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ABSTRACT 
 
 
From the licensing standpoint there are several approaches worldwide to obtain an authorization to operate a NPP 
beyond its design life. According to the License Renewal Application (LRA) approach, followed in the United 
States of America and another countries, plants need to develop a Life Time Management Program (LTMP) with 
which manage the potential aging processes (corrosion, erosion, erosion-corrosion, radiation and thermally 
induced embrittlement, fatigue, corrosion fatigue, creep, binding and wear) associated to the Structures, Systems 
and Components. A LTMP is composed of several tasks which represents a technical challenge for a nuclear 
installation. 
 
 

1. INTRODUCTION 
 
As a consequence of the low gas prices, new build of Nuclear Power Plants has suffered an 
important deceleration. Under this context, Long Term Operation (LTO) of the existing nuclear 
fleet appears as the best viable option to maintain a reliable and free carbon energy source. 
 
Long Term Operation (LTO) of a nuclear power plant may be defined as operation beyond an 
established time frame set forth by, for example, license term, design, standards, license and/or 
regulations, which has been justified by safety assessment, with consideration given to life 
limiting processes and features of systems, structures and components (SSC). 
 
From the point of view of safety, reliability and availability, these plants, at the end of their 
design life (Figure 1), are in optimal conditions to continue operation. Consequently - for 
technical, environmental and economic reasons - it is justifiable to consider extension of the 
life of these facilities. 
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Figure 1:  Life Cycle of a Nuclear Power Plant 
 

According to the Figure 2, worldwide more than 50% of the 442 operating reactors are more 
than 30 years old, and 44 of them are older than 40 years old.  
 

 
 

Figure 2:  Nuclear Fleet Age (2016). 
 
Depending on the design technology it is considered that a nuclear power plant operates beyond 
its design life when operates more 30 o 40 years. In any case, and regardless of the design 
technology, before achieve LTO Nuclear plants need to accomplish an Aging Management 
process by which control and/or mitigate the degradation caused by ageing in Systems, 
Structures and Components (SSC) . 
 
According to the License Renewal Application (LRA) approach, followed in the United States 
of America and other countries, to obtain a license to operate a Nuclear Plant beyond its design 
life, it is mandatory to develop a Life Time Management Program (LTMP) by which manage 
the potential aging processes associated to the SSC.  
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The aim of this paper is to describe the different tasks which need to be developed as part of a 
Life Time Management Program (LTMP) in order to face the LTO.  
 

2. LIFE TIME MANAGEMENT PROGRAM ASOCIATED ACTIVITIES  
 
Ageing of NPPs, if unmitigated, reduces the safety margins provided in their design and thus  
increases risk to public health and safety, using safety in a broad sense, meaning the safety state  
(i.e. integrity and functional capability) of both passive and active plant components in excess 
of their normal operational requirements (see Figure 3). 
 

 
Figure 3: Component Safety State as Function of Time. 

 
Operating experience shows that age related component failures (i.e. when a component is 
unable to meet its minimum performance requirements, including required safety margins) 
have occurred because of degradation processes, such as general and local corrosion, erosion,  
erosion-corrosion, radiation and thermally induced embrittlement, fatigue, corrosion fatigue, 
creep, binding and wear.  
 
To address this problem Spanish Regulator (Consejo de Seguridad Nuclear, CSN) issued the 
instrucction IS-22 “Sobre Gestión del Envejecimiento y Operación a Largo Plazo de Centrales 
Nucleares” [1], by which Spanish NPPs should develop a Life Time Management Program for 
the normal operation and a possible future life extension. To develop the LTMPs for Spanish 
NPPs, Spanish regulator considered as acceptable methodology the one described in 10 CFR 
54 [2], NUREG-1800 [8] and NUREG-1801 [9] of the NRC. 
 
To respond to the Spanish Regulator requirement IDOM has developed the LTMPs in five of 
the six Spanish NPPs following the methodology described in the GALL report. The tasks done 
by IDOM that compose a LTMP are the following. 
 

2.1.  Scope and screening process.  
The purpose of this first step is to determine which Structures, Systems and Components (SSC) 
will be included in the Lifetime Management Programme. To carry out the process all functions 
associated to each SSC are analyzed determining if they are agree with the criteria described 
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in 10 CFR 54 [2]. According to 10 CFR 54 plant systems, structures, and components within 
the scope are: 
 

(a)(1) Safety-related systems, structures, and components which are those relied upon 
to remain functional during and following design-basis events to ensure the following 
functions: 
 
(i) The integrity of the reactor coolant pressure boundary; 
(ii) The capability to shut down the reactor and maintain it in a safe shutdown condition; 
or 
(iii) The capability to prevent or mitigate the consequences of accidents which could 
result in potential offsite exposures comparable to those referred to in 10 CFR 50.34 
(a)(1), § 50.67(b)(2), or § 100.11 of this chapter, as applicable. 
 
(2) All nonsafety-related systems, structures, and components whose failure could 
prevent satisfactory accomplishment of any of the functions identified in paragraphs 
(a)(1)(i), (ii), or (iii) of this section. 
 
(3) All systems, structures, and components relied on in safety analyses or plant 
evaluations to perform a function that demonstrates compliance with the Commission's 
regulations for fire protection (10 CFR 50.48 [3]), environmental qualification (10 CFR 
50.49 [4]), pressurized thermal shock (10 CFR 50.61 [6]), anticipated transients without 
scram (10 CFR 50.62 [6]), and station blackout (10 CFR 50.63 [7]). 

 
Lifetime Management Programs will only include passive components. According to NUREG-
1800 [8] passive components are those that comply with the following criteria: 
 

1. They perform such functions without moving parts or without a change in 
configuration or properties, and  
2.  They are not subject to replacement based on a qualified life or specified time period. 

2.2. Ageing Management Review (AMR)  
 
After select the SSC included in the scope of the LTMP start this second step. Through the 
AMR, all the components included in the scope of the LTMP are analyzed, in order to 
determine the aging effects and associated mechanism that could affect to them. To perform 
this task is necessary to identify for all SSC the construction material and the environment 
where the SSC performs its intended function. 
 
As a conclusion of the AMR process each aging effect identified, and the associated 
component, is assigned to the corresponding Aging Management Programs (AMP) whereby 
will be managed. The methodology followed to accomplish AMR is according to NUREG-
1800 [8], NUREG-1801 [9] and the EPRI Tools. 

2.3. Definition of the complete set of Ageing Management Programs (AMP). 
 
This activity is performed in parallel with the scoping and screening activity. The purpose is to 
establish a “library” of Ageing Management Programs (AMPs) to be assigned, when 
appropriate, to manage the applicable ageing mechanisms identified for each component. 
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The reference programs are those included in the international literature, i.e. the GALL and 
IGALL [10] reports. To define this library of programs, current plant activities are looked at 
first and a gap analysis is performed. The purpose is to use inspection, mitigation and 
maintenance activities already implemented in the plant to the maximum extent possible. 
 
At this stage, if an activity is missing or deemed inadequate, a proposal for improvement is 
made to the plant and discussed with the technical staff. 
 
Examples of typical AMPs for a NPP includes: fatigue monitoring program, cable condition 
monitoring program, inspection of structures, one time inspections, close treated water system 
monitoring, bolting integrity program, flow accelerated corrosion program, thermal aging 
embrittlement of cast austenitic stainless steel (CASS)… 
 

2.4. Assessment of operating experience for the identification of possible plant specific 
ageing mechanisms. 
 
Within this activity, a systematic review of operating experience related with SSC in the scope 
is made. Relevant data are unusual transients, failures, degraded conditions or any other 
unusual event with an effect on the ability of the SSC to perform its intended function. All this 
information is studied in detail in order to find out if the root cause of the anomalies can be 
related to ageing and, if so, if the ageing mechanism is specific to the plant.  
 
Generally, external operating experience has been taken into account in the reference 
documentation, mainly, the last revision of the GALL report. On the other hand, recent external 
operating experience should be reviewed based on SER and SOER reports of WANO or INPO 
and the reports published by the vendors (Westinghouse, General Electric, Areva, etc.). The 
purpose is to consider recent experiences of ageing related failures not taken into account  
in the reference documentation. 

2.5. Implementation of the Ageing Management Programs. 
 
After the general framework for Ageing Management is established, the process of 
implementing the new plant activities starts. This process is not straightforward, since it 
requires co-ordination between several utility departments and the assignment of new functions 
to each of them. The process usually requires support from the team of engineers who have 
carried out the main analysis. The purpose and the contents of each AMP have to be explained 
to the staff responsible for the implementation and the ways to monitor the performance of the 
AMP have to be defined. This process is very plant specific and normally requires the presence 
on site of the Ageing Management engineers. 

2.6. Monitoring of the performance of the Ageing Management Programs. 
 
AMPs are living entities, whose performance should be monitored periodically. Performance 
of an AMP is measured as its ability to prevent the loss of the intended function of the 
components whose ageing is being managed. Both success and failure of the AMPs should be 
recorded. Failures are used to modify and to improve the AMP. 
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Monitoring of the AMP performance is recorded in a periodical report, which are usually 
required by the Regulator to control the AMPs behavior. 

2.7. Identification and resolution of Time-Limited Ageing Analyses (TLAA). 
 
TLAAs are design-stage or later analyses, required for licensing the plant, in which credit to a 
limited operation time was given. They are typically related to neutron embrittlement, metal 
fatigue, environmental qualification or containment fatigue. Identification of the TLAAs 
requires a complete review of all the analyses carried out as part of the design or later safety 
assessments of components within the scope of the Ageing Management Programe. 
 
This entails validation for longer periods, re-analysis or definition of new Ageing Management 
Programs to monitor ageing. Once the TLAAs are identified, their implications on the Long 
Term Operation have to be assessed. If the analyses are not valid beyond the design life, re-
analysis is required. If re-analysis does not justify safety during the extended operation period, 
new Ageing Management Programs should be defined to monitor the ageing effects which 
motivated each particular TLAA. 
 
Examples of typical TLAAs for a NPP includes: low-cycle fatigue usage, reactor pressure 
vessel neutron embrittlement, crack growth analyses, high-cycle fatigue for steam generator 
tubes, thermal stratification… 
 

2.8. Preparation of the License Renewal Application to deliver to the regulator. 
 
All the previously described evaluation of Ageing Management is included as part of the 
License Renewal Application for Long Term Operation, which is finally submitted to the 
regulator for its approval. 
 

 
3. CONCLUSIONS  

 
The development of a Lifetime Management Program for a Nuclear Power Plant requires a big 
effort, which needs to be accomplished several years prior to the period of extended operation. 
 
The methodology used in United States of America (described in10 CFR 54 NUREG-1800, 
NUREG-1801 and NEI 95-10), has been effective in creating Life Time Management Programs 
as shown by the fact that nowadays several American NPPs operates beyond its life design.  
 
IDOM has applied the methodology used in United States of America in five of the six Spanish 
NPPs, including BWR and PWR, designed with American and German technology. 
 
The implementation of a LTMP has many advantages for the plant, both in its operation within 
the period of design life as well as for Long Term Operation, including: 
 

 Optimization of the investments, performing activities at the right time (for example 
power uprates). 

 Lower the possibility of:  
- Unforeseen breakdowns - Unavailability of equipment.  
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- Unscheduled shutdowns - Loss of production. 
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