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The International Atomic Energy Agency (IAEA) carries out a set of activities in the field of 
NPP life management. Main activities within this area are implemented through the Technical 
Working Group on Life Management of NPPs(TWG-LMNPP), and mostly concentrated on 
studies of understanding mechanisms of degradation of Reactor Pressure Vessel material 
(RPVM) and their monitoring technology, optimisation of maintenance management, 
economic aspects, proven practices of and approaches to plant life management including 
decommissioning. The paper intends to discuss two ongoing activities related to steam 
generator life management. 
 
International Database on NPP Steam Generators 
 
The lifetime assessment of main components relies on an ability to assess their condition and 
predict future degradation trends, which to a large extent is dependent on the availability of 
relevant data. Effective management of ageing and degradation processes requires a large 
amount of data. Several years ago the IAEA started to work on the International Database on 
NPP Life Management. This is a multi-module database consisting of modules such as reactor 
pressure vessels materials, primary piping, steam generators, and concrete structures. At 
present time the modules on reactor pressure vessel materials are completed. The module on 
concrete is developing and steam generator is under preparation. The paper will present the 
concept and structure of the database. 
 
Co-ordinated Research Project on Verification of WWER Steam Generator Tube Integrity 
 
In countries operating WWER-440/1000 nuclear power plants, there exit big differences in 
the eddy current inspection strategy and practice as well as in the approach to steam generator 
(SG) heat exchanger tube structural integrity assessment. Responding to the need for a co-
ordinated research to compare eddy current test results with destructive testing data using 
pulled-out tubes from WWER SGs, the IAEA launched this project in 2001. The main 
objectives of the project are to summarise the operating experiences of WWER SGs, the 
relevant degradation mechanisms on heat exchanger tubes, to survey of national approaches 
on determining heat exchanger tube structural integrity and safety margins including plugging 
criteria and to verify non-destructive inspection results and establish correlation between non-
destructive test results and degradation. It is expected the co-ordinated research be completed 
in 2004. The paper intends to introduce the interim results of the work. 
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1. INTRODUCTION 
 
 
Nuclear power is an important contributor to the world’s electricity needs. In 2002 it supplied 
roughly 16 % of global electricity generation, a percentage similar to that over the past decade 
[1]. Nuclear power is proven technology that can in the foreseeable future provide electricity 
on a large scale with practically no greenhouse gas emissions. There are several major 
challenges, however, that must be dealt with successfully if nuclear power is to play a role in 
long term projections. These are:  
 

The successful demonstration of effective radioactive waste management,  
The responsiveness to public safety, security and proliferation concerns,  
The economic competitiveness,  
The maintenance and provision of nuclear expertise, 
Building public support.  

 
Significant changes have taken place in the electricity industry in many countries: market 
liberalization and privatisation processes have led to a highly competitive market 
environment. These changes have a significant impact on the nuclear engineering business. 
Emphasis is being shifted from building new nuclear power plants (NPPs) to taking measures 
to optimise the operational life of existing plants. Within national political constraints there 
has been an increase of interest in NPP life management, both in terms of plant life assurance 
and in optimisation of the operational life of NPPs. This activity should ensure the 
economically beneficial cost of electricity generation from NPP in an increasingly 
competitive environment. Of course, the safety considerations are paramount and those 
requirements have to be met to obtain an operating license.  
 
Ensuring long term structural integrity of the pressurized components of NPPs is one of the 
basic pre-conditions of any life management activity. It will guarantee the component 
reliability and, consecutively, the plant availability. The component reliability is undoubtedly 
necessary to keep plant safety in accordance with design assumptions and intent as well.  
 
 
2. RELATED IAEA ACTIVITIES 
 
 
The International Atomic Energy Agency (IAEA) is an independent, intergovernmental, 
science and technology based organization, within the United Nations family and serves as 
global focal point for nuclear co-operation. The three main pillars of its activity are safety, 
technology and safeguards. According to its mandate, the IAEA assists its Member States 
(132 at present) in planning for and using nuclear science and technology for peaceful 
purposes, which includes the generation of electricity. It also develops nuclear safety 



standards, promotes achievement and maintenance of high levels of safety in all applications 
of nuclear energy. In addition, the IAEA verifies that States comply with their commitments, 
under the Non-Proliferation Treaty and other agreements, in using the nuclear materials only 
for peaceful purposes. 
 
The IAEA’s programme related to steam generator life management is basically embedded 
into the systematic activity of its Technical Working Group on Life Management of Nuclear 
Power Plants (TWG-LMNPP). The TWG-LMNPP is composed of representatives from 27 
countries and 2 international organizations. It has been providing the IAEA with advise and 
opinion on the current and future activities related to life management of NPPs, and the 
Member States with information, recommendations and support for more than 25 years.  
 
The TWG-LMNPP mainly looks at technological and phenomenological aspects of ageing 
and degradation processes and takes into consideration practical advice on maintenance, 
mitigation, repair, replacement and refurbishing. It has been recognized recently that this 
approach should be complemented by relevant economic analysis to achieve an effective 
decision. Among key modes of implementation there are arrangements of technical meetings, 
co-ordination of international research projects, development and compilation of databases, 
preparation of publications and guidelines, as well as support of the direct assistance to 
Member States. All these activities are oriented to the assistance to Member States to develop 
their capabilities for the informed decision making process. 
 
The current paper gives a summary of two ongoing activities focusing on steam generator life 
management.  
 
 
2.1 DATABASE ON NUCLEAR POWER PLANT STEAM GENERATORS   

 
Operating experience has shown that NPP lifetime is affected by component degradation and 
ageing, and therefore highlighted the need to develop the methodology allowing for an 
improvement in the understanding of these processes. Better understanding in turn will 
provide the possibility to manage ageing effects in a timely and planned way and also to 
create a strategy in the NPP life management with the aim to achieve economic viability of 
the plant while observing necessary safety and operational margins. There are three main 
constituent elements of this approach: 

 
1)Availability of data and relevant information to determine the current status of the 

component; 
2)Possibility of evaluating the information in order to assess remaining life of the 

component and options for needed maintenance actions; 
3)Management of maintenance options, which is becoming extremely important in the 

view of changing economic environment and increasing economic competitiveness 
of the electricity production market. 

 
It can be seen that data availability is the key aspect in evaluation of the components state and 
therefore in the decision making process related to their life management. Data sets required 
for NPP life management may differ from reactor type and may be categorised with regard to 
specific component.  
 
Several years ago the IAEA started to work on the multi-module International Database on 



NPP Life Management. A module of the Database on Steam Generators is the third one from 
the NPP Life Management Database for which the database specification and complete 
package of the software is being accomplished (among two others there are Database on 
Reactor Pressure Vessel Materials and Database on NPP Piping). The fourth module 
regarding Database on Concrete Containment as well as the fifth one on Other NPP 
Components are under preparation. 

 
It is commonly recognized that the availability of data on these so called “big ticket” 
components has a drastic influence on NPP performance and consequently on the electricity 
generation share in the world. Nowadays, significant quantity of information about 
performance of steam generators in PWR plants is available in the form of the paper 
documentation. Some data are kept in electronic form as the tables or the textual files made in 
the different formats – in accordance with national standards and sometimes without 
adherence to any standards at the discretion of the NPP workers. Absence of the unified 
structure of data makes their computer-aided processing and analysis practically impossible. 
There is no common control system for flows of data concerning operation, inspection and 
repair of steam generators. Data processing requires significant labor expenses.  

 
The above conditions complicate normal running of management of the steam generator 
service life, analysis of their functioning and development of measures directed to increase 
service life of these NPP components. On the basis of the above-stated, IAEA has made the 
decision on creation of “ International Database on NPP Steam Generators (IDNPPSG)”. 

 
The main objectives of the given development were to accumulate the available information 
and create a unified structure of the data related to NPP steam generators used in the world 
and integrate all these various data in the common data processing system. This system allows 
for the conversion of all available data into the electronically systematized form allowing to 
automate processing of any volumes of information. It was also intended to develop methods 
and tools of information processing that would allow to obtain relevant information from 
databases which is necessary for the users to process and analyze it by any proposed 
algorithms. Such unified system provides a possibility for data exchange between the Member 
States and their organizations involved in nuclear engineering. The main structure of the 
IDNPPSG is presented in Figure 1. 
 
The information to be included into the database was structured into: 

Design data; 
Data to be received from the manufacturer containing information on manufacturing 
process and materials of the steam generator components; 

Operation data; 
Inspection data; 
Repair data. 

 
In addition the data are subdivided by NPP, power unit and steam generator. Sub-systems are 
prepared up from the tables of MS-Access format and linked within the relational model 
using the required keys; in this case reference integrity is ensured during any data variations 
in the parent and daughter tables. Application of other formats is permitted, if necessary. 
System interface supports two languages, Russian and English.  
 
Standard technology architecture infrastructure hardware and software (e.g. file server PC, 



MS LAN Manager, MS Windows xx, MS Access etc.) used in the IAEA were applied to the 
development of the database. The database software system requires the following hardware: 

 
 For each user a standard PC (Pentium II, min 64MB memory, SVGA (min 

1024*768 points screen), CD-ROM drive, keyboard, MS-Mouse; 
 Appropriate printer. 

 

Figure 1.  Structure of the IDNPPSG (main part) 
 
The requirements for the software include the use of: 
 

 Windows 9X or Windows NT operating system;  
 MS Access;  
 Microsoft Internet Explorer software (if network is used); 
 MS Word processor. 

Data are stored in files in accordance with international standards, such as Paradox, MS-
Access, DBF and taking into account further integration in Oracle database. The software was 
developed on the basis of state of the art software tools such as Delphi and Borland C++ 
Builder.  

The information system must consist of several databases (or sub-systems) and software 
interface contributing to implement the following functions: 

 



 Information input into the databases (manually and from the files of different 
formats); 
 Storage of information of different types (numerical, text, graphic); 
 Structuring the information input; 
 Editing, changing and removing information; 
 Taking the necessary information upon user inquiries, its displaying and printing; 
 Statistical processing of information; 
 Analysis of information by the given algorithms; 
 Preparation of reports; 
 Export of information; import and export of data should be provided in accordance 

with international standards. 
 
The developed information system is capable to be combined with some other existing 
national databases and those under development, in particular: 
 

 Database on tube defects; 
 Database on water chemistry; 
 Database on operating parameters. 

 
Database has a capability of formalized data input e.g. regarding tube diagram in the tube 
sheet (collector) for any type of steam generator used both in WWER (Russian designed 
PWR) and PWR type reactors. It also has capability for import and export of the data in 
accordance with the international standards. Basic units of the system are the SI units, 
however the database software can also support the US standard and user defined units. 

 
The information source and the responsible person who inputs the data and checks their 
adequacy are identified within the system. The various levels of access to the data are 
available. It is possible to transfer data and software adaptation (migration) on the DBMS of 
“client-server” type (for example, Oracle). The system is protected by login a password. 
 
The analysis units are provided with visualization means including: 
 

 Construction of graphs and diagrams with application of capabilities of used 
software tools to illustrate the executed queries; 
 Construction of diagrams of tube arrangement (in the tube sheet) with visualization 

of the defects and the repairs. 
 
The database has a possibility to keep information about the steam generators dismantled and 
replaced for the new ones. 

 
Time interval for data input with temporary dynamics (parameters of water condition, 
operation parameters, etc.) is defined by the users of information system. However, the 
uniform requirements for data input with temporary dynamics shall be developed because it is 
important for performance of the correct analyses. A list of transients important for the life 
management is defined for each type of steam generator. 
 
At the present time the software for the IDNPPSG is completed and is under the reviewing 
process. IAEA has received the first comments in the part of the PWR portion and they are 
being incorporated. Further development may require minor editing of the file fields but it is 
expected that in general the software will be finalized by July 2002 and first call for 



participation be issued. 
 
 
2.2 VERIFICATION OF WWER STEAM GENERATOR TUBE INTEGRITY 
 
Currently there are fifty WWER NPPs in operation in eight European Member States, out of 
which twenty-nine are WWER-440 and twenty-one are WWER-1000 (figures 440 and 1000 
refer to the nominal electric power of the units). In addition, another 14 WWER NPPs are 
under construction in two continents. The nuclear share of electricity production in majority 
of the Member States operating WWERs is over 30 % (more then 70 % of the nuclear units 
are WWER). Long term operation of these plants is vital for the sustainability of these 
countries, most of whom have transitional economies.  That’s why the majority of the WWER 
operating countries are considering operation of the plants beyond their design lifetime, 
which underlines the importance of steam generator life management aspects. 
 
The WWER-440s have six loops and the WWER-1000s four loops, with one steam generator 
in each.  Structurally the steam generators are horizontally placed cylinders; in the middle of 
the cylinder two primary collectors, large-diameter pipe headers, enter the vessel from 
bottom. The heat exchange surface consists of 5,536 and 11,000 U-tubes (WWER-4400 and 
WWER-1000 respectively), which extend from the collectors towards both ends of the 
horizontal vessel. The U-tubes are on the average 9 m (WWER-440) and 11 m (WWER-
1000) long; outside diameter is 16 mm in both cases and wall thickness is 1,4 and 1,5 mm 
respectively. Figure 2 shows the lateral section of a WWER-440 steam generator. The heat 
exchanger tube material is titanium stabilised, chromium-nickel alloyed stainless steel.  
 
 

 
 
Figure 2. Lateral section of WWER-440 steam generator 
 
 
WWER steam generator heat exchanger tube degradation varies from country to country and 
from NPP to NPP. More severe degradation is observed in WWER-1000 NPPs than in case of 
WWER-440s. The reasons for these differences could be, among others, differences in heat 



exchanger tube material (chemical composition, microstructure, residual stresses) as well as 
differences in secondary circuit water chemistry. While analysing loading conditions as 
fundamental part of assessing structural integrity, it becomes clear that control of secondary 
side water chemistry, in association with structural materials used in feed water and main 
condensate systems, has key influence on corrosion behaviour. This is because it is the 
secondary side water that is responsible for delivering corrosive agents to the steam generator. 
WWER operating countries usually establish a systematic programme to mitigate tube 
degradation. The main pillars of such systematic programme may be: design modifications, 
system improvements such as condenser replacement, changes in the water chemistry 
including chemical cleaning, improvement in in-service inspection (ISI) including verification 
of tube plugging criteria, and development of necessary technologies for repair or even steam 
generator replacement [2].  
 
WWER steam generators had not been designed for eddy current testing as it has the usual 
concept in vertical steam generators. Moreover, their supplier provided neither adequate 
methodology and criteria nor equipment for planning and implementing ISI. Consequently, 
WWER steam generator ISI infrastructure was established with delay. Using ISI experience 
on Western steam generators, leading inspection vendors have been heavily involved in this 
process. Also the IAEA contributes through its technical co-operation activity to the WWER 
steam generator inspection infrastructure development.  
 
As a result, a periodic eddy current testing of the tubes is today being planned and carried out 
in most of the plants. Defective tubes are plugged as a precautionary measure to avoid tube 
rupture. There are, however, significant differences in the ISI strategy and practice as well as 
in the approach to heat exchanger tube structural integrity assessment. Explicitly, there is a 
broad scatter among integrity acceptance criteria, i.e. plugging criteria for defective tubes: it 
varies from 40 to 90 % wall thickness degradation. There is also no agreement on the 
principles how to establish the plugging criteria [3].  
 
Recognising this situation and taking into consideration their intent for life management, the 
WWER operating countries have expressed their need for a joint effort to develop 
methodology to establish reasonable commonly accepted integrity assessment criteria for the 
heat exchanger tubes. Industrialised countries involved in steam generator ISI in WWERs and 
providing technology transfer to develop inspection capability for WWERs also supported 
such co-ordinated activity. As a result, a co-ordinated research project (CRP) under the 
leadership of IAEA was established in early 2001. The duration of the CRP was estimated to 
be from 3 to 4 years. 
 
The overall objective of the CRP is to improve structural integrity assessment of steam 
generators of WWER-440/1000 nuclear power plants. The specific research objectives of the 
CRP are: 
 

 To compare eddy current testing results with destructive (mechanical, 
microstructural and microanalytical) testing results on the same steam generator tube 
samples with special attention to operational history data,  
 To carry out strength and fracture mechanics calculations applying real data from 

non-destructive and destructive tests, 
 To develop methodology for establishing reasonable plugging criteria. 

 
The research outputs of the CRP are: 



 
 Results of non-destructive testing of steam generator heat exchanger tubes (unused 

tubes with artificial flaws, removed tubes without and with in-service flaws/defects, 
pulled out either from steam generators in operation or from retired/replaced steam 
generators) using various eddy current methods and techniques. 
 Results of analysis on microstructure, chemical composition and mechanical 

properties of the same tube samples. 
 Comparison and analysis of non-destructive and destructive testing results. 
 Strength and fracture mechanics calculation of tubes. 
 Publication of the research results. 

 
It is highly expected that the aforementioned results will contribute to increased 
understanding of heat exchanger tube damage mechanisms, their kinetics and correlation with 
operational parameters. This will, then, serve for establishment of methodology for plugging 
criteria. The improved structural integrity assessment of WWER steam generator heat 
exchanger tubes provides sound basis for safe and reliable operation of these nuclear power 
plants. 
 
The IAEA invited utilities/NPPs operating WWER reactors, design and research institutes 
from WWER operating countries, and vendors involved in development and/or 
implementation of ISI of WWER steam generators, to participate in the CRP. Research 
contracts or agreements were signed with the following organisations: 
 

 Nuclear Research Institute Rez, Czech Republic,  
 Paks NPP, Hungary, 
 Department of Radiochemistry, University of Veszprem, Hungary, 
 Rosenergoatom, Russian Federation, 
 OKB Gidropress, Russian Federation, 
 Nuclear Power Plants Research Institute Trnava, Slovak Republic, 
 NDE Training & Certification Facility, Ukraine, 
 INETEC Institute for Nuclear Technology, Croatia,  
 VTT Manufacturing Technology, Finland, 
 Framatome Intercontrole, France,  
 Tecnatom, Spain 
 EPRI, USA. 

 
The basic approach to the CRP lies in that the organisations listed above create a research 
network, which would function within an operational framework for research with a similar 
and well-defined global problem focus. The individual research activities going on in the 
institutes are complementary to achieve the research objectives. In a Research Co-ordination 
Meeting, held in early 2001, the work programme was agreed. And a 2nd RCM was held in 
November 2002 to review the project’s progress.  
 
The theoretical concept of determination of structural integrity (plugging) criteria is shown in 
Figure 3 where S represents the tube wall thickness.  
 
 
 
  Sallowable    =     Scritical      +      ∆S       +       UECT 



 
 
          PLUGGING         STRUCTURAL       DEGRADATION       INSPECTION 
          CRITERIA           INTEGRITY           GROWTH                 UNCERTAINTY 
                      CRITERIA         BETWEEN TWO 
                                                                   ISIs   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Concept of determination of plugging criteria 
 
 
The main elements of the work programme are as follows: 
 
(1) Theoretical works (literature survey and analysis)  

a) Operating experiences of WWER steam generators, the relevant degradation 
mechanisms in heat exchanger tubes 

b) National approaches on determining heat exchanger tube structural integrity and 
safety margins (analytical, numerical and experimental methods) 

c) Analysis of capabilities and limits of the existing NDT methods being used for 
inspection of WWER steam generators 

d) Lessons learned from other relevant activities (e.g. EPRI’s Steam Generator 
Management Project) 

 
(2) NDT related tasks 

a) Verification of previous tube inspection results and establishing correlation between 
NDT results and degradation 

b) Assessment and documentation of NDT capabilities 
 
(3) Tube removal 

a) Selection of tubes based on their accessibility and previous results 
b) Development of extraction technology 
c) Management of extracted tube samples 

 
(4) Destructive tube analysis  

a) Sampling  
b) Examination of the defective areas (macroscopic and surface examinations, isolation 

of deposit for X-ray analyses, microstructure investigations, fractography, evaluation 
of the corrosion mechanism, etc.) 

 Burst test 
 Defect 

instability 
calculation 
(FEM) 

 Degradation 
kinetics 

 ISI statistical 
analysis 

 ECT technique 
 Human factors 
 Degradation 

mechanisms 

 Destructive tests
 Degradation 

morphology 

 Harvested 
tubes 



c) Determination of mechanical properties of the tubes (tensile test on non defected 
parts)  

d) Determination of the chemical composition of tube material 
e) Burst tests and subsequent investigations. 

 
The lower part of Figure 3 suggests how the CRP programme is supposed to contribute to the 
individual components of the plugging criteria. 
 
The results of the research work will be published in form of a guidance document to assist 
WWER operating countries in establishing / reviewing steam generator tube integrity 
assessment methodologies. 
 

 
3. CONCLUSIONS 

 
 

The IAEA’s activity on steam generator life management represents an important part within 
its systematic activities on entire NPP life management. Special attention is being paid on 
operation of a comprehensive steam generator database with the objective to provide 
necessary information related to design, manufacturing, operation, inspection and repair of 
steam generators to support decision making process. The co-ordinated research on WWER 
steam generator heat exchanger tube integrity contributes to better understanding material 
degradation processes of this particular type of steam generator, and serves as background for 
life management considerations.  
 

 
REFERENCES 

 
 
[1] Nuclear Power Reactors in the World, Reference Data Series No. 2, IAEA, Vienna, 

April 2003; 
[2} Assessment and Management of Ageing of Major Nuclear Power Plant Components 

Important to Safety: Steam Generator, November 1997, IAEA-TECDOC-981, Vienna; 
[3] Proceedings of IAEA Regional Workshop on Steam Generator Tube Integrity, held in 

Udomlya, Russian Federation, 27-30 November 2000, Moscow, VNIIAES, 2001. 
 


