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ABSTRACT 

 

According to Chinese Nuclear Safety Guideline of Ageing Management for Nuclear Power Plants (HAD 

103/12) published by NNSA in 2012
[1]

, which is based on the relevant IAEA guideline
[2]

, ageing 

management should be carried out in all stages of full life cycle of NPPs, including design, 

construction/manufacture, commissioning, operation including operation license extension (OLE) period 

and decommissioning. This paper explains in detail on ageing management activities for all individual 

stages, combining with practice in Chinese nuclear power development programme, taking account of not 

only safety factors but also economic ones. Differing from traditional ageing management practice which 

focuses only on operational stage, the full life cycle ageing management emphasizes early actions at 

design and manufacture/construction stages to ensure robustness and health of critical SSCs, in which, 

structural mechanics acts as a very important role. For example, at design stage, the following ageing 

management actions should be taken into account, such as establishment of Equipment Qualification 

programme for safety related equipment, identification and assessment of significant ageing mechanisms 

for critical SSCs, consideration and assessment of experience feedback from other NPPs, consideration of 

condition monitoring, including online monitoring, considering measures facilitating maintenance and 

inspection and ageing management as a topic of Final Safety Analysis Report (FSAR). The paper also 

analyses the challenges in implementation of full life cycle ageing management covering not only in 

safety aspects but also in economic aspects on design conception, modes of construction, manufacture, 

commissioning, equipment qualification, O&M, licensing maintenance, OLE and decommissioning for 

NPPs. 

 
0   INTRODUCTION 

 

There were three major nuclear accidents ever happened in the world, TMI (USA, 1979), Chernobyl 

(USSR 1986) and Fukushima (Japan 2011), which not only greatly delayed the global development of 

nuclear power, but also have great impact to public confidence on nuclear energy. However, the three 

major accidents, in turn, has greatly promoted the enhancement of nuclear safety level afterwards with 

more precautious and more strict attitude to deal with nuclear safety issues by either nuclear industry and 

nuclear safety regulatory. One of the main safety issues is the failure of safety related components during 

operation. Most component failures stem from effects of one or multiple ageing mechanism(s). Ageing 

management is one of the most significant measures to prevent failure and to ensure safety of nuclear 

power plants. Traditional ageing management would usually start from operational stage, say 3 or 5 years 

after NPP unit being get into grid and the main activities of ageing management include SSC screening, 

identification of significant ageing mechanisms, establishment of component specific ageing management 

procedures, development of methodologies on ageing assessment, ageing detection and ageing mitigation, 

etc.. In some countries, such as those in Europe, Japan, Korea and China, Periodical Safety Review (PSR) 

acts as a significant motivation to carry out ageing management and at the same time PSR is also a 

measure to judge the effectiveness of ageing management. 
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In 2009, IAEA published Nuclear Safety Guideline on ageing management for NPPs (NS-G-2.12)
[2]

. The 

main idea of the new guideline, which is different from previous ageing management guidelines, is that 

ageing management should be carried out in full life cycle of NPPs, from design, 

construction/manufacture, commissioning to operation, life extension and up to decommissioning and 

relevant ageing management requirements are put forward for individual stages. Based on the NS-G-

2.12
[2]

, ageing management for the full life cycle has the following characteristics: 1) An overall ageing 

management programme (overall AMP) covering all stages of life cycle of NPP should be established by 

utilities or operators; 2) Ageing management is not only the responsibility of NPP utilities/operators, all 

other related parties, including designers, vendors, technical services organizations and nuclear safety 

regulatory bodies, have their own contributions by implementing ageing management activities; 3) Under 

this guideline, related nuclear safety regulatory requirements would be updated accordingly, causing 

considerable changes of safety review on scope, content and methodology in all stages of NPP life cycle, 

which will no doubt promote development of related technology while bring about big challenges in wide 

aspects of NPP safety such as design, manufacture, equipment qualification (EQ), construction, 

commissioning, operation, inspection and maintenance, licensing or operating license extension (OLE), 

decommissioning, etc.. In China, nuclear power is still under development in high efficiency on the 

precondition of insurance of safety, with 36 units in operation and 20 units under construction by the time 

of first half of 2017. Although more prudent attitude and more strict safety requirements are adopted by 

all related parties especially after Fukushima accident, nuclear power remains an irreplaceable choice to 

improve energy source structure and to keep promise by government to reduce green house gas emission. 

It is of great significance for safe, healthy and sustainable development of nuclear power in China by 

implementing ageing management requirements in all life cycle stages of NPPs. Meanwhile, economic 

considerations are of great significance for long-term development of nuclear power, especially when 

facing challenges by other new energy resources such as solar, wind, etc.. A sound ageing management 

programme would not only focus on safety but also be economically feasible. Related nuclear safety 

requirements were stipulated by NNSA, Chinese nuclear safety regulatory body, in two requirements for 

NPP design and safety
[3],[4]

, which are based on and equivalent to IAEA safety requirements on design 

and operation of NPPs
[5],[6]

.  

 

This paper puts forward main points of ageing management being carried out in all stages of full life cycle 

of NPPs and analyzes challenges being taken into account based on current conditions. Both of safety and 

economic aspects will be mentioned.  

 

 

1 SAFETY AND ECONOMIC CONSIDERATIONS OF FULL LIFE CYCLE AGEING 

MANAGEMENT 

 

In NS-G-2.12
[1]

, the proactive strategy for ageing management in various stages of life cycle of NPPs, 

including design, construction/manufacture, commissioning, operation and decommissioning, is put 

forward. The strategy acts as a source of needs to carry out ageing management activities and the 

responsibilities of these activities should be retained by owner/operator of NPPs and be shared as well by 

all related parties. Table 1 lists the needs of ageing management in all stages of NPPs life cycle, the 

activities arouse from the ageing management requirements, related technical support. The two key points 

lie in: 1) During design and construction/fabrication stages, equipment qualification and fundamental 

works to facilitate ageing management in operation may be carried out for safety related components, thus 

to ensure good and health state for the qualified equipment; 2) During operation stage, AMP should be 

established in NPPs, thus to allocate sufficient resources to ageing management activities under an overall 

long-term planning throughout the operational stage. 
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Table 1 Activities of ageing management in all stages of full life cycle of nuclear power plants 

Stage 
Ageing management 

requirements 
Activities based on the needs Related technical support 

Design 

Comprehensive Equipment 

Qualification (EQ)  

programmes 

1) analyzing design transient 

conditions and postulated initial 

events; 2) creating EQ document 

packages 

Carrying out EQ activities to 

demonstrate and document that safety 

related equipment has capabilities to 

implement safety functions under 

normal operational and DBA 

conditions  

Identification and assessment 

of potential ageing 

mechanisms 

A series of ageing mechanism 

analysis reports 

Studying and documenting potential 

ageing mechanisms based on material 

properties, environmental conditions 

of services, loading conditions 

Assessment and taking into 

account of experience 

feedback from various 

channel, especially from 

operation on similar unit or 

component 

Comprehensive experience feedback 

report. A mechanism to timely and 

effectively collect and share 

experience feedback among different 

organizations should be established 

If need, performing failure analysis 

based on experience feedback 

Online condition monitoring 

Sufficient consideration of online 

condition monitoring in design stage 

for significant ageing mechanisms 

Establishing various online and/or 

real time monitoring systems, such as 

fatigue monitoring system, loose parts 

monitoring system (LPMS), 

environmental monitoring system, 

seismic monitoring system, etc..  

Convenience to inspection 

and maintenance 

Sufficiently considering accessibility 

and convenience for inspection and 

maintenance in design, especially 

when a lot of modules being adopted 

Demonstration accessibility and 

maintenance capability  

As a topic of final safety 

analysis report (FSAR) 

It is required in design stage to 

submit topical reports demonstrating 

AMP policies, EQ requirements, 

significant ageing mechanism 

analysis, necessary surveillance, 

inspection and monitoring measures, 

maintaining qualified environmental 

conditions, etc. 

A series of topical reports and related 

supporting materials should be 

prepared as part of safety analysis 

Constructi

on/Fabrica

tion 

Info. on factors affecting 

ageing is provided to 

manufacturers and is taken 

into account during 

fabrication and construction 

1) Purchaser provides relevant 

information on factors affecting 

ageing management to manufacturers; 

2) Manufacturers takes into account 

of these factor; 3) Designer should 

provide technical support  

Test and analysis on material 

properties; simulation of processing 

process; flaw detection and 

assessment; tolerance analysis; pre 

planning to mitigate ageing effects 

Collection and documentation 

of baseline information 

1) Vendor collects baseline data and 

submit to purchaser as required; 2) 

designer puts forward list of baseline 

dada necessary for ageing 

management  

Requirements for baseline data; 

database technique; coordination 

among related organizations 

Sufficient surveillance 

specimens for specific ageing 

monitoring programmes are 

made available and installed 

in accordance with design 

specifications 

1) Designer clearly states surveillance 

requirements in design specifications; 

2) Vendor implements the 

requirements. 

Needs of specimens and detailed 

surveillance plans, typical example is 

surveillance programme for RPV 

material 
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Stage 
Ageing management 

requirements 
Activities based on the needs Related technical support 

Commissi

oning 

Establishment of systematic 

programme for measuring and 

record keeping of baseline 

data important to ageing 

management  

Data collection and record keeping 

requirements are put into 

commissioning programmes and are 

carried out during commissioning 

Needs, methodology and acceptance 

criteria of ageing management related 

baseline data collection  

Special attention should be 

paid to identification of hot 

spots in terms of temperature 

and dose rate and to 

measurement of vibration 

levels.  

Systematic investigation for hot 

spots; vibration measurement for 

rotating equipment and piping and the 

record being kept for tracing in the 

life cycle of NPP 

Vibration measurement for rotating 

equipment and piping, determination 

of vibration limits, database of 

baseline information and trend 

analysis 

Nuclear safety regulatory 

body should ensure that the 

operator collects required 

baseline data and should 

confirm that  critical service 

conditions, as used in 

equipment qualification, are 

in compliance with the design 

analyses  

1) Documentation on required 

baseline data and confirmation of 

compliance of critical service 

conditions are ready by operator for 

supervision by regulatory body; 2) 

Site walk down  for reconfirmation is 

carried out for qualified equipment 

after installed. 

Site walk down for reconfirmation is 

carried out for qualified equipment 

after installed. 

Operation 

Establishment of systematic 

ageing management 

programme (AMP) 

Through AMP, ageing management 

policies are determined and resources 

supporting ageing management 

activities are allocated among internal 

and external organizations  

Screening of SSCs in scope of AMP; 

identification of significant ageing 

mechanisms; component specific 

AMPs; technical support to AMPs 

If carrying out power uprate, 

important modification or 

equipment replacement, the 

operator should identify and 

justify possible associated 

changes in process conditions 

that could cause accelerated 

or premature of ageing and 

failure of some components  

Safety review should be completed 

before power uprate, important 

modification and significant 

equipment replacement and the 

conditions that could accelerate or 

premature of ageing should be 

justified.  

Related safety review and 

justification that safety can be 

ensured under changed service 

conditions; time limited ageing 

analysis (TLAA) 

If a new ageing mechanism is 

discovered through 

experience feedback, an 

appropriate ageing 

management review should 

be carried out.  

1) Updating ageing mechanism 

analysis based on experience 

feedback; 2) establishment of ageing 

management procedure or 

component/topic specific AMPs 

Justification of effect to safety of the 

new ageing mechanism and updating 

AMPs 

For safety related structure or 

components, contingency 

plans or exceptional 

maintenance plans should be 

ready to deal with potential 

degradation or failure caused 

by ageing mechanism and 

effects  

Establishment and implementation of 

component/topic specific ageing 

management procedures (AMPs), 

which include management and 

technique requirements and 

countermeasures on ageing 

mechanism analysis, ageing 

detection, evaluation on ageing 

effects, ageing mitigation, data 

collection and record keeping. 

Development of methodology on 

ageing analysis, ageing detection, 

failure analysis and acceptance 

criteria 

Availability of spare parts or 

replacement parts and 

monitoring and control of self 

life of spare parts and 

consumables 

The availability of spare parts and 

replacement parts should be assured 

and the monitoring and control should 

be effectively implemented during 

storage. 

Justification of feasibility of 

substitution of spare parts and 

replacement parts 

Decommi

ssioning 

Ensure required components 

and SSCs remain available 

and functional to facilitate 

decommissioning activities 

Justify and ensure of SSCs to be 

available and functional for 

decommissioning activities. It would 

be listed as one of AMP targets. 

Analysis on availability and 

functionality for SSCs which would 

be used for decommissioning 

activities 
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In China, as shown in Figure 1, nuclear safety regulatory requires that, for every NPP unit, a periodic 

safety review would be carried out every 10 years, as a way to identify weaknesses and strong points, 

from point of view of nuclear safety, in reference with current versions of codes, standards, as well as 

internal and external experience feedback from current practice. During pre-operational periods, 

completion and being approval by NNSA of PSAR and FSAR are very important preconditions to go 

from one stage to the next. During operation, Periodical Safety Review (PSR) is required every 10 years. 

The conclusions and recommendations of previous PSR or FASR are taken as input of AMP activities 

and the outcomes of AMPs would be reviewed in preparation for the next PSR. Figure 2 shows a typical 

model of a systematic AMP with its relations to two successive PSRs. The NPP operator is required to 

update the FSAR to reflect safety related modifications to essential SSCs during operation. In Qinshan-1, 

a 300 MWe PWR unit, the first unit in China, which started operation in December 1991, a systematic 

ageing management programme was established
[7]

 as a guideline to carry out ageing management 

activities and to allocate responsibilities and resources to AMP.   

  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Licensing Steps for Chinese NPPs 

 

 

 

 

Figure 2 Systematic AMP model and its relations with PSR in Chinese NPPs  
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Activities in different stages have close relations. One example is that during design stage, nuclear safety 

regulatory may require to consider environment assisted fatigue (EAF) based on RG 1.207
[8]

. From 

industrial view, ASME design fatigue curves have 2 times margin of strain and 20 times margin of cyclic 

lifetime and these margins include part of environmental contribution. Additional EAF consideration may 

cause difficulty to obtain license and increase cost of design and construction. However, basic studies on 

materials show that for LWR, ASME fatigue curves might not be so conservative if taken into account of 

environmental effect. The controversial may result in reduction of life prediction of components and, as a 

compromise, installation of fatigue monitoring systems in reactor coolant system in new NPPs might be 

recommended by nuclear safety regulatory and be accepted by owners of NPP. This will need related 

actions of in design, manufacture, construction and operational stages. Most importantly, the monitoring 

results should be timely fed back to designer to revise the life prediction and to carry out time limited 

ageing analysis (TLAA) based on actual transient statistic. 

 

Currently, in China, operating license extension (OLE ) activities are carried out by Qinshan-1, which has 

operated more than 25 years comparing its 30 years’ design life, and by Daya Bay -1 and -2, for which the 

design life is 40 year. According to NNSA’s Technical Policies towards OLE, the following points would 

be emphasized:  

 The OLE application should be submitted 5 years before the expiry of the license. 

 Maximum 20 years extension of operation license.  

 Review of OLE application will be based on the license basis when the operating license being 

approved plus supplemental safety requirements during operation.  

 Besides Chinese nuclear safety regulatory documents, some international guidance or practice 

may be applicable. 

 The application should be submitted along with the reports on integrated plant assessment (IPA) 

report with a series of supporting materials such as Time Limited Ageing Analysis (TLAA) 

reports, safety assessment reports for SSCs refurbishment, etc.; Addendum of environmental 

impact assessment report and Addendum and revised FSAR. 

 

Structural mechanics could act important role in OLE activities, especially in TLAA for critical 

components or structure such as RPV, RI, SG, pressurizer, RCP, primary loop lines, containment and 

other structures, as well as for class 1E electric and I&C components.  

 

Plant life management (PLiM) defined as the integration of ageing and economic planning to optimize 

NPPs investments in favor of safety, commercial profitability and competitiveness, while providing a 

reliable supply of electrical power. When PLiM is properly applied it can achieve the following results: 

 

 Maintain a high level of safety; 

 Optimize the operation, maintenance and service life of SSCs; 

 Maintain an acceptable level of performance; 

 Maximize return on investment over the service life of the NPP; 

 Provide nuclear power plant (NPP) utilities/owners with the optimum pre-conditions for 

achieving long term operation (LTO).  

 

Figure 3 shows the relations between PLiM and ageing management, from which it can be seen that PLiM 

has a wider range and more focuses on economic aspects from the view of the whole plant. PLiM not only 

takes account of ageing management, but also includes more other aspects, such as nuclear knowledge 

management (KNM), asset management, economic assessment, life assessment, as well as operating 

license extension (OLE).  
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2  NEW CHALLENGES OF FULL LIFE CYCLE AGEING MANAGEMNT 

 

In comparison with traditional ageing management concept, it can be concluded from Table 1 that 

implementation of the NS-G-2.12 for full life cycle of NPP will bring about a series of new challenges in 

various aspects, including design concept, component fabrication, equipment qualification, construction 

and commissioning, operation and management, inspection and maintenance, licensing along with 

operating license extension (OLE) and model of commissioning, etc.. One of the significant changes is 

that ageing management is extended to all stages of life cycle of NPP, such as pre-operational stages like 

design, fabrication, construction, commissioning, etc.. As ageing management is taken as one of the 

topics of Final Safety Analysis Report, potential ageing mechanisms need being deeply studied in design 

stages and study information and countermeasure suggestion be timely transferred to utilities and/or 

purchasers like engineering companies, as well as to manufacturers, thus to ensure the critical structures 

and components in a healthy, robust and high quality state at the very beginning of the lifetime of NPP.  

In equipment qualification, which can be taken as one of the ageing management activities before 

operation, more strict requirements are put forward for G-III NPP, such as AP1000
[9]

. For some 

equipment for which EQ is completed during construction stage, condition monitoring or EQ 

reconfirmation would be carried out during operation stage thus to trace the level of degradation under 

service conditions.  

 

The full life cycle ageing management covers all stages of lifetime of NPP, from design to 

decommissioning. However from viewpoint of nuclear safety, for every stage, the main responsible 

organization to carry out ageing management is always operator/utilities. Thus NPP operator would pay 

high attention to and distribute responsibilities of ageing management to related parties with sufficient 

supervision. Figure 4 shows the distribution of the responsibilities to ensure the reliabilities of SSCs in 

NPPs. Designers, manufacturers and technical service organizations have obligations to implement ageing 

management in accordance with nuclear safety regulatory requirements and needs by operator/utilities. 

They need studying more deeply the ageing mechanisms while carrying out design and fabrication 
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Figure 3  Relations between ageing management and plant life management 
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activities based on methodological technical documents such as those made by IAEA
[10]

 and experience 

feedback from operation as well as from material studies
[11]

. Nuclear safety regulatory acts as an 

important role to supervise operators and all related parties to carry out ageing management in all stages 

of life cycle of NPP by stipulating suitable related regulatory requirements along with a series of 

guidelines. 

 

 

 

 
 

 

 

 

3   CONCLUSIONS 

 

(1) China will continue to develop nuclear power in an effective way, taking safety assurance as pre-

condition and sufficiently taking account of lessons learned from Fukushima accident. It is of significance 

to implement full life cycle ageing management in China, where many new NPP units are under design 

and construction, as ageing management activities can be merged into related activities in stages of design, 

fabrication, construction, commissioning, as well as operation and thus to ensure new NPPs in health, 

robust and high quality conditions when start operation and to provide very good foundation for long term 

safe, stable and economical operation.  

    

(2) The full life cycle ageing management concept extends traditional ageing management, which was 

mainly carried out only in operational stage, into stages other than operation including design, fabrication, 

construction, commissioning and decommissioning. This new concept will bring about a series of new 

challenges to NPP design, component fabrication, equipment qualification, plant commissioning, NPP 

operation and management, licensing, model of OLE and plant decommissioning. As these challenges 

cover a wide range of area and are in connection with various relevant parties, related technical and 

managerial guidelines should be accordingly made to provide requirements and guidance to ageing 

management activities in all stages of NPP life cycle. 

 

Figure 4 The responsibilities of reliability are distributed to related parties by utilities 
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