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Abstract. LTAM strategy was developed for the component level to efficiently manage aging and obsolescence. 
Systematic monitoring and proactive measures against aging mechanism will reduce unplanned loss due to 
failure of large components. Also, financial risk for lost power production will be minimized on the basis of  
fleet-wide LTAM strategies. 
 

1. Introduction  

 
The importance of life-cycle management in nuclear power plants has been increasing over 
the past several years. Long-term asset management (LTAM) strategies for the components of 
operating nuclear power plants in Korea have been developed for improvement of safety and 
reliability and to maximize plant asset value. The main objective of LTAM strategies is to 
determine the optimum timing of refurbishment and replacement in terms of life-cycle 
management for safety related or power production components. 
 
2. Methodology 

 
A key element of the growing momentum for the future depends on optimization of facility 
investment and cost competitiveness. In oversea, major components of nuclear power plants 
have been already put under management of Life Cycle Management (LCM) technology [1], 
[2]. In Korea, a comprehensive management system has been developed and is being 
implemented based on LCM technologies. Determining the optimal timing of component 
refurbishment and effective preventive maintenance (PM) interval is major part of the LTAM 
strategy. A total of 28 components of the LTAM strategy were selected.  
 
The overall LTAM strategy development process and flow chart for the LTAM process are 
shown in Figures 1&2.  The LTAM process is summarized as follows. 
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• Reviewing the plant specific operation and performance history of the equipment 
• Reviewing overseas NPP operation and performance history for the equipment 
• Reviewing the current long-term maintenance plan for the equipment 
• Performing aging, obsolescence and performance assessment 
• Identifying candidate life cycle management with plant operating term strategies 
• Compiling failure rate and cost data for the alternative plans 
• Estimation of performance and yearly costs of alternative plans 
• Calculation of the NPV (net present value) for each plan 
• Selection of optimum plan alternative for the SSC (Structure, System, and Component) 
 

  
Figure 1. Flowchart of LTAM Process  
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        Figure 2.   LTAM strategy development methodology 

 
          

2.1 Reviewing the plant specific operation and performance history of the equipment 
 
This section contains the plant specific information.  The most comprehensive data reside in a 
database maintained by the KHNP ERP (Enterprise Resource Planning) System. This 
database is accessible by authorized utility contacts. Once the information has been assembled, 
the data will have to be evaluated for applicability, trended over time, assessed for accuracy 
and potential short-comings; calculation of failure rates and SSC populations were performed, 
and conclusions were drawn; these data will be used for SSC LTAM strategy.  
 
2.2 Reviewing overseas NPP operation and performance history for the equipment 
 
To provide an industry benchmark for generic historical SSC performance used as observed in 
the overseas nuclear industry, LCM sourcebook, LCM implementation results, and INPO 
database for specific SSCs were reviewed. Also, NRC generic communications such as 
Generic Letters and; Information Notices were surveyed to identify potential LCM issues.  
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2.3 Reviewing the current long-term maintenance plan for the equipment 
 
KHNP developed a preventive maintenance template that includes generic PM tasks and 
intervals for SSCs. The preventive maintenance template indentified recommended 
maintenance tasks and intervals depending on component significance and operation 
condition. The template was also reviewed for applicability to long term aging and for 
potential additions or modification. 
 
2.4 Performing aging, obsolescence and performance assessment 
 
Aging evaluation was performed based on both feedback evaluation and theory based 
evaluation.  The feedback based evaluation was carried out for all SSCs subject to the LTAM 
strategy.  Theory based evaluation was performed mainly for electrical and I&C components 
such as the large transformer, main generator, and large motors. Aging evaluation approach 
and evaluation results for the LTAM strategy are shown in Figure 3 and Table I. The principal 
focus of aging assessment is to obtain a comprehensive set of data on such things as failure 
location, degradation mechanism, and degradation influence for aging management on the 
basis of EPRI methodology.  The aging assessment also included a list of aging management 
programs or tasks for each failure mode. For some SSCs, obsolescence rather than aging is 
the most life-limiting issue. This problem mainly affects electrical and instrumentation 
systems, active electrical components, and electronic cards.  To evaluate the potential for 
technical obsolescence, a proactive obsolescence management approach was utilized. 
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Figure 3. Flowchart of LTAM Process Aging Evaluation 

 
Table I. Example of aging evaluation for pump based on the feedback based evaluation 

method 

Failure 
Location 

Degradation  
Mechanism  

Degradation Influence  Time  
Code  

NPP A  
Units 1,2,3,4  

Casing 
Casing corrosion  Inadequate installation  W2_5  OE(Aging)  

Record  

Joint erosion Frequent pump inspection  W2_8  N/A  

Impeller 

vane thinning  Normal wear  UW10_15  N/A  

Wear due to 
cavitation 

Low NPSH
A
 or Off-BEP 

operation  
W0.5_8  N/A  

 
2.5  Identifying candidate life cycle management with plant operating term strategies 
 
For potential issues, several LTAM plan alternatives were identified and described.  Each 

alternative consists of one of the following four approaches, as shown in Figure 4. First, the 

base case is typically the “no change” LCM alternative. Second is the optimization of the 
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current maintenance program by adding effective PM and PdM (Predictive Maintenance), 

which is not currently performed for SSC. Third is design modification, such as the creation 

of additional redundancy. Fourth is replacement and refurbishment.  LTAM strategy for the 

instrument air system is presented in Table II as an example.  

 
 
 
 
2.6 Economic evaluation   
 
Economic evaluation was performed based on the results of the technical evaluation by using 
LEAP (LTAM Economic Assessment Program) software, which was developed by KHNP. 
All future costs for managing the SSC for the remaining plant life were assessed based on the 
net present value analysis method. The net present value is the amount of money that must be 
invested in a year assuming a certain inflation rate and a discount rate so that the plant 
operator will be able to pay estimated future expenses. The economic evaluation results for 
one pump are presented in Table III as an example.  
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Table II. LTAM Strategy for Instrument Air System(part of technical evaluation) 

Sub 
Component 

Aging Performance 
Criteria 
(Active 

Component) 

Alternative LTAM Plan 
for a 60-year operating term 

Aging 
Mechanism 

Aging 
Effect 

Expected 
Lifetimes 
(years) 

Alternative 
2A  

Alternative 
2B 

Alternative 
2C 

Air 
Compressor 

General 
Corrosion 

Loss of 
material 

>40 
Both APC  and 
RPC criteria 
are met. 

Same as at 
present 

Replacement  
of Three Air 
Compressors 

Replacement  
of Three Air 
Compressors 
and One 
addtional 
installation  

 

Fatigue 
(Vibration) Crack 

After Cooler 

General 
Corrosion 

Loss of 
material 

>40 
Both APC  and 
RPC criteria 
are met. 

Same as at 
present - - 

Fouling 
Loss of 
material 

 
 

 

Table III. Economic evaluation results for pump(part of technical evaluation) 

LCM Alternatives 

Evaluation Results 

NPV Cost 
(100 million won) 

Benefit 
(100 million won) 

B/I Ratio 

40 
Year 

Operation 

1A : No Change 23.54 - - 

1B : Replace main 
feedwater pump in 2016 

16.79 6.75 3.84 

1C : Replace main 
feedwater pump in 2023 

22.56 0.98 1.62 

60 
Year 

Operation 

2A : No Change 43.66 - - 

2B : Replace main 
feedwater pump in 2016 

22.43 21.23 9.93 

2C : Replace main 
feedwater pump in 2023 

28.21 15.46 10.78 

 
2.7 Selection of the optimum SSC-level LCM Plan 
 
The optimum alternative plan is to be selected based on the total NPV cost and the B/I ratio 
calculated by the LEAP software. The optimal alternative plan may not be the one with the 
lowest cost. The optimal strategy will be determined in terms of engineering and management 
judgments.  
 
3. Results 
 

Development of an LTAM strategy for a pilot plant had been performed; nowadays, LTAM 

phase II activities for all nuclear units have been carried out as proactive measures against the 

aging and degradation of major components. We had not only secured knowhow through 



 

 

LTAM for nuclear power plants but have also established procedures and engineering 

methodology. LTAM strategy for the selected components was derived from a review of 

operating experience and corrective maintenance, and an evaluation of aging, performance, 

obsolescence, and economic analysis results. The results of LTAM will mainly be utilized for 

decision making in long-term planning of fleet-wide capital investment. These results will be 

a useful tool to determine the right time for replacement and refurbishment on a technical 

basis and will lead to the feasibility of long term operation.  
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