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1. Opening 

Mr. L.M. Davies took the Chair, opened the meeting at 09:30 on 7 February 
1994. 

2. Welcome 

Mr. B. Semenov, Deputy Director General, Department of Nuclear Energy and 
Safety, welcomed the delegates. In the opening speech (Appendix 1) he stressed the 
importance of the subject of NPP Life Management for the IAEA and its Member 
States and the role of the 1WG-LMNPP for coordination of the IAEA's activities in 
this field. 

A growing interest in the IWG-LMNPP activities was noted, since more 
Member States have expressed their willingness to participate in the work of the 
IWG. 23 countries and 2 international organizations have representatives in the 
IWG-LMNPP. 

Opening speeches were also presented by the IWG-LMNPP Chairman, Mr. 
L.M. Davies (Appendix 2), and the Scientific Secretary of the Group, Mr. L. Ianko 
(Appendix 3). 

3. The agenda of the meeting was accepted (Appendix 4). The list of delegates is 
given in Appendix 5. 

4. Summary notes cf the 11th IWG meeting and specialists meetings held in 
1992-1993 were distributed. 

5. Mr. L lanko gave the progress report on IWG-LMNPP activities in 1992-1993 
(Appendix 6). 

6. Presentation of the National Programmes. 

6.1. Nuclear Fower Plant Life Management in Belgium: Mr. Berthe (Belgium) 
presented the approach on nuclear power plant life management in Belgium, going 
from follow-up of major equipment, monitoring of sensible equipment, 10-year plant 
safety reassessment, to the development of special inspection and maintenance 
evaluation programme. 

Specific results of this program were given on the subjects of reactor top-head 
penetration cracking, transient monitoring, stratification and steam generators (SG). 

Status of degradation of the stem generators tubes were presented, together 
with the new concerns and associated remedial actions, and development of an 
ultrasonic inspection technique for circumferential cracking. Steam generator 
replacements have started, with one unit completed in 1993 (with power uprating) 
and two others planned for 1995 (with consideration for power uprating) and 1996. 



6.2. Mr. Puis (Canada) presented an outline of Canadian activities relevant to 
CANDU nuclear power plant ageing and life extension of components. Three main 
areas of interest were described, these are the fuel channel program, the steam 
geaerator program and some work on concrete and concrete containment structures. 
In the fuel channel program, work on the pressure tubes is to monitor the 
performance of the tubes by examining and doing tests on tubes removed from 
reactors. The information is used to generate a data base and to develop an 
understanding of the changes in relevant properties for extension up to the end-of-
life. Major areas of study are delayed hydrides cracking and fracture, corrosion and 
hydrogen ingress and deformation due to effects of irradiation. The results are 
presently being incorporated in the first revision of the Fitness-for-Service Guidelines. 
In the fuel channel program funded by COG (CANDU Owners Group), there has 
recently been a divergence of interest with respect to improved components. Ontario 
Hydro (the major utility contributing funds to COG) is not presently interested in 
improved components. AECL, on the other hand, has a strong interest in improving 
the fuel channels for future reactors. The attached overheads show the somewhat 
different problems and objectives of Ontario Hydro (OH) and AECL. Next, the 
objectives and goals of the steam generator program were outlined. In Canada, thd 
was relatively little work in this area up to about three years ago. Since then the 
program has substantially increased because of increases in steam generator 
degradation in the last few years. The objective of this program is to reduce the 
contribution of steam generators to plant incapability factor (ICbF) to 2% within five 
years. Finally an emerging area of concern is the ageing of the concrete containment. 
The final overhead shows generic concerns and a small COG funded program in the 
area of concrete and concrete containment. 

6.3. Mr. Brumovsky (The Czech Republic) presented a description of the most 
important projects being carried out for WWER type of reactors: 

RPV materials embrittlement and its integrity assessment, 

ageing and integrity of main reactor internals, 

LBB approach application to all safety related pipings of primary and 
secondary circuits for WWER 440/230 (finished) and 213, as well as 
WWER-1000/320 types of reactors; new project of 0.1F scale leak is 
under preparation, 

study and assessment of erosion/corrosion effects in secondary circuits, 

study of chemical corrosion effects including effect of irradiation on 
RPV, internals and piping materials, 

preparation of rules and procedures for residuai lifetime assessment and 
defects allowance in key components of primary and secondary circuits, 

lifetime management project and procedure evaluation for WWER-
440/213 type reactors. 
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integrity criteria for steam generator tubes and their leak rate with 
respect to activity criteria in the secondary circuit. 

It was concluded, that in principle, there are no problems with steam 
generators (tube damage) of WWER-440 reactors in the Czech Republic. 

6.4. Mr. Torronen (Finland) present an overview of the Finnish national research 
programme on the Nuclear Power Plant Structural Safety, being carried out from 
1990 to 1994. The focus of this paper is on recent results in the areas of 
experimental and computational fracture mechanics, material deterioration due to 
neutron irradiation, corrosion and water chemistry, non-destructive testing methods 
and procedures, and verification of structural integrity assessment methods by large 
scale component tests. 

6.5. The national report of France was presented by Mr. P. Petrequin.There were 
significant events in France in the past 2 years which are related to mitigation of 
stress corrosion cracking of high nickel alloys. 

One consequence is that steam generators and vessel heads are being replaced. 

In the field of reactor vessel steels, the scatter which is observed in 
surveillance programmes justify studies related to radiation embrittlement 
mechanisms, by simulation techniques (irradiation by particles other than neutron) 
and computer modelisation. Fracture mechanics studies are devoted to a better 
understanding of intergranular rupture and ductility transition. 

The problem related to the lack of relevant data on the effect of irradiation at 
a high dose of (50dpa), low temperature (300-350°C) on reactor internals stainless 
steels is pin pointed. 

Some results show the significant reduction of uniform elongation which can be 
obtained with an irradiation at 10 dpa. 

The monitoring of the ageing of cast stainless steels and the validation of 
random high cycle fatigue design rules are equally evoked. 

6.6. Mr. R. Gillot reported on NPP life management activities in Germany. At the 
moment, there are no new orders for nuclear power plants in Germany. Therefore, 
the main activities in the "nclear field concentrate on up-grading of existing light 
water reactors with the goal of lifa-time extension. The high temperature gas cooled 
reactor (THTR) and the liquid metal fast breeder reactor (LMFBR) are in the status 
of decommissioning. 

Trie main issues to qualify the continuation of operation of nuclear power 
plants are the investigation of the material behaviour, the dose rate effect, the 
corrosion assisted crack growth, NDE techniques for defects in and under cladding 
and the up-grading of light water reactor components. 
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The research activities concentrate on the material behaviour under thermal 
shock condition, the determination of dynamic fracture properties including crack 
arrest, the leak-before-break behaviour, the corrosion assisted crack growth, the 
influence of irradiation, and the evaluation of creep and fatigue phenomena. 

6.7. Mr. Gillemot presented a short survey of the following main developments 
related to the lifetime management of the NPP units taken place in Hungary: 

A new national project named AGNES (Advanced General New Evaluation of 
Safety) has been started. 

The surveillance program of NPP Paks has been extended. 

The ultrasonic testing equipment used for outside testing of the PWRs has 
been upgraded under the sponsorship of the IAEA and the Spanish 
government. 

Acoustic emission testing has been included into the ISI program. 

Radiation embrittlement research performed in the frame of the CRP-3 
program. 

Elaboration of the CRP-2 data base. 

Participation in I \EA pilot studies on ageing. 

Start of the WWERSZM-10 reactor. 

A lifetime management program has been elaborated at NPP Paks. 

6.8. Mr. Pini, from Italy, presented an overview of the Italian activities in the field 
of life management of nuclear power plants. 

The nuclear energy scenai io in Italy was reported to the Group members to 
introduce the main research topics. 

For the RPV, three main topics were described regarding the PTS accident 
analysis, the lower head integrity following a severe accident. In the field of piping 
integrity the participation to the international IPIRG (International Piping Integrity 
Research Group) project was mentioned. Researches in the field of steel and 
concrete containment addressed mainly the integrity of the structure under static and 
dynamic loads. Activities in the field of the reduction o f the seismic risk were also 
reported, with emphasis on the development of the base isolation concept. 

6.9. Mr. Arai presented an overview of three main activities in the field of life 
management in Japan as fellows: 

Current status focused on the ageing effects of plant component 
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materials, of JAPEIC-PLEX program, as a typical and very extensive 
program which is being implemented in progress satisfactorily. 

Starting first replacement work for steam generators of PWR plants. 

Introducing Periodic Safety Review (PSR) to further enhance safety and 
reliability of existing nuclear plants. 

6.10. Mr. Dragunov presented a report on relevant activities in Russia: 

Russian reseaich programs on NPP components lifetime assurance. 

Technical assistance program for CIS (TACIS-91). 

Reactor pressure vessels (RPV integrity, RPV life management, 
annealing and additional measures). 

Integrity of steam generator collector of NPPs with WWER-1000 
reactors and Measures taken to improve the PGV-1000 Reliability and 
Life. 

Measures on Life Extension of Components for Advanced Reactor 
Plants. 

6.11. Mr. G. Hedner presented the overview of relevant activities in Sweden. 
Mineral wool insulation clogged containment spray system strainers ten times faster 
than expected during an inadvertent opening of a safety valve. Extensive experiments 
showed that aged mineral wool behaved significantly different than new material. 
The strainer area was increased approximate!) 20 time in order to retain the safety 
level intended, this operation took approximately six months for five Swedish BWR 
utilities. 

In one 20 year old BWR plant cracks were found in feed water lines inside the 
reactor pressure vessel. In order to replace the piping all internals had to be taken 
out of the reactor pressure vessel. The utility decided to make a complete 
verification inspection of the reactor pressure vessel, and also to upgrade some 
systems to modern standards. The work is in progress, and the plant is planned to 
restart in late summer of 1994. 

A failure to meet the standard leakage test requirements of containments was 
caused by manufacture errors. Cavities in the concrete were filled with air, water and 
sponge-like concrete causing lower pH than normally found in concrete, resulting in 
corrosion attack on the liner plate. A research program on the methods for in-service 
inspection of concrete liner plates and tension cables will start. 

6.12. The report on the UK programmes on NPP life management was presented by 
Mr. B. Tomkins. Current operating plant in the UK centres on the Magnox and 
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advanced gas cooled reactor (AGR). Life extension of the Magnox reactors has been 
practised for over a decade and in the past two years, extension to 40 years has been 
approved for Bradwell and long term safety reviews completed on three other plants. 
The 28 year old Transfynydd plant was shut down on economic grounds in July 1993 
following an extensive review. After considerable study of maintenance procedures, 
three yearly rather than two yearly outages have been approved for 3 AGR plants. 
The sizewell B PWR is on schedule and will start up during 1994. The 19 year old 
prototype FBR will shut down in 1994 after its most successful year of operation. 

Two groups involving experience both within and outside the nuclear industry 
act as advisory bodies on plant life management issues. The first, the Structural 
Integrity Advisory Committee (SIAC) advises on specific component issues, whilst the 
second, the Technical Advisory Group on Structural Integrity (TAGSI) advises on the 
technologies being deployed in assessment. Current SIAC topics of interest include 
Magnox RPV integrity, oxidation of in-reactor components, remote inspection and 
ageing of concrete structures. TAGSI topics include the behaviour of RPV steels in 
the transition temperature range, probabilistic fracture mechanics, mixed mode 
loading, constraint effects on fracture, radiation dose-damage relationships for RPV 
steels and elevated temperature defect assessment. A significant research programme 
addresses these and the issues relating to all the UK's operating reactor systems. 

6.13 Mr. C.E. Pugh presented the U.S. National report and covered four 
principal topics. The first part reviewed briefly the status of the Nuclear Plant Ageing 
Research (NPAR) program which is sponsored by the U.S. Nuclear Regulatory 
Commission (NRC). The NPAR program has studied age-related effects and 
associated management practices for safety system components. The NPAR program 
is scheduled for completion in 1995. Second, the current NRC emphasis in reactor 
pressure vessel integrity studies were described to include the effects of irradiation, 
multiaxial stress states, and shallow flaws on fracture behaviour of specimens made of 
RPV steels. Third, the status of the second phase of the NEA/CSNI project 
FALSIRE (Fracture Analysis of Large-Scale International Reference Experiments) 
was given. FALSIRE II will culminate in a workshop that is to be held in Atlanta in 
early November 1994. Fourth, a description was given of the NRC sponsored 
structural ageing program which addresses the management of Ageing of safety-
related concrete structures in nuclear power plants. Particular attention was given to 
the materials property data base that has been developed. 

6.14. Mr. Miller (OECD/NEA) described the current programmes of CSNI 
Principal Working Group 3 (PWG-3) on Reactor Component Integrity. The three 
areas addressed were NDE, integrity assessment and component life management. 

The Programme for Inspection of Steel Components (PISC III) had formally 
ended in December 1993, but the results were still being evaluated. The main results 
would be presented at the CEC/NEA/IAEA NDE Specialists Meeting in March at 
JRC Petten. Some of the results had turned to be less good than hoped, as in this 
phase more realistic components were being tested. 

In integrity assessment, ORNL and GRS were jointly organizing the second 
phase of a round robin on the Fracture Analysis of Large Scale Internal Reference 
Experiments. The proceedings of the first phase iiad been published. There wili be a 
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workshop to discuss the results of phase II in November 1994 in Atlanta. 

There were also activities on piping leak rates, RCS leak probabilities, 
presentations on topical events, and production of a state of the art report on the use 
of fracture mechanics in integrity assessment. 

The NEA TMI Vessel Investigation Project had finished in 1993, with a final 
symposium. A successor project, the NEA Rasplav project was being developed, on 
the in the 1st few yearsinteraction of molten corium and lower head material. A call 
for participation in a seismic concrete structure international standard problem would 
soon be issued. 

6.15. Mr. U. von Estorff presented a report regarding the CEC activities in the field 
of NPP life management. He described plans of the European Action Group on 
RPV Materials Irradiation Effects and Studies (AMES), Network for Evaluating Steel 
Components (NESC), European Network for Inspection Qualification (ENIQ) and 
Programme on Inspection of Steel Components (PISC). 

6.16. Mr. Pachner of NENS/ESS presented a status report on NENS activities 
relating to NPP ageing and life management. In particular, he outlined recently 
completed guidance documents on Periodic Safety Review of Operational NPPs, and 
Implementation and Review of NPP Ageing Management Programme and provided 
copies of papers containing more detailed information. Current work on a series of 
guidance reports on Assessment of Safety Margins and Residual Life of major NPP 
components was also described. Review of the draft reports is planned for 5-9 
September 1994 (TCM) and participation of IWG members would be welcome for 
components of interest to them. 

6.17. Mr. R. Havel (NENS) presented a report about the IAEA Extrabudgetary 
Programmes on WWER and RBMK type of reactors. 

6.18. Mr. G. Woite NENP/PESS reported on NEA/IAEA cooperation on NPP life 
management: organizational aspects and decision-making process. The objectives of 
NEA Expert Group on Plant Life Management were described. 

7. The discussion of the IWG-LMNPP Programme was based on conclusions and 
recommendations of the meetings listed below: 

IWG-LMNPP Meeting (17-19 February 1992, Vienna); 

Specialists Meeting on "Integrity of Pressure Components of Reactor 
Systems" (Paks, Hungary 25-29 May 1992); 

Specialists Meeting on "Experience in Monitoring Ageing Phenomena 
for Improving Nuclear Power Plant Availability" (Plzen, the Czech 
Republic, 8-11 June 1992); 

Specialists Meeting on "Fracture Mechanics Verification by Large-Scale 
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Testing" (Oak Ridge, Tennessee, USA, 26-29 October 1992); 

Specialists Meeting on "Irradiation Embrittlement and Optimization of 
Annealing" (Paris, France, 20-23 September 1993); 

Specialists Meeting on "Steam Generator Problems and Replacement" 
(Madrid, Spain, 13-18 December 1993); 

and the comments on the subject given by the members of the IWG before the meeting. 

8. Recommendations of Specialists Meetings needing action were considered by 
the team lead by Mr. B. Tomkins (UK). The list of recommendations is included in 
Appendix 7. It was agreed, that the analysis had served a useful purpose. The 
reviewing comments would be used to define more closely the exercise for producing 
conclusions and recommendations from Specialists Meetings. 

9. A smaller group of experts was formed under leadership of Mr. Torronen 
(Finland), and they considered the recommendations of specialists meetings and 
reviewed the priorities for future IWG-LMNPP activities. The list of priorities 
adopted by the Group is given in Appendix 8. 

10. Both documents (the list of priorities and the list of recommendations) were 
used as a basis for the development of future IAEA Programmes on the subject of 
NPP life management. The list of meetings recommended by the IWG-LMNPP to be 
organised by the Agency in the framework of its programme on NPP life management 
is included in Appendix 9. 

11. The cancelled Specialists Meeting on Concrete Structures (1993) was 
considered. It was unfortunate that the Specialists' Meeting on "Ageing of Concrete 
Structures" had failed for lack of support. It was felt that the approach may not have 
been appropriate in reaching the potential audience. As there had been an expressed 
interest from the OECD/NEA representative, it was agreed that a fresh approach is 
needed and a new initiative should be taken to arrange a Specialists' meeting. The 
agreed approach should be a cooperative arrangement progressed by the Scientific 
Secretaries of the IAEA and OECD organisations. 

12. It was disappointing that, based on the advice from Japan (see Appendix 10), 
the IAEA meeting on sub-critical crack growth would not be held in 1994. The 
wisdom of the advice to hold the meeting in 1996 was approved and Mr. Manfred 
Puis would investigate the possibility of Canada hosting the meeting. The Chairman 
would write to Dr. Peter Ford to investigate possibilities and Mr. Ianko would furnish 
Mr. Puis with a copy of the proceedings of the Moscow meeting (1990) on the topic. 

13. The proposal of Mr. Dragunov (Russia) to host an Advisory Group meeting in 
the framework of the project on Data Base Development in Moscow in June was 
noted and agreed subject to the approval of the IAEA. 

14. It was suggested by the Group that the meeting on Sub-Critical Crack Growth 
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planned in the framework of the IWG-LMNPP for 1994 should be replaced by the 
Specialists Meeting on "Assessment and Technology for Lifetime Management of 
Nuclear Power Plants". 

The purpose of that Specialists' Meeting would be to provide an international 
forum for discussion on recent results in research and utility practice in the field of 
methodology for assessment methods and technology concepts for lifetime 
management of key components of nuclear power plants. 

The papers will cover the following topics: 

analysis of main degradai on processes in key components, 

modelling of properties degradation in key components, 

monitoring, data collection and storage, 

methods for residual life assessment and their limitations, 

mitigation measures and planned technologies for corrective actions, 

national approaches to LMNPP including the general strategy to specific 
components. 

A possible venue for this meeting could be Japan. 

15. The IWG supported the possibility of a Phase 4 CRP on Irradiation 
Embrittlement. However, it was pointed out that there would be no funding by the 
Agency - because of its lack of budget allocation. However, the IAEA would 
encourage this activity and provide supporting facilities such as a secretariat services 
and meeting rooms in Vienna. The Secretary would circulate a note to interested 
parties to evaluate the response. 

16. Terms of Reference of the IWG-LMNPP were reviewed, and the agreed 
Terms of Reference subject to approval by the IAEA Director General are included 
as Appendix 11. 

17. The scope of Spec-'alists Meetings recommended for 1995-1996 was agreed 
(Appendix 12). 

18. It was pointed out that the practice of considering and updating the IWG-
LMNPP Terms of Reference and the list of priorities was found beneficial and should 
be routinely reviewed in future meetings of the Group. 

19. Members were asked to consider if they would be prepared to host any of the 
proposed meetings discussed above, if there was such an interest, even if that was 
provisional, then the Scientific Secretary should be contacted at the earliest date. 

_ //_. 
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Members requested that attention of interested individuals and organisations 
should be drawn to forthcoming specialists meetings - to ensure good and adequate 
representation. 

20. It was suggested that the next IWG-LMNPP meeting should be held in 
January/February 1996. 

21. Closure of the Meeting 

The Chairman wished to thank members of the IWG who have left or are 
about to leave the IWG (Messrs. Maurer, Arai, Njo, Najzer and Ianko). The meeting 
agreed with these sentiments and asked the Chairman and the Secretary to write to 
these individuals. 

The Chairman thanked all who had contributed to the meeting, not least the 
IAEA who had hosted and arranged it. 

- n-



Appendix 1 

IAEA International Working Group on Life Management of Nuclear Power Plants 

7 - 9 February 1994 

Opening Speech 

by 

Mr. B.A. Semenov, DDG-NE 

Ladies and Gentlemen, 

On behalf of the International Atomic Energy Agency (IAEA) I would like to welcome 

you to this meeting. Recent international developments portend the beginning of a new era of 

greater openness and growing public engagement in environmental matters and energy policy. 

This opening up of the energy decision making process offers unprecedented opportunities to 

rebuild public confidence in nuclear power as safe, well regulated and beneficial to human health 

and the environmental well-being power source for present and succeeding generations. This 

is a challenge which the nuclear community must - and can - meet. 

In view of the long lead times, siting problems and the high costs in bringing new plants 

into service,securing the continued operation of existing plants after taking care of their age 

related degradation and obsolescence is and will be very important for meeting electrical power 

demands. Therefore the task you have before you this week - to enhance understanding of • 

nuclear power plants ageing and life management - is both important and timely. 

All components of nuclear power plants are subject to some form of ageing degradation; 
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however, the rates of degradation and therefore component lifetimes vary considerably. 

Component deterioration due to ageing may significantly prejudice plant reliability and capacity 

factors unless failures are anticipated and prevented by timely maintenance, repair or 

replacement of components. If a life management programme is not implemented to preserve 

ongoing reliability, then component failures may develop, which may result in unavailability or 

impair one or more of the multiple levels of protection, provided by the defence in depth 

concept. This could result in a reduction in component safety margins, below the limits 

provided, and thus - to the impairment of safety systems. On the other hand many components 

operate at a significant margin within design limit criteria, which are themselves significantly 

within safety limits. Components subject to ageing phenomena must be closely monitored if 

high performance in terms of reliabililty and availability, accompanied with low operating and 

maintenance costs, are to be achieved. It has to be ensured that the continued operation of, 

particularly, older plants does not pose an undue risk to public health and safety owing to 

obsolescence of equipment or of safety standards and requirements to which they were buiit. 

The difficulties in studying the time-dependent degradation are aggravated by the inability 

to realistically simulate the ageing environment in the laboratory. In addition, the process of 

ageing is slow in comparison to the time span in which, one would desire to observe and obtain 

data. 

In recent times the attention of the Agency programme on Plant Life Management has 

progressed beyond the stage of defining phenomena and collecting data. It now proceeds into 
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the area of replacing and repairing components. In-service inspection and preventative 

maintenance programmes are an important area to be addressed in order to deal with the 

concerns of operating utilities in keeping their plants in good condition for as long as possible. 

The Agency's Nuclear Power programme in the field of Plant Life Management promotes 

technical information exchange between Member States with major development programmes, 

offers assistance to Member States with an interest in exploratory or research programmes, and 

publishes reports available to all Member States interested in the current status of development. 

For countries with nuclear programmes, Agency activities are co-ordinated by your International 

Working Group which meets periodically to review the national programmes of their countries, 

and tr advise the Agency on its technical programmes and activities in the field. This regular 

review is conducted in an open international forum in which current progress, problems and 

operating experience can be frankly discussed. We are happy to note a growing interest in the 

work of the IWG-LMNPP. Since the last Meeting 3 more countries (Brazil, Republic of Korea 

and Ukraine) have joined the Group. 

I hope that we will have an excellent participation from your countries in the International 

Working Group activities and the Agency's Programme on NPP Life Management. 

In conclusion, it should be stressed that NPP life management is clearly a very important 

area of concern recognized by the IAEA and its Member States. It will grow in importance as 

the inventory of nuclear plants gets older. These life management programmes are key elements 
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of the strategy for maintaining safety and reliability of the older plants. I am glad to welcome 

at this meeting representatives from 23 countries and 2 international organizations (CEC and 

OECD) and wish you a very successful meeting and a very pleasant stay in Vienna. 

_ / t -



Appendix 2 

Opening Speech 

L.M. Davies, Chairman of the IWG-LMNPP 

First let me thank the IAEA on our behalf for arranging this timely Meeting. I 
would also like to thank Mr. Semenov for opening this Meeting and his personal interest 
and encouragement to this Group. 

The work of this Group has evolved. The early concerns were to do with 
pressurised components of nuclear power plants where the interest was with materials and 
fabricated components were to do with safety and plant assurance. 

Of course safety concerns are paramount, but ii should also be remembered that 
the purpose of the plant is to generate electricity for sale. It is therefore "good" business 
to have a reliable plant. Current and future reliability is important - particularly for older 
plants where plant life definition is an important parameter in cost effectiveness. 

The scope of this Group has changed to encompass the whole plant and 
incorporating material and component performance. 

However, there are still operational "surprises" and the promulgation of these 
events, understanding and corrective actions are also part of our endeavors. 

However, we are moving forward. For example, it has been thought that the 
problem of PWRPV neutron irradiation effects was intractable. However, mitigation of 
this effect by thermal annealing in this "big ticket" component has been successfully 
demonstrated in the WWERs of Central and Eastern Europe and is the subject of active 
consideration in other countries. 

We have a full agenda this week leading to proposals for a future programme. 
Again I believe that the choice of specialists meetings is important and will allow the flow 
of information to both developed and developing countries. 

I hope you will have a good meeting. 

'~k 



Appendix 3 

OPENING REMARKS 

L. Ianko 

Division of Nuclear Power 

International Atomic Energy Agency 

7 - 9 February 1994 

It is my pleasure to greet all of you here at the Agency's Headquarters as 

participants of the International Working Group on Life Management of Nuclear Power 

Plants. This is the 12th meeting of the International Working Group (earlier called 

International Working Group on Reliability of Reactor Pressure Components). 

We are very happy to note a growing interest in the IWG-LMNPP activities, since 

more and more Member States have expressed their willingness to participate in the work 

of the IWG, and I am glad to welcome here, the representatives from 23 countries and 2 

international organisations. 

The objectives of the IWG-LMNPP is to assist the International Atomic Energy 

Agency to provide its Member States with information and guidance on design aspects, 

material selection, fabrication, testing, operations, maintenance, monitoring, and 

mitigation of degradation aspects related to 'major critical components" with the aim to 

manage lives of nuclear power plants. Another objective is to promote exchange of 

information on national and international programmes and new developments. 

According to the IWG-LMNPP Terms of Reference the Working Group determines 

its own methods of work, including frequency of regular and other meetings, preparation 
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of Agenda, establishment of special groups, keeping of records and other procedures. 

The aim of this meeting is to review the IWG activities in 1992-1993 (a progress 

report will be presented), other relevant activities, national programmes, projects of 

international organizations and provide recommendations on the Agency's activities, 

forward programmes in this area, priority scope and content of publications and meetings 

to be organised and sponsored by the Agency. 

The subject of the meeting is in fact a 'opic of particular significance. It is 

expected that this meeting would promote fruitful discussions and provide interesting 

proposals for concrete actions in the future. 

In concluding I wish to express our gratitude to you all for coming to this meeting, 

for your assistance and contribution to the IAEA programmes. 
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Appendix 4 

INTERNATIONAL WORKING GROUP ON LIFE MANAGEMENT 
OF NUCLEAR POWER PLANTS 

7-9 February 1994, Vienna, Austria 

AGENDA 

Opening - 09:30, 7 February 1994 
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Progress report on IWG-LMNPP activities (L. Ianko) 

review of activities 1992-1993 
programme for 1994 
reports and publications 
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(national representatives) 
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Date of the next IWG meeting. 
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Appendix 6 

PROGRESS REPORT ON THE IWG-LMNPP ACTIVITIES 1992-1993 

L. Ianko 

Division of Nuclear Power 

International Atomic Energy Agency 

Vienna 

The purpose of this report is to provide a description on the past and ongoing 
activities which have been planned and are conducted within the framework approved by 
ycu at the last IWG meeting. 

The last meeting took place in February 17-19 1992, in Vienna as the eleventh 
meeting of the IWG (earlier called the International Working Group on Reliability of 
Reactor Pressure Components). 

Directions of the IWG-LMNPP Activities as adopted in 1990 (when a new tide 
and scope of the Group were developed) are: 

establishing a methodology to rank plant components according to their 
impact on plant lifetime; 

defining the specifications for a suitable database for merging operating 
experience and classifying the consequence of operating events on the plant 
components lifetime; 

achieving a better understanding of the ageing phenomena and their 
mechanisms; 

completing work on pressure boundary integrity surveillance programmes 
and their analysis. 

In 1992 the list of IWG-LMNPP priorities was agreed (Attachment 1). This 
document was then used for planning and performing the activities of the Group. 

The activities of the IWG-LMNPP include specialists meetings, technical 
assistance, preparation of the publications on aspects relating to maintaining reliability of 
specific plant components and Co-ordinated Research Programmes. 

The IWG-LMNPP Terms of Reference are included in this report as Attachment2. 
The IWG-LMNPP during the reported period continued its work in accordance with the 
Agency's Programme A2.02 "Nuclear Power Plant Life Management". 

The purpose of the IAEA programme in nuclear power plant life management is to 
promote technical information exchange between Member States with new programmes, 
offers assistance to Member States with an interest in reliability of NPP components, in-
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service inspection methods and programmes using on-line techniques and special 
technological topics of nuclear reactors. During the reported period we tried to do our 
best to coordinate these activities with other agencies to achieve a broader exchange of 
information and avoid duplication. Good contacts and cooperation which were established 
on a working level with Messrs. A. Miller of the OECD, Maurer and Guinovart of CEC 
helped us to find a proper approach to this problem and I would like to express my 
appreciation to Mr. Miller and Mr. Maurer and Mr. Guinovart for our useful discussion 
and their support and cooperation. 

In accordance with the recommendations made by participants at the last meeting 
in February 1992, there were a number of meetings to be organised within the framework 
of the IWG-LMNPP activities. 

Specialists Meeting on "Integrity of Pressure Components of Reactor Systems" 
was held in Paks, Hungary, from 25 to 29 May 1992. The meeting was organized 
with the support of the Hungarian Organizations - Institute of Atomic Energy 
Research and NPP Paks. 
The purpose of the Specialists Meeting was to provide an international forum for 
discussion on recent results in research and utility practice in the field of integrity 
of pressurized components of reactor systems, including approaches to assessments 
of reactor pressure components integrity, deterministic and/or probabilistic 
analysis, NDE methods of material properties degradation monitoring, assessment 
of degradation mechanism and reliability of monitoring of material degradation. 
57 specialists from 16 countries attended the meeting. 32 papers were presented. 

Specialists Meeting on "Experience in Monitoring Ageing Phenomena for 
Improving Nuclear Power Plant Availability" was held from 8 to 11 June 1992 at 
Plzen in the Czech Republic. The meeting was organized within the framework of 
the activities of the International Working Groups on Life Management of Nuclear 
Power Plants (IWG-LMNPP) and Nuclear Power Plants Control and 
Instrumentation (IWG-NPPCI) and focused on problems of ageing mechanisms of 
key structural components, methods of monitoring such as ageing, life 
management approaches and examples from current reactors. 40 participants from 
10 countries attended the meeting presenting 11 papers. 
The Proceedings were published in the form of the IAEA "Working Document" 

The Specialist Meeting on "Fracture Mechanics Verification by Large-Scale 
Testing" was held in Oak Ridge, Tennessee, USA from 26 to 29 October 1992. 
The meeting was organized jointly by the International Working Group on Life 
Management of Nuclear Power Plants (IWG-LMNPP) and the OECD/CSNI, 
Principal Working Group 3 on Primary System Integrity. 
The objective of the meeting was to provide an international forum and to review 
the experience gained in the area of large-scale experiments. The goal was to 
examine the fracture behaviour of materials under conditions relevant to nuclear 
reactor components and operating environment. 70 experts attended the meeting 
and 40 papers were presented. 

The final Co-ordinated Research Programme meeting on "Optimization of Reactor 
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Pressure Vessel Surveillance Programmes and Their Analysis" (Phase III) was 
held in Vienna from 22 to 23 November 1993. 
Chief Scientific Investigators from Argentina, Austria, Belgium, Czech Republic, 
France, Finland, Germany, Hungary, India, Japan, Russia, Spain, and UK, and 
observers from Finland, France, Hungary and Spain attended the meeting and 
presented reports of the national contributions to the CRP. Final reports were 
provided and some data adjusted. The action plan for completing the programme 
was agreed. It was noted that this multi-million dollar effort has produced a 
wealth of unique data and a supply of special and representative steels both 
irradiated and unirradiated for further study if agreed. Several bilateral efforts 
will continue and data will be made available to the IAEA as a fulfillment of the 
condition that data from special steels will be provided. Further, it was agreed 
that the representative steel (typical of older steels) which is ware-housed in 
Switzerland will be surveyed for inventory and on agreement with the Agency will 
be reinstated in order to make this steel available to any IAEA member nation for 
new or added vessel surveillance as a standard reference material. 

The proposed follow-up study is included in Attachment 3. 

Specialists Meeting on Irradiation Embrittlement and Optimization of Annealing 
was held in Paris, France from 20 to 23 September 1993. 

The Specialists Meeting was organized by the IAEA in cooperation with OECD 
Nuclear Energy Agency Committee for the Safety of Nuclear Installations. 

The meeting provided an international forum for discussion on recent results in 
research and utility experience on mechanism of radiation damage, effects of 
operating parameters, results from surveillance programmes and their analysis, 
fracture mechanics testing and evaluation, annealing and optimization of the 
process and re-embrittlement after annealing. 60 specialists from 16 countries and 
2 international organizations attended the meeting. 30 papers were presented. 
During the meeting there were many interesting discussions and proposals for 
future activities, which were included in the conclusions and recommendations of 
the meeting. 
The proceedings of the meeting were published as the IAEA Document. 

Specialists Meeting on "Ageing Mechanisms, Degradation , Monitoring and 
Management for Concrete Structures". 

It was noted uiat this subject is rather new for the Agency, but a valid part of the 
Plant Life Management Programme and related to a CRP on Containment Vessels. 
A good response from interested organizations was expected, but has not 
materialized. 
The Specialists Meeting was planned to be an international forum for discussion on 
recent results in research and utility practice in the field of concrete structures, 
ageing factors, material ageing mechanisms, appropriate assessment methodology, 
limiting conditions and monitoring methods for determining reliability of concrete 
structures. This meeting was planned to be held in Vienna in November 1993. 
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Specialists Meeting on "Steam Generator Problems and Replacement was held 
from 18 to 22 October 1993 in Madrid, Spain. 
The Specialists Meeting provided an international forum for discussions about 
steam generator problems and strategies for steam generator life extension. Some 
of the topics for discussion were design improvements, fabrication processes and 
new materials, corrosion/erosion processes, integrity of SG tubes, tube plugging 
criterions, leak-before-break concept for SG tubes, operational maintenance and 
non-destructive testing defect sizing reliability and validation specifically related to 
SG. 
Presentations were aimed to provide a better understanding of degradation 
processes in steam generator materials a." well as of their maintenance and possible 
panned mitigation activities. 77 specialists from 17 countries attended the meeting 
and 38 papers were presented. The proceedings of the meeting were published as 
the IAEA document. 

Coming back to the IWG specialists meeting programme, it should be noted that 
the meetings were very well organized and provided valuable material which after 
publishing will, for sure, present a useful information package. 

The Specialists Meeting were hosted by Hungary, USA, The Czech Republic, 
France and Spain and I wish to express my appreciation to the national representatives, 
Messrs. F. Gillemot, C. Pugh, M. Brumovsky, P. Petrequin and J. Pelaez for their 
contributions to the IWG activities, their cooperation and support. Special thanks to Mr. 
L.M. Davies whose Chairmanship of a number of meetings assured fruitful discussions 
and contributed to a large extent to the success of the meetings. 

" Another subject on the Agency's programme is the development of the 
International Data Base on NPP Life Management. Initially the focus is to 
develop a data base of the major degradation mechanisms on embrittleraent of 
reactor pressure vessels. 

The benefits of this data base for ageing management are: 

The capability to make predictions of future performance and remaining 
service life of the reactor pressure vessel, and to provide a basis for timely 
implementation of mitigation measures such as flux reductions or 
annealing. 

The ability to identify emerging embrittlement and ageing effects before 
their impact on vessel safety, reliability and service life. 

To identify and evaluate the effects of operating conditions outside the 
range of existing data for the purpose of extrapolation ind improved 
mechanistic modeling. 

To supplement or confirm reliability of prediction methods for vessels with 
inadequate or incomplete material surveillance programmes. 
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To provide comprehensive information on plant operating experience of 
different plants and vessel materials as input for decisions concerning 
continued operation and license extensions of NPPs. 

The IAEA will manage the International Data Base for Ageing Management and 
life Extension of RPV Materials through a Custodian identified and appointed by the 
Agency. The Custodian acting as the agent for the IAEA will operate and maintain the 
data base and provide an effective interface for Member States/Participating 
Organizations. 

The participants will include persons or organizations from Member States 
accredited by IAEA that provide data and are entitled to receive data base information. 
Each participant will be responsible for RPV embrittlement data gathering, as well as data 
validation and verification. 

The details of the programme are given in the document "International Data Base 
on Ageing Management and Life Extension", the first version having been published in 
January 1993 and the preparation of the revised version is under way. 

The preparation of die TRS on irradiation of LWR is completed. 

Coordinated Research Programme on Management of Ageing RPV. Primary 
Nozzle (in the framework of the Pilot Studies of NPP Life Management). 

The objectives of the CRP are: 

to exchange information on the state-of-the-art in assessing the remaining 
life of the RPV nozzles and mitigating effects of ageing, 
to perform a collaborative case study. 

Organizations from Bulgaria, the Czech Republic, France, Germany, Hungary, 
Russia, Switzerland, the United Kingdom and the United States of America as well as the 
Commission of the European Communities - Institute of Advanced Materials/Joint • 
Research Center (IAM7JRQ have indicated their interest in this CRP. Participants are 
organized in a CRP network to facilitate co-operative work. 

In accordance with the IAEA Programme A2.02. the technical support was 
provided to the following Technical Cooperation Projects: 

ARG/4/080 - Integrity of PHWR Pressure Vessels 
ARG/4/082 - Behaviour of Nuclear Power Plant Components 
BRA/4/042 - Stress-Strain Analysis of Nuclear Reactor Components 
PAK/4/037 - Corrosion Fatigue Testing 
RER/4/003 - In-Service Inspection Design 

Below are the 1994 meetings which have emerged from the IWG programme. 
The programme has been cut back somewhat from previous plans due to severe financial 
constraints affecting all aspects of the Agency's work. 
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Meeting of the International Working Group on "Life Management of NPPs" (7-9 
February 1994, VIC, Vienna). . 

The objective of the meeting is to summarize and to discuss recent developments 
in the field of Nuclear Power Plant Life Management, including understanding of 
ageing mechanisms, monitoring, mitigation, managing ageing and to identify 
future direction in IWG-LMNPP activities. Recommendations of the Group will 
be used in the definition of activities to be included in future Agency programmes. 

Joint CEC, OECD, IAEA Specialists Meeting on "Non-Destructive Practice and 
Results" State-of-the-Art and PISC UJ Results. (8-10 March 1994, Petten, The 
Netherlands). 

The meeting will be an international forum for the discussion of recent results and 
of utility experience with non-destructive methods used for the inspection of steel 
components, and weldments. 

The meeting will address, in terms of the state-of-the-art, the capability and 
reliability of NDE procedures applied to the major nuclear reactor components. 
Special emphasis will be placed on NDE techniques to detect and size flaws in 
order to assure structural integrity during plant design life or beyond. 

Related topics will include inspection qualification with emphasis on performance 
demonstration and application of NDE in plant life management. 

Specialists Meeting on "Advanced Structural Integrity Assessment Procedures, 14-
18 March, 1994, San Carlos de Bariloche, Argentina. 

The purpose of the Specialists Meeting is to provide an international forum for 
discussion on recent results in research and utility practice in the field of 
methodology for the structural integrity assessment of components including 
relevant non-codified procedures. The scope of the meeting includes deterministic 
as well as probabilistic approaches. The papers will cover the following topics: 
leak-before-break concepts; non-destructive examination (NDE); statistical 
evaluation of NDE data; pressurized thermal shock (PTS) evaluation; fatigue 
effects (including vibration); verification qualification. 

Specialists Meeting on "Sub-Critical Crack Growth" as an important synergistic 
effect of ageing mechanisms that have direct impact on degradation of components 
and plant life management. It will reflect the state-of-the-art in the fields and 
identify short-comings that require further research. 

The meeting should bring together people active in "the fields of the different 
mechanisms relevant to "sub-critical crack growth" to present their research 
activities, experiment results and their applications as well as people applying the 
results. Focus should be on understanding the mechanisms and their combined 
synergistic effect as well as the testing techniques and standards to be used. 
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Specialists Meeting on "Erosion and Corrosion of Nuclear Power Plants Materials" 

The objective is aimed at reviewing the various techniques applied, results 
obtained and the efficiency of the predictive models. Design criteria for repair 
and replacement policies as well as cost evaluation will be considered. 
The meeting is aimed to be a continuation of the 1988 Specialists Meeting on the 
same subject and is aimed at technical personnel from utilities, service companies, 
regulatory bodies and appropriate research institutes. 

After presentation of national programmes we will be considering the future 
activities of the IWG-LMNPP. A new plan preferably should be extended up to 
1996 since the Agency has already started its budgetary planning for this period. 
This particular planning may require some changes in our approach since there 
were changes in the Agency programme which I will report before we start our 
planning work. 
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IWG-LMNPP Priorities 

(as agreed " the IWG Meeting in 1992) 

General 

Methodology for establishment of priorities. 
Records/data bases related to degradation, component service etc. 
Data bank on research projects 
Terminology 

Radiation Damage 

International surveillance data base 
NewCRP 
Fundamental understanding of mechanism(s) 
Annealing, Reirradiation 
Direct measurement of RPV properties (NDT, miniature specimens, 
reconstituted specimens, etc.) 

Environmentally assisted cracking (corrosion, fatigue, SCC, IASCQ 

Fundamental mechanistic understanding, reliable ref. curves 
Validation, standardization of testing (QA) 
Rationalization of requirements to operators 
Probabilistic methods 

Water Chemistry 

Guidelines for improved water chemistry and monitoring (for corrosion 
prevention and mitigation of activity build-up) 
Local environmental conditions 

Non-Destructive Testing (NDT) 

Improved NDT for defect characterization 

NDT for materials properties (degradation) evaluation 

Proof Pressure Testing 

New evaluation 
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Fracture Mechanics 

large scale tats 
Correlations between small specimens. Test results and vessel behaviour 
Utilization of LBB 

Probabilistic FM 

Concrete Structures Ageing 

Sieam Generators 

Optimizing tube materials 

Value and Pump Casings 
Ageing of austenitic cast steels 
NDT of austenitic cast steels 

Erosion, Corrosion in Secondary Side 

Maintenance, Repair and Replacement 

Problem 

Too many priorities 
Too many meetings 

Proposal 

Improve international cooperation 

Liaison reports 
- NEA/PWG-3 
- CEC 
- IG-RDM 
- ICGEAC 
- ICGIASCC 
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Reactor top head penetration 
cracking 



REACTOR VESSEL INTERNAL COMPONENTS 

• Inspection of guide tubes split pins (x 750) 

• Baffle - Former bolt cracking 

So-far, only plants with down-flow 

configuration are concerned 

Inspections performed: 

- at Doel 2 in 1991 

- No indication 

- at Tihange 1 in 1991 

- 21 bolts with indications or broken 

- 6 bolts replaced in 1992 

- bolts extracted for hot cell examination 
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REACTOR PRESSURE VESSELS 
(cont'd) 

Participation in the working group AMES 

European Action group on RPV Materials 

irradiation fffects and Studies 

(TEE/CEN/SCK) 

Participation in the working group IGRDM 

international ©roup on Radiation damage 

Mechanisms 
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Results of foreign inspections 

• PWSCC mainly in France 

• Longitudinal cracks in the base material 
(Alloy 600 in the weld area) 

• Cracks found in hot (315 °C) and cold (287 °C) conditions 

• Old and new plants concerned 

• Cracks observed mainly at the outermost circles 



Belgian strategy 

• Review of foreign inspection results 

• Comparison of Belgian and foreign situations 

• Inspection of all heads 

• Future actions 



Problem assessment 

• No direct safety problem 

• Operational problem in case of leakage 

• All the plants are potentially concerned 

• Conclusion : full inspections of all the seven heads 



Comparison between Belgian and foreign situations 

• Material properties : no significant difference 

• Temperatures and ages 

• Primary coolant chemistry comparable to French 
chemistry 

• No load follow in Belgium 



Inspection status in Belgium 

s 

0\ 

Inspection Unit 
date 

Age* EFP* 
(hours) 

Manufacturer Head T° EC 
Inspecter 

Inspected 
penetrations 

Results 

Oct 92 Tihange 1 17 130000 Creusot-Loire 
(Framatome) 

312 ABB-R 65 no crack 
(1 scratch) 

March 93 Tihange 3 8 60000 Cockerill 318 ABB-R 65+2+3 no crack 

June 93 Doel 3 10 84000 Cockerill 287 ABB-R 65+1 no crack 

Sept 93 Doel 1 19 140000 Cockerill 307 W 49 no crack 
(1 scratch) 

Oct 93 Tihange 2 10 83000 Cockerill 287 ABB-R 65+1 no crack 

to be inspected • • 

April 94 Doel 4 9 (68000) Cockerill 314 ? 65+2+(3) 

May 94 Doel 2 19 (125000) Cockerill 307 ? 49+1 

At the inspection date 



) 

Future actions 

• Inspection of Doel 4 and 2 in 1994 

• In June 94, decision for periodic inspection of one or 
two heads 

• For example Tihange 1 : 

i old plant (18 years) 

i high head t° (312 °C) 

i sensitive material 



inspection results 

• No cracks 

• Man exposure : 10 to 20 mSv / inspection 

• Cost: 0.5 to 0.7 MUS $ / inspection 



Implementation of transient monitoring 
and analysis in Belgian plants 



Principle 

• Recording of plant and local parameters to assess 
the stresses 

• Calculation of usage factor from global stresses based 
on "rainflow" algorithm 



Objectives 

• Allow larger transient number than foreseen at design 
stage (demonstration for continuous operation) 

• Allow to take into account transients not foreseen 
at the design stage (e.g. stratification) 

• Reduce significantly the burden of transient counting 
(requested by Belgian authorities) 



Assessment of the stresses 

• Mechanical stresses directly proportional to measured 
mechanical loads 

• Use of "green's" (or direct transfer) functions for thermal 
stresses (when fluid T° is available in plant parameters) 

• For the case the fluid T° is not available, TEE 
has developed inverse tranfer functions to allow 
to go from outer wall T° to fluid one 
(only an external sensor needed) 



I Present applications 

• Up to now, monitoring has been made on line while 
analysis has been performed off line 

• Monitoring has been performed during startup and 
shutdown (using a provisional instrumentation) on 
the following equipment 

i surge line + HL nozzle of D2, D4 and Tl 

i SG feedwater lines + nozzles of T2 and D3 

• Instrumentation include 

i ± 25 thermocouples and 3 to 4 displacement sensors 

i a PC for digital registering of measurements 
(sampling time : every 15 s) 



Future applications 

• A permanent system is being finalized and will be 
installed in 94 

i on the surge lines of D2 and D4 

i near the nozzle of a SG feedwater line in D2 

• In a first step recording will be on line with analysis 
off line 

• In a second step analysis will be made on line 



- Thermal s 



Applications 

• Justification of the surge lines and nozzles of the 
7 Belgian plants is in progress 

• Justification of the SG feedwater lines and nozzles 
of Tihange 2 has just been completed 
(U = 0.95 for 40 years operation) 



Developments 

• Computer programme to calculate piping systems 
submitted to thermal stratification 

• Method and programme to assess local temperature and 
stress fields in a stratified pipe (steady state as well as 
transient regime) including direct and inverse transfer 
functions 

• Programme to calculate global response from the results 
of the two previous ones 

• Comparison between calculated and measured results 
fully validates the abovementioned developments 



Doel 2 Surge Line. Transient from 18 hto24h on 900221. 
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Pressurizer surge line layout Doel 2 
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Doel 2 Surge Line. Transient from 18 h to 24 h on 900221 
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Doel 2 Surge Line. Transient from 18 h to 24 h on 900221 

3600 7200 10800 14400 

calc. DV2 
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— — measur. DV3 



STEAM GENERATORS 

1. Status of Belgian SG's 

2. New concerns 

• Doel 4 : Fast progression of OD 

corrosion 

• Tihange 2 : Efficiency of UBHT 

• Doel 1 : Large leak at U-bends 

• Peening efficiency 

3. UT inspection of roll transitions 

4. Steam generators replacements : 
Program 

5. Conclusions 

•saoEMoa 
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Terms of Reference for the International Working Group on 
Life Management of Nuclear Power Plants flWG-LMNPP) 

These Terms of Reference were originally approved by the IWG-RRPC at its Meeting 
on 17-19 February 1975, modified on 14-16 March 1990 and serve as a basis of the IWGs. 
They will be reviewed on the request of working group members or the Scientific Secretary 
and recommendation will be made to the Director General of the IAEA on any modifications. 

1. Objectives 

1.1 To assist the International Atomic Energy Agency to provide its Member States with 
information and comments on design aspects, material selection, fabrication, testing, 
operational, maintenance, monitoring, and mitigation of degradation aspects related 
to "major critical components" with the aim to manage lines (design life as well as 
extended life) of nuclear power plants by having due regard for effects of components 
ageing and thus assuring their long-term reliable function. 

1.2 To promote exchange of information on national and international - programmes and 
new developments and, if necessary, to stimulate co-ordinated research in the field 
of reactor plant and components in Member States and Organizations. 

2. Scope of activities 

The IWG-LMNPP should provide the Secretariat of the IAEA with advice and 
recommendations on the Agency's activities, forward programmes in this area by means of 
specialists' meetings, training courses, etc., when they have particular relevance to reliable 
plant life management, and, specifically, on priority, scope and content of publications in 
form of guides and manuals, and meetings to be organized and sponsored by the Agency. 
The scope of the IWG activities include the following topics: 

2.1 Design 
2.2 Materials 
2.3 Fabrication 
2.4 Monitoring, testing and inspection 
2.5 Information on service and test conditions 
2.6 Degradation mechanisms, their significance and mitigation 
2.7 Plant life management 

3. Methods of work 

The working group will determine its own methods of work, including frequency of 
regular and other meetings, preparation of Agenda, establishment of special groups, keeping 
of records and other procedures. The work of the working group between the r.gular 
meetings is carried out and coordinated by the Scientific Secretary taking into account the 
working group's recommendations. The working group normally meets at the IAEA 
Headquarters. It may meet from time to time away from the IAEA Headquarters to 
familiarize itself with activities in a member country. Special arrangements will be made to 
provide Secretariat services for such meetings in cooperation with the host country. 

4. Organizational matters 
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4.1 Membership 

In appointing the membership of this International Working Group the Director 
General will be guided by the following considerations: 

1. The Working Group will include one member and not more than one altti.^te 
from each Member State which is an expert actively working in the field of 
life management of NPP and wishes to participate; 

2. Each member and alter.iate will be appointed after consultation with the 
member's government; and 

3. Members and alternates will normally serve on the Working Group for a 
period prescribed by their governments, preferably for a period of at least 
three years. 

The Director General may from time to time co-opt members and invite observers 
from other Member States on an ad-hoc ox continuing basis. 

A limited number of advisers or specialists from member countries may be invited 
to attend regular meetings of the working group but the representation of a member country 
should include the member and/or his alternate. 

International Organizations with interest in the same field could be invited as 
observers to the IWG meetings. 

4.2 Chairmanship 

A Chairman of the IWG is nominated by the Director General from the members of 
the Working Group. The chairmanship will be rotated among the members of the 
IWG periodically, not less frequently than every three years. The Chairman should 
with the assistance of the Scientific Secretary determine subjects of the meetings, 
chair the meetings, and conduct them along the lines of the subject. Reports on IWG 
activities should be reviewed before distribution. 

4.3 Secretariat 

The Agency provides the administrative and secretarial services required by the 
Working Group, including translation services, when necessary, meeting rooms, 
maintenance of records, publication and distribution of documents. The Agency also 
provides the service of a permanent Scientific Secretary of the Working Group, who 
is to be in chaarge of the above mentioned matters. 

4.4. Expenses 

The respective Governments provide the Agency with experts for the IWG-LMNPP 
free of cost. Travel and subsistence expenses for experts are borne by the respective 
Governments or Organizations. Travel cost and subsistence for consultants invited 
to prepare a draft document or advise the Agency on special aspects of its programme 
will normally be borne by the Agency. 

_?(.-



Attachment 3 

Proposed Study to Follow: CRP IV 

Assuring Structural Integrity of Reactor Pressure Vessels 

Phase i n of the irradiation embrittlement studies focussed mainly upon 
enhancement of reactor vessel surveillance for future programmes. However, the 
catastrophic consequences of the failure of a primary pressure vessel (as by pressurized 
thermal shock - PTS) of any currently operating reactor in the world, dictates a most 
serious effort to gain the knowledge to preclude such a failure. Because of the limited 
surveillance materials within these reactors plus knowledge uncertainties or limits in areas 
critical to understanding factors key to vessel integrity over its anticipated life, the IAEA 
CRP-m specialists agreed that we must seize this unique opportunity and advance our 
critical knowledge base. Accordingly, it was unanimously agreed by representatives of 
all IS participant nations to extend their studies to a Phase IV which capitalizes, with 
minimal cost, on unique materials and knowledge to aid nuclear safety of existing 
reactors. 

Considering the severe limitation inherent to current surveillance programmes 
several goals were accepted. First, to extend the scope of current limited surveillance 
specimens there is a need to multiply available data through reconstitution of broken or 
tested specimens. Available irradiated materials could be used to validate or qualify 
techniques now being developed to reconstitute typical surveillance specimens. Secondly, 
this multiplied base of irradiated specimens would aid greatly the goals of structural 
integrity assurance as well as demonstrating the necessary insight for vessel annealing to 
ameliorate irradiation embrittlement and the mechanisms inherent to this procedure. 
Thus, structural integrity as well as optimal vessel life may be assured through knowledge 
generated by a coordinated research effort so directed. Another valuable goal related to 
this use of irradiated material is to meet the urgent need to develop data from simple 
fracture specimens now in reactor for understanding the mechanics of fracture using small 
irradiated specimens. This part of the proposed programma may require additional 
irradiation of specimens. Two nations, Argentina and Russia, have offered free neutrons 
for such efforts. If deemed necessary, such added irradiations would require funding for 
irradiation assemblies and instrumental documentation of exposure parameters. 

One major result of CRP-III, was that of aiding the understanding of the 
mechanisms of irradiation embrittlement in terms of microstructural or micro-
metallurgical parameters. The diverse chemistries of Phase 3 materials provide a unique 
opportunity to study the role of diverse compositions and structures on embrittlement 
propensity. These special materials have been irradiated by several national specialists 
and may be studied using already irradiated steels or may be included with any added 
irradiations cited above. 

It should be stressed that interest in the various CRP programmes has increased 
progressively the years both in terms of participation and content. This is an important 
assessment criterion for judging the actual need for such successful IAEA programmes 
and suggests the importance of continuing further support, for the proposed development. 

Di 



Appendix 7 

Recommendations from Meetings Needing Action 

1. Paks meeting, May 1992. 57 attendees, 32 papers. "Integrity of Pressure 
Components of Reactor Systems" 

No. 11 Dissemination of flow distribution data and methodology. 

No. 17 Monitoring by electrochemical method - example of need to 
consider monitoring further to reduce outages. 

2. Plzen meeting - June 1992. 40 attendees 11 papers (Joint meeting with NPPCt 
IWG). "Experience in Monitoring Ageing Phenomena for Improving Power Plant 
Availability". No recommendations recorded - meeting seems to have been limited in 
issues covered. 

3. ORNL meeting - October 1992. 70 attendees, 40 papers (joint meeting with PWG 
3). "Fracture Mechanics Verification by Large Scale Testing". This meeting was the 
FALSIREI wrap-up. FALSIRE JJ. defined. 

Single fracture parameter not adequate. New models needed to 
accommodate constraint and allow more accurate prediction of component 
behaviour. Need to recommend methodology for inclusion in procedure 
(ASME XI, R6 etc.) - may be different in transition region and upper 
shelf. 

Develop statistical models for transition toughness data. 

4. Paris meeting, September 1993. 60 attendees, 30 papers (joint meeting with 
PWG-3). "Irradiation Embrittlement and Optimisation of Annealing". 

1. Need paper to define fluence level correlations - encourage use of 
comparative values. 

5. Standards needed for miniaturised tests. 

7/12/13 Need to define Phase IV programme and support it. 

8. Determine dose-damage (fluence- AT) relationships for variety of materials. 

9. International data base on surveillance results difficult because of individual 
licensing authorities. 

5. Madrid meeting, October 1993. 11 attendees, 38 papers, "Steam Generator 
Problems and Replacement". 

1. Important to define "life". 

2. Summarise repair strategies for dissemination. 
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4.-11. Need for a review document of technology and experience - advisory 
position. 

14. Above review would define what is required. 
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IWG-LMNPP Current Priorities 

1. Radiation Damage and Annealing of RPV 

surveillance data base 
optimization of surveillance programmes 

annealing 

2. RPV Integrity Assessment 

fracture mechanics 
NDE 
material data bases 

3. Integrity Assessment of Primary Circuit 

LBB 
NDE 
corrosion and water chemistry 
monitoring (loads, water chemistry) 

4. SG Life Management 

corrosion and water chemistry 
NDE 
replacement and repair 

5. Reactor Internals Integrity 

radiation damage 
corrosion (IASCC) 

6. Concrete Structures Ageing 

degradation 
NDE 

7. Secondary Circuit Integrity 

erosion corrosion 

water chemistry (optimization and monitoring) 

8. Plant Life Management of Other Components - Cables etc. 

Other Important Items 
guidelines 
codes and standards 
quality (assurance) 
economics 



Integrity 
Assessment 
(Methodology) 

Radiation Damage 
and Annealing 

Plant Life 
Management 

RPV & Pressure 
Tubes 

© © 

Internals © + 
Primary Piping e 
SG + © 
Secondary Piping + 
Concrete Structures + + 

Other Components + 
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Appendix 9 

Tasks Planned for 1995-96 

1. Performance of and Issues on LWR Vessel Heads, 
Internals and Pressure Tubes. 

SPM 1995 

2. Primary Piping Experience and Issues including 
Leak-Before-Break. 

SPM 1995 

3. Irradiation Embrittlement and Mitigation Practices 
(including internals) 

SPM 1995 

4. Technical Document on International Reactor 
Materials Surveillance Data Base 

CS 1995 

5. Technical Document on Lifetime Management of 
Nuclear Power Plants 

CS, AGM 1995 

6. Experience and Issues with In-Service and 
Condition Monitoring of NPP Components 

SPM 1996 

7. Steam Generator Lifetime Management, including 
Replacement and Repair 

SPM 1996 

8. Fracture Mechanics Applications and Verifications SPM 1996 

9. Sub-Critical Crack Growth SPM 1996 

10. CRP on Management of Ageing of Reactor Pressure 
Vessel Primary Nozzle (coordinated with NENS) 

CRP 1996 

11. IWG-LMNPP Meeting TC 1996 

12. Technical Document on Lifetime Management of 
Nuclear Power Plants 

CS 1996 
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1995 Program 

1. Specialists Meeting on "Performance of and Issues on LWR Vessel Heads, 
Internals and Pressure Tubes". 

2. Specialists Meeting on " Primary Piping Experience and Issues including Leak-
Before-Break". 

3. Specialists Meeting on "Irradiation Embrittlement and Mitigation Practices 
(including internals)". 

4. Consultancy - Technical document on "Interim Edition of International Reactor 
Materials Surveillance Data Base". 

5. Consultancy, Advisory Group Meeting - Technical Document on "Lifetime 
Management of Nuclear Power Plants". 

1996 Program 

1. Specialists Meeting on "Experience and Issues with In-Service Inspection and 
Condition Monitoring of NPP Components". 

2. Specialists Meeting on "Steam Generator Lifetime Management, Including 
Replacement and Repair". 

3. Specialists Meeting on "Fracture Mechanics Applications and Verification". 

4. Specialists Meeting on "Sub-Critical Crack Growth". 

5. Coordinated with NENS "CRP on Management of Ageing of Reactor Pressure 
Vessel Primary Nozzle". 

6. IWG-LMNPP Meeting 

7. Consultancy - Technical Document on "Lifetime Management of Nuclear Power 
Plants". 

1997 Program 

1. Specialists Meeting on "Behaviour of Cladding and Internals". 

2. Specialists Meeting on "Life Management of "Other" Components in NPPs, 
including Cables". 

3. Specialists Meeting on "Integrity of Containment and Confinement". 
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Appendfx 10 

Opening of Specialists1 Meeting on 
Subcritical Crack Growth 

in Japan 

1. In 1985, a specialists' meeting on Subcritical Crack 
Growth (SCG) was held at Tohoku University, 
sponsored by IAEA, Tohoku University and NRC with 
Professor Shoji of Tohoku University playing the 
central role. 

2. According to Professor Shoji, the research on 
subcritical crack growth is currently being conducted 
by International Collaborative Group on 
Environmentally Assisted Cracking (ICGEAC), an 
voluntary organization. Although this conference is 
closed, there are voices that the achievements which 
can be publicized should be disclosed, and usually an 
open meeting is held after this closed meeting 

3. The next ICGEAC meeting is scheduled to be held at 
Sapporo, Japan in May, 1995, and the call for paper 
has been already dispatched. The custom of opening 
a closed meeting and then an open meeting will not be 
changed. Therefore, I inquired Professor Shoji of the 
opinion of ICGEAC Chairman(Dr. Peter Ford, GE, USA) 
on whether it would be possible to open a specialists' 
meeting on SCG under sponsorship of IAEA after the 
open meeting of ICGEAC. 

4. The opinion of ICGEAC Chairman is that it is not 
possible to change the constitution of the 1995 
meeting, however, since it is deemed beneficial for 
both sides to hold an meeting under co-sponsorship of 
IAEA., it may be a good idea to hold the ICGEAC 
meeting of March, 1996 to be held at Ontario, Canada 
under the joint sponsorship with IAEA. 

5. From this situation, my opinion is that it is prefer to 
hold the specialists' meeting on SCG of March, 1996 
under the joint sponsorship with IAEA and ICGEAC 
because enough papers would not come even if the SCG 
meeting will be held under sponsored by IAEA in 
Japan in 1995. 
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Terms of Reference for the International Working Group on 
Life Management of Nuclear Power Plants (IWG-LMNPP) 

These Terms of Reference were originally approved by the IWG-RRPC at its Meeting 
on 17-19 February 1975, modified on 14-16 March 1990 and on 7-9 February 1994 and 
serve as a basis for the work of the IWG. They will be reviewed on the request of working 
group members or the Scientific Secretary and recommendation will be made to the Director 
General of the IAEA on any modifications. 

1. Objectives 

1.1 To assist the International Atomic Energy Agency to provide its Member States with 
information and comments on design aspects, material selection, fabrication, testing, 
operational, maintenance, monitoring, and mitigation of degradation aspects related 
to key components with the aim to manage lives (design life as well as extended life) 
of nuclear power plants by having due regard for effects of components ageing and 
thus assuring their long-term reliable function. 

1.2 To promote the exchange of information on national and international programmes 
and new developments and, if necessary, to stimulate co-ordinated research in die 
field of reactor plant and components in Member States and Organizations. 

2. Scope of activities 

The IWG-LMNPP should provide the Secretariat of the IAEA with advice and 
recommendations on the Agency's activities and forward programmes in this area by means 
of Specialists meetings, training courses, etc., when they have particular relevance to reliable 
plant life management, and, specifically, on the priority, scope and content of publications 
in the form of guides and manuals and meetings to be organized and sponsored by the 
Agency. The scope of the IWG activities include the following aspects: 

2.1 Design 
2.2 Materials 
2.3 Fabrication 
2.4 Monitoring, testing, inspection and data bases of their results 
2.5 Information on service and test conditions 
2.6 Degradation mechanisms, their significance and mitigation 
2.7 Assessment and means of plant life management 

3. Methods of work 

The working group will determine its own methods of work, including frequency of 
regular and other meetings, preparation of Agenda, establishment of special groups, keeping 
of records and other procedures. The work of the working group between the regular 
meetings is carried out and coordinated by the Scientific Secretary taking into account the 
working group's recommendations and guidance. The working group normally meets at me 
IAEA Headquarters. It may meet from time to time away from the IAEA Headquarters to 
familiarize itself with activities in a member country. Special arrangements will be made to 
provide Secretariat services for such meetings in cooperation with the host country. 

-17-



- 2 -

4. Organizational matters 

4.1 Membership 

In appointing the membership of this International Working Group the Director 
General will be guided by the following considerations: 

1. The Working Group will include one member and not more than one alternate 
from each Member State which is an expert actively working in the field of 
life management of NPP and wishes to participate; 

2. Each member and alternate will be appointed after consultation with the 
member's government; and 

3. Members and alternates will normally serve on the Working Group for a 
period prescribed by their governments, preferably for a period of at least 
three years. 

The Director General may from time to time co-opt members and invite observers 
from other Member States on an ad-hoc or continuing basis. 

A limited number of advisers or specialists from member countries may be invited 
to attend regular meetings of the working group but the representation of a member country 
should include the member and/or his alternate. 

International Organizations with- interest in the same field could be invited as 
observers to the IWG meetings. 

4.2 Chairmanship 

A Ch. irman of the IWG is nominated by the Director General from the members of 
the Working Group. The chairmanship will be rotated among the members of the 
IWG periodically, not less frequently than every three years. The Chairman should 
with the assistance of the Scientific Secretary determine subjects of the meetings, 
chair the meetings, and conduct them along the lines of the subject. Reports on IWG 
activities should be reviewed before distribution. 

4.3 Secretariat 

The Agency provides the administrative and secretarial services required by the 
Working Group, including translation services, when necessary, meeting rooms, 
maintenance of records and the publication and distribution of documents. The 
Agency also provides the service of a permanent Scientific Secretary of the Working 
Group, who is to be in charge of the above mentioned matters. 

4.4. Expenses 

The respective Governments provide the Agency with experts for the IWG-LMNPP 
free of cost. Travel and subsistence expenses for experts are borne by the respective 
Governments or Organizations. Travel cost and subsistence for consultants invited 
to prepare a draft document or advise the Agency on special aspects of its programme 
will normally be borne by the Agency. 



Appendix 12 

Cunent Issues on the Performance of LWR-Vessel Head. Internals and Pressure Tubes 

The scope of the meeting is to bring together experts in the field and people 
involved with ensuring the adequate performance of LWR-Heads internals and pressure 
tubes to deal and discuss the following topics: 

current issues and problem areas and their consequences, experiences and 
remedies, 

monitoring and inspection techniques, 

assessment methods, procedures and techniques, 

research activities in the field. 
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Primary Piping Experience and Issues Including Leak-Before-Break 

Purpose of the Meeting 

The purpose of the Specialists' Meeting is to provide an international forum for 
discussion on recent results in research and utility practice in the field of methodology for 
the structural integrity assessment of primary piping including relevant non-codified 
procedures. 

The papers will cover the following topics: 

Materials behaviour and their degradation processes, 

NDE methods and results form ISI, 

Integrity assessment methods, 

Leak-before-break concepts, 

Verification qualification (calculations, large scale testing, component 
testing etc.)-
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Experiences and Issues with In-Service Inspection (ISI) of NPP Components 

The meeting will focus on the management and the technology of in-service 
inspection programs, regulatory requirements, and ISI results. It will cover qualification 
aspects, both of NDE procedures and personnel qualification (application of appendices 7 
& 8 of ASME XI code). It will review both mandatory and voluntary inspection 
programs of all mechanical components. 

Topics shall cover: 

regulatory requirements, specific national constraints; 

codes, standards and their edition; 

NDE procedures, qualification and validation; 

Personal qualification; 

ISI program and program management; 

quality assurance aspects; 

results and evaluation methods. 

(ISI systems is not included) 
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Fracture Mechanics Verification and Application Specialists' Meeting 

This meeting is jointly sponsored by the IAEA-IWG/LMNPP and Principal 
Working Group No. 3 of the NEA's Committee on Safety of Nuclear Installations. The 
purpose is to bring experts together to discuss the latest developments in validating 
fracture mechanics analysis methods. An emphasis will be on recent studies of large-
scale experiments that have included cleavage fracture, ductile tearing, stable or unstable 
crack propagation, and crack arrest. In particular, the conclusions will be presented from 
Phase II of the CSNI's project FALSIRE and from the European Network for Evaluating 
Steel Components (NESC) project on large-scale experiments. The ability of fracture 
models to represent fracture behaviour under various conditions of thermal and 
mechanical loadings is to be presented. Constraint, size effects, and multiaxial loading 
influences will be covered. In addition to situations where experimental results have 
supported fracture models, attention is to be given to cases where features of observed 
fracture behaviour have not been consistent with analytical expectation. One example is 
the relatively high stress intensity factors required to initiate crack propagation in tests of 
large plates that contain single edge notches and are under non-isothermal conditions. 
Observations from available experimental results and verification of analytical studies are 
to be interpreted in terms of the technology's capability to assess the safety of nuclear 
power plant components. 
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R & D PROGRAMS IN BELGIUM 

Plant life evaluation 

Reactor pressure vessels 

Reactor vessel internal components 

Reactor vessel head penetrations 

Cast elbow ageing 

Transient monitoring 

Thermal stratification 

Steam generators 

Erosion - Corrosion 

PISC 
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I Technical life cycle management 

• Follow-up of major (civil, mechanical and electrical) 
equipment on a case-by-case basis 

i Reactor vessel 
i Steam generators 
i Turbine 
i Process computers 
i Cooling towers 

• Monitoring of sensible equipment 
i Periodic inspections (NDE ...) 
i Environmental conditions (monitoring of temperature 

inside cabinets) 
• i Stratification 



Technical life cycle management 

• Licenses for operation of Belgian Nuclear Power Plants 
have iO definite time limit 

• Safety reassessment required every 10 years 

• Important repairs, replacements or modifications 
resulting from or associated with the 10-year safety 
reassessment 

i Doel 3 SG replacement 

i Seismic reevaluation and requalification (all plants) 

i RCS overpressure protection (all plants) 

i Replacement of process computers 



Technical life cycle management 

• Development of special inspection programmes 
for specific (degrading) phenomena 

i Erosion corrosion 

i IG SCC (vessel head penetrations, baffle bolts, ...) 

i Vibration 

i Wear 

• Lifetime evaluation / repair / replacement on 
an individual basis 

i "generic" solutions are used as applicable 
- (stratification e.g.) but are not common, due to 
I the variety of plants and circumstances 



Technical life cycle management 

• Example of special follow-up programme 

The safety assessment and lifetime evaluation 
of the Doel 1 & 2 reactor vessels 



Technical life cycle management 

• On-going maintenance evaluation programme 
in each unit 

• Future trends 
1 

Optimization of operating procedures 



SAFETY AND RELIABILITY REVALUATION 

10 year revaluation of Doel 3 and Tihange 2 
(in 1993) 

Main features : 

• Replacement of pressurizer block valves 

• Modification of pressurizer relief line 
(Doel 3) 

• Decabling/recabling of a few electric 
penetrations 

• Modifications of SI & SP circuits 

• Replacement of process computer (Doel 3) 
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SAFETY AND RELIABILITY REVALUATION 
(cont'd) 

Under study ; 

• 10 year revaluation of Doel 4 and Tihange 3 
(1994, 1995) 

• 20 year revaluation of Doel 1 & 2 and 
Tihange 1 (1994, 1995) 
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REACTOR PRESSURE VESSELS 

• Participation in the I.A.E.A. coordinated 

research program, phase 3, by CEN/SCK 

Reactor vessel surveillance program 

Results transmitted in November 1993 

• Development of fracture toughness 

evaluation methods on subsized specimens 

(CEN/SCK - ELECTRABEL - TEE) 

• Development of micromechanics modelling for 

the interpretation of fracture toughness 

measurements on RV surveillance specimens 

(Communication presented at I.A.E.A. 

specialist meeting in September 1993 in Paris) 

in 



Status of Belgian SC 
nsimmcTwm* 

Type of 
plugging 
criteria 

AFFEfipb t M r e & t a i * # adte) 

Secondary side corrosion 

Vfm&W Cellular iga/scc 

Mdal igscci|||i 

irconf. 1 
B i * 

W°*°*.m 

under sludge pile/tori TS , 
^ ^ ^ 

undel^hidge ptle/topT$P 

at support plates intersections 

at support plates intersections 

In free span tubin 
^i±. 

Ul Til D2 D3 TI2 
(74) (75) (75) (82) (82) 

D4 T13 
(85) (85) 

U-behds & heat treatrril limites 
- i> in tubesheet crevice > >:k 

^ . % > • > . . i . . . . " » i i u p r i' r 

transition hard > ktes &11 
' . ' 

transition; kiss roll > tube { 

sludgepile 
n i ii.». 11 JSL 

Correlation 

< i» v 
*«)> . J V L t a n V i l . « * 
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status of Belgian sc 
" V 

Type of 
plugging 
criteria 

Primary side corrosion 

nfl^TjMBl 
rconf.igscdjl 

" f i r wnt*' '"• • 
in U-bends ilk 
dtMtftrdhsition ^ M 

JU. i28 
atttnffif.«ibedhfeet;'«f'i s, 

. ; f . . . , 

Dl Til D2 D3 Ti2 D4 T13 
(74) (75) (75) (82) (82) (85) (85) 

Other degradations 

original AVB 

Denting Jj&!'& 

replacement AVFi ''1!*' 
preheciter " <V 

top df tubesheet ^v 
top of tAibe support plates 

m:, 
Degradations Leak hi- minor not active due to preventive plug/repair 



2 . NEW C O N C E R N S 

Doel 4 : Fast progression of OD Corrosion 

Tihange 2 : Efficiency of UBHT 

Doel 1 : Large leak at U-bends 

Doel 4 / Tihange 3 : Efficiency of the preventive 
peening treatment 

/ / / 



2 . N E W C O N C E R N S 

D O E L 4 : F a s t P r o g r e s s i o n of OD 
C o r r o s i o n 

% affected tubes 

Defect location 91 92 93 

Intersection TSP (SG B only) 3% 15 % 27 % 

Free spans (SG B only) m 10 % 13 % 

Circumf. at transition 
(mean of 3 SG's) 

9 
* 

2,6 % 47 % 

# tubes plugged (or repaired) 

Defect 91 92 93 

Intersections TSP 50 26 131 

Free spans - 119 0(*) 

Circumferential SCO at transition 8 43 2254 

Others 
(PWSCC, tube pulls, loose parts) 

14 27 

Total 58 202 2412 

(*) all tubes exceeding the criterion exceeded also 
TSP criterion 
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2. N EW C O N C E R NS 

D o e l 4 : F a s t p r o g r e s s i o n of OD 
C o r r o s i o n 

Exceptional inspection workload 

- 5939 tubes by ECT/BC (at least up to TSP # 10) 

- 14643 tubes by ECT/RPC (roll transitions) 

- 14536 tubes by UT/RP (roll transitions) 

Total of 35118 tube inspections 

Exceptional repair workload 

- 574 plugged tubes (98 with stabilizers) 

- 1841 mechanical sleeves 

Total of 2412 repaired tubes 

Exceptional expertise workload 

- 13 tubes pulled and tested 
(leak, burst, tensile rupture, various examinations) 

- UT calibration/plugging criteria updating 

Total outage duration I 65 Days 

/ / 3 



2 . NEW C O N C E R N S 

T i h a n g e 2 : E f f i c i e n c y of U B H T 

1987 : Forced outage (7 days) due to PWSCC leak 
in row 1 U-bend 

1988 : • Rows 1 and 2 U-Bends Heat Treatment 
(760 °C - 5 min) 

• 1 additional leaking tube evidenced by 
hydrotest after UBHT 

1989-1991 : Sample inspection of rows 1 and 2 U-bends 

1992 : + 3 leaks at row 1 U-bends 
+ inspection by ECT / BC and plugging of: 

• 26 row 1 U-bends 
• 34 row 2 U-bends 

+ Defects location : mainly the limits of 
UBHT 

//v 



2 . NEW C O N C E R N S 

D o e l 1 : La rge l e a k at U - b e n d s 

• Large leak in a row 1 U-bend during 18th cycle (1993) 

• Cause not established yet (PWSCC ?) 

PWSCC History 

• Doel 1 & 2 are twin units 
- Same SG (W model 44) 
- Same tube material (1600 - Mannesman) 

• Sensitivity to PWSCC is very different: 

- Doel 2 : Leak at transition during 2nd cycle 
Tube rupture at row 1 U-bend 
during 4th cycle 

- Doel 1 : No PWSCC record up to 18th cycle 
(U-bends with ovality > 9,1 % preventively 
plugged) 

Mr 



2 . NEW C O N C E R N S 

P e e n i n g e f f i c i e n c y 

Progression of PWSCC at roll transition in Doel 4 and 
Tihange 3 (rotopeened before start-up) 

4 % • 

3% -

2% •• 

1 % .. 

t 

Tihangc 3 

6 

Doel 4 

8 Cycle 

% of tubes with cracks 

NB : Doel 4 - Cycle 5 : inspection of a sample 
All others Inspection of all tubes 
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PREVIOUS PERFORMANCE 

UT TECHNIQUE 

ROTATING PROBE (0.7 mm helical pitch) 
LABORELEC DEVEL OPMENT 
LICENSED TO RD/Tech (Canada) 

FIELD IMPLEMENTATION 

- since 1988 
. monitoring of Ni Plated tubes for axial cracks (Doel 3) 
. large sample inspections (> 200 tubes) for circumferential cracks 

(Doel 3 and 4, Tihange 2 and 3). 

- since 1992 
. all circumferential indications flagged by prior 100 % RPC screening 

inspection 
. additional random sample 

- total inspected tubes : > 4000 (June 1992 status) 

LNSPECT1QN TLME 

- THEORETICAL: 45 sec/tube 
- ACTUAL (including equipment installation / removal) 

> 150 tubes / shift (8 hr) 

//?• 



UT INSPECTION OF ROLL TRANSITIONS 

PRESENT PERFORMANCE 
(SINCE JUNE 1993 / Doe! 4) 

. 100 % OF 3 STEAM GENERATORS 
(14425 TUBE ROLL TRANSITIONS) 
INSPECTED FOR CIRCUMFERENTIAL CRACKS 

. INSPECTION TIMES 

- 6 DAYS PER S.G. 
(ever> thing included) 

- PEAK RATE of 500 TUBES / SHIFT (8 hr) 
OFTEN ACHIEVED 
(very close to theoretical time of 45 sec/tube) 
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6 . S T E A M G E N E R A T O R S 
R E P L A C E M E N T S : p r o g r a m 

D0EL3 (1993) TIHANGE 1(1995) D0EL4 (1996) 

Supplier KWU Mitsubishi Consortium 
Framatome-
KWU 
(Framatome 
design) 

Model 61 W 79/19 T 

Heat exchange 
area (m 2 ) 

6,103 6,100 7,920 

Tube diameter 3/4" 3/4" 3/4" 

Tube thickness 
(mm) 

1.09 1.09 1.09 

Tube material 800 shot 
peened 

690 TT 690 TT 

Tube expansion hydraulic + 
2 steps 
mechanical 
rolling 

hydraulic + 1 
step 
mechanical at 
the bottom end 

full depth 
hydraulic 
expansion 

Pitch triangular triangular triangular 

Support plates egg crates -
stainless steel 

trefoiled -
stainless steel 

trefoiled -
stainless steel 

AVB horizontal and 
vertical bars 

5 sets 4 sets 

Flow 
distribution 
baffle 

yes yes yes 

Moisture 
separators 

48 3 17 
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C O N C L U S I O N S 

». 

• Corrosion continues in Belgian SG's 
• multiplication of defect types 
- OD attacks very important 
- but PSWCC remains a threat 

• R&D very active 
• large cooperation with EPRI 
- inhibitors 
- inspections tools 
- tube pulls 
- structural analysis 
- software developments 

• Large evolution of plugging criteria 
- progress in defect knowledge 
- availability of UT for 100 % inspections 

• Numerous repair interventions 

• 3 SG replacements programmed (over 7 units) 
- excellent records of Doel 3 intervention 

« 



Canadian Activities Relevant to Nuclear Power Plant Ageing 
and Life Extension of Components 

M. Puis 
AECL 

Whifeshell Laboratories 
Pinawa, Manitoba 

Canada 

Presentation to Regular Meeting of IAEA, IWG-LMNPP 
1994, February 7-9, Vienna 
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COG FUEL CHANNEL PROGRAM GOALS 

Avoid any Unstable Pressure Tube Ruptures 

Contribute to a Reduction in ICbF of Fuel 
Channels 

Maintain the Expertise to Provide a Response 
Capability 

Provide Fuel Channel Designs and Components 
with Higher Margins to Failure 
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1. Fuel Channel Program 

Fitness-for-Service Guidelines, Revision 1 (AECL, COG) 

Improved Fuel Channel Components (AECL) 

2. Steam Generator Program (AECL, COG) 

3. Concrete Containment (AECL, COG) 

\xi 



PRESENTLY PERCEIVED ISSUES THAT LIMIT LIFE 
CYCLES OF FUEL CHANNELS IN OH REACTORS 

STATION 1ST LIMITER 2ND LIMITER 

BRUCE A BLISTERS AND FRET MARKS* CREEP AND GROWTH/ 
DEGRADATION OF MATERIAL 
PROPERTIES** 

* 
BRUCE B FRET MARKS CREEP AND GROWTH/ 

DEGRADATION OF MATERIAL 
PROPERTIES-

DARLINGTON FRET MARKS CREEP AND GROWTH/ 
DEGRADATION OF MATERIAL 
PROPERTIES** 

PICKERING A CREEP AND GROWTH/ 
DEGRADATION OF MATERIAL 
PROPERTIES-

NONE 

PICKERING B BUSTERS (P5. 6). CREEP AND 
GROWTH/DEGRADATION OF 
MATERIAL PROPERTIES". 
(P7. 8) 

CREEP AND GROWTH/ 
DEGRADATION OF MATERIAL 
PROPERTIES" (P5, 6). 
NONE (P7, 8) 

BLISTER AND FRET MARKS ARE PART OF A FAMILY OF ISSUES THAT 
ENCOMPASS BUNDLE BEARING PAD FRET MARKS, BUSTERS, DHC CRACKS, 
MANUFACTURING OEFECTS. DEBRIS FRETS AND BUNDLE BEARING PAD 
CREVICE CORROSION. 

CREEP AND GROWTH/DEGRADATION OF MATERIAL PROPERTIES ARE PART 
OF A FAMILY OF ISSUES THAT ENCOMPASS ELONGATION, CALANDRIA TUBE 
TO USS CONTACT, DIAMETRICAL CHANGES. WALL THINNING AND SAG, 
FRACTURE TOUGHNESS. vvn>«***»* c t ^ ^ ' f t w o s , 

D.W. Souther - September. 1993 
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FUEL CHANNEL OBJECTIVES 

ONTARIO HYDRO 

1. Reduce conservatism in flaw assessment. 

2. Improve inspection. 

AECL 

1. Improve the product. 

f i h 



CANDU fuel channels will operate reliably for at least 35 years at 90% capacity 
factor with shutdowns only for short mandatory PIP inspections. The improved 
fuel channel design will also significantly reduce the outage for a complete retube 
of the reactor core. 

Three key objectives for fuel channel performance are: 

- No failures at operating conditions over the design life. 

- Minimize inspection and maintenance requirements. 

- Miniir ze consequences of postulated accident conditions. 
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35 years at 90% capacity factor and offer faster retubing. 

Pressure Tube 

a. Diametral deformation limit mat will provide adequate margin between 
channel critical power and fuel string pover (CHF). 

b. Axial deformation limit of 150 mm (6.0") at the end of life. 

c. End-of-life hydrogen concentration below TSS at operating temperature in the 
body of the tube. 

d. Minimum initial fracture toughness (dJ/da) limit of 250 MPa. 

Calandria Tube 

a. 15% higher burst pressure. 

b. An optimized heat transfer design for accident conditions. 

c. A low sag design (target sag 55 mm at the time of retubing of pressure 
tubes). 

d. Target life of 80 years at 90% capacity factor. 

e. Stronger calandria tube rolled joint for the higher burst strength tube. 

HI 



PT/EF Rolled Joint 

a. The end-of-life hydrogen concentration in the pressure tube to be below TSS 
at operating temperature at the rolled joint burnish mark. 

Fuel Channel Spacer 

a. Quality current spacer design for all anticipated CANDU operating 
conditions. 

b. Demonstrate feasibility of a fixed spacer design. 

Other Components 

a. Develop welded feeder connection. 

b. Optimize channel internal hardware to minimi™ inlet fuel bundle motion. 

c. Develop higher burst strength bellows design. 

d. Qualify double-groove rolled joint design based on proven technology. 

e. Improve response to pressure tube leaks (leak detection/location 
improvements). 

/Xf 



Mission 

Steam Generator Program 

To develop the technology required to support the safe and efficient operation of 
steam generators (SG) and associated systems over the 40 year life of the CANDU 
reactor. 

The mission covers all requirements including ageing management, inspection 
capability and the development of effective fitness for service criteria for SG tubing. The 
mission is addressed by a number of technical sub-programs: 

chemistry, which develops effective chemistry control strategies to minimize steam 
generator degradation; 

corrosion, which understands and predicts the corrosion degradation mechanisms 
which may occur; 

fouling, which provides predictive and remediation strategies (operating and/or 
design) for minimizing the accumulation of deposits on steam generator surfaces; 

cleaning, which assesses existing technologies for removing deposits from steam 
generators, and develops improved processes for the future; 

thermalhydraulics, which provides tools for the prediction and assessment of steam 
generator thermalhydraulic operation; 

vibration and fretting, which assesses the susceptibility of CANDU steam 
generators to vibration-induced degradation, and provides for improved designs: 

NDE and maintenance, which provides the tools needed for inspection and repair 
of steam generator components. 

Vision 

CANDU steam generators will be operating reliably, safely, and efficiently and 
with less than 2% contribution to CANDU annual incapability factors. 

What will be achieved: 

• an effective chemistry control system to minimize corrosion and fouling; 

• efficient cleaning technologies to maintain full thermal performance capability of 
the SG; 

• inspection and monitoring tools that provide adequate warning of future steam 
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Planned Programs on Concrete for CANDU Containment 

I Generic Concerns 

crack characterization in containment concrete 
concrete degradation due to elevated temperatures 
effective repairs in concrete containment 
effect of pressure cycling on the performance of containment concrete 
deterioration of the concrete containment building due to leakage testing 
degradation of CANDU concrete structures and prediction of residual life 
expectancy 
in-site probe to assess concrete degradation. 

II Specific (funded) Studies 

1. Temperature issues 

local areas 
ECI sump 
time scale 

2. Repair 

state-of-the-art 
experiencersites, design from the IAEA survey CRP 
caulking 

-crack condition: input 

3. Structural/functional issues associated with pressure testing interval 

4. Ageing/service life^NPLA 

degradation mechanism 
life prediction 
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generator performance degradation; 

operating and design tools to improve the reliability and operability of existing and 
future CANDU steam generators. 

Goals 

SUB-GOAL 1: 

SUB-GOAL 2: 

SUB-GOAL 3: 

SUB-GOAL 4: 

SUB-GOAL 5: 

SUB-GOAL 6: 

Understand, predict, and provide operating and maintenance 
strategies for the prevention, or mitigation of, corrosion degradation 
to assure safety and reduce incapability associated with steam 
generators. 

Understand, predict and provide operating and design strategies for 
the prevention, or r ligation of, mechanical degradation to assure 
safety and reduce incapability of steam generators. 

Proviae operating and maintenance strategies to prevent or remove 
fouling to maintain steam generator functional design performance. 

Develop rapid, reliable and re remote inspection and maintenance 
tools to minimize station outage costs associated with steam 
generator maintenance and to provide assurance of steam generator 
integrity. 

Provide the knowledge and tools necessary to produce fii^ss for 
service criteria for safety operation over the life of the steam 
generator. 

To advance the knowledge and provide the tools for improved steam 
generator operation and designs, for replacement or for future 
plants. 

contcan.pul 
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ACTIVITIES 

IN THE CZECH REPUBLIC 

FOR 

REACTOR PRESSURE COMPONENTS 

LIFETIME MANAGEMENT 

Milan BRUMOVSK? 

NUCLEAR RESEARCH INSTITUTE & E £ pic 

250 68 RE£ 

to be presented at the meeting of the 

IAEA International Working Group on 

NUCLEAR POWER PLANT LIFETIME MANAGEMENT 

February 7-9, 1994 

Vienna 



GENERALLY 

The situation in NPPs after the splitting of the Czech and 
Slovak Federal Republic is : 

Czech Republic Slovak Republic 
WWER-440/V-230 

J.Bohunice - 2 units (operation) 

WWER-440/V-213 
Dukovany - 4 units (operation) J.Bohunice - 2 units (operation) 

Mochovce -2 units (construction) 

WWER-1000/V-320 
Temelm - 2 units (construction) 

Industrial, technical and research capacities were developing for a long 
time together in such a way to be complex in the whole Federation. Thus, 
it is not possible to cancel all common and mutual activities as well as 
cooperation. 

Even though no more common state supported research and 
development programmes exist, cooperation in the field of reactor pressure 
components safety and lifetime management still exists in a wide form. The 
main reason can be found in the fact that Nuclear Research Institute as well 
as main components manufacturers (SKODA - RPV, VfTKOVICE - SG 
and P, MODRANSK£ STROJlRNY - PP) are located in the Czech 
Republic and most of activities started still before the federation splitting. 
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Main activites can be divided into the following fields : 

- UPGRADING AND SAFETY ASSURANCE OF 
NPPs WITH REACTORS OF WWER-440/V-230 

- SAFETY ASSURANCE OF NPPs WITH 
REACTORS OF WWER-440/V-213 

- LIFETIME MANAGEMENT PROGRAMME OF 
NPPs WITH REACTORS OF WWER-440/V-213 

- PREPARATION OF START-UP OF NPPs WITH 
REACTORS OF WWER-1000/V-320 

- PREPARATION OF GUIDES FOR LIFETIME AS 
WELL AS DEFECT ALLOWABILITY 
EVALUATION IN MAIN COMPONENTS OF 
PRIMARY AND SECONDARY CIRCUITS 
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LIFETIME MANAGEMENT 
PROGRAMME FOR NNPs WITH 

WWER-440/V-213 REACTORS 

MAIN TASKS : 
Procedure for residual lifetime assessment of key components of 
primary and secondary circuits for continous as well as for 
experts'level of evaluation 
Procedure (including software) for volume and methods for data 
collection and keeping that are necessary for continous as well as for 
experts' assesment 
Computation model of materials properties degradation of key 
components with respect to different ageing processes including 
recommendations for necessary diagnostics methods 
Analysis of the effect of individual as well as synergestic ageing 
processes and operating loading to residual lifetime of components 
Recommendation for operational regimes improvements, 
reconstruction of components with the aim to management of ageing 
and activ influen.. if residual lifetime of components and a whole 
NPP 
Procedure for surveillance of operational reliability of key components 
of primary and secondary circuits for checking of a proposal for 
management of component ageing 
Procedure for an assessment of failure probability of RPV as well as 
of primary piping including collection and analysis of all necessary 
materials data 
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RPV related Projects : 

- Guidance for the Residual Lifetime 
Evaluation of Reactor Presure Vessels 
with Cladding 

- Procedure for an assessment of defects 
in a cladding of WWER-440 RPVs 

- Re-evaluation of a standard surveillance 
programme for WWER-440/V-213 RPVs 

- Design and realization of a 
supplementary surveillance programme 
for WWER-440/V-213 RPVs 

- Measurement of "instrumented hardness 
identation" of cladding during ISI 
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- Procedure and evaluation of annealing 
efficiency and residual lifetime of 
WWER-440/V-230 RPVs in NPP 
Jaslovske Bohunice 

- Assesment of residual lifetime of RPVs 
and their internals ofWWER-440/V-213 
reactors in NPP Dukovany 

- Procedure for an assessment of lifetime 
of RPVs and internals of WWER-
1000/V-320 reactors in NPP Temelm 

- Cooperation in the IAEA CRP on RPV 
materials irradiation embrittlement, 
Phase III 

- Radiation damage mechanisms study in 
WWER RPVs materials 

- Irradiation embrittlement study of 
RPVs materials including cladding 
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- Study of the behaviour of WWER RPVs 
materials under different corrosion 
conditions including a simultaneous 
effect of reactor irradiation 

- Cooperation in the IAEA Pilot Study on 
RPV primary nozzle ageing of 
WWER-440/V-213 type 

- Ascertainability of real defects in 
samples of main components of primary 
circuits of WWER-440 and WWER-1000 
using ultrasonics detection technics 
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LEAK-BEFORE-BREAK PROJECTS 
DESIGN BASIS ASSESMENT OF LBB 
APPLICABILITY TO SAFETY RELATED PIPINGS 
IN PRIMARY CIRCUITS 

NPP JASLOVSKfi BOHUNICE 

WWER-440/V-230 

WWER-440/V-213 

NPP MOCHOVCE 

WWER-440/V-213 

NPP DUKOVANY 

WWER-440/V-213 

NPP TEMELlN 

WWER-1000/V-320 

DESIGN BASIS ASSESSMENT OF 0.1 F LEAK-
BEFORE-BREAK APPLICABILITY 

NPP JASLOVSK£ BOHUNICE 

WWER-440/V-230 

0.1 F means a leak from an opened through-crack with a surface equal to 0.1 of a piping 
cross section 
for example : 0.1 F from ID 500 mm is equivalent to DGB of piping with ID 200 mm 

* 

!<// 



NUCLEAR RESEARCH INSTITUTE 
REZplc 

Rules for an assessment of RPV lifetime and defects 
allowability 

MAIN AIMS: 

- to prepare Rules based on PWR principles applied to Soviet WWER 
design and materials taking into account existence of austenitic cladding 

MAIN DIRECTIONS : 

- comparison of Soviet and ASME/US NRC Codes 

- comparison of Soviet and ASME/US NRC calculation and testing 
procedures and methods 

- supplementary tests of mechanical properties according to ASME and 
ASTM standards and requirements - RTNDT, KM, KIA for WWER-440 
and WWER-1000 materials-

- determination of the effect of : 
- biaxial stress state on K, as well as design fracture toughness 

curves 
- cladding presence of K, values for surface and sub-surface defects 
- effect of residual stresses in cladding on its behaviour 
- effect of small defects on design fracture toughness curves 

- supplementary irradiation tests of cladding materials 
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NUCLEAR RESEARCH INSTITUTE REZ pic 
Division of Integrity and Materials 

Appendix I 
PROCEDURE ON DEFECTS ACCEPTANCE EVALUATION FOR 
APPLIANCES IN PRIMARY CIRCUIT OF NPP V-213 

Procedure layout 

Introduction 

1. Validity limitations 
2. General provisions 
3. Categorization of defects 
4. Criteria for defect size acceptance 
5. Stress analysis at defects 
6. Stress intensity factor calculation 
7. Fracture toughness establishment 
8. Critical defect size evaluation 
9. Defect growth calculation 
10. Allowable defect size calculation 
11. Criteria for defects repair 

Appendix A - Categorization of defects 
Appendix B - Table of allowable defect sizes 
Appendix C - Approximate stress calculation in elastic-plastic region 
Appendix D - Examples of equivalent stress calculation 
Appendix E - Examples of Kr evaluation 
Appendix F - Establishment of reference fracture toughness 
Appendix G - Assessment c materials degrading level 

- of base and weld materials 
- of cladding 
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to NUCLEAR RESEARCH INSTITUTE REfc pic 
Division of Integrity and Materials 

Appendix II 
PROCEDURE ON THE EVALUATION OF STANDARD AND 
SUPPLEMENTARYPROGRAMMEWITHSURVEILLANCESPECIMENS 

Procedure layout 
Introduction 
1. Validity limitations 
2. General provisions 
3. Requirements on standard and supplementary surveillance programme 

- materials selection 
- monitoring of neutron fluxes and fluences within the programme on 

RPV 
- monitoring of irradiation temperature 
- types of mechanical tests 

4. Procedure of neutron fluence evaluation 
particular tests 
particular containers 
set of containers for one set of specimens 
complete set of containers 

5. Procedure on irradiation temperature evaluation 
- monitors of diamond type 

melting monitors 
6. Procedure of mechanical tests and their evaluation 

- standard tensile tests 
- standard impact energy test (with record) 
- standard fracture toughness test 
- standard HV-hardness test 

reconstitution of irradiated specimens 
7. Methodology of results analysis from particular sets of containers 

from the point of view of neutron fluence 
- from the point of view of irradiation temperature 

from the point of view of mechanical tests results 
8. Comparison of design and real radiation damage of RPV materials 
9. Way of interpretation of particular container sets and their sets from 

particular reactors for residual lifetime evaluation 
Attachment A - Methodology for cladding degrading evaluation by 

the "kinematic hardness" method 
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NUCLEAR RESEARCH INSTITUTE REZ pic 
Divisk a of Integrity and Materials 

Appendix III 
EVALUATION RADUTION EXPOSURE ON PRESSURE VESSELS OF 
REACTOR TYPE V-213 

Procedure layout 

Introduction 
1. Validity limitations 
2. General provisions 
3. Evaluation procedures of radiation exposure 
4. Radiation exposure calculation 
5. Neutron flu-; monitoring by activation detectors 
6. Neutron field monitoring in the programme of surveillance specimens 
7. Neutron field monitoring at the outside of the vessel 
8. Acceptability criteria 
9. Evaluation of results 
10. Archive of tests, computations and evaluations results 

Appendix A - Recommendation of the use of activation detectors 
Fe, Cu and Nb for monitoring of fast neutrons flux 
density 

Appendix B - Recommendation of the use of activation detectors 
type Al-Co for monitoring of thermal neutrons flux 
density 

Appendix C - Recommendation of the use of fission monitors U 
and Pu for monitoring of fast neutrons flux density 

Appendix D - Model measurement and results recommended for 
next use 

£% 
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NUCLEAR RESEARCH INSTITUTE REZ pic 
Division of Integrity and Materials 

Appendix IV 
PROBABILISTIC EVALUATION OF FAILURE RESISTANCE OF RPV 

Procedure layout 

1.0 Definition of failure criteria 
1.1 Criteria of RPV failure 

2.0 Postulated loading regimes 
2.1 Regimes significant for RPV 

2.1.1 Regimes violating normal operation conditions 
2.1.2 Accidental regimes (transient PTS) 

3.0 Fracture mechanics parameters for load-carrying capacity evaluation 
3.1 Fracture mechanics parameters used for RPV evaluation 

3.1.1 Conditions on defects distribution 
3.1.2 Limitations valid for probability of defects detection and for 
establishing of critical size 
3.1.3 Requirements on next operation parameters 

3.1.3.1 Covering operation inspections 
3.1.3.2 Covering of residual stresses 
3.1.3.3 Overload influence estimation at temperature 

4.0 Definition and assessment of socially acceptable risk 
4.1 Criterion of socially acceptable risk 
4.2 Compatibility of deterministic and probabilistic evaluation - deterministic 

formulation of criterion of obligatory probabilistic evaluation 
4.3 Socially acceptable risk - evaluation in probabilistic terms 

Current limitations and shortcomings in probabilistic assessments of brittle failure are 
caused by lack of data about: 

distribution of characteristic defects and their: 
- location 
- characteristic size 
fracture toughness at crack arrest in case of reactor pressure vessel 
statistical fracture toughness 
probability of defect detection 
uncertainty in establishment of phosphorus and copper content 
inaccuracy of establishment of real fluences in case of the evaluation of resistance 
against failure of the RPV 

The simplified distribution of characteristic defects refers usually, due to lack of data, to 
one-dimensional distribution of defect depths but not defect lengths. 
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NUCLEAR RESEARCH INSTITUTE REZ pic 
Division of Integrity and Materials 

Appendix E-l 
INFLUENCE OF AUSTENITIC CLADDING ON THE STRESS FIELD AND 
FRACTURE MECHANICS PARAMETERS FOR THE LOCATION OF 
AUSTENITE/FERRITE TRANSITION 

Objective: Establishment of correction factors for fracture mechanics parameters 
calculation in case of defects located in cladding region (cladding, cladding 
/ base material transition, underclad cracks) 

Appendix E-2 
ESTABLISHMENT OF TENSILE AND FRACTURE PROPERTIES OF CLADDING 
AND THEIR DEGRADING UNDER OPERATION CONDITIONS 

Objective: Establishment of design fracture toughness and trend curves for RPV and 
assessment of their changes due to operation degrading by use of both 
standard (destructive) tests and indentation diagrams 

Appendix E-3 
INFLUENCE OF BIAXIALITY, RELATIVE AND ABSOLUTE CRACK LENGTH AND 
LOADING MODE ON FRACTURE TOUGHNESS OF MATERIALS OF RPV 

Objective: Estimation of correction coefficients allowing for the influence of different 
properties of cladding and base material, and if needed also of the 
heterogeneous weld, on cracked region behaviour when loaded to elastic 
and elastic-plastic level 

Appendix E-4 
EVALUATION OF THE INFLUENCE OF DIFFERENT PLASTIC PROPERTIES OF 
CLADDING AND BASE MATERIAL ON THE SINGULAR FIELD ALONG THE 
CRACK FRONT AND CONSEQUENTLY ON FRACTURE TOUGHNESS. 

Objective: Establishment of design curves of fracture toughness (and/or correction 
factors) for various levels of biaxiality due to both normal operation and 
thermal shock. Cladding influence must be taken into account. 
Establishment of correction factors for small defects (both surface and 
embedded ones) for fracture mechanics parameters computation and for 
design fracture toughness curves respecting the influence of austenitic 
cladding 
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UPGRADING OF WER-440 
REACTOR PRESSURE VESSEL 
SURVEILLANCE PROGRAMME 

STANDARD SURVEILLANCE PROGRAMME : 

duration practically only 5 years 
high lead factor (13-17) 
steep gradient of fast neutron flux 

in containers chain 
in container chain position 

wide neutron fluence values in one set of specimens 
(COD type) 
temperature monitors of high uncertaintity 
uncertainty in specimen fluence determination in 
containers 

PRINCIPLES OF 
SUPPLEMENTARY SURVEILLANCE SPECIMEN 

PROGRAMME 

REQUIREMENTS : 
use of real RPV materials 
low lead factor (2-3) 
more detailed measurement of neutron fluence 
measurement of irradiation temperature 
monitoring of fluences and material property changes 
during whole RPV residual lifetime 

hi 



RE-EVALUATION OF STANDARD PROGRAMME 
re-evaluation of neutron fluences 

use of specimen scanning method 
re-calculation of neutron fluxes and fluences 

reconstitution of irradiated Charpy-V type specimens 
static fracture toughness 
dynamic fracture toughness 

analysis of surveillance test results) 
preparation of trend curves for dT shift 

SOLUTION = DESIGN : 
use of specimen reconstitution method (including 
reference one) 
new design of irradiation containers 

temperature monitors 
fluence monitors 
3x5 specimens of 10x10x14 mm 

containers placing into low neutron fluence 
wider use of fluence monitors (including fission ones) 
connection between surveillance and ex-vessel fluence 
monitoring 
type of tests: 

tensile 
instrumented Charpy-V notch toughness 
static fracture toughness on pre-cracked Charpy 
dynamic fracture toughness on pre-cracked 
Charpy 
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EXPERIMENTAL - COMPUTATION VERIFICATION: 
- "measuring chain" in 1993 in EDU NPP 

of standard and supplementary programme containers 
measurement of fluences and spectra (set of 
monitors) 

in-vessel and ex-vessel 
measurement of irradiation temperatures 
(thermocouples) 
measurement of gamma flux (calorimeter) 
3D calculations of time dependent fluxes 
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19. MPA-SEMINAR STUTTGART 

Kinematic Hardness 
Measurement in Cladding as a 

Part of Reactor Pressutie 
n 
Bin 

and Surveillance Prog 

M. Brumovsky, J. Novak and J. Zd'arek 
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Obr. 1 . Zaf i zen i nedestruktivni kontroly pevnostnich v l a s t n o s t i materiaiu vnitrniho povrchu RTN 

KA3SL 

ROZPIRACI 
ZARIZEK'l 

\OPERNY KLOUB j VALEC 

SYSTEM NEDESTRUTCTJCVNI KONTROLY 
\ PEVNOSTNICH VLASTNOSTJ 
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Obr. 3. Vyskovy profil meze kluzu navaru Rg0,2 podle vyhodnoceni 
VNIIAES pfed i po regeneracnim zihani, pro uhlove pozice 
30° a 12.5° spolu s vyskovym profilem teplot pfi zihani 
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PRESSURE VESSEL ANNEALING PROGRAMME ; 

- TECHNOLOGICAL PROGRAMME : 
- choice of annealing heat treatment : 

465 +/- 10 C - 164 hs 
- calculation of stress-temperature fields in RPV f 

optimation of temperature field 
- design and manufacturing of annealing furnace 
- manufacturing of a RPV model in scale 1:1 
- test annealing of this model with furnace in shop (SKODA) 
- measurement of temperatures, stresses and residual 

stresses 

- IRRADIATION EXPERIMENTS PROGRAMME : 
- irradiation of "quasi-archive" materials in V-213 host 

reactor in surveillance positions 
(see Table "Irradiation-annealing combinations") 

- irradiation (up to 3 cycles) in experimental reactor 
LVR-15 (NRI) of "tailored" weld metal 

- irradiation (one cycle) in V-213 host reactor of 
"tailored" weld metal 

- mechanical testing of irradiated and annealed materials 
- thermal ageing - time schedule equivalent to a proposed 

annealing heat treatment 

LARGE SCALE TESTS : 
- fracture toughness testing 
- PTS large scale experiments on artifically aged materials 

/rt 



RPV MATERIAL VERIFICATION PROGRAMME : 
- precisioning of chemical composition 
- precisioning of actual neutron fluences (cavity 
measurements) 

- measurement of deformation diagramme during hardness 
testing : 
- base metal - specimens from outer surface 
- cladding - measurement on inside surface 

RPV LIFETIME RE-ASSESSMENT : 
- re-calculation of lifetime assessment, using : 
- precisioned chemical composition 
- precisioned mechanical properties. 
- precisioned: irafiaJOT d k t i & e ^ 

- new data on material defectness (1S1- before --and* after 
annealing) 

- precisioned water temperature regimes, temperature-
stress fields in RPV 

- verification of fracture toughness curve from 
experimental testin analysis 

- checking of the possibility of use of crack-arrest 
approach ( large scale PTS experiments) 

PROBABILISTIC FRACTURE.MECHANICS CALCULATIONS : 

SEE - PAPER OF Dr. HORKCEK (SKODA) 
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IRRADIATION-ANNEALING 
COMBINATIONS 

MATERIAL TEST REGIME 
U ' I I+A I+A+I I+A+I+A 21 2I+A 

WM- . T 
KCV 
Kic 
^Id 
HV 

* t- * * t t t 
t i t f t f t 

t « * . » t * * 
* * * 

* * * ' * * * t 

KM-Root T 
KCV 
Kic 
HV 

f t * 

t * . '• 
t t * 
* t * 

BM- T 
KCV 

Kid 
HV 

f t . * - * * 

t'" ; t '* * * 

f t * * * 

f t * 

f t * * t 

Cladding T 

Kic 
Kid 

* * * ' l 

t t t 

t * * 

IAEA-1 
IAEA-2 

KCV 
KCV 

f t * 

* * * 

WM -WELD METAL 
WM-Root - WELD METAL - ROOT 
BM - BASE "riETAL 
Cladding - CLADDING METAL 
IAEA - IAEA'"COORDINATED RESEARCH PROGRAMME MATERIALS 
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10 11 12 x 10 2 3 

F[n/m*(E <0,5McV)] 

Obr. 4: Zuvislost ladiacniho zpevneni (AR^) a stupnc zotavcni na ncutronovd 
flucnci a aplikovancm regencracnim zfluini pro SK K. 
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NUCLEAR RESEARCH INSTITUTE 
' RE2. CZECHOSLOVAKIA 

EXPERIMENTAL FOR SSRT PROCEDURE 

1.Pre-irradiation of SSRT specimens 
- Research reactor LWR-15 
- Dry irradiation facility: 

Chouca - MT rig (French production) 
specimens block 
temperature range 290-300 C 
inert atmosphere He _2 _, 
fast neutrom flux 1.7x1017 nm 2 ? .2te™*W 
fast neutron fluence up to 5x10 nm (EHMev; 

2.Preparation of SSRT in hot cell 
- dismounting of dry irradiation rig 
- removal of specimens 
- insertion of the test specimen into SSRT grips 

3.SSRT experiment in pile channel o\ reactor water loop 
- temperature 2fp - 3p20'C, pressure 12.5 MPa, neutron 

fluence > 5x10 nm 
- maximum load in tension 25 kN 

strain rate 10 _ e mm/s 
- maximum displacement 16 mm 
- PWR and BWR water chemistry 

4.£vaiuation 
- stress corrosion crack rate 
- crack initiation stress and strain 
- scanning electron microscopy 
- microanalysis 
- fractography 
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NUCLEAR RESEARCH INSTITUTE 
RE*. CZECHOSLOVAKIA 

MATERIALS 
Chemical composition (in wt%) 

C Mn P s Cr Nl T l 

O0CM8N1OT 

14CM7N2 

0.07 

0.17 

1.20 

0.40 

0.020 

0.010 

0.007 

0.016 

17.7 

ie.» 

10.se 

2.00 

0.36 

130 

rf Ss. ftl 
fe 

a—- •=1 
11 a—- •=1 
I T a—- •=1 

S H H O B 

40 

a—-

•2 

a—-

Cylindrical tensile specimen 

K9 
0.5 us-

Tapered tensile specimen 

UY 
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NUCLEAR RESEARCH INSTITUTE 
RE*. CZECHOSLOVAKIA 

REACTOR WATER LOOP MAX. PARAMETERS 

PRESSURE 
TEMPERATURE 
WKTER FLOW RATE 
ELECTRICAL HEATING 
COOLING CAPACITY 
PRIMARY WATER VOLUME 

17 MPa 
334 -C 
10t/hr 
100 kW 
50 kW 
300 dm* 

IRRADIATION PARAMETERS OF THE CHANNELS 

Integral neutron flux densities in the centre of loop 

o 
fast 

1.74 E+17 n/m s 

0 
•p i th . 

z 
1.2 E+17 n/m 3 

tfiarm. 1.32 E+17 n/m2s 
0 

Oammi 
6.5 E+18 n/m 2s 

ur 



SSRT facility in-pile 
channel of reactor water loop 
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"Ascertainability of true defects in the samples of main 
components of primary circuits of the WER 440 

and WER 1000 NPPs" 

Project sponsor: State Office for Nuclear Safety (SONS) 
Realization: Nuclear Research Institute Rez, pic (NRI) 

Integrity and Material Division 

with a cooperation of defectoscopy teams of participating organizations 

Main goals of the project: 

Evaluation of ascertainability of true defects in the most important 
materials of chosen main components of primary circuits of the VVER 440 
and VVER 1000 NPP in consideration of their size and locality. 

Review of true possibilities of defectoscopy teams and applied 
apparatus. 

Obtained results will be evaluated and its analysis will be performed 
for a need of the SONS in order to review a level of performed ultrasonic 
defectoscopy control of nuclear equipment. 

On the base of evaluation the results and analysis, a probability 
estimation of defects ascertainability in the welded joints will be performed, 
and principle of the probability evaluation of welded joint ascertainability 
will be set. 

H,} 



Evaluation and analysis will be performed from the point of view of 
- applied defectoscopy equipment 
- participating defectoscopy teams 
- types and localization of defects 
- applied probes and methodology 
- time of real working capacity and efficiency 

Description of test specimen for ultrasonic tests 

5 test specimens were loaned from the Russia Federation to NRI for this 
project. Both true surface and space defects typical for manufacture and 
operation of nuclear equipment (inclusion, pores, lack of fusion, cracks, 
undercladding cracks). 

1) a plate with one side weld joint 
2) a plate with both sided weld joint 
3) a disc with austenitic clad 
4) a pipe with two circumferential welds 
5) a pipe segment with repaired welded joint 

These specimens are typical geometric models of nuclear power 
components: 

plates 
pipes 

From a material point of view, both base mateilal and filler metal of 
main components are included: 

Reactor vessel of the VVER 440 and VVER 1000 
Main circulating pipe of primary circuit of NPP's with VVER 
440 and VVER 1000 reactors 
Austenitic cladding 

A« 



L B B A P P R O A C H : 

10 CFR Part 50, Appendix A 

NUREG 1061, Volume 3 

USNRC - STANDARD REVIEW PLAN 
3.6.3 LBB EVALUATION PROCEDURES 

COUNTERPARTS OF CZECH NRC 

PRINCIPAL FEATURES: 

POSTULATED TWC OF 38 L/MIN 
(MARGIN 10) 

^COLLAPSE / ^LEAK i ^ 

MARGIN ON LOAD 
OF UNSTABLE CRACK GROWTH ... 1.4 

PROCEDURES: 

HANDBOOKS OF SIF AND LL 
(AND/OR FEM PACKAGE SYSTUS) 

R6, J-T, MPA/KWU 



L B B P R O J E C T L A Y O U T 

BASIC PROGRAMME 

H A N D B O O K L B B 
NEGLIGIBLE CORROSION 
NEGLIGIBLE FATIGUE 
LBB SAFETY CASE DOCUMENT 

SUPPORTING PROGRAMME 

RESPONSE TO NO AND SEISMICITY 
MATERIAL TESTING 

VERIFICATION PROGRAMME 

FULL SCALE EXPERIMENTS 
- INTEGRITY PREDICTIONS 
- LEAK PREDICTIONS 
- LEAK DETECTION 

n* 



Obr. 3 OrientaSni schematicke znazoraSni roz lo ien i jednotlivtfch montaSnich 
S varO na hlavnim c i rku ladn im gat-rubi JE VI. 



verification procedures 



Material characteristics assessment 
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circuit materials and 

manufactoring technology 
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Fracture evaluation 

fatigue crack growth data 
da/dN = ffcxK) 

fatigue crack growth analysis 

stress 
analysis 
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ASSESSMENT OF ENVIRONMENTALLY 
ASSISTED CRACKING 
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NUCLEAR RESEARCH INSTITUTE REZ pic 
Division of Integrity and Materials 

The LBB Project Conclusions 
« 

As a part of the LBB methodology 
application to the all models of WWER type 
reactors (e.g. 230, 213 and 320) the static 
and seismic response analysis had been 
performed. After assessment of five NPP 
(VI and V2 Jaslovske Bofaumice, Mochovce, 
Dukovany and Temelin) which differs in 
upgrading of the safety significant pipings 
(main circulating pipe, pressurizer surge 
Mimes, feed water, steam and low pressure 
ECCS pipings), our experiences may be 
formulated in following manner 



NUCLEAR RESEARCH INSTITUTE REfc pic 
Division of Integrity and Materials 

for the assessments of the stress state 
the complex dynamical models, see fig, 
1,2,3 is recommended 

• the use of decoupled models results for 
main circulating pipe in overestimating 
of the dynamic stresses, which may be 
classified as conservative approach. The 
increase of the stresses differs case by 
case, the maximal value is +10 % for 
model 213 and 3 % for model 320 

• the assessment of seismic responses of 
uncoupled steam, feed water, low 
pressure ECCS pipings and presserizer 
serge Mines results m fee rapid 
underestimation of stresses. The real 
values from complex models are two or 
more times higher 

m 



Project DBA 0.1 F LBB 

1 . Background 

International recommendations (SIE, WESI, Russian proposals for 
backfitting) 

CONCEPT OF BACKFITTING OF NPPs* WITH SOVIET TYPE 
REACTORS WWER 440 MODEL 230 

2. Basic concept 

- to develope the new safety principle designed as DESIGN BASIS 
LBB with following basic features 

• for safeends of reactor pressure vessel postulate the 
circumferential through wall crack with COA equal the cross-
section area of pipe with OD 200 mm (pressurizer surge lines) 

• for pressurizer safeends and tees of pressurizer surge lines 
postulate the same one but with COA equal the 0.1 cross-
section area of pipe with OD 200 mm 

Explanation of terms in text 
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3. Methodology 

3.1. Scope 

To verify 

- the stability of postulated circumferential through-wall cracks 
(TWC) for following loading combinations 

• normal operation conditions 

• safe shut-down earthquake with intensity of 8* MSK 64 

• thermal stratification 

- the influence of postulated TWC represented as plastic hinges 
on the redistribution of stresses in piping weldments and in the 
final step assessment up to the LBB Handbook 

- stability of RPV, pressurizer and hot motor operated isolation 
valve (MOIV) support elements under the loading of TWC jet 
flow 

the influence of new blow-down conditions on the core barrel 
stress state 

the stability of electrical cables in the harsh environmental 
conditions 

/P 
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Overview on Recent Results 
of the VTT's Research Programme on 

Assuring Nuclear Power Plant Structural Safety 
by 

Rauno Rintamaa, Pertti Aaltonen, Pentti Kauppinen, 
Heikki KeinSnen, Heli Talja, Matti Valo, Kim Wallin, and 

Kari TBrronen 

VTT Manufacturing Technology 
P.O. Box 1704 

FIN-O2044VTT 
Finland 

ABSTRACT 

An overview of the Finnish national research programme on the Nuclear Power Plant 
Structural Safety, being carried out from 1990 to 1994, is presented. The focus of this 
paper is on recent results in the areas of experimental and computational fracture 
mechanics, material deterioration due to neutron irradiation, corrosion and water 
chemistry, nondestructive testing methods and procedures, and verification of structural 
integrity assessment methods by large scale component tests. 

INTRODUCTION 

The structural safety and integrity of nuclear power plants is largely dependent on the 
design of structures and materials which has been decided prior to the construction. 
Planning alone, however, cannot guarantee the safe operation of the power plant 
throughout its life. The materials are deteriorated due to the mechanical and environ
mental (neutron irradiation, feedwater of primary and secondary circuits) effects. The 
safe use of mechanical components and structures requires continuous monitoring 
during the operational life of the plant If there is defects in structures, it must be 
possible to evaluate their size and location. It is particularly important to be able to 
estimate the safety and the remaining life of a cracked component The research being 
carried out in NPP Structural Safety Programme III is directed in a general level on 
quantifying the uncertainties affecting the safety margin of a pressure retaining 
component (Fig. 1). 

Research c.i structures and structural materials aims to prevent accidents and unfore
seen outages. Consequently, the concerns and risks arising from faults in equipment 
and structures are kept to a minimum. Research ensures the safe and reliable operation 
of equipment throughout its planned life. At the same time, ways are being sought to 
extend the lifetime of components. 

The research is divided into three specific technical areas focusing on the key issues 
which are relevant and of great importance in assuring the structural integrity and 
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reliability of pressure boundaiy components (Fig. 2). The fourth area consists of the 
validation of structural integrity assessment methods by means of component tests. 

H 
SAFETY 
MARGIN 

LOADING 
ENHANCEMENT 
-residual 

stresses 
-cracking 
-transients 

HS 31 

m 
QUALITY 
DEGRADATION 
-material 

embritrJement 
-material 

corrosion 
-cracking 

LOADING LOADING 
CAPACITY 

Fig. 1. The technical issue and the overall objective of the Nuclear Power Plant 
Structural Safety (RAW) research programme. 

PLANT OPERATING 
EXPERIENCE ^ STRUCTURAL INTEGRITY 

RELATED CONCERN 

STRUCTURAL 
ANALYSES 
-method 
development 

-method 
validation 

-probabilistic 
analysis 
methods 

o 
MATERIAL 
PROPERTIES 
-data 
•valuation 

-degradation 
mechanisms 

-test method 
development 

-manufacturing 
technology 

INTERNATIONAL 
CO-OPERATION 

VALIDATION OF 
SAFETY MARGINS 

NDE 
-method 
development 

-method 
validation 

Fig. 2. Main development areas and general objective of the structural integrity related 
research at the VTT. 
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Studies on the structural materials in nuclear power plants create the experimental data 
and background information necessary for the structural integrity assessments of 
mechanical components. The research is carried out by developing experimental 
fracture mechanics methods including statistical analysis methods of material property 
data, and by studying material ageing and, in particular, mechanisms of material 
deterioration due to neutron irradiation, corrosion and water chemistry. Besides 
material studies, new testing methods and sensors for the measurement of loading and 
water chemistry parameters are developed. The monitoring data obtained in real power 
plants has been used again to simulate more precisely the real environment during 
laboratory tests. The research on structural analysis is focused on extending and 
verifying the analysis capabilities for structural assessments of nuclear power plants. A 
widely applicable system including various computational fracture assessment methods 
are created with which different structural problems can be solved reliably and 
effectively. Development of more accurate nondestructive testing methods and pro
cedures provides increased reliability for flaw detection and size assessment during in-
service inspections of nuclear power plants. In particular, methods are being developed 
for the evaluation of flaws and materials for which traditional NDE-methods are not 
well-suited. Validation of structural integrity assessment methods is performed by 
verifying the transferability of laboratory data to large scale component tests and by 
quantifying the accuracy of the analysis methods and procedures. Validation studies are 
being carried out through intensive international collaboratorion. 

This paper summarizes main recent results of the Finnish national Research Programme 
on the Nuclear Power Plant Structural Safety /2/ in the areas of fracture mechanics, 
irradiation damage, environmentally assissted cracking (EAC), nondestructive testing 
(NDT) and large scale pressurized thermal shock tests. 

FRACTURE MECHANICS 

The recent experimental fracture mechanics development has been focused on the 
determination of reliable lower-bound fracture toughness estimates, in particular consid
ering the statistical aspects of fracture mechanical material properties. Additionally, 
materials aspects in fracture assessment of surface cracks, with emphasis on transfer
ability of fracture toughness data to structures with surface flaws have been investi
gated. Further, a simple single specimen methodology to determine the dynamic 
fracture resistance curve from the instrumented precracked impact test has been 
developed. 

Statistical analysis 

Present testing standards do not give any recommendations for the correct application 
of fracture toughness data for structural integrity assessments and yet this is a crucial 
point for a successful assessment and fracture mechanics verification. Standardization 
bodies have been reluctant to produce what they call application documents. Their 
single interest have been the test performance. Unfortunately, this state of affairs has 
reduced the credibility of fracture mechanical parameters due to a lacking verification. 
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With the object of enabling the determination of reliable lower-bound fracture tough
ness estimates, considering the statistical aspects of fracture mechanical properties, a 
statistical analysis, of the Finnish data generated in the IAEA CRP on Optimizing 
Reactor Pressure Vessel Surveillance Programmes and Their Analysis, phase 3, has 
been performed 131. 

An extensive evaluation of three different materials AS33B Class 1 (designation JRQ) 
and A508 Class 3 (designation FFA and JFL) in the as-received and irradiated condi
tion has been carried out in Finland The mechanical properties measured at different 
temperatures include tensile data, Charpy V notch and instrumented precracked Charpy 
data and elastic-plastic fracture toughness (J). The specimen size and geometry have 
been varied in the tests. Correlation between different fracture properties and optimized 
analysis methods were evaluated. 

Based on the evaluation of the experimental results it can be concluded that precracked 
Charpy V notch (CVN^ and round compact tension (RCT) type specimens are suitable 
for determining fracture toughness provided the elastic-plastic parameter K K is applied 
together with the statistical size correction (Fig. 3). 

OTHBMMni A5338 Cl.l STEEL (JIQ) 

-188 -58 B 50 188 
T - To CO 

Fig. 3. Size corrected fracture toughness data based on the statistical methodology. The 
material is an A533B Class 1 (JRQ) used in the IAEA CRP on Optimizing Reactor 
Pressure Vessel Surveillance Programmes and Their Analysis, phase3. 
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Combined with additional analysis of other data sets found in the literature, the 
previously developed statistical methodology for treating brittle fracture toughness 
results, obtained by using CT specimens with different thickness, has been validated 141 
(Fig. 4). Based on the results, simple guidelines for obtaining optimum "best-" and 
"safe-" estimates of the behavior of the actual fracture toughness, derived from small 
specimen data, have been developed /4/, see example in Fig. 5. 

Correlations 

A cleavage crack, running in an unstable manner, may arrest if the crack driving force 
decreases below the materials crack arrest toughness. As such, the crack arrest tough
ness denotes a true global minimum fracture toughness of the material. Even if a local 
cleavage fracture event, would occur (e.g. local brittle zone etc.) at a lower driving 
force than the crack arrest toughness, the crack would immediately arrest, producing a 
so called pop-in event which is not critical to its nature. 

The standardized crack arrest toughness is named K,, (ASTM E1221-88). Measuring a 
standardized K,, value requires a comparatively large specimen. In the case of normal 
surveillance programs for monitoring the irradiation induced changes in nuclear 
material properties, the specimen sizes are small as necessitated by available space in 
the reactor. Normally, small 10-10-55 square section specimens are applied. These 
specimens are much too small to enable a standardized direct measurement of K u . 
Instead, attempts have been made to correlate parameters determined by the small 
specimens with the crack arrest toughness. 

The standard test used in surveillance programs is the Charpy-V impact test Presently 
it is assumed that the shift in die 41 J impact energy transition temperature coincides 
with the irradiation induced shift in the crack arrest toughness transition curve. 
However, it is possible to determine several different definitions for the transition 
temperature in the Charpy-V impact test This is especially true if the tests are 
performed instrumented so that the load-time (load-displacement) response of die 
specimen is recorded. 

In this task an alternative definition of Charpy-V transition temperature was unveiled 
and its descriptive potential with respect to crack arrest K b was investigated and 
compared with other presently applied transition temperature definitions 151. 

Fig. 6 shows a typical example of an instrumented impact test load trace corresponding 
to the ductile/brittle transition region. Cleavage fracture has initiated at the point F u . 
However, the specimen has not fractured completely, but the crack has arrested at point 
Fa. The load Fa shows an increasing temperature dependence. At low temperatures the 
cleavage crack will propagate completely through the specimen, whereas at higher 
temperatures the crack will arrest at increasingly higher load values. Thus F, is 
connected to the materials crack arrest toughness K,,. It is possible to define a transiti
on temperature based on the fracture arrest parameter F,. Previously, promising 
attempts have been made to correlate the shift in the fracture arrest transition tempera
ture T F , to the shift in the Pellini NDT temperature ( A T ^ T ^ N D T } ) and to the 
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Robertson wide plate test crack arrest temperature n y . W T>. in this task the mean 
temperature corresponding to a fixed arrest load, equal to 4 kN, ( T ^ B I ) was selected 
as transition criteria. 

Fig. 6. Definition of fracture arrest parameter Fr 

The correlation including all materials is presented in Fig. 7. With the exception of one 
material (PTSE-2) all materials yield a very clear correlation between T ^ , , and TK,,. 
The PTSE-2 material differs from the other materials by having a low yield strength 
combined with a low upper shelf toughness. These differences may explain the found 
behavior. If PTSE-2 is excluded from the correlation, the result presented in Fig. 9 is 
obtained. The standard deviation of the correlation is in this case only a = 9.2 °C as 
compared to o = 13.3 °C for the case including all materials. 

From the analysis it appears that the Charpy-V fracture arrest parameter T^^, has a 
comparatively good descriptive potential with respect to crack arrest K„. 
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Computational Fracture Analysis of Multimaterial Test Speciinen 

A stable crack growm analysis for a multimaterial CS type specimen was performed 
161. Toe specimen was detached from the inner surface of me HDR reactor pressure 
vessel and it was tested at the Fraunhofer-Institot for Werkstoffmechanik. The speci
men consisted of die base material and two different cladding material layers. A 
measured JR-curve was available only for the base material and for the cladding 
materials hypothetical JR-curves were applied On die basis of measured stress strain 
curves it was obvious dial die inner cladding layer was very brittle, because die 
ultimate strain was extremely low. 

Ahhough die available material data was rattier incomplete, reasonably good agreement 
was obtained with experimental results (Fig. 9). Good agreement was found as well for 
die global behaviour (load versus load line displacement curves) as for die crack 
growtit. In die area of die inner cladding layer the crack growth was somewhat 
underestimated because die used hypodietical JR-values were obviously too high, and 
corresponding to die mxieresdmated compliance die calculated load values were 
slighdy higher dun die measured ones as a function of prescribed displacement. 

Development off die expert system MASI for fracture assessment 

Computational fracture mechanics is used to assess die effea of flaws on structural 
integrity. The development of fracture assessment mediods and experimental fracture 
toughness definition has made die evaluation of very complex cases possible. The cases 
analyzed range from brittle fracture, in which linear elastic methods are appropriate, to 
ductile fracture assessments that have to be performed using nonlinear, elastic-plastic 
methods. In practice any case can be solved applying the finite element method but it 
may even today, though powerful computers and effective modeling programs, be too 
time consuming. Sometimes very fast decisions on component replacement or repair 
have to be drawn - for example during die annual revision of a nuclear power plant hi 
die structural design phase die effect of possible cracks at all critical locations should 
be checked. For such cases various engineering assessment methods are suitable. 

At VTT several computer codes have been developed for fracture mechanical assess
ments of nuclear power plant components and other structures. Capabilities for both 
engineering type assessments and accurate analyses based on die finite element method 
have been extended and improved. The engineering mediods make fast assessments 
possible but inevitably tiiey may be somewhat rough. For finite element metiiod 
applications, codes have been created to simplify the accurate analyses for cracked 
structures. 

Presently attention is paid on improving the user friendliness of die fracture assessment 
programs and on making them more widely applicable. This is achieved by implement
ing die engineering assessment programs in a personal computer and by developing an 
intelligent user interface for diem. The program system MASI (Fig. 10) is aimed 
primarily to help a structural analyst to judge the severity of found or postulated cracks 
and the allowable crack size 111. It comprises three basic components: die user inter
face, the computational part and a material data base. 
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Fig. 10. General structure of the program system MASI. 
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The elements of the program system MASI 

The computational put of the program system comprises several independent FOR
TRAN codes (VTTSIF, TEMPS, LIMIT etc.). Most of them have originally been 
developed under other computer environments (Cyber, VAX, SGI, Cray). In 1993 they 
have been converted to the Microsoft FORTRAN and implemented in a personal 
computer. The programs ate implemented into the MASI system as executable files that 
are run by die user interface. 

The VTTSIF program is aimed to be an easy-to-use engineering tool for fracture and 
fatigue analysis. It is intended for replacing the need to use fracture mechanical 
handbooks for rapid assessments of die stress intensity factor and further of crack 
growth by fatigue according to Paris equation. It can be used for example for studying 
die criticahty of several load cases combined wim cracks in various locations of die 
structure. It can be combined wim studies by die finite element method as it can use 
die stress results from finite element analyses for uncracked structures. Further, die 
finite element results for stress intensity factors for two- or dnee-dimensional crack 
cases can be implemented in die program case library. 

The solutions available presently in the VTTSIF program are limited to crack opening 
mode I with 10 2D geometry cases and 19 different solutions. For the six 3D geometry 
cases totally 15 different load case solutions are available. New stress intensity factor 
solutions have been developed for several cases by curve fining finite element results 
to rational polynomials. This was done for tension and bending loads for die 
semi-elliptical surface crack in a plate. In 1993 new solutions were developed for axial 
semi-elliptical surface cracks on the inner and the outer surface of a cylinder. The 
solutions cover uniform tension and linear stress load cases. In 1993 capabilities for 
analysing stress intensity factor values under a loading, which yields a non-symmetrical 
stress distribution about the symmetry axis of the semi-elliptical crack, have been 
developed. 

Very tough materials are insensitive to cracks. The load carrying capability is in such 
cases defined by the plastic limit load that is governed by die yielding properties rather 
than by the fracture mechanics properties of the material. The cracks or flaws reduce 
the load carrying capacity compared to an uncracked structure because of smaller load 
carrying cross-sectional area. Miller has presented an extensive collection of plastic 
limit load solutions. Among others these solutions have been implemented in 1993 into 
the system as the LIMIT module. Routines for the calculation of hoop and axial 
stresses in an unflawed cylinder under internal pressure and under thermal transients 
are included into the system. For the latter case the TEMPS module has been devel
oped. 

The event driven graphical user interface helps the user to model the problem, to 
simplify the crack/structure -configuration and to the treat die loads. Further it transfers 
data to and between the different programs, controls their execution and visualizes me 
results. The user interface is being developed in the Windows environment with Visual 
Basic, which it is a very effective tool for creating Windows applications. The first 
version of the user interface has been developed during 1993. 
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A material database relevant for nuclear applications is being combined to the MASI 
system. The generation of a general material database is complicated because especial
ly the fracture mechanical properties of a material do not only depend on the chemical 
composition but also on many other things. For this reason, at the first stage just the 
"skeleton" for the material data base has been created. Later, the system will be tailored 
for some chosen components and at that stage actual material data will be implement
ed. 

Further development 

The computational part of the program system will be further extended and improved 
by adding new engineering fracture assessment methods into it and by extending the 
structural case library. An extensive and well-defined series of test analyses will be 
created for the codes that are included into die MASI system. These analyses consist 
of cases for which other solutions are available or in which* e.g., some limit values can 
be judged. The test series will be used for verification of new program modifications. 
In addition the whole system is tested by simulating experiments. 

IRRADIATION DAMAGE 

The recent development work has been focused on studying die effect of neutron 
irradiation on the fracture toughness of some reactor pressure vessel steels by evaluat
ing die results of die Finnish contribution to the IAEA Coordinated Research Pro
gramme, phase 3, by applying both static and dynamic tests. 

IAEA Coordinate Research Programme Phase 3 

Surveillance testing of nuclear pressure vessel steels is presently usually based on 
standard Charpy-V tests. Recent investigations have shown that the Charpy-V test may 
be an unreliable indicator of the true irradiation embrittlement. This has increased the 
need for a direct measurement of the fracture toughness. 

In the case of surveillance testing, where the specimen size is typically small, especial
ly two types of tests are attractive, static testing based on the J-integral and dynamic 
testing performed by the instrumented impact hammer. Many factors speak in favor for 
the dynamic test. The test is as simple and swift to perform as the normal instrumented 
impact test. It is debated that the dynamic loading increases the measuring capacity of 
the specimen and produces a conservative estimate of the static fracture toughness. The 
Charpy-V specimens already used in the surveillance programs can be applied. 
However, even though much speaks in the favor of the dynamic test, it has not been 
clear whether the irradiation embrittlement is depicted similarly by static and dynamic 
tests. 

Within the IAEA coordinated programme on optimizing of reactor pressure vessel 
surveillance programmes and their analysis, phase 3, a specially tailored "radiation 
sensitive" correlation monitor material, a Japanese steel plate with code designation 

rtf 



14 

JRQ, a French forging material (FFA) and a Japanese forging material (JFL) were 
selected for the investigations to be carried out in Finland. 

An extensive evaluation of the materials in the as-received and irradiated condition 
composed of material property characterization. The mechanical properties measured 
at different temperatures include Charpy V notch and instrumented precracked Charpy 
data, and elastic-plastic fracture toughness (J). The specimen size and geometry have 
been varied in the tests. Correlation between different fracture properties have been 
evaluated and the results of the experimental investigation have been reported to IAEA 
iy. 

The effect of loading rate upon irradiation embrittlement, measured by fracture 
mechanical properties, has been investigated experimentally applying precracked 
Charpy-V type specimens tested both statically as well as dynamically IZI. It was found 
that the shift in the fracture toughness transition temperature is smaller for dynamic 
loading than for static loading for all three materials (Fig. 11). A theoretical explana
tion for the effect has been proposed. 

Based on the present evaluation of the experimental results the following conclusions 
can be drawn 191: 

* CVN^ and RCT type specimens yield equivalent ;esults for the fracture 
toughness transition shift 

* The dynamic fracture toughness transition shift is equivalent to the Charpy V 
shift, but the static shift may be considerably larger than the dynamic shift. 

* Charpy V is not suitable for estimating the static fracture toughness transition 
shift. 

In the near future the results will be analyzed further and combined with other foreign 
fracture toughness data generated in the IAEA Phase 3 program. The results form the 
basis for developing guidelines for optimized surveillance testing. 

Irradiation, annealing and reirradiation behaviour 

Annealing is a vital means to restore the mechanical properties of irradiated pressure 
vessel in nuclear power plants. The optimum time for the annealing operation is 
defined by the degree of recovery gained in annealing and by the re-embrittlement rate 
of the steel in reirradiation. Multiple annealing operations are also feasible and they 
might be required in case the pressure vessel material properties will define the 
ultimate plant life. 

In a co-operative study between VTT and PSI (Switzerland) the irradiation, annealing 
and reirradiation behaviour of the IAEA correlation monitor material JRQ was studied 
by using Charpy-V impact tests and dynamic tests with precracked Charpy-size 
specimens. Precracked specimens were tested with the new pendulum type instru-
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mented impact tester equipped with an optical crack moth opening displacement 
extensiometer allowing also the measurement of ductile fracture initiation parameters. 
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Fig. 11. A comparative summary of irradiation embrittlement of three reactor pressure 
vessel steels (A533B Class 1 (JRQ), A508 Class 3 (FFA and JFL)) based on the direct 
measurement of cleavage fracture initiation toughness (Cpctu( and Cpc4yn) as well as on 
the standard Charpy (Cv). 
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The material was irradiated into three different fluence values. Some of the specimens 
were annealed intermediately using the parameter 460 °C / 18 h. Neutron fluence 
experienced by the specimen before the annealing and after the annealing was about the 
same. 

The measured transition temperatures as a function of neutron fluence are given in Fig. 
12. Charpy-V transition temperature (42 J) and the dynamic K,c transition temperature 
(100 MPa^m) respond to neutron irradiation in the same way giving practically the 
same embrittlement function. However, it shoud be noted that the transition tempera
tures for the lowest neutron fluence value (0.4 x 1019 n/cm2, E > 1 MeV) measured 
with precracked specimens do not follow the trend curve. The behaviour of the low 
fluence embrittlement in general is not a well modelled phenomenon. According to 
previous tests with JRQ material irradiated in Loviisa NPP into one fluence value 
Charpy-V and dynamic KJC transition temperature shifts were also equal but the static 
transition temperature shift was considerable higher than these dynamic shifts. The 
present results confirm that specimen test rate, not the specimen geometry (V-notch 
versus fatigue cracked), is the important parameter in defining the value of the 
measured shift 
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The annealing behaviour of the material was not directly measured. However, the fact 
that the reirradiation curve (R) follows the irradiation curves suggest that JRQ material 
anneals well. 

ENVIRONMENTALLY ASSISSTED CRACKING (EAC) 

The aim of the ongoing research work is to apply the advanced testing cababilities and 
methods on the irradiation assissted stress corrosion (IASCC) by performing tests in the 
Halden test reactor, and on studying the environmental effects on cracking (EAC) in 
stainless steels, nickel based alloys and low alloy steels. Further, the development of 
water chemistry measurement techniques for optimal chemistry control in LWR 
conditions, and the application of advanced testing methods like CER (Contact Electric 
Resistance) method for in-situ corrosion measurements have been the specific item of 
the research work. 

Studies on Corrosion and Hydriding of Zr Cladding 

The current trends in nuclear power generation are towards plant life extension and 
extended fuel bumup. At die same time there is an interest to increase the coolant inlet 
temperature and an apparent need to reduce the activity buildup and resulting radiation 
fields by controlling the coolant chemistry. Therefore better predictability of corrosion 
behavior of the core materials is needed. The Contact Electric Resistance (CER) 
technique has been applied for the corrosion studies of zirconium fuel cladding alloys. 

The surface film resistance of Zircaloy-2 was studied in simulated PWR coolant water 
with 2000 ppm boric acid where 0 - 7 0 ppm Li as LiOH was injected at temperature 
of 300 °C l\\l. At LiOH concentrations higher than roughly 70 ppm Li a marked 
reduction was found in the electric resistance of Zircaloy-2 surface film. The observed 
decrease in film resistance occurred abruptly, within 20 seconds, after an incubation 
period which depends on the concentration of LiOH. The extremely fast kinetics of the 
decrease in the surface film resistance indicates that the mechanism of degradation of 
zirconium oxide in LWR environments, containing lithium hydroxide, is controlled by 
a phase transformation rather than a diffusion limited process. 

The measured film resistances on Zr-2, Zr-4 and Zr-Nb tubes showed first an unstable 
behavior before the film resistance reached a stable value. This initial incubation time 
varied from 75 to 175 hours depending on the alloy. The resistance values of the stable 
oxides showed an order of magnitude difference be'ween different alloys. Lithium was 
injected after the oxide showed a stable resistance value and there were some indica
tion that the effect of LiOH (about 60 ppm Li) on the oxide resistance was also alloy 
dependent. 

The trends of oxide kinetics in LiOH solutions found in long term weight gain tests are 
similar to the trends in the surface film resistance measured with the CER technique. 
Due to the high sensitivity of the CER measurement technique to detect the changes in 
the surface film properties, the time required for corrosion testing of zirconium alloys 
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can be decreased by several orders of magnitude in comparison with the common 
weight gain tests. 

Irradiation Assissted Stress Corrosion Cracking (IASCC) Tests in OECD Halden 
Test Reactor 

The Joint Programme IASCC experiment began in July 1992. The main objective of 
the study is to obtain crack growth data on reactor internals materials in environments 
similar to those found in operating BWRs. In particular, the investigation is aimed at 
determining whether Hydrogen Water Chemistry (HWC) can effectively suppress 
IASCC in core component materials. The test facility is designed to operate under 
radiation and thermal-hydraulic conditions typical of those found in commercial BWRs, 
with a representative fast neutron flux of 6 x 10" n/cm2s (> 1 MeV). The 10 Double 
Cantilever Beam (DCB) test specimens are all wedge-loaded to a stress intensity of 
37.4 MPaVm, and 8 of the DCBs are instrumented for on-line crack propagation 
monitoring. Corrosion potential, considered one of the most important parameters 
affecting the crack growth rate of materials, is monitored in-core by means of pairs of 
Ag/AgCl and Pt electrodes placed in close proximity to two DCB sensors in the high 
fast flux region. One Pt electrode located is in the upper test section adjacent to the 
uppermost DCB. 

The test began by operating the loop under a Normal Water Chemistry (NWC) regime 
and crack growth of sensitized 304 SS specimens started immediately. The hydrogen 
additions to the system stopped crack growth. Once the effectiveness of HWC in 
suppressing crack growth had been established, the investigation was devoted to 
qualifying the response of the DCB sensors and ECP monitors in greater detail, both 
as a function of coolant chemistry and parameters such as temperature and power. The 
performance of the ECPs under a range of operating conditions was evaluated. 

The fluence accumulated during 45 days of full power operation is only 0.21 x 10 2 1 

n/cnr and hence the only irradiation produced effect is the increased redox-potential in 
the environment. 

Development of Water Chemistry Measurement Techniques for Optimal Chemis
try Control in NPPs 

There has been an increasing concern on chemical environments of nuclear reactor core 
in relation to corrosion and ageing of structural materials. Depending on the used water 
chemistry the radiation effects on the EAC of construction materials can be different 
but in general it is believed to shift the corrosion potential of construction materials to 
the positive direction and thus increasing the risk of stress corrosion cracking in a 
sensitized material. 

Development of reliable and accurate sensors is required to measure on-line the effects 
of radiation on the prevailing chemical and electrochemical parameters needed to 
estimate the environmental effects on the materials life lime. Hydrogen electrode is a 
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very suitable internal reference electrode for high temperature aqueous work, because 
the components (H2, H*) are stable over the temperatures of interest and they do not 
contaminate the environment where the measurements are carried out. 

The operation and stability of the hydrogen electrode was tested at Halden reactor in 
loop number 7 /12A The electrode gave stable signals and the values were convertible 
to SHE (standard hydrogen electrode) scale for the whole measurement period. During 
the test also the effects of possible impurities on the electrode potential was checked 
by injection sulfuric acid into the loop system. The sulfate impurities did not cause 
fluctuation in electrode signals. The personnel at Halden was convinced about the 
operation and therefore it is planned to install this type of hydrogen electrodes inside 
the reactor core during the next spring. 

At the same time also a new generation conductivity electrode was tested. During the 
sulfuric acid injection the water conductivity was followed by room temperature 
sensors as well as with our high temperature conductivity probe. The high temperature 
measurements showed that the impurity leakages are more readily monitored at high 
temperature, because the ionic mobilities increase as the temperature increases. 
Furthermore if the sample stream is cooled down the deposition of impurities on the 
sampling line surfaces will change the concentration of ions and therefore also the 
measured conductivity values are lower. The comparison between room temperature 
outlet conductivity values and high temperature results is shown in Fig. 13. By using 
high temperature conductivity measurements it is possible to detect impurity leakages 
faster. 

206.1993 306.1993 37.1993 571993 87 1993 117.1993 137.1993 16 7 1993 

Fig. 13. Effect of sulfuric acid injections on high temperature and low temperature 
conductivity. 
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Application of CER (Contact Electric Resistance method) to the Steam Generator 
Materials Studies 

The Contact Electric Resistance (CER) technique has been applied for the investigation 
of the dependence of nickel oxidation on the hydrogen overpressure in high tempera
ture water environment Surface films play a major role in corrosion-assisted cracking 
depending upon the conductivity of films /13/. They can be conductive, nonconductive 
or semiconductive. A Contact Electric Resistance method has been developed for in 
situ measurement of the electric resistance of surface films. 

Nickel oxidation was investigated in borate buffer solution of pH 8.5, in 1 M NaOH 
and 1M NaOH + 0.3M HjB0 3 at temperatures 25 - 300 °C and hydrogen overpressures 
up to 50 bars (Figs. 14 - 16). Tests were performed in a static autoclave equipped with 
an external 0.1 M Ag/AgCl reference electrode. 

The oxidation of nickel is mainly defined by the electrochemical potential. Hydrogen 
overpressure retarded the formation of NiO only slightly in all investigated conditions, 
and never prevented oxidation of Ni completely. The electrochemical potential at which 
the films electric resistance starts to grow coincides well with the calculated NiO 
equilibrium potential in corresponding environment (Fig. 14). In 1 M NaOH at open 
circuit potential NiO is stable at temperatures up to 200 °C (Fig. 15), but above 250 °C 
the oxide formed by anodic polarization was reduced when polarization was switched 
off. In 1M NaOH + 0.3 M H 3 B0 3 NiO is stable in open circuit conditions up to 295 °C 
(Fig. 16). Hydrogen overpressure changes the open circuit potential to lower values. In 
all investigated cased the open potential under hydrogen overpressure is lower than 
NiO equilibrium potential, resulting in reduction of the surface film in open circuit 
conditions. The logarithm of the film resistance growth rate plotted against the inverse 
of temperature (in 0K*') yields a linear dependence. This gives the activation energy for 
nickel oxidation /14/. 
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Fig. 14. The electric resistance of the surface film on pure nickel as a Junction of the 
electrochemical potential at 295 "C in IM NaOH + 0.3M H^03 solution. The line is 
an average of two units. The bars indicate the minimum and maximim values measured 
at each potential. The open circuit potential was -0.90 V, which is about 0.07 V more 
positive than the calculated NiO equilibrium potential. 
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Fig. 15. The electric resistance of the surface film on Ni as function of the electro
chemical potential at 200 °C in 1M NaOH + 0.3M HJi03 solution. Open circles denote 
the run without hydrogen, closed circles denote 1 bar hydrogen overpressure. The open 
circuit potentials were -0.5 VSHE without and -0.85 VSHE with hydrogen. Hydrogen 
overpressure is seen to change the potential at which oxidation starts with roughly 50 
mV (comparison based on the level 10* CI). 
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3 4 5 
TIME (min) 

Fig. 16. The electric resistance of the surface film on Ni as function of time at 295 "C 
in 1M NaOH + 0.3M HJBOJ solution. The specimen was first polarized to -1.1 V ^ to 
reduce the films. At nme 1 minute polarization was switched off. Oxidation starts and 
the film resistance increases to 1.5-KT2 CI in 5.5 minutes. 

NONDESTRUCTIVE TESTING 

The main objective of the VTT contribution to the international PISC Project in 1993 
was to analyse the results of the round robin exercise of nozzles and dissimilar metal 
welds (NDW-action). The results show that manual ultrasonic inspection using very 
low recording level is the most effective flaw detection technique in laboratory 
conditions. This technique was used in the exercise e.g by VTT. In mechanized 
inspection at same sensitivity level clearly lower flaw detection frequency was 
achieved. The results demonstrate the needs for further development on mechanized 
and automatic inspection equipment 

The first results of the PISC sub-project "Austenitic steels" show very similar trends as 
the results of nozzles and dissimilar metal welds. The evaluation of results is still in 
progress and detailed results are not yet available. In general the performance of the 
participating teams is better than in NDW-action. In some parts of the exercise nearly 
all participants have detected all intended flaws. 
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The evaluation of the NDE-results of HDR-project is in progress. A summary report 
describing the performance of different techniques used in the inspection of nozzles 
will be prepared. Especially, the applicability of advanced ultrasonic techniques like 
SAFT will be evaluated. 

FRACTURE ASSESSMENT OF LARGE-SCALE COMPONENTS 

Testing of large-scale components is required for the validation of different fracture 
assessment methods. Validation is performed by verifying the transferability of 
laboratory data to large scale component tests and by quantifying the accuracy of the 
analysis methods and procedures. Validation studies are being carried out through 
international collaboratorion. 

Evaluation of the PTS Tests on WER 440 Model Pressure Vessels 

A reactor pressure vessel may be exposed to the most severe loading during its 
operational life, when in a possible emergency cooling cold water is injected into the 
reactor. The high thermal stresses combined with the stresses due to internal pressure 
and residual stresses in the cladding may cause initiation of a possible crack and its 
propagation into the pressure vessel wall. The decrease in operation temperature and 
the irradiation embrittlement due to fast-neutron fluence reduce the fracture toughness 
of the vessel material. Thus all these effects may lead in the worst case to catastrophic 
failure of the reactor pressure vessel. The integrity of a reactor pressure vessel must be 
maintained in all postulated transients and accidents. To assess the pressure vessel 
integrity, relevant material properties and validated fracture assessment methods are 
needed. The best and most reliable way to validate the assessment methods is to 
perform simulated model tests on pressure vessels. 

A joint pressure vessel integrity research programme between the Central Research 
Institute of Structural Materials "Prometey" from Russia, IVO International Ltd (IVO) 
from Finland and the Technical Research Centre of Finland (VTT) is being carried out 
1990 - 1994 /15/. The programme is divided into four parts: pressure vessel tests 
(responsible partner is Prometey), test measurements (responsible partner is IVO), 
material characterization and computational fracture analyses (responsible partner is 
VTT). 

The testing programme comprises tests on two model pressure vessels (outside 
diameter 980 mm and wall thickness 150 mm) with artificial axial outside surface 
flaws. An embrittlement heat treatment procedure with a low annealing temperature 
was applied to the vessels prior to the tests to simulate fracture toughness at the end of 
life condition of a real reactor pressure vessel. The second model vessel has austenilic 
stainless steel cladding and the first model vessel had circumferential weld seam at the 
midlength of the vessel. 

In the test the pressure vessel is first heated by resistors to an approximately constant 
temperature of about 300 °C. The pressurization is due to closed system, which means 
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that water expansion and steam generation causes pressure rise during the heating 
phase. When the test is started, the heating resistors are lifted up and the pressurized 
vessel is subjected to a sudden flow of 0 - 20 °C tap water around the outside surface. 
The test configuration is presented in Fig. 17. 

Fig. 17. The PTS test configuration. 

The pressure vessel material was a VVER-440 type reactor pressure vessel steel 
15X2^4^. In the case of the second model vessel the austenitic cladding was welded 
in three layers using submerged arc welding. The first layer was welded using weld 
material CB-07X25H13 and the second and third layer CB-08X 19H 10r25. The vessel 
was thermally degraded by lower temperature tempering (610 °C) than normally (-660 
°C). 

Seven pressurized thermoshock tests were carried out with the first model pressure 
vessel using different flaw geometries (all flaws were axial outside surface flaws). 
After the tests, the vessel was sectioned into pieces and material characterization was 
performed /16/. 

In tests 1, 2, 3 and 4 no crack initiation occurred /16/. The reason for this was the 
shallow and blunt flaw (tests 1, 2 and 3) or nonideal crack geometry (test 4). In test 5 
the pressure drop due to leakage during the test possibly caused a warm-prestress 
effect, which prevented crack initiation. The crack initiated and propagated in test 6. In 
the base material the crack extension was more than 10 mm and tunneling occurred in 
the crack ends (about 100 mm). In the weld metal only some ductile tearing was 
observed. The testing was continued (test 7) with the arrested flaw to possibly induce 
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reinitiation of the crack. In test 7 a small amount of ductile crack growth occurred. The 
fracture surface of the flaw (no. 3) after test 7 is shown in Fig. 18. 
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Fig. 18. The contour of the crack front before and after test 7 where considerable 
crack extension with crack arrest occurred. 
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The proof stresses of the base and the weld material were at room temperature 1037 
MPa and 624 MPa, respectively. The ultimate tensile strength of the base material at 
room temperature was 1132 MPa and that of the weld material 70S MPa. The impact 
tests showed that the toughness of the base material was higher near the vessel outside 
surface (in the depth of 12.5 mm). In the depth of SO mm the transition temperature 
corresponding to the impact energy of 48 J was 101 °C. The transition temperature of 
the weld material corresponding impact energy of 48 J was only 39 °C. The fracture 
toughness of the base material at temperature of 100 °C was 56 MPa/m an1 that of the 
weld material was 184 MPa/m, respectively. These values correspond to the depth of 
50 mm from the outside surface. 

Comparison of calculated and measured temperatures, strains and CMOD values 
revealed a good correlation. The calculations of the cleavage fracture initiation in test 
6 gave conservative results, Fig. 19. The experiments and calculations showed, that the 
dimensions of the crack must be large (i.e. length 350 mm and depth 30 mm or more) 
to obtain crack initiation in this case. 

K (MPA / M ) 
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1 0 0 - -

BASE MAT-
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Fig. 19. Comparison of calculated stress intensity factors at three locations (I, II and 
III) to the material toughness curves. 
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Two PTS tests (tests 8 and 9) have been carried out with the second model vessel. The 
second vessel had two axial ouiside surface flaws located at the raidlength of the vessel 
and 180 °C from each other. The first flaw has a through-cladding flaw and the second 
flaw was an sub-cladding flaw. 

In the pre-test phase before test 8 the pressurization of the vessel at room temperature 
caused a premature failure 111/. The surface flaw (flaw 1) initiated and propagated 
through the wall. Therefore, the actual thermoshock test was carried out without 
internal pressure. 

In the thermoshock the sub-cladding flaw probably initiated, basen on the results of one 
strain gage. The comparison between the calculated and measured data reveals a 
reasonable correlation, although the lack of actual material property values limits 
further conclusions at this stage. 

The vessel was repaired and a new PTS test (test 9) was carried out in October 1993. 
The work will be continued in 1994 and the final conclusions will be reported by the 
end of 1994. 

Evaluation of the Corrosion Fatigue Test on the HDR Piping 

In the HDR test E21.1 the crack initiation and crack growth under the influence of 
corrosive water chemistry conditions were studied /18 - 20/. In the test the degradation 
of the piping system was caused by cyclic crack growth on a pipe bend. The test 
piping system is shown in Fig. 20. The piping system was loaded cyclically using 
displacement controlled load under high pressure (10.6 MPa) and temperature (240 °C). 
The loading was chosen to simulated operational conditions such as startup, shutdown 
and local thermal stresses due to restricted thermal expansion. The water chemistry was 
chosen to simulate worst case conditions in order to achieve aggravated environmental
ly assisted crack growth. The frequency of the sawtooth-shaped cyclic load was 1 
cycle/15 min and the load ratio was 0.50. 

The Staatliche Materialprufungsanstalt, Universitat Stuttgart (MPA), of Germany 
defined for the test E21.1 a large matrix of three dimensional finite element (FE) 
computations for fracture mechanical analyses in order to verify numerical crack 
growth analysis methods. Most of these analyses were linear-elastic. The fracture 
mechanical parameters were computed using the virtual crack extension method (VCE). 
MPA performed both linear-elastic and elastic-plastic fracture mechanical analyses 
using ABAQUS-program. VTT computed its linear-elastic FE-analyses using ADINA-
program and used a separated post-processing program named VTTVIRT /21/ for J-
integral calculations. Also some analyses were performed with ABAQUS-program. In 
the ADINA models by VTT, in addition to 3D-solid elements both pipe and beam 
elements were applied. 
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Fig. 20. HDR Test E21.1 piping /20/. 

All calculated 3D cases for the HDR test E21.1 are shown Table 2. "Asymmetric case" 
means that the FE-model describes only one axial inner surface crack on another pipe 
bend flank. In the "symmetric case" one axial inner surface crack is located in each 
pipe bend flank (Fig. 21). 

The number of load cycles leading to failure in the experiment was 2-3 times higher 
than the value suggested by crack growth calculations for a single crack in pipe bend 
flanks. Thus on the pipe bend flanks there were multiple crack field instead of a single 
crack and crack configurations were asymmetrical (different crack depths on the both 
flanks). When the influence of the multiple crack field and the asymmetrical crack 
configurations were taken into account according to the MPA result /19/ the good 
agreement was achieved between the measured and calculated results /20/. 
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Table 2. The fracture mechanical calculation matrix for the HDR test E21.1 piping 
/W. 

crack angle 

crack depth a/t 

crack angle 0,10 0,25 0,50 0,75 1,00 crack angle 

symmetric case 

2a c = 15° 
2a c = 30° 
2a c = 60° 

MPA 
MPA 
MPA 

MPA 
VTT/MPA 
MPA 

MPA 
Vn/MPA 
MPA 

MPA 
VTT/MPA 
MPA* 

MPA 
VTT/MPA 
MPA 

asymmetric case 

2a c = 60° VTT VTT VTT VTT 

elastic-plastic FE-analysis. 

Fig. 21. A symmetric FE-model. 
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The national research programme on the Nuclear Power Plant Structural Safety is being 
carried out at the Technical Research Centre of Finland (VTT) during the time span of 
1990 -1994. The main emphasis of the programme is directed to the topics which are 
relevant in assuring the safe and reliable operation of the nuclear power plants during 
the whole planned service life. At the same time, ways are being sought to extend the 
lifetime of the ageing components. The focus has been on research in the areas of 
experimental and computational fracture mechanics, material deterioration due to 
irradiation and water environment, non-destructive structural integrity evaluation, 
validation of fracture assessment methods by large-scale pressure vessel tests. Main 
results and conclusions achieved during the last years are briefly summarized. 

ACKNOWLEDGEMENT 

The research programme on the Nuclear Power Plant Structural Safety described in this 
paper is funded by the Ministry uf Trade and Industry in Finland (KTM), the Finnish 
Centre for Radiation and Nuclear Safety (STUK), IVO International Ltd (IVO) and the 
Technical Research Centre of Finland (VTT). The major part of the programme is 
carried out at the Technical Research Centre of Finland (VTT). Parts of the programme 
are being carried out through international cooperation. In the German HDR Safety 
Research work Drs. Katzenmeier, Neubrech and Hunger from Kerniorschungszentrum 
Karlsruhe, Dr. Kordisch from Fraunhofer Institut fur Werkstoffmechanik Freiburg and 
Dipl. Eng. Diem and Ulmann from Materialpriifungsanstalt Stuttgart are acknowledged 
for active collaboration. In the joint research between IVO International Ltd and 
Prometey Institute Mr. Ralf Ahlstrand, Mr. Pekka Nurkkala from IVO International Ltd 
and Prof. Karzov, Dr. Blumin and Dr. Timofejev from Prometey Institute (Russia) are 
gratefully appreciated for funding and realizing important experimental effort on the 
pressurized thermal shock study. 

REFERENCES 

1. Rintamaa, R. (ed.) 1992. RATU Nuclear Power Plant Structural Safety, 
Research Programme. Interim Report 1990 - 1991. Ministry of Trade and 
Industry, Energy Department. Helsinki, Finland. Finland's energy research 
programmes, Reviews R:120, 106 p. + 45 app. 

2. Rintamaa, R. (ed.) 1993. Nuclear Energy Related Research. Annual Report 
1993. Espoo, Technical Research Centre of Finland, VTT Manufacturing 
Technology. 55 p. (in press). 

3. Wallin, K., Valo, M., Rintamaa, R., Torronen, K., and Ahlstrand, R., 1992. 
IAEA Coordinated Research Programme on Optimizing of Reactor Pressure 
Vessel Surveillance Programme and Analyses Phase 3 - Results of the Finnish 
Contribution. Technical Research Centre of Finland (VTT). Metals Laboratory. 
Report VTT-MET B-x (Draft). 41 p. + App. 41 p. 

J/3 



32 

4. Wallin, K. 1992. Recommendations for the application of fractu: • toughness 
data for structural integrity assessment. Joint IAEA/NEA International Special
ist Meeting on Fracture Mechanics Verification by Large Scale Testing. 
Tennessee, USA, 26 - 29 November 1992. OECD, 30 p. 

5. Wallin, K. 1993. Descriptive Potential of Charpy-V Fracture Arrest Parameter 
with Respect to Crack Arrest K,,. Espoo. Technical Research Centre of 
Finland, Metals Laboratory. VTT-MET B-221. 20 p. 

6. Saarenheimo, A., Talja, H., Kordish, H., Voss. B. and Neubrech, G. E., 1993. 
Crack growth assessment for a CS-specimen composed of RPV base and 
cladding materials. In: Kussmaul, Karl F. (ed.) Structural mechanics in reactor 
technology. Vol. G. 12th International conference on structural mechanics in 
reactor technology proceedings, Stuttgart, Germany, 15 - 20 August Interna
tional Association for Structural Mechanics in Reactor Technology e.V. 
(IASMiRT). P. 189 - 194. 

7. Talja, H., Mikkola, T. & Wallin, K. 1993. Program System Masi For Fracture 
Assessment of Nuclear Power Plant Components. SMIRT 12, Post Conferenc 
Seminar "Knowledge Based (Expert) System. Konstanz, 23 - 25 August 1993. 
IASMIRT & University of Stuttgart. 12 p. 

8. Wallin, K., Valo, M., Rintamaa, R. & Ahlstrand, R. 1992. The effect of 
loading rate upon irradiation embrittlement measured by fracture mechanical 
properties. 16th International Symposium on the Effects of Radiation on 
Materials, ASTM. Denver, Colorado, USA, 23 - 25 June 1992. ASTM Com
mittee E-10 on nuclear technology and applications. 16 p. 

9. Wallin, K., Valo, M., Rintamaa, R., Torronen, K. & Ahlstrand, R. 1993. 
Conclusions Regarding Fracture Mechanics Testing and Evaluation of Small 
Specimens - as Evidenced by the Finnish Contribution to the IAEA 
Programme. IAEA/NEA Specialists' meeting on irradiation embrittlement and 
optimization of annealing, Paris, France, 20 - 23 September. P. 495 - 509. 
(IWG-LMNPP 93/03). 

10. Valo, M., Rintamaa, R., Nevalainen, M., Wallin, K., TorrOnen, K. & Tipping, 
P. 1993. Investigation of Irradiation Embrittlement And Annealing Behaviour 
of JRQ Pressure Vessel Steel by Instrumented Impact Tests. IAEA/NEA 
Specialists' meeting on irradiation embrittlement and optimization of anneal
ing, Paris, France, 20 - 23 September. P. :>21 - 533. (IWJ-LMNPP 93/03). 

11. Saario, T. & Tahtinen, S. 1993. In Situ Measurement of the the Effect of 
LiOH on the Stability of Zircaloy 2 Surface Film in PWR Water. IAEA 
Technical Committee Meeting in Influence of Water Chemistry on Fuel 
Cladding Behaviour. Rez, The Czech Republic, 4 - 8 October 1993. IAEA. 
26 p. 

a/v 



33 

12. Makela K. & Aaltonen, P. 1993. In-Core Hydrogen Electrode. Enlarged 
OECD Halden project meeting. Storefjell, 7 - 12 March 1993. OECD Halden 
Project. 10 p. 

13. Saario, T., Marichev, V. and Hanninen, H. 1992. Application of contact 
electric resistance technique for corrosion studies of nuclear power plant 
materials in LWR water environments. In: Tunturi, P. J. (ed.). Proceedings of 
the 12th Scandinavian Corrosion Congress & EUROCORR *92. Vol. 2. 
Finland. Finncorr. Pp. 169 - 178. 

14. Saario. T. and Marichev, V. A., 1992. In situ measurement of the oxidation 
behavour of Nickel and Inconel 600 in high temperature water environment 
under hydrogen pressure. EPRI Workshop on IGA/SCC. San Antonio, TX, 
USA. December 8-10, 1992. 11 p. 

15. Keinanen, H., Talja, H., Rintamaa, R., Ahlstrand, R., Nurkkala, P. & Karzov, 
G. 1992. Pressurized Thermal Shock Tests with Model Pressure Vessels Made 
of VVER 440 Reactor Pressure Vessel Steel. Joint IAEA/NEA International 
specialist meeting on fracture mechanics verification by large scale testing. 
Tennessee, USA, 26 - 29 October. OECD, 14 p. 

16. Keinanen, H., Talja, H., Rintamaa, R., Lehtonen, M., Ahlstrand, R., Nurkkala, 
P., Rajamaki, P., Karzov, G., Blumin, A. & Timofeev, B. 1993. Crack Initia
tion and Arrest in a PTS Test for a Model Pressure Vessel made of WER-
440 Reactor Pressure Vessel Steel. In: Kussmaul, Karl F. (ed.) Structural 
mechanics in reactor technology. Vol. G. 12th International conference on 
structural mechanics in reactor technology proceedings, Stuttgart, Germany, 15 
- 20 August. International Association for Structural Mechanics in Reactor 
Technology e.V. (IASMiRT). P. 321 - 326. 

17. Keinanen, H., Talja, H., Rintamaa, R., Sarkiniemi, P., Ahlstrand, R., Nurkkala, 
P., Rajamaki, P., Karzov, G., Timofeev, B., Blumin, A. 1993. The first 
termoshock test with cladded model vessel (vessel 2). Espoo. Technical 
Research Centre of Finland, Metals Laboratory, VTT-MET B-248. 36 p. 

18. Koski, K. & Uhlmann, D. 1992. Numerical Analyses of the HDR Test E21.1. 
Espoo, Technical Research Centre of Finland, Metals Laboratory, VTT-MET 
B-213, PHDR-Arbeitsbericht Nr. 20.090/92, November 1992. 

19. Uhlmann, D., Zweidimensionale FE-Analysen zur MehrfachriPproblematik an 
der Innenseite der Bogenflanke - Analytische und numerische Begleitunter-
suchungen zum Versuch E21.1. MPA-Priifungsbericht Nr. 875 021 052, 
PHDR-Arbeitsbericht Nr. 20.083/92, MPA Stuttgart, Juli 1992. 

20. Kussmaul, K., Uhlmann, D., Koski, K. & Hunger. H. 1993. Fracture Mechan
ics Analysis of a Longitudinally Cracked Pipe Bend under Cyclic Loading 
(F10/5). In: Kussmaul, K. (ed.). Transactions of the 12th International Confer-

;?/</" 



34 

ence on Structural Mechanics in Reactor Technology (SMiRT). Stuttgart 1993, 
Elsevier. P. 177 -182. 

21. Talja, H. 1987. Elastis-plastiset murtumisparametrit ja niiden laskeminen 
elementtimenetelmallS. Espoo, Helsinki University of Technology, Licenciate 
Thesis. 113 p. (in Finnish). 

valttfc/ir/IWGLMNPP.94 

2 / 6 



INTERNATIONAL WORKING GROUP ON LIFE MANAGEMENT OF NUCLEAR POWER 
PLANTS 

VIENNA MEETING 7-9 FEBRUARY 1994 

A REVIEW OF SOME ACTIVITIES IN FRANCE 
§ RELATED TO 
HJ LIFE MANAGEMENT OF NUCLEAR POWER PLANT 

P.PETREQUIN 
CEA 



CEREM 

REVIEW OF ACTIVITIES IN FRANCE 
RELATED TO 

LIFE MANAGEMENT OF NUCLEAR POWER PLANT 

^ SIGNIFICANT EVENTS 
OCT) 

SOME PROGRAMMES RELATED TO LIFE MANAGEMENT OF NPP 

5/02/94 2 



G9CI « « CEREM 

SIGNIFICANT EVENTS 

- THE MORE SIGNIFICANT EVENTS CONCERNING AVAILABILITY OF 
PRESSURISED WATER NUCLEAR POWER PLANTS ARE RELATED TO STRESS 
CORROSION CRACKING OF HIGH NICKEL ALLOYS (PWSCC). 

- THE REPLACEMENT OF STEAM GENERATORS, USING INCONEL 690 TUBING, 
^ ARE IN PROGRESS. 

- THE PRESENCE OF LONGITUDINAL CRACKS IN HEAD VESSEL PENETRATIONS 
MADE OF INCONEL 600 IS LEADING TO THE REPLACEMENT OF VESSEL HEADS. 
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SOME PROGRAMMES RELATED 
TO LIFE MANAGEMENT OF NPP 

- PROPERTIES OF PRESSURE VESSEL STEELS AND IRRADIATION EMBRITTLEMENT. 

-*f - HIGH DOSE IRRADIATION BEHAVIOUR OF INTERNALS STAINLESS STEELS. 

- AGING OF CAST STAINLESS STEELS FOR PRIMARY PIPING. 

- RANDOM FATIGUE OF AUXILIARY CIRCUITS. 
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PROPERTIES OF REACTOR PRESSURE VESSEL STEELS 
AND IRRADIATION EMBRITTLEMENT 

- SURVEILLANCE RESULTS 5HOW SOME EXTENT OF SCATTER, VERY OFTEN 
ASSOCIATED WITH INTERGRANULAR FRACTURE. 

Jo 
- THE MODELISATION OF FRACTURE USING THE LOCAL APPROACH METHOD IS 
IN PROGRESS. 

- MODELS FOR CLEAVAGE, DUCTILE AND INTERGRANULAR FRACTURE ARE 
NOW AVAILABLE BUT THE TRANSITION FROM ONE FRACTURE MODE TO AN 
OTHER ONE IS NOT YET DEVELOPPED. 

- THE MECHANISMS OF IRRADIATION EMBRITTLEMENT ARE STUDIED BY 
IRRADIATION WITH ELECTRONS OR OTHER PARTICLES AND BY COMPUTER 
SIMULATION USING MOLECULAR DYNAMICS. 
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HIGH DOSE IRRADIATION BEHAVIOUR OF INTERNALS 
STAINLESS STEELS 

• INTERNAL STRUCTURES CAN BE VERY HIGHLY IRRADIATED. 

- IRRADIATION AT DOSES REACHING MORE THAN 50 DPA AND AT RELATIVELY 
LOW TEMPERATURE (<380°C) CAN BE ANTICIPATED. SUCH AN IRRADITION CAN 
SIGNIFICANTLY EMBRITTLE STAINLESS STEELS. 

- DATA O N IRRADIATION EMBRITTLEMENT OF STAINLESS STEELS AT HIGH 
DOSES AND LOW TEMPERATURE ARE SCARCE. 

- GENERATION OF DATA IS DIFFICULT BECAUSE IT NEEDS LONG TIME 
IRRADIATION IN TEST REACTORS AND BECAUSE THE TEMPERATURE WHICH CAN 
BE OBTAINED IN FAST BREEDER REACTORS IS GENERALLY TOO HIGH. 
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AGING OF CAST STAINLESS STEELS 

- DESPITE A BETTER KNOWLEDGE OF THE EMBRITTLING MECHANISMS OF THE 
FERRITIC PHASE OF CAST STAINLESS STEELS, METHODS ARE STUDIED FOR 
MONITORING OF THE EMBRITTLEMENT. 

^ - SMALL ANGLE NEUTRON DIFFUSION, INSTRUMENTED HARDNESS AND 
THERMO-ELECTRICAL POWER MEASUREMENT ARE THE MOST PROMISING 
METHODS. 

- THE FRACTURE TOUGHNESS BEHAVIOUR OF EMBKITTLED CAST STAINLESS 
STEELS IS VERY OFTEN DIFFICULT TO MEASURE IN RELATION WITH THE DUPLEX 
STRUCTURE OF THE MATERIAL. 
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RANDOM FATIGUE IN SOME AUXILIARY CIRCUITS 

- SOME CASES OF HIGH CYCLE FATIGUE DUE TO MECHANICAL OR THERMAL 
VIBRATIONS HAVE BEEN OBSERVED. 

- IF THE SOLUTION OF THAT KIND OF PROBLEM IS OBTAINED BY SUPPRESSING 
THE CAUSE OF THE VIBRATIONS, IT REMAINS THAT THE RULES TO BE APPLIED 

K> FOR DESIGNING AGAINST RANDOM HIGH CYCLE FATIGUE NEED 
^ IMPROOVEMENT. 

- STUDIES ARE IN PROGRESS IN ORDER TO COMPARE THE DIFFERENT METHODS 
OF COUNTING THE RANDOM FATIGUE CYCLES. 
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NP Issues in the 
Federal Republic of Germany 

• Status on Nuclear Energy Production 

- no new orders for NPP 
- upgrading of exisiting LWRs 
- WWER reactors after reunification 

shut down 
- high temperature gas cooled reactor 

(THTR) in the status of decommissioning 
- liquid metal fast breeder reactor (LMFBR) 

in the status of decommissioning 

2 3 y 



NP Issues in the 
Federal Republic of Germany 

(continued) 

• Measures to Qualify Continuing Operation of 
NPPs 

- investigation of initial toughness of RPV 
base material in transverse direction 

- effect of neutron flux on transition 
temperature shift (dose rate) 

- NDE of small defects in and under 
cladding (low frequency eddy current) 

- investigation of corrosion assisted crack 
growth in 
- ferritic steel 
- Inconel 600 
- stabilized austenitic steels X 10 CrNiTi 18 9 

X10CrNiNb18 9 
- upgrading of LWR components 

- valves 
- coolant pumps 
- PWR Pressure Vessel Supports 
- BWR recirculation piping 
- BWR pump bearing pressure piping 

Q^f 
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NP Issues in the 
Federal Republic of Germany 

(continued) 

Research Activities 

- material behavior under PTS conditions 
(NKS, HDR) 

- dynamic fracture toughness and crack arrest 
- leak before break 
- corrosion assisted crack growth 

- stress corrosion cracking 
- strain induced corrosion cracking 

- irradiation behavior of ferritic steel (FKS) 
- materials 

(base material, weld, HAZ) 
- fluence 
- dose rate 

- in service material degradation 
(trepans KRB-A with cladding) 

- creep and fatigue in pipe bends 

132 



standard 
specimens 

BB 
200x200x50 

1.00x1.00x170 

specimens for 
crack arrest tests 

4 600 x 10 

thermal shock 
specimens 
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INTERNAL PRESSURE AIR 

PRtSSURIZID WATER 320'C 

BOILING WATER 280'C 
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1.Introduction 
During the last two years the following main developments related to the lifetime 

management of the NPP units took place in Hungary: 
1. A new national project named AGNES (Advanced General New Evaluation of Safety) 

has been started. 
2. The surveillance program of NPP Paks has been extended. 
3. The ultrasonic testing equipment used for outside testing of the PWR-s has been 

upgraded under the sponsorship of the IAEA and the Spanish government. 
4. Acoustic emission testing has been included into the ISI program 
5. Radiation embrittlement reserach performed in the frame of the CRP-3 program 
6 Elaboration of the CRP-3 database 
7 Participation in IAEA pilot studies on ageing 
8 Start of the WWERSZM-10 reactor 
9 A life-time management program has been elaborated at NPP Paks. 

This report is a short survey of these developments. 

2.1. AGNES project 
The project started in 1992 and will be finished in this year. The purposes of this project are: 
• to compare the up-to date safety requirements of the ASME code with the original pre-

service safety report and its existing extensions. 
• to prepare a task list of the necessary actions to satisfy the up-to date international 

requirements (mainly the ASME Code) 
• to supply the new analyses instead of the missing or non satisfying ones if it car. be done 

in the frame of the project 
• to prepare a task list of the analyses and site actions recommended for the future to 

mitigate the gap between the up-to date requirements and the current state of Paks unit 
3. 

• to prepare a task list to perform similar analyses on the other units. 
As a typical activity during the project the PTS analysis of the reactor vessel will be 

summarized below. 
The reactor pressure vessels are among the most critical parts of the WWER-440 type 

plants, due to their small diameter, and relatively high EOL (end of lifetime) fluence (the 
calculated EOL fluence is about 3*10-^ n/cm- at the inner wall surface against the core). This 
fact doesn't mean that the design is not safe. The \VVVER design has many advantageous 
features like the small wall thickness that reduces the thermal stresses during operational 
changes or during a PTS (Pressurized Thermal Shock) event. 

At the time the units were installed the PTS analysis of the reactor vessels was not a part of 
the required safety analysis. The Russian designer made some early calculations and during the 
evaluation of the surveillance program further analyses were made in Hungary. During the 
AGNES project an systematic PTS analysis was started using up-to date methods 

In case of WWER-440 RPV-s the most critical part is the radiation embrittled core belt ring 
which is against the core, and the weld no. 5/6. The flow chart of the fracture mechanical 
integrity analysis which is used in Hungary is shown in FIG. J. This flowchart have been 
elaborated following the way used in Germany and Belgium [ 1 ] 

The fracture mechanical integrity analysis is based on the deterministic method with analysis 
of the stability of hypothetical defects according to the ASME code XI. Probabilistic analysis is 
provided as a final tool. 

ly? 
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The assessments are being performed for the welds' 5/6, 3/5 and for the forged ring against 
the core. Three types of postdated cracks are used: an axial semielliptical surface crack (35 
mm deep), an underclad axial crack in the ferritic welds (4 mm deep), and an elliptical 
circumferential surface crack (4 mm deep). 

I Thermohydraul lo t r a n z l e n t I 

] I [ C1c r e f e r e n c e c u r v e I JL I Surve l l lanos r e s i s t 

' & 1 Check the screening o r i t e r t a f c l ' 
I y 1 

O e t e r m l n i l l o analysis [ACIB B P V ) | O J E n d l 

I ZJLL* A 
S t a g e 1 . I R n l t e e lement oontroll (PEXFE 3D) I ' 

CI a r e f e r e n c e c I u r v e I _ - _ _ _ 
| ^ | Craok arrest calculat ion (PEXFE 3 D ) J o l E n c J I 

,.?*S.?.*.j?:. I 
K 1 c a v e r a g e c u r v e I y P 1 0 

| ^ J Probabil istic analysis ( H U S I C V ) . j O - ? 

7 
8 t e g e 3 . 

FIG.1. Flow-chart of the integrity assessment of unit 3 NPP Paks. 

During the assessment first the so called "screening criteria" - according to 10CFR 50 - [2] 
are checked and after this the analytical safety analysis program ACIB-RPV code (Analytical 
Calculation for Integrity of Beltline) [3] is used for detenninistic analysis, independently of the 
fact whether the screening criteria are satisfied or not. 

For fracture mechanical integrity assessment one of the basic steps is the selection of the 
reference curves. The ASME curves don't include the WWER materials. The old Russian 
codes use very general and conservative curves belonging to die old generation of RPV-s. The 
new codes were issued after the production of the Paks units, which means they must be 
verified. 

The K j c reference curve 
The K\c reference curve for PTS events given in the Russian Normative Documents [4] is: 

K l c = 35+ 45*exp(.02*(T-Tk) [MPam0 5 J 15H2MFA forging 
Kj c= 35+ 53*exp(.0217*(T-Tk) [MPam0 5 ] 15H2MFA weld. 
where Tj^ can belong to irradiated or unirradiated values. (TKo or TKrjj ) 
For validation these curves are compared with the surveillance results. FIG. 2 shows the 

end of lifetime reference curves (weld 5/6 and core zoae foreing) of unit 3, and the irradiated 
weldment K i c data obtained in the PAKS unit 3 surveillance program, (irradiation fluence 
corresponding to 47 years of operation.) 

IM 



FIG.U.5.Unit 3 PTS reference K Ic curves and ueld data. 
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FIG.2. Comparison of the surveillance results with the Reference 
curves in case of Paks unit 3. 

If the safety factor calculated by the analytical code decreases below 1.4 the assessment will 
be repeated by the PEXFE-3D [5] or COSMOS three dimensional finite element codes. 

Crack arrest calculations used to prove the RPV integrity if the safety factor value decreases 
below 1 during the transient. The criterion for acceptance of crack propagation is that the 
crack be arrested before 70% of the thickness of the vessel is affected. Warm prestressing will 
be considered when K\ decreases monotonously after reaching a maximum. Since until now 
not even crack initiation has been predicted in the RPV-s of Paks during the analysis of 
operational and accidental conditions, there was no need for using crack arrest considerations, 
but the calculation basis is prepared to do it. 

For the 15H2MFA steel and weldment no K j a reference curves are available in the Rules or 
in the Russian Normative Documents. For further calculation the ASME KJR Reference 
Fracture Toughness curve was used . The KJR curve represents the lower bound critical stress 
intensity factors determined from static, dynamic and crack arrest curves. In the ASME Code, 
KJR is a function of temperature and RT^Dj 

KjR=29.4+ 13.44*exp{0.0261[T-(RTNDTj-88.89)]} [MPam 0*] 

To verify the use of the ASME KJR curve the instrumented impact diagrams obtained 
during the surveillance testing of NPP Paks on 15H2MFA steel and in the frame of the IAEA 
co-ordinated program on A S33B steel have been compared in case of Paks unit 3. The 
comparison was performed on curves obtained on irradiated and unirradiated Charpy 
specimens tested in a wide range of temperature. The characteristics of the diagrams verified 
the use of the KIR curve for PAKS unit 3. 

As an option of the integrity assessment - the use of the Hungarian version of the US NRC 
provided VISA-II probabilistic safety analysis code is also being prepared. The code has been 
modified for use on WWER-440 type vessels: especially the calculation of radiation 
embrittlement is based on surveillance data instead of chemistry results. This modification was 
performed according to the permission of the US. NRC, the owner of the original code. The 
new nar̂ e of the modified VISA-II code is HUSIC-V (Hungarian Structural Integrity Code for 
Vessels.) 
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2.2. Extension of the surveillance program at NPP Paks 
In WWER-440-s the surveillance specimens are located in accelerated irradiation positions. 

The lead factor is 11.2 for base material (forging) and as high as 18 for the most critical 
circumferential weld. This accelerated surveillance system has the disadvantage that the 
operational changes (like use of low leakage core, or change of fuel type, etc.) are not 
monitored. To eliminate these disadvantages new specimen sets have been loaded in every unit. 
These new sets consist of three forging materials. The materials are: a special heat of the 
15H2MFA material, the IAEA reference steel JRQ, and the original archive material of every 
unit. 

C H A I N 1 C H A I N 2 

FIG.3. Specimen sets for extended surveillance program at NPP Paks 
F= relativ fluence (max=l), ]5h2m=15H2MFA reference steel, archix'^reconstitutedCharpy 
specimens made from archive material (remnants qfO level testing), JRQ=IAEA reference steel, 
CV= Charpy V notched specimen, T= round tensile specimen (2 smooth and 4 notched in 1 capsule). 

FIG.5. Calculated size of the heat affected zone during EB welding 

£y£ 



Every specimen set consists of 12-16 Charpy and 0-6 tensile specimens (smooth and 
notched) of each of the above mentioned materials. (See FIG. 3.) 

Electron and laser beam welded reconstituted type specimens are widely used, due to the 
limited availability of archive materials. FIG. 4. shows the cross section of an electron beam 
weld reconstituted of a Charpy specimen. FIG. 5. shows the heat affected zone size of a laser 
welded specimen calculated by a software developed for optimizing the weld technology. 
Further information can be found in the literature, f6-11J 

2.3. Enhancement of the ultrasonic system 
NPP Paks has a Soviet made ultrasonic testing system (USZK-213) used for inspection of 

the circumferential welds and forged rings of the PWR-s. This equipment works from the 
outside. The probes are fixed on a mast which is mounted on a rotating table located under the 
pressure vessel. This system has the big advantage that a part of the vessel can be tested during 
every refuelling period. The nozzle section was tested by manual ultrasonic testing. One testing 
period is four years (that is every part of the vessel is checked in every four years.). 

The rapid development of the ultrasonic technique and data acquisition technology together 
with the aging of the original system required the modernization of the system. 

As the sensitivity and data acquisition system of the USZK-213 doesn't satisfy the 
requirements of the EC and ASME codes, the manufacturer (SKODA works) performed inside 
UT testing with TRC equipment. 

With the technical and financial assistance of the IAEA the modernization of the USZK-213 
were performed during the period 1991-93. In co-operation of the Spanish Technatom Co. 
and Hungarian firms the UT probes, the control and data acquisition systems have been 
changed, new software has been developed, and a tracking system has been installed on the 
nozzles. This new equipment (called TRIAS )started die operation with the testing of unit two 
during the last year. According to the first full ISI test expenences the sensitivity and other 
parameters of the system, are satisfies any requirement on NTD testing of PWR-s. [12,13] 

2.4. Acoustic emission testing of the pressurized systems 
Acoustic emission testing of the vessels during 

hydrotests became a part of the ISI testing at NPP 
•A Paks. The location of the acoustic probes on the 

vessel is shown in FIG. 6. Acoustic emission test is 
not used as i replacement of the UT testing, but as 

D an on-line resting giving warning if any crack is 
initiated or starts to propagate during the 
overpressunzing. and can be used as a guide test 
for UT testing, that is extra UT testing is focused 
on the noisv areas durins the following UT period. 

FIG.6. Location of probes during hydrotest 
of PWR-s. 

H J ;3rL^[j 



The reactor pressure vessel materials like 15H2MFA steel are considered as "silent" 
materials from the point of acoustic emission testing. Few test were performed on irradiated 
materials. On the effect of irradiation the noise amplitude and quantity highly increased. The 
results have not been published yet. 

At NPP Paks a few probes have been operated continuously for a year. It is planned that 
after having completed this research period the acoustic leak detection will be a part of the on
line diagnostic system of the NPP. 

2.5. Radiation embrittlement research 
In the frame of the IAEA organised co-ordinated research on radiation embrittlement 

different heats of A 533B type materials were irradiated and tested. The irradiation temperature 
was 265-275 °C. The neutron fluence over 1 MeV was 4.2xl0 1 9 n/cm2. 

As an example of the results the temperature shifts obtained on IAEA reference and 
research materials are shown in FIG. 7. 
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FIG.7. Charpy results obtained on JRQ, JWQ, JWP and materials. 
(Zero level and 1 year irradiated specimens Fluence 3* 1C»̂  n/cm- E>1 MeV) 

Fracture toughness and dynamic crack arrest values were measured by instrumented impact 
tests on Charpy and precracked specimens. 

2.6. Elaboration of the CRP-3 international database 
The International Atomic Energy Agency organised a co-ordinated research program 

("Optimising of Reactor Pressure Vessel Surveillance Programs and Their Analysis, Phase 3") 
producing more irradiation research data on RPV materials than any previous research 
program. The database of this program has been masked by the Atomic Energy Research 
Institute in Hungary. The objective of the work was u> gather and systematically arrange the 
data produced by the research teams of the 15 paracipsong countries 

LW 



The performed tests showed a great variety of testing conditions, not only in temperature 
and irradiation, but also in heat treatments, size and shape of specimens, testing machines, and 
other conditions. 

Presently the database includes more than 600 tensile records, 3400 Charpy records, 100 
hardness testing records, 100 chemical analysis records, 650 fracture toughness test records, 
etc., and this collection is still rapidly growing. 

The IAEA started the elaboration of a wider scale international ageing database on NPP 
structural materials, which will include research and utility data on embnttlement. This 
database is one of the most important parts of the Life Time Management project. Hungary 
plays an important role in the database development. It is hoped that this database will include 
several data on WWER reactor materials, which are needed for exact lifetime determination. 

2.7. Participation in the IAEA pilot studies on ageing. 
The IAEA IWG LMNPP and the Nuclear Safety Division started a new coordinated 

program on elaboration technic of assessment of ageing structures. NPP Paks participate in 2 
projects: pilot study on a WWER-440 V213 inlet nozzle, and pilot study on motor operated 
valves. 

2.8. Starting the reconstructed WWERSZM-10 research reactor. 
The original research reactor of the Atomic Energy Research Institute operated safely since 

1958 and were shut down 6 years ago for reconstruction. The reactor was started again during 
the last year. The reconstructed reactor passed successfully the 1 year test period, and since the 
January of 1994 it is in normal operation. Radiation embnttlement research is available. 

2.9. NPP Paks elaborated a feasibility study on Life time management of the 
plant. 

Further actions on coordinated life time management activity and research are under 
consideration. 
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INTERNATIONAL ATOMIC ENERGY AGENCY 

WORKING GROUP on LIFE MANAGEMENT of NUCLEAR POWER PLANTS « « ^ 

VIENNA, 7-9 February 1994 

1) NUCLEAR ENERGY SCENARIO IN ITALY 
1A) BEFORE CHERNOBYL ACCIDENT: THREE NUCLEAR POWER PLANTS OPERATING, TWO 

PLANTS (FOUR UNITS) IN CONSTRUCTION. 

IB) ON DEC. 17 1987 ITALIAN PARLIAMENT RESOLUTION FOLLOWING A PUBLIC 
REFERENDUM: 1) NO NUCLEAR POWER PLANTS OPERATING FOR A FIVE YEARS PERIOD 
(THE SO CALLED FIVE YEARS MORATORIUM); 2) R & D ON NEW REACTORS FOCUSED 
ON THE POSSIBILITY OF USING PASSIVE SAFETY FEATURES. 

IC) DESIRABLE FEATURES OF FUTURE REACTORS SET BY A GOVERNMENT COMMITTEE: 

- NO NEED OF PLANNED EVACUATION 
- NO LAND CONTAMINATION 
- DESIGN AGAINST THE SO CALLED RCAs (REALISTIC CONCEIVABLE ACCIDENTS) 
- HIGH PLANT AVAILABILITY FACTOR 
- USE OF PASSIVE SAFETY FEATURES 
- ENHANCED TRANSPARENCY OF SAFETY (SIMPLICITY, ROBUSTNESS) 



INTERNATIONAL ATOMIC ENERGY AGENCY 
WORKING GROUP on LIFE MANAGEMENT of NUCLEAR POWER PLANTS CKCK [f^7E> 

VIENNA, 7-9 February 1994 

1) NUCLEAR ENERGY SCENARIO IN ITALY 

ID) PRESENT GOALS: 

- DOSE AT FENCE (800 m) LESS THAN 1 rem IN 36 HOURS WITHOUT ANY PROTECTIVE 
MEASURE 

- DOSE INTEGRATED THROUGH THE ACCIDENT PERIOD LESS THAN 5 rem WITHOUT 
ASSUMING POPULATION EVACUATION 

- OVERALL DOSE IN THE ENTIRE LIFE LESS THAN 10 rem 
^ - SELECTION OF RCAs AND EVALUATION OF PLANT RESPONSE 
w - FEASIBILITY OF A NEW LEAK-TIGHT CONTAINMENT SYSTEM FOR SMALL LWRs 

RESEARCHES AND STUDIES IN ITALY WERE SIGNIFICANTLY MODIFIED AND DIRECTED 
TO MEET THE AFOREMENTIONED GOALS 



INTERNATIONAL ATOMIC ENERGY AGENCY 
WORKING GROUP on LIFE MANAGEMENT of NUCLEAR POWER PLANTS PKER-

VIENNA, 7-9 February 1994 

2) REACTOR PRESSURE VESSEL INTEGRITY 

2A) PTS EVALUATION. NEW FINITE ELEMENT CODE TO EVALUATE PTS ACCIDENT. THE NEW 
CODE WILL INCLUDE: 

- EFFECT OF CLADDING ON CRACK PROPAGATION 
- EFFECT OF RESIDUAL STRESSES 

^ - EFFECT OF STABLE TEARING PRIOR TO CRACK INSTABILITY 
<* - PROBABILISTIC EVALUATION 

2B) LOWER HEAD INTEGRITY FOLLOWING A SEVERE ACCIDENT 
- HIGH TEMPERATURE DATA GENERATION AND COLLECTION. CREEP AND THERMAL 

EXPANSION COEFFICIENT ON SA533-B. STUDY ABOUT THE EFFECT OF 
CONSTRAINED THERMAL EXPANSION ON METALLURGICAL TRANSFORMATION OF 
SA533-B. 

- 2D THERMO-MECHANICAL FEM ANALYSES. 
- EFFECTIVENESS OF EXTERNAL COOLING BY MEANS OF REACTOR CAVITY 

FLOODING 
- MODEL OF DYNAMIC LOADING TO RPV FOLLOWING STEAM EXPLOSION 



INTERNATIONAL ATOMIC ENERGY AGENCY 
WORKING GROUP on LIFE MANAGEMENT of NUCLEAR POWER PLANTS CKCK P* 

VIENNA, 7-9 February J 994 

2) REACTOR PRESSURE VESSEL INTEGRITY 

2C) IRRADIATION DAMAGE. IN THE LATE 80's AN EXPERIMENTAL PROGRAM PRODUCED 
DATA ON SA508 C1.3 STEEL. A TOTAL OF 25 TENSION TESTS, 162 CHARPY TESTS, 56 K,d 

TESTS, 30 K l c TESTS AND 17 CRACK-ARREST TESTS WERE PERFORMED. NINE CRACK-
ARREST TESTS ON IRRADIATED MATERIAL REMAIN TO BE PERFORMED 

^ 2D) INTERNATIONAL PROJECTS 

* \ TMI-VIP (THREE MILE ISLAND - VESSEL INVESTIGATION PROJECT) PROMOTED BY 
OECD/NEA 
NESC (NETWORK FOR EVALUATING STEEL COMPONENTS) PROMOTED BY CEC 
CORVIS (CORIUM REACTOR VESSEL INTERACTION STUDY) PROMOTED BY PSI 
FALSIRE Phase 2 (FRACTURE ANALISYS of LARGE SCALE INTERNATIONAL 
REFERENCE EXPERIMENTS) PROMOTED BY OECD/CSNI/FAG 



INTERNATIONAL ATOMIC ENERGY AGENCY 
WORKING GROUP on LIFE MANAGEMENT of NUCLEAR POWER PLANTS 

VIENNA, 7-9 February 1994 

3) PIPING INTEGRITY 

3A) INTERNATIONAL PROJECTS 

IPIRG (INTERNATIONAL PIPING INTEGRITY RESEARCH GROUP) MANAGED BY 
USNRC AND FUNDED BY NUCLEAR REGULATORY AUTHORITIES, ELECTRIC POWER 

M UTILITIES AND RESEARCH CENTERS OF DIFFERENT COUNTRIES. THE AIM OF THE 
^ PROJECT IS TO DEVELOP AND VALIDATE METHODS FOR PREDICTING THE 

FRACTURE BEHAVIOUR OF CRACKED NUCLEAR REACTOR PIPING SUBJECTED TO 
BOTH DYNAMIC AND CYCLIC LOADS. 



INTERNATIONAL ATOMIC ENERGY AGENCY 
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VIENNA, 7-9 February 1994 

4.1) CONTAINMENT INTEGRITY. STEEL CONTAINMENT 

4.1A) STEEL CONTAINMENT BEHAVIOUR UNDER STATIC AND DYNAMIC LOADS 

- ULTIMATE STRENGTH ANALYSIS UNDER STATIC LOADS 
- DYNAMIC EFFECTS CAUSED BY HYDROGEN EXPLOSION USING A SPECIAL 

PURPOSE FINITE ELEMENT CODE CALLED "DETO" 

4.1B) FAILURE CRITERIA UNDER DYNAMIC AND BI-AXIAL LOADS 

^> - EXPERIMENTAL PROGRAM ON SA537 CI.l STEEL TO DETERMINE MATERIAL 
BEHAVIOUR (STRAIN RATE RANGING FROM 1 TO 500 s'1) AND TO OBTAIN STRAIN 
BASED FAILURE CRITERIA 

4.1C) FUNCTIONAL REQUIREMENTS 

- FEASIBILITY OF PASSIVE COOLING 
- FEASIBILITY OF INTERNAL PROTECTIVE SHIELDS 
- LEAK TIGHTNESS 



INTERNATIONAL ATOMIC ENERGY AGENCY 
WORKING GROUP on LIFE MANAGEMENT of NUCLEAR POWER PLANTS 

VIENNA, 7-9 February 1994 
ENBS, 

4.2) CONTAINMENT INTEGRITY. REINFORCED CONCRETE CONTAINMENT 

4.2A) CONTAINMENT BEHAVIOUR UNDER STATIC LOADS 

- CONCRETE PERFORMANCE IN THE HIGH TEMPERATURE RANGE 
- ANALYSIS OF STRUCTURAL RESPONSE DURING SEVERE ACCIDENT FOR HIGH 

TEMPERATURE AND PRESSURE LOADS. 

^ 4.2B) CONTAINMENT BEHAVIOUR UNDER IMPACT LOADS 

- THEORETICAL FORMULATION OF A VISCO-PLASTIC MODEL FOR A SPECIAL 
PURPOSE FINITE ELEMENT CODE CALLED "DYNA" 

- STUDY TO DETERMINE THE SIZE OF THE CRACK OPENING FOLLOWING THE 
APPLICATION OF AN IMPACT LOAD 
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VIENNA, 7-9 February 1994 

5) SEISMIC RISK 
5A) NEW EVALUATION OF SEISMIC GROUND MOTION FOR DIFFERENT ITALIAN SITES TO 

DETERMINE SEISMIC INPUT FOR STRUCTURE 

- STATISTICAL APPROACH TO THE INTERPRETATION OF ITALIAN STRONG MOTION 
DATA TO OBTAIN ATTENUATION LAWS OF SEISMIC MOTION 

5B) SEISMIC RISK REDUCTION BY BASE ISOLATION TO STUDY THE POSSIBILITY OF THE 
PLANT COMPONENTS TO RESIST TO SEVERE EARTHQUAKES AND TO ADAPT A 
STANDARD PLANT TO VARIOUS SITE CONDITIONS CHANGING THE ISOLATION SYSTEM 

- EXPERIMENTAL PROGRAM ON HDLRB (HIGH DAMPING LAMINATED RUBBER 
BEARINGS). TESTS ON SINGLE BEARING, ON REDUCED SCALE MODELS AND ON 
REAL STRUCTURE 

- NUMERICAL ANALYSES TO SIMULATE THE BEHAVIOUR OF THE BEARING AND OF 
THE ISOLATED STRUCTURE 

- PROPOSAL OF GUIDE-LINES FOR SEISMICALLY ISOLATED NPPs 
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IAEA Technical Committee Meeting of IWG-LMNPP 

Current Status 
on Life Management and Plant Aging Issues in Japan. 

7-9 February 1994 
Vienna Austria 

Harumi Arai 

Japan Power Engineering and 
Inspection Corporation 

1. PLEX Development Technology 
The major research and development programs of 

Japan Power Engineering and Inspection Corporation 
(JAPEIC) concerning nuclear power plant life 
management and life extension is in progress under 12-
year plan which started in fiscal year 1985 up to fiscal 
year 1996. 

Completed material test items are as follows. 
• Thermal aging of cast stainless steel 
• Irradiation-assisted stress corrosion cracking behavior 

of stainless steel for BWR 
• Reconstitution techniques of reactor vessel 

surveillance test specimens using unirradiated low 
alloy steel 

The following material test items are now being 
implemented. 
• Fatigue life of thermal aged carbon, low alloy, stainless 

steel and Ni based alloy under simulated LWR water 
environment condition 

• Fracture toughness and fatigue of irradiated stainless 
steel obtained from LWR internals 

• Irradiation-assisted stress corrosion cracking behavior 
of stainless steel for PWR 

In the overall evaluation to be performed in fiscal year 1995 
and 1996, these material data concerning aged-related 
degradation will be compiled and the life extension scenario will 
be established. 
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2. Steam Generator Replacement 
The regulatory authority of Japan permitted to 

replace the new steam generators for Takahama Unit 2, 
Mihama Unit 2, Ohi Unit 1 (Kansai Electric Power Co.) and 
Genkai Unit l(Kyusyu Electric Power Co.). 

Takahama Unit 1, Mihama Unit 1,3 and Ohi Unit 
2(Kansai Electric Power Co.) are also under application for 
replacement of the new steam generator. 

Replacement work is now implemented for Takahama 
Unit 2 and Mihama Unit 2. 

3. Periodic Safety Review 
Since the early nuclear power plant in Japan are now 

entering the latter halves of their service periods which 
had been estimated in the original designs, it is important 
to consider approaches which take into account the aging 
phenomena from the point of view of preventive 
maintenance. 

Based on this point of view, the Periodic Safety 
Review (PSR) by which the safety and reliability of each 
nuclear power plant are comprehensively reviewed at 
regular intervals based on the most advanced technical 
knowledge. 

The Periodic Safety Review has been introduced for 
the purpose of improving the safety and reliability of 
existing nuclear power plants. The review of three units 
(Mihama Unit 1 PWR, Fukushima Daiichi Unit 1 BWR and 
Tsuruga Unit 1 BWR) are being conducted aiming to 
complete before the end of fiscal year 1993 (end of 
March, 1994) and will conduct Periodic Safety Review for 
all operating nuclear power plants (LWR) based on the 
four plants per year rate. 

Basic policy of the Periodic Safety Review is as 
follows; 
• Periodic Safety Review is positioned to be a part of the 

self-motivated safety management activity of the 
utilities. 

• Periodic Safety Review is executed for every plant in 
the frequency of one time for every 10 years. 

• Probabilistic safety assessment method is to be 
introduced in the Individual Plant Evaluation (IPE). 

• Periodic Safety Review will refer basic consideration of 
"Periodic Safety Review Safety Guide" being reviewing 
by IAEA and situations on Periodic Safety Review 
already performed in various countries. 
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WORK ITEMS 

FEASIBILITY STUDY 
• SELECTION OF IMPORTANT COMPONENTS 

• IDENTIFICATION OF VERIFICATION 

TEST ITEMS 

VERIFICATION TESTS 
• MATERIAL DATA 
• PLANT LIFE PREDICTION METHODOLOGY 
• REFURBISHMENT OF AGING IMPORTANT 

COMPONENTS 

OVERALL EVALUATION 
• PLANT LIFE EXTENSION SCENARIO 

FISCAL YEAR 
'85 '86 '87 '88 '89 '90 '91 '92 '93 '94 '95 '96 
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AGING FACTORS 

DEVELOPMENT OF LIFE 
PREDICTION TECHNOLOGY 

REACTOR VESSEL, INTERNALS, ETC. 
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IRRADIATION EMBLITTLEMENT, ETC. 
MATERIAL DATA REQUIRED 
FOR LIFE PREDICTION 

PLANT DATA REQUIRED 
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DEVELOPMENT OF MONITORING 
TECHNOLOGY 

DEVELOPMENT OF REFURBISHMENT 
TECHNOLOGY 
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PLANT LIFE EXTENSION 
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Important 
Components 

Materials 

Age-related Degradation Factors 

Important 
Components 

Materials 
Single Factor Synergistic Factors Important 

Components 
Materials 

Fatigue Thermal 
Embrit. 

Irradi. 
Embrit. 

Irradi. 
Embrit. 
+ Fatigue 

Irradi. 
Embrit. 
+ SCC 

Fatigue 
+ Thermal 

Embrit. 

Reactor Pressure 
Vessel 

Low Alloy Steel ^^ 
• — — Reactor Pressure 

Vessel Nickel Base Alloy — — — 

Reactor Internals 
Stainless Steel • • • 

Reactor Internals 
Nickel Base Alloy — — — 

Pipings 
Stainless Steel — — — 

Pipings 
Carbon Steel — — — 

Recirculation Pumps 
Casing Cast Stainless Steel — — — 

Reactor Recirculation 
Pump Suction and 
Discharge Valves 
Casing 

Cast Slainless Steel — — — 

Jo 

Note • : in progress • : other organizations (in progress) Not applicable 
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Impc.tant 
Components 

Mateials 

Age-related Degradation Factors 

Impc.tant 
Components 

Mateials 
Single Factor Synergistic Factors Impc.tant 

Components 
Mateials 

Fatigue Thermal 
Embrit. 

Irradi. 
Embrit. 

Irradi. 
Embrit. 
+ Fatigue 

Irradi. 
Embrit. 
+ SCC 

Fatigue 
+ Thermal 

Embrit. 

Reactor Vessel 
Low Alloy Steel • — — 

Reactor Vessel 
Nickel Base Alloy — — — 

Pressurizer Low Alloy Steel — — — 

Reactor Internals Stainless Steel • • • 

Main Coolant Pumps 
Casing Cast Stainless Steel — — — 

Steam Generators 
Low Alloy Steel — — — 

Steam Generators 
Carbon Steel — — — 

Pipings 
Stainless Steel — — — 

Pipings 
Cast Stainless Steel — — — 

Note : in progress • : other organizations (in progress) - : Not applicable 



MATERIAL TEST ITEMS 

• Thermal Aging of Cast Stainless Steel 

• Irradiation-assisted Stress Corrosion Cracking Behavior of Stainless 
Steel for BWR 

• Reconstitution Technique of Reactor Vessel Surveillance Test 
Specimens Using Unirradiated Low Alloy Steel 

-v • Fatigue Life of Thermal Aged Carbon, Low Alloy, Stainless Steel and Ni 
based Alloy under simulated LWR Water Environment Condition 

• Fracture Toughness and Fatigue of Irradiated Stainless Steel Obtained 
from LWR Internals 

• Irradiation-assisted Stress Corrosion Cracking Behavior of Stainless 
Steel for PWR 



STEAM GENERATOR REPLACEMENT 

Permission 
Takahama Unit 2 
Mihama Unit 2 
Ohi Unit 1 
Genkai Unit 1 

Under Application 
Takahama Unit 1 
Mihama Unit 1 
Mihama Unit 3 
Ohi Unit 2 

( 826MW, Nov. 1975) 
( 500MW, July 1972) 
(1175MW, Mar. 1979) 
( 559MW, Oct. 1975) 

( 826MW, Nov. 1974) 
( 340MW, Nov. 1970) 
( 826MW, Dec. 1976) 
(1175MW, Dec. 1979) 



SCHEDULE FOR PSR 

During FY 1993 

Mihama Unit 1 (PWR 340MW, Nov. 1970) 

Fukushima Daiichi Unit 1 (BWR 460MW, Mar. 1971) 

Tsuruga Unit 1 ( BWR 357MW, Mar. 1970) 



R&D for Lifetime Management of Nuclear Power Plants in Korea 

S. Y. Hong, I. S. Jeong 
Korea Electric Power Corporation 

H. J. Choi 
Korea Power Engineering Compzny 

W. C. Kim 
Korea Atomic Energy Research Institute 

1. Introduction 

In parallel with the economic development and growing needs for the electric 

power in Korea, the nuclear power plants (NPPs) project was initiated in the 

1970's. Presumably based on the national consensus to set the economic 

development, little attention has been paid to the problem of public acceptance of 

the NPPs at that time. Such a favorable situation has been changed now. What 

was taken for granted in the past becomes a lot of serious concerns now in terms 

of economic and environmental issues like other countries. 

. As the only utility in Korea, Korea Electric Power Corporation (KEPCO) is 

responsible for supplying national electric power and maintaining power plants. 

With the increase in the years of operations, the proper and timely maintenance 

of nuclear power plants to deal with plant aging is emerging issue in terms of 

economic and technical aspects. Most maintenance works for avoiding unscheduled 

outages and improving plant availability, i.e., equipment modifications and plant 

upgrading activities, have mainly been conducted so far on the corrective basis. 
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However, there have been strong needs for the preventive maintenance rather than 

the corrective maintenance. These needs are to be in reality together with LMNPP 

which is so closely interacted with the preventive maintenance. In what follows, 

details of the LMNPP master plan and the steps to be taken for the current 

on-going project, Nuclear Plant Lifetime Management Study (I), will be described. 

2. Lifetime Management Status and Plan 

2. 1 Background 

The first nuclear power plant in Korea, Kori Unit 1, which started its 

commercial operation in 1978, is scheduled to be shutdown in 2008, based on 

30-years design life of NPPs. In consideration of the time required for planning 

and constructing new NPPs, the LMNPP project to provide the rationale for 

30-years design life for Kori Unit 1 and the feasibility to extend lifetime beyond 

its design limit is now under way. As a consequence, the integrated master plan 

for LMNPP in Korea will suggest the way for the systematic approach to the 

enhanced short and long term plant maintenance strategy. 

Currently organizations related to this project are KEPCO, Korea Power 

Engineering Company (KOPEC), and Korea Atomic Energy Research Institute 

(KAERI). KEPCO plans and guides all the project processes. KOPEC and KAERI 

perform the actual engineering works and key technology researches, respectively. 

Other organizations and institutes will join in LMNPP projects as the program 

proceeds. 
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2.2 Long term plan of LMNPP 

The master plan for LMNPP including the lifetime extension of Kori Unit 

1 and other NPPs in Korea will be conducted in the form of three phases. Such 

categorization generically stems from the level of details that are to be 

accomplished during each phases. Specifically, the feasibility study is performed 

in the phase I, while the detailed evaluation and engineering for plant life 

extension constitute the workscope for the phase n. The phase m of this plan, the 

implementation of the lifetime management program will be made lastly based on 

the results obtained in the preceeding phases. The major items to be addressed 

during each phase are briefly tabulated in the Table 1. 

2.3 Kori Unit 1 steam generator replacement plan 

The feasibility study for the steam generator replacement of the Kori Unit 

1 has already been performed on a separate basis from the current LMNPP project-

Taking the plausible plant lifetime extension into account, both the deterministic 

and probabilistic economic evaluations of the related issues indicate that near-term 

replacement of the steam generator provides the most economically favorable 

option. Another alternative to avoidance/postpostion of steam generator 

replacement by sleeving or plugging maiantenance strategy did not turn out to be 

the cost effective strategy. The next step will be taken by KEPCX) regarding the 

steam generator replacement. 

3 . LMNPP Phase I Study 
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3.1 Feasibility study 

As a part of the phase IT the feasibility study is under way, with Kori Unit 

1 being selected as the pilot plant of LMNPP study. The general workflow for this 

phase is shown schematically in Figure 1. The detailed workscope consists of the 

following 10 tasks and is described in the sequence. 

Task 1 

Task 2 

Task 3 

Task 4 

Task 5 

Task 6 

Task 7 

Task 8 

Task 9 

Task 10 

LMNPP project plan and design life review 

Screening major SSCs 

Data survey and review to identify missing and deficient data 

Evaluation of reactor pressure vessel 

Evaluation of major SSCs 

Monitoring systems for LMNPP 

Survey and review of LMNPP regulation 

Economic evaluation 

LMNPP technology development 

Feasibility study reports 

(1) LMNPP project plan and design life review 

In this task, the major workscope involves planning overall project and 

reviewing design life of domestic NPPs. The technical, economic, and licensing 

bases for design and operation life of overseas NPPs are to be reviewed. In 

addition, rationale of 30-years design life for Kori Unit 1 will be examined, 

together with the provision of possible amendments of Kori Unit 1 design life from 

30-years to extended life. 

(2) Screening major SSCs 
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Based on screening criteria and approach, the major systems, 

structures, and components (SSCs) of Kori Unit 1 will be identified and their 

priorities will be evaluated, which are considered to be crtical components for the 

lifetime management. The list of the proritized SSCs will be also used for selecting 

the major components of the Phase II study. 

(3) Data survey and review to identify missing and deficient data 

Subsequently, plant data survey and review for Kori Unit 1 records are 

to be performed in this Task. The plant records entail pre-operational data 

verifying design specifications and material properties as well as operation, 

maintenance, inspection, and surveillance records. Additional scope to be covered 

in this task is to determine data suitability for LMNPP program, identification of 

missing or deficient data, and preparation of record keeping systems for data 

retrieval. 

(4) Evaluation of reactor pressure vessel 

Special attention is paid to the reactor pressure vessel for its 

significant importance in NPP life extension. In this respect, evaluation of the 

reactor pressure vessel will be dealt with as a separate task, apart from that of 

other major components to be studied in the following Task 5. To accomplish this 

purpose, the stressors and the degradation sites and mechanisms in conjunction 

with the resulting failure modes and its operating history will be identified through 

the appropriate tests and surveillance program results. In consequence, the task 

will end up with quantitative evaluations of the plausible age-related degradation 

mechanisms and the consumed and residual life of the reactor pressure vessel as 

well. 
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(5) Evaluation of maior SSCs 

In addition to the reactor pressure vessel, the following major 

components are selected in the planning stage for synergetic aging evaluations in 

this Task: reactor vessel internals, control rod drive mechanisms, reactor coolant 

system piping, reactor coolant system charging and safety injection nozzles, 

pressurizer, pressurizer surge and spray lines nozzles, reactor coolant pump, 

reactor pressure vessel supports, turbine, generator, containment, and penetration 

cables. The technical background for the selection of the foregoings as the major 

critical components will be addressed. To be done subsequently are the 

identifications of stressors, degradation sites and mechanisms, and failure modes 

for these components. The quantitative analysis of age-related degradation 

mechanisms and the prediction of corresponding consumed and residual life are 

also the subjects of the primary concern. Above critical components, however, may 

subject to be changed by the results of SSCs screening in the Task 2. 

(6) Monitoring systems for the LMNPP 

As a prerequisite in performing the Tasks 4 and 5, the development and 

utilization of efficient monitoring systems deserve due considerations. In this task, 

the currently available monitoring systems for LMNPP will be studied, together 

with the identification of degradation sites to be monitored. 

(7) Survey and review of LMNPP regulation 

Regulatory rules and requirements for LMNPP are necessary to guide 

legally the lifetime extension of the power plant beyond their licences. This task 

will preliminarily survey overseas license renewal trends and developments to 

direct a domestic policy in the near future. Specifically, overseas license renewal 

programs of NRC, NUMARC, DOE, IAEA, and EPRI will be reviewed. The actual 



regulatory criteria and guidelines are to be provided during the next Phase of this 

project. The goverment body, the Ministry of Science and Technology, and its 

agency, Korea Institute of Nuclear Safety, are actually in charge of nuclear power 

plant licensing and other license-related issues in Korea. 

(8) Economic evaluation 

The plant economic evaluation of LMNPP provides the decision 

background of the lifetime extension. Aided by other technical factors, a PC-based 

economic model customized to the specific economic parameters and needs of Kori 

Unit 1 is to be developed and the cost-benefit analysis will be performed by the 

program. The reassessment of modeling assumptions and input data are required 

for the preliminary economic analysis of Kori Unit 1 lifetime extension. The 

optimum life extension period will be derived through the economic analysis. 

(9) LMNPP technology development 

Advanced and applicable technologies to the plant lifetime management 

and extension will be reviewed and developed. For instance, technical items such 

as the reactor vessel annealing, components aging and wear-out, life assessment 

and prediction, cable degradation analysis, and so forth, will be covered. Items of 

particular interest and primary concern are the lifetime evaluation technologies for 

each degradation mechanism and for combined damage due to fatigue, corrosion, 

thermal embrittlement, etc.. 

(10) Feasibility study reports 

The result obtained in the Tasks 1-9 will be documented in the Task 

10. Not only the technical evaluations but also the overall technical feasibility for 

the Kori Unit 1 life extension will be reported. The consumed and remaining life 



for major components and systems will be addressed on the technical basis, 

together with any necessary recommendations. Further to be included in the 

documentation are license renewal feasibility, recommended monitoring 

technologies, and other LMNPP-related technologies including SSCs screening 

procedures. In addition, the Phase II dtail planning will be proposed. 

3.2 Key Technology R&D 

In addition to the Kori Unit 1 feasibility study, several key 

technology R&D's are on-going in the area of radiation embrittlement, 

corrosion and cracking, water chemistry management, non-destructive test & 

evaluation and ageing of I&C. 

Major components and their types of degradation for the key technology 

R&D on NPP life management are as follows; radiation embrittlement, 

corrosion fatigue and stress corrosion cracking for reactor pressure vessels, 

stress corrosion cracking, pitting, intergranular attack, corrosion fatigue and 

fretting for steam generators, corrosion fatigue, thermal embrittlement, 

erosion-corrosion and stress corrosion cracking for pipes and nozzles, thermal 

degradation and radiation degradation for electrical wires and cables in 

containment vessels. A database intergrating all the results of the key 

technology R&D's will be made. 

Table 2 explains the long term key technology research items planned for 

LMNPP in Korea. Reasearch activities planned for the phase I from 1993 to 

1996 are listed in Table 3. Preparatory work will be done during the phase I. 

In addition to the specific research work, detailed technology and major 



international rsearch programs will be evaluated. Detail planning for the phase 

II research will be made during the period of the phase I. The extensive 

research work will be performed at the phase II and HI. 

4. Conclusions 

Lifetime Management of Nuclear Power Plants is presently one of the 

important tasks in Korean nuclear industry as Kori Unit 1, the first NPP, is 

getting old. This paper reviewed the status and R&D plan of the LMNPP in 

Korea. 

Project background, long term plan, and the details of on-going project 

were introduced. Long term plan of the LMNPP is composed of three phases. 

Now the Phase I, feasibility study, is under way including R & D activities of 

key LMNPP technologies. 

We expect that this project will suggest the way of long term NPP 

management in a cost-effective manner in Korea. 
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Table 1. Major workscope for each phase of LMNPP study 

Phases Duration Descriptions 

Feasibility 3 years 

Study 
(I) 

o Kori Unit 1 feasibility study 
o Design life review 
o Development of regulatory draft for NPPs 
o NPPs life extension planning 
o LMNPP technology development 

Detail Eval
uation and 
Engineering 

(II) 

4 years o Detailed assessment of SSCs 
o Establishment of lifetime management process 

and procedures 
o Regulatory requirements and guidelines 
o Detail plan of Kori Unit 1 implementation 
o Development of LMNPP implementation 

technologies 

Implement- 6-7 years o Kori Unit 1 implementation 
ation o Technology development for future LMNPP 
(III) programs 
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Table 2 Long Term Key Technology R&D Items Planned for NPP Life 
Management in Korea 

• Radiation Eabrittleaent Related Technology 
- Technology to Use Small and Reconstituted Specimens for RPVs 
- Technology Improvement for Radiation Embrittlement Evaluation and Remained Life Time Prediction - Radiation Embrittlement Recovery Technology 

• Corrosion and Cracking Related Technology 
- Corrosion and Cracking Evaluation Technology for Ste^m Generators 
- Thermal Ageing, Corrosion and Cracking Evaluation Technology of Piping and Nozzles 
- Corrosion Fatigue and Stress Corrosion Cracking Evaluation Technology for RPVs and Reactor Internals 
- Thermal Ageing and Cracking Evaluation Technology of Pumps and Other Components 
- Integrity Evaluation Technology Using Fracture Mechanics - Remained Lifetime Prediction Technology - Monitoring and Surveillance Technology of Degradation and Ageing 

• Hater Chemistry Management Technology 
- Monitoring and Prediction Technology of Water Chemistry Conditions 
- Monitoring and Control Technology of Sludge Formation in the Secondary System of NPP 
- Transport Behavior Analysis and Control Technology of Primary Fission Products - Guideline Improvement and Advanced Technology Application for the Water Chemistry Management of Primary and Secondary Systems of NPP 

• Non-Destructive Test and Evaluation Technology 
- Simulated Specimen Preparation with Natural Cracks for Various Pressure Vessels and Pipes Including Reactor Vessel and the Technique Development of Ultrasonic Testing and Evaluation 
- Improvement of Testing and Evaluation on Steam Generators by Eddy Current and Ultrasonic Testing - Development of Integration System to Monitor and Diagnose the Status of Various Components Including Reactor Vessel - Development of Hardware and Software for Automatic Ultrasonic Testing 

• I&C Material Ageing Related Technology 
- Ageing Evaluation Technology of Wires and Cables in the Containment Vessels 
- Remained Life Prediction and Monitoring Technology for the Ageing of Wires and Cables 
- Repair or Replacement Technology 'or the Aged Wires and Cables 
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Table 3 Research Activities Planned for the Phase I 

• Utilization of Small or Reconstituted Specimens to Evaluate 
the Radiation Embrittlement of PRV 

• Pb Induced Stress Corrosion Cracking of Steam Generator 
Tubes 

• Evaluation of Hide-out Ruturn Test Results and Prediction of 
the Crevice Condition in Steam Generators Using the 
Computer Codes 

• Small Pipe Specimen Preparation with Natural Cracks and 
Evaluation of the Defect Signal by Ultrasonic Test 

• Destructive Test of Cable Specimens after Thermal and 
Radiation Exposure 

• Evaluation of Detail Technology and Research Planning for the 
Phase II 

• Evaluation of Major international Research Programs 

W?ft 
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1. RUSSIAN RESEARCH PROGRAMS ON NPP LIFETIME 
ASSURANCE 

The continuous operation of ageing NPPs and enhancement of 
up-to-date requirements for their safety put forward the 
problems on residual life of NPP safety important components. 
The "Lifetime" program goal is to solve these problems. In 
reference to the order of the "Rosenergoatom" Concern the branch 
Program "Resurs" was developed by VNIIAES together with the 
principal designers of the main types of Russian reactor plants. 
This Program is intended for 1993-95 years and it incorporates: 

development of the complex of code-methodological and 
technical tools for monitoring, verification and prediction of 
the state of specific equipment and its index of safety, 
maintainability and durability; 

- development of regulatory code-methodological base to 
make decisions on residual life of specific equipment, including 
its replacement, upgrading, variation of operating conditions 
orspecified lifetime; 

investigations to verify and predict lifetime 
characteristics of NPP specific equipment with elaboration of 
scientific-validated recommendations on its life extension. 
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General Consideration of Life Extension 
06miie Baaoateioiea opo&aeMU DpoAiiemu peqrpcs 

Life Extension 
npoancHHe pecypca 

Aging Control 
YrtpaBneHHc crapcHHcif 

Residual Life Control 
YnpafineHHe OCTOTOHHIJM 

pecypcoM 

Regulations 
HopMarrMBHaa 6 a » 

Safety 
EeaonacHocn 

Renovation 
PeHOBaiQM 

Availability 
Pa6orocnoco6HOCTb 

Cost Efficiency 
3K0H0Mmecica< 3<p<peKrHBMocTb 
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The Major Trends of Works 
rjiaBiwe Hanpauemu pa6oT 

• Co-ordinating and organizational activities 
KoopAHHaimoHHaff H opraiooaiiHOHHaji aejrrcjiiHOCTb 

• Studying the degradation processes and residual life 
H3yMCHHc npoueccoB Acrpaaamm H ocraxoiHoro pccypca 

• Elaboration and implementation of the measures to 
maintain/enhance safety level of NPPs operating within 
design life 
Pa3pa6onca H BHcapcHne Meponpmmiii no nojmepxaHHio/noBWiiieHHX) 
ypoBiw 6e3onacHocrH aKciuiyaTHpyeMiix B npeaejiax npocicraoro cpoica 
cjiyx6u A3C 

. Development of control principals of advanced NPPs 
aging and safe life 
Pa3pa6onca OCHOB ynpaBJicHMa crapeHHCM H 6c3onacHMM pecypcoM FY 
HOBoro noKOjicHHa 

• Creation and development of regulations in the field of 
NPP aging and life management 
CoamaHHc H pa3BHTHc HopMaTHBHoft 6a3bi B odnacTH ynpaBJieHHfl 
crapeHHCM H pecypcoM A3C 
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Sectorial Program "Resurs" : 
Elaboration & Implementation of the Measures to 
Maintain/Enhance Safety Level of NPPs Operating 
within Design Life 
. Development of the complex of code-methodological 

and technical means for monitoring, verification and 
prediction of the specific equipment state 

. Development of regulative code-methodological base 
to estimate and control residual life 

. Carrying-out of researches on estimation and 
prediction of NPP specific equipment lifetime 

• Elaboration and implementation of the 
recommendations on safety level maintenance and 
increase 

Stage I (completed) : 

Review and analysis of existing results and materials on 

• Methodological base 
• Regulations 
• Terminology and definitions 
• Technical results 
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Genera! Scheme of Organization of the Works 
in Accordance With the Sectorial Programme "RESURS" 

"ROSENERGOATOM" CONCERN 

Scientific Adviser 
(VNIIAES) 

RDIPE OKBM OKB GP 
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2. TECHNICAL ASSISTANCE PROGRAM FOR CIS (TACIS-91) 
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TAC1S-91 

NNC / NE -BELGATOM - EMPRESARIOS AGRUPADOS CONSORTIUM 
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TACIS-91 

EUF - FRAMATOM - SIEMENS CONSORTIUM 

PROJEKT 

Reactor vessel embrittlement 

Primery circuit integrity - LBB 

Accident analysis 

Development of automatic control system of 
radjation dose level .._ 
Safety related equipment qualifications under 
U^___IU conditions 
Metrology . 
Development of residual lifetime diagnostic 
svsteni 
Maintenance _ 
Severe accident analysis 

CONTRACTOR 

SIEMENS 
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RRC KURCHATOV 
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EDO «GIDROPRESS» 
ATOMENERGOPROECT 

ATOMENERGOPROECT 
EDO «GIDROPRESS» 
ATE 
VNIIAES 
EDO «GIDROPRESS» 
VNIIAES 
RRC KURCHATOV 
INSTITUT 
EDO «GIDROPRESS» 



3. REACTOR PRESSURE VESSELS 
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3.1. Scope of Work for Substantiation of RPV Integrity 

1. Initial characteristics of base metal and weld metal 

(IZORA Plant, CRISM Prometey) 

2. Generalization of data on radiation embrittlement, 

dependance of radiation embrittlement factor of impurity content 

(CRISM Prometey, Kurchatov Institute) 

3. Analysis of transients (GIDROPRESS) 

4. Neutron fluence calculations (GIDROPRESS) 

5. Calculation of RPV brittle-fracture resistance 

(GIDROPRESS, VMIIAES) 

6. Development of the measures for life extension of RPVs 

(GDROPRESS) 
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3.2. Measures for RPV Life Extension (WER-440, 230) 

1. installation of shield-assemblies instead of peri-phery 

row of fuel assemblies. 

2. Water heating-up in ECCS. 

3. Change of location of ECCS pipeline cutting in (from 

cold legs of circulation loops into hot legs). 

4. Installation of fast-acting valves on the steam-lines. 

5. Introduction of additional interlocks. 

6. Change of hydrotest temperature. 

7. Change of the temperature-pressure variation 

limitsduring reactor heating-up and cooling-down. 

Implementation of measures can provide RPV lifetime, but 

substantiation of annealing was recommended. 
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3.3. Annealing 

1. Substantiation of tempetature-time condition of an
nealing (Kurchatov Institute, CRISM Prometey) 

2. Development and manufacture of heating apparatus 
(CMIITMASH) 

3. Calculation of strain-stressed state of RPV during 
annealing (VNIIAES) 

4. Calculation of the of temperature distribution in 
structures surrounding RPV (VNIIAES) 

5. Development of devices for hardness measurement and 
forsampling of specimens to determine chemical composition 
(VNIIAES) 

6. Development of devices for sampling of templets 
(GIDROPRESS, Veselovsky's firm) 

7. Investigation of small-size specimens/ correlation 
ofsubsize specimens and standard specimens (Kurchatov 
Institute, CRISM Prometey) 

8. Calculation of RPV brittle-fracture resistance inc
luding effect of sampling (GIDROPRESS) 
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SCHEDULE FOR GENERAL PLANNING P U R P O S E S 

SHOWING MAJOR STEPS IN OVERALL ANNEALING SEQUENCE 
AND 

APPROXIMATE TIMES, BASED ON AROUND-THE-CLOCK OPERATIONS 

VESSEL U = = 3 WETc==^=^WETc==^^ 
ONDITION I I J DRYc 

FUNCTION 

s 

TIME 

RCUCM: run. AND 
UOIRHAIS fHOU 
REACTOR VESSQ. 

h I UONTH 

PtAfff SHUTDOWN 

±==dc===3 WET c = J o = i WET c=?J 

PRE-ANNEALJNC 
SAMPLING 

( I S DAY/SAMPLE) 

( WALL SAMPLES 
{J-BASE METAL) 
(3-WELD METAL) 

L 

ORAIN VESSEL 
AND INSTALL 

ANNEALING 
APPARATUS 

HEAT-UP 

>IV 

9 PAYS f—*• - 1 ' 0 A Y h 

30 TO 
36 HRS 

ANNEALING 
100 HOURS 

AT 47S*C 

COOL-DOWN« POST ANNEALING 
SAMPUNC 

2 WALL SAMPLES 
(WOO METAL) 

7 0 C 

DL^Lh-r-QD-* 
-\ 12 OATS * * h 

OVERALL ANNEAUNO 
1 *» OATS*| ~ 

GRIND SMOOTH 
SAMPLE LOCATIONS 

- j 3 PAYS \- t PAY 

WATER IS INTROOUCED INTO 
REACTOR VESSEL WHEN IT 

REACHES 70C 

NQ1£JL-
•COO*.-DOWN UMIT IS JCTC/HOUR; HOWEVER. BETWEEN 3 0 O C ANO 7 0 C IT TAKES MORE TIME TO COOL DOWN 

THAN 0CS1RE0. SOVIETS INDICATED THAT THIS PHASE TYPICALLY REQUIRED ABOUT 6 DAYS AND THAT THEY 
ARE LOOKINC AT WAYS TO IMPROVE COOL-DOWN RATE IN THIS TEMPERATURE RANGE. 

• •THE ACTUAL ANNEALINC OPERATIONS (HEAT-UP. ANNEALINC, AND COOL-OOWN AT NOYOVORONCZH UNIT 3 IN 
FEBRUARY/MARCH or 1991 REOUIREO A TOTAL or ABOUT a OAYS ( 200 HOURS), THE COOL-OO«N PHASE 
REQUIRED ABOUT 6 ) HOURS. THUS. THIS INDICATES THAT THEY WHERE SUCCESSFUL IN SAVING AflOUT 4 OAYS 
FROM THE OVERALL SCHEDULE. 
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Arrangement of the heating apparatus 
in the reactor vessel 
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ARRANGEMENT Oi' THERMOCOUPLES ON THE VESSEL AND 
REACTOR FIT EQUIPMENT 

I8(II,IC) 

4.-(4L,HC) 

5a(5t,5c} 

• ~ thermocouples 

Pos. I - 8 ot the figure correspond to a d d i t i o n a l l y i n s t a l l e d 
thermocouples; poS. 9 - I I - to thermocouples o f . t h e hea t ing 

apparatus 
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TaDle 1 

Content of phosphorus and copper determined on metal 
samples of weld .being annealed of operating reactor 

vessels 

1 

1 1 Content of elements i n metal of weld IJo4 t# 

HPS 

1 

Unit ' 
Uo ! Phosphorus ( P ) • Copper ( Cu ) 

HPS 

1 1 Actual ! Used in ] 
des ign 
v e r i f i 
c a t i o n 

Actual * 
i _ _ _ _ < i 

— , ——— —, , 
i i i 
i i t 

min I max I ave- ! 
, rage . 

i i i 

Used ir. 
design 

HPS 

1 

: mm : max J ave- ! 
, rage , 

Used in ] 
des ign 
v e r i f i 
c a t i o n 

Actual * 
i _ _ _ _ < i 

— , ——— —, , 
i i i 
i i t 

min I max I ave- ! 
, rage . 

i i i 

v e r i f i 
ca t ion 

mr NPS 3 10,0336! 
l i 

0,040110,038 ! 0,039 
_ _ _ _ _ _ _ _ _ _ _ ( _ _ _ _ _ . . f 

10,123! 0,138! 0,130 ! 
• i i i 

0,21 

A UPS : l : 0,032 : 0,034 10,033 ! 0,030 
• i i i 

! 0,110!0,110! 0,110 ! 
• i i 

0,16 

"Bruno 
Leuschner" 

UPS 
( 1 10,032 0,034 ! 0,033 0,036 

i i i 

i 0,086! 0,1041 0,092 
• i • 
• • i 

0,12 

"Bruno 
LeUSChner? 

UPS 
J 2 ! 0,033 .0,037 10,035 ! 0,032 

• — i « 

JO, 150! 0,157! 0,1535 
• i i 
• i i 

! 0,18 

Kolskaya 
NPS 1 1* 10,0306 '• 0,03315 0,038 ! 0,037 

i 1 ~ i — 

! 0,121! 0,146! 0,134 ! 0,21 

Kolskaya 
NPS ! 2 10,0317 10,0375! 0,0346 ! 0,036 

i i — — i 

! 0,138! 0,154! 0,145 ! 0,12 

"Kozlodui" 
1TPS ; i :0,028 ! 0,036 10,032 ! 0,036 ! 0,100! 0,120! 0,110 

i i i 
• i i 

~ i i -
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Table 2 

The results of measuring hardness of reactor vessel 
metal of Kolskaya KPS, unit I, prior to and subsequent to 

annealing 

• P lace of ' 
» measurement • 

Hardness values p r i o r to ; 
anneal ing 5 

HB (kgf/sq.mmj j 
1 1 

Hardness v a l u e s subsequent 
to annea l ing 

HB (kgf/sq.mm) 

HBCirrad.)! H B a v e r ^ irraoV HB(anneal)! HB^fcieal. ) 

! 1 ! 
i 1 

upper ', 
s h e l l 

weld » 

lower ' 
s h e l l 

226 221 ! 

243 247 ! 

224 219 217 ! 
229 232 233 ! 

223,5 

245,0 

225,6 

184 195 ! 
1 
• 

! 198 199 ! 
[ 1 

! 184 193 187 ! 
! 185 193 J 

189,5 

198,5 

188,4 

! 2 

upper 
1 s h e l l 

I weld 

; lower 
. s h e l l 

228 218 217 ! 

! 240 243 241 

! 213 230 230 

224,3 

241,3 

S 224,3 

5 189 201 201 ! 
: 1 

! 180 210 207 
I 200 

! 191 193 

197,0 

199,3 

-• 

! 192,0 

! 3 

! upper 
, s h e l l 

j weld 

! 219 221 220 

! 236 231 242 

! 220,0 

! 236,3 

! 188 184 190 

! 203 201 

187,3 

! 202,0 

I lower I 232 225 223 I 226,6 I 198 186 190 I 198,0 
• shell , , 
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3.4. Additional Measures 

3.4.1. Fracture mechanics verification by large-scale 
testing of vessels. 

3.4.2. Warm prestressing substantiation. 
3.4.3. Improvement of materials for new designs. 
3.4.4. Additional investigation of change of material 

properties under irradiation. 
3.4.5. Development of the methods for evaluation of 

fracture toughness of vessel materials using small-size 
specimens. 
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3 . 4 . 1 . Fracture Mechanics Verification by Large-scale 
Testing of Vessels 
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3.4.2. Warm Prestressing substantiation 

The purpose of the investigation was to study the influence 
of different regimes of warm prestressing of pressure vessel 
steels in different states. The following factors were 
investigated: contribution of different mechanisms (residual 
stresses, strain hardening, crack tip blunting) into the 
enhancement of the brittle fracture resistance of steels after 
warm prestressing; stability of warm prestressing positive 
effect during subsequent exposure of those steels to different 
service loading conditions; size effect on optimal regimes of 
thermomechanical prestressing and on the brittle fracture 
resistance characteristics of the steels studied after warm 
prestressing. 

The fracture toughness temperature dependences of the 
materials studied which govern the choice of the warm 
prestressing temperature and loading regimes were determined in 
the service temperature range (293 — 573 K). 

After constructing initial fracture toughness temperature 
dependences the specimens were subjected to warm prestressing 
and subsequent final fracture. 

1. Heating up to the temperature Tj_: loading up to K^ < 
Kc( Tl) where Kc(Ti) is the critical SIM at the temperature T^; 
total unloading, cooling down to the temperature T3, fracturing 
at K3 = Kf(T3) where Kf(T3) is the critical SIF after warm 
prestressing at T3. 

2. Heating up to Tj_, loading up to K^ < Kc(T],); partial 
unloading down to K2; cooling down to T3; fracturing at K3 = 
Kf(T 3). 

3. Heating up to T^; loading up to K^ < KQ(TI); cooling 
down to T3; fracturing at K3 = Kf(T3). 

The specimen size effect investigation was performed for 
steels 15Kh2MFA(III), 15Kh2MFA(II) and 15Kh2NMFA, respectively. 
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Investigation of the influence of the crack length 
andconfiguration was performed. For the steels studied the crack 
length and shape have practically no effect on the fracture 
toughness in the upper shelf of the fracture toughness 
temperature dependence. At the same time, in the lower shelf and 
in the transition region the critical SIF values for specimens 
with a long through and a short surface cracks may deviate 
bothways. 

The problem of the warm prestressing regime effect on 
fracture toughness characteristics has been most extensively 
studied on 25 mm thick specimens of the 15Kh2MFA(II) steel with 
a lOKhMFT weld. 

150 mm thick specimens were tested after small-size 
specimen test results had been analyzed in order to confirm the 
most important conclusions obtained from the analysis. 

The brittle fracture resistance of the materials studied is 
shown to be practically independent of the fact whether 
warmprestressing was performed with complete, partial unloading 
or without it. 

The influence of cyclic loading after static warm pre
stressing was studied in tension of 50 mm thick CT specimens of 
steel 15Kh2MFA(II). The investigations revealed that in the 
absence of fatigue crack growth onset in the 15Kh2MFA(II) steel 
under cyclic loading (N = 200 cycles) a certain reduction in the 
fracture toughness occurs after warm prestressing. 

The influence of warm prestressing regimes on the 
enhancement of the brittle fracture resistance of embrittled PWR 
shell steels was studied at such temperatures, specimens and 
crack shapes and sizes that make it possible to obtain fracture 
toughness characteristics K c and Kf which are very close to 
the characteristics of structural strength. The warm 
prestressing is shown to have a stable positive effect on the 
brittle strength of PWR shell steels. 
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3.4.3. Improvement of Materials for New Designs 
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4. STEAM GENERATOR COLLECTOR INTEGRITY 

4.1. The Reasons for Collector Damages 

Since 1980 the Units with WER-1000 reactors have began to 
be put into operation. The Units have been equipped with PGV-
1000 (1000M) steam generators of the horizontal type which are 
the progress of the previous horizontal steam generator of WER-
210, WER-365, WER-440 designs. 

As of November 1993, 19 units with WER-1000 of the gained 
operating experience above 70 reactor-years are in operation 
incorporating 76 PGV-1000. 

The PGV-1000V steam generator is a horizontal type which is 
different from the vertical type used in western countries. The 
design feature of the PGV-1000 (as in PGV-440) is the axial 
asymmetry of the perforated zone that result from the heat 
exchanging tube layout within the accepted overall dimensions of 
the SG body. Such asymmetry creates the non-perforated section 
"wedge" projecting into the perfo-ration zone. For the PGV-1000M 
collectors and body the stron-ger pearlitic steel 10GNMFA was 
used instead of steel 08Khl8NlOT. 

For the period of 1986-1991 some Units suffered from the 
damaged SGs that were to be replaced earlier than the 
established design time. 

Reasons for damages to the SG "cold" collectors have been 
investigated by the high skilled specialists and institutes and 
the measures on improving the SG operational reliability and 
life have been developed and implemented. 

The reasons for collector damages appear to be very 
different: cumulative attack of corrosive medium and stresses 
onto the collector metal having tendency to corrosion cracking 
with small strain rates at workingtemperature of the "cold" 
collector. Each effecting factor separately is not able to cause 
the damage of the kind that have occurred in the "cold" 
collectors. 
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4.2. Measures Taken to Improve the PGV-1000 Reliability 
and Life 

1. Change over from the header metal 10GN2MFA melted in 
open hearth furnace to the one produced by electric slag 
melting. It is introduced to purify the metal and to reduce the 
Tk 0 from +15 degr.C to -10 degr.C. 

2. Header loosening. Introduced at Mai.ufacture's and at 
NPPs. Effectivity service life prolongation is within 1.1-1.4. 
Residual process stresses (cyclic included) are reduced by half 
(from 855 to 435 MPa). Done at all SGs. 

3. Heat exchanging tubes are additionally expended, before 
they are put into operation. It has been performed at plants and 
at NPPs. Procedure effectivity is estimated as 1.5-2.5 times 
service life prolongation. 

4. "Wedge smoothing" effectivity is estimated to be the 
stress concentration factor reduction by 15 %. 

5. Header low-temperature heat treatment. Effectivity is 
estimated within 2.5-8 times service lite prolongation if it is 
performed before the unit is put into operation. LTHT also 
positevely affects operating SGs. 

6. Elimination of explosive expansion and adoption of 
hydraulic expansion process. Effectivity in terms of service 
life prolongation is estimated as 20-25 times damageability 
reduction. 

7. Stable water chemistry assurance in line the Norms and 
pH being 9.0. The measures would assure 10-12 times service life 
prolongation as compared to the SGs with varying pH with its 
reduction to 4-6. 

8. Ligament integrity control. It is introduced at 
Manufacturer's and at NPPs and performed by apparatus VD-73 NTs. 

9. Usage of stainless steel for the perforated area of 
newly manufactured SG (PGV-1000U) headers. 
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5. MEASURES ON LIFE EXTENSION OF COMPONENTS FOR 
ADVANCED REACTOR PLANTS 
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REACTOR PRESSURE VESSEL 

Improvement of steel and welding material (decrease of the impurity content, 
decrease of the nickel content, Ni < 1.3%) 

Electroslag welding of RPV Bottom is excluded 

Modernization of survey plane program 

Change of the location 

P̂ - CT specimens 

Archive materials 

Decrease of neutron fluence (especially for Wers) 



REACTOR INTERNAL3 

Improvement of coolant flow distribution (perforatioroof bottom of core barrel 
have increased) 

Increase of thickness of the cylindrical part of core barrel 

Improvement of the design of core barrel 

Improvement of the design of baffle 

Decrease of temperature gradiant in metal 



PRIMARY CIRCUIT PIPELINE 

Modernization of design (thermal shield of small nozzles) 

Change of technology of welding 



UPPER UNIT 

Measure^to exclude corrosion and erosion of nozzles of control and protection 
system 

Change of location of nozzles of temperature control to improve possibilities for 
inspection 



CONTROL ROD DRIVE 

New materials for electromagnets to avoid corrosion and to increase service life 

Modernization of electrical equipment, including new cable 



PRIMARY COOLANT PUMP 

Cooling of the components of pump is provided by natural circulation 

Using of water for lubrication and cooling of upper bearing 

Electrical driver has 2 speeds 



- ADDITIONAL INVESTIGATION OF THERMAL AGING OF STRUCTURAL 
MATERIALS DURING LONG-TERM OPERATION 

Substantiation of LBB conception 

New requirements for water chemistry 
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Some Swedish Experiences in the field of 
Nuclear Safety 
Gert Hedner, Swedish Nuclear Power Inspectorate, Box 27106, 102 52 
Stockholm Sweden. 

Presentation to the International Working Group on Life Management of 
Nuclear Power Plants, Vienna 7 - 9 February 1994. 

Safety System Strainer Clogging 

During start-up after an refuelling outage on the 28th of July 1992 of the 
Barseback 2 NPP, an incident occurred. A safety valve was inadvertently 
opened in the containment. The isolation valves closed and the 
containment spray and later the core spray systems were automatically 
activated. Approximately one hour later the containment spray system 
was shut down, because the pressure drop over the suction strainers in the 
wet-well was approaching an unacceptable value. After back-flushing of 
the strainers the containment spray sysstem was reactivated because the 
containment pressure was increasing, but it could be shut off later and the 
plant was brought to a cold shut down condition. 

All safety systems worked as intended. The only problem was the 
clogging of the suction strainers, which according to safety analyses 
should not occur until after ten hours of operation, at the earliest. The 
clogging was due to mineral wool insulation on the piping systems in the 
containment. Insulation was blown down to the wet-well bom directly by 
the safety valve steam jet, and by the containment water spray action. 

Because the strainer clogging occured much earlier than accounted for in 
the safety report, the regulatory authority closed down five similar NPPs 
until the reason for the early clogging was clarified and appropriate 
action had been taken to restore the safety level. 

Laboratory investigations revealed that aged and steam blown insulation 
had entirely different clogging properties than those assumed in the safety 
reports. This experience caused tha utilities to exchange the mineral wool 
insulation for metallic insulation where possible, and to make the spray 
system suction strainers approc 20 times larger. This took approximately 
six months for each plant. 

An extensive laboratory investigation programme was launched. It was 
found that some of the experiements undelying the old safety analysis was 
erroneous, and that also other insulation materials could contribute to the 
rapid clogging of the strainers. 
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Verification of a 20 year old BWR plant. 

Due to the strainer problems indicated previously, the oldest Swedish 
NPP, taken into service in 1973, was shut down for more than six 
months. During that time the radiation level was reduced which made 
manual non-destructive examination of piping below the RPV possible. 
Cracking was found, and in four of six feed-water lines severe cracks 
were found inside the RPV nozzle. These cracks could not be repaired 
from the outside, so all the internals of the RPV would have to be taken 
out. As essential parts of the RPV have not been accessible for NDE, it 
was decided by the utility to make a thorough verification of the RPV at 
the same time. The RPV has recently been decontaminated in order to 
make inspection of the bottom head possible. 100 mm thick radiation 
shields will be used to keep radiation levels acceptable. The inspection is 
about to start. 

The plant will be shut down for some time, so the utility has decided to 
look over all systems to find out what upgrading and backfitting work 
could be done. As the plant is 20 years old it does not comply with 
current standards. Work going on aims at establishing in what respects 
the plant does not meet the intentions underlying the current standards. 
Having decided that an action plan will be presented to the regulatory 
authority. 

PWR vessel head penetration cracks 

After the reports from France of PWR vessel head penetration cracks, the 
Ringhals 2 plant carried out inspection of the vessel head penetrations. 
Five penetrations with cracks on the inside surface in the region of the 
penetration to head weld were found. In one penetration the cracks were 
removed, while in the other penetrations the cracks were located in 
regions where no adverse effects were anticipated. At the 1993 outage the 
penetration to head welds were inspected, and a major manufacturing 
defect was found in one penetration. Analysis showed that the flaw could 
be accepted for further operation during at most two years, provided that 
the crack was protected from the reactor water environment. A 
protective sleeve was put on the penetration, and the plant resumed 
operation. 

Concrete containment tight plate corrosion. 

In 1993 the Barseback 2 BWR plant did notsatisfy the leak rate 
requirement at.a routine containment tightness test Inspection showed 
that the tight plate of the concrete containment had local corrosion attacks 
in the vicinity of pipe penetrations. In one location the corrosion had 
created a hole in the tight plate. The root cause was erroneous concrete 
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work, which had left cavities with water and sponge-structured concrete. 
The high pH environment normally obtained in concrete was not 
established, and corrosion could occur. 

A program to establish inspection methods for concrete containment 
integrity has been initiated. 
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1. GENERAL POINTS 

OPERATING STATIONS IN THE UK INCLUDE: 

MAGNOX 
AGR 
PFR 

TWO MAGNOX STATIONS (CALDER HALL, 
CHAPELCROSS) ARE OPERATED BY BRITISH 
NUCLEAR FUELS. THE REMAINING MAGNOX 
STATIONS ARE OPERATED BY NUCLEAR 
ELECTRIC. 

TWO AGR STATIONS (HUNTERSTON B, TORNESS) 
ARE OPERATED BY SCOTTISH NUCLEAR. THE 
REMAINING AGRs ARE OPERATED BY NUCLEAR 
ELECTRIC. PFR IS OPERATED BY AEA 
TECHNOLOGY. 

AT THE END OF 1993, 48% OF SCOTLAND'S 
ELECTRICITY WAS GENERATED BY NUCLEAR 
POWER AND 28% OF THAT USED IN ENGLAND 
AND WALES. 
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SIGNIFICANT DEVELOPMENTS OVER THE PAST 
TWO YEARS INCLUDE: 

MAGNOXiLIFE EXTENSION OF BRADWELL 
APPROVED UP TO 40 YEARS. 

LONG TERM SAFETY REVIEWS (LTSRs) 
COMPLETED ON HINKLEY A, 
DUNGENESS A AND SIZEWELL A. 
THESE ARE THE BASIS OF THE CASE 
TO EXTEND LIVES OF THESE 
REACTORS FROM 30 TO 40 YEARS. 

TRAWSFYNYDD SHUT DOWN. 

AGR: FUEL ROUTE PROBLEMS OVERCOME 
LEADING TO SIGNIFICANT INCREASE 
IN OUTPUT. 

EXTENSIVE STUDY OF MAINTENANCE 
PROCEDURES LED TO THE 
ESTABLISHMENT OF 3 YEARLY, 
RATHER THAN 2 YEARLY, OUTAGES 
FOR HEYSHAM I, HEYSHAM II AND 
HARTLEPOOL. 

GDAEA 
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(AGR) PERIODIC SAFETY REVIEWS 
(20 YEARS) IN PROGRESS FOR 
HINKLEY B AND HUNTERSTON B. 

PWR: SIZEWELL B ON SCHEDULE - INITIAL 
COMMISSIONING COMPLETE - FUEL 
LOADING IN MAY - FULL OPERATION 
BY END OF 1994. 

PFR: ACHIEVED HIGHEST INCOME IN YEAR 
1993/94. FINAL SHUT DOWN ON 
31/3/94. 
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2. LIFE EXTENSION OF EXISTING NUCLEAR 
PLANTS 

• TWO ISSUES DICTATE THE EFFECTIVE LIFE OF A 
PLANT 

SAFETY AND AVAILABILITY 

• THE LIFE OF A PLANT IS NOT FIXED AT THE DESIGN 
STAGE, ALTHOUGH \ MINIMUM EXPECTED LIFE IS 
INDICATED - 'DESIGN LIFE' 

FOR EXAMPLE IN THE UK: 

PLANT DESIGN LIFE CONSIDERATION 
CALDER/ 

CHAPELCROSS 
15 YEARS PROTOTYPE 

CIVIL MAGNOX 20 YEARS 1st GENERATION 
AGR 25 YEARS GRAPHITE CORE 

LIFE 
| PWR - SIZEWELL 40 YEARS US PRECEDENT 

• IN THE UK, LONG TERM SAFETY REVIEWS ARE 
CARRIED OUT BY THE UTILITY AND SUBMITTED TO 
THE NUCLEAR INSTALLATIONS INSPECTORATE TO 
JUSTIFY EXTENSION OF LIFE BEYOND THE DESIGN 
LIFE - AN 'EVOLUTIONARY' PROCESS. 
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LIFE LIMITING ISSUES 

1. MAGNOX IRRADIATION INDUCED EMBRTTTLEMENT 
OFRPV 

IRRADIATION INDUCED DISTORTION 
OF GRAPHITE CORE 

2. AGR IRRADIATION INDUCED DISTORTION 
OF GRAPHITE CORE 

CREEP RELATED DISTORTION/ 
FAILURE OF HIGH TEMPERATURE 
(>500°C) COMPONENTS 

MATERIAL AGEING 

0AEA 
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3. GROUPS SUPPORTING PLANT AGEING EVALUATION 

TWO GROUPS SUPPORT THE UK NUCLEAR INDUSTRY 
IN RELATION TO PLANT AGEING EVALUATION 

1. STRUCTURAL INTEGRITY ADVISORY COMMITTEE 
(SIAC) 

SET UP IN MID 1980's AT REQUEST OF NUCLEAR 
INSTALLATIONS INSPECTORATE TO PROVIDE 
THIRD PARTY INDUSTRY EXPERIENCE IN LTSR 
PROCESS 

MEMBERS DRAWN FROM VARIOUS INDUSTRIES: 
PROCESS, AEROSPACE, STEEL - PLUS 
EXPERIENCED INDEPENDENT EXPERTS 

SIAC COMMENTS ON AND REVIEWS SUPPORTING 
SAFETY CASE DOCUMENTS FOR THE LICENSEES 

CHAIRMAN: MR R G WARWICK 
(NATIONAL VULCAN NSURANCE) 

SECRETARIAT: NUCLEAR ELECTRIC 
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2. TECHNICAL ADVISORY GROUP ON STRUCTURAL 
INTEGRITY (TAGSI) 

SUCCESSOR TO ^MARSHALL STUDY GROUP' FOR 
PWR RPV ASSESSMENT 

PROVIDES INDEPENDENT SOURCE OF ADVICE ON 
TECHNICAL AND SCIENTIFIC ISSUES 
UNDERPINNING SAFETY EVALUATION OF AGEING 
PLANT 

ALL UK REACTOR SYSTEMS COVERED 

MEMBERS INCLUDE SENIOR UNIVERSITY 
PROFESSORS, TECHNICAL EXPERTS FROM 
INDUSTRY, AND SPONSOR REPRESENTATIVES 
(NE, SNL, BNFL, AEA, MOD, Nil) 

CHAIRMAN: SIR PETER HIRSCH 

SECRETARIAT: AEA TECHNOLOGY 

BOTH GROUPS REPORT ANNUALLY TO THE UK 
GOVERNMENTS ADVISORY COMMITTEE ON 
SAFETY OF NUCLEAR INSTALLATIONS 
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SIAC's CURRENT TOPICS OF INTEREST INCLUDE: 

MAGNOX SAFETY CASES AND THE 
INTEGRITY OF THE RPV 

OXIDATION OF IN-REACTOR COMPONENTS 

REMOTE INSPECTION 

AGEING OF CONCRETE STRUCTURES 

TAGSI's CURRENT TOPICS OF INTEREST INCLUDE: 

THE BEHAVIOUR OF RPV STEELS IN THE 
TRANSITION TEMPERATURE RANGE 

DEFINITION OF THE ONSET OF UPPER SHELF 

APPLICATION OF PROBABILISTIC FRACTURE 
MECHANICS 

MIXED MODE LOADING CRITERIA FOR 
FRACTURE 

CONSTRAINT EFFECTS ON FRACTURE 

DOSE DAMAGE RELATIONSHIPS FOR RPV 
STEELS 

HIGH TEMPERATURE DEFECT ASSESSMENT -
R5 

ISDAEA 
3*1 



4. RESEARCH 

UNDER ITS NUCLEAR SAFETY RESEARCH 
PROGRAMME, THE HEALTH AND SAFETY EXECUTIVE 
(HSE) FUND A NUMBER OF TASKS IN THE PLANT LIFE 
MANAGEMENT AREA. THESE INCLUDE AGR, PWR 
AND GENERAL NUCLEAR SAFETY RESEARCH 
RELATED TASKS. 

AGR TOPICS INCLUDE: 

GRAPHITE CORE INTEGRITY 

AGEING OF PRE-STRESSED CONCRETE RPVs 

HIGH TEMPERATURE CRACKING 

AGEING, FATIGUE AND CREEP FATIGUE OF 
TRANSITION JOINTS 

0AEA 
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PWR TOPICS INCLUDE: 

CONTRIBUTION TO NETWORK FOR EVALUATING 
STEEL COMPONENTS (NESC) USING THE SPINNING 
CYLINDER RIG 

IASCC 

LOCAL APPROACH TO FRACTURE TOUGHNESS 

THERMAL AGEING INDUCED DEGRADATION OF 
FERRITIC MATERIALS 

INSPECTION DEVELOPMENT 

INSPECTION RELIABILITY - HUMAN FACTORS 
- AUTOMATED INSPECTION 

tiDAEA 
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GNSR TOPICS INCLUDE: 

FRACTURE OF VOLUMETRIC DEFECTS 

EFFECTS OF BIAXIAL LOADING ON CRACK 
PROPAGATION 

REMNANT LIFE AND MONITORING OF CABLES 

FAILURE OF SEALS 

ENVIRONMENTAL DEGRADATION OF TRANSITION 
JOINTS 

IGA AND SCC MITIGATION IN STAINLESS STEELS 

CORROSION FATIGUE LIFE PREDICTION AND 
DEVELOPMENT OF EAC CODES 

MICROSTRUCTURAL ANALYSIS OF RPV STEELS 

MINIATURISED TESTING 

NDE OF CONCRETE 

LBB METHODOLOGY 
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WORK CONTINUES IN THE U. S. UNDER 
THE NRC-SPONSORED 

NUCLEAR PLANT AGING RESEARCH PROGRAM 
(NPAR) 
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The Purpose of the Nuclear Plant Aging Research Program is 
'To Identify Problems Which Should be Anticipated as a 

Consequence of Plant Aging*' 

• Evaluate aging and service wear effects that could degrade 
the performance of safety-related electrical and mechanical 
components and systems 

Assess the effectiveness of inspection, surveillance and 
condition monitoring techniques for detecting and trending 
aging 

Recommend maintenance practices for aging mitigation 

Nuclear Plant Aging Research Program Otnl 



The Agmg Program has Studied the Aging-Related Effects 
and Identified Aging Management Practices for a 
Many Safety-Related Systems and Components 

• Valves 
• Motor-Operated Valves 
• Relief Valves 
• Check Valves 
• Solenoid-Operated Valves 
• Valve Cavitation/Erosion 
• Air-Operated Valves 
• Main Steam Isolation Valves 

• Pumps 
• Auxiliary Feedwater 
• Low-Flow Operation 
• Turbine Drives & Governors 

Motors 
Chargers/Inverters 
Batteries 
Snubbers 
Transformers 
Diesels 
Cables 
Chillers 
Heat Exchangers 
Instrument Air Compressors 

Systems 
High pressure ECCS 
Residual heat removal 
Auxiliary feedwater 
Service water 
Component cooling water 
Reactor protection 
Containment cooling 
Instrumentation & control 
Control rod drive (PWR&BWR) 
Reactor internals (PWR&BWR) 
Engineered safety feature 
actuation 
Class IE electrical distribution 
Standby liquid control 

(and others) 

Nuclear Plant Aging Research Program ornl 



The Aging Research Program will he Completed in Fiscal Year 1995 

• Efforts during the next two years will primarily involve 
closing out of previously initiated activities 

• Some activities may be covered under other programs 

Nuclear Plant Aging Research Program ornl 



SAG PROGRAM IS PROVIDING EVIDENCE THAT THE CONCRETE 
STRUCTURES CAN MEET FUTURE REQUIREMENTS FOR PROTECTION 

OF PUBLIC HEALTH AND SAFETY 
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STRUCTURAL MATERIALS 
INFORMATION CENTER 

ENVIRONMENTAL STRESSORS/ 
AGING FACTORS 

REMEDIAL MEASURES MATERIAL 
SAMPLING/TESTING 

IN-SERVICE 
INSPECTION 

Documentation developed will provide criteria for NRC staff to 
evaluate requests for continuing the service of nuclear power plants 
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SAG Program is ?rovitiing improved Technical 
Basis for Continued Service of 

Safety-Related Concrete Structures 
* Developed structural materials information center 
* Completed evaluation of models for predicting the remaining 

life of in-service concrete 
* Developed structural aging assessment methodology 
* Completed review of in-service inspection and structural 

integrity assessment methods 
* Completed regression analyses of NDE methods for 

determination of in-place concrete strength 
* Completed survey to identify ISI procedures used by utilities 

for concrete structures, problem areas that have occurred with 
these structures, and effectiveness of remedial programs 

* Completed overview of North American and European repair 
practices for reinforced concrete structures 

* Completed state-of-the-art report on corrosion of metals in 
concrete 

* Developed methodology for reliability-based condition 
assessment and life prediction of concrete structures 

ORNl-DWG 92M-3982AC ETD 
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WORK CONTINUES IN THE U. S. ON 
REACTOR PRESSURE VESSEL TECHNOLOGY 

UNDER NRC-SPONSORSHIP 
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NCR PRESSURE VESSEL INTEGRITY RESEARCH AT ORNL 
INCORPORATES THREE MAJOR DISCIPLINES 

• IRRADIATION EMBRITTLEMENT IS CHARACTERIZED WITHIN 
THE HEAVY-SECTION STEEL IRRADIATION (HSSI) PROGRAM 
(W. R. Corwin, Manager) 

FRACTURE TECHNOLOGY IS DEVELOPED AND VALIDATED 
WITHIN THE HEAVY-SECTION STEEL TECHNOLOGY (HSST) 
PROGRAM (W. E. Pennell, Manager) 

MATERIAL EXPOSURE MEASUREMENTS ARE QUANTIFIED 
AND CORRELATED IN THE SURVEILLANCE DATA BASES, 
ANALYSIS, AND STANDARDIZATION (SDBAS) PROGRAM 
(F. B. K. Kam, Manager) 



HEAVY-SECTION STEEL IRRADIATION PROGRAM 
VALIDATES AND IMPROVES CURRENT METHODS OF 
ACCOUNTING FOR IRRADIATION-INDUCED DAMAGE 

• INVESTIGATION OF IRRADIATION DAMAGE CAUSES AND 
PREDICTION OF EFFECTS 

• VERIFICATION OF CHANGES IN ENGINEERING 
PROPERTIES 

• VALIDATION OF REGULATORY METHODS FOR APPLYING 
EMBRITTLEMENT SURVEILLANCE DATA 

• INTERACTS WITH NIST FOR MATERIALS DOSIMETRY 
NEUTRON FIELD CHARACTERIZATION AND SANS 
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FOCUS OF HEAVY-SECTION STEEL IRRADIATION PROGRAM IS 
TO VALIDATE AND IMPROVE CURRENT METHODS OF 

ACCOUNTING FOR RADIATION-INDUCED 
DAMAGE IN HIGH-COPPER WELDS 

• 5TH, 6TH AND 8TH SERIES DETERMINE CHANGES TO ASME FRACTURE 
AND ARREST TOUGHNESS CURVES 

• 7TH SERIES EVALUATE IRRADIATED CLADDING 

• 10TH SERIES PROVIDE ENHANCED DUCTILE FRACTURE AND INITIAL 
TRANSITION BEHAVIOR DATA ON COMMERCIAL LUS WELD METAL 
INCLUDING IRRADIATION RATE AND SATURATION EFFECTS 

• 9TH PROVIDING BASIS FOR IMPROVED PREDICTIONS OF IAR BEHAVIOR 
AND TO EVALUATE ANNEALING EFFECTS IN SECTION SIZES OF 
RELEVANCE TO RPVS 

• PARALLEL MICROSTRUCTURAL EXAMINATIONS AND MODELING 
ENHANCING UNDERSTANDING OF MECHANISMS AND ALLOWING MORE 
ACCURATE CORRELATIONS AND EXTRAPOLATIONS OF DATA BASE 
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HEAVY-SECTION STEEL TECHNOLOGY PROGRAM 
DEVELOPS AND VALIDATES METHODS TO 

APPLY MATERIALS TEST DATA TO 
VESSEL INTEGRITY ANALYSIS 

• EFFECTS OF SIZE AND GEOMETRY ON FRACTURE 

• ANALYTICAL METHODS AND CODE DEVELOPMENT 
FOR VESSEL INTEGRITY ASSESSMENT 

S • ENGINEERING-SCALE VALIDATION EXPERIMENTS ^ 
\ 

M&C PROVIDES METALLURGICAL EXPERTISE AND 
MATERIALS CHARACTERIZATION 

INTERACTS WITH NIST TO PROVIDE LARGE-SCALE 
FRACTURE TEST CAPABILITIES (LYNN MORDFIN) 
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PTS LOADING PRODUCES BIAXIAL STRESSES IN 
REACTOR VESSEL WALL WITH ONE OF THE PRINCIPAL 

STRESSES ALIGNED PARALLEL WITH TIP OF CONSTANT-
DEPTH SHALLOW SURFACE FLAW 

ORNL-DWG 91M-3466 ETD 
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Essential Features of the Infinite-Length Shallow Flaw 
Geometry and Biaxial PTS Loading are Simulated 

in the ORNL Biaxial Fracture Toughness Test 

ORNL-DWG 92M-3935A2 ETD 
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SURVEILLANCE DATA BASES, ANALYSIS, AND 
STANDARDIZATION PROGRAM 

• MAINTAINS SURVEILLANCE DATA BASE USED BY 
NRC FOR PRESSURE VESSEL LICENSING 

• PROVIDES ANALYSIS OF POWER AND TEST 
REACTOR MATERIALS EMBRITTLEMENT DATA 

• AIDS IN VERIFYING DOSIMETRY METHODS FOR 
STANDARDS APPLICATIONS 

• PROVIDES TECHNICAL BASIS FOR HSSI 
EXPERIMENT EXPOSURE EVALUATIONS 

• INTERACTS WITH NIST FOR MEASUREMENT, 
ANALYSIS, AND STANDARDIZATION ACTIVITIES 
(DALE McGARRY) 
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THE CSNI FRACTURE ASSESSMENT GROUP IS 
UNDERTAKING A SECOND PHASE OF PROJECT 

"FRACTURE ANALYSES OF LARGE-SCALE 
INTERNATIONAL REFERENCE EXPERIMENTS" 

(FALSIRE II) 

• FALSIRE II MOTIVATED BY THE SUCCESSES AND 
DIFFICULTIES REVEALED IN FALSIRE I - FALSIRE I ANALYSTS 
RECOMMENDED CONTINUATION OF THE PROCESS 

• FALSIRE I 
- FOCUSED ON DUCTILE FRACTURE 
- GAVE GOOD AGREEMENT FOR SOME EXPERIMENTS AND 

REVEALED UNCERTAINTIES FOR OTHERS 
- FOCUSED ON SINGLE PARAMETER FRACTURE MODELS 
- HIGHLIGHTED THE IMPORTANCE OF EXPERIMENTS GENERATE 

DATA SUITED FOR FRACTURE ASSESSMENT 
- ILLUSTRATED THE IMPORTANCE OF GETTING THE 

STRUCTURAL ANALYSIS RIGHT BEFORE FRACTURE 
ASSESSMENTS CAN BE MADE 

• FALSIRE II 
- FOCUSES ON CLEAVAGE FRACTURE 
- HAS SELECTED EXPERIMENTS TO HIGHLIGHT A VARIETY OF 

STRUCTURAL RESPONSE CONDITIONS, INCLUDING 
CONSTRAINT AND MULTIAXIALITY 

- EMPHASIS GETTING THE STRUCTURAL ANALYSIS RIGHT 
- FOCUS ON MULTIPARAMETER FRACTURE MODELS 
- BROAD INSTITUTIONAL PARTICIPATION (EVEN BROADER 

THAN FALSIRE I) 
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USA: 

Germany: 
GRS 
IWM 
MPA 
Siemens 

France: 
CENS 
EDF 
Framatome 

Russia: 
Entek 
Kurchatov 
Prometey 
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BCL 
C & A 
CE 
FMC 
NRC 
ORNL 
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Univ. Maryland 
Univ. Leihigh 
Univ. Tennessee 
Zenith 

UK: 
AEA 
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NE 

FALSIRE 
Phase II 

Project period 1993 -1995 
36 organizations from 15 countries 

Japan: 
CRIEPI 
Univ. Tokio 

CSFR: NRI 
Finland: VTT 
Hungary: RIFM 
India: BARC 
Italy: ENEA 
Korea: KINS 
Sweden: SPI 
Switzerland: PSI 
Ukraine: IPS 

03124-02 

Participation in CSNI-Project of PWG 3/FAG organized by GRS and ORNL 
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Abstract 

This document describes the organization and plan for Phase II of the 
Project for Fracture Analysis of Large-Scale International Reference Experiments 
(FALSIRE). Project FALSIRE is organized by the Fracture Assessment Group 
(FAG) of the Organization for Economic Cooperation and Development/Nuclear 
Energy Agency's (OECD/NEA) Committee on the Safety of Nuclear Installations 
(CSNI) Principal Working Group No. 3 (PWG-3). On behalf of the CSNI/FAG, 
the Oak Ridge National Laboratory (ORNL) and Gesellschaft fur Anlagen-und 
Reaktorsicherheit (GRS) have responsibility for organizational arrangements related 
to Project FALSIRE.* The Organizing Committee (OC) of the CSNI/FAG has de
veloped a schedule of events and conducted a detailed review of comprehensive 
problem statements for a set of experiments proposed by five international testing 
organizations to the OC for Phase II of FALSIRE. (The OC consists of H. Schulz, 
Chairman of CSNI/FAG, J. Sievers, and R. Bass.) 

Problem statements were received by the OC from structural testing organi
zations in France, Germany, Russia/Finland, United Kingdom, and the United 
States. The experiments employ a variety of test specimens, test materials, and 
loading conditions. The primary focus of the experiments was on the behavior of 
relatively shallow cracks under conditions that relate to pressurized-thermal-shock 
loading in a reactor pressure vessel (RPV); the effects of biaxial loading and of 
cladding on cleavage fracture were separate topics of study in two experiments. A 
summary of each experiment is included in this report Final versions of the prob
lem statements will form the basis for FALSIRE II in which evaluations of the 
experiments will be performed by an international group of analysts using a variety 
of structural and fracture mechanics techniques. Following reviews and discus
sions with the authors of the problem statements, the OC elected to accept all of the 
experiments for FALSIRE n. A schedule was adopted that calls for distribution of 
the completed problem statements to participating analysts to begin in September 
1993. To publicize FALSIRE II internationally, a two-page, call-for-participarion 
announcement will be prepared for distribution at the American Society of 
Mechanical Engineers (ASME) Pressure Vessel and Piping (PVP) and Structural 
Mechanics in Reactor Technology (SMiRT) conferences to be held in the summer 
of 1993. Future plans call for participating analysts in FALSIRE II to submit anal
yses of the reference experiments in June 1994 in preparation for a FALSIRE II 
Workshop scheduled for the fall of 1994. It is anticipated that a final report on 
FALSIRE II will be prepared and published as a U.S. Nuclear Regulatory 
Commission (NRC) NUREG report. 

Project FALSIRE 

Project FALSIRE is sponsored by the FAG of CSNI/PWG-3. On behalf of the 
CSNI/FAG, ORNL and GRS have responsibility for organizational arrangements related to Project 
FALSIRE. Motivation for the project was derived from recognition by the CSNVPWG-3 that in
consistencies were being revealed in predictive capabilities of a variety of fracture assessment 
methods. As a consequence, the CSNI/FAG was formed to evaluate fracture prediction capabili
ties currently used in safety assessments of nuclear components. Members were from laboratories 
and research organizations in Western Europe, Japan, and the United States. 

*ORNL participation is sponsored by the U.S. Nuclear Regulatory Commission through RPV International 
Program Support: GRS participation is sponsored by the German Ministry of Research and Technology (BMFT). 
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To meet its objectives, the CSNI/FAG planned an international project to assess various 
fracture methodologies through interpretive analyses of selected iarge-scaie fracture experiments. 
A survey of large-scale experiments and related analyses was given at the first meeting of the group 
in May 1988 at Stuttgart, Germany. Priority was given to thermal-shock experiments to include 
combinations of mechanical and thermal loads. Reference experiments were selected by the 
CSNI/FAG at their second meeting in August 1989 at Monterey, California, for detailed analysis 
and interpretation. (The reference experiments and testing organizations are given in Table 1; de
tailed descriptions of the experiments are given in Ref. 1.) Before the 1989 Monterey meeting, the 
CSNI/FAG established a common format for comprehensive statements of these experiments in
cluding supporting information and available analysis results. These statements formed the basis 
for evaluations of the experiments that were performed by an international group of analysts using 
a variety of structural and fracture mechanics techniques. Based on the CSNI/FAG problem state
ments, 37 participants representing 19 organizations performed a total of 39 analyses of the ex
periments. A 3-day workshop was held in Boston, Massachusetts, during May 1990, at which all 
participating analysts examined these evaluations in detail. 

Using results from the workshop, ORNL and GRS jointly completed a final report on 
Phase I of Project FALSIRE that is being published by GRNL as a NUREG report.1 Generally, 
results presented in the report highlight the importance of adequately modeling structural behavior 
of specimens before performing fracture mechanics evaluations. Applications of the various 
single-parameter fracture methodologies were found to be partially successful in some cases but 
not in others. Based on these assessments, some conclusions concerning predictive capabilities of 
selected ductile fracture methodologies, as applied to RPVs subjected to PTS loading, were given 
and recommendations for future development of fracture methodologies were made. Finally, pro
posals for follow-on work in the context of a Phase II of Project FALSIRE were included in the 
report. 

FALSIRE II 

Following completion of Phase I of Project FALSIRE, several participating organizations 
indicated a desire to proceed with further evaluation of fracture mechanics analysis methods in a 
Phase II program. Stimulated by somewhat unfavorable results from analyses of the PTSE-2 ex
periment in Phase I, it was proposed in Ref. 1 that FALSIRE II should emphasize experiments that 
focus on behavior in the transition temperature region of relatively shallow cracks subjected to 
combined thermal and mechanical loading. If possible, experiments for which cracks showed two 
stages of extension (e.g., stable crack extension followed by unstable extension) should be in
cluded. Investigations of crack extension in connection with clad surfaces should also be included. 

In 1992, a proposal was made to CSNI/PWG-3 by the chairman of CSNI/FAG to initiate 
planning for FALSIRE II. After obtaining approval from CSNI/PWG-3, the OC of CSNI/FAG 
contacted informally several international organizations to request preliminary information on a 
new set of candidate experiments for possible use in FALSIRE II. These organizations are listed 
in Table 2 along with the candidate experiments that were subsequently proposed by each organi
zation. (A description of the experiments is given in the following section of this report.) 

During May 1993, each of the organizations in Table 2 provided detailed information on the 
candidate experiments to the OC of CSNI/FAG using the special problem statement format devel
oped by the CSNI/FAG during Phase I of FALSIRE; a sample problem statement is included in 
Appendix A of Ref. 1. The format of the problem statement consists of 16 pages of questions that 
are intended to provide information on a full range of topics, including the following: 

1. general information, including the cognizant contact for the organization performing the 
experiment, 

2. testing facility, 
3. specimen geometry, 
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4. material, physical, and fracture properties, 
5. loading conditions, 
6. instrumentation, 
7. test data and experimental results, 
8. available analysis results, and 
9. comparison of experimental and analysis results. 
The preliminary draft problem statements provided by the testing organizations listed in 

Table 2 were examined in considerable detail by the OC for clarity, completeness, and compatibil
ity with FALSIREII objectives. Contingent upon certain modifications to the statements being 
completed satisfactorily, the OC elected to accept all of the experiments in Table 2 for FALSIRE II. 
The final version of these problem statements will provide the basis for evaluations to be per
formed by the analysts participating in FALSIRE II. 

In addition, it was decided to tentatively include the second ORNL pressurized-thermal-
shock experiment, PTSE-2, in FALSIRE n. As indicated in Table 1, the PTSE-2 experiment was 
utilized previously in FALSIRE L However, all of the finite-element analysis results for PTSE-2 
in FALSIRE I proved to be unfavorable; estimates of crack-mouth opening displacement substan
tially underpredicted the measured data for the first phase of stable tearing (see Ref. 1). 
Subsequent to die FALSIRE I workshop, additional analyses2 were performed to examine in more 
detail some of the possible explanations for die differences in predicted and measured structural re
sponse. It is die hope of the OC that a second round of analyses in FALSIRE II, utilizing addi
tional measured data as proposed in Ref. 2, will further advance the understanding of events in die 
PTSE-2 experiment. 

To publicize FALSIRE II internationally, the OC decided to prepare a two-page, call-for-
participation announcement that would be available for the ASME Pressure Vessel and Piping 
Conference in July 1993 and for die 12th International Conference on Structural Mechanics in 
Reactor Technology (SMiRT) in August 1993. The announcement will describe the objectives and 
schedule for FALSIRE II and will include a form to allow prospective participants to declare dieir 
intentions to the OC by return mail. 

Future steps for FALSIRE II essentially follow the format used for FALSIRE I. The com
pleted problem statements for each reference experiment will be distributed to participating analysts 
beginning in September 1993. The analysts will be requested to submit results of their analyses to 
die OC in June 1994. At that point, the OC will initiate a compilation of analysis results for distri
bution at a workshop on FALSIRE II tentatively planned for the fall of 1994. Plans for the pro
posed FALSIRE II workshop having to do with funding, location, and specific dates cannot be 
specified at this time. Finally, it is anticipated that a final report on FALSIRE II would be prepared 
and published as an NRC NUREG report. The complete schedule of events for FALSIRE II is 
summarized in Table 3. 

Summary of Proposed FALSIRE II International Reference Experiments 

This section provides a brief summary of each reference experiment selected for FALSIRE 
II and listed in Table 2. These summaries are not intended to be comprehensive but to provide 
some available information on specimen geometry, test material, loading conditions, experimental 
results, and a bibliographic reference for each experiment. Information on the experiments is 
based on preliminary problem statements and supporting documents provided to the OC by the 
cognizant organizations. It should be noted that information from the above-mentioned categories 
was not uniformly available at the same level of detail for all experiments. ConsequenUy, empha
sis on certain features varies among the individual summaries. Tables 4 and 5 further summarize 
the objectives and relevant features of each of the experiments. 
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AEA Technology—Fourth Spinning Cylinder Test (SC-4) 

The Spinning Cylinder project at AEA Technology, Risley, is concerned with investigation 
of fracture behavior in thick-walled test specimens under severe thermal-shock and simulated pres
sure loading conditions. A special test rig was constructed at Risley to produce the appropriate 
loading conditions. Pressure loading is simulated by rotating the cylinder about its own axis; the 
generated hoop stress distribution resembles that in a large-diameter pressurized vessel. 
Specimens can be heated to 350°C and rapidly cooled on the inside surface using a water spray 
system. According to researchers at Risley, the design insures uniformity of cooling and very high 
heat transfer coefficients at moderate speeds. 

A series of large-scale experiments have been conducted in the Risley spinning cylinder 
facility. Tie first three were concerned with fully ductile upper-shelf fracture; as indicated in Table 
1, two of diese experiments were used in Phase I of Project FALSIRE. The fourth spinning cylin
der experiment (SC-4) was an investigation into transition fracture behavior under contained yield 
in a thick-section, low-alloy steel structure subjected to severe thermal shock. The stated objec
tives of SC-4 and the associated fracture analysis and material characterization programs were 

• to determine the toughness near the inner surface of a thermally shocked thick-walled 
specimen in which the material yields near the quenched surface, 

• to compare die measured toughness with the transition toughness curve determined 
from standard test specimens, 

• to evaluate the methods used in the assessment of part-penetration defects under severe 
thermal shock conditions when the elastically calculated peak stresses exceed yield, and 

• to provide information concerning the arrest of a cleavage fracture. 
The test was performed on a specimen extracted from a steel forging with the chemical 

composition of A508 Class 3 steel which was given a nonstandard heat treatment to provide suit
able mechanical properties for test .purposes. The reference nil-ductility transition temperature 
(RTNDT) was reported as >100°C. 

Figure 1 depicts the test specimen containing two semicircular defects at me inner surface, 
which were oriented in an axial plane, located halfway along the length of the cylinder and sepa
rated by 135°; both were fatigue precracked. Two sizes of defect (40 and 60 mm radii) were pro
duced to maximize the likelihood of achieving the test objectives. 

Twelve strain gauges (weldable type) were situated on the cylinder. Thermocouples were 
deployed to measure the cylinder temperature variations axially, circumferentially, and through the 
thickness. Cylinder speed was measured by three independent devices. On-line monitoring of 
crack growth was provided by the alternating current potential drop (ACPD) method developed for 
use on the quenched surface of the specimen. 

The cylinder was initially stabilized at a mean temperature of 305°C. The test was con
ducted at a low rotational speed (530 rpm), and the thermal shock was generated by water spray 
cooling (~7°C) the inner surface of the preheated cylinder. Crack-tip temperatures were initially 
consistent with upper-shelf fracture behavior. During the test, crack-tip temperatures fell through 
the brittle/ductile transition regime. 

Data collected during the test provided indications of crack growth at each end of the 
40 mm defect. Subsequent destructive examination confirmed this result and revealed growth at 
the ends of the 60 mm defect which had not been detected using the ACPD method. The fracture 
surfaces were similar in several respects (see Fig. 2); first, the cracks grew in an axial direction and 
no growth from the deepest point of either defect was produced; second, the aspect ratios of the 
arrested cracks were approximately the same, with a 6:1 length-to-depth ratio; and third, there was 
a thin (2 to 5 mm) ligament of material extending to, or very close to, the point of intersection of 
the crack with the inner surface of the cylinder. The presence of this unexpected ligament indicated 
that the cleavage initiation site was some distance beiow the surface. It also explained the failure of 
the ACPD method to detect growth of the 60 mm defect where the ligament was thickest. 
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The locations of the cleavage initiation sites have been established by examination of the 
fracture surfaces. These data have been used with the temperature data and the results of three-
dimensional, elastoplastic, finite-element analyses to evaluate the toughness under large-scale 
conditions. Additional information on the experimental and analytical results for the SC-4 experi
ment is available in Ref. 3. 

Prometey—Sixth Pressurized-Thermal-Shock Test (PTS 1/6) 

Pressurized-thermal-shock experiments are being performed at the Prometey Institute for 
the purpose of investigating the behavior of surface flaws under pressurized-water reactor over-
cooling accident conditions. The stated purpose of the tests is to determine whether a surface flaw 
would be critical as a result of very severe PTS loading and how well this situation can be 
predicted. 

Seven PTS experiments were performed with the same model pressure vessel using five 
different flaw geometries. The primary objective of the sixth experiment was to produce crack ini
tiation and arrest under PTS loading as well as VVER-440 material property data for the validation 
of different fracture assessment models. 

The test vessel is depicted in Fig. 3(a). The vessel contained a circumferential weldment at 
the midlength of the vessel. The width of the weld was determined by etching to be 160 mm at the 
outside surface and SO mm at the inside surface. An axial outside surface flaw was located at the 
midlength of the vessel partly in weld and base material. A sharp precrack was made by a special 
technique. The initial crack geometry, presented in Fig. 3(b), is a near semiellipse (a = 38 mm, 
2c = 350 mm). 

The pressure vessel material is VVER-440-type RPV steel 15X2MFA. The Charpy upper 
shelf impact energy was quoted to be ~120 J for weld and base material, although this parameter 
was found to be dependent on distance from the vessel surface. The RTNDT was not available; a 
Charpy energy of 50 J was achieved at 40°C in the weld and at 110°C in the base material. The cir
cumferential weld was made by submerged arc welding using wire Sv-IOXMFT and flux AH-42. 
The vessel was subjected to heat treatment to simulate the radiation embrittlement of the WER-
440-type steel. According to the Prometey Institute, die heat-treatment parameters were given as 
follows: annealing at 1000°C, holding 4 hr, cooling in oil, tempering at 620°C for 10 hr, cooling 
in air. Material properties for the vessel were generated by the Prometey Institute and VTT. 

The temperatures were measured on the outside and inside surfaces of the vessel using 
thermocouples. The strains were measured at selected points on the outside surface using weldable 
strain gages. In addition, the crack-mouth-opening displacement (CMOD) and pressure were mea
sured. All the transducers were set to zero after pressurization and just before the beginning of the 
thermal transient 

The test facility configuration is depicted in Fig. 3(c). The pressure vessel was first heated 
to test temperature using heating resistors. The initial temperature distribution varied along the 
vessel length between 160°C and 393°C. At the same time, the vessel was pressurized by water to 
an initial pressure of 605 bar. Just before the thermal shock was initiated, the heating resistors 
were raised. The vessel was then subjected to a sudden flow of cold tap water around the outer 
surface. Owing to the capacity of cooling water tanks, the coolant flow is effective for only the 
first two minutes, after which the flow rate gradually decreases to zero. 

During the heat-up phase, steam is generated inside the vessel owing to the high tempera
ture. To avoid overpressurization, this steam is allowed to flow out of the vessel. The fact that the 
vessel is not full of water results in nonuniform heat transfer on the inside surface of the vessel 
along the vessel length. Also, the vessel stands with one end on the floor. According to 
Prometey, these two factors contributed to a nonuniform initial temperature distribution in the 
vessel. 
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Cleavage fracture initiation was achieved in the transition temperature region of the base 
material. The final configuration of the arrested crack is shown in Fig. 3(6). Analytical interpreta
tions of the crack run/arrest event in the PTS 1/6 experiment are presented in Ref. 4. 

EDF—Clad Four-Point Bending Beam Tests (DD2 and DSR3) 

An experimental program is under way at EDF to provide data for evaluating different 
methods of fracture analysis used in RPV integrity assessments. Experimental results arc being 
compared with analysis predictions to validate different methods of fracture analysis and to evalu
ate their conservatism. Also, the effects of stainless steel cladding are being examined. The focus 
of these studies is a series of clad beams containing underclad cracks tested in four-point bending. 
The tests were performed at low temperatures (-170°C) to simulate severe radiation embrittlement 
and to investigate the effects of cladding on cleavage fracture in the base material. 

The geometry of the four-point bend-bar specimen containing an underclad crack is shown 
schematically in Fig. 4. The central pan of each beam is A508 class 3 steel; the RTNDT was given 
as -40°C. The fabricated specimen has dimensions of 120 x 145 x 1780 mm, with a 6.0-mm 
(DD2)/4.5-mm (DSR3) layer of cladding on the top surface produced by an automatic submerged-
arc welding process. The cladding is applied in two layers, the first of which is 309L stainless 
steel followed by a second layer of 308L. The beam contains a small semielliptical underclad crack 
with depth of 4.5 mm (DD2)/13 mm (DSR3) and length of 48 mm (DD2)/40 mm (DSR3); the 
crack was generated by fatigue precracking. After die cladding process, a stress relief heat treat
ment is applied at 600°C for eight hours. 

Data collected during the tests are load, load-line displacement (LLD), strains, and tempera
tures. Strains are measured with strain gages placed on the clad surface and on the opposite sur
face of the beam. Temperatures are measured with thermocouples placed on the surface and inside 
the specimen. 

The objective of the tests is to obtain crack instability in the base metal by cleavage fracture. 
With this aim, the tests are performed at very low temperature, about -170°C. Before the mechani
cal test, the beam is cooled with liquid nitrogen such that the temperature is uniform inside the 
specimen after the cooling. The beam is insulated to avoid significant reheating during the fracture 
test. The specimens are then loaded in four-point bending wu'-i a 1450 mm major span and 450 
mm minor span. 

In the DD2 and DSR3 tests, the fracture loads were reported to be 840 and 695 kN, 
respectively. The cleavage fractures initiated in the ferritic base material with no crack arrest. 

Additional information concerning the EDF clad-beam testing program is given in Ref. 5. 

MPA—-Pressurized-Thermal-Shock Tests (NKS-5 and -6) 

Large-scale experiments were conducted on thick-section cylindrical specimens under PTS 
loading at MPA-Stuttgart to investigate crack growth and crack arrest behavior of primary circuit 
RPV materials. The material characteristics varied Tom high-toughness material to low-toughness 
material with a higher nil-ductility transition tempentui-? to simulate end-of-life (EOL) or beyond 
EOL-state. All tests started from in-service conditions and were cooled down to room temperature. 
The test facility at MPA-Stuttgart incorporates a thick-walled, hollow-cylinder test specimen 
welded at both ends to the grips of a 100 MN-tensile testing machine. In addition to an axial ten
sile load, the specimen was loaded by internal pressure (pressurized water at 30 MPa, T = 300°C). 
The merrnal-shock cooling of the specimen inner surface is achieved by spraying cold water evenly 
over the inner surface. 

The temperatures through the wall thickness were measured with thermocouples inserted 
into boreholds. Additional thermocouples, together with strain gages, were applied on the internal 
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and external surfaces of the specimen. According to MPA, the positions of the thermocouples 
allowed the achievement of an even temperature disnitution both in the circumferential and longi
tudinal direction. The CMODs were recorded with clip gages positioned at selected point. 

NKS-5 

Two prefatigued semielliptical cracks (see Fig. 5) with the circumferential angle of 52° and 
each with a maximum crack depth of 27 mm were installed • ~i the specimen NKS-5. The cylindri
cal specimen was composed of low-toughness base material (22 NiMoCr 37) with a shape-welded 
high-toughness external ring of 160 mm thickness made of S3 NiMo 1. The Charpy upper-shelf 
energy was 90 J and 220 J for the base and weld material, respectively; the corresponding RTNDT 
values were quoted as 75 and -30°C, respectively. 

The objectives of the NKS-5 test were to attain unstable crack initiation in the transition 
region of the material and extension of both cracks up to the tough external ring. At the beginning 
of the thermal shock, the temperature was stabilized at 230°C on the inner wall of the specimen. 
The axial load was raised to the maximum of 100 MN at a rate of 3 MN/min just 11 min after 
cooling had started and kept at that level until die end of the test. 

During die test, the cracks initiated in the brittle regime and expanded in a "jump" up to the 
tough weld material. The fracture surface of specimen NKS-5 showed that die cracks propagated 
in cleavage both in the circumferential direction over an azimuthal angle of 220°, as well as in wall 
mickness direction, where they were arrested at a crack depth of 40 mm by die tough welded ma
terial. Inspection of die fracture surface indicated that the crack advanced essentially by cleavage. 
However, an exception was a seam of ductile fracture at the end of the fatigue crack, which can be 
interpreted as a stretched zone. Analytical assessments of die NKS-5 experiment are given in Ref. 

NKS-6 

The purpose of the NKS-6 test was to conduct an experimental and numerical investigation 
of unstable crack propagation and arrest in a very lo\ -toughness vessel material under combined 
mechanical and thermal loading. The test specimen contained a 360° circumferential flaw on die 
inner surface having an average deptii of 37 mm; the flaw was fatigue precracked. As depicted in 
Fig. 6, the crack was located in an inner ring of heat-treated material based on 17 MoV 84, which 
was specially developed by MPA-Stuttgart and referred to as KS22. The specimen also included a 
shape-welded, high-toughness 100-mm-thick external ring of S3 NiMo 1 similar to that used in 
NKS-5. The remainder of the cylinder was manufactured from 20 MnMoNi 55 steel, which is 
similar to A508 class 3. The Charpy upper-shelf energy for die KS22 material is very low (by 
design), estimated to be -30 J. The FATT 50 temperature for the KS22 material was given as 
250°C. 

Conditions prior to the test included an initial temperature of 280°C, internal pressure of 13 
MPa, and an axial load of 25 MN. The combination of internal pressure and axial load resulted in 
Ki values just below the scatter band of the Ki c values of the KS22 material in which the crack 
resided. Subsequent to application of the thermal shock, crack propagation was achieved in the 
specimen in two steps with final crack arrest occurring at the interface of the tougher welded exter
nal ring. 

Two regions with different fracture modes were visible from fractographic examinations. 
The fracture surface immediately adjacent to the fatigue crack indicated predominandy cleavage 
fracture which turned into a completely ductile fracture mode. In accordance with measurements 
on the fracture surface and acoustic emission results, the first phase included a cleavage crack jump 
and arrest corresponding to Aa = 20 mm. Following a quiet phase of a few seconds, crack exten
sion continued with ductile crack growth up to the tough welded material (Aa = 41 mm). On 
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reaching the weld material, no additional crack extension occurred. Analytical assessments of the 
NKS-6 experiment are described in Ref. 6. 

ORNL—Biaxially Loaded Cruciform Beams (BB-1 through -5) 

A testing program to examine the influence of biaxial loads on the fracture toughness of 
shallow-flaw specimens under conditions prototypic of an RPV was begun within the HSST 
Program. Existing data suggest that shallow-flaw specimens under tensile biaxial loading (i.e., 
parallel to the crack tip) will exhibit a toughness reduction compared to shallow-flaw uniaxially 
loaded specimens. Determination of the extent of this toughness reduction is one of the main goals 
of the biaxial fracture toughness program. 

A cruciform specimen with a shallow through-thickness crack was proposed for biaxial 
fracture toughness testing. The specimen, shown in Fig. 7(a), has a cross section of dimensions 
9.1 x 10.2 cm and a straight through-crack of uniform depth 10 mm in the test section. The total 
length of this specimen in the longitudinal or transverse direction, including the test section and the 
loading arms, is 61 cm. Three slots are machined into each arm to minimize diffusion of the load 
around the test section containing the through-crack. The crack is cut between two opposite central 
load diffusion control slots to produce a shallow crack of uniform depth with no singularity on the 
surface. Figure 1(b) shows the profile of the crack and the intr -ction of the crack and the central 
slot The specimen is notched and precracked after the two longitudinal arms are electron-beam 
(EB) welded to the test section. 

The test section of the specimen is fabricated from AS33 grade B class 1 steel plate pre
viously employed in the HSST wide-plate and shallow-crack testing programs. Estimates of 
Charpy upper-shelf energy in the L-T orientation ranged from ~329 J to -350 J; the RTNDT is 
giventobe-35°C. 

Instrumentation is placed on the specimen to monitor CMOD, LLD, surface strain, and 
temperature at various locations. A special reaction system was constructed for applying bending 
loads to the arms of the specimen in a statically determinant manner. Loading is applied at midspan 
to the specimen using a square, flat seat having rounded edges and the same planar dimensions as 
the test section. The test section bends into two orthogonal surfaces that contact the seat along the 
outer edges resulting in eight-point bending (or four-point bending for the uniaxial case). 

The HSST Program assigned a total of five cruciform specimens to the development phase 
of the biaxial testing program. These "development" specimens were used to evaluate the per
formance of the test specimen, test fixture, and procedures to develop a test specimen geometry 
suitable for the generation of biaxial fracture toughness data. 

Data from the cruciform specimens were initially compared with data from previous HSST 
shallow-crack tests performed under uniaxial conditions. Several of the uniaxial shallow-crack 
tests were conducted at T-RTNDT of-10°C, which is in the transition region of the deep-crack 
toughness curve for A 533 Bf The test temperature for the cruciform specimen tests was -45°C; 
therefore, the normalized temperature (T-RTNDT) was -10°C. 

Of the five development specimens, four were tested under biaxial loading and one was 
tested under uniaxial loading. The uniaxially loaded cruciform specimen allows comparison with 
previous uniaxial shallow-crack specimens under identical test conditions (crack depth, tempera
ture, etc.) Testing cruciform specimens in both uniaxial and biaxial loading configurations will 
allow toughness values to be measured with only one test condition changed, namely, the out-of-
plane loading. 

Based on pretest finite-element analyses, a biaxial load ratio of 0.6:1 (transverse bending 
load:longitudinal bending load) was selected for testing in the development phase of the program. 
All five specimens tested in this phase gave consistent results. The critical fracture load for each 
specimen was approximately the same, but the uniaxial specimen withstood substantially more de
formation at failure than did the biaxial specimens. The plastic "work" at the crack tip, determined 
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from the load vs LLD or load vs CMOD curve, was a factor of 3 greater for the uniaxial specimen 
than for the biaxial specimens. Because American Society for Testing and Materials standards arc 
not appropriate for the cruciform geometry, three-dimensional, elastic-plastic, finite-element 
posttest analyses were necessary to estimate the fracture toughness. The posttest finite-element 
analyses were used to determine T|-factors from which the toughness value of each test was esti
mated. A complete assessment of these analyses is given in Ref. 7. 

Test BB-4, with a biaxial loading ratio of 0.6:1, was selected for FALSIREII by the OC. 
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Table 1. Large-scale fraaure experiments analyzed in Phase I of CSNI/FAG Project FALSIRE 

Experiment0 Organization Testing Country 

NKS-3 Materialpriifungsanstalt (MPA), 
Universitat Stungan 

Germany 

NKS-4 MPA, Universitat Stuttgart Germany 

PTSE-2A 
PTSE-2B 

ORNL 
ORNL 

U.S. 
U.S. 

SC-I AEA Technology, Risley U.K. 

sc-n AEA Technology, Risley U.K. 

Step B PTS Japan Power and Engineering 
Inspection Corporation (JAPEIC) 

Japan 

"Descriptions of the experiments and comparative FALSIRE assessments are given in Ref. 1. 

Table 2. Large-scale reference fracture experiments proposed for FALSIRE JJ 

Experiment Organization Testing Country 

Thick cylinder, thermal/centrifugal AEA Technology, Risley U.K. 
load (SC-4) 

Thick cylinder; thermal/pressure Central Research Institute of Russia 
load (PTS 1/6) Structural Mechanics (Prometey)0 

Technical Research Center of Finland 
Finland (VTT)6 

Clad beam; isothermal/uniaxial bend Electricity de France (EDF) France 
load(DD2,DSR3) 

Thick cylinder, thermal/pressure/ MPA, Universitat Stungan Germany 
tension load (NKS-5, NKS-6) 

Cruciform beam; isothermal/biaxial ORNL U.S. 
bend load (BB-4) 

"Organization performing test. 
^Organization performing analysis. 
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Table 3. Schedule of events for Phase II of CSNI/FAG Project FALSIRE 

December 31. 1994 OC distributes inaugural FALSIRE newsletter, 
including mailing list and participant response 
form 

February 1,1994 Participants submit response forms to OC 

April 1, 1994 OC distributes 1-page reminder concerning 
submission of structural analysis results from 
participants 

April 15, 1994 Participants submit summaries of structural 
analysis results to OC 

May 1994 OC meets to review (1) progress in Phase IL and 
(2) structural analysis results submitted by 
participants 

May 31,1994 OC distributes second FALSIRE newsletter 

June 30, 1994 Participants submit summaries of fracture 
mechanics assessments to OC 

July-September 1994 OC compiles analysis results submitted by 
participating analysts 

September 15,1994 OC distributes third FALSIRE newsletter 

October (last week) or 
November (first week) 1994 

OC hosts Phase U FALSIRE Workshop for 
participating analysts in Atlanta, Georgia 

October 1995 OC completes preparation of Phase II 
final report 
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Table 4. Summary ot test objectives of large-scale experiments used in FALSIRE n. 

Experiment (place) Objective 

SC-4 
(AEA Tech., U.K.) 

PTSI/6 
(Prometey, Russia) 

DD2.DSR3 
(EDF, France) 

NKS-5 
(MPA, Germany) 

NKS-6 
(MPA, Germany) 

BB-4 
(ORNL, U.S.) 

Investigate transition fracture behavior for surface cracks 
in thick-section steel specimen under thermal shock load
ing conditions. 

Investigate crack initiation and arrest of a shallow-surface 
crack in a bimaterial thick-section steel specimen under 
PTS loading conditions. 

Investigate cleavage initiation of shallow underclad cracks 
in clad beams subjected to four-point bending. 

Investigate unstable crack propagation in transition region 
of two symmetrically placed surface cracks in thick-section 
steel specimen under PTS loading conditions. 

Investigate unstable crack propagation and arrest of fully 
circumferential crack in low-toughness vessel material in 
thick-section steel specimen under PTS loading 
conditions. 

Investigate influence of biaxial loading on cleavage frac
ture toughness of shallow cracks using biaxially loaded 
cruciform beam. 

33° 



Table S. Summary of FALSIRE II reference experiments 

Experiment 
(Place) Material1 toughness Loading*^ Crack, specimen4 

geometry Crack growth 

SC-4 
(AEA. U.K.) 

>90J/100°C Thermal shock 
TQ m 305 W c = 7°C 

Two cracks (1 and 2) 
partly axial (max a/t = 
0.2 and 0.3) at the 
inner surface of a 
cylinder (R4 = 500 
mm, t = 200 mm) 

Crack 1: cleavage6 

0-71 mm 
Crack 2: cleavage6 

0-32 mm 

PTS 1/6 
(Promeiey, Russia) 

Base material 
120 J/110°C 

Weld material 
120 J/40°C 

Thermal shock 
T o = 280°C/Tc ; 13°C 

Internal pressure 
(transient) 

Partly axial crack (max 
a/t = 0.25) at the outer 
surface of a cylinder 
vessel (Rj = 340 mm, 
t = 150 mm) 

Cleavage 0-90 mm and 
arrest in base material; 
cleavage 0-13 mm and 
arrest in weld material 

DD2; DSR3 
(EDF, France) 

Not yet available Four-point bending 
at T 0 - -170°C 

Semielliptical underclad 
crack (max a/t = 0.06; 
0.11) in a cladded 
four-point bending 
specimen (cross 
section 120 x 
145 mm) 

Cleavage 

NKS-5 
(MPA, Germany) 

Base material 
90 J/140°C 

Weld material 
220 J/-60°C 

Thermal shock 
T 0 = 230oCyrc=18°C 

Axial tension 
Internal pressure (constant) 

Two cracks partly 
circumferential (max 
a/t = 0.135) at the inner 
surface of a cylinder 
(Ri = t = 200 mm) 

Cleavage in base material; 
depth 13 mm circumf. 
220°; arrest in weld 
material 



Tables, (continued) 

Experiment 
(Place) 

Material1 toughness 
A v

U S/T 50J 
Loading 2 , 3 Crack, specimen4 

geometry Crack growth 

NKS-6 
(MPA, Germany) 

Base material5 

30 j 
Weld material 

220 J/-60°C 

Thermal shock 
T 0 = 280°C/TC = 20°C 

Axial tension 
Internal pressure 

Circumferential crack 
(a/t = 0.185) at the 
inner surface of a 
cylinder (Rj = t = 
200 mm) 

Cleavage 20 mm in base 
material; ductile 
extension 41 mm; 
arrest in weld material 

BB-4 
(ORNL, U.S.) 

L-T orientation 
330 J/-40°C 

T-L orientation 
245 J/-40°C 

Biaxial bending (ratio 0.6:1) 
at T 0 = -45°C 

Straight through-crack 
(a/t = 0.1) in a 
cruciform-shaped 
specimen (cross 
section 91 x UJ mm) 

• 

Cleavage initiation 
preceded by 0.08 mm 
ductile tearing 

l A v

u s = Charpy V-notch upper shelf energy. 
^ = initial crack tip temperature/test temperature. 
3 T C = cooling water temperature. 
4Rj = internal radius, 

t = wall/specimen thickness, 
a = crack depth. 

5Maximum Charpy energy lower than 50 J. 
^Predominantly in axial direction. 
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Fig. 1. Specimen geometry for the fourth spinning cylinder experiment (SC-4; AEA Technology). 
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Fig. 2. Comparison of the fracture surfaces and the ultrasonic profiles for two defects: 
(a) 60-mm crack depth and (b) 40-mm crack depth. 
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Fig. 3. Sixth pressurized-thermal-shock experiment (PTS 1/6; Prometey Institute): 
(a) cylinder geometry, (b) detail of crack plane, and (c) test facility. 
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Fig. 4. Clad bend-bar specimen containing a- underclad crack (DD2 and DSR3; EDF). 
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Fig. 5. Specimen geometry for fifth pressurized-thermal-shock experiment (NKS-5; MPA). 
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Fig. 6. Specimen geometry for sixth pressurized-thermal-shock experiment (NKS-6; 

JU 



22 

DIMENSIONS IN mm 

(a) 
10 Surface Crack 

(b) Section A-A 

Fig. 7. Cruciform bend specimen (BB-1 through -5; ORNL); (a) dimensions of cruciform 
specimen and (b) detail of crack plane. 
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INTRODUCTION 

The WGCS (Working Group Codes and Standards) seeks, inter alia, to promote studies and 

research and development activities for the clarification and building of consensus at Community 

level concerning technical issues of importance in the preparation of EC technical codes and 

standards should the need for them arise. 

Therefore, the Group can : 

draw up a list of codes, standards and regulations related to design, manufacturing materials 

and inspection activities. 

define points of similarity and analyze problems induced by discrepancies. 

define fields for which additional theoretical and experimental data are required. 

While originally motivated by the Fast reactor problems, the Group covered always subjects of 

interest also for Thermal Reactors. Since 1992, the Group's activities have started to cover issues 

specific to LWRs. 

Actually, the WGCS supported by its three expert sub-groups of activities AG1 (Manufacturing and 

inspection in-service), AG2 (Structural Analysis) and AG3 (Materials), focusses on pre-

harmonization activities for all types of reactors and regulatory aspects which are primarily 

emphasized in connection with areas encompassed by the three sub-groups. 

The WGCS is a focal point for dialogue between representatives of the nuclear industry, such as 

electrical utilities, reactor manufacturers and research and development organizations working 

closely to their respective national safety authorities but the Group has not responsibility for 

drafting codes and standards. The latter is, properly speaking, the work being provided by national 

standardization bodies and their technical sub-committees. 

The WGCS meets twice and sub-groups three times per year in order to respectively approve and 

establish two annual programs directed to FBR and LWR. The latter is also discussed and reported 

to the NSWG (Nuclear Safety program Working Group) which is the main group dealing with 

general safety matters in the DGXI framework. 
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The Commission allocates approximately 1 mio ECUs per year supporting study contracts 

conducted by WGCS members. Between 14 and 20 final reports are produced per year and an 

average of 8 reports are published by the Commission. A large participation of members in each 

study in addition to a significant contribution in terms of effort/cost are being required by the 

Commission to balance Community and national needs and ressources. 

Research programs, carried out by the Community and Member States, have traditionally feed back 
the WGCS activities in two different ways consisting of insertion of results into studies and 
adoption of methodologies weakly reflected in usual codes and standards for nuclear components. 

In particular, R & D programs, promoted by the harmonization and related to materials 
manufacturing and inspection like BRTTE, PISC and TELEMAN projects, have strongly impacted 
the work produced by AG1. Also, R & D experimental programs have induced new studies aiming 
at evaluational procedures for elasto-plastic assessment of components. (Benchmarks). 

New challenges appear when Beyond Design Basis Events are taken into account and scenarios 

provoked by hypotetical severe accidents require further analysis in structures designed to contain 

radioactive inventories. 

Furthermore, the recent creation of European networks such as ENIQ, NESC and AMES which 

are encouraged and supported by the Nuclear Safety Directorate of DGXI have and will have an 

impact on activities developed by the WGCS. Several actions induced by ENIQ and AMES, and 

promptly endorsed by AG1 and AG3 resulted in good examples of understanding and coordination. 

Finally, a summary of conclusions, established in some reports which were finalized in 1992, are 

outlined in this paper for the three sub-groups of activity. In addition, two tables summarizing the 

LWR 1992-93 programs are attached to this paper. 
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ACTIVITY 1 : Manufacturing Standards and In Service Inspection 

As usual most of the recent work produced by AG1 has centred on inspection topics. Eight out of 

eleven reports issued in the past year dealt with inspection aspects. 

Following a final report issued by the Group a discussion has taken place on visual inspection using 

fibrescopes. It has been noted that the length of the fibrescope, the purity of the fibres and the 

sheathing have little influence on the result However it is usually important to have many picture 

elements and therefore a large number of fibres. It should also be noted that breakage of individual 

fibres can cause black spots in the image. (2, Al) 

Progress has been made in relation to ultrasonic inspection. The inspection of some austenitic weld 

specimens has been reported.(10, Al) Furthermore an evaluation of advanced methods is in 

progress for ISI applications (RA1-0174-D) and a small contract focused on PISC I, II and III 
results relating to LWR applications could also provide some benefits for inspection of FR 

components. Work is now in hand on a round robin involving seven organisations, although on a 

much smaller scale than the PISC programmes, it should provide results directly relevant to FR's. 

The minimum defect size detectable in austenitic steel components has been discussed and it has 

been suggested that in some cases this may be of the order of 4-5mm; since the uncertainty in size 

may be about 3mm small changes in crack size may be difficult to detect. 

A comparison has been made between standards for FR heat exchanger tubing (austenitic and 

ferritic). It was found that the RCC-MR specifications were generally more stringent than other 

standards in areas of formability, dimensional tolerances and surface finish and also with respect 

to NDE of ferritic tubing. However, the RCC-MR specification for austenitic tubing could be 

improved by the introduction of eddy current testing. (7, Al) 

An update has been carried out of a study previously made in 1977 involving a qualitative 

comparison of National Standards relating to manufacture, testing and quality requirements for the 

construction of FR's. The final report provides a useful comparison document. (1, Al) 
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A previous literature review concluded that crack filling of tight flaws by sodium is likely to be 

detrimental to the detection of these flaws. Experimental work has now been carried out in the this 

area and the preliminary findings are that detection of flaws is not adversely affected by sodium 

filling. 

A survey has been completed of national documentational requirements relating to non destructive 

testing involving radiography, ulstrasonics, surface defects, eddy current examinations, dimensional 

checks, visual inspections and surface finish measurements. Comparisons of the documents proved 

difficult due to lack of consistency and suggestions are made to improve the harmonisation. (9, Al) 
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ACTIVITY 2 : Structural Analysis 

The structural analysis work covers areas such as seismic analysis, inelastic analysis, damage 

calculations, limit loads and defect analysis. Work in the area of defect analysis was presented at 

a joint meeting (AG1/AG2/AG3) on fracture mechanics and it has been concluded that design 

guidance is well developed for austenitic steel at temperatures below the creep range, but further 

work is necessary at temperatures in the creep range; these comments relate to wrought material 

and at present there is a lack of materials data on weldments. 

A second joint meeting on Inelastic Analysis showed that a range of equations are available for the 

calculation of stresses and strain in structures, particularly at temperatures in the creep range. The 

precise equation best used may depend on the conditions in the structure and judgement may be 

necessary in selecting the one which is most appropriate. It was generally agreed that relatively 

simple equations were best provided that they modelled the material behaviour reasonably. 

A study has been completed of the significance of strain limits in design. The codes and 

background giving reasons for fixing the particular limits have been reviewed. It is suggested that 

further work is necessary for setting more appropriate strain limits at temperatures both below the 

creep range and in the creep range. 

The treatment of residual stress in design calculations can lead to apparently unsatisfactory 

situations. A state of the art report in this area is therefore to be welcomed. (4, A2) The report 

details the various methods available for the measurement of residual stresses and the directions and 

magnitudes of residual stresses which may occur in welded joints. The possible influence of 

residual stresses on buckling, stress corrosion, brittle fracture and fatigue is reviewed. 

Some differences exist between the design rules of weldments in France, Germany, Italy and the 

UK. Experimental results have been considered and a comparative analysis of typical austenitic 

welded joints made to quantitatively illustrate the differences in design procedure. (5, A2) It 

concluded that the industrial design practices are safe and generally over conservative. 
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A study has been made of the application of shakedown methods to typical fast reactor cases to 
explore the limits of application and to compare results with assessments carried out according to 
the elastic rules of RCC-MR and ASME Code Case N47. For typical fast reactor structures the 
shakedown methods were found to give a conservative assessment of ratchetting and creep/fatigue 
damage. (6, A2) 

Activity 2 is attempting to highlight particular areas where further work maybe necessary and has 

produced discussion documents on weldment analysis, high temperature defect assessment, dynamic 

analysis, material models and benchmark exercises. 
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AG3 : MATERIALS 

Emphasis continues to be placed on the mechanical properties of structural steels. Most of the work 

relating to the basic properties of wrought Type 316L(N) steel is now complete. However some 

work is still necessary in relation to data collection and analysis of Type 316L(N) weldments, 

wrought modified 9 Cr IMo steel and modified 9 Cr IMo weldments. Slow progress is being made 

in some of these areas because of lack of data. limited tasks are being performed on carbon steel 

as specified for the roof of EFR. Further work is likely to be directed towards environmental 

aspects such as irradiation, thermal ageing and corrosion. 

A limited amount of effort has been directed at collecting and comparing relevant materials and 

testing specifications. During the past year a study has been completed relating to specifications for 

high nickel alloys. (3, A3) In this report the differences in physical properties, mechanical 

properties and chemical compositions defined by the various national and international specifications 

have been highlighted. 

The tensile properties of Type 316L(N) steel over the temperature range RT-800°C have been re

assessed based on the latest data. (1, A3) Comparisons have been made with the minimum and 

average values specified in the RCC-MR design code. Some minor changes to the 0.2% proof 

strength values given in RCC-MR are suggested. In the case of the UTS it appears that the RCC-

MR values quoted at values in excess of 200°C are too high and it is recommended that these 

should be reduced. 

A preliminary report has been issued on the evaluation of lov dose irradiation on the mechanical 

properties of some austenitic steels. (4, A3) A later study will examine this information in greater 

detail. The preliminary assessment indicates that k w dose irradiation can significantly influence 

some properties for example increasing the proof strength and decreasing the stress rupture strength 

and stress rupture ductility. 

The cyclic hardening response of Type 316, Type 316L and Type 316L(N) steels from continuous 

cycling fatigue and creep/fatigue tests has been evaluated. (2, A3) The cyclic stress response under 
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continuous cycling conditions has been shown to be well represented by values given in RCC-MR 

except at 600°C where modified values have been proposed. The cyclic response is often modified 

by the introduction of a hold period and an equation is proposed to take account for this. 

A creep crack growth round robin on Type 316L(N) steel followed by metallographic examinations 

has now been completed. (7, A3) From the common evaluation of these tests recommendations for 

the data evaluations and testing procedures for creep crack growth tests are given. The importance 

of initiation time prior to crack growth both for test data evaluations and engineering applications 

is higlighted. 

A review has been performed of the relaxation behaviour of high strength high temperature bolting 

materials. (6, A3) The objective was to compile and compare the national standards and the 

associated stress relaxation data. The materials covered include 12% Cr steels, austenitic steels, 

precipitation hardening steels and nickel base alloys. The data were found to be sparse and no long 

term stress relaxation data are available for the EFR bolting material Z6 NCT DV 25-15 (A286). 

Future work will be directed to environmental effects such as irradiation and corrosion of LWR 

components. 
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DG XI/D2 - WGCS (LWR programme) 
1993 Programme 

Priorities topics LJE l i l ^ l ^SHHHHMl ' \. I 
1 (a) Qualification of ISI procedures. (ENIQ) 1 Siemens 

AEA, CEA, Framatome, Vincotte, 
JRC, BEL, Tecnatom, Univ. of 

Florence. 

1 lb) Comparisons of fast fracture analysis methods application on test 
cases. 

2 Framatome-Parls 
(Siemens, ...) 

1 (c) Harmonization of cleaning and passivation methods for application 
on SS components. 

3 Belgonucleaire 
(....) 

2(a) The treatment of residual stress in fracture assessment of pressure 
vessels. 

2 AEA Technology 
(D, F, UK) 

3 (a) (R) Comparison of methods for evaluating susceptibility of 
austenitic SS to ICC. 

3 AEA Technology 
(Siemens, CEA) 

4 (a) (R) Comparison of radiographic and ultrasonic examination 
according to RCC-M and KTA (with extension to ASME). 

1 FRAMATOME 
(EdF, Siemens, 

Nuclear Electric) 

(R) reserve proposals. 
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TABLE 1 - INTERNAL REPORTS ISSUED 

1 Ref.No. a) ACTIVITY 1 

1 Qualitative comparison of National Standards which are used tor the 
construction of Fast Reactors in Belgium, France, Great Britain, Italy and the 
Netherlands 

Belgo-Nucleaire 
RA1-000112B 

Sarnoch Merckaert 
Bonaventure 

2 Visual inspection using long fibre-scopes Neratom 
RA1-0133-NL 

de Blieck 

3 Computerised data processing system (Part II) Novatome 
RA1-01310F 

-

A Comparison studies of the periodic inspections of LMFBR plants Belgonucleaire 
RA1-0130-B 

Merckaert 
Bonaventure 

5 Improved methods of continuous monitoring (Pt 1) NNC 
RA1-0170-UK 

Kressman 

6 Transport mechanisms for remote inspection and repair of LMFBRs NNC 
RA1-0172-UK 

Ferer 

7 Inspection and acceptance criteria of ferritic and austenitic heat exchanger 
tubing for LMFBRs 

NNC 
RA1-0176-UK 

Barr 

8 Comparison study of non-destructive testing reports Belgonucleaire 
RA1-0129-B 

Bonaventure 

9 Comparison of methods used for documents storage in operating LMFBR 
power plants 

Belgonucleaire 
RA1-0128-UK 

Merokaert 
Bonaventure 

,0 Ultrasonic examination of austenitic specimens at Harwell AEA Technology 
RA1-0122-UK 

Collett 
Hawkes 

11 Flaw acceptance criteria Pt IV Ansaldo 
RA1-0115-I 

Alicino 
Capurro 
Corvi 
Reale 
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b) ACTIVITY 2 

1 Simplified elastic plastic methods of analysing fatigue in notches CEA 
RA1-0113-F 

Autrusson 

2 Comparison between Brussels Diagrams and Construction Codes Ansaldo 
R1-0114-1 

Cornaggia 
Lazzaretti 

3 Simplified elastic fatigue analysis of smooth specimens Siemens 
RA1-0150-
C 

Hubel 

4 State of the art regarding the problem of residual stresses in welds in LMFBR components CISE 
RA1-0145-I 

Angelis 
Sampietri 

5 Comparison between analytical and experimental methods for enforcing design rules for welds 
(Pt I. Ptll) 

Framamtom 
e 
RA1-0137-F 

- 12 -Borazz 
0 

6 Practical application of shakedown design method for Fast Reactor structures in 316UN) steel NNC 
RA1-0163-
UK 

Sinclair 
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c) ACTIVITY • 

1 Derivation of strength values for Siemens Type 316UN) steel for allowable design stresses Siemens 
RA1-0178D 

te Heesen 
Livesey 
Aubert 
Lehmann 

2 Cyclic hardening behaviour of austenitic stainless steels Siemens 
RA1-0140-D 

Stark 
Livesey 
Mottot 
Tavassoli 
Reger 

3 Comparison of material property specifications for high nickel alloys Belgonucleaire 
RA1-0177-B 

Lefebvre 

4 Evaluation of the effects of low dose irradiation on the mechanical properties of structural steels AEA Technology 
RA1-0143-UK 

Livesey 
Ohly 
Tavassoli 

5 Behaviour of short fatigue cracks in Austenitic Stainless steels: Part 1: Literature review Siemens 
RA1-0124-D 

Huthmann 
Picker 

6 Relaxation behaviour of high strength bolting materials Siemens 
RAS1-0123-D 

Ohly 
Livesey 
Aubert 
Bontempi 

7 Creep crack growth behaviour of Type 316L steel. Round robin and post test invesJgations 
including metallurgical examinations 

Siemens 
RAP-071-D 
RA1-0111-D 

Huthmann 
Alamo 
Aubert 
Mottot 
Curbishley 
D'Angelo 

8 Fracture toughness round robin on Type 316L Mod in a thermally aged conditions 

_ — -—-—— _ = = a = = a ^ — — — — a a a a ^ = = e n = 

Siemens 
RA1-0107-D 

Huthmann 
Cornec 
Lucon 
Nicolino 
Ragazzoni 
Van 
Rongen 
Wardle 



DG XI/D2 - WGCCS (LWR programmes) 

1992 Programme 

Title AQ Participants 

Harfacing methods; fabrication and examination standards for stellite, Colmonoy, 
Triballoy and others 

AG1 
<AG3) 

Siemens (NNC, FRAMATOME, EdF) 

Installation and service performance of bolting in NPPs AG1 NNC (Siemens, Tecnatom, Pramatome) 

Simplified inelastic analysis methods in structural dynamics: a study of their 
practical usefulness 

AG2 Politecnico of Mllano (GEC-ALSTHOM) 

Evaluation of effect of neutron irradiation on mechanical properties of PWR 
| internals 

AG3 CEA (FRA, AEA and SIEMENS) 

I Re-circulation of K,„ reference curve of pressure vesso\ materials for fracture 
| mechanics analysis 

AG3 FRAMATOME (AEA, CEA, EdF and 
Slemens-KWU) 



European Action Group on 
RPV Materials Irradiation 
Effects and Studies 

Objectives 

. Validation and establishment of safe limits for irradiation effects, 
mitigation and amelioration measures (annealing, etc); 

. Formulation of a microstructurally based model capable of predicting the 
effect of irradiation, annealing and re-irradiation; 

. Validation of the application of novel techniques, including re
constituting specimens, miniature and in-situ mechanical test procedures 
and also advanced microstructural techniques to RPV condit ion 
assessment for use in the longer term; 

. Act as an European Review Group for this subject area; 

. Maintenance of an European capability for RPV condition assessment 
and remedial action; 

. Participation in collaborative programmes with organisation in the 
former Soviet Union and Eastern Europe;. 

. Advice to regulatory bodies and provision of a base for development of 
common European Standards. 

Major Tasks 

The network will include the following range of activities on material 
studies and expertise: 
. Review the capabilities within its member organisations together with 

the existing knowledge base from previous work programmes. 
. Studies on components other than the Reactor Pressure Vessel e.g. core 

internals. 
. Assess the availability of irradiated and unirradiated materials that might 

be made available for work programmes as well as material that might be 
recovered from operating or decommissioned reactors. 

. Studies on model alloys to improve the understanding of the underlying 
effects for irradiation damage, thermal ageing and annealing. 

. Annealing validation and re-irradiation studies on materials of current 
interest for LWR (Light Water Reactor) systems in Europe and the former 
Soviet Union. 

. Development of microstr-'tural models of irradiation damage, thermal 
ageing and annealing. 

. Studies on other new materials than the only steels used in the old power 
plants. 

. Studies on irradiation and thermal degradation of materials for a new 
generation of reactors. 

. Survey of national Regulatory Requirements and identification of 
existing, planned and required Standards at European level relevant to 
material damage and mitigation methods 
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Those will be allocated to the following groups: 

Taskl: Evaluation of Mitigation Methods of Irradiation Damage 

Task2: Survey of National Regulatory Requirements 

Task3: Identification of Existing, Planned and Required Standards at a Euro
pean Level (relevant to irradiation damage and mitigation methods) 

Task4: Harmonisation of Rules for Defining RPV Material Condition 
(with the aim of reevaluation safety margins where possible) 

Steering Committee (June 1993) 

AEA Technology (UK); TRACTEBEl and CEN/5CK (B); 
MPA Stuttgart and SIEMENS (D); CEA/CEN and EDF (F); VTT (SF); 
TECNATOM (E); ENEA (I); JRC/IAM, DG XVII, DGXI of CEC 

Funding 

Various sources: national programmes, regulatory bodies, utilities, 
CEC programmes and JRC/IAM Support 

Contribution in kind of ail task members. 

Operating Agent 

JRC, Institute for Advanced Materials of CEC in principle with the help of 
national institutions of excellence as required by the tasks: VTT, MPA 
Stuttgart, TRACTEBEL. CEA/CEREM. 

Officers 

. Chairman of the Steering Committee: M.Oavies UK 

. Network Scientific Advisor: C. English AEA, UK 

. Network Manager: S.Crutzen JRC/IAM CEC 

. Network Secretary: U.vonEstorff JRC/IAM CEC 

. Task Chairmen :Task1 K.Torronen VTT.SF 
Task2 R. Gerard TRACTEBEL. B 
Task3 J. Fohl MPA, D 
Task4 P. Petrequin CEA/CEREM, F 

. Members of Task Groups: nomin. by nation, representatives 

Cooperation with non-European Institutions 

NRC, USA (probable) 
Kurchatov Institute (proposed, September 1992). 
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Network for Evaluating 
Steel Components 

Objectives 

The major objectives of NESC will be to organise and manage a research programme 
that would: 

• create an international forum in which information about the processes of structural 
integrity assessment can be exchanged; 

D create an organisation to undertake specific collaborative studies; 
a work towards the use of best practice and support the harmonisation of 

international standards. 

Programme and mator tasks 

A proposal is made by HSE (Health and Safety Executive, UK) for a project (NESC1) 
which would serve to initiate NESC by providing a focused problem for study and 
participation. The project is designed to be of interest to a wide number of 
organisations involved in the safety of PWR pressure vessels. 

The Pressurised Thermal Shock (PTS) transient is considered to be the event which 
poses the greatest challenge to the integrity of the RPV of PWR's and one which has 
a significant influence on their safety. The PTS event is of most concern when the 
vessel has been aged by the effects of irradiation. 

Tasks 

c. 

e. 
f. 

g 
h. 

Procurement and fabrication of a cylinder with cracks and materials properties 
characterisation to simulate a damaged pressure vessel. 
Pre-test inspection by participating organisations using real national IS) tools and 
procedures or acceptable alternatives. 
Pre-test assessment by participating organisations following the route for real 
cracked pressure vessels with detailed account of all steps taken. 
Test of the simulated vessel in the Spinning Cylinder Faality at Risley (AEA 
Technology). 
Post-test Inspection using the ISI procedures as in b. above. 
Re-assessment of the structural integrity using the new information generated 
under e. 
Destructive examination. 
Evaluation of the NDE, loading pre-calculations and structural integrity assessment 
capabilities. 
Reporting and publications. 
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Interested parties from which the Steering Commiltee wM be comprised in September 
1993 

HSE/NII, Nuclear Electric, AEA, UK; MPA Stuttgart, GRS, FRG; Framatome. EDF, 
France; VTT, Finland; Tecnatom, Spain; Ansaido, ENEA, ENEL, Italy; SKI, Sweden; 
Vincotte, Belgium; HSK, Switzerland; ORNL, USA; JRC/TAM of CEC. 

Funding 

Q Important financing of the experimental programme by HSE (NESC1). 
O Various sources: national programmes, regulatory bodies, utitities, CEC 

programme and JRC/IAM Support 
D Essential contribution in kind by participants. 

Operating Agent 

JRC, Institute for Advanced Materials, Petten, NL. 

Officers (to be confirmed! 

Q Chairman of Steering Committee 
Q Vice Chairmen of S.C, 
Q Network Manager 
O Network Secretary/Deputy Manager 

NESC1 Project 

Q NESC1 Project Manager 
D NESC1 Task Groups 
Q Inspection Chairman 

Co-Chairman 
• Materials Chairman 

Co-Chairman 
Q Structural Analysis Chairman 

Co-Chairman 
D Instrumentation Chairman 

Co-Chairman 
Q Evaluation Chairman 

Co-Chairman 

B. Hemsworth Nil, UK 
to be nominated 
S. Crutzen JRC/IAM Petten, NL 
R.C. Hurst JRC/IAM Petten, NL 

J. Wtntfe AEA Techn, UK 

R. Murgatroyd AEA Techn., UK 
P. Lemaitre JRC/IAM Petten, NL 
R. Rintamaa VTT, SF 
U von Estorff JRC/IAM Petten, NL 
S. Bhandari Framatome, F 
S. McAIBster JRC/IAM Petten, NL 
K. Kussmaul MPA, FRG 
J. Hedderty JRC/IAM Petten, NL 
H. Schub GRS, FRG 
R. Hurst JRC/IAM Petten, NL 
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HSE 
H e e l * A Stfay 

Eimiaive 

NESC Network for Evaluating 
Steel Components 

STEERING COMMITTEE <SC) 

Chairman 
Vice Chairmen 
Network Manager 
Deputy Network Manager 
Members 
Project Manager 
Operating Agent 

B.Hemsworth, Nil 
USA.J.EUR 
S.Crutzen.JRC 
R.C.Hurst.JRC 
UK.F.FRG.B.SF.USA,.. 
J.Wintle (AEA) NESC1 
CEC.JRC.IAM 

SENIOR ADVI80RY GROUP (SAG) 

Chairman E.D.Hondros 
Members 

REFERENCE LABORATORY (RL) 

CEC/JRC.IAM 

ARCHIVES GROUP (AG) 

CEC/JRC.IAM 

REFERENCE GROUP (TG) 

CEC/JRC.IAM 

NESC1 Project Sponsor HSE Host AEA 

Project Manager J.Wintle (AEA) 

TASK GROUP CHAIRMAN Co-CHAIRMAI 

TG1 Inspection R.Murgatroyd (AEA) P.Lemaitre 
TG2 Materials R.Rintamaa (VTT) U.von Estorff 
TG3 Structural Analysis S.Bhandari (Framatome) S. McAllister 
TG4 instrumentation K.Kussmaul (MPA) J.Hedderiy 
TG5 Evaluation H.SchuIz fGRS) R.C.Hurst 



European Network for 
Inspection Qualification 

Objectives 

The general objective is to set up a European Network for the coordination 
and management of expertise and resources for the assessment and 
qualification of NDE inspection techniques and procedures primarily for 
nuclear components. 
The primary focus is on the capabilities and limitations of the NDE 
techniques and procedures used as well as on qualification of ISI through 
performance demonstration and other processes. 
The ultimate goal will be the supporting of international codes and 
standards bodies by making available the results (state-of-the-art), technical 
tools, expertises and performance/capabilities demonstration exercises that 
can be sponsored and managed at a European level. 
As a consequence, ENIQ could help in establishing a European attitude 
towa is inspection qualification in general 

Major Tasks 

a. Management at a European level of materials to be used for 
qualification of inspection procedures and for training of inspection 
personnel. This role also involves the advertising of the capabilities of 
the members, the orientation of possible customers and of problems 
encountered by the laboratories of excellence and members of the 
network. 

b. Organisation and management of qualification exercises for inspection 
techniques and procedures on appropriate mock-ups with the possible 
creation of a central bank of specimens. 

c. Fabrication and commissioning of test assemblies. 

d. Support to codes and standards organisations as may be required: 

1. Presentation, interpretation and explanation of results of NDT 
assessment studies (PISC type exercises results) to codes and 
standards bodies. 

2. Elaboration of reference material (calibration and qualification 
assemblies); 

3. Elaboration of technical documents in support of international 
codes and standards. 

e. Support to regulatory bodies such as technical help for usual and 
unexpected problems that may arise in power plants, e.g. due to ageing 
of components. 

/ / / 
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f. Study of the various national positions in cuiup« duoui. impcuiyu 
qualification in view of identifying a common basis for harmonisation. -

g. Contribution to CEC actions in support of requests of Eastern Europe and 
the CSS in the field of !S! and inspection qualification. 

h. Acting as a European accreditation body for qualification'certification 
centres: ENIQ could "approve" the qualification bodies by audit against 
new standards but it would be proposed that both the accreditation 
arrangements and the standards be introduced initially on an informal 
basis. Formal recognition would follow more easily if informal working 
arrangements already existed. 

Steering Committee 
MPA Stuttgart and SIEMENS-KWU. FRG; EDF. France; IVC and Nuclear 
Electric, UK; ENEL, ANSALDO, ENEA, Italy; TECNATOM and Utilities, Spain; 
Sulzer-lnnotech, Switzerland; AV-Electrabel, Belgium; Utilities (Sydkraft), 
Sweden; VTT, Finland; JRC/IAM, DG XVII, DG XI, OG 111 of CEC. 

Funding 

. Various sources: national programmes, regulatory bodies, utilities, CEC 
programmes and JRC/IAM support. 

. Contribution in kind of all task members. 

Operating Agent 

Joint Research Centre (CEC), Institute for Advanced Materials with the help 
of national institutions of excellence, as required. 

Officers 

. Chairman of the Steering Committee: K. Kussmaul MPA Stuttgart, D 

.Vice-Chairman of the S.C.: F.Champigny EDF, F 

. Network Manager: S. Crutzen JRC/IAM CEC 

. Network Secretary: P. Lemaitre JRC/IAM CEC 

.Task Chairmen: to be officialised 
Task 2.1: Qualification of in-service G.Engl SIEMENS, D 
inspection 

Task 2.2: Development of qualification J. Whittle AEA 
approaches for specific reactor Technology, UK 
components 

Cooperation with non-European Institutions 

EPRI, USA (proposed in December 1992) 
IAEA (probable) 
JAPEIC, Japan (proposed February 1993) 
MINATOM and GOSATOMNADZOR, Russia (proposed January 1993) 
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THE PROGRAMS OF PRINCIPAL WORKING GROUP No. 3 
ON REACTOR COMPONENT INTEGRITY 

1. Since the last IWG UUPP meeting in February 1992 Principal Working 
Group No. 3 (PWG-3) has held the following meetings: 

14th meeting Paris 9-10 June 1992 
15th meeting Brussels 2-3 February 1993 
16th meeting Paris 4-5 November 1993. 

Prof. K. Torronen of the Technical Research Centre Finland was elected chairman 
at the 12th meeting March 1991, and Mr. D.-H. Njo of the Swiss Regulatory 
Authority was elected vice-chairman at the 14th meeting in June 1992. 

2. The Republic of Korea (S. Korea) has joined the NEA. They have yet to 
appoint a delegate to PWS-3. 

PWG-3 PROGRAMME 

NON-DESTRUCTIVE TESTING 

3. The Programme for Inspection of Steel Components has been the main 
programme in the area of non-destructive testing (NDE). PISC is a comprehensive 
programme that includes the following actions: 
- real contaminated structures (not taken to completion) 
- full scale vessel tests 
- nozzles and dissimilar metal welds 
- austenitic steel 
- steam generator tubes 
- mathematical modelling 
- human reliability studies 
- support to codes and standards. 

PISC has formed the core of many national research programmes on NDE. 

4. PISC III formally finished December 1993. There is now no budget for 
further experimental work. However much evaluation remains to be done. The JRC 
NDE staff have moved from JRC Ispra to JRC Petten, and this has been one of the 
factors causing delays. JRC Petter. staff will continue to evaluate the results, 
and the target is to issue the final PISC III report at the start of 1995. The 
results to date will be presented at the joint CEC/NEA/IAEA Specialists Meeting 
on NDE at JRC Petten 8-10 March 1994. 

5. PISC III has concentrated on realistic components, and some of the 
results have proved to be less good than hoped. This has led to difficulties in 
the evaluation in some instances, particularly for the steam generator tube 
inspections. Interesting results were achieved in the human reliability studies, 
which were a new field of NDE research. 

6. There is a need for the results of PISC to be transferred to codes and 
standards. This will be a continuing task for PWG-3. The activities relc-vant to 
Inspection Qualification will be transferred to the EC Network ENIQ. 
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FRACTURE ANALYSIS OF LARGE SCALE EXPERIMENTS 
7. At the last IWG meeting there was a report en the first phase of a round 
robin exercise, Fracture Analysis of Large Scale International Reference 
Experiments (FALSIRE). This was organised by the Fracture Analysis Group of 
PW3-3, under the chairmanship of Mr.-Schulz of GRS, with the organisation 
carried out jointly by GRS in Germany and ORNL in the OSA. The tests were 
primarily thermal shock experiments. The first results were discussed at a 
Workshop in Boston, in May 1990. These showed a lot of scatter. The results, 
including reanalyses, were discussed again at the joint IAEA/NEA Workshop on 
Fracture Mechanics Verification by Large Scale Testing, held at Oak Ridge 
National Laboratory, Tennessee, USA, in 26-29 October 1992. At this meeting 
there were lively discussions on new ideas on the improved analyses of crack 
growth including the effect of stress state. 

8. The FALSIRE Phase I results have been published as NUREG/CR-5997, 
ORNL/TM-12307, in June 1993. The Fracture Mechanics Verification Workshop 
proceedings have been published as NUREG/CP-0131, ORNL/TM-12413 in October 1993. 
9. A second phase of FALSIRE is being organised, again by GRS and ORNL. 
There are 36 participating organisations from 15 countries in phase II. The 
countries represented are: Czech Rep , Finland, France, Germany, Hungary, India, 
Italy, Japan, Korea, Russia, Sweden, Switzerland, Ukraine, UK, and the USA. The 
comparative results should be submitted t / June 1994, and will be discussed at a 
workshop in October/November 1994 at Atlanta, USA. The problem statements have 
been contributed by structural testing organisations in France, Germany, 
Russia/Finland, UK and the USA. The primary focus of the experiments is on the 
behaviour of relatively shallow cracks under conditions relating to pressurised 
thermal shock loading in a RPV; the effect of biaxial loading and of cladding 
were separate topics in two experiments. 

REACTOR PRESSURE VESSEL EMBRITTLEMENT 
10. In the autumn 1990 CSNI meeting, PW3-3 was requested to to prepare a 
report on the state of the art of RPV embrittlement. It was noted that this 
activity should be co-ordinated closely with the IAEA, and it was agreed that 
the IAEA and NEA would co-sponsor a meeting on this topic, which was held in 
Paris in September 1993. The papers have been issued as IAEA Working Material, 
and will be issued also as CSNI report NEA/CSNI/R(94)1. A statement on the topic 
will be prepared for the next PWG-3 meeting, in October 1994. 

PIPING STUDIES 
11. A Standard Problem on piping leak rates has been organised by GRS, and a 
draft report prepared. However there were discrepancies in the results, and 
these need to be resolved before the report can be issued. 

12. A Workshop on RCS leak and failure probabilities was held at GRS Koln in 
December 1992. This concluded that there were large variations in the prediction 
of probabilities, and it was decided that GRS would organise a round robin of 
probability estimates of a particular system. 
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OTHER TOPICS 

13. A state of the art report on the use of fracture mechanics in structural 
integrity assessment is being prepared. 

14. A Workshop on the testing of-material from decommissioned reactors was 
planned jointly with CEC JBC, as the CEC has its own programme on 
decommissioning. However the workshop was cancelled due to lack of papers. It is 
believed however that this is a topic of growing interest, and it is planned to 
attempt to organise the workshop at a latei date. 

15. PW3-3 has no programme specifically directed at Plant Life Management, 
but many of its activities are relevant to this, and are co-ordinated with the 
IAEA IWG LMJPP and the NEA PLIM (Plant Life Management) Group. However there is 
a policy of seeking presentations en topics of interest in this area. Those 
topics that have been discussed include: 

- developments in the Swedish ISI code 
- Swedish BWR feedwater nozzle degradation 
- Canadian experience in pressure tube problems 
- SCC in French CRDM penetrations 
- German reactor ageing aspects 
- Belgian reactor aspects 
- German BWR CRACKING. 

FUTURE MEETINGS 

16. The planned future meetings of PWG-3 are: 

17th PWG-3 meeting in Brussels 18-19 October 1994 

CEC/NEA/IAEA Specialists Meeting on NDE in JRC Petten 8-10 March 1994 
NEA has requested to co-sponsor the proposed IAEA Specialists Meeting of Erosion 
and Corrosion in 1994. 

October/November 1994 FALSIRE II Workshop in Atlanta USA. 

BELATED ACTIVITIES 

17. The following are not PWG-3 activities, but are NEA activities related 
to the area of structural integrity generally: 

- the OECD TMI Vessel Investigation Project has finished, and a Final Event was 
held in Boston in October 20-22 1993. The proceedings will be published 
shortly. 

- another OECD-NEA project on the boundary between severe accident research and 
structural integrity research is the proposed Rasplav project, to be executed 
at the Kurchatov Institute ir Moscow. This will study the interaction between 
molten core material and a model reactor lower head. Discussions on setting up 
the project are being held. It would be the first NEA project to be executed 
outside the OECD area. 
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- NUPEC is offering the results of a shaking table test of a reactor building 
shear wall model for a NEA International Standard Problem. The call for 
participation will be issued by NEA soon. 

- NEA is starting to establish a co-operation programme with the NIS and CEECs 
in the area of nuclear safety research. To investigate the possibilities for 
collaboration in the structural integrity area, there will a fact finding 
mission 14-25 February 1994. 
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ASSESSMENT OF SAFETY MARGINS AMD RESIDUAL LIFE 
OF MAJOR NUCLEAR POWER PLANT COMPONENTS 

Objective 
The objective of this report series is to document current practices for the 
assessment of safety margins and residual life of major nuclear power plant (NPP) 
components. The report should also provide information on current inspection, 
monitoring, and mitigation practices for managing aging of these components. 
The underlying objective of this report series is to ensure that the information 
on the current assessment methods and aging management techniques is available 
to all involved, directly and indirectly, in the operation of NPPs in the IAEA 
member states. 
Target Audience 
The target audience includes nuclear power plant operators, regulators, technical 
support organizations, designers, and manufacturers. 
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The report series includes selected major components 
reactor types. This selection is based on current and 
concerns. 

Component 

1. PWR reactor pressure vessel 
(beltl ine. penetrations, closure, nozzles) 

2. PWR Primary piping (Class 1) 
(surgeline. branch lines, p^essurizer spray 
line) 

PWR Primary piping (Clase 1) 
(cast stainless steel, dissimilar metals 
welds, f i t t ings, main loop) 

3. PWR/CANDU Steam generator 
(tubes, tubesheet. shell welds) 

4. PWR Pressurizer 
(lower shell, penetration nozzles, spray 
head) 

5. PWR reactor pressure vessel internals 
(thimble tubes, fasteners-screws and split 
pins, baffles) 

6. ! BWR metal containments 
(embedded portion of metal shell, inspection 
of Mark I and II containments) 

7. BWR reactor pressure vessel internals 
(top guide, shroud, jet pumps, etc.) 

8. BWR reactor pressure vessel 
(internal attachment welds; FW nozzle -
provide Ref.. safe ends) 

9. CANDU pressure tubes 
(hydrogen embrittlement, creep, sag) 

10. CANDU calandria and calandria supports 

of PWR. BWR. and CANDU 
potential aging related 

Report Leader 

11. CANDU primary piping 

12. |In-containment cables 
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