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ABSTRACT 

The U.S. Department of Energy (DOE) and the Electric Power Research Institute 
(EPRI), in cooperation with nuclear power plant utilities and the Nuclear Energy 
Institute (NEI, formerly NUMARC, the Nuclear Management and Resources Council), 
have prepared equipment aging evaluations of nuclear power plant equipment for life 
extension considerations. Specifically, these evaluations focused on equipment 
considered important for plant license renewal (U.S. Code of Federal Regulations 
10CFR54). "Industry Reports" (IRs), jointly funded by DOE and EPRI, evaluated the 
aging of major systems, structures, and components (e.g., reactor pressure vessels, 
Class I structures, PWR and BWR containments, etc.) and contain a mixture of 
technical and licensing information. "Aging Management Guidelines" (AMGs), funded 
by DOE, evaluate aging for commodity types of equipment (e.g., pumps, electrical 
switchgear, heat exchangers, etc.) and concentrate on technical issues only. AMGs 
are intended for systems engineers and plant maintenance staff. 

A significant number of technical issues were resolved during IR interactions with 
the U.S. Nuclear Regulatory Commission (NRC). However, certain technical issues 
have not been resolved and are considered "open". Examples include certain issues 
related to fatigue, neutron irradiation embrittlement, intergranular stress corrosion 
cracking (IGSCC) and electrical cable equipment qualification. 

Direct NRC interaction did not take place during preparation of individual AMGs 
due to their purely technical nature. The eventual use of AMGs in a future license 
renewal application will likely require NRC interaction at that time. With a few noted 
exceptions, the AMG process indicated that current aging management practices of 
U.S. utilities were effective in preventing age-related degradation. 

This paper briefly describes the IR and AMG processes and summarizes the 
unresolved technical issues identified through preparation of the documents. 

This work was supported by the U.S. Department of Energy under contract 
DE-AC04-94AL85000. 
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INTRODUCTION 

The continued operation of nuclear power plants beyond the original 40-year 
license period is projected to be economically desirable for many U.S. nuclear 
utilities[1]. To obtain a renewed operating license, utilities must show, in part, that 
age-related degradation has been managed such that systems, structures, and 
components (SSCs) will not degrade to the extent that they are incapable of 
supporting required functions. To control the aging of components important to 
license renewal during the license renewal period, operators of U.S. nuclear power 
plants must identify and perform activities necessary to manage the aging of 
components so that proper function is ensured. 

The U.S. Department of Energy (DOE)-sponsored Plant Lifetime Improvement 
(PLIM) Program through Sandia National Laboratories, in cooperation with the Electric 
Power Research Institute (EPRI) Life Cycle Management (LCM) Program, is aimed at 
resolving technical issues for existing commercial light water reactors (LWRs) in the 
United States. An element of this program was the development of Nuclear 
Management and Resources Council (NUMARC) License Renewal Industry Reports 
(IRs), which evaluated aging concerns in important SSCs such as reactor pressure 
vessels, reactor coolant pressure boundary piping, containment structures, and low-
voltage, environmentally qualified cables. To support continued demonstration of 
PLIM and LCM concepts, an industry need was further identified to develop guidelines 
that describe and evaluate acceptable aging management approaches for groupings of 
equipment not evaluated in the IRs. Aging Management Guidelines (AMGs) fill part of 
that need. 

The IR and AMG efforts are described below. Unresolved technical issues associated 
with each effort are also described. 

INDUSTRY REPORTS 

The NUMARC License Renewal IRs generically performed detailed technical 
evaluations of ten groupings of systems, structures, and components originally 
identified, in part, through the pilot plant program3. Initial drafts of the IRs were 
submitted to the NRC during 1991 and 1992. NRC/industry meetings have been held 
to discuss/resolve comments and pursue formal NRC approval for each IR. As 
generic documents, IRs were used as the basis for industry-wide negotiation with the 

The DOE/EPRI-sponsored pilot plant studies, completed in 1987, involved 
identification of the major degradation mechanisms and estimation of the useful 
remaining life for the plant SSCs. The major repair, replacement, or 
maintenance activities that would be required for life extension were identified. 
The components identified as critical for further evaluation for license renewal 
formed the basis for IR consideration. 
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NRC rather than relying on ad hoc, plant-specific negotiation. The IRs and the NRC 
review process are expected to lead to more predictable license renewal criteria and 
regulations. In addition, consensus industry standards and criteria for license renewal 
can be developed based on the technical evaluations. 

Ten (10) IRs were prepared and submitted to the NRC; five were funded by DOE 
and five by EPRI: 

a. BWR Containment 
b. BWR Reactor Coolant Pressure Boundary (BWR PCPB) 
c. BWR Reactor Pressure Vessel (BWR RPV) 
d. BWR Reactor Pressure Vessel Internals 
e. PWR Containment 
f. PWR Reactor Coolant System (PWR RCS) 
g. PWR Reactor Pressure Vessel (PWR RPV) 
h. PWR Reactor Pressure Vessel Internals 
i. Class I Structures 
j . Low-Voltage, Environmentally Qualified Cables 

A brief summary of the IRs indicating sponsor, the organization that prepared the 
IR, an indication of the level of technical issues resolved, and the date submitted to 
the NRC is listed in Table 1. 

The IRs were prepared in the following format (chapters): 

1. Executive Summary - This discusses the overall results and significant conclusions. 

2. Introduction - The Introduction describes the purpose and objectives of each IR as 
well as the methodology used to identify (1) those specific components considered 
important to license renewal, (2) the relevant age-related degradation mechanisms, 
and (3) effective programs to manage the age-related degradation mechanisms. 

3. Component Evaluation Basis - This chapter details the design basis for the 
component, its operating history, and the precise scope (including boundaries) of the 
evaluations. 

4. Age-Related Degradation Mechanisms - Chapter 4 contains evaluations of all 
possible aging mechanisms (e.g., fatigue, neutron embrittlement, IGSCC, etc.) and 
determined which were significant to the component being considered. Wherever 
possible, precise "if-then" criteria were used to define conditions when the aging 
mechanism was/was not significant (i.e., if a certain condition was met, then the aging 
mechanism was not significant). 

5. Effective Programs - Chapter 5 discusses specific plant programs that were 
considered effective in managing the aging of significant aging mechanisms identified 
in Chapter 4. 
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6. Management Options - For aging mechanisms identified as significant for a 
particular component, but for which no existing effective programs existed, Chapter 6 
provided options for management consideration. 

Technical Results 

As shown in Table 1, most technical issues (about 86% overall) identified in the 
individual IRs were resolved during NRC/industry discussions. That is, the NRC and 
the nuclear power industry agreed on the technical resolution of comments raised by 
the NRC. Examples include the nonsignificant nature of aging mechanisms for certain 
components and the effectiveness of certain programs to control significant aging 
mechanisms. 

Although a significant number of technical issues were resolved for major 
components during the IR process, several unresolved issues remain. Table 2 
provides a brief summary of the "open" or unresolved technical issues identified 
through the IR process, indicates which IRs were affected, and the overall areas of 
disagreement. This list is not all inclusive, but does identify the major technical areas 
of concern. Tables 3-8 identify the programs agreed upon during NRC/industry 
discussions as being effective in managing aging for each PWR IR. The particular 
components for which unresolved issue(s) remain are also identified. Tables 3-8 only 
summarize the four (4) principal PWR IRs along with Class I Structures and Low-
Voltage, Environmentally Qualified Cables. Similar information is available for the 
remaining four (4) BWR IRs but is not detailed in this paper. 

EPRI and DOE are preparing a summary of both open (unresolved) and closed 
(resolved) technical issues from the IRs to be published near the end of 1994. EPRI 
document TR-104305 will summarize the status of IR conclusions from the nuclear 
power industry's point of view and provide the NRC with information for use in 
updating NUREG-1299, Standard Review Plan for the Review of License Renewal 
Applications for Nuclear Power Plants, an NRC guidance document for performing 
safety review evaluations of industry license renewal applications. In addition to 
providing input that can be used to update NUREG-1299, the industry is preparing a 
License Renewal Implementation Guide that will include all the closed issues. 

Based on the anticipated amendment to 10 CFR 54, the focus of license renewal 
technical evaluations will be passive, long-lived components, The IRs address all 
major passive, long-lived components. They are and will continue to be important 
license renewal documents. 
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Table 1. Industry Reports Summary 

Industry Report Sponsor Preparer AIP1 Date to NRC 

BWR Primary 
Containment EPRI MDC-Ogden 96% December 27,1991 

BWR Reactor Coolant 
Pressure Boundary DOE General Electric (GE) 90% June 11,1992 

BWR Reactor Pressure 
Vessel (RPV) DOE GE, Sandia 92% October 20,1992 

BWR RPV Internals DOE GE 96% June 29,1992 

PWR Containment EPRI Bechtel 83% September 17,1992 

PWR Reactor Coolant 
System EPRI Babcock & Wilcox (B&W), 

Duke Engineering 78% June 11,1992 

PWR RPV EPRI 
Failure Analysis Associates 
(FaAA), ABB-Combustion 
Engineering (ABB-CE), EPRI 

63% October 20,1992 

PWR RPV Internals DOE Westinghouse, Duke 
Engineering 88% August 4, 1993 

Class 1 Structures EPRI Bechtel 94% December 27,1991 

Low-Voltage, 
Environmentally 
Qualified Cables DOE Sandia 84% August 4, 1993 

1 AIP - Agreement-in-principle. Indicates general agreement between NRC and industry on resolution 
of specific comments raised by the NRC regarding technical issues during the IR process. 
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Table 2. Major Unresolved Technical Issues Identified During industry 
Report Process 

Unresolved Technical 
Issue Specific Areas of Disagreement IRs Affected 

Adequacy of current 
fatigue design basis 

Effect of water environment on fatigue 
life, differences in fatigue design due to 
code used (ANSI B31.1 versus ASME 
Section III) definition of set of 
"enveloping" transients for all 
components, conservatism in cumulative 
usage factor (CUF) calculations. 

All except Class I 
Structures and Low-
Voltage, Environmentally 
Qualified Cables. 

Adequacy of current 
equipment qualification 
basis design 

Pre-aging of NRC Division of Operating 
Reactors (DOR) guideline for qualified 
cables, cable reanalysis (desired by 
industry) versus testing (desired by 
NRC), uncertainties in cable reanalyses 
methodology. 

Low-Voltage, 
Environmentally Qualified 
Cables 

In-service inspection Desirability of "focused inspections," VT-
1 versus VT-3 inspections, validity of 
Code Case N-481. 

All IRs except BWR RPV, 
PWR RPV and Low-
Voltage, Environmentally 
Qualified Cables 

Ultrasonic inspections Adoption of ASME Section XI mandatory 
Appendices VII and VIII 

BWR RPV, PWR RCS, 
PWR RPV 

Thermal aging 
embrittlement 

Disagreement regarding screening 
levels for delta ferrite and molybdenum 
content 

BWR PCPB, PWR RCS, 
PWR RPV Internals, PWR 
RPV 

Neutron irradiation 
embrittlement 

Definition of beltline region and 
screening levels 

PWR RPV, PWR RCS 

Irradiation-assisted 
stress corrosion 
cracking 

Disagreement on screening criteria for 
neutron fluence 

PWR RPV Internals, BWR 
RPV Internals 

Adequacy of current 
licensing basis (CLB) 
for concrete structures 

Alkali-aggregate reactions in Class I 
concrete structures, PWR containments 
and BWR containments, reinforcing 
steel corrosion, freeze-thaw damage in 
PWR containments 

BWR containments, PWR 
containments, 
Class I structures 
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Table 3. Effective Aging Management Programs for PWR Containment 
Industry Report 

Agreed-upon effective 
aging management 

programs 

Periodic visual monitoring of settlement data using standard geodetic 
elevation survey procedures, fatigue reanalysis using current fatigue 
design basis, periodic inservice examination in accordance with ASME 
Section XI, Subsections IWE and IWL. 

Unresolved technical 
issue(s) and 

components affected 

Visual examination of exposed concrete surfaces, freeze-thaw damage 
of concrete structures, alkali-aggregate reactions in concrete structures, 
reinforcing steel corrosion in concrete structures, fatigue damage due 
to unanticipated thermal transients in penetration sleeves. 

Table 4. Effective Aging Management Programs for PWR Reactor Coolant 
System Industry Report 

Agreed-upon effective 
aging management 

programs 

Fatigue reanalysis extending the existing fatigue design basis, inservice 
inspection in accordance with ASME Section XI, Subsection IWB, utility 
commitments related to NRC Bulletin 88-11 and Information Notice 90-
10, provisions of ASME Nuclear Code Case N-481 (inspection, flaw 
tolerance evaluation), inservice evaluation procedures applicable to 
cast austenitic stainless steel (CASS) reactor coolant pump casings 
and covers, inservice testing of pressure relief devices in accordance 
with ASME/ANSI Operations and Maintenance (OM) Code (Part 1). 

Unresolved technical 
issue(s) and 

components affected 

Visual examination of CASS pump casings and valve bodies, ultrasonic 
inspections of piping welds and geometric discontinuities, thermal aging 
embrittlement screening for CASS pump casings, valve bodies and 
piping components, alternate inspections for austenitic stainless steel 
pump casings and valve bodies (from ASME Boiler and Pressure 
Vessel Code - Code Case N-481), stress corrosion cracking (SCC) of 
stainless steel piping, neutron irradiation embrittlement of PWR RPV 
supports, environmental effects on fatigue life and potential new fatigue 
design curves for all components susceptible to fatigue damage, SCC 
of pressurizer cladding. 
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Table 5. Effective Aging Management Programs for PWR Reactor Pressure 
Vessel Industry Report 

Agreed-upon effective 
aging management 

programs 

Reactor Vessel Materials Surveillance Program Requirements (10 CFR 
50, Appendix H), Fracture Toughness Requirements for Protection 
Against Pressurized Thermal Shock Events (10 CFR 50.61), Fracture 
Toughness Requirements (10 CFR 50, Appendix G), fatigue usage 
factor recalculation in accordance with existing fatigue design basis, 
inservice examination in accordance with ASME Section XI, Subsection 
IWB, utility commitments associated with NRC Information Notice 90-10 
and Generic Letter 88-05. 

Unresolved technical 
issue(s) and 

components affected 

Ultrasonic inspections of piping welds and geometric discontinuities, 
thermal aging embrittlement of low-alloy pressure vessel steels, neutron 
irradiation embrittlement of RPVs, SCC of RPV stainless steel cladding, 
transient monitoring for fatigue of PWR RPV components, 
environmental effects on fatigue for components susceptible to fatigue 
damage. 

Table 6. Effective Aging Management Programs for PWR Reactor Pressure 
Vessel Internals Industry Report 

Agreed-upon effective 
aging management 

programs 

Inservice inspection in accordance with ASME Section XI Subsection 
IWB, fatigue reanalysis using the current fatigue design basis extended 
through the license renewal term. 

Unresolved technical 
issue(s) and 

components affected 

Visual examination for irradiation-assisted stress corrosion cracking 
(IASCC) of austenitic stainless steel components, thermal aging 
embrittlement of CASS components, IASCC screening levels for 
austenitic stainless steel and nickel-based alloy components, primary 
water SCC of stainless steel components in creviced conditions or 
where conditions might differ from bulk PWR water environments, 
fatigue usage recalculation of PWR RPV internals components, 
environmental effects on fatigue life and potential new fatigue design 
curves for all components susceptible to fatigue damage. 
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Table 7. Effective Aging Management Programs for Class I Structures 
Industry Report 

Agreed-upon effective 
aging management 

programs 

Periodic visual monitoring of settlement data using standard geodetic 
elevation survey procedures, periodic inservice inspection in 
accordance with NRC Regulatory Guide 1.127 (Inspection of Water-
Control Structures Associated with Nuclear Power Plants), periodic 
surveillance and monitoring commitments in response to NRC 
Inspection and Enforcement Bulletin 80-11 (Masonry Wall Design), 
periodic monitoring of leak chase system drain lines and/or leakage 
detection sump (with appropriate corrective actions), periodic 
pressurization testing in accordance with reactor building pressurization 
test requirements, periodic inservice visual examination. 

Unresolved technical 
Issue(s) and 

components affected 

Visual examination of exposed concrete and structural steel surfaces, 
alkali-aggregate reactions in concrete structures. 

Table 8. Effective Aging Management Programs for Low-Voltage, 
Environmentally Qualified Cables Industry Report 

Agreed-upon effective 
aging management 

programs 

Reevaluation through modification of existing low-voltage 
environmentally qualified cable qualification files, requalification through 
testing of naturally-aged or age-conditioned cable, cable replacement. 

Unresolved technical 
Issue(s) and 

components affected 

Pre-aging of NRC Division of Operating Reactors (DOR) guidelines for 
qualified cables, testing (as opposed to analysis) of naturally aged 
cables to extend qualified life, uncertainties in cable reanalysis 
methodology. 
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AGING MANAGEMENT GUIDELINES 

Aging Management Guidelines (AMGs) provide guidance on performing detailed 
evaluations of aging mechanisms and aging management strategies applicable to 
critical equipment groups beyond those addressed in the Industry Reports. As of this 
writing, the following seven (7) AMGs have been published, all sponsored by DOE: 

1. Battery Charger, Inverters and Uninterruptible Power Supplies[2] 
2. Batteries, Stationary[3] 
3. Heat Exchangers[4] 
4. Motor Control Centers[5] 
5. Pumps[6] 
6. Transformers, Power and Distribution^] 
7. Switchgear, Electrical[8] 

Two additional AMGs are in preparation: 

1. Cables, medium and high voltage and low-voltage nonenvironmentally 
qualified 

2. Pools and tanks 

The following AMG topics are under consideration: 

1. Penetrations, electrical and mechanical 
2. Piping, non-Reactor Coolant Pressure Boundary 

The format of AMGs is very similar to that of IRs, but the emphasis is much 
different due to the differing audiences targeted. The format and content of an AMG 
are described below: 

1. Executive Summary - This discusses the overall results and significant conclusions. 

2. Introduction - This section of an AMG discusses the following topics: 

Background 
Purposes and Objectives 
Contents 
Generic License Renewal Requirements 
Method Used to Define the Scope of Components Important to License 
Renewal 

• Method Used to Define Aging Mechanisms Assessed 

3. Equipment Evaluated - This section lists and describes the components evaluated, 
defines component boundaries, and discusses manufacturers' design differences. 
Issues discussed include: 
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Equipment design differences relevant to aging 
Equipment obsolescence as it affects aging management 
Service environments 
Operating and maintenance history from the Institute of Nuclear Plant 
Operation (INPO) Nuclear Plant Reliability Data System (NPRDS) and the 
NRC Licensee Event Reports (LERs) databases 

• Additional operating and maintenance history from responses to plant 
surveys. 

Section 3 also includes a discussion of applicable design requirements, including 
Codes, Standards, and Regulations. Manufacturer-specific operating history results 
are noted where applicable and justifiable. 

4. Applicable Stressors and Aging Mechanisms - This section goes beyond the 
identification of age-related degradation mechanisms discussed in the IRs by also 
considering stressors, aging mechanisms (not necessarily age-related), and failure 
modes. Specifically, the following topics are discussed: 

• Stressors acting on components 
Aging mechanism identification 
Significance of aging mechanisms using "if-then" criteria 
Age related degradation 
Potential failure modes 

Stressors acting over time produce aging mechanisms that ultimately can cause 
component degradation. Environmental conditions and steady-state, cyclic, or other 
peak stressors act on components during normal operation, transient events, and 
testing. Typical stressors are high or low temperature, radiation, humidity, and 
contaminants, and are electrical, mechanical, chemical, thermal, or electrochemical in 
nature. An aging mechanism is potentially significant when, if allowed to continue 
without detection or mitigation measures, it could impair the component's ability to 
function within acceptance criteria. Typical aging mechanisms include wear, lubricant 
deterioration, fouling, fatigue, corrosion, stress corrosion cracking, etc. Operational 
demands, environmental conditions, failure data, and industry operations and 
maintenance history are considered, and the significance of the aging mechanisms is 
determined. 

5. Effective Management of Aging Mechanisms - Section 5 discusses effective aging 
management techniques for aging mechanisms determined to be significant in 
Section 4. Common maintenance, inspection, testing and surveillance techniques or 
programs are described. A discussion of less common activities and techniques is 
also included. The effectiveness of these techniques or programs to manage the 
significant aging mechanisms is evaluated. Variations in plant aging management 
programs or techniques are considered. 
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6. Other Management Considerations - Section 6 discusses aging management 
options to deal with action items identified in Section 5. Refurbishment criteria are 
also discussed. 

Technical Results 

Table 9 provides an overview of the technical issues identified in the seven 
completed AMGs that may be of concern and identifies potential resolution strategies. 
The relatively small number of identified issues indicates a generally effective set of 
industry maintenance programs for the components evaluated. 

As stated earlier, AMGs did not receive formal NRC review as during the IR 
process. Therefore, no specific open (unresolved) issues stemming from NRC 
comments have been identified. However, during the aging evaluations made in 
preparing each AMG, the effectiveness of commonly used aging management 
programs was characterized and additional plant-specific considerations regarding 
effective aging management were identified. Tables 10-16 provide details regarding 
effectiveness of aging management programs and additional plant-specific 
considerations for each completed AMG. 
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Table 9. Aging Management Guidelines (AMGs) Technical Issues Summary 

Aging Management 
Guideline 

Date 
Published Technical Issues Resolution 

Stationary Batteries 
(SAND93-7071) 

March 1994 Seismic vulnerability of aged 
Class 1E lead-acid batteries 
may be a concern. 

Disassembly inspection of 
artificially aged and actual 
sample cells, seismic 
testing 

Battery Chargers, 
Inverters and 
Uninterruptible Power 
Supplies 
(SAND93-7046) 

February 1994 Inverter and UPS inspection 
frequency may need to be 
increased. 

Increase inspection 
frequency of inverters 
and UPS to match that of 
chargers. 

Heat Exchangers 
(SAND93-7070) 

June 1994 ASME Operations and 
Maintenance Code (OM Code) 
requirements have not been 
adopted; implementation would 
yield effective aging 
management programs. 

Adopt ASME Operations 
and Maintenance Code. 

Motor Control Centers 
(SAND93-7069) 

February 1994 Molded case circuit breakers, 
MCCs in "harsh" environments 
and/or subject to a high 
number of operating cycles 
may warrant additional 
attention. 

Review and evaluate 
adequacy of existing 
maintenance/surveillance 
programs and alter if 
necessary; perform root-
cause analyses. 

Pumps 
(SAND93-7045) 

April 1994 With minor exceptions (aging 
due to corrosion, IGSCC, or 
transgranular stress corrosion 
cracking-TGSCC), existing 
industry programs are effective. 

Enhance existing 
examination programs 
where appropriate and 
increase testing activities 
if necessary. 

Electrical Switchgear 
(SAND93-7027) 

July 1993 Overcurrent trip devices, 
lubrication practices, 
switchgear in "harsh" 
environments and/or subject to 
a high number of operating 
cycles may warrant additional 
attention. 

Review and evaluate 
adequacy of existing 
maintenance/surveillance 
programs and alter if 
necessary. 

Power and Distribution 
Transformers 
(SAND93-7068) 

May 1994 Insulation, insulating fluid, 
bushing contamination, 
transformers in "harsh" 
environments and/or subject to 
a high number of operating 
cycles may warrant additional 
attention. 

Review and evaluate 
adequacy of existing 
maintenance/surveillance 
programs and alter if 
necessary. 
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Table 10. Effective Aging Management Programs for Stationary Batteries 
Aging Management Guideline 

Commonly used aging 
management 

programs 

Preventive maintenance, surveillance, "good housekeeping" practices -
operation logs and checklists, on-line monitoring and annunciator 
response procedures, corrective maintenance, Class 1E battery seismic 
qualification, and operational experience reviews and trending. 

Less commonly used 
aging management 

programs 

Continuous environmental monitoring and mitigation, sample cell 
analysis, battery charger output waveform monitoring, battery 
impedance testing, battery conductance testing, infrared thermographic 
inspection, periodic battery replacement, and potential surveillance tests 
for detecting seismic vulnerability. 

Effectiveness of aging 
management 

programs 

Evaluation results demonstrate that common programs used in the 
industry are generally effective in detecting and/or mitigating stationary 
battery aging, as shown by a decreasing amount of failures. 

Additional 
plant-specific 

considerations 

Uncertainty of seismic vulnerability of the aged Class 1E lead-acid 
batteries which are not qualified per IEEE 535-1986 is an issue for 
battery aging management. Current inspections and surveillance tests 
will detect degradation in a battery's ability to deliver its rated power 
capacity, but not the internal structural strength of the battery that may 
make it vulnerable to a design basis seismic event. Because the 
qualified electrical life of a battery is probably longer than its seismic-
qualified life, aged batteries not seismically qualified at end-of-life 
conditions may fail during a seismic event, even though the batteries 
are capable of delivering required capacity before the event. Practical 
methods for detecting or mitigating the corrosion condition of relevant 
battery internal parts (the cause of the potential problem) are under 
development. Three options for monitoring and estimating the battery 
degradation condition related to seismic vulnerability include 
disassembly inspection of artificially aged sample cells, seismic testing 
of artificially aged sample cells, and periodic disassembly inspection of 
sample cells. Further research and development work is needed to find 
improved surveillance and monitoring techniques for identifying incipient 
seismic vulnerabilities of aged lead-acid batteries. 
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Table 11. Effective Aging Management Programs for Battery Chargers, 
Inverters and Uninterruptible Power Supplies (UPS) Aging 
Management Guideline 

Commonly used 
aging management 

programs 

Preventive maintenance, technical specification surveillance, equipment 
qualification, "good housekeeping" practices - operation logs and 
checklists, on-line monitoring and annunciator response procedures, 
infrared thermographic inspection, corrective maintenance and 
operational experience reviews and trending. 

Less commonly used 
aging management 

programs 

Environment mitigation, waveform monitoring, insulation resistance 
testing, transformer turns ratio testing, sample removal and analysis, 
equipment replacement/refurbishment, environmental monitoring, 
transient monitoring and recording, and vibration diagnosis. 

Effectiveness of aging 
management 

programs 

Evaluation results demonstrate that common programs used in the 
industry are generally effective in detection and/or mitigation of battery 
charger, inverter, and UPS aging. Inverter and UPS aging management 
may be less effective than that for battery chargers, therefore, increased 
in inspection frequencies may be warranted. 

Additional 
plant-specific 

considerations 

Two outstanding issues, not associated with specific aging mechanisms 
or plant programs, may influence or dominate a given plant's aging 
management program for battery chargers, inverters, and UPSs. The 
first is obsolescence of electronic subcomponents and design 
technology, leading to the unavailability of qualified replacement parts, 
and a loss of "institutional knowledge" and expertise required for 
maintenance of older electronics. This issue is compounded by the 
improved reliability, lower operations and maintenance (O&M) costs, and 
flexibility of current electronic/computer designs, in which replacement of 
outdated technology may be cost-justified and preferred over aging 
management of older components. 

The second issue is dissolution, merger, and product line changes of 
vendors who supplied original equipment chargers, inverters, and UPSs. 
This has led to decreased product support and service, loss of 
institutional knowledge for maintenance and repair, and lack of vendor 
performance data for older units. 
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Table 12. Effective Aging Management Programs for Heat Exchangers Aging 
Management Guideline 

Commonly used 
aging management 

programs 

ASME Section XI, Inservice Inspection and Testing, ASME Operation 
and Maintenance Standards (Parts 2,11, and 21), preventive 
maintenance (periodic, predictive, planned) and microbioiogically 
influenced corrosion (MIC) control. 

Less commonly used 
aging management 

programs 

Heat exchanger lay-up program, operator activities, coating survey, 
operating/industry experience review, spare parts shelf life and receipt 
inspection. Effective programs presented in the AMG (e.g., visual 
inspection, leak testing, eddy current and vibration monitoring) are also 
often specified by heat exchanger manufacturers. 

Effectiveness of 
aging management 

programs 

Failure rates for heat exchangers have been slightly increasing in recent 
years (NPRDS data). This may be due to the fact that ASME Operation 
and Maintenance (OM) Standards are not yet required. If one includes 
ASME Operation and Maintenance (OM) Standards as a commonly 
used program, evaluation results suggest that conventional programs 
commonly used in the industry would effectively detect and/or mitigate 
heat exchanger aging. 

Additional 
plant-specific 

considerations 

ASME Operation and Maintenance (OM) Standards relating to heat 
exchangers have not been endorsed by the Boiler and Pressure Vessel 
Committee of ASME, nor have they been entered into the Code of 
Federal Regulations (10 CFR 50.55a) as mandatory testing and 
inspection requirements. However, elements of these standards 
effectively detect and/or mitigate aging and degradation occurring in 
heat exchangers in the scope of this AMG. Since these standards are 
not mandatory, some nuclear utilities may not be following their 
requirements. If this is the case, it may be beneficial for utilities to 
upgrade or enhance their preventive maintenance program to include 
elements of the OM Standards. 
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Table 13. Effective Aging Management Programs for Motor Control Centers 
(MCCs) Aging Management Guideline 

Commonly used 
aging management 

programs 

Visual inspection, measurement of various component properties (such 
as electrical resistance or contact tolerance), adjustment, operabiiity and 
functionality checks, lubrication, and component replacement. 

Less commonly used 
aging management 

programs 

Infrared thermography and component refurbishment. 

Effectiveness of aging 
management 

programs 

Existing plant maintenance activities and programs are largely effective 
at managing the aging of MCC components. Improvements are 
discussed below. 

Additional 
plant-specific 

considerations 

Molded case circuit breakers, their external operating handle 
mechanisms, and starter/contactor auxiliary contact mechanisms all 
constituted comparatively large fractions of the total number of MCC 
component failures, and may warrant added consideration. Those 
MCCs (or components) which (1) may be exposed to accident 
temperature, steam, or radiation conditions; (2) are exposed to 
temperatures in excess of 40°C (104°F) for extended periods; or (3) are 
subject to a high number of operating cycles in relation to the 
manufacturer's design cyclic rating may require additional attention. 

Table 14. Effective Aging Management Programs for Pumps Aging 
Management Guideline 

Commonly used aging 
management programs 

ASME Section XI, Inservice Inspection and Testing; ASME Section XI 
Wall Thinning, Technical Specification surveillance, preventive 
maintenance, pump erosion control and MIC control. 

Less commonly used 
aging management 

programs 

Pump lay-up, thermography, operator activities, coating survey, 
operating/industry experience review, spare parts shelf life and receipt 
inspection. 

Effectiveness of aging 
management programs 

Except for corrosion, IGSCC and TGSCC, results demonstrate that 
conventional programs commonly used in the industry effectively 
detect and/or mitigate pump aging. 

Additional 
plant-specific 

considerations 

In many fluid applications, corrosion, IGSCC and TGSCC of the 
pump's miscellaneous structural components, fixed internal 
components, and wearing components are not effectively managed by 
current plant programs/techniques. Therefore, the plant's preventive 
maintenance program should require that once each ten-year 
inspection interval at least one pump from each fluid application be 
disassembled for inspection and surface examination to inspect for 
corrosion, IGSCC, and TGSCC of internal pump components. 
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Table 15. Effective Aging Management Programs for Electrical Switchgear 
Aging Management Guideline 

Commonly used aging 
management 

programs 

Periodic visual inspection, measurement of various component 
properties (such as electrical resistance or contact tolerance), 
adjustment, operabil'rty and functionality checks, lubrication, and 
component replacement. 

Less commonly used 
aging management 

programs 

Infrared thermography, acoustic/vibration analysis, and component 
refurbishment. 

Effectiveness of aging 
management 

programs 

Evaluation results demonstrated that existing plant maintenance 
activities and programs are largely effective at managing the aging of 
switchgear components. In a few instances described below, additional 
actions may be taken to improve the effectiveness of the maintenance 
programs. 

Additional 
plant-specific 

considerations 

Overcurrent trip devices and other electrical devices appear to 
constitute comparatively high percentages of the failure reports, and 
therefore may warrant added consideration. Inadequate/degraded 
lubricant appears to have a strong correlation to instances of switchgear 
failure. Overhaul/refurbishment may be required to effectively address 
lubricant degradation. Sw'rtchgear/components which (1) may be 
exposed to accident temperature, steam, or radiation conditions, (2) are 
exposed to temperatures in excess of 40°C (104°F) for extended 
periods, (3) are subject to a high number of operating cycles in relation 
to the manufacturer's design cyclic rating, or (4) are subject to 
environments containing high levels of dust or contaminants may also 
require additional attention. 
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Table 16. Effective Aging Management Programs for Power and Distribution 
Transformers Aging Management Guideline 

Commonly used aging 
management 

programs 

Visual inspection, periodic observation of temperatures and levels 
(where applicable), measurement of component properties (such as 
dielectric strength, oil viscosity, etc.). cleaning, operability checks, and 
component replacement where required. 

Less commonly used 
aging management 

programs 

Infrared thermography and component refurbishment. 

Effectiveness of aging 
management 

programs 

Evaluation results showed that existing plant maintenance activities are 
largely effective at managing the aging of power and distribution 
transformer components. In a few instances described below, additional 
actions may be taken to improve the effectiveness of the maintenance 
programs. 

Additional 
plant-specific 

considerations 

Degradation of transformer solid insulation and insulating fluid, as well 
as contamination of bushing external surfaces, appear to be closely 
related to the more damaging types of failures experienced by power 
and distribution transformers, and hence may warrant added 
consideration. Those transformers which may be exposed to (1) 
temperatures in excess of 40°C (104°F) for extended periods, (2) 
abnormal electrical loading conditions; or (3) high levels of dust, dirt, or 
contaminants may require additional attention. 

Summary 

The U.S. Department of Energy through Sandia National Laboratories, and the 
Electric Power Research Institute have written and published a series of equipment 
aging evaluations. Industry Reports were generated by both DOE and EPRI and 
evaluated the aging of major systems, structures and components. Although many IR 
issues were resolved, a number unresolved or open technical issues still exist. Aging 
Management Guidelines were generated by Sandia National Laboratories for DOE and 
evaluated aging of commodity types of equipment. AMGs discovered several 
issues/aging management practices that could be improved, but overall found the 
aging management practices now being used to be effective. 
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