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1. Introduction 

 
Lessons learnt from past experience are extensively used to improve the safety of nuclear power plants 
(NPPs) worldwide. Although the process of analyzing operational experience is now widespread and well 
developed, the need for establishment of a similar process for construction experience was highlighted by 
several countries embarking on construction of new NPPs and in some international forums including the 
Working Group on the Regulation of New Reactors (WGRNR) of the OECD-NEA.  

 
In 2008, EU Member State Safety Authorities participating to the EU Clearinghouse on Operational 
Experience Feedback decided to launch a topical study on events related to pre-operational stages of NPPs. 
The aim of this topical study is to reduce the recurrence of events related to the construction, the initial 
component manufacturing and the commissioning of NPPs, by identifying the main recurring and safety 
significant issues.  

 
For this study, 1090 IRS event reports, 857 US Licensee Event Reports (LERs [1]) and approximately 
100 WGRNR reports have been preselected based on key word searches and screened. The screening 
period starts from the beginning of the databases operation (in the 1980s as far as IRS and LER database 
are concerned) and ends in November 2009. After this initial screening, a total of 582 reports have been 
found applicable (247 IRS reports, 309 LERs and 26 WGRNR reports). 

 
Events considered for this study were those which have been initiated before the start of commercial 
operation, and detected before or even long after commercial operation.  

 
The events have been classified into 3 main categories (construction, manufacturing and commissioning), 
and into further sub-categories (building structures, metallic liners, electrical components, anchors, I&C, 
penetrations and building seals, emergency diesel generators, pipes, valves, welds, pumps, etc.) in order to 
facilitate the detailed analysis with the final objective to formulate both equipment specific 
recommendations and transversal recommendations.  
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2. Main Trends 

 
A trend analysis has been performed on the basis of the IRS applicable reports. The main conclusions of 
this analysis are the following. 

 
- The items leading to the highest number of events related to pre-operational stages are I&C, 

electrical components and welding. 
 

- For events related to the commissioning stages, the study shows clearly that I&C is the 
prevailing contributor (43% of all commissioning related events).  

 
- The average detection time of the issues is about 8 years after the start of commercial operation. 

For some components, the detection time can be up to 40 years (in some case, the anomaly was 
even found out during the decommissioning of the plant). More specifically, the failures of 
active components like diesels (2.6 years) or pumps (4.5 years) are detected more quickly than 
the failures of passive components like civil structure (8.9 years), pipes (11.7 years) or welds 
(12.7 years) because these latest are generally affected by slow degradation phenomena initiated 
by an initial construction or manufacturing defect, and because of major differences in the 
surveillance programmes.  

 
- The proportion of events with common cause failure is rather high (1 event out of 3 in average) 

and can be very high for some materials: more than 50% for civil work and fire protection, 45% 
for electrical components.  

 
- More than 75% of the events are found out fortuitously (following failure, spurious actuation, 

fire, flooding or “by chance” through unrelated tests or inspections) and the rate of fortuitous 
detection is particularly high for some items: civil work, electrical components, I&C, pipes and 
valves. 

 
- Moreover, some families like building structures, anchors, supports or electrical components 

accumulates a long detection time, a high rate of common cause failure and a high rate of 
fortuitous detection (see also [2]). 

 
These trends emphasize the necessity to reduce as much as possible during construction, manufacturing 
and commissioning of a new reactor the number of deficiencies which can be major latent failures 
remaining undetected during long periods and can have actual consequences on safety, when the reactors 
starts to operate. 

 
This emphasizes as well the necessity to detect the deficiencies at the construction stage, as it may be 
difficult to identify them during operation. 
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3. Lessons learnt and recommendations 

 
The in-depth analysis performed has firstly allowed identifying detailed and concrete lessons learned for 
20 categories of items. Due to size restriction, the details of the recommendations and lessons learnt are not 
given in this paper but can be found in the topical study [6]. 

  
In addition to these component / activity specific lessons learned, general recommendations have been 
identified. These recommendations consist in transversal recommendations (applicable for most of the 
activities) and general recommendations for each of the 3 stages of the pre-operational activities 
(construction, component manufacture and commissioning).  

 
All these recommendations grounded on construction experience (i.e. event reports) can be usefully 
combined with other existing documents [3][4][5]. 
 
3.1. Transversal recommendations 

 
Most of the transversal recommendations are related to the management of the construction project or to 
the management of the quality. Recommendations are focused on the following topics: 

 
- Safety culture - top priority from the beginning of the project, for all staff and activities. 

 
- Communication between the different companies and entities involved in the project. 

  
- Management of non-conformances – clear definition, roles and responsibilities. 
 
- Specific requirements for nuclear components – clear identification in supply contracts. 
 
- Management of tasks interfaces – clear responsibilities. 
 
- Third party quality control – responsibility distribution, independence, competence. 
 
- Design change management – assessment process and documentation. 
 
- Management of temporary devices – proper documentation and inventory. 
 
- Cleanliness – coverage by QA&QC, cleaning should be followed by commissioning tests. 
 
- Handling, packaging, transportation and storage – coverage by QA programme. 



NEA/CNRA/R(2011)7 

 100

- Foreign Material Exclusion – applicable from the beginning of the project. 
 
- Handling and lifting devices – included in QC & commissioning programmes, before load 

lifting. 
 

3.1.1. Construction 
 
For the construction phase, recommendations have been raised on the following topics: 
 

- Welding – importance of the QC programme, staff training and experience. 
 
- Labelling – as soon as possible when components are installed. 
 
- Torque of screwed assemblies – need for independent verification. 
 
- Wiring – wiring check. 
 
- Fire protection – fire risk in stages where fire protection not yet fully installed. 
 
- Impact on nearby NPP units in operation – risk analysis, pollutions. 

 
3.1.2. Component supply 

 
Two recommendations have been identified for component supply, related to: 

 
- Purchasing of commercial grade components for safety related equipment by the equipment 

manufacturer. 
 
- Proven mastership of technologies and manufacturing techniques - use of proven state-of-the art 

technologies, role of the regulator. 
 

3.2. Commissioning 
 

For the commissioning programme, recommendations have been raised on the following topics: 
 Scope of the tests – representativity of the test conditions, test comprehensiveness, fragmented tests, non-
actuation tests, commissioning of different units (exhaustivity of each individual test programme), 
simultaneous tests (influence of tests on each other). 

 
- Tests documentation 
 
- Tests acceptance criteria – performance evaluation. 
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- Check of system reconfiguration after commissioning tests 
 
- Timing of test performance - components in standby. 

 
4. Conclusions 

 
Based on different sources of information, a sound analysis of events connected to preoperational stages of 
nuclear power plants, detected before or after start of commercial operation, has been performed.  

 
247 IRS event reports, 26 WGRNR reports and 309 US LERs were analysed and distributed into sub-
families. A trend analysis of the IRS event reports was performed and led to the following conclusions: 

 
The analysis performed shows that anomalies originating from the preoperational stages of NPPs are 
detected in average long after the start of commercial operation (latent failures). Moreover, the proportion 
of events leading to common cause failures is rather high and exceeds 50% for some families. Finally, 
more than 75% of the events are found out fortuitously.  

 
These trends emphasize clearly the necessity to reduce as much as possible during construction, 
manufacturing and commissioning of a new reactor the number of deficiencies which can lead to major 
undetected latent failures and can have actual consequences on safety, when the reactors starts to operate. 

 
Furthermore, the qualitative study of these events has allowed to identify specific lessons learnt and to 
raise transversal recommendations.  Many of these transversal recommendations are related to the 
management of the project (responsibilities, communication, safety culture, third party management, etc.) 
and in particular to the quality management (management of non conformances, quality control, coverage 
of QA and QC programmes).  

 
One of the main findings from this study is that the same safety requirements should be applied to the 
NPPs construction stage as well as to the operation stage, concerning for instance the safety management. 

 
As a conclusion, this study shows that it is possible to raise lessons learnt and recommendations about 
construction from operational experience, i.e. based on event reported during operation of NPPs. 

 
Nevertheless, it has to be underlined that much more recommendations could have been raised if more 
detailed information about construction, as detailed as in some WGRNR reports, had been available. 
Indeed, the IRS database does not report information about non-conformances which were detected and 
corrected prior to the plant operation, as they have no consequences on the safety of the operating plant. 
Moreover, in most of the IRS reports describing events due to construction deficiencies, the lessons learnt 
for current of future construction projects were often not fully considered by the writers who focused more 
on the corrective actions for the operating plant.  
As a result, it would be highly valuable to increase the sharing of construction experience using a 
systematic and timely process, taking into account the high number of NPP currently under construction in 
the world. 
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