toat the pexistiang ASM E Code fatigue analyses.  

3.Fonmulas for calculating the environmental life correction fateors are those contained in 
NUREtGan R 6583 (Ref. 12) for t earbSon anlow alloy steels, and in NUREG/OR 5704 
(Ref. 13) for austenitic stainless steels., 

AR appniu.-nn ma a16, rGhenas to man.,na the efferGts of arwIng due to eR n~irnnmprnt ali,* 

thisGa the reviewe~r vemgrifn that4 the arkatbvbt 11nr m~~. -r the, effar~p Of agning. is GRsitejgnt 

wAith the qudn, Pi~nm rovided OR Appndixj. A o~f this. revffie~ plan-.  

4.3.3.32 ESAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of the metal fatigue TILAA. Table 4.3-2 of this review plan section 
contains examples of acceptable FSAR supplement information for this TLAA. The reviewer
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verifies that the applicant has provided a FSAR supplement using a format similar with 
information equivalent to that in Table 4.3-2.  

4.3.4 EVALUATION FINDINGS 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report.  

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that, for the metal fatigue TLAA, (i) the analyses remain 
valid for the period of extended operation, (ii) the analyses have been projected to the end 
of the period of extended operation, or (iii) the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation. The staff also concludes 
that the FSAR supplement contains an appropriate summary description of the metal fatigue 
TLAA evaluation for the period of extended operation.  

4.3.5 IMPLEMENTATION 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.3.6 REFERENCES 

1. ASME Boiler and Pressure Vessel Code, Section III, "Rules for Construction of Nuclear 
Power Plant Components," American Society of Mechanical Engineers.  

2. ANSI/ASME B31.1, "Power Piping," American National Standards Institute.  

3. ANSI/ASME B31.7-1969, "Nuclear Power Piping," American National Standards Institute.  

4. SECY-93-049, "Implementation of 10 CFR Part 54, 'Requirements for Renewal of Operating 
Licenses for Nuclear Power Plants,"' March 1, 1993.  

5. Staff Requirements Memorandum from Samuel J. Chilk, dated June 28, 1993.  

6. NUREG-0933, "A Prioritization of Generic Safety Issues," Supplement 20, July 1996.  

7. Letter from William T. Russell of NRC to William Rasin of the Nuclear Management and 
Resources Council, dated July 30, 1993.  

8. SECY-94-191, "Fatigue Design of Metal Components," July 26, 1994.  

9. SECY-95-245, "Completion of The Fatigue Action Plan," September 25, 1995.  

10. NUREG/CR-6260, "Application of NUREG/CR-5999 Interim Fatigue Curves to Selected 
Nuclear Power Plant Components," March 1995.
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11. Letter from Ashok C. Thadani of the Office of Nuclear Regulatory Research to William D.  
Travers, Executive Director of Operations, dated December 26, 1999.  

12. NUREG/CR-6583, "Effects of LWR Coolant Environments on Fatigue Design Curves of 
Carbon and Low-Alloy Steels," March 1998.  

13. NUREG/CR-5704, "Effects of LWR Coolant Environments on Fatigue Design Curves of 
Austenitic Stainless Steels," April 1999.
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Table 4.3-1. Stress Range Reduction Factors

Number of Equivalent Full Stress Range 
Temperature Cycles Reduction Factor 

7,000 and less 1.0 

7,000 to 14,000 0.9 

14,000 to 22,000 0.8 

22,000 to 45,000 0.7 

45,000 to 100,000 0.6 

100,000 and over 0.5
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Table 4.3-2. Examples of FSAR Supplement for Metal Fatigue TLAA Evaluation

10 CFR 54.21 (c)(1)(i) Example

Description of '"P-'- ... tafi
TLAA Evaluation SGhedule 

Metal The existing CUF evaluation has been determined to 
Fatigue remain valid because the number of assumed cyclic 

loads would not be exceeded during the period of 
extended operation.  

The effects of coolant environment on reactor coolant 
system component fatigue life (GSI-1 90) are included 
within the existing calculations.  

10 CFR 54.21 (c)(1)(ii) Example 

Description of hn,., ... ,.ten 
TLAA Evaluation SGhedule 

Metal The CUF calculations have been re-evaluated based on e 
Fatigue an increased number of assumed cyclic loads to include 

the period of extended operation and the revised CUF 
will not exceed unity during the period of extended 
operation.  

The effects of coolant environment on reactor coolant 
system component fatigue life (GSI-190) are included 
within the revised calculations.
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10 CFR 54.21(c)(1)(iii) Example

Description Implementation 
TLAA of Evaluation SGhedule 

Metal Fatigu In order not to exceed the design limit on fatigue usage Evaluation .A-illl be 
and the number of design cycles, the aging management GOMpleted by..
program monitors and tracks the number of critical 
thermal and pressure test transients, and monitors the 
cycles for the selected reactor coolant system 
components.  

The ain ma n ment program wIll address the effects 
of the coolant ~enironment On component fatigue life by 
assessing the impact of the reactorF coolant environment 
on a sample Of critical components that include, as a 
minimum, those components se-lect-ed in WUREGiGR 

6260. The sample Of Gcitical componentS can be 
evaluated by applcing environmental correction factors lt 
the existing ASMVE Code fatigue analyses. Formulas for 
calculating the environmental life correction fa;r-A.-ctr are 
contained in NURE&G/R 6583 for carbon and low alloy 
steels and in NUJRE=G!CQR57014 for austenitic stainless 
steels 
The effects of coolant environment on reactor coolant 
system component fatigiue life (GSI-190) are addressed 
by the aging management program.  

Open Item - These examDles need to be revised to reflect the General Comments on the FSAR
Supplement that have been provided separately.
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4.4 Environmental Qualification (EQ) of Electric Equipment

Pro-gram" has been incorporated into this revision of SRP 4.4.

Review Responsibilities 

Primary - Branch responsible for electrical engineering 
Secondary - None 

4.4.1 Areas of Review 

M1I 4.* r.a,. ; ,.., ~ i, 4 . .; .~,.~*4,n.r ,,*.~ r. an ; ran !anf; II, . Ii 
4

AC 4a. a .a

tunctional Luring normnal piant operation and during ana folioWing aesign oasis events to ensure
safe operation, acnieve and maintain safe SnutuOWn, or preVent or mitigate aGciaen.  
EnViGronmental qualification (EQ) of this equipment has been demonstrated by testing, analysis 
in GOmnbinationR With partial type test data, and/or operating exeiec ith identfic-al or similar 

equpmntfor the current operating termn. The validity of E-Q forzr thseupmn sreiwdfr 

• IV V VI •I I II • 1 I• V •1 • II •111 11 I • IV ll ~ l l I)pl e •t Is Irevie1w• e1 1 1_

1-

The Nuclear Regulatorv Commission (NRC) has established nuclear station environmental
qualification (EQ) requirements in 10 CFR 50 Appendix A, Criterion 4 and in 10 CFR 50.49. 10 
CFR 50.49 soecificallv reauires that an EQ oroaram be established to demonstrate that certain
electrical components located in "harsh" plant environments (i.e., those areas of the plant that
could be subject to the harsh environmental effects of a loss of coolant accident (LOCA), hiqgh 
enerqy line breaks (HELBs) or post-LOCA radiation) are qualified to perform their safety 
function in those harsh environments after the effects of in-service aqinq. 10 CFR 50.49 
requires that the effects of significant aqing mechanisms be addressed as part of environmental 
qualification.  

4.4.1.1 Time-Limited Aging Analysis 

Specific. requirements pertaining to qualification Of certain electric equipment important to safety 
are contained in 10 CFR 50. 9, "Environmental Qualification of Electric Equipment important to 
Safety for Nuclear PoweP lants." Regulator; Guide 1.89, Rev. 1, "Environmental Qualification 
of Certain Electric Equipment Imnportant to Safety for Nuclear Power Plants," (Ref. 1) supports 
10tC 7D rr LA O -rk =nC' ..I-I fI rCD rM A M ,O k--4 --a, 4-k M;a ; ; f 4 : - -n - D 4a-,

,,I.r ir a ~ a a ,I~ff .II..1 I ~ ,.Il i flan~ nrint~m.i I', n ti a.r ifld1i gor,~ I4'I~I %. .lA *.I* ~ S. I .'l *..II*.1A

qualification sta•n•dds for electric eqimntlare IEEE STD. 323 1971 (Ref. 4) and IEEFE STD.  
323 1974 (Ref. 5). These codes and standards contain explicit EQ considerations based On 
time limited aging analyses.  

All operating plants must meet the requirements of § 50.49 for certain electrical components 
important-to-safety. § 50.49 defines the scope of components to be included, requires the 
preparation and maintenance of a list of in-scope components and requires the preparation and 
maintenance of a qualification file that includes component performance specifications, 
electrical characteristics and environmental conditions. § 50.49(e)(5) contains provisions for

Draft - 3/20/00

Note: This revised version of SRP 4.4 incorporates material that has Dreviouslv been provided
to the NRC by NEI as part of industry comments on the electrical portion of the GALL report.  
Specifically, the material contained in proposed Section X of the GALL and dated April 19, 2000, 
"Evaluation of Electrical Components Included in the Plant's Environmental Qualification (EQ)
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aging that require, in part, consideration of all significant types of aging degradation that can 
affect component functional capability. § 50.49(e) also requires component replacement or 
refurbishment prior to the end of designated life unless additional life is established through 
ongoing qualification. § 50.49(f) establishes four methods of demonstrating qualification for 
aging and accident conditions. § 50.49(k) and (I) permit different qualification criteria to apply 
based on plant and component vintage. Supplemental EQ regulatory guidance for compliance 
with these different qualification criteria is provided in the DOR Guidelines, Guidelines for 
Evaluating Environmental Qualification of Class 1E Electfical Equipment in Operating Reactors; 
June 1979, NUREG-0588, Interim Staff Position on Environmental Qualification of Safety
Related Electrical Equipment, July 1981 and Regulatory Guide 1.89, Rev. 1, Environmental 
Qualification of Certain Electric Equipment Important to Safety for Nuclear Power Plants, June 
1984. Compliance with § 50.49 provides evidence that the component will perform its intended 
functions during accident conditions after experiencing the effects of in-service aging.  

EQ programs manage component thermal, radiation and cyclical aging throuqh the use 
of aging evaluations based on , 50.49(f) qualification methods. As required by § 50.49, 
EQ components must be refurbished, replaced or its qualification extended prior to 
reaching the aging limits established in the evaluation. Aging evaluations for EQ 
components that specify a qualification of at least 40 years are considered time limited 
aging analyses (TLAA) for license renewal.  

4.4.1.1.1 DOR Gu-delnes 

The qualification of electric equipment that is subject to significant known degradation due to 
aging where a qualified lfife was previously established will be reviewed for the period of 
extended operation to the requirements of Section 5.2.4 of the DOR Guidelines.  

4.41..2NUREG 0588, CATEGORY 11 (IEEE ST-D. 3-233 1971) 

The qualification of programs that are committed to conformn to the requir-ements of IEEE STD-.  
38241972-(Ref. 6) (for valve operators) and IEEE -T-D. 331 41971 (Ref. 7) (for motors) M.il be
reviewed for the period of extended operation against Category 11 requirementS in NUREG 

4.4.1.1.3 NUREG 0588, CATEGORY I (IEEE STD. 323 1974)

The qualifiation of certainn electric e uipme1t important to safety that is subject to t

ieu Reiieit Of- N4i'rs: 098o, Ca~tegory 1, will he rev iew ed ror the perioo of exrenaea opcration to asesthe validity of the extended qualification-.  

4.4.1.2 Generic Safety Issue 
Generic safety issue (GSI) 168 is related to low-voltage EQ instrumentation and control
cables and is currently an open generic issue. NRC research is ongoing to provide 
information to resolve it. Specific issues being addressed in this research are presented 
in NUREG/CR-6384. Once this generic issue is resolved, guidance will be provided as 
to the impact on license renewal. In the interim, NRC letter dated June 2, 1998, 
"Guidance on Addressing GSI-168 for License Renewal," (C. Grimes, NRC to D.
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Walters, NEI) provides guidance on addressing GSI-168 in license renewal applications.  
It states that until the aeneric issue is resolved "__n accent ahle annro}ach descri.bed in

the SOC is to provide a technical rationale demonstrating that the current ficensinq 
basis for EQ, pursuant to 10 CFR 50.49 will be maintained in the period of extended 
operation."

The EQ requiremnents differ for newer and older plants. The Commission has decided that the 
adequacy Of EQ is a potential safety issue to be add-r.Fe.ssed by the current regulator; pro-essf 

Qualbificatin of Electrical Equipment," (Ref. 10) is being addressed separately under eei 
task action plan (Refs. 11 and 12). industry data on cables have been reviewed (Ref. 13). The 
staff continues to makepors in the cable research proagr-am, including the inetgaino 
caondition monitoring tehnqest predict the condition and -accrid-e-nt sur4vivability of cables.  

An applicant's consideration of GSI 168 for license renewal is an area of review.

4.4.1.3 FSAR Supplement 

The detailed information on the evaluation of time-limited aging analyses is contained in the 
renewal application. A summary description of the evaluation of time-limited aging analyses for 
the period of extended operation is contained in the applicant's final safety analysis report 
(FSAR) supplement. The FSAR supplement is an area of review.  

4.4.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.4.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.4.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21(c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) the analyses remain valid for the period of extended operation, 

(ii) the analyses have been projected to the end of the extended period of operation, or 

(iii) the effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Specific acceptance criteria for EQ of certain electric equipment important to safety analyzed to 
Section 5.2.4 of the DOR Guidelines; NUREG-5088, Category II (Section 4); or NUREG-0588, 
Category I (depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii))are: 

4.4.2.1.1 10 CFR 54.21(c)(1)(i)

Draft - 3/20/004.1-35



The existing qualification is based on; previous testing, analysis, and operating experience OF 
combinationS thereof that demonstrate that the equipment is qualified for the period of extended 
operatin, 

For option (i), the aging evaluation existinq at the time of the renewal application 
qualifies the component through the period of extended operation and no further 
evaluation is necessary.  

4.4.2.1.2 10 CFR 54.21(c)(1)(ii) 

QualificGation of the equipment is extended for the period of extended operation by testing, 
analysis, and operating experienae orcm• .binations thereof in accordance with the CLB 
Fe~eme4#s,-. For option (ii), a reanalysis of the aging evaluation is performed in order to extend 
the qualification of the component through the period of extended operation. Important 
attributes for the reanalysis of an aging evaluation include analytical methods, data collection 
and reduction methods. underlvina assumotions. acceDtance criteria and corrective actions (if
acceptance criteria are not met). These attributes are discussed in the EQ Component 

Reanalysis Attributes, Table 4.4-2.  

4.4.2.1.3 10 CFR 54.21(c)(1)(iii)

The effects of aging on the intended function(s) will be adequately managed for the period ot 
extended operation. The equipment could be replaced prior to reaching the end of its qualified 
life. The EQ process is consideredl an aging management program for license renewal, Option 
(iii) is used in cases (a) where the aging evaluation does not extend the qualification into or 
extends the qualification into but not through, the period of extended operation or (b) where 
aging management actions such as periodic maintenance, inspection, testing or parts 
replacement are required to maintain the qualification through the period of extended operation.  
In light of this option, EQ programs, which implement the requirements of § 50.49 (as further 
defined and clarified by the DOR Guidelines, NUREG-0588 and Regulatory Guide 1.89, Rev.  
1.), at plants are viewed as aging management programs for license renewal. The evaluation 
and technical basis for EQ programs as acceptable aging management programs is provided in 
the EQ Program Evaluation and Technical Basis, Table 4.4-1. Reanalysis of an aging 
evaluation to extend the qualifications of components is performed on a routine basis as part of 
an EQ program. Important attributes for the reanalysis of an aging evaluation include analytical 
methods, data collection and reduction methods, underlying assumptions, acceptance criteria 
and corrective actions (if acceptance criteria are not met). These attributes are discussed in the 
EQ Component Reanalvsis Attributes, Table 4.4-2.

4.4.2.2 Generic Safety Issue 

One acceptable approach is to provide a technical rationale demonstrating that the curr~ent 
licensing basis f•o• ,EQ will be m-aintained in the period of extended operation. (Ref. 14) 
Note: Section 4.4.2.2 is no longer needed because of the discussion contained in 4.4.1.2.  

4.4.2.32 FSAR Supplement
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The specific criterion for meeting 10 CFR 54.21(d) is:

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that later 
changes can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis regarding the basis for determining that aging 
effects are managed in the period of extended operation,.the TLAA has been properly 
dispositioned for the period of extended operation..  

4.4.3 Review Procedures 

For each area of review described in Subsection 4.4.1 of this review plan section, the following 
review procedures are followed: 

4.4.3.1 Time-Limited Aging Analysis 

For electric equipment qualified to the requirements of 10 CFR 50.49, the review procedures, 

depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.4.3.1.1 10 CFR54.21(c)(1)(i) 

The documented results, test data, analyses, etc., of previous qualification by an appropriate 
combination of testing, analysis, and operating experience are reviewed such that it is 
determined that the original qualified life bounds the period of extended operation.  

4.4.3.1.2 10 CFR 54.21(c)(1)(ii) 

The results of extending the qualification for the period of extended operation will be reviewed.  
The qualification methods include testing, analysis, operating experience or combinations 
thereof. For reanalysis, the reviewer verifies that an applicant has addressed attributes of 
analytical methods, data collection and reduction methods, underlying assumptions, acceptance 
criteria, corrective actions if acceptance criteria are not met, and the period of time prior to the 
end of qualified life when the reanalysis will be completed. (Ref.1-) 

4.4.3.1.3 10 CFR 54.21 (c)(1)(iii) 

The applicant's EQ process will be reviewed to ensure that the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation because the 
equipment will be replaced prior to reaching the end of its qualified life. Replacement 
equipment must be qualified in accordance with the provisions of 10 CFR 50.49. For reanalysis, 
the reviewer verifies that an applicant has addressed attributes of analytical methods, data 
collection and reduction methods, underlying assumptions, acceptance criteria, corrective 
actions if acceptance criteria are not met, and the period of time prior to the end of qualified life 
when the reanalysis will be completed. (Ref.15) 

The applicant may state that the environmental qualification program described in Table 4.4-1 is 
applicable to its plant. The reviewer verifies that the applicant has identified the environmental 
qualification program in its application. No further staff evaluation is necessary.
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4.4.3.2 Generic Safety Issue 

For license rC e ~Aal, the Statements of Consideration (SOC) for the amended license renewal 
rule (60 FIR 22184) provide four approaches that could be used to satisfy the finding required by 
10 CFR 51.29. With respect to addressing G&I 168 for license renewal, until completion of an

onon esearch programn and staff evaluations, the potential issues associated w~ith OSI 1468 
and their scope have not been defined to the point that a IIense rene l I apI cnt can 
reasonably be expected to address them; at this time. Therefore, an acceptable approach 
descrfibed in the SOC is to provide a technical rationale demonstrating that the current licensing 
basis for EQ pursuant to 10 CFR 50.49 will be maintained in the period of extended operation.  
Although the SOC also indicates that an applicant should provide a brief description of one or

"reviewe;,r should, not expect an applicantto• provide the optionsat this1; time.A reneal applIcant
snoula monitor updates to R'-,; U933, Ax Pi griotizat4i o-n. of uen•erc Safety issues;,-, hor 

rvsosto CS! 168 during the review of its application and supplement its license reneýA•al

options Or pursuing one of the other approaches described in the SOC becomes feasible 
(R-ef.44-.  
Note: Section 4.4.3.2 is no Ion-qer needed because of the discussion contained in 4.4.1.2.  
Furthermore, it is inappropriate to place a requirement for an applicant action (i.e., applicant 
should monitor updates to NUREG-0933) in the review procedure section of the SRP.  

4.4.3.32 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of EQ Electric Equipment TLAA. Table 4.4-34 of this review plan 
section contains examples of acceptable FSAR supplement information of this TLAA. The 
reviewer verifies that the applicant has provided a FSAR supplement using a format simi-awith 
information equivalent to that in Table 4.4-34.  

4.4.4 Evaluation of Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), (iii), to be 
included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.2 (c)(1), that, for the EQ of Electric Equipment, (i) the analyses 
remain valid for the period of extended operation. (ii) the analyses have been projected to 
the end of the period of extended operation, or (iii) the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation. The staff also 
concludes that the FSAR supplement contains an appropriate summary description of the 
EQ of Electric Equipment TLAA evaluation for the period of extended operation.  

4.4.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method for 
complying with specific portions of the Commission's regulations, the method described herein 
will be used by the staff in its evaluation of conformance with Commission regulations.
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Table 4.4-1 Environmental Qualification (EQ) Program 
Evaluation and Technical Basis 

(1) Scope of Pro-gram: EQ programs include certain electrical components that are 
important to safety and could be exposed to harsh environment accident conditions, as 
defined in 10 CFR 50.49.  
(2) Preventive Actions: § 50.49 does not require actions that prevent aging effects.  
EQ program actions that could be viewed as preventive actions include (a) establishing 
the component service condition tolerance and aging limits (e.g., qualified life or 
condition limit), (b) refurbishment, replacement or requalification of an installed 
component prior to reaching these aging limits and (c) where applicable, requiring 
specific installation, inspection, monitoring or periodic maintenance actions to maintain 
component aging effects within the qualification.  
(3) Parameters Monitored/Inspected: EQ component aging limits are not typically 
based on condition or performance monitoring. However, per Regulatory Guide 1.89 
Rev. 1, such monitoring programs are an acceptable basis to modify aging limits.  
Monitoring or inspection of certain environmental, condition or component parameters 
may be used to ensure that the component is within its qualification or as a means to 
modify the qualification.  
(4) Detection of Aging Effects: § 50.49 does not require the detection of aging effects 
for in-service components. Monitoring of aging effects may be used as a means to 
modify component aging limits.  
(5) Monitoring and Trending: § 50.49 does not require monitoring and trending of 
component condition or performance parameters of in-service components to manage 
the effects of aging. EQ program actions that could be viewed as monitoring include 
monitoring how long qualified components have been installed. Monitoring or 
inspection of certain environmental, condition or component parameters may be used to 
ensure that a component is within its qualification or as a means to modify the 
qualification.  
(6) Acceptance Criteria: § 50.49 acceptance criteria is that an in-service EQ 
component is maintained within its qualification including (a) its established aging limits 
and (b) continued qualification for the proiected accident conditions. § 50.49 requires 
refurbishment, replacement or requalification prior to exceeding the aging limits of each 
installed device. When monitoring is used to modify a component aging limit, plant
specific acceptance criteria are established based on applicable § 50.49(f) qualification 
methods.  
(7 & 8) Corrective Actions & Confirmation Process: If an EQ component is found to 
be outside its qualification, corrective actions are implemented in accordance with the 
station's corrective action program. When unexpected adverse conditions are identified 
during operational or maintenance activities that affect the environment of a qualified 
component, the affected EQ component is evaluated and appropriate corrective actions 
are taken, which may include changes to the qualification bases and conclusions.  
When an emerging industry aging issue is identified that affects the qualification of an 
EQ component, the affected component is evaluated and appropriate corrective actions 
are taken, which may include changes to the qualification bases and conclusions.  
Confirmatory actions, as needed, are implemented as part of the station's corrective 
action program.
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(9) Administrative Controls: EQ programs are implemented through the use of station 
policy, directives and procedures. EQ programs will continue to comply with § 50.49 
throughout the renewal period including development and maintenance of qualification 
documentation demonstrating a component will perform required functions during harsh 
accident conditions. EQ program documents identify the applicable environmental 
conditions for the component locations. EQ program qualification files are maintained at 
the plant site in an auditable form for the duration of the installed life of the component.  
EQ program documentation is controlled under the station's quality assurance program.  
(10) Operating Experience: EQ programs include consideration of operating 
experience to modify qualification bases and conclusions, including aging limits.  
Compliance with § 50.49 provides evidence that the component will perform its intended 
functions during accident conditions after experiencing the effects of in-service aging.
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Table 4.4-2 Environmental Qualification Reanalysis Attributes

The reanalysis of an aging evaluation is normally performed to extend the qualification 
by reducing excess conservatisms incorporated in the prior evaluation. Reanalysis of 
an aging evaluation to extend the qualifications of a component is performed on a 
routine basis as part of an EQ program. A component life limiting condition may be due 
to thermal, radiation or cyclical aging: the vast maiority of component aging limits are 
based on thermal conditions. Conservatisms may exist in aging evaluation parameters 
such as the assumed ambient temperature of the component, an unrealistically low 
activation energy or in the application of a component (de-energized versus energized).  
The reanalysis of an aging evaluation is documented according to the station's quality 
assurance program requirements, which requires the verification of assumptions and 
conclusions. Important attributes of a reanalysis include analytical methods, data 
collection and reduction methods, underlying assumptions, acceptance criteria and 
corrective actions (if acceptance criteria are not met). These attributes are discussed 
below.  

Analytical Methods: The analytical models used in the reanalysis of an aging 
evaluation should be the same as those previously applied during the prior evaluation.  
The Arrhenius methodology is an acceptable thermal model for performing a thermal 
aging evaluation. The analytical method used for a radiation aging evaluation is to 
demonstrate qualification for the total integrated dose (i.e., normal radiation dose for the 
proiected installed life plus accident radiation dose). For license renewal, one 
acceptable method of establishing the 60 year normal radiation dose is to multiply the 
40 year normal radiation dose by 1.5 (i.e., 60 years/40 years). The result is added to the 
accident radiation dose to obtain the total integrated dose for the component. For 
cyclical aging a similar approach may be used. Other models may be iustified on a 
case-by-case basis.  

Data Collection & Reduction Methods: Reducinq excess conservatisms in the 
component service conditions (e.g., temperature, radiation, cycles) used in the prior 
aging evaluation is the chief method used for a reanalysis. Temperature data used in 
an aging evaluation should be conservative and based on plant design temperatures or 
on actual plant temperature data. When used, plant temperature data can be obtained 
in several ways including monitors used for technical specification compliance, other 
installed monitors, measurements made by plant operators during rounds and 
temperature sensors on large motors (while the motor is not running). A representative 
number of temperature measurements are conservatively evaluated to establish the 
temperatures used in an aging evaluation. Plant temperature data may be used in an 
aging evaluation in different ways such as (a) directly applying the plant temperature 
data in the evaluation or (b) using the plant temperature data to demonstrate 
conservatism when using plant design temperatures for an evaluation. Any changes to 
material activation energy values as part of a reanalysis should be iustified. Similar 
methods of reducing excess conservatisms in the component service conditions used in 
prior aging evaluations can be used for radiation and cyclical aging.
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Underlying Assumptions: EQ component aging evaluations contain sufficient 
conservatisms to account for most environmental changes occurrinq due to plant 
modifications and events. When unexpected adverse conditions are identified during 
operational or maintenance activities that affect the environment of a qualified 
component, the affected EQ component is evaluated and appropriate corrective actions 
are taken, which may include changes to the qualification bases and conclusions.  

Acceptance Criteria & Corrective Actions: The reanalysis of an aging evaluation 
shall extend the qualification of the component. If the qualification cannot be extended 
by reanalysis the component must be refurbished, replaced or requalified prior to 
exceeding the current qualification. A reanalysis should be performed in a timely 
manner (i.e., sufficient time is available to refurbish, replace or requalify the component 
if the reanalvsis is unsuccessful).
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Table 4.4-34. Examples of FSAR Supplement for Environmental Qualification (EQ) 
of Electric Equipment TLAA Evaluation 

10 CFR 54.21(c)(1)(i) Example 

Implementation 
TLAA Description of Evaluation SGhedule 

Environmental The original EQ qualified life has been shown to Gempleted 
qualification (EQ) of bound the period of extended operation.  
electric equipment 

10 CFR 54.21 (c)(1)(ii) Example 

Implementation 
TLAA Description of Evaluation SGhedule 

Environmental The EQ qualification has been extended to GGmple 
qualification (EQ) of Govewconsider the period of extended operation.  
electric equipment Re-analysis addressed attributes of analytical 

methods, data collection and reduction methods, 
underlying assumptions, acceptance criteria, and 
corrective actions.  

10 CFR 54.21 (c)(1)(iii) Example 

implemntatin 
TLAA Description of Evaluation SGhedule 

Environmental The existing EQ process, in accordance with 10 Existing, p,,ga 
qualification (EQ) of CFR 50.49, will adequately manage aging of EQ 
electric equipment equipment for the period of extended operation 

because equipment will be replaced prior to 
reaching the end of its qualified life. Re-analysis 
addresses attributes of analytical methods, data 
collection and reduction methods, underlying 
assumptions, acceptance criteria, corrective 
actions if acceptance criteria are not met, and 
the period of time prior to the end of qualified life 
when the re-analysis will be completed.  

Open Item - These examples need to be revised to reflect the General Comments on the FSAR 
Supplement that have been provided separately.
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4.5 CONCRETE CONTAINMENT TENDON PRESTRESS

Review Responsibilities 

Primary - Branch responsible for structural engineering 
Secondary - None 

4.5.1 Areas of Review 

The prestressing fefees-tendons in prestressed concrete containments lose their prestressing 
forces with time due to creep and shrinkage of concrete, and relaxation of the prestressing 
steel. During the design phase, engineers estimate these losses to arrive at the predicted 
prestressing forces at the end of operating life (Refs. 1 and 2), normally forty years. The 

exeines with the trend of prestressing forces indicate that the prestressing tendons lose 
terpetressing forces at a rate higher than estimated (Ref. 3).-Thus, it is necessar; to 

perform time limited aging analysis (TL..) for the extended perid of operatin•.. These end of 
life prestressing force Predicted Lower Limits (PLL) must be above certain design Minimum 
Required Values (MRV). Curves developed from these calculations/analyses are used to 
evaluate prestressing force measurements taken on the tendons during surveillances required 
by Reg. Guide 1.35 and/or ASME Section XI, Subsection IWL. Because the 
calculations/analyses for the prediction of the loss of prestressing forces are performed for a 
period of time based on the original operating term, and must be extended to Ge-veconsider the 
period of extended operation, they constitute a TLAA.  

The actual surveillance testing (including the evaluation of test results) for the prestressing of 
the containment tendons constitutes an aging management activity that must be evaluated as 
part of the IPA process but does not involve a TLAA, because the conduct of testing is not 
based on time-limited assumptions based on the current operating term. Testing periodicities 
are established by regulatory requirements at intervals much shorter than the current operating 
term, and test results are not compared to the 40 year values, but to the values that correspond 
to the time of the collection of the data..The adequacy of the prestresSing forces in prestressed 

concrete ~i cotanmnt isrveed for the period of extended operation.  

4.5.2 Acceptance Criteria 

The acceptance criterion for the TLAA described in Subsection 4.5.1 of this review plan section 
are-is as follows: 

The trend lincs of the actually measured prestressing forces in each group of tendons to remai 
above the predicted lower limits (PLL) (Ref. 2)-for the period of extended operation. The design 
calculations/analyses predicting the prestressing losses must already consider or must be 
projected to consider the period of extended operation. The PLL curves must be shown to 
remain above the MRV for the period of extended operation.  

4.5.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) The analyses remain valid for the period of extended operation;
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(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Accordingly, the specific options for satisfying the acceptance criterion are: 

4.5.2.1.1 10 CFR54.21(c)(1)(i) 

The existing prestressing force evaluation remains valid because k4-)the existing 
calculations/analyses regardincq the predicted losses of the prestressing force are less than the 
predicted losses as evidenced f,. ro the trend lines conStructed fGom the recent inspection, (2) 
the period of evaluation covnsiderers the period of extended operation, and (3) the trend lines of 
the mneasured prestressing forces remain above the predicted lower limit (PLL) for each group of 
tendons for the period of extended o.peration. (As the requirements of Reg Guide 1.35 and 
ASME Section XI, Subsection IWL are based on a forty year operatingq cycle, it is likely that 
existing PLL curves will not account for the period of extended operation, and that option (ii) will 
apply.) 

4.5.2.1.2 10 CFR 54.21(c)(1)(ii) 

An applicant may utilize this option as follows: 

The calculations/analyses regarding the predicted losses of the prestressing force predieted 
lower limits (PLLs) of prestressing forcGes for each group of tendons developed for 40 year-s 
period of operation sheuld-beare extended-projected to 60 years. The applicant sho•u1d 
demoRstrate that the trndieof the measured prestressirg for-es will stay above the PLLs 
and the m*nmu reqired prestressing force value (MRV) in the CLB for each group of tendon 
during the period of extended operatioR (Ref. 4). If this cGa•nt be done, the appGliant should 
develop a systematic plan for retensi•GRig selected tendons se that the trend lines wll reFmnain 
above the PL.Ls for each groqup of tendons during the period of extended operation, Or peiformn a 
reanalysis Of rontaifnRment to demonstrate design adequacy-.  

4.5.2.1.3 10 CFR 54.21(c)(1)(iii) 

This option is not applicable for this TLAA. The calculations/analyses pertaining to the predicted 
loss of prestressing losses must be extended to Geverconsider the period of extended operation 
to satisfy the requirements of Reg. Guide 1.35 and/or ASME Section XI, Subsection IWL. An 
aging management activity may not be substituted for this action.  
in this option, an applicant should develop an agin mnging program incorporating the ten 
elements: (1) scope of program, (2) preventive actions, (3) parameters Monitored -and 
inspected, (4) detection of aging effects, (5) monitor*ing and trending, (6) acceptance criteria, 
(7) corrective actions, (8) confirmnation process, (9) administrative controlis, and (10) operating 
experience as described iR the Branch Technrcal Position XX of this standard review plan, aRd 
address the folloGWig attributes: 

(a) The tendon prestressing forcGes are monitored in accrd,-e-anc-e with ASME. Section Xl, 
Subsection IWL (Ref. 5), examination categor; L B, "Un~bonded Post Tension System" and 
10 CFR 59.55a(b)(2)(ix)(B8) (Ref. 6);
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(b) The trend lines of the measured prestressing forces should be developed for the period -of 
extended operation. The applicant should demonstrate that the trend lines stay above the 
predicted lower limit (PLL) prestressing forces for each group of tendons during the period of 
extended operation; 

(G) if the trend lines cross the PLLs at an" time, corrective actions should be taken which 
inc~lude either systemnatic retensioning to ensure the adequacy of tendon forces or a 
reanalysis Of containment to demonstrate design adequacy; 

(d) The programn should incorporate any plant operatin exeine, as well as operating 
eprence at other plants as applicable to tendon forcemoitrig

4.5.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The description of the time-limited aging analyses for the period of extended operation in the 
FSAR supplement should provide appropriate description such that later changes can be 
controlled by 10 CFR 50.59. The description should contain information associated with 
the time-limited aging analysis and the basis for determining that aging and time 
dependent effects are managed during the period of extended operationthe TLAA has 
been properly dispositioned.  

4.5.3 Review Procedures 

For each area of review described in Subsection 4.5.1 of this review plan section, the following 
review procedures are followed: 

4.5.3.1 Time-Limited Aging Analysis

For a concrete containment prestressing tendon system that has been evaluated and 
determined to be acceptable for continued ser~ice to the end of the current operating term, the 
review procedures, depending on the applicant's choice, i.e., 10 CFR 54.21(c)(1)(i), or (ii),--m 
(ii-), are: 

4.5.3.1.1 10 CFR54.21(c)(1)(i) 

The results of a recent inspection to measure the amount of prestress loss are reviewed to 
ensure that the reductien of prest.essing fore• is less than the predicted los•GeS in the existing 
anaIyses. The reviewer verifies that the trend-line o documented results of the 
calculations/analyses for the measured-predicted prestressing force when plotted On the 
predicted prestressing fore curve shows that the existing analysislosses wiI-Geve: considers 
the period of extended operation.  

4.5.3.1.2 10 CFR 54.21 (c)(1)(ii) 

The reviee revies the trendd lines of the measured prestressing forces to ensure that 
i nd;vidual tendon lift off forces (rather than average lift off forces o the tendon group) are' 
considered in the regression analysis as discussed in IN 99 10 (Ref.-),Th4e reviewer verifies 
that the trend lines will stay above the predicted lower limit (PLL) prestressing for-es for each 
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group of ten•dOs during the per•id of exte•ded operation. if the trend lines fall below the PLL 
during the period of extended operation, the reviewer verifies that the applicant has a systematic 
plan for retenioniging the tendons to ensure that the trend lines will remnain above the PLLfo 
each group of tendons during the period of extended operation. if the applicant chooses to 
reanalyze the containmnent, the reiee eiies that the design adequacy is maintained in the 
peried of extended eperation. The reviewer verifies that the documented results of the 
calculations/analyses for the predicted prestressing force losses have been or will be extended 
to Geverconsider the period of extended operation.  

4.5.3.1.3 10 CFR 54.21 (c)(1)(iii) 

The reviewer verifies that the apingmnRn aroaramn developed by the analicant addresses
attributes (a) to (d) listed in. Subhsec-tion. 1.5.2.1.3 of this review plan section. Not applicable

4.5.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the description of 
the evaluation of the tendon prestress TLAA. Table 4.5-1 of this review plan section contains 
examples of acceptable FSAR supplement information for this TLAA. The reviewer verifies that 
the applicant has provided a FSAR supplement uing a fo•matwith information equivalent-siminaw 
to that in Table 4.5-1.  

4.5.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions 
of the following type, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i,-)Thor 
(ii), or (iii), to be included in the staff's safety evaluation repert: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration 
o r.a .agn management program, pursuant to 10 CFR 54.21(c)(1), that, for the concrete 
containment tendon prestress TLAA, (i) the analyses remain valid for the period of extended 
operation, or (ii) the analyses have been projected to the end of the period of extended 
operation, or (iii) the effectS of aging on the intended function(s) will be adequately managed 
for the period of extended operatio . The staff also concludes that the FSAR supplement 
contains an appropriate description of the concrete containment tendon prestress TLAA 
evaluation for the period of extended operation.  

4.5.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.5.6 References 

1. Regulatory Guide 1.35, Rev. 3, "Inspection of Ungrouted Tendons in Prestressed Concrete 
Containments," July 1990.
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2. Regulatory Guide 1.35.1, "Determining Prestressing Forces for Inspection of Prestressed 
Concrete Containments," July 1990.  

3. NRC In....fioin Notice 99 10, "Degradation of Prestressing Tend• n Systems in 
Prestressed Concrete Containments," April 1999.  

4. NUREG/CR XX, "Generic Aging Lessons Learned (GALL)," XXXX.  

53. ASME Boiler and Pressure Vessel Code, Section XI, "Rules for In-Service Inspection of 
Nuclear Power Plant Components," American Society of Mechanical Engineers, 1989; 
including Appendix VII, "Qualification of Nondestructive Examination Personnel for 
Ultrasonic Examination," and Appendix VIII (1989 Addenda), "Performance Demonstration 
for Ultrasonic Examination Systems," Subsection IWE (1992 Edition with 1992 Addenda), 
"Requirements for Class MC and Metallic Liners of Class CC Components of Light-Water 
Cooled Plants," and Subsection IWL (1992 Edition with 1992 Addenda), "Requirements for 
Class CC Concrete Components of Light-Water Cooled Plants." 

64. Codes of Federal Regulations: 10 CFR 50.55a, "Codes and Standards."
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Table 4.5-1. Examples of FSAR Supplement for Concrete Containment 
Tendon Prestress TLAA Evaluation 

10 CFR 54.21 (c)(1)(i) Example 

Description Imp-ementatien 
TLAA of Evaluation SGhedule 

Concrete The prestressing tendons are used to impart Gempleted 
Containment compressive forces in the prestressed concrete 
Tendon containments to resist the internal pressure inside 
Prestress the containment that would be generated in the 

event of a LOCA. The prestressing forces generated 
by the tendons diminish over time due to losses in 
prestressing force in the tendons and the 
surrounding concrete. The predicted prestressing 
force evaluftion hascalculations/analyses have been 
determined to remain valid to the end of the period of 
extended operation. The PLL curves are shown to 
remain above the MRV for the period of extended 
operation., and the trend lines of +th measured 
prestressing forces will stay above the predicted 
lower limits for each group of tendons to the end of 
the period of extended operation.  

10 CFR 54.21(c)(1)(ii) Example 

Description implementation 
TLAA of Evaluation Sohedule 

Concrete The prestressing tendons are used to impart G.m,,,,, 
Containment compressive forces in the prestressed concrete 
Tendon containments to resist the internal pressure inside Period, Of 
Prestress the containment that would be generated in the extended 

event of a LOCA. The prestressing forces generated 
by the tendons diminish over time due to losses in 
prestressing force in the tendons and the 
surrounding concrete. The predicted prestressincq 
force calculations/analyses have been proiected to 
the end of the period of extended operation. The 
PLL curves have been shown to remain above the 
MRV for the period of extended operation.The 
prestressing forces have been re evaluated and tha 
the trend lnes of the m1easured prestressing fGr-cS 
will stay above the predicated lower limits for each 
group of tendons to the end of the period of 

__________ extended operation.__________
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Demeriat Ilementation 
TLAA of Evaluation SGhed 

GeGi.G~ete The prestressing tendons are used to imp Program will be 
Containment compressive forc.es in the prestressed implemented by...  
Tendon concrete containmenRtS t• esist the internal 
P~estpes pressur-e inside the containment that would 

be generated in the event of a LOCA. The 
prestressing forces generated by the tendons 
dimonish over time due to losses oF 
prestressing force in the ten•dns and the 
surrounding concrete. The agn 
management program developed to Rnonitlc-1 
the prestressing forcGe should ensure that, 
during each inspection, the trend lines of the 
measured prestressing forces show that the" 
meet the eureet of 10 CFR 
50.55a(b)'2)1 "B). If he trendJ lines cross the 

prediced lowr limis corrective actions wi 
be tae.The program will also incorporate 
any plant specific and indust~' operating 

-Open Item - These examples need to be revised to reflect the General Comments on 
the FSAR Supplement that have been provided separately. General Comments -9 and 10
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4.6 CONTAINMENT LINER PLATE AND PENETRATIONS FATIGUE ANALYSIS 

[Note: SRP 4.6 has been revised to be similar to the wordinq in SRP 4.3 in the same locations.  

Review Responsibilities 

Primary - Branch responsible for structural engineering 
Secondary - Branch responsible for mechanical engineering 

4.6.1 Areas of Review 

The interior surface of a concrete containment structure is lined with thin metallic plates to 
provide a leak tight barrier against the uncontrolled release of radioactivity to the environment 
as required by 10 CFR Part 50. The thickness of the l*iner plates is generally between 6.2 mm 
(1/4 in) and 9.5 mm (3/8 in). The liner plates are attached to the concrete containment wall by 
means of stud anchors or structural rolled shapes or both. The design process assumes that the 
liner plates do not carry loads. However, normal loads, such as from concrete shrinkage, creep 
and thermal changes, imposed on the concrete containment structure are transferred to the liner 
plates through the anchorage system. Internal pressure and temperature loads are directly 
applied to the liner plates. Thus, under design-base conditions, the liner plates could 
experience significant strains. Fatigue of the liner plates is considered in the design based on an 
assumed number of loading cycles for the current operating term. The cyclic loads include 
reactor building interior temperature varying during the heatup and cooldown of the reactor 
coolant system, loss-of-coolant accident, annual outdoor temperature variations, thermal loads 
due to the high energy containment penetration piping lines, such as steam and feedwater lines, 
seismic loads, and pressurization due to periodic Type A integrated leak rate tests.  

High energy piping penetrations and fuel transfer canal in some plants are equipped with bellow 
assemblies. These are designed to accommodate relative movements between the containment 
wall (including the liner) and the adjoining structures. The penetrations have sleeves (up to 10 
feet in length, with a 2 to 3-inch annulus around the piping) to penetrate the concrete 
containment wall and allow movement of the piping system. Dissimilar metal welds connect the 
piping penetrations to the bellows to provide leaktight penetrations. The containment liner 
plates, penetration sleeves (including dissimilar metal welds), and penetration bellows ape-Class 
. ompGRne•nS. They are generally designed in accordance with requirements of ASME Section 

III which requires a fatigue analysis based on an assumed number of load cycles. If the code of 
record requires a fatique analysis, then Tthis fatigue 
analysis ismay be a Time-Limited Aging Analysis (TLAA) and must be evaluated in accordance 
with 10 
CFR 54.21(c)(1) to ensure that the effects of aging on the intended functions will be adequately 
managed for the period of extended operation.  

For some plants, liner fatigue may not be addressed by a TLAA. In these cases, the applicant 
will address fatigue issues in Chapter 3.  

The adequacy of the fatigue analyses of the containment liner plates (including welded joints), 
penetration sleeves, dissimilar metal welds, and penetration bellows is reviewed in this review 
plan section for the period of extended operation.
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The fatigue analyses of pressure boundary welds of the high energy containment penetration 
piping lines are reviewed separately following the guidance in Section 4.3, "Metal Fatigue" of 
this standard review plan.  

4.6.1.1 Time-Limited Aging Analysis 

The containment liner plates (including welded joints), penetration sleeves, dissimilar metal 
welds, and penetration bellows are generally designed and/or analyzed in accordance with the 
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
requirements. The ASME code contains explicit metal fatigue or cyclic considerations based on 
time-limited aging analyses. Specific requirements are contained in the design code of 
reference for each plant.  

4.6.1.1.1 ASME Section III, Class 1 

.ASME Class , Ill, or M. com.ponents, SUch as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows, are analyzed for metal fatigue. ASME Section 
Ill, Division 2, "Code for Concrete Reactor Vessel and Containments, Subsection CC, Concrete 
Containment" (Ref. 1) requires a fatigue analysis for liner plates considering all cyclic loads, and 
is based on the anticipated number of cycles. A Section III Class 1 fatigue analysis requires the 
calculation of the "cumulative usage factor" (CUF) based on the fatigue properties of the 
materials and the expected fatigue service of the component. The ASME Code limits the CUF to 
a value of less than unity for acceptable fatigue design. The fatigue resistance of the liner plate, 
liner weld joints, penetration sleeves, dissimilar metal welds, and penetration bellows during the 
period of extended operation is an area of review.  

4.6.1.1.2 ASME Section III, Class 2, 3 
ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows, are analyzed for metal fatigue. The fatigue 
resistance of the liner plate, liner weld ioints, penetration sleeves, dissimilar metal welds, and 
penetration bellows during the period of extended operation is an area of review.  

4.6.1.1.32 Other Evaluations Based on CUF 

Other evaluations also contain metal fatigue analysis requirements based on a CUF calculation 
such as metal bellows designed to ASME NC-3649.4(e)(3), ND-3649.4(e)(3), or 
NE-3366.2(e)(3). For these cases, the discussion relating to ASME Section III, Class 1 in 
Subsection 4.6.1.1.1 of this review plan section applies.  

4.6.1.2 FSAR Supplement 

Detailed information on the evaluation of time-limited aging analyses is contained in the renewal 
application. A summary description of the evaluation of time-limited aging analyses for 
the period of extended operation is contained in the applicant's final safety analysis 
report (FSAR) supplement. The FSAR supplement is an area of review.  

4.6.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.6.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's
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regulations in 10 CFR 54.21(c)(1).

4.6.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1), an applicant must demonstrate one of the following: 

(i) The analyses remain valid for the period of extended operation; 

(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period 
of extended operation.  

Specific acceptance criteria for fatigue of containment liner plates, liner plate weld joints, 
dissimilar metal welds, penetration sleeves, and penetration bellows are: 

4.6.2.1.1 ASME Section III, Class 1 

_ For containment liner plates, liner plate weld joints, penetration sleeves, dissimilar metal welds, 
.nd .p Vneation bellows designed or analyzed to ASME Class 1 requirements, the acceptance 

criteria, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.6.2.1.1.1 10 CFR 54.21(c)(1)(i) 

The existing CUF calculations remain valid because the number of assumed cyclic loads during 
the period of extended operation would not exceed the oneS considered for the current 
liGensingbai&-ill not be exceeded during the period of extended operation.  

4.6.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

Current license basis fatigue analysis, per ASME Code, Section III, were conducted for a 40 
years life. The CUF calculations should be re-evaluated based on an increased number of 
assumed cyclic loads to include the period of extended operation. All cyclic loads considered in 
the original fatigue analyses (including Type A and Type B leak rate tests) should be 
reevaluated and revised as necessary. (Ref.-2).The revised analysis should show that the CUF 
will not exceed unity as required by the ASME code during the period of extended operation.  

4.6.2.1.1.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the CUF for the replacement will be 
less than unity during the period of extended operation.  

Alternative aging management program provided by the applicant will be evaluated on a case
by-case basis to ensure that the aging effects will be managed such that the intended 
functions(s) will be maintained during the period of extended operation. In cases where a 
mitigation or inspection program is proposed, Tthe aging management program will may be 
evaluated against the ten elements described in Branch Technical Position RLSB-1, Appendix 
A. 1 of this standard review plan.  

4.6.2.1.2 ASME Section III, Class 2. 3
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ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows designed or analyzed to ASME Section III, 
Class 2 or 3, the acceptance criteria, depending on the applicant's choice, that is 10 CFR 
54.21(c)(1)(1), (ii), or (iii), are: 

4.6.2.1.2.1 10 CFR 54.21(c)(1)(i) 

The existing allowable stresses remain valid because the number of assumed thermal cycles 

would not be exceeded during the period of extended operation.  

4.6.2.1.2.2 10 CFR 54.21(c)(1)(ii) 

The allowable stresses have been re-evaluated based on an increased number of assumed 
thermal cycles to bound the period of extended operation. The resulting allowable stresses 
remain sufficient as required by the code during the period of extended operation.  

4.6.2.1.2.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the allowable stresses for the 
replacement will be sufficient as required by the code during the period of extended operation.  

Alternative acceptance criteria under 10 CFR 54.21 (c)(1)(iii) have yet to be developed and will 
be evaluated on a case-by-case basis to ensure that the aging effects will be managed such 
that the intended functions(s) will be maintained during the period of extended operation.  

4.6.2.1.32 Other Evaluations Based on CUF 

The acceptance criteria in Subsection 4.6.2.1.24 of this review plan section apply.  

4.6.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that 
later changes can be controlled by 10 CFR 50.59 or 10 CFR 50.90.. The description 
should contain information associated with the time-limited aging analysis regarding the 
basis for determining that aging effects are managed during the period of extended 
operatiknthe TLAA has been properly dispositioned.  

4.6.3 Review Procedures 

For each area of review described in Subsection 4.6.1 of this review plan section, the 
following review procedures are followed: 

4.6.3.1 Time-Limited Aging Analysis
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4.6.3.1.1 ASME Section III, Class 1 

For containment liner plates, liner weld joints, penetration sleeves, dissim.ila Metal welds, and 
penetration bellows, designed or analyzed to ASME Class 1 requirements, the review 
procedures, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.6.3.1.1.1 10 CFR 54.21(c)(1)(i) 

A list of the assumed Gcyci loads used in the existing CUF a•lculations for the GuFrent operating 
termn and operating transient experience is reviewed to ensure that the numnber Of cyclic loads 
assumed in the current liensing basis would not be eXceeded during the period of extended 
operatio. The number of assumed transients used in the existing CUF calculations for the 
current operating term is compared to the number of operating transients experienced to date 
as extrapolated to 60 years of operation. The comparison confirms that the number of 
transients in the existing analyses will not be exceeded during the period of extended operation.  

4.6.3.1.1.2 10 CFR 54.21 (c)(1)(ii) 

A list of the increased number of assumed cyclic loads projected to the end of the period of 
extended operation and operating transient experience is reviewed to ensure that the cyclic load 
projection is adequate. The basis of the determination of the maximum expected lead cycles for 
60 years eperFation is rev-iewed. The revised CUF calculations based on the projected number of 
assumed cyclic loads are reviewed to ensure that the CUF remains less than unity at the end of 
the period of extended operation.  

The code of record should be used for the re-evaluation, or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

4.6.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed aging management program to ensure that the effects of aging on the 
intended function(s) will be adequately managed for the period of extended operation is 
reviewed. If the applicant proposed component replacement before its CUF exceeds unity, the 
reviewer verifies that the CUF for the replacement will remain less than unity during the period 
of extended operation.  

Other applicant proposed programs will be reviewed on a case-by-case basis.  

4.6.3.1.2 ASME Section III, Class 2, 3 
ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows designed or analyzed to ASME Section III, 
Class 2 or 3, the review procedures, depending on the applicant's choice, that is 10 CFR 
54.21(c)(1)(1), (ii), or (iii), are: 

4.6.3.1.2.1 10 CFR 54.21 (c)(1)(ii) 

The results of the A-ilt-ef-he assumed thermal cycles evaluation used in the existing allowable 
stress determination and operating cyclic experience is reviewed to ensure that the number of 
assumed thermal cycles would not be exceeded during the period of extended operation.
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4.6.3.1.2.2 10 CFR 54.21(c)(1)(ii)

The results of the evaluation for theA-i-lst-of-the increased number of assumed thermal cycles 
projected to the end of the period of extended operation and operating cyclic experience is 
reviewed to ensure that the thermal cycle projection is adequate. The revised allowable 
stresses based on the proiected number of assumed thermal cycles are reviewed to ensure that 
they remain sufficient as required by the code during the period of extended operation.  

The code of record should be used for the re-evaluation or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

4.6.3.1.2.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed program to ensure that the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation is reviewed. If the applicant 
proposed component replacement before it exceeds the assumed thermal cycles, the reviewer 
verifies that the allowable stresses for the replacement will remain sufficient as required by the 
code during the period of extended operation. Other applicant-proposed programs will be 
reviewed on a case-by-case basis.  

4.6.3.1.32 Other Evaluations Based on CUF 

__ The review procedures in Subsection 4.6.3.1 of this review plan section apply.  

_4.6.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the 
summary description of the evaluation of the containment liner plate and penetrations 
fatigue TLAA. Table 4.6-1 of this review plan section contains examples of acceptable 
FSAR supplement information for this TLAA. The reviewer verifies that the applicant has 
provided a FSAR supplement using a format similarivith information equivalent to that in 
Table 4.6-1.  

4.6.4 Evaluation Findings 

__ The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this standard review plan section and that the staff's evaluation supports 
conclusions of the following type, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), 
(ii), or (iii), to be included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), thatfor the containment liner plate and penetrations fatigue 
TLAA, (i) the analyses remain valid for the period of extended operation, (ii) the analyses 
have been projected to the end of the period of extended operation, or (iii) the effects of 
aging on the intended function(s) will be adequately managed for the period of extended 
operation. The staff also concludes that the FSAR supplement contains an appropriate 
summary description of the containment liner plate and penetrations fatigue TLAA 
evaluation for the period of extended operation.
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4.6.5 Implementation

Except in those cases in which the applicant proposes an acceptable alternative method, 
the method described herein will be used by the staff in its evaluation of conformance 
with Commission regulations.  

4.5.6 4.6.6 References 

1. ASME Boiler and Pressure Vessel Code, Section III, Division 2, "Code for Concrete Reactor 
Vessels and Containments, Subsection CC, Concrete Containment," American Society of 
Mechanical Engineers, New York, New York, 1989 Edition.  

2.NUREG XXXX, "Generic Aging Lessons Leared (GALL),"I.•XXX
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Table 4.6-1. Examples of FSAR Supplement for Containment Liner Plate 
and Penetrations Fatigue TLAA Evaluation 

10 CFR 54.21 (c)(1)(i) Example 

Description of Implementation 
TLAA Evaluation Sohedule 

Containment The containment liner plates, liner weld joints, Gempleted 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the "Cumulative 
fatigue Usage Factor"' (CUF) to a value of less than unity for 

acceptable fatigue design. The existing CUF evaluation 
has been determined to remain valid because the 
number of assumed cyclic loads would not be exceeded 
during the period of extended operation.  

10 CFR 54.21 (c)(1)(ii) Example 

Description of Implementation 
TLAA Evaluation Sehedule 

Containment The containment liner plates, liner weld joints, Gampleted 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the CUF to a 
fatigue value of less than unity for acceptable fatigue design.  

The CUF calculations have been re-evaluated based on 
an increased number of assumed cyclic loads to include 
the period of extended operation and the revised CUF 
will not exceed unity during the period of extended 
operation.  

10 CFR 54.21 (c)(1)(iii) Example 

Description of ImplementatiGn 
TLAA Evaluation Sehed~ue 

Containment The containment liner plates, liner weld joints, Program M.il be 
liner plate penetration sleeves, dissimilar metal welds, and Wmplemented 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the CUF to a 
fatigue value of less than unity for acceptable fatigue design.  

The component will be replaced and the CUF for the 
replacement will be shown to be less than unity during 
the period of extended operation.  

_ Note: All containment components need not meet the same requirement. It is likely that the liner 
plate and the bellows may be evaluated per 10CFR54.21(c)(1)(i), while high energy 
penetrations may be evaluated per 10CFR54.21(c)(1)(ii).

the General Comments on
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the FSAR Supplement that have been provided separately.
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4.87 OTHER PLANT-SPECIFIC TIME LIMITED AGING ANALESES

Review Responsibilities 

Primary - Branch responsible for engineering 
Secondary - Other branches responsible for systems, as appropriate 

4.87.1 Areas of Review 

There are certain plant-sperifie safety analyses which may have been based on an explicitly 
assumed 40-year plant life (for example, aspects of the reactor vessel design). Pursuant to 10 
CFR 54.21(c), a license renewal applicant is required to evaluate time-limited aging analyses 
(TLAAs). The definition of TLAAs is provided in 10 CFR 54.3 and Section 4.1of this standard 
review plan.  

TLAA requirements may have evolved and are plant specific. The adequacy of the plant's 
current licensing basis (CLB), which includes TLAAs, is not an area of review. Potential 
concerns or enhancements regarding the CLB are to be addressed under the backfit rule (10 
CFR 50.109) and are separate from the license renewal process.  

License renewal reviews focus on the period of extended operation. Pursuant to 10 CFR 54.30, 
if the reviews show that the TLAAs are not sufficient to provide reasonable assurance during the 
current license term that licensed activities will be conducted in accordance with the CLB, the 
licensee is required to take measures under its current license to ensure that the intended 
function of those structures or components will be maintained in accordance with the CLB 
throughout the term of the current license. The adequacy of the measures for the term of the 
current license is not an area of review for license renewal.  

Pursuant to 10 CFR 54.21(c), an applicant must provide a listing of TLAAs and plant-specific 
exemptions that are based on TLAAs. The staff reviews the applicant's identification of TLAAs 
and exemptions that are based on TLAAs separately following the guidance in Section 4.1 of 
this standard review plan.  

Based on lessons learned in the review of the initial license renewal applications, the staff has 
developed review procedures for the evaluation of certain TLAAs. If an applicant identifies 
these TLAAs as applicable to its plant, the staff reviews them separately following the guidance 
in Sections 4.2 through 4.7-6 of this standard review plan. The staff reviews other TLAAs that 
are identified by the applicant following the generic guidance in this review plan section. The 
staff from branches responsible for systems may be requested to assist in the review, as 
appropriate.  

The following areas relating to a TLAA are reviewed: 

4.87.1.1 Time-Limited Aging Analysis 

The evaluation of the TLAA for the period of extended operation is reviewed.  

4.87.1.2 FSAR Supplement 

The FSAR supplement summarizing the evaluation of the TLAA for the period of extended 
operation in accordance with 10 CFR 54.21(d) is reviewed.
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4.87.2 Acceptance Criteria

The acceptance criteria for the areas of review described in Subsection 4.8.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.87.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following for the TLAAs: 

(i) The analyses remain valid for the period of extended operation; 

(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the 
period of extended operation.  

4.87.-4.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of TLAAs for the period of extended operation in the 
FSAR supplement provides appropriate description such that later changes can be controlled by 
10 CFR 50.59. The description should contain information associated with the TLAAs regarding 
the basis for determining that aging effects are managed the TLAAs have been dispositioned for 
in the period of extended operation.  

4.87.3 Review Procedures 

The requirement of TLAAs captures, for renewal review, certain plant-speelfiG aging analyses 
that are explicitly based on the duration of the current operating license of the plant. The 
concern is that these aging analyses do not Gove consider the period of extended operation.  
Unless these analyses are evaluated, there is no assurance that the systems, structures, and 
components addressed by these analyses can perform their intended function(s) during the 
period of extended operation.  

For each area of review described in Subsection 4.8.1 of this review plan section, the following 

review procedures are followed: 

4.87.3.1 Time-Limited Aging Analysis 

For the TLAA identified, the review procedures depending on the applicant's choice, that is, 10 
CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.87.3.1.1 10 CFR54.21(c)(1)(i) 

Justification provided by the applicant is reviewed to verify that the existing analyses are valid 
for the period of extended operation. The existing analyses should be shown to be bounding 
even during the period of extended operation.
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An applicant should describe the TLAA with respect to the objectives of the analysis, conditions, 
and assumptions used in the analysis, acceptance criteria, relevant aging effects, and intended 
function(s). The applicant should show that (1) the conditions and assumptions used in the 
analysis already address the relevant aging effects for the period of extended operation, and (2) 
acceptance criteria are maintained to provide reasonable assurance that the intended 
function(s) is maintained for renewal. Thus, no reanalysis is necessary for renewal.  

In some instances the applicant may identify activities to be performed to verify the assumption 
basis of the calculation such as cycle counting. An evaluation of that activity should be provided 
by the applicant. The reviewer should assure that the applicant's activity is sufficient to confirm 
the calculation assumptions for the 60 year period.  

If the TLAA has to be modified or recalculated to extend the period of evaluation to 
GGvefconsider the period of extended operation, the re-evaluation should be addressed under 
10 CFR 54.21 (c)(1)(ii).  

4.87.3.1.2 10 CFR54.21(c)(1)(ii) 

The documented results of the revised analyses are reviewed to verify that the period of 
evaluation of the analyses is extended such that they are valid for the period of extended 
operation, for example, 60 years. The applicable analysis technique can be the one that is in 
effect in the plant's CLB at the time of renewal application.  

An applicant may recalculate the TLAA using a 60 year period to show that the TLAA 
acceptance criteria continue to be satisfied for the period of extended operation. The applicant 
may also revise the TLAA by recognizing and re-evaluating any overly conservative conditions 
and assumptions. Examples include relaxing overly conservative assumptions in the original 
analysis, using new or refined analytical techniques, and performing the analysis using a 60 
year period. The applicant shall document the results of the reanalysis to show that it is 
satisfactory for the 60 year period. The analysis itself does not need to be reviewed.  

As applicable, the plant's code of record should be used for the re-evaluation or the applicant 
may update to a later code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer 
verifies that the requirements in 10 CFR 50.55a are met.  

In some cases the applicant may identify activities to be performed to verify the assumption 
basis of the calculation such as cycle counting. An evaluation of that activity should be provided 
by the applicant. The reviewer should assure that the applicant's activity is sufficient to confirm 
the calculation assumptions for the 60 year period.  

4.87.3.1.3 10 CFR 54.21(c)(1)(iii) 

Under this option, an applicant would propose to manage the aging effects associated with the 
TLAA by an aging management program, in the same manner as the integrated plant 
assessment (IPA) in 10 CFR 54.21(a)(3). The reviewer reviews the applicant's aging 
management program to verify that the effects of aging on the intended function(s) will be 
adequately managed consistent with the CLB for the period of extended operation.  

An applicant should identify the structures and components associated with the TLAA. The 
TLAA should be described with respect to the objectives of the analysis, conditions, and
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assumptions used in the analysis, acceptance criteria, relevant aging effects and intended 
function(s). In cases where a mitigation or inspection program is proposed, Tthe reviewer may 
use the guidance provided in Branch Technical Position RLSB-1 of this standard review plan to 
ensure that the effects of aging on the structure and component intended function(s) are 
adequately managed for the period of extended operation.  

4.87.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the description of 
the evaluation of the TLAA. The summary description of the evaluation of TLAA for the period 
of extended operation in the FSAR supplement is reviewed to verify that it provides an 
appropriate description such that later changes can be controlled by 10 CFR 50.59. The 
description should contain information that the TLAAs have been dispositioned for the period of 
extended operation. aSSO.iated with the T-LAA rcgardig the basis for determining that aging 
effects are managed in the period of extended o.peration. Sections 4.2 through 4.7-6 of this 
standard review plan contains examples of acceptable FSAR supplement information for TLAA 
evaluation.  

4.87.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that, for the (name of specific) TLAA, (i) the analyses 
remain valid for the period of extended operation, (ii) the analyses have been projected to 
the end of the period of extended operation, or (iii) the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation. The staff also 
concludes that the FSAR supplement contains an appropriate summary description of this 
TLAA evaluation for the period of extended operation.  

4.87.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulation.  

4.87.6 References 

None.
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4.1 IDENTIFICATION OF TIME-LIMITED AGING ANALYSES

Review Responsibilities 

Primary - Branch responsible for materials and chemical engineering 
Secondary - Other branches responsible for engineering, as appropriate 

4.1.1 Areas of Review 

This review plan section addresses the identification of time-limited aging analyses (TLAAs).  
There are certain safety analyses which may have been based on an explicitly assumed 40
year plant life (for example, aspects of the reactor vessel design). Pursuant to 10 CFR 
54.21(c)(1), a license renewal applicant is required to provide a list of TLAAs, as defined in 10 
CFR 54.3. The area relating to the identification of TLAAs is reviewed. The listing of TLAAs 
should provide sufficient detail to identify the type of calculations and the specific TLAA. A 
listing of specific calculation numbers is not required.  

As indicated in 10 CFR 54.30, the adequacy of the plant's current licensing basis (CLB), which 
includes TLAAs, is not an area of review. Potential concerns or enhancements regarding the 
CLB is to be addressed under the backfit rule (10 CFR 50.109) and are separate from the 
license renewal process.  

In addition, pursuant to 10 CFR 54.21 (c)(2), an applicant must provide a list of plant-specific 
exemptions that are based on TLAAs. However, the initial license renewal applicants have 
found no such exemptions for their plants.  

It is an applicant's option to include more analyses than those required by 10 CFR 54.21 (c)(1).  
The staff should focus its review to confirm that the applicant did not omit any TLAAs, as 
defined in 10 CFR 54.3.  

4.1.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.1.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54-21(c)(1). The staff should find no omission of TLAAs, as defined in 10 
CFR 54.3, from the applicant's list.  

Pursuant to 10 CFR 54.3, TLAAs are those licensee calculations and analyses that: 

1. Involve systems, structures, and components within the scope of license renewal, as 
delineated in 10 CFR 54.4(a); 

2. Consider the effects of aging; 

3. Involve time-limited assumptions defined by the current operating term, for example, 40 

years; 

4. Were determined to be relevant by the licensee in making a safety determination;
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5. Involve conclusions or provide the basis for conclusions related to the capability of the 
system, structure, and component to perform its intended functions, as delineated in 10 CFR 
54.4(b); and 

6. Are contained or incorporated by reference in the CLB.  

4.1.3 Review Procedures 

For each area of review described in Subsection 4.1.1 of this review plan section, the following 
review procedures are followed: 

The reviewer verifies that the TLAAs not identified by the applicant don't meet at least one of the 
following criteria 
(Ref. 1).  

1. Involve systems, structures, and components within the scope of license renewal, as 
delineated in 10 CFR 54.4(a). Chapter 2 of this standard review plan provides staff review 
guidance on the scoping and screening methodology, plant level and various system level 
scoping results.  

2. Consider the effects of aging. The effects of aging include, but are not limited to: loss of 
material, loss of toughness, loss of prestress, settlement, cracking, and loss of dielectric 
properties.  

3. Involve time-limited assumptions defined by the current operating term, for example, 40 
years. The defined operating term should be explicit in the analysis. Simply asserting that a 
component is designed for a service life or plant life is not sufficient. The assertion should 
be supported by a calculation or analysis that explicitly includes a time limit.  

4. Were determined to be relevant by the licensee in making a safety determination.  
Relevancy is a determination that the applicant should make based on a review of the 
information available. A calculation or analysis is relevant if it can be shown to have direct 
bearing on the action taken as a result of the analysis performed. Analyses are also 
relevant if they provide the basis for a licensee's safety determination and, in the absence of 
the analyses, the licensee may have reached a different safety conclusion.  

5. Show capability of the system, structure, and component to perform its intended functions, 
as delineated. Involve conclusions or provide the basis for conclusions related to the 10 
CFR 54.4(b). Analyses that do not affect the intended functions of systems, structures, and 
components are not TLAAs.  

6. Are contained or incorporated by reference in the CLB. Plant specific documents contained 
or incorporated by reference in the CLB include, but are not limited to: FSAR, NRC safety 
evaluation reports (SERs), Technical Specifications, the fire protection plan/hazards 
analyses, correspondence to and from the NRC, quality assurance (QA) plan, and topical 
reports included as reference to the FSAR or correspondence to the NRC. Calculations and 
analyses that are not in the CLB or not incorporated by reference are not TLAAs. When the 
code of record is mentioned in the FSAR, for particular groups of structures or components, 
reference material includes all calculations required by that code of record for those 
structures and components.
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TLAAs that need to be addressed are not necessarily those analyses that have been previously 
reviewed or approved by the Commission. The following examples illustrate TLAAs that need to 
be addressed and were not previously reviewed and approved by the Commission: 

" The FSAR states that the design complies with a certain national code and standard. A 
review of the code and standard reveals that a TLAA is required. The actual calculation was 
performed by the licensee to meet code and standard requirements, the specific calculation 
was not referenced in the FSAR, and the NRC had not reviewed the calculation.  

"* In response to a generic letter, a licensee submitted a letter to the NRC committing to 
perform a TLAA that would address the concern in the generic letter. The NRC had not 
documented a review of the licensee's response and had not reviewed the actual analysis.  

The following examples illustrate analyses that are not TLAAs and need not be addressed 
under 10 CFR 54.21 (c): 

"* Population projections (Section 2.1.3 of NUREG-0800) (Ref. 2).  

"* Cost-benefit analyses for plant modifications.  

"* Analysis with time-limited assumptions defined short of the current operating term of the 
plant, for example, an analysis for a component based on a service life that would not reach 
the end of the current operating term.  

The number and type of TLAAs vary depending on the plant-specific CLB. All six criteria of 
TLAAs in 10 CFR 54.3 (and repeated in Subsection 4.1.2 of this review plan section) must be 
satisfied to conclude that a calculation or analysis is a TLAA. Table 4.1-1 provides examples of 
how these six criteria may be applied (Ref. 1).  

The reviewer should use the plant Updated Final Safety Analysis Report (UFSAR) and other 
CLB documents, such as staff SERs, in performing the review. The reviewer should select 
analyses that the applicant did not identify as TLAAs that are likely to meet the six criteria 
identified above. Sections 4.2 through 4.6 identify typical types of TLAAs for most plants.  
Information on the licensee's methodology for identifying TLAAs may also be useful in 
identifying calculations that did not meet the six criteria.  

Aging effects that may typically be a TLAA for most plants, may not be a TLAA for a specific 
plant. In these cases, the aging effect may simply be addressed as part of the aging 
management review. The plant-specific application should direct the reviewer from the TLAA 
section to the appropriate Chapter 3 section for the description and demonstration of how the 
aging effect is being or will be managed.  

There are staff members from other branches of engineering reviewing the application in their 
assigned areas separate from the identification of TLAAs. However, they may come across 
situations where they may have a question on why the applicant did not identify certain analyses 
within their areas of review as TLAAs. Should this be the case, the reviewer should coordinate 
the question resolution with these other staff members and determine whether these analyses 
should be included as TLAAs.
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Should an applicant identify a TLAA, which is also a basis for a plant-specific exemption granted 
pursuant to 10 CFR 50.12 and the exemption is in effect, the reviewer verifies that the applicant 
has also identified that exemption pursuant to 10 CFR 54.21(c)(2). However, the initial license 
renewal applicants have found no such exemptions for their plants.  

The reviewer should find no omission by the applicant to make the staff finding that there is 

reasonable assurance that the applicant has identified the TLAAs for its plant.  

4.1.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff evaluation supports conclusions of the 
following type, to be included in the staffs safety evaluation report, as appropriate.  

The staff concludes that the applicant has provided a list of acceptable TLAAs as defined in 
10 CFR 54.3 and that no 10 CFR 50.12 exemptions have been granted on the basis of a 
TLAA as defined in 10 CFR 54.3.  

4.1.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.1.6 References 

1. NEI 95-10, Revision 1, "Industry Guideline for Implementing the Requirements of 10 CFR 
Part 54 - The License Renewal Rule," Nuclear Energy Institute, January 2000.  

2. NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports Nuclear 
Power Plants," July 1981.
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Table 4.1-1. Identification of Potential Time-Limited Aging Analyses 
and Basis for Disposition

Draft - 3/20/00

Example Disposition 
NRC correspondence requests a utility to Does not qualify as a TLAA because the 
justify that unacceptable cumulative wear did design life of control rods is less than 40 
not occur during the design life of control rods years. Therefore, does not meet criterion (3) 

of the TLAA definition in 10 CFR 54.3.  

Maximum wind speed of 100 mph is expected Not a TLAA. Does not involve an aging effect.  
to occur once per 50 years.  

Correspondence from the utility to the NRC This example does not meet criterion (4) of the 
states that the membrane on the containment TLAA definition in 10 CFR 54.3 and therefore 
basemat is certified by the vendor to last for 40 is not considered a TLAA. The membrane 
years. was not credited in any safety evaluation.  

Fatigue usage factor for the pressurizer surge This example is a TLAA because it meets all 6 
line was determined not to be an issue for the criteria in the definition of TLAA in 10 CFR 
current license period in response to NRC 54.3. The utility's fatigue design basis relies 
Bulletin 88-11. on assumptions related to 40 year operating 

life for this component.  

Containment tendon lift-off forces are This example is a TLAA because it meets all 6 
calculated for the 40-year life of the plant. criteria of the TLAA definition in 10 CFR 54.3.  
This data is used during Technical The lift-off force curves are limited to 40-year 
Specification surveillance for comparing values currently and are needed to perform a 
measured to predicted lift-off forces, required Technical Specification surveillance.
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4.2 Reactor Vessel Neutron Embrittlement

Review Responsibilities 

Primary- Branch responsible for materials and chemical engineering 
Secondary - Branch responsible for reactor systems 

4.2.1 Areas of Review 

The fracture toughness of ferritic steel in the reactor vessel beltline region of light-water nuclear 
power reactors is reduced during plant service by neutron irradiation. Areas of review to ensure 
that the reactor vessel has adequate fracture toughness to prevent brittle failure during normal 
and off-normal operating conditions are (1) upper-shelf energy, (2) pressurized thermal shock 
(PTS) for pressurized water reactors (PWRs), (3) heat-up and cool-down (pressure-temperature 
limits) curves, and (4) boiling water reactor (BWR) Vessel and Internals Project (VIP) VIP-05 
analysis for elimination of circumferential weld inspection.  

The adequacy of the upper-shelf energy analyses for light-water reactors, the PTS analyses for 
pressurized water reactors (PWRs), and the heat-up and cool-down (pressure-temperature 
limits) curves are reviewed for the period of extended operation.  

The branch responsible for reactor systems should review neutron fluence and dosimetry 
information in the application.  

4.2.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.2.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.2.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) The analyses remain valid for the period of extended operation; 

(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Specific acceptance criteria for reactor vessel neutron embrittlement depending on the 
applicant's choice, i.e., 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.2.2.1.1 Upper-Shelf Energy 

Paragraph IV.A.1 in Appendix G (Ref. 1) to 10 CFR Part 50 requires that the reactor vessel 
beltline materials must have a Charpy upper-shelf energy of no less than 68 J (50 ft-lb) 
throughout the life of the reactor vessel unless otherwise approved by the NRC.
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4.2.2.1.1.1 10 CFR 54.21 (c)(1)(i)

The existing upper-shelf energy analysis remains valid during the period of extended operation 
because the neutron fluence projected to the end of the period of extended operation is 
bounded by the fluence assumed in the existing analysis.  

4.2.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

The upper-shelf energy is re-evaluated to consider the period of extended operation in 
accordance with Appendix G to 10 CFR Part 50.  

4.2.2.1.1.3 10 CFR 54.21(c)(1)(iii) 

Acceptance criteria under 10 CFR 54.21 (c)(1)(iii) have yet to be developed and will be 
evaluated on a case-by-case basis to ensure that the aging effects will be managed such that 
the intended function(s) will be maintained during the period of extended operation.  

4.2.2.1.2 Pressurized Thermal Shock (for PWRs) 

For PWRs, 10 CFR 50.61 (Ref. 4) requires the "reference temperature RTpTs" for reactor vessel 
beltline materials to be less than the "PTS screening criteria" at the expiration date of the 
operating license unless otherwise approved by NRC. The "PTS screening criteria" are 1320C 
(2700F) for plates, forgings, and axial weld materials, or 1490C(3000 F) for circumferential weld 
materials. The regulations require updating of the pressurized thermal shock assessment upon 
a request for a change in the expiration date of a facility's operating license. Therefore, the 
RTpTs value must be calculated for the effective full power years (EFPY) corresponding to the 
renewal period.  

4.2.2.1.2.1 10 CFR 54.21(c)(1)(i) 

The existing PTS analysis remains valid during the period of extended operation because the 
neutron fluence projected to the end of the period of extended operation is bounded by the 
fluence assumed in the existing analysis.  

4.2.2.1.2.2 10 CFR 54.21(c)(1)(ii) 

The PTS analysis is reevaluated to consider the period of extended operation in accordance 
with 10 CFR 50.61. An analysis is performed in accordance with Regulatory Guide 1.154 (Ref.  
5) if the "PTS screening criteria' in 10 CFR 50.61 are exceeded during the period of extended 
operation.  

4.2.2.1.2.3 10 CFR 54.21(c)(1)(iii) 

Acceptance criteria under 10 CFR 54.21 (c)(1)(iii) have yet to be developed and will be 
evaluated on a case-by-case basis to ensure that the aging effects will be managed such that 
the intended function(s) will be maintained during the period of extended operation.  

4.2.2.1.3 Pressure-temperature (P-T) limits 

10 CFR Part 50, Appendix G (Ref. 1) requires that heatup and cooldown of the reactor pressure 
vessel be accomplished within established pressure-temperature (P-T) limits. These limits
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specify the maximum allowable pressure as a function of reactor coolant temperature. As the 
reactor pressure vessel becomes embrittled and its fracture toughness is reduced, the allowable 
pressure is reduced 
4.2.2.1.3.1 10 CFR 54.21 (c)(1)(i) 

The existing P-T limits are valid during the period of extended operation because the neutron 
fluence projected to the end of the period of extended operation is bounded by the fluence 
assumed in the existing analysis.  

4.2.2.1.3.2 10 CFR 54.21(c)(1)(ii) 

The P-T limits are re-evaluated to consider the period of extended operation in accordance with 
Appendix G to 10 CFR Part 50 (Ref. 1).  

4.2.2.1.3.3 10 CFR 54.21(c)(1)(iii) 

Not applicable. Updated P-T limits for the period of extended operation must be available prior 
to entering the period of extended operation. (It is not necessary to implement P-T limits to 
carry the RV through 60 years at the time of application. The updated limits must merely be 
available prior to the period of extended operation 

4.2.2.1.4 Elimination of Circumferential Weld Inspection (for BWRs) 

Some BWRs have an approved technical alternative eliminating the reactor vessel 
circumferential shell weld inspections for the current license term because they satisfy the 
limiting conditional failure probability for the circumferential welds at the expiration of the current 
license based on BWRVIP 05 and the extent of neutron embrittlement (Refs. 6-8). An applicant 
for such a BWR may provide justification to extend this relief into the period of extended 
operation. The staff is currently reviewing BWRVIP-74, which addresses license renewal (Ref.  
9). If approved by the staff, BWRVIP-74 may provide the basis for granting such relief.  

4.2.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that later 
changes can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis regarding the basis for determining that the 
TLAAs have been dispositioned for the period of extended operation.  

4.2.3 Review Procedures 

For each area of review described in Subsection 4.2.1 of this review plan section, the following 
review procedures are followed: 

4.2.3.1 Time-Limited Aging Analysis 

For reactor vessel neutron embrittlement, the review procedures, depending on the applicant's 
choice, i.e., 10 CFR 54.21(c)(1)(i), (ii), or (iii), are:
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4.2.3.1.1 Upper-Shelf Energy

4.2.3.1.1.1 10 CFR54.21(c)(1)(i) 

The projected neutron fluence at the end of the period of extended operation is reviewed to 
verify that it is bounded by the fluence assumed in the existing upper-shelf energy analysis.  

4.2.3.1.1.2 10 CFR 54.21 (c)(1)(ii) 

The documented results of the revised upper-shelf energy analysis based on the projected 
neutron fluence at the end of the period of extended operation is reviewed for compliance with 
Appendix G to 10 CFR Part 50. An applicant may use Regulatory Guide 1.99, Rev. 2 (Ref. 10), 
to project upper-shelf energy to the end of the period of extended operation. An applicant may 
also use Appendix K of Section XI of the ASME Code (Ref. 11) for evaluating upper-shelf 
energy. The staff should review the applicant's methodology for this evaluation.  

4.2.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposal to demonstrate that the effects of aging on the intended function(s) will 
be adequately managed for the period of extended operation will be reviewed on a case-by
case basis.  

4.2.3.1.2 Pressurized Thermal Shock (for PWRs) 

4.2.3.1.2.1 10 CFR 54.21(c)(1)(i) 

The documented results of the projected neutron fluence at the end of the period of extended 
operation is reviewed to verify that it is bounded by the fluence assumed in the existing PTS 
analysis.  

4.2.3.1.2.2 10 CFR 54.21 (c)(1)(ii) 

The documented results of the revised PTS analysis based on the projected neutron fluence at 
the end of the period of extended operation is reviewed for compliance with 10 CFR 50.61.  
There are two methodologies from 10 CFR 50.61 that can be used in the PTS analysis based 
on the projected neutron fluence at the end of the period of extended operation. RTNDT is the 
reference temperature (subscript NDT means nil-ductility temperature) used as an indexing 
parameter to determine the fracture toughness and the amount of embrittlement of a material.  
RTPTS is the reference temperature used in the PTS analysis and is related to RTNDT at the end 
of life.  

The first methodology does not rely on plant-specific surveillance data to calculate delta RTNDT 

(i.e., the mean value of the adjustment or shift in reference temperature caused by irradiation).  
The delta RTNDT is determined by multiplying a chemistry factor from the tables in 10 CFR 50.61 
by a fluence factor calculated from the neutron flux using an equation.  

The second methodology relies on plant-specific surveillance data to determine the delta RTNDT.  

In this methodology, two or more sets of surveillance data are needed. Surveillance data 
consists of a measured delta RTNDT for a corresponding neutron fluence. 10 CFR 50.61 
specifies a procedure and a criterion for determining whether the surveillance data are credible,
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e.g., the difference in the predicted value and the measured value for delta RTNDT must be less 
than 280F for weld metal for the surveillance data to be defined as credible. When a credible 
surveillance data set exists, the chemistry factor determined from the surveillance data can be 
used in lieu of the values in the table in 10 CFR 50.61 and the standard deviation of the 
increase in the RTNDT can be reduced from 280F to 140F for welds.  

If the "PTS screening criteria" in 10 CFR 50.61 are exceeded during the period of extended 
operation, an analysis based on Regulatory Guide 1.154 is reviewed.  

4.2.3.1.2.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposal to demonstrate that the effects of aging on the intended function(s) will 
be adequately managed for the period of extended operation will be reviewed on a case-by
case basis. If the projected reference temperature exceeds the screening criterion established 
in 10 CFR 50.61, the licensee is required to implement such flux reduction programs as are 
reasonably practicable to avoid exceeding the screening criterion. The schedule for 
implementation of such programs may take into account the schedule and anticipated approval 
by the Director, NRR, of detailed plant-specific analyses to demonstrate acceptable risk with 
RTPTs above the screening limit. If the licensee cannot avoid exceeding the screening criteria 
by using a flux reduction program, it must submit a safety analysis to determine what actions 
are necessary to prevent potential failure of the reactor vessel. 10 CFR 50.61 also permits the 
licensee to perform a thermal annealing treatment to recover fracture toughness, subject to the 
requirements of 10 CFR 50.66.  

4.2.3.1.3 Pressure-temperature (P-T) limits 

4.2.3.1.3.1 10 CFR54.21(c)(1)(i) 

The documented results of the projected neutron fluence at the end of the period of extended 
operation is reviewed to verify that it is bounded by the embrittlement assumed in the existing P
T limit analysis.  

4.2.3.1.3.2 10 CFR 54.21(c)(1)(ii) 

The documented results of the revised P-T limit analysis based on the projected reduction in 
fracture toughness at the end of the period of extended operation is reviewed for compliance 
with 10 CFR Part 50, Appendix G.  

4.2.3.1.3.3 10 CFR 54.21(c)(1)(iii) 

Not applicable.  

4.2.3.1.4 Elimination of Circumferential Weld Inspection (for BWRs) 

When available, an applicant may reference the approved BWRVIP-74 as its basis for requesting 
the continuation of the relief to the end of the period of extended operation. The staff should 
review to ensure that the applicant's plant is bounded by the BWRVIP-74 analysis and that the 
applicant has committed to actions that are the basis for the staff approval of BWRVIP 74.
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4.2.3.2 FSAR Supplement

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of the reactor vessel neutron embrittlement TLAA. Table 4.2-1 of 
this review plan section contains examples of acceptable FSAR supplement information for this 
TLAA. The reviewer verifies that the applicant has provided a FSAR supplement with 
information equivalent to that in Table 4.2-1.  

4.2.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report.  

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21(c)(1), that, for the reactor vessel neutron embrittlement TLAA, (i) 
the analyses remain valid for the period of extended operation, (ii) the analyses have been 
projected to the end of the period of extended operation, or (iii) the effects of aging on the 
intended function(s) will be adequately managed for the period of extended operation. The 
staff also concludes that the FSAR supplement contains an appropriate summary 
description of the reactor vessel neutron embrittlement TLAA evaluation for the period of 
extended operation.  

4.2.5 IMPLEMENTATION 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.2.6 References 

1. 10 CFR Part 50 Appendix G, "Fracture Toughness Requirements." 

2. 10 CFR 50.61, "Fracture Toughness Requirements for Protection Against Pressurized 
Thermal Shock Events." 

3. Regulatory Guide 1.154, "Format and Content of Plant-Specific Pressurized Thermal Shock 
Safety Analysis Reports for Pressurized Water Reactors," January 1987.  

4. BWRVIP-05, "BWR Vessel and Internals Project, BWR Reactor Pressure Vessel Shell Weld 
Inspection Recommendations (BWRVIP-05)," Boiling Water Reactor Owners Group, 
September 28, 1995.  

5. Letter to Carl Terry of Niagara Mohawk Power Company, from Gus C. Lainas of NRC, dated 
July 28, 1998.  

6. Generic Letter 98-05, "Boiling Water Reactor Licensees Use of the BWRVIP-05 Report to 
Request Relief from Augmented Examination Requirements on Reactor Pressure Vessel 
Circumferential Shell Welds," Nuclear Regulatory Commission, November 10, 1998.
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7. BWRVIP-74, "BWR Reactor Pressure Vessel Inspection and Flaw Evaluation Guidelines," 
Boiling Water Reactor Owners Group.  

8. Regulatory Guide 1.99 Rev. 2, "Radiation Embrittlement of Reactor Vessel Materials," May, 
1988.  

9. Appendix K of ASME Code, Section XI, "Rules for Inservice Inspection of Nuclear Power 
Plant Components."

Draft - 3/20/004.1-12



Table 4.2-1. Examples of FSAR Supplement for Reactor Vessel Neutron Embrittlement 
TLAA Evaluation 

Description of 
TLAA Evaluation 

Upper-shelf Paragraph IV.A.1 in Appendix G to 10 CFR Part 50 
energy requires that the reactor vessel beltline materials must 

have Charpy upper-shelf energy of no less than 50 ft-lb 
throughout the life of the reactor vessel unless otherwise 
approved by the NRC. The upper-shelf energy has been 
determined to exceed 50 ft-lb to the end of the period of 
extended operation.  

Pressurized For PWRs, 10 CFR 50.61 requires the "reference 
thermal temperature RTpTs" for reactor vessel beltline materials 
shock be less that the "PTS screening criteria" at the expiration 
(for PWRs) date of the operating license unless otherwise approved 

by the NRC. The "PTS screening criteria" are 270 OF for 
plates, forgings, and axial weld materials, or 300 OF for 
circumferential weld materials. The "reference 
temperature" has been determined to be less than the 
"PTS screening criteria" at the end of the period of 
extended operation.  

Pressure- Appendix G to 10 CFR Part 50 requires that heatup and 
temperature cooldown of the reactor pressure vessel be 
(P-T) limits accomplished within established P-T limits. These limits 

specify the maximum allowable pressure as a function of 
reactor coolant temperature. As the reactor pressure 
vessel becomes embrittled and its fracture toughness is 
reduced, the allowable pressure is reduced. Appendix G 
to 10 CFR Part 50 requires periodic update of P-T limits 
based on projected embrittlement and data from material 
surveillance program. The P-T limits will be updated to 
consider the period of extended operation.  

Elimination NRC has granted relief from the reactor vessel 
of circum- circumferential shell weld inspections, because the plant 
ferential has been demonstrated to meet BWRVIP-74 as 
weld approved by the NRC.  
inspection 
(for BWRs)
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4.3 METAL FATIGUE

Review Responsibilities 

Primary- Branch responsible for mechanical engineering 
Secondary- None 

4.3.1 AREAS OF REVIEW 

A metal component subjected to cyclic loading at loads less than the static design load may fail 
because of fatigue. Metal fatigue of these components may have been evaluated based on an 
assumed number of transients or cycles for the current operating term. The validity of such 
metal fatigue analysis is reviewed for the period of extended operation. The metal fatigue 
analysis review includes, as appropriate, a review of inservice flaw growth analyses, reactor 
vessel underclad cracking analyses, reactor vessel internals fatigue analyses, postulated high 
energy line break locations and leak-before-break.  

The adequacy of the fatigue analyses of the containment liner plates (including welded joints), 
penetration sleeves, dissimilar metal welds, and penetration bellows is reviewed separately 
following the guidance in Section 4.6, "Containment Liner Plate and Penetrations Fatigue 
Analysis" of this standard review plan.  

For some plants, fatigue may not be addressed by a TLAA. In these cases, the applicant will 

address fatigue issues in Chapter 3.  

4.3.1.1 Time-Limited Aging Analysis 

Metal components may be designed or analyzed based on guidance in the American Society of 
Mechanical Engineers (ASME) Boiler and Pressure Vessel Code or the American National 
Standards Institute (ANSI) requirements. These codes contain explicit metal fatigue or cyclic 
considerations based on time-limited aging analyses.  

4.3.1.1.1 ASME Section III, Class 1 

ASME Class 1 components, which include core support structures, are analyzed for metal 
fatigue. ASME Section III (Ref. 1) requires a fatigue analysis for Class 1 components 
considering all transient loads based on the anticipated number of transients. A Section III 
Class 1 fatigue analysis requires the calculation of the "cumulative usage factor" (CUF) based 
on the fatigue properties of the materials and the expected fatigue service of the component.  
The ASME Code limits the CUF to a value of less than unity for acceptable fatigue design. The 
fatigue resistance of these components during the period of extended operation is an area of 
review.  

4.3.1.1.2 ANSI B31.1 

ANSI B31.1 (Ref. 2) does not require an explicit fatigue analysis. It specifies allowable stress 
levels based on the number of anticipated thermal cycles. ANSI B31.1 applies only to piping.  
The specific allowable stress reductions due to thermal cycles are listed in Table 4.3-1. For 
example, the allowable stress would be reduced by a factor of 1.0, that is, no reduction, for 
piping that is not expected to experience more than 7,000 thermal cycles during plant service
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but would be reduced to half of the maximum allowable static stress for 100,000 or more 
thermal cycles. The fatigue resistance of these components during the period of extended 
operation is an area of review.  

4.3.1.1.3 Other Evaluations Based on CUF 

The codes also contain metal fatigue analysis requirements based on a CUF calculation [the 
1969 edition of ANSI B31.7 (Ref. 3) for Class 1 piping, For these components, the discussion 
relating to ASME Section III, Class 1 in Subsection 4.3.1.1.1 of this review plan section applies.  

4.3.1.1.4 ASME Section III, Class 2 and 3 

ASME Section III, Class 2 and 3 piping cyclic design requirements are similar to those forANSI 
B31.1. The discussion relating to B31.1 in Subsection 4.3.1.1.2 of this review plan section 
applies.  

4.3.1.2 Generic Safety Issue 

The fatigue design criteria for nuclear power plant components has changed as the industry 
consensus codes and standards have evolved. The fatigue design criteria for a specific 
component depend on the version of the design code that applied to that component, that is, the 
code of record. There is a concern that the effects of the reactor coolant environment on the 
fatigue life of component was not adequately addressed by the code of record.  

The Commission has decided that the adequacy of the code of record relating to metal fatigue is 
a potential safety issue to be addressed by the current regulatory process for operating reactors 
(Refs. 4 and 5). The effects of fatigue for the initial 40-year reactor license period were studied 
and resolved under Generic Safety Issue (GSI)-78, "Monitoring of Fatigue Transient Limits for 
Reactor Coolant System," and GSI-166, "Adequacy of Fatigue Life of Metal Components" (Ref.  
6). GSI-78 addressed whether fatigue monitoring was necessary at operating plants. As part of 
the resolution of GSI-166, an assessment was made of the significance of the more recent 
fatigue test data on the fatigue life of a sample of components in plants were Code fatigue 
design analysis had been performed. The efforts on fatigue life estimation and ongoing issues 
under GSI-78 and GSI-1 66 for 40-year plant life were addressed separately under a staff 
generic task action plan (Refs. 7 and 8). The staff documented its completion of the fatigue 
action plan in SECY-95-245 (Ref. 9).  

SECY-95-245 was based on a study described in NUREG/CR-6260, "Application of 
NUREG/CR-5999 Interim Fatigue Curves to Selected Nuclear Power Plant Components" (Ref.  
10). In NUREG/CR-6260, sample locations in the plant with high fatigue usage were evaluated.  
Conservatisms in the original fatigue calculations, such as actual cycles versus assumed cycles, 
were removed and the fatigue usage was recalculated using a fatigue curve considering the 
effects of the environment. The staff found that most of the locations would have a CUF of less 
than the ASME Code limit of 1.0 for 40 years. On the basis of the component assessments, 
supplemented by a 40-year risk study, the staff concluded that a backfit of the environmental 
fatigue data to operating plants could not be justified. However, because the staff was less 
certain that sufficient excessive conservatisms in the original fatigue calculations could be 
removed to account for an additional 20 years of operation for renewal, the staff recommended 
in SECY-95-245 that the samples in NUREG/CR-6260 should be evaluated considering 
environmental effects for license renewal. GSI-190, "Fatigue Evaluation of Metal Components 
for 60-year Plant Life," was established to address the residual concerns of GSI-78 and GSI-166
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regarding the environmental effects on fatigue on pressure boundary components for 60-years 
of plant operation.  

The scope of GSI-190 included design basis fatigue transients, studying the probability of 
fatigue failure and its effect on core damage frequency (CDF) of selected metal components for 
60-year plant life. The study showed that some components have cumulative probabilities of 
crack initiation and through-wall growth that approach unity within the 40- and 60-year period.  

The maximum failure rate (through-wall cracks per year) was in the range of 10-2 per year, and 
those failures were generally associated with high cumulative usage factor locations and 
components with thinner walls, i.e., pipes more vulnerable to through-wall cracks. In most 
cases, the leakage from these through-wall cracks is small and not likely to lead to core 
damage. Based on the results of probabilistic analyses, along with the sensitivity studies 
performed, the interactions with the industry (NEI and EPRI), and different approaches available 
to the licensees to manage the effects of aging, it was concluded that no generic regulatory 
action is required, and that GSI-190 is resolved (Ref. 11). However, the calculations supporting 
resolution of this issue, which included consideration of environmental effects, and the nature of 
age-related degradation indicate the potential for an increase in the frequency of pipe leaks as 
plants continue to operate. Thus, the staff concluded that licensees must address the effects of 
coolant environment on component fatigue life as aging management programs are formulated 
in support of license renewal.  

One method acceptable to the staff of satisfying this recommendation is to assess the impact of 
the reactor coolant environment on a sample of critical components. These critical components 
should include, as a minimum, those components selected in NUREG/CR-6260 (Ref. 10). The 
sample of critical components can be evaluated by applying environmental correction factors to 
the existing ASME Code fatigue analyses. Formulas for calculating the environmental life 
correction factors for carbon and low-alloy steels are contained in NUREG/CR-6583 (Ref. 12) 
and those for austenitic stainless steels are contained in NUREG/CR-5704 (Ref. 13).  

An applicant may also chose to address the effects of coolant environment on component 
fatigue life by an aging management program.  

An applicant's consideration of the effects of coolant environment on component fatigue life for 

license renewal is an area of review.  

4.3.1.3 FSAR Supplement 

Detailed information on the evaluation of time-limited aging analyses is contained in the renewal 
application. A summary description of the evaluation of time-limited aging analyses for the 
period of extended operation is contained in the applicant's final safety analysis report (FSAR) 
supplement. The FSAR supplement is an area of review.  

4.3.2 ACCEPTANCE CRITERIA 

The acceptance criteria for the areas of review described in Subsection 4.3.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.3.2.1 Time-Limited Aging Analysis
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Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) the analyses remain valid for the period of extended operation, 

(ii) the analyses have been projected to the end of the extended period of operation, or 

(iii) the effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Specific acceptance criteria for metal fatigue are: 

4.3.2.1.1 ASME Section III, Class 1 

For components designed or analyzed to ASME Class 1 requirements, the acceptance criteria, 
depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.3.2.1.1.1 10 CFR 54.21(c)(1)(i) 

The existing CUF calculations remain valid because the number of assumed transients will not 
be exceeded during the period of extended operation. The effects of coolant environment on 
component fatigue life (GSI-190) are included within the existing CUF calculations.  

4.3.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

The CUF calculations have been re-evaluated based on an increased number of assumed 
transients to bound the period of extended operation. The resulting CUF remains less than 
unity as required by the code during the period of extended operation. The effects of coolant 
environment on component fatigue life (GSI-1 90) are included within the re-evaluated CUF 
calculations.  

4.3.2.1.1.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the CUF for the replacement will be 
less than unity during the period of extended operation. The effects of coolant environment on 
component fatigue life (GSI-190) are included within the proposed aging management program.  

Alternative aging management program provided by the applicant will be evaluated on a case
by-case basis to ensure that the aging effects will be managed such that the intended 
functions(s) will be maintained during the period of extended operation.  

4.3.2.1.2 ANSI B31.1 

For piping designed or analyzed to B31.1 requirements, the acceptance criteria, depending on 
the applicant's choice, that is, 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.3.2.1.2.1 10 CFR 54.21(c)(1)(i) 

The existing allowable stresses remain valid because the number of assumed thermal cycles 
would not be exceeded during the period of extended operation.
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4.3.2.1.2.2 10 CFR 54.21(c)(1)(ii)

The allowable stresses have been re-evaluated based on an increased number of assumed 
thermal cycles and Table 4.3-1 to bound the period of extended operation. The resulting 
allowable stresses remain sufficient as required by the code during the period of extended 
operation.  

4.3.2.1.2.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the allowable stresses for the 
replacement will be sufficient as required by the code during the period of extended operation.  

Alternative acceptance criteria under 10 CFR 54.21 (c)(1)(iii) have yet to be developed and will 
be evaluated on a case-by-case basis to ensure that the aging effects will be managed such 
that the intended functions(s) will be maintained during the period of extended operation.  

4.3.2.1.3 Other Evaluations Based on CUF 

The acceptance criteria in Subsection 4.3.2.1.1 of this review plan section apply.  

4.3.2.1.4 ASME Section III, Class 2 and 3 

The acceptance criteria in Subsection 4.3.2.1.2 of this review plan section apply.  

4.3.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that later 
changes can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis regarding the basis for determining that the 
TLAA has been properly dispositioned for the period of extended operation.  

4.3.3 REVIEW PROCEDURES 

For each area of review described in Subsection 4.3.1 of this review plan section, the following 
review procedures are followed: 

4.3.3.1 Time-Limited Aging Analysis 

4.3.3.1.1 ASME Section III, Class I 

For components designed or analyzed to ASME Class 1 requirements, the review procedures, 
depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.3.3.1.1.1 10 CFR54.21(c)(1)(i)
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The number of assumed transients used in the existing CUF calculations for the current 
operating term is compared to an evaluation of the number of operating transients experienced 
to date as extrapolated to 60 years of operation. The comparison confirms that the number of 
transients in the existing analyses will not be exceeded during the period of extended operation.  

The reviewer verifies that the effects of coolant environment on component fatigue life (GSI
190) are included within the existing CUF calculations.  

4.3.3.1.1.2 10 CFR 54.21 (c)(1)(ii) 

A list of the increased number of assumed transients projected to the end of the period of 
extended operation and operating transient experience is reviewed to ensure that the transient 
projection is adequate. The revised CUF calculations based on the projected number of 
assumed transients are reviewed to ensure that the CUF remains less than unity at the end of 
the period of extended operation.  

The code of record should be used for the re-evaluation, or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

The reviewer verifies that the effects of coolant environment on component fatigue life (GSI
190) are included within the revised CUF calculations.  

4.3.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed program to ensure that the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation is reviewed. The proposed 
program should include corrective actions such as component reanalysis, transient re
classification, more sophisticated monitoring, repair or replacement.  
The reviewer verifies that the effects of coolant environment on component fatigue life (GSI
190) are being addressed within the applicant's proposed aging management program.  

Other applicant proposed programs will be reviewed on a case-by-case basis.  

4.3.3.1.2 ANSI B31.1 

For piping designed or analyzed to ANSI B31.1 requirements, the review procedures, 
depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.3.3.1.2.1 10 CFR 54.21(c)(1)(i) 

The documented results of the assumed thermal cycles used in the existing allowable stress 
determination and operating cyclic experience is reviewed to ensure that the number of 
assumed thermal cycles would not be exceeded during the period of extended operation.  

4.3.3.1.2.2 10 CFR 54.21 (c)(1)(ii) 

The documented results of the increased number of assumed thermal cycles projected to the 
end of the period of extended operation and operating cyclic experience is reviewed to ensure 
that the thermal cycle projection is adequate. The revised allowable stresses based on the
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projected number of assumed thermal cycles and Table 4.3-1 are reviewed to ensure that they 
remain sufficient as required by the code during the period of extended operation.  

The code of record should be used for the re-evaluation or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

4.3.3.1.2.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed program to ensure that the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation is reviewed. If the applicant 
proposed component replacement before it exceeds the assumed thermal cycles, the reviewer 
verifies that the allowable stresses for the replacement will remain sufficient as required by the 
code during the period of extended operation. Other applicant-proposed programs will be 
reviewed on a case-by-case basis.  

4.3.3.1.3 Other Evaluations Based on CUF 

The review procedures in Subsection 4.3.3.1.1 of this review plan section apply.  

4.3.3.1.4 ASME Section III, Class 2 and 3 

The review procedures in Subsection 4.3.3.1.2 of this review plan section apply.  

4.3.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of the metal fatigue TLAA. Table 4.3-2 of this review plan section 
contains examples of acceptable FSAR supplement information for this TLAA. The reviewer 
verifies that the applicant has provided a FSAR supplement with information equivalent to that 
in Table 4.3-2.  

4.3.4 EVALUATION FINDINGS 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report.  

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21(c)(1), that, for the metal fatigue TLAA, (i) the analyses remain 
valid for the period of extended operation, (ii) the analyses have been projected to the end 
of the period of extended operation, or (iii) the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation. The staff also concludes 
that the FSAR supplement contains an appropriate summary description of the metal fatigue 
TLAA evaluation for the period of extended operation.  

4.3.5 IMPLEMENTATION
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Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.3.6 REFERENCES 

1. ASME Boiler and Pressure Vessel Code, Section III, "Rules for Construction of Nuclear 
Power Plant Components," American Society of Mechanical Engineers.  

2. ANSI/ASME B31.1, "Power Piping," American National Standards Institute.  

3. ANSI/ASME B31.7-1969, "Nuclear Power Piping," American National Standards Institute.  

4. SECY-93-049, "Implementation of 10 CFR Part 54, 'Requirements for Renewal of Operating 
Licenses for Nuclear Power Plants,"' March 1, 1993.  

5. Staff Requirements Memorandum from Samuel J. Chilk, dated June 28, 1993.  

6. NUREG-0933, "A Prioritization of Generic Safety Issues," Supplement 20, July 1996.  

7. Letter from William T. Russell of NRC to William Rasin of the Nuclear Management and 
Resources Council, dated July 30, 1993.  

8. SECY-94-191, "Fatigue Design of Metal Components," July 26, 1994.  

9. SECY-95-245, "Completion of The Fatigue Action Plan," September 25, 1995.  

10. NUREG/CR-6260, "Application of NUREG/CR-5999 Interim Fatigue Curves to Selected 
Nuclear Power Plant Components," March 1995.  

11. Letter from Ashok C. Thadani of the Office of Nuclear Regulatory Research to William D.  
Travers, Executive Director of Operations, dated December 26, 1999.  

12. NUREG/CR-6583, "Effects of LWR Coolant Environments on Fatigue Design Curves of 
Carbon and Low-Alloy Steels," March 1998.  

13. NUREG/CR-5704, "Effects of LWR Coolant Environments on Fatigue Design Curves of 
Austenitic Stainless Steels," April 1999.
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Table 4.3-1. Stress Range Reduction Factors

Number of Equivalent Full Stress Range 
Temperature Cycles Reduction Factor 

7,000 and less 1.0 

7,000 to 14,000 0.9 

14,000 to 22,000 0.8 

22,000 to 45,000 0.7 

45,000 to 100,000 0.6 

100,000 and over 0.5
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Table 4.3-2. Examples of FSAR Supplement for Metal Fatigue TLAA Evaluation

10 CFR 54.21(c)(1)(i) Example

Description of 
TLAA Evaluation 

Metal The existing CUF evaluation has been determined to 
Fatigue remain valid because the number of assumed cyclic 

loads would not be exceeded during the period of 
extended operation.  

The effects of coolant environment on reactor coolant 
system component fatigue life (GSI-190) are included 
within the existing calculations.  

10 CFR 54.21(c)(1)(ii) Example 

Description of 
TLAA Evaluation 

Metal The CUF calculations have been re-evaluated based on 
Fatigue an increased number of assumed cyclic loads to include 

the period of extended operation and the revised CUF 
will not exceed unity during the period of extended 
operation.  

The effects of coolant environment on reactor coolant 
system component fatigue life (GSI-190) are included 
within the revised calculations.

Draft - 3/20/004.1-23



TLAA

10 CFR 54.21(c)(1)(iii) Example

Description 
of Evaluation

Metal Fatigu In order not to exceed the design limit on fatigue usage 
and the number of design cycles, the aging management 
program monitors and tracks the number of critical 
thermal and pressure test transients, and monitors the 
cycles for the selected reactor coolant system 
components.  

The effects of coolant environment on reactor coolant 
system component fatigue life (GSI-1 90) are addressed 
by the aging management program.

Open Item - These examples need to be revised to reflect the General Comments on the FSAR 
Supplement that have been provided separately.
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4.4 Environmental Qualification (EQ) of Electric Equipment

Review Responsibilities 

Primary - Branch responsible for electrical engineering 
Secondary - None 

4.4.1 Areas of Review 

The Nuclear Regulatory Commission (NRC) has established nuclear station environmental 
qualification (EQ) requirements in 10 CFR 50 Appendix A, Criterion 4 and in 10 CFR 50.49. 10 
CFR 50.49 specifically requires that an EQ program be established to demonstrate that certain 
electrical components located in "harsh" plant environments (i.e., those areas of the plant that 
could be subject to the harsh environmental effects of a loss of coolant accident (LOCA), high 
energy line breaks (HELBs) or post-LOCA radiation) are qualified to perform their safety 
function in those harsh environments after the effects of in-service aging. 10 CFR 50.49 
requires that the effects of significant aging mechanisms be addressed as part of environmental 
qualification.  

4.4.1.1 Time-Limited Aging Analysis 

All operating plants must meet the requirements of § 50.49 for certain electrical components 
important-to-safety. § 50.49 defines the scope of components to be included, requires the 
preparation and maintenance of a list of in-scope components and requires the preparation and 
maintenance of a qualification file that includes component performance specifications, 
electrical characteristics and environmental conditions. § 50.49(e)(5) contains provisions for 
aging that require, in part, consideration of all significant types of aging degradation that can 
affect component functional capability. § 50.49(e) also requires component replacement or 
refurbishment prior to the end of designated life unless additional life is established through 
ongoing qualification. § 50.49(f) establishes four methods of demonstrating qualification for 
aging and accident conditions. §§ 50.49(k) and (I) permit different qualification criteria to apply 
based on plant and component vintage. Supplemental EQ regulatory guidance for compliance 
with these different qualification criteria is provided in the DOR Guidelines, Guidelines for 
Evaluating Environmental Qualification of Class 1E Electrical Equipment in Operating Reactors; 
June 1979, NUREG-0588, Interim Staff Position on Environmental Qualification of Safety
Related Electrical Equipment; July 1981 and Regulatory Guide 1.89, Rev. 1, Environmental 
Qualification of Certain Electric Equipment Important to Safety for Nuclear Power Plants, June 
1984. Compliance with § 50.49 provides evidence that the component will perform its intended 
functions during accident conditions after experiencing the effects of in-service aging.  

EQ programs manage component thermal, radiation and cyclical aging through the use of aging 
evaluations based on § 50.49(f) qualification methods. As required by § 50.49, EQ components 
must be refurbished, replaced or its qualification extended prior to reaching the aging limits 
established in the evaluation. Aging evaluations for EQ components that specify a qualification 
of at least 40 years are considered time limited aging analyses (TLAA) for license renewal.  

4.4.1.2 Generic Safety Issue 

Generic safety issue (GSI) 168 is related to low-voltage EQ instrumentation and control cables 
and is currently an open generic issue. NRC research is ongoing to provide information to 
resolve it. Specific issues being addressed in this research are presented in NUREG/CR-6384.
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Once this generic issue is resolved, guidance will be provided as to the impact on license 
renewal. In the interim, NRC letter dated June 2, 1998, "Guidance on Addressing GSI-168 for 
License Renewal," (C. Grimes, NRC to D. Walters, NEI) provides guidance on addressing GSI
168 in license renewal applications. It states that until the generic issue is resolved, "...an 
acceptable approach described in the SOC is to provide a technical rationale demonstrating that 
the current licensing basis for EQ, pursuant to 10 CFR 50.49 will be maintained in the period of 
extended operation." 

4.4.1.3 FSAR Supplement 

The detailed information on the evaluation of time-limited aging analyses is contained in the 
renewal application. A summary description of the evaluation of time-limited aging analyses for 
the period of extended operation is contained in the applicant's final safety analysis report 
(FSAR) supplement. The FSAR supplement is an area of review.  

4.4.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.4.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.4.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) the analyses remain valid for the period of extended operation, 

(ii) the analyses have been projected to the end of the extended period of operation, or 

(iii) the effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.  

Specific acceptance criteria for EQ of certain electric equipment important to safety analyzed to 
Section 5.2.4 of the DOR Guidelines; NUREG-5088, Category II (Section 4); or NUREG-0588, 
Category I (depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii))are: 

4.4.2.1.1 10 CFR 54.211(c)(1)(i) 

For option (i), the aging evaluation existing at the time of the renewal application 
qualifies the component through the period of extended operation and no further 
evaluation is necessary.  

4.4.2.1.2 10 CFR 54.21(c)(1)(ii) 

For option (ii), a reanalysis of the aging evaluation is performed in order to extend the 
qualification of the component through the period of extended operation. Important attributes for 
the reanalysis of an aging evaluation include analytical methods, data collection and reduction 
methods, underlying assumptions, acceptance criteria and corrective actions (if acceptance
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criteria are not met). These attributes are discussed in the EQ Component Reanalysis 
Attributes, Table 4.4-2.  

4.4.2.1.3 10 CFR 54.21(c)(1)(iii) 

Option (iii) is used in cases (a) where the aging evaluation does not extend the qualification into 
or extends the qualification into but not through, the period of extended operation or (b) where 
aging management actions such as periodic maintenance, inspection, testing or parts 
replacement are required to maintain the qualification through the period of extended operation.  
In light of this option, EQ programs, which implement the requirements of § 50.49 (as further 
defined and clarified by the DOR Guidelines, NUREG-0588 and Regulatory Guide 1.89, Rev.  
1.), at plants are viewed as aging management programs for license renewal. The evaluation 
and technical basis for EQ programs as acceptable aging management programs is provided in 
the EQ Program Evaluation and Technical Basis, Table 4.4-1. Reanalysis of an aging 
evaluation to extend the qualifications of components is performed on a routine basis as part of 
an EQ program. Important attributes for the reanalysis of an aging evaluation include analytical 
methods, data collection and reduction methods, underlying assumptions, acceptance criteria 
and corrective actions (if acceptance criteria are not met). These attributes are discussed in the 
EQ Component Reanalysis Attributes, Table 4.4-2.  

4.4.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of time-limited aging analyses for the period of 
extended operation in the FSAR supplement provides appropriate description such that later 
changes can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis regarding the basis for determining that the 
TLAA has been properly dispositioned for the period of extended operation..  

4.4.3 Review Procedures 

For each area of review described in Subsection 4.4.1 of this review plan section, the following 
review procedures are followed: 

4.4.3.1 Time-Limited Aging Analysis 

For electric equipment qualified to the requirements of 10 CFR 50.49, the review procedures, 
depending on the applicant's choice, that is, 10 CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.4.3.1.1 10 CFR54.21(c)(1)(i) 

The documented results, test data, analyses, etc., of previous qualification by an appropriate 
combination of testing, analysis, and operating experience are reviewed such that it is 
determined that the original qualified life bounds the period of extended operation.  

4.4.3.1.2 10 CFR 54.21(c)(1)(ii) 

The results of extending the qualification for the period of extended operation will be reviewed.  
The qualification methods include testing, analysis, operating experience or combinations 
thereof. For reanalysis, the reviewer verifies that an applicant has addressed attributes of
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analytical methods, data collection and reduction methods, underlying assumptions, acceptance 
criteria, corrective actions if acceptance criteria are not met, and the period of time prior to the 
end of qualified life when the reanalysis will be completed.  

4.4.3.1.3 10 CFR 54.21 (c)(1)(iii) 

The applicant's EQ process will be reviewed to ensure that the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation because the 
equipment will be replaced prior to reaching the end of its qualified life. Replacement 
equipment must be qualified in accordance with the provisions of 10 CFR 50.49. For reanalysis, 
the reviewer verifies that an applicant has addressed attributes of analytical methods, data 
collection and reduction methods, underlying assumptions, acceptance criteria, corrective 
actions if acceptance criteria are not met, and the period of time prior to the end of qualified life 
when the reanalysis will be completed.  

The applicant may state that the environmental qualification program described in Table 4.4-1 is 
applicable to its plant. The reviewer verifies that the applicant has identified the environmental 
qualification program in its application. No further staff evaluation is necessary.  

4.4.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of EQ Electric Equipment TLAA. Table 4.4-3 of this review plan 
section contains examples of acceptable FSAR supplement information of this TLAA. The 
reviewer verifies that the applicant has provided a FSAR supplement with information equivalent 
to that in Table 4.4-3.  

4.4.4 Evaluation of Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), (iii), to be 
included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.2 (c)(1), that, for the EQ of Electric Equipment, (i) the analyses 
remain valid for the period of extended operation. (ii) the analyses have been projected to 
the end of the period of extended operation, or (iii) the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation. The staff also 
concludes that the FSAR supplement contains an appropriate summary description of the 
EQ of Electric Equipment TLAA evaluation for the period of extended operation.  

4.4.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method for 
complying with specific portions of the Commission's regulations, the method described herein 
will be used by the staff in its evaluation of conformance with Commission regulations.
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4.4.6 References

1. Letter from Christopher I. Grimes (NRC) to Doug Walters (NEI), " Guidance on 
addressing GSI-168 for license renewal", dated June 2, 1998.
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Table 4.4-1 Environmental Qualification (EQ) Program 
Evaluation and Technical Basis 

(1) Scope of Program: EQ programs include certain electrical components that are important 
to safety and could be exposed to harsh environment accident conditions, as defined in 
10 CFR 50.49.  
(2) Preventive Actions: § 50.49 does not require actions that prevent aging effects. EQ 
program actions that could be viewed as preventive actions include (a) establishing the 
component service condition tolerance and aging limits (e.g., qualified life or condition limit), (b) 
refurbishment, replacement or requalification of an installed component prior to reaching these 
aging limits and (c) where applicable, requiring specific installation, inspection, monitoring or 
periodic maintenance actions to maintain component aging effects within the qualification.  
(3) Parameters Monitored/inspected: EQ component aging limits are not typically based on 
condition or performance monitoring. However, per Regulatory Guide 1.89 Rev. 1, such 
monitoring programs are an acceptable basis to modify aging limits. Monitoring or inspection of 
certain environmental, condition or component parameters may be used to ensure that the 
component is within its qualification or as a means to modify the qualification.  
(4) Detection of Aging Effects: § 50.49 does not require the detection of aging effects for 
in-service components. Monitoring of aging effects may be used as a means to modify 
component aging limits.  
(5) Monitoring and Trending: § 50.49 does not require monitoring and trending of component 
condition or performance parameters of in-service components to manage the effects of aging.  
EQ program actions that could be viewed as monitoring include monitoring how long qualified 
components have been installed. Monitoring or inspection of certain environmental, condition or 
component parameters may be used to ensure that a component is within its qualification or as 
a means to modify the qualification.  
(6) Acceptance Criteria: § 50.49 acceptance criteria is that an in-service EQ'component is 
maintained within its qualification including (a) its established aging limits and (b) continued 
qualification for the projected accident conditions. § 50.49 requires refurbishment, replacement 
or requalification prior to exceeding the aging limits of each installed device. When monitoring 
is used to modify a component aging limit, plant-specific acceptance criteria are established 
based on applicable § 50.49(f) qualification methods.  
(7 & 8) Corrective Actions & Confirmation Process: If an EQ component is found to be 
outside its qualification, corrective actions are implemented in accordance with the station's 
corrective action program. When unexpected adverse conditions are identified during 
operational or maintenance activities that affect the environment of a qualified component, the 
affected EQ component is evaluated and appropriate corrective actions are taken, which may 
include changes to the qualification bases and conclusions. When an emerging industry aging 
issue is identified that affects the qualification of an EQ component, the affected component is 
evaluated and appropriate corrective actions are taken, which may include changes to the 
qualification bases and conclusions. Confirmatory actions, as needed, are implemented as part 
of the station's corrective action program.  
(9) Administrative Controls: EQ programs are implemented through the use of station policy, 
directives and procedures. EQ programs will continue to comply with § 50.49 throughout the 
renewal period including development and maintenance of qualification documentation 
demonstrating a component will perform required functions during harsh accident conditions.  
EQ program documents identify the applicable environmental conditions for the component 
locations. EQ program qualification files are maintained at the plant site in an auditable form for 
the duration of the installed life of the component. EQ program documentation is controlled 
under the station's quality assurance program.

Draft - 3/20/004.1-30



(10) Operating Experience: EQ programs include consideration of operating experience to 
modify qualification bases and conclusions, including aging limits. Compliance with § 50.49 
provides evidence that the component will perform its intended functions during accident 
conditions after experiencing the effects of in-service aging.
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Table 4.4-2 Environmental Qualification Reanalysis Attributes

The reanalysis of an aging evaluation is normally performed to extend the qualification by 
reducing excess conservatisms incorporated in the prior evaluation. Reanalysis of an aging 
evaluation to extend the qualifications of a component is performed on a routine basis as part of 
an EQ program. A component life limiting condition may be due to thermal, radiation or cyclical 
aging; the vast majority of component aging limits are based on thermal conditions.  
Conservatisms may exist in aging evaluation parameters such as the assumed ambient 
temperature of the component, an unrealistically low activation energy or in the application of a 
component (de-energized versus energized). The reanalysis of an aging evaluation is 
documented according to the station's quality assurance program requirements, which requires 
the verification of assumptions and conclusions. Important attributes of a reanalysis include 
analytical methods, data collection and reduction methods, underlying assumptions, acceptance 
criteria and corrective actions (if acceptance criteria are not met). These attributes are 
discussed below.  

Analytical Methods: The analytical models used in the reanalysis of an aging evaluation 
should be the same as those previously applied during the prior evaluation. The Arrhenius 
methodology is an acceptable thermal model for performing a thermal aging evaluation. The 
analytical method used for a radiation aging evaluation is to demonstrate qualification for the 
total integrated dose (i.e., normal radiation dose for the projected installed life plus accident 
radiation dose). For license renewal, one acceptable method of establishing the 60 year normal 
radiation dose is to multiply the 40 year normal radiation dose by 1.5 (i.e., 60 years/40 years).  
The result is added to the accident radiation dose to obtain the total integrated dose for the 
component. For cyclical aging a similar approach may be used. Other models may be justified 
on a case-by-case basis.  

Data Collection & Reduction Methods: Reducing excess conservatisms in the component 
service conditions (e.g., temperature, radiation, cycles) used in the prior aging evaluation is the 
chief method used for a reanalysis. Temperature data used in an aging evaluation should be 
conservative and based on plant design temperatures or on actual plant temperature data.  
When used, plant temperature data can be obtained in several ways including monitors used for 
technical specification compliance, other installed monitors, measurements made by plant 
operators during rounds and temperature sensors on large motors (while the motor is not 
running). A representative number of temperature measurements are conservatively evaluated 
to establish the temperatures used in an aging evaluation. Plant temperature data may be used 
in an aging evaluation in different ways such as (a) directly applying the plant temperature data 
in the evaluation or (b) using the plant temperature data to demonstrate conservatism when 
using plant design temperatures for an evaluation. Any changes to material activation energy 
values as part of a reanalysis should be justified. Similar methods of reducing excess 
conservatisms in the component service conditions used in prior aging evaluations can be used 
for radiation and cyclical aging.  

Underlying Assumptions: EQ component aging evaluations contain sufficient conservatisms 
to account for most environmental changes occurring due to plant modifications and events.  
When unexpected adverse conditions are identified during operational or maintenance activities 
that affect the environment of a qualified component, the affected EQ component is evaluated 
and appropriate corrective actions are taken, which may include changes to the qualification 
bases and conclusions.
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Acceptance Criteria & Corrective Actions: The reanalysis of an aging evaluation shall 
extend the qualification of the component. If the qualification cannot be extended by reanalysis 
the component must be refurbished, replaced or requalified prior to exceeding the current 
qualification. A reanalysis should be performed in a timely manner (i.e., sufficient time is 
available to refurbish, replace or requalify the component if the reanalysis is unsuccessful).
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Table 4.4-3. Examples of FSAR Supplement for Environmental Qualification (EQ) 
of Electric Equipment TLAA Evaluation 

10 CFR 54.21(c)(1)(i) Example 

TLAA Description of Evaluation 
Environmental The original EQ qualified life has been shown to 
qualification (EQ) of bound the period of extended operation.  
electric equipment 

10 CFR 54.21 (c)(1)(ii) Example 

TLAA Description of Evaluation 
Environmental The EQ qualification has been extended to 
qualification (EQ) of consider the period of extended operation. Re
electric equipment analysis addressed attributes of analytical 

methods, data collection and reduction methods, 
underlying assumptions, acceptance criteria, and 
corrective actions.  

10 CFR 54.21 (c)(1)(iii) Example 

TLAA Description of Evaluation 
Environmental The existing EQ process, in accordance with 10 
qualification (EQ) of CFR 50.49, will adequately manage aging of EQ 
electric equipment equipment for the period of extended operation 

because equipment will be replaced prior to 
reaching the end of its qualified life. Re-analysis 
addresses attributes of analytical methods, data 
collection and reduction methods, underlying 
assumptions, acceptance criteria, corrective 
actions if acceptance criteria are not met, and 
the period of time prior to the end of qualified life 
when the re-analysis will be completed.
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4.5 CONCRETE CONTAINMENT TENDON PRESTRESS

Review Responsibilities 

Primary - Branch responsible for structural engineering 
Secondary - None 

4.5.1 Areas of Review 

The prestressing tendons in prestressed concrete containments lose their prestressing forces 
with time due to creep and shrinkage of concrete, and relaxation of the prestressing steel.  
During the design phase, engineers estimate these losses to arrive at the predicted prestressing 
forces at the end of operating life (Refs. 1 and 2), normally forty years. These end of life 
prestressing force Predicted Lower Limits (PLL) must be above certain design Minimum 
Required Values (MRV). Curves developed from these calculations/analyses are used to 
evaluate prestressing force measurements taken on the tendons during surveillances required 
by Reg. Guide 1.35 and/or ASME Section XI, Subsection IWL. Because the 
calculations/analyses for the prediction of the loss of prestressing forces are performed for a 
period of time based on the original operating term, and must be extended to consider the 
period of extended operation, they constitute a TLAA.  

The actual surveillance testing (including the evaluation of test results) for the prestressing of 
the containment tendons constitutes an aging management activity that must be evaluated as 
part of the IPA process but does not involve a TLAA , because the conduct of testing is not 
based on time-limited assumptions based on the current operating term. Testing periodicities 
are established by regulatory requirements at intervals much shorter than the current operating 
term, and test results are not compared to the 40 year values, but to the values that correspond 
to the time of the collection of the data..  

4.5.2 Acceptance Criteria 

The acceptance criterion for the TLAA described in Subsection 4.5.1 of this review plan section 
is as follows: 

The design calculations/analyses predicting the prestressing losses must already 
consider or must be projected to consider the period of extended operation. The PLL 
curves must be shown to remain above the MRV for the period of extended operation.  

4.5.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21(c)(1)(i) through (iii), an applicant must demonstrate one of the 
following: 

(i) The analyses remain valid for the period of extended operation; 

(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation.
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Accordingly, the specific options for satisfying the acceptance criterion are:

4.5.2.1.1 10 CFR 54.21(c)(1)(i) 

The existing prestressing force evaluation remains valid because the existing 
calculations/analyses regarding the predicted losses of the prestressing force considerer the 
period of extended operation. (As the requirements of Reg Guide 1.35 and ASME Section XI, 
Subsection IWL are based on a forty year operating cycle, it is likely that existing PLL curves will 
not account for the period of extended operation, and that option (ii) will apply.) 

4.5.2.1.2 10 CFR 54.21(c)(1)(ii) 

The calculations/analyses regarding the predicted losses of the prestressing force are projected 
to 60 years.  
4.5.2.1.3 10 CFR54.21(c)(1)(iii) 

This option is not applicable for this TLAA. The calculations/analyses pertaining to the predicted 
loss of prestressing losses must be extended to consider the period of extended operation to 
satisfy the requirements of Reg. Guide 1.35 and/or ASME Section XI, Subsection IWL. An 
aging management activity may not be substituted for this action.  

4.5.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The description of the time-limited aging analyses for the period of extended operation in 
the FSAR supplement should provide appropriate description such that later changes 
can be controlled by 10 CFR 50.59. The description should contain information 
associated with the time-limited aging analysis and the basis for determining that the 
TLAA has been properly dispositioned.  

4.5.3 Review Procedures 

For each area of review described in Subsection 4.5.1 of this review plan section, the following 
review procedures are followed: 

4.5.3.1 Time-Limited Aging Analysis 

For a concrete containment prestressing tendon system, the review procedures, depending on 
the applicant's choice, i.e., 10 CFR 54.21(c)(1)(i), or (ii), are: 

4.5.3.1.1 10 CFR 54.21(c)(1)(i) 

The reviewer verifies that the documented results of the calculations/analyses for the predicted 
prestressing force losses considers the period of extended operation.  

4.5.3.1.2 10 CFR 54.21(c)(1)(ii) 

The reviewer verifies that the documented results of the calculations/analyses for the predicted 
prestressing force losses have been or will be extended to consider the period of extended 
operation.
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4.5.3.1.3 10 CFR 54.21 (c)(1)(iii)

Not applicable 

4.5.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the description of 
the evaluation of the tendon prestress TLAA. Table 4.5-1 of this review plan section contains 
examples of acceptable FSAR supplement information for this TLAA. The reviewer verifies that 
the applicant has provided a FSAR supplement with information equivalent to that in 
Table 4.5-1.  

4.5.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i) or (ii): 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21(c)(1), thatfor the concrete containment tendon prestress TLAA, 
(i) the analyses remain valid for the period of extended operation, or (ii) the analyses have 
been projected to the end of the period of extended operation. The staff also concludes that 
the FSAR supplement contains an appropriate description of the concrete containment 
tendon prestress TLAA evaluation for the period of extended operation.  

4.5.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulations.  

4.5.6 References 

1. Regulatory Guide 1.35, Rev. 3, "Inspection of Ungrouted Tendons in Prestressed Concrete 
Containments," July 1990.  

2. Regulatory Guide 1.35.1, "Determining Prestressing Forces for Inspection of Prestressed 
Concrete Containments," July 1990.  

3. ASME Boiler and Pressure Vessel Code, Section XI, "Rules for In-Service Inspection of 
Nuclear Power Plant Components," American Society of Mechanical Engineers, 1989; 
including Appendix VII, "Qualification of Nondestructive Examination Personnel for 
Ultrasonic Examination," and Appendix VIII (1989 Addenda), "Performance Demonstration 
for Ultrasonic Examination Systems," Subsection IWE (1992 Edition with 1992 Addenda), 
"Requirements for Class MC and Metallic Liners of Class CC Components of Light-Water 
Cooled Plants," and Subsection IWL (1992 Edition with 1992 Addenda), "Requirements for
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Class CC Concrete Components of Light-Water Cooled Plants." 

4. Codes of Federal Regulations: 10 CFR 50.55a, "Codes and Standards."
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Table 4.5-1. Examples of FSAR Supplement for Concrete Containment 
Tendon Prestress TLAA Evaluation 

10 CFR 54.21 (c)(1 )(i) Example

TLAA
Concrete 
Containment 
Tendon 
Prestress

Description 
of Evaluation

The prestressing tendons are used to impart 
compressive forces in the prestressed concrete 
containments to resist the internal pressure inside 
the containment that would be generated in the 
event of a LOCA. The prestressing forces generated 
by the tendons diminish over time due to losses in 
prestressing force in the tendons and the 
surrounding concrete. The predicted prestressing 
force calculations/analyses have been determined to 
remain valid to the end of the period of extended 
operation. The PLL curves are shown to remain 
above the MRV for the period of extended 
operation..

10 CFR 54.21 (c)(1)(ii) Example

TLAA
Concrete 
Containment 
Tendon 
Prestress

Description 
of Evaluation

The prestressing tendons are used to impart 
compressive forces in the prestressed concrete 
containments to resist the internal pressure inside 
the containment that would be generated in the 
event of a LOCA. The prestressing forces generated 
by the tendons diminish over time due to losses in 
prestressing force in the tendons and the 
surrounding concrete. The predicted prestressing 
force calculations/analyses have been projected to 
the end of the period of extended operation. The 
PLL curves have been shown to remain above the 
MRV for the period of extended operation.
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4.6 CONTAINMENT LINER PLATE AND PENETRATIONS FATIGUE ANALYSIS 

Review Responsibilities 

Primary - Branch responsible for structural engineering 
Secondary - Branch responsible for mechanical engineering 

4.6.1 Areas of Review 

The interior surface of a concrete containment structure is lined with thin metallic plates to 
provide a leak tight barrier against the uncontrolled release of radioactivity to the environment 
as required by 10 CFR Part 50. The liner plates are attached to the concrete containment wall 
by means of stud anchors or structural rolled shapes or both. The design process assumes that 
the liner plates do not carry loads. However, normal loads, such as from concrete shrinkage, 
creep and thermal changes, imposed on the concrete containment structure are transferred to 
the liner plates through the anchorage system. Internal pressure and temperature loads are 
directly applied to the liner plates. Thus, under design-base conditions, the liner plates could 
experience significant strains. Fatigue of the liner plates is considered in the design based on an 
assumed number of loading cycles for the current operating term. The cyclic loads include 
reactor building interior temperature varying during the heatup and cooldown of the reactor 
coolant system, loss-of-coolant accident, annual outdoor temperature variations, thermal loads 
due to the high energy containment penetration piping lines, such as steam and feedwater lines, 
seismic loads, and pressurization due to periodic Type A integrated leak rate tests.  

High energy piping penetrations and fuel transfer canal in some plants are equipped with bellow 
assemblies. These are designed to accommodate relative movements between the containment 
wall (including the liner) and the adjoining structures. The penetrations have sleeves (up to 10 
feet in length, with a 2 to 3-inch annulus around the piping) to penetrate the concrete 
containment wall and allow movement of the piping system. Dissimilar metal welds connect the 
piping penetrations to the bellows to provide leaktight penetrations. The containment liner 
plates, penetration sleeves (including dissimilar metal welds), and penetration bellows are 
generally designed in accordance with requirements of ASME Section II1. If the code of record 
requires a fatigue analysis, then this fatigueanalysis may be a Time-Limited Aging Analysis 
(TLAA) and must be evaluated in accordance with 10 CFR 54.21(c)(1) to ensure that the effects 
of aging on the intended functions will be adequately managed for the period of extended 
operation.  

For some plants, liner fatigue may not be addressed by a TLAA. In these cases, the applicant 
will address fatigue issues in Chapter 3.  

The adequacy of the fatigue analyses of the containment liner plates (including welded joints), 
penetration sleeves, dissimilar metal welds, and penetration bellows is reviewed in this review 
plan section for the period of extended operation.  

The fatigue analyses of pressure boundary welds of the high energy containment penetration 
piping lines are reviewed separately following the guidance in Section 4.3, "Metal Fatigue" of 
this standard review plan.
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4.6.1.1 Time-Limited Aging Analysis

The containment liner plates (including welded joints), penetration sleeves, dissimilar metal 
welds, and penetration bellows are generally designed and/or analyzed in accordance with the 
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
requirements. The ASME code contains explicit metal fatigue or cyclic considerations based on 
time-limited aging analyses. Specific requirements are contained in the design code of 
reference for each plant.  

4.6.1.1.1 ASME Section III, Class I 

ASME Section III, Division 2, "Code for Concrete Reactor Vessel and Containments, Subsection 
CC, Concrete Containment" (Ref. 1) requires a fatigue analysis for liner plates considering all 
cyclic loads, and is based on the anticipated number of cycles. A Section III Class 1 fatigue 
analysis requires the calculation of the "cumulative usage factor" (CUF) based on the fatigue 
properties of the materials and the expected fatigue service of the component. The ASME Code 
limits the CUF to a value of less than unity for acceptable fatigue design. The fatigue resistance 
of the liner plate, during the period of extended operation is an area of review.  

4.6.1.1.2 ASME Section III, Class 2, 3 

ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows, are analyzed for metal fatigue. The fatigue 
resistance of the liner plate, liner weld joints, penetration sleeves, dissimilar metal welds, and 
penetration bellows during the period of extended operation is an area of review.  

4.6.1.1.3 Other Evaluations Based on CUF 

Other evaluations also contain metal fatigue analysis requirements based on a CUF calculation 
such as metal bellows designed to ASME NC-3649.4(e)(3), ND-3649.4(e)(3), or 
NE-3366.2(e)(3). For these cases, the discussion relating to ASME Section III, Class 1 in 
Subsection 4.6.1.1.1 of this review plan section applies.  

4.6.1.2 FSAR Supplement 

Detailed information on the evaluation of time-limited aging analyses is contained in the renewal 
application. A summary description of the evaluation of time-limited aging analyses for the 
period of extended operation is contained in the applicant's final safety analysis report (FSAR) 
supplement. The FSAR supplement is an area of review.  

4.6.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.6.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.6.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1), an applicant must demonstrate one of the following: 

(i) The analyses remain valid for the period of extended operation;
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(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period 
of extended operation.  

Specific acceptance criteria for fatigue of containment liner plates, liner plate weld joints, 

dissimilar metal welds, penetration sleeves, and penetration bellows are: 

4.6.2.1.1 ASME Section III, Class 1 

For containment liner plates designed or analyzed to ASME Class 1 requirements, the 
acceptance criteria, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), 
are: 

4.6.2.1.1.1 10 CFR 54.21(c)(1)(i) 

The existing CUF calculations remain valid because the number of assumed cyclic loads will not 
be exceeded during the period of extended operation.  

4.6.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

Current license basis fatigue analysis, per ASME Code, Section III, were conducted for a 40 
years life. The CUF calculations should be re-evaluated based on an increased number of 
assumed cyclic loads to include the period of extended operation. All cyclic loads considered in 
the original fatigue analyses (including Type A and Type B leak rate tests) should be 
reevaluated and revised as necessary. The revised analysis should show that the CUF 
will not exceed unity as required by the ASME code during the period of extended operation.  

4.6.2.1.1.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the CUF for the replacement will be 
less than unity during the period of extended operation.  

Alternative aging management program provided by the applicant will be evaluated on a case
by-case basis to ensure that the aging effects will be managed such that the intended 
functions(s) will be maintained during the period of extended operation. In cases where a 
mitigation or inspection program is proposed, the aging management program may be 
evaluated against the ten elements described in Branch Technical Position RLSB-1, Appendix 
A.1 of this standard review plan.  

4.6.2.1.2 ASME Section III, Class 2, 3 

ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows designed or analyzed to ASME Section III, 
Class 2 or 3, the acceptance criteria, depending on the applicant's choice, that is 10 CFR 
54.21(c)(1)(1), (ii), or (iii), are:
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4.6.2.1.2.1 10 CFR 54.21(c)(1)(i)

The existing allowable stresses remain valid because the number of assumed thermal cycles 
would not be exceeded during the period of extended operation.  

4.6.2.1.2.2 10 CFR 54.21(c)(1)(ii) 

The allowable stresses have been re-evaluated based on an increased number of assumed 
thermal cycles to bound the period of extended operation. The resulting allowable stresses 
remain sufficient as required by the code during the period of extended operation.  

4.6.2.1.2.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the allowable stresses for the 
replacement will be sufficient as required by the code during the period of extended operation.  

Alternative acceptance criteria under 10 CFR 54.21 (c)(1)(iii) have yet to be developed and will 
be evaluated on a case-by-case basis to ensure that the aging effects will be managed such 
that the intended functions(s) will be maintained during the period of extended operation.  

4.6.2.1.3 Other Evaluations Based on CUF 

The acceptance criteria in Subsection 4.6.2.1.2 of this review plan section apply.  

4.6.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21 (d) is: 

The summary description of the evaluation of time-limited aging analyses for the period 
ofextended operation in the FSAR supplement provides appropriate description such 
that later changes can be controlled by 10 CFR 50.59 . The description should contain 
information associated with the time-limited aging analysis regarding the basis for 
determining that the TLAA has been properly dispositioned.  

4.6.3 Review Procedures 

For each area of review described in Subsection 4.6.1 of this review plan section, the following 
review procedures are followed: 

4.6.3.1 Time-Limited Aging Analysis 

4.6.3.1.1 ASME Section III, Class 1 

For containment liner plates designed or analyzed to ASME Class 1 requirements, the review 
procedures, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.6.3.1.1.1 10 CFR 54.21(c)(1)(i) 

The number of assumed transients used in the existing CUF calculations for the current 
operating term is compared to the number of operating transients experienced to date as
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extrapolated to 60 years of operation. The comparison confirms that the number of transients in 
the existing analyses will not be exceeded during the period of extended operation.  

4.6.3.1.1.2 10 CFR 54.21(c)(1)(ii) 

A list of the increased number of assumed cyclic loads projected to the end of the period of 
extended operation and operating transient experience is reviewed to ensure that the cyclic load 
projection is adequate. The revised CUF calculations based on the projected number of 
assumed cyclic loads are reviewed to ensure that the CUF remains less than unity at the end of 
the period of extended operation.  

The code of record should be used for the re-evaluation, or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

4.6.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed aging management program to ensure that the effects of aging on the 
intended function(s) will be adequately managed for the period of extended operation is 
reviewed. If the applicant proposed component replacement before its CUF exceeds unity, the 
reviewer verifies that the CUF for the replacement will remain less than unity during the period 
of extended operation.  

Other applicant proposed programs will be reviewed on a case-by-case basis.  

4.6.3.1.2 ASME Section III, Class 2, 3 
ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows designed or analyzed to ASME Section III, 
Class 2 or 3, the review procedures, depending on the applicant's choice, that is 10 CFR 
54.21 (c)(1)(1), (ii), or (iii), are: 

4.6.3.1.2.1 10 CFR 54.21(c)(1)(i) 

The results of the assumed thermal cycles evaluation used in the existing allowable stress 
determination and operating cyclic experience is reviewed to ensure that the number of 
assumed thermal cycles would not be exceeded during the period of extended operation.  

4.6.3.1.2.2 10 CFR 54.21(c)(1)(ii) 

The results of the evaluation for the increased number of assumed thermal cycles projected to 
the end of the period of extended operation and operating cyclic experience is reviewed to 
ensure that the thermal cycle projection is adequate. The revised allowable stresses based on 
the projected number of assumed thermal cycles are reviewed to ensure that they remain 
sufficient as required by the code during the period of extended operation.  

The code of record should be used for the re-evaluation or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.
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4.6.3.1.2.3 10 CFR 54.21(c)(1)(iii)

The applicant's proposed program to ensure that the effects of aging on the intended function(s) 
will be adequately managed for the period of extended operation is reviewed. If the applicant 
proposed component replacement before it exceeds the assumed thermal cycles, the reviewer 
verifies that the allowable stresses for the replacement will remain sufficient as required by the 
code during the period of extended operation. Other applicant-proposed programs will be 
reviewed on a case-by-case basis.  

4.6.3.1.3 Other Evaluations Based on CUF 

The review procedures in Subsection 4.6.3.1 of this review plan section apply.  

4.6.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the summary 
description of the evaluation of the containment liner plate and penetrations fatigue TLAA. Table 
4.6-1 of this review plan section contains examples of acceptable FSAR supplement information 
for this TLAA. The reviewer verifies that the applicant has provided a FSAR supplement with 
information equivalent to that in Table 4.6-1.  

4.6.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this standard review plan section and that the staff's evaluation supports 
conclusions of the following type, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), 
(ii), or (iii), to be included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that, for the containment liner plate and penetrations fatigue 
TLAA, (i) the analyses remain valid for the period of extended operation, (ii) the analyses 
have been projected to the end of the period of extended operation, or (iii) the effects of 
aging on the intended function(s) will be adequately managed for the period of extended 
operation. The staff also concludes that the FSAR supplement contains an appropriate 
summary description of the containment liner plate and penetrations fatigue TLAA 
evaluation for the period of extended operation.  

4.6.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, 
the method described herein will be used by the staff in its evaluation of conformance 
with Commission regulations.  

4.5.6 4.6.6 References 

1. ASME Boiler and Pressure Vessel Code, Section III, Division 2, "Code for Concrete Reactor 
Vessels and Containments, Subsection CC, Concrete Containment," American Society of 
Mechanical Engineers, New York, New York, 1989 Edition.
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Table 4.6-1. Examples of FSAR Supplement for Containment Liner Plate 
and Penetrations Fatigue TLAA Evaluation 

10 CFR 54.21(c)(1)(i) Example 

Description of 
TLAA Evaluation 

Containment The containment liner plates, liner weld joints, 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the "Cumulative 
fatigue Usage Factor" (CU F) to a value of less than unity for 

acceptable fatigue design. The existing CUF evaluation 
has been determined to remain valid because the 
number of assumed cyclic loads would not be exceeded 
during the period of extended operation.  

10 CFR 54.21 (c)(1)(ii) Example 

Description of 
TLAA Evaluation 

Containment The containment liner plates, liner weld joints, 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the CUF to a 
fatigue value of less than unity for acceptable fatigue design.  

The CUF calculations have been re-evaluated based on 
an increased number of assumed cyclic loads to include 
the period of extended operation and the revised CUF 
will not exceed unity during the period of extended 
operation.  

10 CFR 54.21 (c)(1)(iii) Example 

Description of 
TLAA Evaluation 

Containment The containment liner plates, liner weld joints, 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the CUF to a 
fatigue value of less than unity for acceptable fatigue design.  

The component will be replaced and the CUF for the 
replacement will be shown to be less than unity during 
the period of extended operation.  

Note: All containment components need not meet the same requirement. It is likely that the liner 
plate and the bellows may be evaluated per 1OCFR54.21(c)(1)(i), while high energy 
penetrations may be evaluated per 10CFR54.21(c)(1)(ii).
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4.7 OTHER PLANT-SPECIFIC TIME LIMITED AGING ANALESES

Review Responsibilities 

Primary - Branch responsible for engineering 
Secondary - Other branches responsible for systems, as appropriate 

4.7.1 Areas of Review 

There are certain safety analyses which may have been based on an explicitly assumed 40
year plant life (for example, aspects of the reactor vessel design). Pursuant to 10 CFR 54.21(c), 
a license renewal applicant is required to evaluate time-limited aging analyses (TLAAs). The 
definition of TLAAs is provided in 10 CFR 54.3 and Section 4.1of this standard review plan.  

The adequacy of the plant's current licensing basis (CLB), which includes TLAAs, is not an area 
of review. Potential concerns or enhancements regarding the CLB are to be addressed under 
the backfit rule (10 CFR 50.109) and are separate from the license renewal process.  

License renewal reviews focus on the period of extended operation. Pursuant to 10 CFR 54.30, 
if the reviews show that the TLAAs are not sufficient to provide reasonable assurance during the 
current license term that licensed activities will be conducted in accordance with the CLB, the 
licensee is required to take measures under its current license to ensure that the intended 
function of those structures or components will be maintained in accordance with the CLB 
throughout the term of the current license. The adequacy of the measures for the term of the 
current license is not an area of review for license renewal.  

Pursuant to 10 CFR 54.21(c), an applicant must provide a listing of TLAAs and plant-specific 
exemptions that are based on TLAAs. The staff reviews the applicant's identification of TLAAs 
and exemptions that are based on TLAAs separately following the guidance in Section 4.1 of 
this standard review plan.  

Based on lessons learned in the review of the initial license renewal applications, the staff has 
developed review procedures for the evaluation of certain TLAAs. If an applicant identifies 
these TLAAs as applicable to its plant, the staff reviews them separately following the guidance 
in Sections 4.2 through 4.6 of this standard review plan. The staff reviews other TLAAs that are 
identified by the applicant following the generic guidance in this review plan section. The staff 
from branches responsible for systems may be requested to assist in the review, as appropriate.  

The following areas relating to a TLAA are reviewed: 

4.7.1.1 Time-Limited Aging Analysis 

The evaluation of the TLAA for the period of extended operation is reviewed.  

4.7.1.2 FSAR Supplement 

The FSAR supplement summarizing the evaluation of the TLAA for the period of extended 
operation in accordance with 10 CFR 54.21(d) is reviewed.  

4.7.2 Acceptance Criteria
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The acceptance criteria for the areas of review described in Subsection 4.8.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.7.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant must demonstrate one of the 
following for the TLAAs: 

(i) The analyses remain valid for the period of extended operation; 

(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the 
period of extended operation.  

4.7.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of TLAAs for the period of extended operation in the 
FSAR supplement provides appropriate description such that later changes can be controlled by 
10 CFR 50.59. The description should contain information associated with the TLAAs regarding 
the basis for determining that the TLAAs have been dispositioned for the period of extended 
operation.  

4.7.3 Review Procedures 

The requirement of TLAAs captures, for renewal review, certain aging analyses that are 
explicitly based on the duration of the current operating license of the plant. The concern is that 
these aging analyses do not consider the period of extended operation. Unless these analyses 
are evaluated, there is no assurance that the systems, structures, and components addressed 
by these analyses can perform their intended function(s) during the period of extended 
operation.  

For each area of review described in Subsection 4.8.1 of this review plan section, the following 
review procedures are followed: 

4.7.3.1 Time-Limited Aging Analysis 

For the TLAA identified, the review procedures depending on the applicant's choice, that is, 10 
CFR 54.21 (c)(1)(i), (ii), or (iii), are: 

4.7.3.1.1 10 CFR 54.21(c)(1)(i) 

Justification provided by the applicant is reviewed to verify that the existing analyses are valid 
for the period of extended operation. The existing analyses should be shown to be bounding 
even during the period of extended operation.  

An applicant should describe the TLAA with respect to the objectives of the analysis, conditions, 
and assumptions used in the analysis, acceptance criteria, relevant aging effects, and intended
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function(s). The applicant should show that (1) the conditions and assumptions used in the 
analysis already address the relevant aging effects for the period of extended operation, and (2) 
acceptance criteria are maintained to provide reasonable assurance that the intended 
function(s) is maintained for renewal. Thus, no reanalysis is necessary for renewal.  

In some instances the applicant may identify activities to be performed to verify the assumption 
basis of the calculation such as cycle counting. An evaluation of that activity should be provided 
by the applicant. The reviewer should assure that the applicant's activity is sufficient to confirm 
the calculation assumptions for the 60 year period.  

If the TLAA has to be modified or recalculated to extend the period of evaluation to consider the 
period of extended operation, the re-evaluation should be addressed under 10 CFR 
54.21 (c)(1)(ii).  

4.7.3.1.2 10 CFR 54.21 (c)(1)(ii) 

The documented results of the revised analyses are reviewed to verify that the period of 
evaluation of the analyses is extended such that they are valid for the period of extended 
operation, for example, 60 yearsAn applicant may recalculate the TLA. The applicable analysis 
technique can be the one that is in effect in the plant's CLB at the time of renewal application.  

A using a 60 year period to show that the TLAA acceptance criteria continue to be satisfied for 
the period of extended operation. The applicant may also revise the TLAA by recognizing and 
re-evaluating any overly conservative conditions and assumptions. Examples include relaxing 
overly conservative assumptions in the original analysis, using new or refined analytical 
techniques, and performing the analysis using a 60 year period. The applicant shall document 
the results of the reanalysis to show that it is satisfactory for the 60 year period. The analysis 
itself does not need to be reviewed.  

As applicable, the plant's code of record should be used for the re-evaluation or the applicant 
may update to a later code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer 
verifies that the requirements in 10 CFR 50.55a are met.  

In some cases the applicant may identify activities to be performed to verify the assumption 
basis of the calculation such as cycle counting. An evaluation of that activity should be provided 
by the applicant. The reviewer should assure that the applicant's activity is sufficient to confirm 
the calculation assumptions for the 60 year period.  

4.7.3.1.3 10 CFR 54.21(c)(1)(iii) 

Under this option, an applicant would propose to manage the aging effects associated with the 
TLAA by an aging management program, in the same manner as the integrated plant 
assessment (IPA) in 10 CFR 54.21(a)(3). The reviewer reviews the applicant's aging 
management program to verify that the effects of aging on the intended function(s) will be 
adequately managed consistent with the CLB for the period of extended operation.  

An applicant should identify the structures and components associated with the TLAA. The 
TLAA should be described with respect to the objectives of the analysis, conditions, and 
assumptions used in the analysis, acceptance criteria, relevant aging effects and intended 
function(s). In cases where a mitigation or inspection program is proposed, the reviewer may 
use the guidance provided in Branch Technical Position RLSB-1 of this standard review plan to
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ensure that the effects of aging on the structure and component intended function(s) are 
adequately managed for the period of extended operation.  

4.7.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplement on the description of 
the evaluation of the TLAA. The summary description of the evaluation of TLAA for the period 
of extended operation in the FSAR supplement is reviewed to verify that it provides an 
appropriate description such that later changes can be controlled by 10 CFR 50.59. The 
description should contain information that the TLAAs have been dispositioned for the period of 
extended operation. Sections 4.2 through 4.6 of this standard review plan contain examples of 
acceptable FSAR supplement information for TLAA evaluation.  

4.7.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that, for the (name of specific) TLAA, (i) the analyses 
remain valid for the period of extended operation, (ii) the analyses have been projected to 
the end of the period of extended operation, or (iii) the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation. The staff also 
concludes that the FSAR supplement contains an appropriate summary description of this 
TLAA evaluation for the period of extended operation.  

4.7.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulation.  

4.7.6 References 

None.
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4.6.1.1 Time-Limited Aging Analysis

The containment liner plates (including*'welded 'joints•),, panetrahior! :Le.:s, dissimilar metal 

welds, and penetration bellows are generally designred and(-r& f,?.1 n accordance with the 

American Society of Mechanical Engineers (ASNE) B•,i J : 't•-..n Vessel Code 

requirements. The ASME code contains expficit ,m.et arcut * , considerations based on 

time-limited aging analyses. Specific requiremritr, ave c n p,-tifie design code of 
reference for each plant.  

4.6.1.1.1 ASME Section III, Class 1 

ASME Section III, Division 2, "Code for Concrete Reactor Vessel and Containments, Subsection 

CC, Concrete Containment" (Ref. 1) requires a fatigue analysis for liner plates considering all 

cyclic loads, and is based on the anticipated number of cycles. A Section III Class 1 fatigue 
analysis requires the calculation of the "cumulative usage factor" (CUF) based on the fatigue 
properties of the materials and the expected fatigue service of the component. The ASME Code 

limits the CUF to a value of less than unity for acceptable fatigue design. The fatigue resistance 
of the liner plate, during the period of extended operation is an area of review.  

4.6.1.1.2 ASME Section III, Class 2, 3 

ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows, are analyzed for metal fatigue. The fatigue 
resistance of the liner plate, liner weld joints, penetration sleeves, dissimilar metal welds, and 
penetration bellows during the period of extended operation is an area of review.  

4.6.1.1.3 Other Evaluations Based on CUF 

Other evaluations also contain metal fatigue analysis requirements based on a CUF calculation 
such as metal bellows designed to ASME NC-3649.4(e)(3), ND-3649.4(e)(3), or 
NE-3366.2(e)(3). For these cases, the discussion relating to ASME Section III, Class 1 in 
Subsection 4.6.1.1.1 of this review plan section applies.  

4.6.1.2 FSAR Supplement 

Detailed information on the evaluation of time-limited aging analyses is contained in the renewal 
application. A summary description of the evaluation of time-limited aging analyses for the 
period of extended operation is contained in the applicant's final safety analysis report (FSAR) 
supplement. The FSAR supplement is an area of review.  

4.6.2 Acceptance Criteria 

The acceptance criteria for the areas of review described in Subsection 4.6.1 of this review plan 
section define acceptable methods for meeting the requirements of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.6.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1), an applicant must demonstrate one of the following: 

(i) The analyses remain valid for the period of extended operation;
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(ii) The analyses have been projected to the end of the extended period of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the period 
of extended operation.  

Specific acceptance criteria for fatigue of containment liner plates, liner plate weld joints, 

dissimilar metal welds, penetration sleeves, and penetration bellows are: 

4.6.2.1.1 ASME Section III, Class 1 

For containment liner plates designed or analyzed to ASME Class 1 requirements, the 
acceptance criteria, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), 
are: 

4.6.2.1.1.1 10 CFR 54.21(c)(1)(i) 

The existing CUF calculations remain valid because the number of assumed cyclic loads will not 
be exceeded during the period of extended operation.  

4.6.2.1.1.2 10 CFR 54.21(c)(1)(ii) 

Current license basis fatigue analysis, per ASME Code, Section III, were conducted for a 40 
years life. The CUF calculations should be re-evaluated based on an increased number of 
assumed cyclic loads to include the period of extended operation. All cyclic loads considered in 
the original fatigue analyses (including Type A and Type B leak rate tests) should be 
reevaluated and revised as necessary. The revised analysis should show that the CUF 
will not exceed unity as required by the ASME code during the period of extended operation.  

4.6.2.1.1.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the CUF for the replacement will be 
less than unity during the period of extended operation.  

Alternative aging management program provided by the applicant will be evaluated on a case
by-case basis to ensure that the aging effects will be managed such that the intended 
functions(s) will be maintained during the period of extended operation. In cases where a 
mitigation or inspection program is proposed, the aging management program may be 
evaluated against the ten elements described in Branch Technical Position RLSB-1, Appendix 
A. 1 of this standard review plan.  

4.6.2.1.2 ASME Section III, Class 2, 3 

ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows designed or analyzed to ASME Section III, 
Class 2 or 3, the acceptance criteria, depending on the applicant's choice, that is 10 CFR 
54.21(c)(1)(1), (ii), or (iii), are:

Draft - 3/20/004.1-42



4.6.2.1.2.1 10 CFR 54.21(c)(1)(i)

The existing allowable stresses remain valid 'because th. ber. jmed thermal cycles 

would not be exceeded during the period of extended'operafhor 

4.6.2.1.2.2 10 CFR 54.21(c)(1)(ii) 

The allowable stresses have been re-evaluated based on an nfeasad number of assumed 
thermal cycles to bound the period of extended operation. The resulting allowable stresses 
remain sufficient as required by the code during the period of extended operation.  

4.6.2.1.2.3 10 CFR 54.21(c)(1)(iii) 

The effects of aging on the intended function(s) will be adequately managed for the period of 
extended operation. The component could be replaced and the allowable stresses for the 
replacement will be sufficient as required by the code during the pe-Aod of extended operation.  

Alternative acceptance criteria under 10 CFR 54.21 (c)(1)(iii) have yet to be developed and will 
be evaluated on a case-by-case basis to ensure that the aging effects will be managed such 
that the intended functions(s) will be maintained during the period of extended operation.  

4.6.2.1.3 Other Evaluations Based on CUF 

The acceptance criteria in Subsection 4.6.2.1.2 of this review plan section apply.  

4.6.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of time-limited aging analyses for the period 
ofextended operation in the FSAR supplement provides appropriate description such 
that later changes can be controlled by 10 CFR 50.59 . The description should contain 
information associated with the time-limited aging analysis regarding the basis for 
determining that the TLAA has been properly dispositioned.  

4.6.3 Review Procedures 

For each area of review described in Subsection 4.6.1 of this review plan section, the following 
review procedures are followed: 

4.6.3.1 Time-Limited Aging Analysis 

4.6.3.1.1 ASME Section III, Class 1 

For containment liner plates designed or analyzed to ASME Class 1 requirements, the review 
procedures, depending on the applicant's choice of 10 CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.6.3.1.1.1 10 CFR 54.21(c)(1)(i) 

The number of assumed transients used in the existing CUF calculations for the current 
operating term is compared to the number of operating transients experienced to date as
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extrapolated to 60 years of-opration, Thetmparrs.toi.fr-s tat .. ,.umber of transients in 

the existing analyses will not be exceeded du•ir,,i `the; pp. rd XtEi:peration.  

4.6.3.1.1.2 10 CFR54.21(c)(1)(#i) 

A list of the increased numberof assured y of the period of 
extended operation and operating transientax;rze Oe , ' e ,nisure that the cyclic load 
projection is adequate. The revised CUF calcu latiorns %as .fi ,;,e pcted number of 
assumed cyclic loads are reviewed to ensure th•a 1tio " C i-,itn '!iess than unity at the end of 
the period of extended operation.  

The code of record should be used for the .Levaluatfon,ý,, or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.  

4.6.3.1.1.3 10 CFR 54.21(c)(1)(iii) 

The applicant's proposed aging management program to ensure that the effects of aging on the 
intended function(s) will be adequately managed for the period of extended operation is 
reviewed. If the applicant proposed component replacement before its CUF exceeds unity, the 
reviewer verifies that the CUF for the replacement will remain less than unity during the period 
of extended operation.  

Other applicant proposed programs will be reviewed on a case-by-case basis.  

4.6.3.1.2 ASME Section III, Class 2, 3 
ASME Class 2, 3 or MC components, such as containment liner plates, penetration sleeves, 
dissimilar metal welds, and penetration bellows designed or analyzed to ASME Section III, 
Class 2 or 3, the review procedures, depending on the applicant's choice, that is 10 CFR 
54.21(c)(1)(1), (ii), or (iii), are: 

4.6.3.1.2.1 10 CFR 54.21 (c)(1)(i) 

The results of the assumed thermal cycles evaluation used in the existing allowable stress 
determination and operating cyclic experience is reviewed to ensure that the number of 
assumed thermal cycles would not be exceeded during the period of extended operation.  

4.6.3.1.2.2 10 CFR 54.21(c)(1)(ii) 

The results of the evaluation for the increased number of assumed thermal cycles projected to 
the end of the period of extended operation and operating cyclic experience is reviewed to 
ensure that the thermal cycle projection is adequate. The revised allowable stresses based on 
the projected number of assumed thermal cycles are reviewed to ensure that they remain 
sufficient as required by the code during the period of extended operation.  

The code of record should be used for the re-evaluation or the applicant may update to a later 
code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer verifies that the 
requirements in 10 CFR 50.55a are met.
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4.6.3.1.2.3 10 CFR 54.21(c)(1)(iii)

The applicant's proposed program to ensure 1had1he effettsbt ow t-c th,,! -1e intended function(s) 
will be adequately managed for the period of extended operto• rs reeved. If the applicant 
proposed component replacement before it exceeds the assinized *remal cycles, the reviewer 
verifies that the allowable stresses for the replacernent-will . Arrir.h:•:•,•ident as required by the 
code during the period of extended operation. Other app t-plropvsed programs will be 
reviewed on a case-by-case basis.  

4.6.3.1.3 Other Evaluations Based on CUF 

The review procedures in Subsection 4.6.3.1 of this review plan section apply.  

4.6.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a FSAR supplanent on the summary 
description of the evaluation of the containment liner plate and trw ations fatigue TLAA. Table 
4.6-1 of this review plan section contains examples of ace1rafz e FSAR supplement information 
for this TLAA. The reviewer verifies that the applicant has provided a FSAR supplement with 
information equivalent to that in Table 4.6-1.  

4.6.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this standard review plan section and that the staffs evaluation supports 
conclusions of the following type, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), 
(ii), or (iii), to be included in the staffs safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that for the containment liner plate and penetrations fatigue 
TLAA, (i) the analyses remain valid for the period of extended operation, (ii) the analyses 
have been projected to the end of the period of extended operation, or (iii) the effects of 
aging on the intended function(s) will be adequately managed for the period of extended 
operation. The staff also concludes that the FSAR supplement contains an appropriate 
summary description of the containment liner plate and penetrations fatigue TLAA 
evaluation for the period of extended operation.  

4.6.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, 
the method described herein will be used by the staff in its evaluation of conformance 
with Commission regulations.  

4.5.6 4.6.6 References 

1. ASME Boiler and Pressure Vessel Code, Section III, Division 2, "Code for Concrete Reactor 
Vessels and Containments, Subsection CC, Concrete Containment," American Society of 
Mechanical Engineers, New York, New York, 1989 Edition.
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Table 4,6-t. Examples of1F•AR'Supplementifor corf•rainm2t Liner Plate 
and Penetrations Fafigue TLAA Evaluation 

10 CFR 54.21 (c)(1)(i) Example

TLAA
Containment 
liner plate 
and 
penetrations 
fatigue

Description of 
Evaluation

The containment liner plates, linerwe idjoiýrta, 
penetration sleeves, dissim.0ai TnetA'lw-.s, aTei• 
penetration bellows provide a leak tigYi arriea,. A, 
Section III Class 1 fatigue analyvs limis th©t]ative 
Usage Factor" (CUF) to a value of lerss lhan wfty for 
acceptable fatigue design. The exissing CUF evaluation 
has been determined to remain valid because the 
number of assumed cyclic loads would not be exceeded 
during the period of extended operation.

10 CFR 54.21(c)(1)(ii) Example

TLAA
Description of 

Evaluation
Containment The containment liner plates, liner weld joints, 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the CUF to a 
fatigue value of less than unity for acceptable fatigue design.  

The CUF calculations have been re-evaluated based on 
an increased number of assumed cyclic loads to include 
the period of extended operation and the revised CUF 
will not exceed unity during the period of extended 
operation.  

10 CFR 54.21 (c)(1)(iii) Example 

Description of 
TLAA Evaluation 

Containment The containment liner plates, liner weld joints, 
liner plate penetration sleeves, dissimilar metal welds, and 
and penetration bellows provide a leak tight barrier. A 
penetrations Section III Class 1 fatigue analysis limits the CUF to a 
fatigue value of less than unity for acceptable fatigue design.  

The component will be replaced and the CUF for the 
replacement will be shown to be less than unity during 
the period of extended operation.

Note: All containment components need not meet the same requirement. It is likely that the liner 
plate and the bellows may be evaluated per 1OCFR54.21 (c)(1)(i), while high energy 
penetrations may be evaluated per 1OCFR54.21 (c)(1)(ii).
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4.7 OTHER PLANT-SPECIFIC'TIMELIMJ.TED AGC.NG AANA[iESE-

Review Responsibilities 

Primary - Branch responsible for engineefing 
Secondary - Other branches responsible for 5systems, appr-Aiz&_ 

4.7.1 Areas of Review 

There are certain safety analyses Which may have been based-c- on an explicitly assumed 40
year plant life (for example, aspects of the reactor vessel design). Pursuant to 10 CFR 54.21(c), 
a license renewal applicant is required to evaluate time-limited aging analyses (TLAAs). The 
definition of TLAAs is provided in 10 CFR 54.3 and Section 4.1of this standard review plan.  

The adequacy of the plant's current licensing basis (CLB), which includes TLAAs, is not an area 
of review. Potential concerns or enhancements regarding the CLB are to be addressed under 
the backfit rule (10 CFR 50.109) and are separate from the license renewal process.  

License renewal reviews focus on the period of extended operation. Pursuant to 10 CFR 54.30, 
if the reviews show that the TLAAs are not sufficient to provide reasonable assurance during the 
current license term that licensed activities will be conducted in accordance with the CLB, the 
licensee is required to take measures under its current license to ensure that the intended 
function of those structures or components will be maintained in accordance with the CLB 
throughout the term of the current license. The adequacy of the measures for the term of the 
current license is not an area of review for license renewal.  

Pursuant to 10 CFR 54.21(c), an applicant must provide a listing of TLAAs and plant-specific 
exemptions that are based on TLAAs. The staff reviews the applicant's identification of TLAAs 
and exemptions that are based on TLAAs separately following the guidance in Section 4.1 of 
this standard review plan.  

Based on lessons learned in the review of the initial license renewal applications, the staff has 
developed review procedures for the evaluation of certain TLAAs. If an applicant identifies 
these TLAAs as applicable to its plant, the staff reviews them separately following the guidance 
in Sections 4.2 through 4.6 of this standard review plan. The staff reviews other TLAAs that are 
identified by the applicant following the generic guidance in this review plan section. The staff 
from branches responsible for systems may be requested to assist in the review, as appropriate.  

The following areas relating to a TLAA are reviewed: 

4.7.1.1 Time-Limited Aging Analysis 

The evaluation of the TLAA for the period of extended operation is reviewed.  

4.7.1.2 FSAR Supplement 

The FSAR supplement summarizing the evaluation of the TLAA for the period of extended 
operation in accordance with 10 CFR 54.21(d) is reviewed.  

4.7.2 Acceptance Criteria
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The acceptance criteria for the areas of revieowdescribed in Subaertion 4:8.1 of this review plan 
section define acceptable methods for meeting the requit'mments-of the Commission's 
regulations in 10 CFR 54.21(c)(1).  

4.7.2.1 Time-Limited Aging Analysis 

Pursuant to 10 CFR 54.21 (c)(1)(i) through (iii), an applicant musl (i.Miraxstrate one of the 
following for the TLAAs: 

(i) The analyses remain valid for the period of extended •reatr 

(ii) The analyses have been projected to the end of the extenrded'i ,ppiod of operation; or 

(iii) The effects of aging on the intended function(s) will be adequately managed for the 
period of extended operation.  

4.7.2.2 FSAR Supplement 

The specific criterion for meeting 10 CFR 54.21(d) is: 

The summary description of the evaluation of TLAAs for the period of extended operation in the 
FSAR supplement provides appropriate description such that later changes can be controlled by 
10 CFR 50.59. The description should contain information associated with the TLAAs regarding 
the basis for determining that the TLAAs have been dispositioned for the period of extended 
operation.  

4.7.3 Review Procedures 

The requirement of TLAAs captures, for renewal review, certain aging analyses that are 
explicitly based on the duration of the current operating license of the plant. The concern is that 
these aging analyses do not consider the period of extended operation. Unless these analyses 
are evaluated, there is no assurance that the systems, structures, and components addressed 
by these analyses can perform their intended function(s) during the period of extended 
operation.  

For each area of review described in Subsection 4.8.1 of this review plan section, the following 

review procedures are followed: 

4.7.3.1 Time-Limited Aging Analysis 

For the TLAA identified, the review procedures depending on the applicant's choice, that is, 10 
CFR 54.21(c)(1)(i), (ii), or (iii), are: 

4.7.3.1.1 10 CFR 54.21(c)(1)(i) 

Justification provided by the applicant is reviewed to verify that the existing analyses are valid 
for the period of extended operation. The existing analyses should be shown to be bounding 
even during the period of extended operation.  

An applicant should describe the TLAA with respect to the objectives of the analysis, conditions, 
and assumptions used in the analysis, acceptance criteria, relevant aging effects, and intended
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function(s). The applicant should show that (1) the conditions and .assutiptions used in the 
analysis already address the relevant aging effects for the perkiod ofe<tended operation, and (2) 
acceptance criteria are maintained to provide reasonable assuran.ce thadthe intended 
function(s) is maintained for renewal. Thus, no reanalysis is necessary for renewal.  

In some instances the applicant may identify activities to be ,pWforrmed -to verify the assumption 
basis of the calculation such as cycle counting. An evaluation of that activity should be provided 
by the applicant. The reviewer should assure that the applicants activity is sufficient to confirm 
the calculation assumptions for the 60 year period.  

If the TLAA has to be modified or recalculated to extend the period of evaluation to consider the 
period of extended operation, the re-evaluation should be addressed under 10 CFR 
54.21 (c)(1)(ii).  

4.7.3.1.2 10 CFR 54.21(c)(1)(ii) 

The documented results of the revised analyses are reviewed to verify that the period of 
evaluation of the analyses is extended such that they are valid for the period of extended 
operation, for example, 60 yearsAn applicant may recalculate the TLA. The applicable analysis 
technique can be the one that is in effect in the plant's CLB at the time of renewal application.  

A using a 60 year period to show that the TLAA acceptance criteria continue to be satisfied for 
the period of extended operation. The applicant may also revise the TLAA by recognizing and 
re-evaluating any overly conservative conditions and assumptions. Examples include relaxing 
overly conservative assumptions in the original analysis, using new or refined analytical 
techniques, and performing the analysis using a 60 year period. The applicant shall document 
the results of the reanalysis to show that it is satisfactory for the 60 year period. The analysis 
itself does not need to be reviewed.  

As applicable, the plant's code of record should be used for the re-evaluation or the applicant 
may update to a later code edition pursuant to 10 CFR 50.55a. In the latter case, the reviewer 
verifies that the requirements in 10 CFR 50.55a are met.  

In some cases the applicant may identify activities to be performed to verify the assumption 
basis of the calculation such as cycle counting. An evaluation of that activity should be provided 
by the applicant. The reviewer should assure that the applicant's activity is sufficient to confirm 
the calculation assumptions for the 60 year period.  

4.7.3.1.3 10 CFR 54.21(c)(1)(iii) 

Under this option, an applicant would propose to manage the aging effects associated with the 
TLAA by an aging management program, in the same manner as the integrated plant 
assessment (IPA) in 10 CFR 54.21(a)(3). The reviewer reviews the applicant's aging 
management program to verify that the effects of aging on the intended function(s) will be 
adequately managed consistent with the CLB for the period of extended operation.  

An applicant should identify the structures and components associated with the TLAA. The 
TLAA should be described with respect to the objectives of the analysis, conditions, and 
assumptions used in the analysis, acceptance criteria, relevant aging effects and intended 
function(s). In cases where a mitigation or inspection program is proposed, the reviewer may 
use the guidance provided in Branch Technical Position RLSB-1 of this standard review plan to
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ensure that the effects of aging ,oen the :,,tCuture :andcompor~err,1 nttpdvdfunction(s) are 
adequately managed for the period o!f extended operation 

4.7.3.2 FSAR Supplement 

The reviewer verifies that the applicant has provided a ;FSAR suppterne,-AA on the description of 
the evaluation of the TLAA. The summary description of the a.bluatiovof TLAA for the period 
of extended operation in the FSAR supplement is reviewed to '• ,ftyhad it provides an 
appropriate description such that later changes can be ,coritrokadl b-y-, -ZbCFR 50.59. The 
description should contain information that the TLAAs .thave ;taev) dýdsitioned for the period of 
extended operation. Sections 4.2 through 4.6 of # 'tartai'd •iew •an contain examples of 
acceptable FSAR supplement information for TLAA 'va.ualkwý.  

4.7.4 Evaluation Findings 

The reviewer verifies that sufficient and adequate information has been provided to satisfy the 
provisions of this review plan section and that the staff's evaluation supports conclusions of the 
following type, depending on the applicant's choice of 10 CFR 54.21 (c)(1)(i), (ii), or (iii), to be 
included in the staff's safety evaluation report: 

The staff evaluation concludes that the applicant has provided an acceptable demonstration, 
pursuant to 10 CFR 54.21 (c)(1), that, for the (name of specific) TLAA, (i) the analyses 
remain valid for the period of extended operation, (ii) the analyses have been projected to 
the end of the period of extended operation, or (iii) the effects of aging on the intended 
function(s) will be adequately managed for the period of extended operation. The staff also 
concludes that the FSAR supplement contains an appropriate summary description of this 
TLAA evaluation for the period of extended operation.  

4.7.5 Implementation 

Except in those cases in which the applicant proposes an acceptable alternative method, the 
method described herein will be used by the staff in its evaluation of conformance with 
Commission regulation.  

4.7.6 References 

None.
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