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SUMMARY REPORT 

The 9th regular meeting of the International Working Group on Reliability 
of Pressure Components took place from 18-20 October 1988 at the Agency's 
Headquarters. The meeting was attended by 25 representatives from 19 Member 
States and International Organizations (see Annex I). 

Mr. V. Lyssakov gave his progress report (see Annex II) describing 
activities of the IWG-RRPC since the last regular meeting which took place 
from 10-12 February 1987. It was noted that the group during the reported 
period was active and fulfilled the working plan approved by the 8th regular 
meeting. 

The agenda of the meeting included overviews of the national activities in 
the field of pressure retaining components of PWRs, review of the past 
IWG-RRPC activities and updating of the working plan for years 1989-1992. A 
great deal of attention was paid to the involvement of the IWG-RRPC in the 
Agency's programme on nuclear power plant ageing and life extension. 

Mr. M. Mondino of Argentina outlined safety based work in his country and 
reported on the successful IAEA training course with the title "Implications 
of Radiation Induced Embrittlement for the Integrity of Pressure Vessels", 
which was held in the Mar-del-Plata, from 26 October to 9 November 1987. He 
also proposed that the practice of that course should be continued and his 
country is prepared to serve as a host country. 

Mr. J. Berthe described the work in Belgium including the Tihange pipework 
leakage due to thermal fatigue, stress corrosion cracking in steam generators 
in sensitised material and work in PISC III. For steam generator tubing, 
plugging and NDE had been developed. An acceptable criterion of 15 mm axial 
length has been established with RPC. Inspection with RPC of 100% of steam 
generator tubes in 3 days had been achieved with analysis one week later. 

Developments in Finland were covered by Mr. K. Torronen who was officially 
nominated as a Finnish representative to the IWG-RRPC taking over from 
Mr. J. Forster. R & D works in Finland dealt with fracture mechanics, 
pressure vessel tests, irradiation damage, NDT. Topics detailed in his 
presentation included size effects on transition toughness, Cv-Kjc 
correlations, dynamic test methods, prediction of vessel failure conditions, 
irradiation of alloys and reliability of surface inspection methods. 

Ms. H. Horowitz described the French results on irradiation surveillance 
of the Chooz A pressure vessel and developments of a case for operation, 
progress on IAEA irradiation programme and participation in PISC III. 

Mr. K. Popp of the GDR, described the work on the IAEA irradiation 
programme (CRP), developments in fracture analysis, NDE and environmentally 
assisted cracking. 

Mr. J. Fohl, FRG, covered the work on ageing mechanisms, failure analyses, 
evaluation of safety margins and improvements in methodology, test techniques, 
etc. Some data from Gundrenmingen A pressure vessel surveillance specimens 
were reported showing a drop in USE for forging greater than predicted from 
Reg. Guide 1.99 Rev, 1 and 2 at the relatively low dose of 3.1018 n/cm2. 
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Mr. F. Gillemot: presented the research in Hungary, which was mainly 
concerned with topics related to the ir-service inspection of nuclear power 
plants These were NDE, especially UT and AE, irradiation effects evaluation 
and fracture mechanics application. 

Mr. S. Miyazono described the research programme of LWR pressure boundary 
components in Japan. The main efforts were given to the integrity 
verification tests of stainless and carbon steel piping, PTS-issue and plant 
life evaluation and extension investigations. Research programmes in these 
three areas are quite extensive and broadly based. 

Mr. M. Zdankiewicz described the situation connected with NPP construction 
and siting in Poland and briefly characterised a Central Research and 
Development Programme in the field of Nuclear Safety and Radiation Protection 
established for the years 1988-1990 as well as other R&D work being done in 
the field of metallurgy, weluing, and testing techniques. 

Mr. E. Dequidt summarised the objectives of the Spanish national programme 
in the field of the reliability of reactor components, mainly in material 
degradation and national contribution to coordinated research programmes. 

Mr. B. Eriksgaard covered work done in research by different organisations 
in Sweden. The programmes have to be seen in the light that Sweden is going 
to abandon nuclear energy for electricity production in the not too distant 
future. The research work is in the fields of FM, NDE and materials 
degradation. Also new Swedish regulations for safety of pressurised 
components are mentioned. 

Mr. D.H. Njo summarised the research activities in Switzerland, which are 
in the first place being done in the laboratories of the industrial firms and 
the universities. Other main efforts are the participation in coordinated 
research programmes e.g., 1P1RG, PISC, TMI-VIP, and CRP. 

Dr. A. Cowan presented the research activities in UK, especially in 
connection with the structural integrity assessments and their problems. 
These are reflected in UKAEA and CEGB efforts in this field, and the 
participation in internationally coordinated research programmes, e.g., IPIRG, 
ICCGR, CRP, etc. Also the validation centre which has an important role in 
the structural integrity demonstration was mentioned. 

Mr. Claud Pugh in describing the US work emphasised the work done within 
the NRC. He showed the importance of the plant life extension studies on the 
nuclear capacity in the US: without PLEX, this capacity will begin to drop by 
2010. He described specific objectives of the R&D programme in the USNRC 
materials engineering branch. This programme is oriented on vessel 
embrittlement, effects of cladding, degradation of components, integrity of 
pipes under seismic loads and 1S1. Fracture mechanics and full-scale tests 
are the main tools used to conduct the evaluations. Embrittlement of vessel 
supports is an 'issue' and is based on observations made on the HFIR vessel, 
with low temperature and low fluence effects. This is especially true for 
supports near mid-height of the core. 

Mr. M. Najzer from Yugoslavia described vessel neutron embrittlement 
activity which is concentrated on surveillance programmes. Analytical methods 
have been developed for pressurised thermal transient evaluation. A programme 
has been started on the evaluation of planar cracks. Non-destructive testing 
activities focus on steam generator tubes and reactor pressure vessel. 

Mr. P,P. Milella said that Italy had put a hold on construction and 
operation of nuclear power plants. New types of inherently safe reactors have 
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to be studied for the next five years. In addition, research work is done on 
thin wall structures (pipes): embrittlement, dynamic loads (wi ch inertial 
loads), damping material in the form of a coating (like aluminium which would 
give A to 5 X damping). Rapidly varying loads on pipes using pressuriser: 
water hammer, thermal fatigue and dynamic loads. 

There are two on-going programmes on neutron irradiation with France and 
the USA. In addition, participation in the TMI vessel programme. Material 
for fusion reactors is being studied. 

Mr. Y. Dragunov outlined programmes being performed in the USSR to 
substantiate the reliable performance of WWER vessels: 

statistical approach to irradiation resistance characteristics; 
destructive testing of pressure vessel models; 
warm prestressing condition of vessel steels; 
vessel annealing: development of the method and actual annealing of 
reactor vessels of two units has been performed. Results will be 
presented at the SMIRT Conference in 1989; 
Surveillance programme optimisation; 
experimental programme; 
evaluation of test coupon 'cut out' from NVNPS unit 1 after 20 years 
of operation. 

Mr. N.R. McDonald of OECD-NEA said that in 1987-88 three meetings of 
CSNI-PWG3 Primary Circuit Integrity and five technical meetings were organised 
as well as the OECD/CEC PISC activities. Five review reports were also 
prepared. Topics addressed in PWG work included NDE reliability; status of 
acoustic emission; steam generator integrity criteria; environmental sensitive 
cracking; validation of fracture assessment methods against large scale tests; 
long term, life limiting aspects of primary circuit components and core 
internals; and complementary roles of fracture mechnics and NDE in safety 
assessments. Work in nand and planned covered guidance documents on 
continuous maintaining and environmental effects on structural integrity; 
integrity assessment i.. the pressure of residual stresses and surface cracks; 
validation of pressurised thermal shock assessments against test results a 
state of art report on component integrity assessment; and pipe and vessel 
leak and failure probabilities. 

Mr. H. Herkenrath, CEC, presented the PISC III programme. Testing on real 
geometries and conditions (vessel) will be conducted. Round Robin tests will 
cover RPV, Steam Generators, nozzles and dissimilar welds, and thick 
austenitic piping. Validation of methodology and procedures from PISC II will 
be accomplished. The full programme should be completed by 1991. 

Members of the IWG-RRPC reviewed the long term plan of activities and 
proposed a provisional list and scope of the IAEA Specialists' Meetings 
planned for the period 1989-1992. The following meetings should be convened 
according to this list. 

1989: 

1. SP on "Acoustic Emission and Other Methods of In-Service Inspection of 
RPVs", (with particular emphasis on on-line techniques. 5-9 June, Plzen, 
Czechoslovakia. 

2. SP on "Residual Stresses in Structural Materials and Components of NPPS", 
17-19 October, Argentina. 

3. SP on "Manufacture, Repair and Replacement Procedures". Venue is open, 
most probably Vienna, November. 
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1990: 

1. SP on "Irradiation Damage in RPV Steels", Balatonfured, September/October. 

2. SP on "Sub-Critical Crack Growth", May, Moscow (USSR) (in cooperation with 
the ICCGR). 

3. IWG-RRPC meeting, March, Vienna 

1991: 

1. SP on "Probabilistic Analysis of Pressure Components", \ugoslavia, 
Ljubljana. 

2. SP on "Long Term R&D Needs for Demonstrating the Integrity of Primary 
Circuits of Water Reactors", USA. 

3. SP on "Thermal Degradation Effects", UK (repeat of January 1986, Budapest 
meeting). 

1992: 

1. SP on "Design Input Data and Actual Plant Performance". 

2. SP on "The Integrity of Pressure Components of Reactor Systems". 

3. SP on "Inspection of Austenitic Dissimilar Materials and Welds", (repeat 
of VTT, Finland, June 1988 meeting). 

4. SP on"Fracture Mechanics Verification by Large Scale Testing", (repeat of 
MPA, Stuttgart, May 1988 meeting). 

THE IWG-RRPC INTERFACE WITH THE IAEA NUCLEAR POWER PLANT 
AGEING AND LIFE EXTENSION PROGRAMME 

The IWG-RRPC considered the recommendations of the IAEA Advisory Group on 
Safety Aspects of NPP Ageing and Life Extension (see Annex III) and supported 
their objective. In particular the IWG-RRPC considered that its areas of 
technological involvement are central and germane to the NPP Ageing and Life 
Extension Project A202. For example, the monitoring and managing of material 
property and pressure component functional degradation are pertinent to 
reliability, ageing and life extension considerations. 

Therefore, the technical input provided by the IWG-RRPC whose activities 
are uniquely associated with reactor circuit pressure components serves the 
dual purpose of assuring safe and reliable operation and providing input for 
reliability and lifetime prediction applications. 

In this way, the Specialists* meetings planned by the IWG-RRPC relate io 
the short term and long term plans that have been recommended by the Advisory 
Group. 

Amongst other matters considered at the closure of the meeting was the 
support for another inter-regional training course on irradiation 
embrittlement in Argentina in 1990. 
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REPORT ON THE INTERREGIONAL TRAINING 
COURSE ON IMPLICATION OF RADIATION INDUCED 
EMBRITTLEMENT FOR THE INTEGRITY 
OF PRESSURE VESSELS 

M. MONDINO 
Comision Nacional de Energfa Atomica, 
Buenos Aires, Argentina 

The course, sponsored by the Agency, was held in Mar 
del Plata, Argentina, from October 26th to November 13th, 
1987. The organization was taken by the Argentine Atomic 
Energy Commission (CNEA). 
The purpose of the course was to provide specific 
technical background on critical aspects of irradiation 
embrittlement of primary pressure vessels components 
in water cooled reactor systems. 
The participants were scientists or engineers with 
experience in nuclear science and technology, representing 
organizations or countries which are planning, 
constructing and/or operating nuclear power plants using 
a steel reactor pressure vessel as the primary containment 
boundary. 
Following the Agency routine selection mechanism, 21 
participants from 16 countries were accepted; 7 
professionals from Argentina also participated. 
The course programme is presented in the Appendix. The 
intention was to provide the participants with the latest 
information on irradiation embrittlement on specific 
steels and to analyze and discuss about recent papers 
in the more industrialized countries having nuclear power 
programs. 



COMMENTS AND CONCLUSIONS 

The course became a rather complete review of all the 
important aspects of the pressure vessels radiation 
embrittlement problems. 
There was a rather wide range in the participants 
background, while some were just being introduced to 
the subject, other showed experience in some specific 
domain and a few of them had a good background and 
experience. 
As complement to the course, four participants gave 
seminars presenting their experience. 
Even if many questions remained open, the field of 
radiation embrittlement seems to be progressing. On one 
side the dosimetry techniques have been improved and 
sources of error on the evaluation of neutron exposure 
considerably reduced. On the other side, increasing use 
of Nb as dosimetry material is an important development 
because its response of the inelastic scattering reaction 
in the energy region studies is not very accessible with 
other dosimetries. 
About the understanding of fundamental mechanises of 
radiation embrittlement, the progresses are also very 
important. The most interesting contribution comes from 
the fields of small angle neutron scattering, field ion 
microscope-atom probe and theoretical description. 
It is important to point out that in this course we 
learned about the reactor pressure vessels behavior in 
the Eastern European countries. Because of design, the 
flux on the pressure vessel inner walls is higher than 
in Western countries. The material has a different 
composition and the cladding is thicker than the 
conventional Western reactors. 
A significant development for annealing the damage was 
also reported. In May 1987 in the Soviet Un.ron the first 
dry anneal of a commercial power reactor pressure vessel 



was performed. The Novovoronezhskiy 3 reactor (410 MWe 
PWR) after 15 years of operation was annealed for one 
week at 440 °C by means of electric heater inside the 
vessel. The recovery, which was followed by hardness 
measurements on the inner surface, reached 70 %. This 
significant development would imply the vessel life 
tension. 
The Argentine authorities have already proposed the Agency 
to repeat this course in 1990. 



APPENDIX 

COURSE PROGRAMME 

The training course consisted of lectures, discussions, 
work sessions and technical visits. 
The course covered the following subjects: 
1. Fundamental mechanism of radiation damage 

Dr. Mondino, Dr. Davies 
13 hours 

2. a) Radiation effects in metallic materials with 
application to the steels used in the nuclear 
industry; b) Comparison of steels used in Western 
and COMECON countries design. 
Dr. Fohl, Dr. Brumovsky 
8 hours 

3. Dosimetry - Determination of the parameters of the 
neutron damage - Neutron spectrum: its determination. 
Comparison with theoretical predictions 
Dr. Van Konynenburg 
9.5 hours 

4. Review of fracture mechanics concepts LEFM and EPFM. 
JjC integral; evaluation criteria - Correlation with 
other tests results 
Dr. Brumovsky, Dr. Fohl 
8 hours 

5. Behavior of the pressure vessel material. Surveillance 
programmes in PWR and PHWR reactors. Design problems. 
Stress analysis in normal and transient conditions. 
Thermal shock 
Dr. Ahlf, Dr. Fohl, Dr. Iskander 
13 hours 

6. Potential solutions. Recovery of properties. Annealing 
of irradiated materials. Composition control. Design 
to control 
Prof. Odette, Dr. Lowe 
10 hours 

7. Codes and safety rules - Evaluation of results of 
a surveillance programme. Plant life extension 
Dr. Randall, Dr. Lowe, Dr. Iskander 
9.5 hours 



MAIN CURRENT DEVELOPMENT PROGRAMS 
IN BELGIUM 

J. BERTHE 
D6partement Mecanique, 
Bureau d'etudes Tractebel, 
Brussels, Belgium 

1. PISC III 

1.1. Steam Generator Tubes 
Possibility for Laborelec of participation as reference laboratory 
for tube samples analysis-waiting for committee approval. 

1.2. Nozzle and Dissimilar Welds 
- Participation in Round Robbin Test (Vincotte) 
- Experimental vessel: participation in the capability assessment 
teams (Vincotte) 

- Forged and cast austenitic stainless steel (65-70 mm thick): 
participation in parametric studies and capability exercises 
(Vincotte). 

1.3. Reliability Group on UT Wave Propagation Model in Vessel Steel 
Vincotte member of the working groups. 

2. Fatigue Monitoring 

Theoretical studies carried out by Tractebel on transient load follow-up 
have been able to explain the origin of the non isolable leak on a 6" 
safety injection piping connection to the primary loop. Thermal fatigue 
due to stratification resulted in thru wall cracking. The phenomenon is 
similar to the Farley 2 case, which occurred in 1987 and is ecplained in 
the US NRC bulletin No. NRCB 88-08 supplement 1 June 24, 1988. This 
example confirms the need for the development of a monitoring system which 
will allow the comparison between real and design transients. 

3. Steam Generator 

3.1. Plugging criteria for steam generator tubes have been established and 
implemented. These criteria do not use the LBB (Leak before break) 
concept, but is based on extensive testing and studies on crack 
critical sizes (instability). Application of these criteria rely on 
an advanced 100% rotating probe inspectin technique developed by 
Laborelec of the critical area of the steam generators (roll 
transition). This technique allows full inspection of three steam 
generators in three days. To ensure the possibility of sizing 
circumferential cracks, the software associated with a rotating UT 
probe is being developed. 

3.2 Qualification program for sleeving repair (laser welding) and nuckel 
electroplating. 



4. Pump Mini Flows 

Damage to safety pumps due to internal recirculation at specified 
miniflows conditions originated investigations that led to systems design 
modifications. 

Topics 

Belgian Nuclear Power Plants 

Belgian Utilities and Related Organizations 

Steam Generators Status in Belgium 

Areas of R&D related to stress corrosion cracking 

In-Service Inspection 

Field Data Interpretation 

Structural Integrity 

Repair Techniques 

Belgian Utilities 

Tractebel Holding Company 

(merging of Electrobel and Tractionel) 

Architect Engineer Energy Other activities 
(Telecom, Financial....) 

EBES UNERG INTERCOM 
(ELECTRONUCLEAIRE) 

SENA (operated by EDF) 
DOEL (operated by EBES) 
TIHANGE (operated by INTERCOM) 

Laborelec IJ a common subsidiary of the utilities for R&D, laboratory 
testing, field services, expertises. 

In the nuclear field: 

Belgian utilities are grouped into ELECTRONUCLEAIRE 
TRACTEBEL (80X) and BELGONUCLEAIRE (20%) are grouped into BELGATOM 
for outside activities 

Steam Generator PSSCC Status 

2 units not concerned : DOEL 1, TIHANGE 1 
5 units concerned ; DOEL 2, 3 and 4 

TIHANGE 2 and 3 



J2 Plugging Criteria 

US regulation Is generally applicable to Belgian NPP: 
. R.6. 1.83 : ISI of PWR SG tubes 
. R.G. 1.121 : Bases for plugging degraded PWR SG tubes 
. ASME B & PV Code 

But criterion 40X max. allowable defect depth 
. applicable to wastage 
. not adequate for PWSCC 

Development of a slightly modified R.G. 1.121 evaljation (this 
appraoch is still developmental and subject to change). 

Tube Plugging Criteria 

Presently used for axial cracks in roll transition 
2. 15 mm 

Same as in France (on basis of a LBB safety approach) 

However, exceptions to the usual LBB behaviour led to the tentative 
consideration of a modified RG 1.121 alternate approach 

Alternate Plugging Criteria Principles (under consideration by BELGATOM) 

Plant SPECIFIC criteria on basis of ACTUAL tube mechanical properties 
(measured at DESIGN temperature) 

MEAN critical length calculated on basis of NOMINAL geometry and MEAN 
mechanical properties 

ALLOWABLE length calculated on basis of RG 1.121 safety margins (3 
for level A - V2 for level D) 

Credit taken for environment (tubesheet, FDB) 

Plugging criteria derived from allowable length by substracting a 
MARGIN for NDT sizing accuracy and crack propagation up to next 
inspection 

Plugging criteria checking 

. MINIMUM critical length calculated on basis of MOST UNFAVOURABLE 
COMBINATION of geometry and mechanical properties 

. PLUGGING CRITERIA to be em.Her than this MINIMUM critical length 
less the MAXIMUM effect of BOTH NDT accuracy and crack propagation. 

Plugging Criteria 

Plugging cirteria must be based on 

actual safety concern 
reliably measurable crack dimensions 



For both reasons, crack depth is not considered 

Key factor = critical length of defects* 

Reliable experimental data are available 

Much larger defects are allowable within the tubesheet (O-erational 
rather than safety concern) 

Advanced technique (rotating probe) required for proper identification and 
sizing of PWSCC 

R&D Areas 

In-service inspection 

Field data interpretation 

Structural integrity 

Repair techniques 

In-Service Inspection 

Profilonetry 

ECT bobbin coil 

rotating probe 

Visual inspection (endoscope) 

Automated data acquisition and analysis 

Any crack indication is assessed as being through wall 
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Abstract 

A brief overview of the Finnish programme concerning safety 
related research in pressure boundary components of nuclear 
power plants is presented. The focus is on recent results 
in the areas of fracture mechanics, large scale component 
tests, irradiation damage, environmental influence on 
materials as well as NDT. 

PREFACE 

The programmes described in this report are funded by the 
Ministry of Trade and Industry in Finland, the Finnish 
Centre for Radiation and Nuclear Safety, the Technology 
Development Centre of Finland, the Technical Research Centre 
of Finland and the Finnish Industry. Additional funding has 
been achieved from the Nordic Council of Ministers through 
the Nordic Liaison Committee for Atomic Energy, and from 
the Swedish Power Inspectorate. Parts of the programmes have 
been carried out in international cooperation. 

The programmes are carried out at the Technical Research 
17 Centre of Finland (VTT). 



1 INTRODUCTION 

The structural integrity and operational safety related 
nuclear energy research has high priority within publicly 
funded research in Finland. The contents and volumes of the 
programmes are described elsewhere (Salminen, 1988). This 
report summarizes recent result of the main programmes in the 
areas of fracture mechanics, large scale component tests, 
irradiation damage, environmental influence on materials as 
well as NDT. 

2 FRACTURE MECHANICS 

Fracture mechanics development can be divided into two main 
categories, improvement of analysis methods and improvement 
of testing methods. The improvement of analysis methods 
includes eg. theory based (WST-model) correction functions 
for brittle fracture results and simple but reliable Charpy-
V - KJC correlations. The improvement of testing methods 
are directed towards simplifying and improving the 
reliability of ductile fracture tests, both static and 
dynamic. 

2.1 New development cf the WST-model 

The WST-model is a statistical mechanism based cleavage 
fracture initiation model (Wallin et al., 1984). It assumes 
that cleavage fracture initiates when a critical combination 
of tensile stress and carbide size is achieved in the plastic 
enclave ahead of the crack tip. Because the stress distribu
tion in front of a crack varies strongly on a relevant 
microstructural distance, it is the probability of finding 
a carbide of critical size within the highly stressed region 
which governs the macroscopic fracture toughness. The 
critical carbide size, on the other hand, is dictated by 
the magnitude of the maximum principal tensile stress and 
thus by the yield properties of the matrix. 
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Fig. 1. Fracture toughness data of weld 72 showing both 

statistical size correction and theoretical scatter 
described by the 90 % scatter bands. 

Macroscopic features of the model are that the specimen 
thickness effect and the scatter of K I C can be predicted 
(Wallin, 1984, 1985). Examples of this are presented in 
Figs. 1 - 4 . 

Originally the model was limited to smal". scale yielding 
without any ductile tearing preceding cleavage fracture 
initiation. The new developments of the WST-model consist 
of modifying the model to account also for large scale 
yielding and ductile crack growth (Wallin, 1988a, b). The 
model yields a simple correction function for cleavage 
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fracture test results in the transition region. An example 
of one such correction procedure is presented in Fig. 5, 
where the ORNL PTSE2 material characterization results have 
been treated with the correction function. As a comparison 
also the ORNL fl-corrected results are presented in Fig. 6. 
It can be seen that the fl-correction in this case actually 
yields an unconservative estimate of the true fracture 
toughness corresponding to a 1000 mm wide crack. 

2.;> Charpv-V - KIC-correlatlona 

The standard test for determining the irradiation embrittle-
ment of pressure vessel steels is the Charpy-V-impact test 



(CVN). The magnitude of irradiation embrittlement is deter
mined by the change in transition temperature normally 
corresponding to the 41 J energy level. This transition 
temperature change is assumed to describe also the effect 
of irradiation embrittlement on actual fracture toughness 
( Kic)• Unfortunately experimental verification of the 
assumption has not been completely unambiguous. Some inves
tigations support the assumption, while others seem to 
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Fig. 5. Statistical model based analysis of pressurized 
thermal shock experiment 2 material, including 
corrections for large scale yielding and ductile 
crack growth. 
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Pig. 6. Original analysis of the PTSE 2 material based on 
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imply that the transition temperature change is larger for 
Kj£ than for CVN. Because the CVN-test differs much from 
the Kjc-test it is not directly evident why the above 
assumption should be correct. 

In the present program a theoretical approach has been 
applied to derive a simple commonly applicable CVN-KJC" 
correlation. The effects of the differences in the tests 
have been minimized with a theoretical examination of each 
difference. The treatment is performed by applying the 
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Fig. 7. Basic Charpy-V - K J C - correlation. 

statistical micromechanism based cleavage fracture model 
(Wallin et al, 1984). The existence of a theoretical correla
tion has been verified and it has been applied to both 
unirradiated as well as irradiated data (Fig. 7) (Wallin, 
1986). It has been found that the present definition of 
transition shift may lead to an unconservative estimate of 
the true fracture toughness shift. A new more reliable 
methodology for determining the true fracture toughness 
transition shift from CVN-tests has been developed (Wallin, 
1988c). A preliminary example of the accuracy of this new 
transition shift is presented in Fig. 8. As a comparison 
the accuracy of the old 41J based transition shift is 
presented in Fig. 9. 
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2 .3 Test method development 

Static t e s t methods 

21 

The most commonly used specimen type in nuclear surveillance 
programs is the Charpy-V-impact specimen. The specimen is 
small but has a somewhat unpleasant testing geometry because 
of the difficulty to measure crack mouth opening and load 
point displacement. The testing capacity of the Charpy-
specimen is also quite small. The specimen can however, 
with some refinement of the analysis, be used successfully 
for J-R curve testing. Another specimen type that is better 
suitable for elastic plastic fracture toughness testing is 



the small round CT-type specimen (RCT). This specimen has a 
somewhat larger measuring capacity than the Charpy-specimen. 

Both specimen types can be used for single specimen J-R-
curve testing applying the partial elastic unloading com
pliance method. The testing of the RCT specimen is almost 
identical to testing with normal CT-specimens and it has 
been demonstrated that the RCT-specimen and the normal CT-
specimen yield comparable results (Fig. 10). 
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Fig. 10 J-R-curves for different specimen geometries for 
JRQ reference material at +70 — +150 *C. 

Testing of Charpy-V-type specimens is more complicated. CT-
and RCT-specimens require a rotation correction of the 
compliance to be performed. This rotation correction is 
based on geometrical changes in the loading of the specimen 
during testing and it is quite simple to derive. This 
correction has also been verified experimentally. The Charpy-
V-specimen tested in three point bending does not give any 
geometrical grounds for a rotation correction but it has 
been found out experimentally that some kind of rotation 
correction is necessary also for this specimen type. One 
purely empirical rotation correction for a Charpy-V-specimen 
with 20% side grooves has recently been presented (Wallin 
and Saario, 1985) and it has been shown to function for two 
different testing systems. 

An additional task needed to perform with the Charpy-specimen 
is to calculate the so called modified J-integral as sug
gested by Ernst. Performing the rotation correction and 
calculating the modified J-integral makes it possible to 
get identical J-R-curves with Charpy-, RCT- and 25 mm and 
100 mm CT-specimens (Pig. 10). 



The standard method for determining the crack growth in J-
R-curve testing is based on the so called partial elastic 
unloading compliance method. In order to get reliable results 
with this method the testing system must be very good and 
the friction in the test must be extremely small. Also the 
need to perform a large number of partial unloadings makes 
the test quite slow and thus expensive. 

In order to make the testing more simple, a new method 
based on the key-curve concept have been developed for CT-
specimens (Wallin, 1987a) . Many of the assumptions made for 
the analysis are already commonly applied, but some of them 
must be regarded as novel. These novel assumptions make it 
possible to use a very simple treatment and yet to get 
reliable enough J-R-curve results. The analysis method has 
been verified for several different pressure vessel steels. 
The verification has consisted of comparison of the key-
curve results with results based on both partial elastic 
unloading compliance as well as the multispecimen technique. 
One such comparison is presented as an example in Fig. 11. 
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o) Optical COO measuring device 

12. Principle of the inverted impact testing geometry 
applied in the testing facility. 
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Dynamic test methods. 

Dynamic test method development has been concentrated on 
obtaining dynamic ductile fracture initiation values from 
precracked Charpy specimens. A special instrumented hammer 
with inverted test geometry (Rintamaa, Zimmermann, 1986, 
1987) has been utilized. In this hammer the specimen is 
resting on the instrumented tup and the ends of the specimen 
are exposed to the impact, Fig. 12. The purpose of the 
geometry inversion is to reduce inertial and specimen 
oscillation effects in the recorded load data. Further, the 
new tester contains several novel features making the impact 
testing more appropriate from the fracture mechanics point 
of view. These features include: 

- larger amount of availability energy (500 J with 5 m/s 
to decrease the velocity retardation), 

- variable initial impact velocity from 0.9 to 5.4 m/s by 
altering the blow angle of the pendulum, 

- integral specimen handling and cooling/heating device 
- due to the stationary instrumented tup and because of 

the relatively stationary rotation axis of the specimen, 
an optical device for the measurement of crack opening 
displacement can be applied, and 
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Fig. 13. Typical final test result and method to determine 
the dynamic fracture toughness based on the deter
mination of crack initiation energy by the optical 
COD device. 

- fully computerized data aquisition and processing to get 
complete final test record and results. 

The measurement of COD, understood as a distance between 
the notch flanks, is performed by the optical COD device. 
The installation of the COD detector to a new impact tester 
in the course of falling pendulum relatively close to the 
specimen i.e. at the distance of 300 mm has been possible, 
because the double pendulum (Fig. 12) can pass it on both 
sides. 

The COD measurement is based on the application of a stray-
light detection technique. The collimated beam of a semicon
ductor laser diode (LD) serves as a light source, for the 
detection of the backscattered light a PIN diode detector 
with proper optics is used. The test method and device is 
described in detail elsewhere. 

Fig. 13. shows a typical example of the output obtained 
from the new hammer. A comparison of dynamic initiation 
values obtained with the hammer to the static values are 
shown in Fig. 10 in Chapter 4.1. 
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Fig. 14. Hultispecinen presentation of the round robin 
results . 
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3 PRESSURE VESSEL TESTS s 

s 
Within the Nordic countries a four-year research programme o 
in elastic-plastic fracture mechanics was initiated in 1985. 
The main technical objective of the programme is to try to A 
verify the leak-before-break concept. The major experimental p 
effort of the programme is pressurization to rupture of s 
large pressure vessel (diameter 2900 mm, wall thickness t 
150 mm) having dimensions resembling those of a nuclear m 
reactor pressure vessel. The vessel has been in operation 
for 20 years in a Finnish oil refinery plant. L 

r 
As part of the material characterization of the vessel a a 
Tordic J-R-curve round robin was performed (Wallin, 1987b). w 
Seven laboratories from the different Nordic coutries t 
participated in the round robin. Each laboratory tested ten c 
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Fig. 15. Single laboratory multispecimen results showing 
material scatter. 

25 mm CT specimens at a temperature of +50 *C. Additionally 
one laboratory tested ten specimens to perform a key curve 
calibration and 105 specimens at room temperature as multi-
specimen tests in order to get a description of the material 
scatter. Totally (including pretests) more than 200 specimens 
of the material has been tested. 

A multispecimen presentation of the round robin results is 
presented in Pig. 14 and the single laboratory 105 multi-
specimen result is presented in Fig. 15. It is seen that 
the combined scatter due to laboratories and material is 
more than double than the scatter mainly due to the material. 

Looking at the round robin as a whole it was seen that the 
results showed a rather large scatter and there existed 
also clear differences between different laboratories. It 
was, however, impossible to distinguish the exact cause of 
the differences. It was concluded that present descriptions 
of J-R-curves may not be reliable enough. 



Two large scale pressure vessel tests experiments have been 
carried out. In both experiments an artificial sharp axial 
surface flaw was made on the inner wall of the vessel. The 
tests were performed at +60 °C, which was the lowest accep
table temperature for the hydrotest. 

In the first test (HCl-test, in September 1986) one circum
ferential weld was located in the middle of the crack length. 
Failure of the vessel occured as local rupture in the weld 
area. However, some crack extension was seen along nearly 
the whole crack front (Rintantaa et al., 1988). 

For the second test (HC2-test, in August 1988) the vessel 
was repaired by means of a repair piece at the rupture area 
taken of a sister vessel and thus the artificial flaw was 
located entirely in the base material. This axial surface 
flaw was made on the inner wall of the repair piece by 
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milling and special welding technique. The welding of the 
repair piece was made using special temper-bead technique. 
Strains of the repair piece and crack mouth opening displace
ment were monitored during welding. During the pressure 
test strains at 80 locations, crack mouth opening displace
ment at several locations along crack length and diametrial 
change of the vessel were measured. Acoustic emission 
measurements were also carried out during pressurization. 
Rupture occured at pressure of 189 bar, and the flaw 
penetrated the wall along the whole crack front. 

The estimation of ths; failure pressure of both tests was 
carried out by the Battelle method and the R6-method, Fig. 
16. Three-dimensional elastic-plastic finite-element analyses 
for tests are going on using the ADINA-programme. For 
fracture mechanics evaluation J-integrals along the crack 
front will be calculated using the computer code VTTVIRT 
developed at the Technical Research Centre of Finland (VTT). 

The results of the second test will be reported in near 
future, and calculated values will be compared to measured 
ones, as has been done with the first test, Fig. 17 
(Saarenheimo et al., 1988). 

4 IRRADIATION DAMAGE 

4.1 IAEA coordinated research programme 

Within the IAEA phase 3 research program the Japanese 
reference material JRQ in the as-received condition has 
undergone extensive fracture toughness tests. The properties 
measured at different temperatures include Charpy-V notch 
and instrumented precracked Charpy data, and elastic-plastic 
fracture toughness (J) in the whole ductile/brittle transi
tion range both for static as well as dynamic tests. The 
specimen size and geometry have been varied in the tests. 
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Correlation between different fracture properties have been 
evaluated and explained (Wallin et al., 1989). 

Based on the studies the following was found: 

- Large specimens yield much lower fracture toughness values 
than small surveillance size specimens in the transition 
region, but this size effect has the magnitude forecasted 
by the WST-model (Fig. 18). 

- Large specimens yield approximately identical J-R-curves 
as small surveillance size specimens when modified J is 
applied (Fig. 10). 

Loading speed does not effect the shape of the toughness 
transition curve, but only shifts the curve to higher 
temperatures (Fig. 19). 
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Fig. 20. Comparison of Charpy-V transition temperature 
shifts and average positron lifetime after irradia
tions of model alloys with low Cu content. 

4.2 Positron annihilation in embrittlement mechanism studies 

Positrons respond very effectively to vacancy type defects 
of atomic scale like to voids, vacancies, dislocations, 
missfit-boundaries etc. in solid state material. Especially 
positron lifetime technique is suitable for characterizing 
vacancy type defects by their specific lifetimes. 

Positron measurements can also be complementary to SANS 
measurements by revealing the role of vacancies. With SANS 
usually nonmagnetic defects, that is vacancy + nonraagnutic 
atom complexes in iron matrix, are detected with no special 
bias to any defect candidate. 
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tions of model alloys with intermediate cu content. 

Positron parameters (average lifetime, Doppler broadening 
parameter) have been correlated also with mechanical proper
ties. The interpretation of this kind of correlation, 
however, is not straight forward. 

VTT is participating in a joined embrittlement mechanism 
study organized by Materials Engineering Associates (MEA), 
Russ Hawthorne. Irradiated specimens containing different 
amounts of trace elements (P, Cu, Mn, Mo, Sn) were provided 
by MEA. The same specimens are studied with positron lifetime 
technique by VTT and with SANS by GKSS. 

Preliminary positron annihilation results are shown in 
Figs. 20 and 21. In Fig. 20 the effects of P and Sn on Charpy 
V transition shifts measured by MEA and on average positron 
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Pig. 22. Ageing and lifetime of nuclear power plant pipings, 

lifetimes measured by VTT are shown. When copper is low the 
effect of P is connected with one type of lattice defect. 
This is seen both on Charpy shift and positron lifetime. 
Fig. 21 shows that with medium Cu the addition of P has no 
effect on either Charpy shift or positron lifetime (Valo et 
al., 1987). 

5 ENVIRONMENTALLY ASSISTED CRACKING 

The aim of the on-going programmes is to specify the effects 
of ageing on the life time of nuclear pressure boundary 
components, especially pipings. The ageing of nuclear pipings 
changes material properties and affects the environment 
sensitive crack growth, which depends also on the loading 



conditions of pipings (Aho-Mantila et al., 1988). During 
the ageing also the leak-before-break-condition as well as 
the inspection requirements need to be considered. Fig. 22. 

The specific items of the programmes are: 

- the development of testing methods 
- the development of sensors for corrosion and water 

chemistry monitoring 
- gathering experiences of the pipe cracking incidents and 

crack analyses in Finnish power plants 
- measurements of the environmental effects on the crack 

growth rate of sensitized stainless steel corresponding 
welded pipe material. 

5.1 EPR round-robin tests 

The objective of the Nordic EPR (electrochemical poten-
tiokinetic reactivation) round-robin was to compare quan
titatively the EPR results, and to compare results obtained 
with different standard laboratory practice to conduct EPR 
measurements, including field measurements. Each participat
ing laboratory was asked to conduct EPR measurements by 
using the standard laboratory practice for the EPR round-
robin test. 

The EPR round-robin tests was performed on furnace sensitized 
AISI 304 type stainless steel. The correlation between the 
heat treatments and test results obtained in different 
laboratories was good (Aaltonen, 1987). Test results (Fig. 
23) show clearly the effect of the test temperature and scan 
rate on the test results. Quantitatively all used methods 
ranked test specimens in the same order. The used methods, 
single loop EPR or douple loop EPR, as well a« the surface 
preparation methods do not have any large effects on the 
EPR-results. The results obtained at VTT by using field cell 
undervalues the degree of sensitization of highly sensitized 
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Fig. 23. The degree of sensitization measured in different 
laboratories as a function of annealing time. 

specimens, because of lower test temperature. The effects 
of test temperature must be taken into consideration. 

5.2 High temperature water chemistry monitoring 

Almost all corrosion phenomena in nuclear power plants can 
be prevented or at least moderated by water chemistry control 
or by a change of water chemistry. Successful water chemistry 
control requires regular and continuous monitoring of such 
water chemistry parameters as dissolved oxygen content, pH, 
conductivity and impurity contents (Aaltonen and Aho-Mantila, 
1987)• Conventionally the monitoring is carried out at low 
pressures and temperatures, which, however, has some short
comings. Recently electrodes have been developed which 
permit direct monitoring at operating pressures and tempera
tures. Such a monitoring system has been in operation in 
the OECD Halden reactor for more than one year. Two addition
al systems were installed in the Loviisa NPS 1 and 2 in 
spring 1988. An example of the on-line measurements is 
shown in Fig. 24. 



5.3 Stress corrosion and thermal fatigue, experiences and 
counter-measures In austenltic pipings of Finnish BWR-
plants 

A summary of the existence of pipe cracking in Finnish BWR-
plants has been presented covering both thermal fatigue and 
I6SCC cases (Hakala et al., 1988}. Countermeasures against 
cracking were evaluated and the measures applied were 
summarized. Also the results of a research program to monitor 
ageing of the weld heat affected zones in a pipeline section 
of a shut-down cooling system were summarized (Aaltonen et 
al., 1987). 
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shutdown. Measuring system was located in the 
primary cooling circuit. 



5.4 Crack growth rates in BWR-conditions 

Fracture-mechanics crack growth rate tests in BWR-conditions 
has been started to study the effects of environment and 
loading parameters on the crack growth rate. Test material 
is highly sensitized AISI 304 stainless steel corresponding 
the HAZ of aged piping material. Some preliminary test 
results are presented in Fig. 25. 

6 NONDESTRUCTIVE TESTING 

The reliability of nondestructive testing methods used in 
the inservice inspections of nuclear power plants is studied 
in several research projects. 

In the PISC III -programme organized by CSNI/OECD the 
reliability of different ultrasonic and eddy current 
techniques will be evaluated. In the sub-project "Nozzles 
and dissimilar welds" the round robin exercise was started 
in April 1988 when one of the test samples was tested in 
Finland. 

The reliability of different surface inspection methods has 
been evaluated in a round-robin exercise organized by 
Nordtest in Nordic countries. Altogether 13 3 test pieces of 
different materials have been inspected by 3 - 4 teams in 
eac. participating country (Denmark, Finland, Norway, 
Sweden). The inspections have mainly been performed by 
magnetic particle and liquid penetrant methods but some 
teams have additionally used eddy-current technique. The 
preliminary evaluation of results has shown that the record
ing of indications is a problem in surface methods because 
many inspectors have reported the location of the defect 
very inaccurately. It also seems to be difficult for inspec
tors to distinguish if an indication is irrelevant or should 
it be recorded according to the procedure. This has caused 
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a relatively high false call rate. The detection probability 
of 15 inspectors against the flaw size has been presented 
in Fig. 26. The test piece in this case was a stainless 
steel plate having a weld in the middle and the inspections 
were carried out by liquid penetrant method. 
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(Abstract) 
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United States of America 

USNRC, EPRI, and the Department of Energy have implemented aging research 
programs to address the technical issues related to potential degradation of 
the capability of components and structures to perform their Intended 
functions after being placed 1n service. Aging, the net degradation 1n 
physical condition due to normal and abnormal environment and service, was 
explicitly or implicitly addressed in the design of all components, systems, 
and structures in U.S. nuclear power plants. Although aging has not 
compromised the safe operation of U.S. nuclear power plants throughout their 
accumulated operation of ovar 1000 plant-years, the quest for improved 
availability and for safe plant operation during and beyond the current 
license period of 40 years has led to an increase 1n nuclear plant aging 
research over the past several years. This paper presents the aging research 
programs sponsored by the U.S. Nuclear Regulatory Commission (NRC) and by the 
U.S. utility Industry through its research arm, the Electric Power Research 
Institute (EPRI). The research focuses on 1) increased understanding of aging 
mechanisms 1n a broad range of components, systems, and structures, and 2) 
more cost-effective ways of enhancing the management of aging via Improved 
preventive and corrective maintenance (I.e., aging mitigation, Inspection, 
surveillance, condition monitoring and refurbishment/replacement). The key 
aging-related technical Issues are identified 1n the paper. Results of the 
research will be used by the NRC mainly to provide for timely and technically 
sound regulatory decisions regarding continued safe operation of nuclear 
plants of all stages of life. Utilities will use the results mainly to 
improve plant reliability 1n the short term and to realize the potential 
economic benefits of operating plants beyond their current licensed terms. 
The paper concludes that 1) continuing research 1s Important for Improving 
understanding of aging degradation and examining better ways to manage it and 
2) consensus definitions of terms related to aging will facilitate resolution 
of aging issues and will Improve the reporting and evaluation of plant 
experience. 

* The full text of this paper was presented at the ENS/ANS Conference, Avignon, France 
33 (October 1988). 



SAFETY AND RELIABILITY OF REACTOR PRESSURE 
COMPONENTS - RESEARCH ACTIVITIES IN THE 
GERMAN DEMOCRATIC REPUBLIC 

K. POPP 
Zentralinstitut fur Kernforschung Rossendorf, 
Akademie der Wissenschaften der DDR, 
Dresden, German Democratic Republic 

Abstract 

In the German Democratic Republic only nuclear power plants 
with pressurized water reactors of the Soviet type WWER are 
in operation or under construction. 
The main research activities relevant to reactor components 
are co-ordinated by government programmes on nuclear energy. 
Several institutions and laboratories from the industry, the 
Academy of Sciences and universities are engaged in the re
search and development programmes, which are related to the 
activities of the International Working Group on Reliability 
of Reactor Pressure Components. Research and development 
programmes are also carried out on the basis of bilateral 
and multilateral agreements and contracts within the 
COMECON countries. 

1. Neutron irradiation embrittlement and thermal annealing 
of reactor pressure vessel steels 

We participate in the IAEA Co-ordinated Research Programme 
on Optimizing Reactor Pressure Vessel Surveillance Pro
grammes and their Analyses - Phase III. Two of the main 
objectives read as follows: 
- to establish correlations between results of mechanical 
test methods (standard impact test, static and dynamic 
fracture toughness test, tensile test) and results of 
other physical as well as non-destructive test methods 



(positron annihilation measurements, hardness test) in 
order to supplement surveillance programmes in the 
future, 

- to prove general validity of correlations and models 
established for RPV steels of the Soviet reactor type 
WWER. 

Therefore it is useful to irradiate CRP-material in a Y/WER-
type pressurized water reactor. The unirradiated specimens 
will be studied together with the irradiated ones after the 
irradiation period finished at the end of 1983. 
Further objectives for our participation in CRP-III are 
- to learn from the results of the overall CRP-programme 
for improving our national reactor pressure vessel sur
veillance programmes and their evaluation procedures 

- to establish simple procedures to optimize post-irra
diation heat-treatments for ameliorating embrittlement 
for given steel types and irradiation conditions 

- to make contributions for an understanding of neutron 
embrittlement mechanisms by investigating microstructure 
features of differently irradiated and annealed RPV 
steels. 

The materials involved in the research programme are 
- ASTM A533 B Class 1 steel plate, 
- ASTM A508 Class 3 steel forging, 
- Welded ;$oint of ASTM A508 Class 3 steel, 
-ASTM A533 B Class 1 steel plates: 3 laboratory heats with 
varying contents of Cu and P, respectively. 

The following specimen types are included: Charpy V-notch 
specimens, precracked Charpy V specimens, precracked and 
side-grooved Charpy V specimens, tension specimens. 
The irradiations were carried out in the pressurized water 
reactor WWER-2 Rheinsberg at two irradiation positions re
garding neutron flux. The capsules were loaded into the 
reactor in September 1987 for an irradiation time of one 
year (high flux channel) and of two or three years (sur
veillance channels), Pluence monitor materials Ti, j?e, Ni, 



Ag, Co and Nb are included in each capsule. To monitor 
irradiation temperature diamond powder is U3ed. The expected 
target fluences are in the range 3.5 x 10 1 9 to 9.5 x 10 1 9 

n/cn 2 (E7-1 MeV) for the high flux channel and 4 x 1 0 1 8 

to 1 x lO 1^ n/cm2 (E y- 1 MeV) for the surveillance channels. 
Reactor Dosimetry 
- development and improvement of calculation procedures to 

get neutron fields and exposure acting on pressure vessel 
of WWER-1000 reactors 

- application of ex-vessel dosimetry for different core 
fuel loading (low-leakage core; dummy assemblies at outer 
core positions) to reduce neutron flux at the pressure 
vessel 

- improvement of experimental techniques for neutron 
dosimetry monitoring (neutron fluence and spectrum) by 
using niobium as standard monitors for the reactor type 
WWER-1000. 

2. Fracture analysis and integrity of reactor pressure 
components 

2.1. Material properties 
a) Determination of the dynamic fracture toughness K~, 

- using instrumented impact testing with precracked 
Charpy V specimens 

- using subsized specimens (length 25 ram, width 10 mm, 
thickness 10 mm) with a fatigue crack length of 4 to 
5 mm. The specimen is something smaller than one half 
of a Charpy V specimen, therefore broken halves of 
neutron irradiated Charpy V specimens can be used 
further to determine fracture toughness* Such a small 
three-point-bending specimen is situated between 
splitted Hopkinson pressure bars. Using this equipment 
very high loading rates are available. Up to now this 
method works as a multi-specimen method for determi
ning K I d. 



b) Determination of dynamic fracture toughness Jj. of duc
tile steels using instrumented impact testing with pre-
cracked and side-grooved Charpy specimens 
- as a single specimen method suitable for irradiated 
materials the acoustic emission technique will be 
applied to determine the crack initiation point of 
stable crack growth 

- further the dynamic compliance changing rate by 
Kobayashi will be used 

- combined with stretch zone measurements a physically 
defined crack initiation toughness J., can be esti
mated by the multiple specimen technique 

c) Development of methods for measurement of static frac
ture toughness and J-R-curves using different types of 
small specimens, which can be irradiated in surveillance 
programmes 
- Charpy type specimens and Round-CT specimens with a 
thickness of 12.5 mm 

- application of the elastic partial unloading compliance 
method. 

2.2. Material loading and assessment 
a) Development and improvement of methods and computer codes 

for safety assessment of reactor pressure components 
- stress analysis by means of finite element calculations 
and X-ray measurements 

- fracture mechanics analyses using linear-elastic and 
elastic-plastic methods 
- three-dimensional computer-aided fracture criteria 

for elastic-plastic material behaviour: 
methods of probabilistic fracture research -
stochastic finite element method is a generalization 
of classical FEM for random material behaviour and 

35 random crack tip geometry 



- development of computer codes in order to perform 
analyses of thermal and mechanical loaded reactor com
ponents during transient and accident conditions 
- failure analysis for cylindrical pipes and pressure 
vessels under inhomogeneous thermal loading, e.g. 
pressurized thermal shock (PTS) 

- linear-elastic fracture mechanics analysis of the 
reactor pressure vessel nozzle region at PTS con
ditions using FBI. 

b) Assessment of reactor pressure components lifetime and 
reliability 

3. Non-destructive testing 
3.1* Ultrasonic testing of different reactor pressure 

components 
- evaluation of data and experiences collected with the 
mechanized K.VU inspection systems for steam generator and 
reactor pressure vessel in our nuclear power plants 

- detailed studies to improve the defect detection prob
ability 

- flaw evaluation and analysis In austenitic material 
- development of acoustic holography and other imaging 

techniques 
- contribution to uhe improvement of pre-service and in-
service inspection of steam generator tubes and main 
coolant loop 

- mathematical modelling and laboratory studies of ultra
sonic probes: analysis of sound field distributions; 
measurement of sound fields at solid-state surfaces; 
frequency analysis 

- development of alternative piezoelectric materials for 
broad-band transducers 

- development of specialized manipulators, for instance 
steam generator flange testing of screw holes 



- development of a ultrasonic system for unique geometries 
with manual scanning and automatic data acquisition 

- evaluation and improvement of fast data acquisition and 
handling systems 

3.2. Eddy-current testing 
- application of the multi-frequency eddy-current testing 
- eddy-current inspection of steam generator tubes and 

threaded holes 
- construction of coil configurations for special purposes 

4« Oxidation and decontamination in the primary coolant 
circuit 

- application of an out-of-core loop in a laboratory scale 
- application of an in-core loop at a research reactor in 
Rez, Czechoslovakia 

- optimization of the water chemistry (pH; additives, pri-
m arily hydracine) for decreasing of corrosion effects 
and corrosion product transport; 
investigation of solubility of corrosion products in 
dependence of operation time 

- activity buildup and release in corrosion product 
deposits; 
minimization of the deposition rate in the core region; 
investigation of the deposition rate constants of dif
ferent corrosion products on austenitic steel oxide 
layers 

- development of effective decontamination techniques; 
investigation of re-contamination on austenitic steel 
surfaces using alkaline permanganat - citric acid/EDTA 
procedure 

- electrochemical characterization of oxide deposits using 
in-situ impedance spectroscopy 

- characterization of composition and morphology of oxide 
layers by means of microstructural analysis methods 



5. Corrosion 
Mechanisms and kinetics of localized corrosion on auste-
nitic stainless steel of type AISI 321 at elevated tempe
ratures In aqueous solutions 
- mechanisms and kinetics of pitting and stress corrosion 
cracking in relation to counterneasures and life time 
prediction 

- simulation of real corrosion phenomena in a laboratory 
scale in dependence of temperature and loading conditions 

- investigation of real and simulated corrosion modes by 
means of metallography, fractography and microprobe 

- effect of water chemistry and surface layers on crevice 
corrosion and corrosion phenomena 

- microstructural peculiarities of materials region near 
to the surface 

- development of methods for temperature relevant testing 
of steel resistance against localized corrosion 



RESEARCH ACTTVITffiS RELATED TO NUCLEAR POWER 
PLANT AGEING IN THE FEDERAL REPUBLIC OF GERMANY 

J. FOHL 
Staatliche Materialprufungsanstalt, 
Universitat Stuttgart, 
Stuttgart, Federal Republic of Germany 

1. Investigation of Ageing Mechanisms 

1.1 Irradiation 

1.1.1 Research Program "Integrity cf Componfnts" FKS 
(BMFT/Industry) 

1.1.2 Investigation of trepans from decommissioned nuclear power 
plant Gundremmingen A 
(BMU/NRC) 

1.1.3 Comp'ementary surveillance programs 
(Industry) 

1.2 Thermal ageing 

1.3 Creep 

1.3.1 Pipe bend test at elevated temperature 
(BMFT/Industry) 

1.3.2 Investigation of creep rupture behavior of the main 
coolant line 

37 (BMFT) 



1.3.3 Creep studies on components with dissimilar weld 
- MINERVA 
(BMFT) 

1.4 Fatigue 

1.4.1 Validation of computer codes to describe the effect of 
thermal striations at HDR cylindrical vessel wall and piping 
(BMFT) 

1.4.2 Inelastic analysis of elbows 
(BMFT) 

1.5 Corrosion 

1.5.1 Fundamental investigation of corrosion assisted cracking and 
crack growth 

- FKS-Program 
(BMFT/Industry) 

- Ferritic-Steel-Piping 
(Industry/BMU) 

- Austenitic Steel Piping 
(Industry) 

- HDR-Programm 
(BMFT) 

1.5.2 Hydrogen embrittlement of ferHtic steel 

1.6 Wear 



2. Failure Analysis 

2.1 Inspection and investigation of components in the plant 
(Industry) 

2.2 Investigation of machine parts and components from plants 
and compilation of results in a failure catalogue 
(Industry/BMU) 

2.3 In-service monitoring of selected parameters and evaluation of 
their safety relevance 
(Industry) 

3. Quantification of the safety margin of reactor 
components (repeated inspection programs) 

3.1 Non destructive examination 
(Industry) 

3.2 Computation of stresses and strains, performance 
of fracture mechanics analyses 
(Industry) 

4. Improvement and verification of methodologies, techniques 
and test methoas to determine ageing effects (cracking, 
material degradation) and their relevance for nuclear power 
plant safety 

4.1 Non desctructive examination - PISC III 
(intern. cooperation/BMFT) 

4.2 Pressurized thermal shock experiments with degraded 
materials - NKS, HDR 
(BMFT) 

b 



4.3 Vessel failure program - BV 
(BMFT) 

4.4 Cyclic crack growth studies at HDR nozzle and cylindric 
wall under thermal shock loading conditions 
(BMFT) 

4.5 Verfication of fracture mechanics concepts using large 
scale specimens of degraded materials; FKS-Program 
(BMFT/Industry) 

4.6 Investigation of material behavior under dynamic loading 
- explosion testing, rotating disc,high speed servo 
hydraulic testing, crack arrest testing 
(BMFT/Industry) 

4.7 Predanaged pipings under impulse and earthquake loading 
at HDR 
(BMFT) 



Annex 

INVESTIGATION OF MATERIALS FROM DECOMMISSIONED 
REACTOR PRESSURE VESSEL — A CONTRD3UTION TO THE 
UNDERSTANDING OF D1RADIATION EMBRITTLEMENT* 
(Abstract) 

K. KUSSMAUL, J. FOHL, T. WEISSENBERG 
Staatliche Materialprufungsanstalt, 
Universitat Stuttgart, 
Stuttgart, Federal Republic of Germany 

For the first time material samples from the reactor pressure vessel of a 
decommissioned nuclear power plant (Gundremmingen unit A, Federal Republic of 
Germany, FRG) were trepanned and investigated in the FRG within an interna
tional cooperative program to establish material toughness data in comparison 
with those from the surveillance program and the initial material state. The 
materials under consideration are base material from several vessel shells, 
circumferential weld and heat affected zone including acceptance data, irra
diated state and thermally aged only condition. The fluence of the vessel wall 

18 -2 is in the range of 3-4-10 cm . The material response to neutron radiation 
is compared with the Code trend curves. 

For the material of one vessel shell severe degradation (upper shelf drop down 
to 55 J) was found in transverse direction which is not in accordance with the 
existing trend curves. This fact was not recognized from the surveillance pro
gram since according to the practice 1n the past specimens of this type were 
not included. Annealing of those specimens did not provide the expected reco
very. The behavior of a second vessel shell and the weld material could con-

* The full text of this paper was presented at the ASTM 14th International Symposium on Effects 
39 of Radiation Materials, Andover, Massachusetts. United States o c America (27-29 June 1988). 



servatively be predicted by the Code. From the available data it must be con

cluded that the high degradation of the one vessel shell is typical for only 

this specific material and cannot be attributed to the in-service parameters 

of the reactor. Irradiation experiments of archive mater al in test reactors, 

however, did not indicate this severe susceptibility to neutron radiation. 



48 REACTOR RELIABILITY RESEARCH IN HUNGARY IN 1988 

F. GILLEMOT 
Central Research Institute for Physics, 
Hungarian Academy of Sciences. 
Budapest. Hungary 

The importance and the share of nuclear energy in the production of 
electricity of the country has been continuously growing during the 
last three years and today it reached about 40% (Fig.l). Four VVER-440 
units are in operation and two further 1000 MW unit are planned. 

During the last year most of our activities related to those of 
IWG-RRPC, were conducted in connection with the in service inspection 
of NPP Paks. 

Fig.2. shows our organization for the in service inspection and for 
the evaluation of its results. 
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Fig.2. Hungarian organization of In Service Inspections 

Due to the fact that Paks is, and will be for a long time the only 
NPP in the country the testing during in service inspection is 
conducted directly by the plant, and an independent body of specialist 
has been set up to supervise and evaluate the results. After their 
acceptance the authority (AEEF) is responsible extending the 
operational licence. 

The surveillance testing of unit 1 is nearly finished. (Due to the 
high lead factor three-four year long irradiation of the specimens gave 
similar embrittlement than wall ageing during 40 years of operation.) 
Fig.3. shows the summary of the surveillance results of weld metal of 
unit 1. 

Acoustic emission testing equipment (Fig. 4), site testing methods 
and evaluation technology have been developed continuously. The 
portable acoustic emission equipment "Defectophone" has a 16 channel 
expansion and this equipment has been succesfully used for testing the 
nozzle ring during hidrotest of Paks unit 2. 
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Fig. 4. "Defectophone" equipment used for site testing of pressure 

vessels 



Fig.5. Schematic drawing of underwater telescope 

A lot of site testing has performed by the underwater telescope 
system developed in Central Res. Inst, of Physics both in research and 
power reactors. Since it proved to be a high resolution and easy used 
equipment it became a part of ISI testing in the Hungary. Fig.5. shows 
the rough picture of the equipment , and Fig. 6 shows some pictures 
made under 7 metres deep water in a research reactor with full core 
inside. 
On the field of fracture mechanics we are dealing with the 

development of fracture toughness values evaluation by notched tensile 
bers. A practical use of this is a new type of calculation of K^ c 

values of irradiated materials. 
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Fig.6. Typical underwater pictures from the welded joints of a research 
reactor ( 7 metres deep) 
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Fig.7. Evaluation of the rate of irradiated and unirradiated Average Absorbed 
Specific Fracture Energy (W +) on differently notched tensile bars 

Since the necking of the sharply notched tensile specimens is small, 
the total energy divided by the area of the fractured surface gives an 
acceptable surface fracture energy value. 

The values of the total absorbed energy measured on differently 
notched round tensile bars can be extrapolated to an infinitely sharp 



A U Q E R E U E C T R O N 
S P E C T R O S C O P Y 

( a t o m i c t h i c k n . > 

I M F » E D A N C E 
<i~a»a»*. ait ainc=«r » 
tl-»i c=Kf-»araia»> 

O E M S •• - M Q 6 6 B A U E R 
C R Y S T A L U 0 6 R A P H V 
(Cr-i a * t « l l o g r a p h y ) 

P H O T O E U E C T R O 
C H E M I B T R V 

< h « m « t i t , 
• u r f « c « *»na»l - > 

T M X C K N E S S i C H E M A N A L Y S I S 
E L E C T R I C R E 8 I 8 T A N C £ | 
L E A K A G E P R O O F N E B S o-f t h a 

O X I D L A Y E R 

E L E C T R O C H E M I S T R Y N O I S E i n 
C O R R O S I V E E N V I R O M E N T 
< L Q C « 1 or- p i t t i n g 

c o r r o s i o n r a s i s t a n e a ) 

Fig.8. Scheme of corrosion resistance testing of stainless steel 

notch (Fig.7.) representing a crack and this value divided by the 
fracture area gives the notched specific surface energy of fracture. 
Due to the strain distribution it is not an exact fracture toughness 
value, but the ratio of the irradiated and unirradiated values measured 
on specimens with the same geometry can be used for calculating 
irradiated K, values by the formula: 

( Wt }irrad 
Klc(irrad) = Klc 

Last but not least great efforts were made to develop a new 
technology for evaluating the corrosion resistance of stainless steel 
pipes (e.g. steam generator). The basic idea is to measure the 
thickness , structure and solidity of the oxide layer on the steel 
surface. Fig 8. summarizes the testing method which have been 
succesfully checked in a laboratory, and in the near future the method 
will be applied in site testing too. 



RESEARCH PROGRAMS FOR LWR PRESSURE 
BOUNDARY COMPONENTS IN JAPAN 

S. MIYAZONO 
Structural Strength and Structure Laboratory, 
Japan Atomic Energy Research Institute, 
Tokai-mura, Naka-gun, Ibaraki-ken, 
Japan 

1. Introduction 

This report describes the research activities on structural 
integrity and safety of LWR pressure boundary components conducted 
under the sponsorship with the Science and Technology Agency (STA) and 
Ministry of International Trade and Industry (MITI) in JAPAN. 

The following main three research programs are briefly summarized; 
1) Verification test programs on integrity of stainless and carbon 

steel piping 
2) Research programs on PTS concern 
3) Research programs on plant life evaluation and extension. 

2. Verification test programs on integrity of stainless and carbon 
i-.teel piping 

The objective of this research program is to verify structural 
integrity of the stainless and carbon steel piping important to safety 
in light water reactors and to clarify validity to apply a Leak-Before-
Break (LBB) concept to the piping design, based on the test resalts. 

The piping tests are carried out at the Japan Atomic Energy 
Research Institute (JAERI) and Nuclear Power Engineering Test Center 
(NUPEC) sponsored by the STA and MITI, respectively. 

The pipe test program at the JAERI is conducted with the time 
schedule shown in Fig. 1, using the stainless and carbon steel pipes 
of 3, 6 and 12 inch in diameter with an artificial circumferential 
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FIG. 1. Time schedule for ductile fracture tests of stainless and carbon steel piping (JAERI). 

crack. Table 1 shows briefly the objective and content of four 
research projects. The pipe tests were already performed under static 
four-point bending load with and without internal pressure at RT and 
300°C and in a BWR environmental condition. At present the shaking 
tests of pipes are carried out with a shaking table simulating seismic 
loading and the leak rate tests are conducted using pipes of 6 and 12 
inch in diameter with a through-wall artificial crack under a BWR and 
PWR environmental condition. 

The test program was already performed for stainless steel pipes 
at the NUPEC and at present the fracture tests of carbon steel pipes 
of 6, 16 and 26 inch in diameter with an artificial circumferential 
crack are proceeded with the time schedule shown in Fig. 2 and the 
test matrix shown in Table 2. The piping tests are carried out under 
four-point bending and tension loading at RT to 300°C in an air, water 
and steam enviromental condition with and without internal pressure. 
In this program, mechanical properties and fracture toughness of 
piping materials were obtained using small specimens and fracture 
behavior of cracked pipes was analyzed by several engineering methods 
such as a net section collapse criterion, two parameter method and 
etc. 



TABLE 1. OBJECTIVE AND PARAMETER ON DUCTILE FRACTURE TESTS OF STAINLESS AND 
CARBON STEEL PIPING (JAERI) 

R o s c r n - c h P r o j e c t O b j e c t i v e P a r a m c t o r 

D u c t i l e F r a c t u r e T e s t 

( 5 > t « . t i c L o a d ) 

Untable Fracture Condition 

Crack Opening Area 

Safety Hargin 

Four-point Bending (Static) 

Rt.300*C.BVJ 

7S*\IS0,300»»» 

D u c t i l e J F r - o . c t - u . i r c s T e s t 

( C y c l i c L o a d ) 

Safety Pargin against scisaiic 

Loading 

Safety Margin 

Four-point Bending (Cyclic) 

Rt.aarc. iso«i» 

L e a k R a t e T e s t 

Leak Rate froai Trough Crack 

Effect of Leak Flow 

Vibration 

Four-point Bending 
8VR, PWR 

100,150,300-a*' 

B u r s t l e s t 
Burst Fracture Condition 

Safety Margin 
Internal ' Bending 

Rt,300-C 

A draft of the design guide for stainless steel pipings based on 
a LBB concept was reviewed by the regulatory authority and was 
authorized in 1987. Figure 3 shows the scenario or the LBB criterion 
in Japan. 

3. Research programs on PTS concern 

The pressurized thermal shock (PTS) is concerned with the tensile 
stress and flaws existing at the inner surface of nuclear reactor 
pressure vessels (RPV) and the reduction of fracture toughness of the 
RPV steel. The tensile stress is induced by rapid cooling and 
repressuriza.ion in a thermal transient event. The fracture toughness 
of the RPV steel is reduced by neutron irradiation. 

Any PT C concern has not ocurred during the operation of 16 PWR 
plants in Japan, but this research program was planned in 1983 to get 
public acceptance for structural integrity of the PWR pressure vessel. 

http://JFr-o.ct-u.ircs


This research program is composed of the following six items as 
shown in the flow diagram of Fig. A. 

Task B : Basic metallurgical ter.t 
Task B : Study on i r radia t ion embrittlement 
Task F : Fracture toughness tes t 
Task F : Investigation of WPS effect 
Task M : Model test 
Task T : Study on PTS t ransient 

In Task B, six kinds of RPV base and weld materials were prepared 
for study of neutron i r radiat ion embrittlement as shown in Table 3 . 
The purpose of th is task i s to invest igate the effects of impuri t ies , 
Cu, Ni, P, Cu + P, Cu + P + Ni, on neutron i r r ad ia t ion embrittlement 
of RPV materials and to verify in tegr i ty of the RPV mater ials used in 
the early and recent age. The i r rad ia t ion t e s t was carried out with 
neutron fluence of 3 to 10 * 10 1 5 n/cm2 a t 290±10°C. 
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FIG. 2. Time schedule for ductile fracture tests of carbon steel piping (NUPEC). 
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FIG. 3. Scenario of LBB criteria. 

In Task M, the vessel wall was simulated with a plate model of 
T W L 170 x 750 * 6,000 (mm) and the thermal shock v«s given by rapid 

cooling of the heated plate model and the internal pressure by tensi 
and bending load. 

In task T, the following three events were selected to analyze 
the PTS transient; 

o Main steam break (SLB) 
O Small break loss of coolant accicent (SBLuG 
O Large break loss of coolant accident (LBLOCA) 
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FIG. 4. Flow of tests and evaluation for the PTS integrity program. 

A. Research programs on plant life evaluation and extension 

In Japan, 36 nuclear power plants are operated as of October 1988, 
including 1 gas cooled reactor (GCR), 1 advanced thermal reactor (ATR), 
18 boiling water reactor and 16 prersuri2ed water reactors. The 
history of these nuclear power plants is shown in Fig. 5 as of 
September 1987. In the end of the 20th centry operational experience 
of some nuclear power plants will be more than 25 years. 

As nuclear power plants are advancing in age, they will face 
degradation problems of structural components, equipments and systems 
resulting from interaction of tactors such as neutron irradiation, 
thermal ageing and high temperature and pressure water environment 
during plant operation. Before the life e-ctension of nuclear power 
plants beyond the planned design life is considered, therefore, it is 
essentially needed to understand degradation phenomena of structural 
components, equipments and system and to establish available procedures 
for precise prediction of the residual life. Two research projects 
have started for solution of thJs issue. 



TABLE 3. TEST MATERIALS PREPARED FOR THE PTS INTEGRITY STUDY 

Material 
Symbol 

Chemical composition (Wt %) 

Remarks 
Material 
Symbol 

Cu P Ni 

Remarks 

© B 0.06 COOS 0.60 Base plate for recnet kPV 

© w 0.O6 0.008 1.00 Weld metal for recent RPV 

© B 0.25 0.008 0.60 Base plate (effect of Cu) 

(D B 0.06 0.020 0.60 Base plate (P) 

© B 0.O6 0.C08 1.80 Base plate (Ni) 

© B 0.25 0.020 0.60 Ba.e plate (Cu + P) 

© W C.25 0.020 1.10 Weld metal (Cu + P + Ni) 

© B 0.1E 0.012 0.55 Base plate for early RPV 

© w 0.18 C.016 1.00 Weld metal for early RPV 

One of the research projects has been conducted by the JAPEIC 
sponsored by the MITI since 1985, as shown in Fig. 6. The main objec
tive of this project is to develop monitoring methods and diagnostics 
of the degradation phenomenon and advanced technology on replacement 
and repair of components, equipments and systems and to propose the 
rule or criterion, for assessing the extended plant service life. 

This project has been performed in Phase I, II and III as 
follows; 
Phase I (1985 ~ 1986) 

o Survey literature 
o Identify critical components 
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FIG. 5. Present status of nuclear power plants in Japan (as of September 1987). 
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Fiscc! Year 

Item 
1. Nucleor Power Piant 

Components/Foci lilies 
(1) Feasibility Study 

(2) Verification Tests 

(3) Life Extension Tech
nology Evaluation 

2. Nuclear Power Piant 
Concrete Structure 

(1) Feasibility Study 

'85 '86 '87 

Phase I 
F.S. 

Phase I 

F.S. 

'88 '89 '90 '91 
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FIG. 6. Time schedule of the research program for nuclear power plant life evaluation and extension. 

Phase I I (1987 ~ ) 

o Material test on low alloy and stainless steel in corrosive 
environment 

o Thermal ageing test of dual phase cast stainless steel 
o Fracture toughness test of stainless steel 
o Possility of re-use of surveillance specimens 
o Development of inspection or repair equipments of reactor 
pressure vessels and internals 

Phase III (1990 - ) 
o Evaluate all data 
o Prepare scenario of plant life extension 
0 Propose rule or criterion for assessing extented service life 



TABLE 5. IRRADIATION SCHEDULE AT JAFRI 

FY 
Capsule 

Number 

Dia. of 
Capsule 

(mm) 

Charpy 

V-notch 
Tensile 

Pre-
Cracked 
Charpy 

1/2T-RCT 
Target 

Fluence 
(n/cm 1) 

1986 
I 40 JPI.JPO JPI.JPO 2 - 1 0 " 

1986 
2 40 JFL.JRQ JFL.JRQ 2 - 1 0 " 

1987 
3 40 JPJ.JPF JPJ.JPF 2 - 1 0 " 

1987 
4 40 JPI.JPJ JPI.JPJ 2 - 1 0 " 

1988 
5 40 JPH JPH.JRQ JRQ 2 - 1 0 " 

1988 
6 60 JPI.JPJ 2 - 1 0 " 

1989 
7 60 JFL.JRQ 2 * 1 0 " 

1989 

8 60 
JPI.JPJ. 
JFL.JRQ 

JPI.JPJ, 
ja .JRQ 

4 - 1 0 " 

Another of the research projects has been carried out at the 
Japan Welding Engineering Society (JWES) sponsored by the JAERI. In 
this project, SA533 Gr. B Cl.l steel similar to the pressure, vessel 
steel of nuclear power plants prior to 1970 was prepared to study 
degradation mechanism due to thermal ageing. Table 4 shows the test 
program which is conducted by universities, national research 
laboratories and private companies and the test results will be 
assessed by those members in a special committee. 

On the other hand, the test results obtained by the IAEA Phase-3 
Coordinated Research Program will be available to assess the 
degradation phenomenon of the pressure vessel steel due to neutron 
irradiation. Table 5 shows the test program of the IAEA Phase-3 CRP 
at the JAERI. 

The neutron irradiation test results of the PPV steel obtained 
by the JAPEIC in the PTS program will be also available for assessing 
the nuclear power plant life extension. 



50 ACTIVITIES IN THE FIELD OF NUCLEAR 
POWER ENGINEERING IN POLAND 

M. ZDANKIEWICZ 
Technical Design Office, 
Warsaw, Poland 

INTRODUCTION 

The nuclear power plant consisting of four UUQ ?*•/ FV.Tls i'̂  now 
under construction at ?arnowiec. This plant is schednlud for 
comissioning in the 1990 s. 

In the year 1987 decision was taken concerning the siting 
of the second nuclear power plant at Klempicz. 
This power plant is to operate four 1000MW power units. 

Arrangements are now in course targeted toward the preparation 
of siting guidelines for the third Polish nuclear power plant. 
The guidelines are expected to appear still in this year. 

1. LEGISLATIVE DOCUMENTS 

1.1. The Act of April 10, 1986 entitled "Nuclear Law" fcecaee 
effective as of July 1, 1936. The provisions contained therein 
h?ve provided a comprehensive settlement of the principles 
concerning the utilization of nuclear energy in Poland. 

The activities in the field of utilization of nuclear 
energy for social and economic needs in Fcland cover, arong 
others, the siting, design, construction, erection, cor^issioning, 
operation and disposal of nuclear objects. 

The Act has constituted the legal grounds for, and set 
forth the principle of activity and main tasks of, the state 
Authority for the IJuclear Safety. The 

These tasks were turned over to the President of the State of : 
Atoraistics Agency, to the Chief Inspector of the Nuclear Surveillance 
Authority and to the Inspectors of the Nuclear Surveillance Authority 
Under said Act, the nuclear surveillance consists in the supervision 



and inspection of each activity being carried ont in the field 
of the utilization of nuclear energy for social and economic 
needs of the country which causes or is likely to cause the 
exposure of people or environment to ionizing radiation. 

Said task encompasses, among others, the establishing of 
requirements necessary to ensure the nuclear safety and radiation 
protection as well as performance of inspections in the 
nuclear objects. 
1.2. On January 1, 195c the new* Act on the technical control 
was brought into existence. AS confronted v/ith the relevant 
Act effective until then the new Act codified and extended the 
principles concerning the performance of the technical control 
over the technical installations likely to create hazard for 
the life or health of people of for the property and environment 
through: 

-ion 
a/ decompression of l iquids or gases kept unde^ pressure 

different than the atmospheric value, 
b / re lease of potent ia l or kinetic energy in the course 

of displacement of people or things over a limited 
distance, 

c / propagation of poisonous of aggressive ca t e r i a l s being 
stored or transported in pressureless tanks. 

The technical control over the technical incta l la t ions is 
performed in the course of: 

a/ design 
b / manufacture of materials and elements intended for the 

r.ng, production of the in s t a l l a t ions , 
c / manufacturing, 
d/ d i s t r ibu t ion , 
e / operation and repair 

The organs of the technical control charged v/ith the performance 
of said control a re : 

t l lance T/ Technical Control Authority, 
thority 2/ Technical Control Inspectorates, 
vision 3 / Spec ia l i s t i c Organs of the Technical Control. 



1.3. In case of the technical installations which are important 
to nuclear safety and subject to the technical supervision the 
activities of both Authorities, i.e. the Nuclear Supervision 
Authority and the Technical Control Authority are partly 
convergent. 

The duties of the technical control organs targeted toward 
the inspection of the design, production and working condition 
of a pressure vessel in terras of technical safety constitute 
at the cane time the activity in the field of nuclear safety 
and radiation protection since a good working condition of 
primary circuit installations constitutes one of the barriers 
preventing an uncontrolled emission and propagation of 
radioactive substances. 

Which is why the cooperation between the both Authorities 
is necessary, e.g., in the field of establishing of specifications 
for the Production and acceptance of pressure installations as 
v/elias for in-service inspection thereof. 

In aforementioned cases the satisfactory opinion on 
good working condition of a pressure vessel issued by the 
Technical Control Authority will provide the grounds for the 
Nuclear Supervision Authority in taking their decisions in 
the field of nuclear safety and radiation protection. 

2. DETAILED SPECIFICATIONS 

2.1. Detailed manufacturing and inspection specifications have 
already been worked out for the najor part of pressure vessels 
znd certain other installations to be operated at 2arnov.'ioc NFP, 
such as: steam generator, pressurizer, specialized heat 
exchangers, turbine house heat exchangers, water treatment 
plant, storage tanks, radioactive waste disposal system at the 
reactor building and nuclear waste management building as well 
as steel lining of the main building. 

2.2. Each of said specifications is prepared on the basis of 
51 Soviet nuclear regulations, completed, where necessary, with 



the provisions of the International Economic Association or 
of Technical Control Code. 

The draft specifications are reviewed and approved according 
•to the procedure established in the Quality Assurance Program 
in force for 2arnowiec N?P. 
The latter establishes also the procedures concerning the 
introduction of amendments to said specifications. 

2.3. Worth mentioning is the latest draft of uniform Material 
Specifications to be used in the production of pressure 
installations operated in nuclear power plants provided v;ith 
PWRs of 440 and 1000 MW. 

The specifications for separate steelproducts contain the set 
of basic requirements and a nunber of supplementary requirements 
testing /including type, extent and graduated acceptance criteria/ 
the latter being selected by designe* according to the safety and 
quality class of a given installation. 

Said specifications include six sections,nz: General Provisions, 
Plates and Sheets, Tubes and Pipes, Forgir.gs, Bars and Rods as 
vrellas, V/elding Materials, encompassing altogether 16 grades, 
of steel. 

3. PREPAREDNESS OF INDUSTRIAL PLANTS FOR THE PRODUCTION 
AND THE ACTIVITIES OF NUCLEAR SUPERVISION AND 
TECHNICAL CONTROL AUTHORITIES 

3.1 Following the requirements of Quality Assurance Progran for 
2arnowiec NFP all industrial plants which v:ill be engaged in 
the production of the installations important to nuclear safety 
are being checked by the representatives of Investor and General 
Supplier frca the standpoint of their preparedness for the 
production, covering, .araong others, the possession of correct 
equipment, staff, mastering cf necessary production processes, 
implementation of own quality assurance progran, possession of 
the complete set of duly approved documents, etc. 



3.2. Technical installations such as pressure vessels and lifts, 
cranes, etc. subject to technical control constitute a specific 
group vithin the installations iinportant to nuclear safety. 
First, their technical documentation /including specifications/ 
has to be agreed upon vith the technical control body and next 
their manufacturers and installers have to be approved by the 
technical control body for manufacture and for installation. 
Such approvals are being granted following special procedure 
v/hose most important point is the verification of production 
installing technology carried out on test elements made and 
tested in the presence of the inspectors of the Technical 
Control Authority. 

Up to the present such approvals have been granted for 
the production of pressurizer,certain heat exchangers, storage 
tanks and radioactive waste system whereas approval procedures 
for stean generator, special he, t exchangers and water treatment 
plant are being arranged. 

The Technical Control Inspectors are visiting approved 
plants to make sure that the approval conditions are being 
observed, to perform technical acceptance at the specified 
production stages and to perform comprehensive periodic inspections. 

The same activities are also perforced on erection site. 
It should also be Eentioned that the Technical Control Inspectors 
are carrying out acceptance testing at the makers of case 
materials and filler cetsJLs intended for the production of 
of NPP installations. 

3.3. The exercise of nuclear supervision over the Zarnowiec NPP 
now under construction covers mainly the following: 

a/ verification of observance and implementation of the 
conditions of licence for the erection as issued by 
the President of the State Atomistics Agency in 19-5; 

b/ verification of the implementation and effectiveness 
of the investor's Quality Assurance Program; 

c/ analysis and review of the documentation connected with 
nuclear safety and radiation protection; 



d/ par t ic ipa t ion in the inspections whose objective is 
to check how the quali ty assurance prograns are 
being irrplenented at the investor ' s subcontractors. 

Following the instructions of the Chief Inspector of the 
Nuclear Surveillance Authority nine inspections connected with 
nuclear safety and radiat ion protect ion were conducted a t 
iarnowiec NPP s i t e in 1957. 

4. ACTIVITIES WITHIN THE FRAMEWORK OF THE INTERNATIONAL 
ECONOMIC ASSOCIATION iNTERATOMENERGO' 

Poland continues her activities in the field of preparation, 
" j "Interatonenergo", of the set of uniform standard specifications 
for nuclear power plants to be applied in CIZA countries in the 
field of design, production, erection, concissioning, operation 
and disposal of nuclear power plants. 

The documents as prepared within the above program will 
ne::t be adapted for the conditions prevailing in Poland and 
gradually brought into existence as mandatory in our country. 

5. RESEARCH AND DEVELOPMENT 

5.1. The tasks being realized within the framework of the erection 
of £arnowiec NPP as well as preparations for its future operation 
call for an extensive research and development work connected, 
anong others, with both those stages. Some of examples of such 
work will be presented below: 

5.2. Central Research and* Development Program in the field of 
nuclear safety and radiation protection v.-as established for the 
years 1903-1990. 

Seid Program, includes 44 objectives of which 27 are to be 
implemented, 14 are future-oriented and 4 are of cognitive neture. 

The objectives to be implemented are divided into 5 groups, 
one of then being concerned with nuclear safety and radiation 
protection of the nuclear objects/including nuclear power plants/. 



The l a t t e r group covers s tandardizat ion work / see clause 4 / as 
v e i l as the prepara t ion of the s e t of ana ly t i ca l -and-ca lcu la t ion 
methods whose object ive i s t o perform safe ty analyses in various 
stages of construct ion and operation of NPF and t c evaluate 
the rad io log ica l condit ions in the NPP's environment during normal 
and abnormal operat ing condi t ions . 

Some of e::enplary object ives ere as follows: 

a /Determinis t ic methods of nuclear safety analysis for nuclear 
power p l an t s with FWRs. 

Relevant exemplary s tages / subobjec t ives / : 
- improved and v e r i f i e d thermal-and-fluid flow models intended 

for the analyses of accident condi t ions , 

- models and analyses of small leakage v;ithin steam generator 
in PWP-440 u n i t , 

- Calculat ion methods and r e s u l t s of analyses of main stean 
header rup tu re , e t c . 

b / P r o b a b i l i s t i c methods of nuclear safe ty analys is for nuclear 
power p l a n t s with PWRs. 

Relevant exemplary stages / subob jec t ives / : 

- bas ic elements and computer programs for the preparat ion of 
p r o b a b i l i s t i c model of Zarnoviec NFP for es tab l i sh ing and 

analysing the pos s ib l e sequence of occurrences, 

- bas ic methods of accidental condit ions sequence analyses, 

- methods of p r o b a b i l i s t i c analyses of nuclear power p lan t s 
with 440 NN PVR u n i t s . 

c / Methods of assessment of rad ioac t ive mater ia ls r e l ea se in to 
the atmosphere during an accident in nuclear power p l a n t . 

d/ Computer programs for assessment of rad io log ica l e f fec ts 
during normal and accident condit ions in nuclear power p l a n t . 

5 .2 . From among research and development work being car r ied out 
S3 in the f i e l d of mater ia l s and production methods applied in the 



construction of nuclear power plant components the following nay 
be nentioned: 
a/ usability of Polish made carbon-molybdenum steels fcr the 

needs of nuclear power engineering, 
b/ investigation on the structure of creep-resistant Fe-Ni-Cr 

alloys -with the view of their application in high-tcaperature 
reactors, 

c/ effect of diffusion layers on the properties of Incoloy-SOO 
type alloys. 

d/ high-temperature creep of Incoloy BOO, 
e/ repair velding v/ithin the N?P circuits with particular 

attention being paid to mechanized welding of tubes /pipes/, 
f/ welding technologies for heterogeneous steel connections, 
g/ technologies for tube fixation in heat-exchanger tube sheets, 
h/ application of explosion welding in nuclear power engineering, 
i/ ceramics-to-metal Joints for the needs of nuclear power 

engineering, 
j / po s s ib i l i t i e s of carbon-molybdenum steel cladding with 

corrosion-resistant austenit ic s tee l , 
k/ non-destructive methods of examination to be applied in nuclear 

power p lan t s , 

1 / system of in-service control of 440 NW PVR vessel by means 
of the so called "witnesstest pieces". 



THE SPANISH NATIONAL PROGRAM ON THE RELIABILITY 
OF REACTOR PRESSURE COMPONENTS 

E. DEQUIDT 
Departamento de Materiales, 
Instituto de Tecnologia Nuclear (CIEMAT), 
Madrid, Spain 

The main objectives of the Spanish national program, in 
the field of the reliability of reactor pressure components, are con
centrating in: 

- Surveillance evaluations on nuclear power plants. 
- Optimizing reactor pressure vessel surveillance programmes 
and their analysis. Phase III. 

- Intergranular stress corrosion cracking of austenitic stain
less steel BWR piping. 

- Inspection of steam generator tubes failures in PWR. 
- International collaboration on PISC III project. 

The surveillance program on the nuclear power reactor, com
prises: 

- Microestructural examination. 
- Microhardness tests. 
- Strength determination. 
- Transition temperature measurements by Charpy method. 
- Evaluation of the results. 

The surveillance inspection was perfomed on five nuclear power 
plants: Zorlta, Almaraz I, Almaraz II, Asc6 I and Asc6 II, taken several 
capsules in each of them. 



Optimizing reactor pressure vessel surveillance programs 

Three different steels were selected for our participation 
in the Optimizing reactor pressure vessel surveillance programs: 

- ASTM A533 type B, class 1 steel plate (JRQ). 
- ASTM A533 type B, class 1 steel plate (JPF). 
- ASNE SA-533 type B, class I steel plate (JPJ). 

The first one is the correlation monitor material, and the 
others are representing high and low sensitivity materials respectively. 

The present status of the project can be summarized in three 
points: 

- The characterization, non irradiated state, of the JRQ 
steel, is almost finished; the other two are in progress. 

- Samples of the JRQ steel are irradiating in the Asco II 
nuclear power plant, since the last April, in a surveillan
ce capsule position. They will be there for a tonal of eleven 
months. 

- The irradiation of JRQ samples in a MTR has just begun. It 
will take six months, in different steps, reaching a maxi-

19 2 mum neutron dose of 3.10 n/cm , (E > l MeV), at 290 «C. 

Measurement and tests: 

- Optical and transmission electron microscopy (TEN). 
- Hardness tests. Diamond Vickers pyramid. 
- Positron annihilation. 
- Standard Charpy impact teat. V notch impact specimens. 
- Pre-cracked Charpy speciments. Dynamic fracture toughness 
measurements using instrumented impact machine. 

- Static fracture toughness measurements. 



The project of intergranular stress corrosion has been pro-
noted by a group of nuclear power reactor owners, 

- To provide a better knowledge of the perfomance of auste-
nitic stainless steel with cracked overlays welds, in hy
drogen injection conditions (alternative chemistry) 

- To obtain crack growth propagation data using fracture me
chanics samples in a simulated BWR chemistry conditions. 

- To develop acoustic emission techniques in order to detect 
and to follow intergranular stress corrosion cracks. 

Study of steam generator tubes failures 

This project has been establish to evaluate its perfomance 
in the plants as well as fiability of the in situ inspections. 

Corrosion of the tubes in PWR steam generators 

The objective of this project is to study the corrosion of 
the tubes in both primary and secondary sides of the PWR. The evaluation 
of the water pH influence in the primary circuit for the crack generation 
by stress corrosion, is also considered. 



R&D PROJECTS IN REACTOR TECHNOLOGY AT 
THE SWEDISH PLANT INSPECTORATE (SA) 

L. DAHLBERG, B. BRICKSTAD 
Swedish Plant Inspectorate, 
Stockholm, Sweden 

Presented by B. Eriksgaard 

MECHANICS OF MATERIALS AND STRUCTURES 

Crack arrest 
A Nordic joint project in cooperation between RISO National 
Laboratory in Denmark, The Technical Research Centre of Finland, 
SINTEF in Norway and The Swedish Plant Inspectorate. The aim of 
the project is to determine crack propagation toughness data for 
reactor pressure vessel steel as function of crack tip velocity. 
This requires developement of crack tip velocity measurement 
techniques for thick specimens and analysis methods based on 
both linear and nonlinear theory. 
Project leader: Lars Dahlberg 
Finance: The Swedish Nuclear Power Inspectorate (SKI) 

Nordic Liaison Committee for Atomic Energy (NKA) 
Publications: Brickstad, B., and Dahlberg, L., 

"Some Aspects of Performing Dynamic Measurements 
and Analyses on the Compact Crack Arrest 
Specimen", SA/FoU-Report 86/02, 
The Swedish Plant Inspectorate, Stockholm, 1986. 
Brickstad, B., and Dahlberg, L., "Measurement 
and Analysis of Crack Arrest Experiments Using 
the Compact Crack Arrest Specimen", SA/FoU-, 
Report 87/06, 
The Swedish Plant Inspectorate, Stockholm, 1987. 

Estimation of the fracture probability of BWR piping 
The objective of this work is to estimate the probability of 
failure for Swedish BWR-pipes by using probabilistic fracture 
mechanics and statistics from observed cracking in BWR-piping. 
The result of this analysis is of great importance in probabi
listic risk assessment (PRA) analyses for whole nuclear power 



plants for which the probability of a major pipe break consti
tutes a dominant contribution to the probability of damage of 
the reactor core. 
Project leader: Bjorn Brickstad 
Finance: Swedish Nuclear Power Inspectorate (SKI) 

International piping integrity research group (IPIRG) 
The IPIRG-program has been started to provide experimental veri
fication that existing quasistatic analysis methods are adequate 
to predict the load carrying capacity of dynamically loaded 
flawed piping. The total budget is circa 6.000.000 US $, comming 
from eight participating countries, and will mainly be consumed 
in performing experiments on cracked piping 
The commitments for SA is twofold. Firstly SA is the Swedish 
IPIRG-representative. This involves supplying information about 
the work in IPIRG to SKI and the Swedish nuclear plants owners. 
Secondly, SA is performing quite extensive numerical finite 
element calculations of some of the IPIRG experiments. It is 
felt that a more sophisticated numerical analysis will enable a 
deeper understanding of the influence of cyclic loading as well 
as rate dependent plasticity and also indicate improvements in 
the evaluation methods for these problems. 
Projekt leader: Bjorn Brickstad 
Finance: Swedish Nuclear Power Inspectorare (SKI) 

Swiss Federal Nuclear Safety Inspectorate (HSK) 

Standard document for assessment of the integrity of structures 
containing defects 
A Nordic working group has started to produce a document for 
assessment of the integrity of structures containing defects 
which shall form the basis for national documents in the 
different Nordic countries. 
The group has decided to produce a document which is compara
tively simple to use and therefore has only one analysis option. 
The analysis method is going to be based on the simplest option, 
option 1, in the CEGB R6-document. The goal is to include stress 
intensity factor solutions and plastic collapse solutions which 
cover at least 85 percent of real life crack problems. A chapter 
of residual stresses in different type of welds will also be 
included. 
Project leader: Lars Dahlberg 
Finance: Nordic Fund for Technology and Industrial 

Development (NI) 



Assessment of cracks in cr close to pressure vessel cladding 
The thin austenitic steel cladding layer on the inside of a 
pressure vessel wall is often ignored when evaluating the 
severity of flaws in pressure vessels. This omission may be mis
leading, however, when evaluating shallow flaws. Because the 
thermal expansion coefficients for the cladding and the base 
material are sufficiently different, significant residual 
stresses can be set up in the cladding. 
The aim of the project is to investigate the influence of the 
cladding on the severity of cracks in or close to the cladding. 
The study will mainly be based on nonlinear numerical analyses, 
but experiments may also be necessary. 

1 Project leader: Lars Dahlberg 
Finance: Project under discussion 

NON DESTRUCTIVE TESTING 
Crack sizing with ultrasonic diffraction techniques 

i 

Swedish rules for in-service inspection of nuclear power plants 
defines maximum acceptable defect size. Jt is therefore a need 
of defect sizing with good accuracy. 
During the last years new ultrasonic techniques have been used 
for sizing of cracks based on the diffracted signal from the 
crack tip. To get an over-view of these new techniques, SA has 
performed a literature study to learn about the possibilities, 
limitations and accuracy of different diffraction techniques. 

s As a second step, a laboratory investigation is performed on 
plates with mechanical fatigue cracks. 
The aim with the laboratory investigations is to increase the 
knowledge about optimization of probe parameters for different 
techniques, define the maximum accuracy that can be acheived and 
to clarify the limitations of different techniques. 
Project leader: Kjeli Hogberg 

:.n. 
n, Finance: 
::5S 
ch Publications: 
',er 

The Swedish Nuclear Power Inspectorate (SKI) 
Pers Andersson, E-B. and Norman, H., 
"Felstorleksbestamning med ultraljuddiffrak-
tionsteknik", SA/FoU-Report 85/03, The Swedish 
Plant Inspectorate, Stockholm, 1985. 
(In Swedish) 
Andersson, E-B. and Hogberg, K., "Ultrasonic 
diffraction technique - sizing of cracks", 
presented at the ninth international conference 
on Nondestructive Evaluation in the Nuclear 
Industry, Tokyo, 25-28 April 1988. 



Measurement of crack size with ultrasonic diffraction technique 
During the last years new ultrasonic techniques for sizing based 
on diffraction technique has been presented at conferences and 
in technical papers. So far there are few standards which give 
guidance on how to use the technique under field conditions. 
The aim of t;his project is to develop a "Nordtest method" for 
ultrasonic diffraction technique. The applicability and limita
tions of the method will be verified on specimens with real 
cracks. The "Nordtest method" will cover carbon steel in the 
thichness range 10-50 mm. 
The project will be carried out in co-operation with The 
Technical Research Centre of Finland (VTT). 
Project leader: Kjell Hogberg 
Finance: Nordtest 

MATERIAL AND WELD TECHNOLOGY 

Literature review of IGSCC in cold worked stainless steel in 
BWR environment 
IGSCC is a crack mechanism which can be found in austenitic 
stainless steel in BWR environment. Cracking is mostly found in 
sensitized material in the HAZ close to welds, but extensive 
cracking has also been found in cold worked material as for 
instance in pipe bends in Sweden. 
The aim of the review is to up date our knowledge of the crack 
mechanisms in cold worked material ind to compile crack growth 
rate data for IGSCC in austenitic scainless steel in BWR en
vironment for both thermal sensitized as well as cold worked 
material. 
Project leader: Bo Lindblad 
Finance: The Swedish Nuclear Power Inspectorate (SKI) 



TIC SWEDISH NUCLEAR POWER INSPECTORATE (SKI) IS SPONSORING 
WHOLLY OR TOGETHER WITH OTHERS A SERIES OF R4D PROJECTS. 

SKI PROJECT NO 86104 
IASCC - Irradiation Assisted Stress Corrosion Cracking 
The project is co-financed by SKI and the Swedish utilities and 
will go on till March 1991. It was started in November 1986. 

*) ABB Atom is the "operator". 

Project Manager: Lars Lungberg, ABB Atom 

*) ABB Ato!" = ASEA Brown Boveri Atom 

Elastic Plastic FEM-analysis of Crack Tip Field at Stress 
Corrosion Crack Growth 
This project is carried out at Uppsala University. The work is to 
be finished at the end of this year. 

Project Msnager: Fred Nilssnn 

SKI PROJECT 87047 
Swedish Participation in the Internal Piping Integrity Research 
Group (PIRG) 
The project was ordered jn March 1987 and should be finished in 
the autumn this year but is delayed. 

NRC is doing the R&D management. 

SKI PROJECT NO 87108 
Modeling of the Electrochemistry of Stress Corrosion Cracks in 
Boling Water Reactors 
The project was ordered July 1987 and is planned for completion 
this year. 

The work is done by SRI International, Mento Park, Ca, USA. 

Project Manager: Digby D. Macdonald 



SKI PROJECT NO 87116 
Non Linear Fracture Mechanics for the Design of Pressure Vessels 
The project was ordered in September 1987 and will go on till 
July 1989. The work is done at the Royal Institute of Technology 
in Stockholm (KTH). The project is co-sponsored by the other 
Nordic countries. 

Project Manager: Borje Andersson, KTH 

SKI PROJECT NO 88009 
Fracture Mechanical Testing of Irradiated Submerged Arc Welded 
Material 
This project was ordered in February 1988 and will be reported 
within this year. The work is done at VTf, Helsinki, Finland. 

Project Manager: Matti Valo, VTT 

SKI PROJECT NO 88035 
Stress Corrosion Cracking in Pressure Vessel Steels 
This project is carried out at Studsvik, Sweden. It was ordered 
July 1988 and will be finished in October 1989. 

Project Manager: Goran Sund, Studsvik 

SKI PROJECT NO 88077 
Neutron Fluence in Reactor Vessels 
The project was ordered in Juni 1988 and will be finished this 
year. It is carried out at ABB Atom, Vi'steras, Sweden. 

Project Manager: Jan Elkert, ABB Atom 

SKI PROJECT NO BB085 
Study on environmental Cracking in Simulated BWR-water 
The project started in June 1988 and will go on till the end of 
1992. The work is carried out at ABB Atom, Vaste^ras, Sweden. 

Project Manager: I ars Ljunqberg, ABB Atom 



SKI PROJECT NO 88108 
Investigation of Crack Growth in RPV-Steels under Constant Load 
The project was ordered in August 1988 and will be finished at 
the end of this year. It is a prestudy of creep crack growths at 
low temperatures (300-400 C). 

The Swedish Institute for Metals Research, Stockholm (Rolf Sandstrom) 
is doing the study. 



RESEARCH ACTIVITIES IN MATERIALS ASSESSMENT, 
SELECTION AND DEVELOPMENT, FRACTURE MECHANICS 
AND NON-DESTRUCTIVE TESTING IN SWITZERLAND 

D.H. NJO 
Swiss Federal Nuclear Safety Inspectorate, 
Wurenlingen, Switzerland 

Research activities in Switzerland relevant to reactor components are at 
present not coordinated to form a specific national programme. These research 
activities are being performed in the laboratories of the major industrial 
firms and in the universities and their institutes within the scope of 
their research programmes. 

The activities relevant to reactor components are mainly in the field of 
Materials Assessment, selection and development, fracture mechanics and 
nondestructive testing. Although most of the work are not carried out with 
materials for nuclear components, the basic results are of interest. 

Switzerland is also participating in internationally coordinated research 
programmes, i .e. 

- PISC Ill-Project of the OECD-NEA-CSNI and CEC-JRC 
(Sulzer Brothers Ltd. and Swiss Federal Nuclear Safety Inspectorate, HSK) 

- International-Pipirj Integrity Research Group (IPIRG) under the auspice 
of the USNRC 
(The Swiss Power Plants Managers Group (GSKL) and the Swiss Federal 
Nuclear Safety Inspectorate (HSK)) 

- IAEA-Coordinated Research Programme (CRP-3) 
(Paul Scherrer Institute (PSD) 

In the following the research Laboratories with their research (development) 
activites are listed. 



a) Asea Brown Boveri (ABB) 
CH-5400 Baden 

1) Metals Laboratory 

- Fracture Mechanics (Investigation of Subcritical crack growth and 
crack instability 

- Crack propagation behaviour in the elasto-plastic regime 

- Safety analysis of components with cracks taking into account the 
effects of plasticity 

- Systematic investigation of the corrjldtion between micro-
structural parameters an* xracture tonghness 

- Application of the potential-drop-method to determine crack 
initiation and crack growth 

- Prediction of the fatigue l ife of notched component parts 

- Influence of surface treatment on stress corrosion and fatigue 

- Influence of environment on fatigue crack initiation and fatigue 
crack growth 

- Water droplets erosion resistance of different materials and 
coatings 

2) Quality Assurance Department, Power Plant Division 

- Studies on the correlation between ultrasonic signal and defect 
parameters (defect size, shape, inclinations e tc . ) . 

- Application ot computer aided data recording and evaluation for 
ultrasonic and eddy current examinations. 

- High-precision eddy current evaluation of small pitting attacks 
in heat exchanger tubes. 



b) Sulzer Brothers Ltd. 
CH-8401 Winterthur 

- Application of the potential-drop-method to determine crack 
initiation and creek growth. 

- Investigation of creep-crack growth. 

- Determination of the hydrogen-embrittlement by means of fracture 
mechanics investigations. 

- Prediction of the fatigue life of notched component parts. 

- Creep-strain measurements by means of capacitive transducer in the 
temperatur range of 500 - 700 °C. 

- Investigation on damage evaluation with respect to creep-fatigue 
interactions and residual life analysis. 

- Investigations on the applications of fracture mechanics to 
components, i.e. specimen to structure correlations of fatigue, 
creep crack growth and elasto-plastic fracture behaviour. 

- Materials investigation with respect to 

- corrosion/abrasion 
- time dependent effects 
- voidability 
- response to heat treatment 
- micro structural homogenity 
- impurity level 
- compatibility with service environment (including cobalt with 

respect to radiation dose). 

- Plant l i fe extension Investigations. 

- Ultrasonic examination of austenitic welds. 



- Ultrasonic detection and sizing of Intergranular stress corrosion 
cracks. 

- Ultrasonic examination of dissimilar metal welds. 

- Ultrasonic examination of cast austenitic components (e.g. main 
coolant pipes of PWRs). 

- Mechanization of Ultrasonic inservice inspection of piping systems. 
Mechanized-UT for erosion corrosion investigation. 

- Ultrasonic examination of cladded components. 

- Nondestructive examination of plasma-sprayed coatings. 

c) Swiss Federal Institute of Technology Zurich (ETH-Z) 
Institute of Metallurgy 
ETH-Zentrum 
CH-8092 Zurich 

- Stress corrosion cracking of reactor pressure vessel steels in 
hot water. 

- Corrosion fatigue of reactor pressure vessel steels in hot water, 
in the framework of ICCGR. 

- Stress corrosion cracking of austenitic piping. 

- Stress corrosion cracking of Nickel-based-reactor materials in 
hot water. 

- Stress corrosion cracking of turbine-rotor steels in hot water and 
condensing steam. 

- Stress corrosion cracking of generator-rotor-retaining rings. 



- Fundamental investigations of the fracture toughness of metallic 
materials especially to understand and evaluate the role of 
metallurgical parameters on the fracture toughness. 

- Development of new steel-types for application in the technology 
of energy production: heat-resistant, boron containing martensitic 
steels of the 12 % chromium type (in the frame work of the european 
cooperative research programme COST). 

- Development of new steel-types for application in the technology 
of energy production: high nitrogen containing austenitic, 
ferritic and duplex-slainless steels with higher reliability for 
the applications as heat-resistant, corrosion-resistant, ductile 
and high strength steels (in cooperation with BMFT in the FRG). 

d) Swiss Federal Institute of Technology Lausanne (EPFL) 
Departement of Materials 
CH-1007 Lausanne 

- Investigations into the creep behaviour of 12 % Cr steels focussing 
on the development of the subgrain structure and the modification 
of the carbide distribution during creep. Application of results 
to improve quantitative lifetime prediction. 

- Production and processing of pieces containing radial or axial 
concentration gradients by powder metallurgy. The objective is to 
obtain, by controlled heat treatment of judiciously prepared 
concentration gradients, technically attractive property 
distributions. The device for mixing and feeding is operating, 
pre-compacting and sintering is presently studied, as well as the 
application of spray forming techniques (low pressure plasma and 
others). 



e) Paul Scherrer Institute (PSI) 
CH-5303 Wurenlingen 

- Experimental investigations of neutron irradiation embrittlenient 
and annealing of ferritic steel (Model of irradiation defects and 
mechanisms of embrittlenient). 

- Application of precracked charpy-type tests and further 
developments of the testing method, especially in the frame work 
of the surveillance programme for RPV. 

- Basic studies on acoustic emission (AE) signal patterns and their 
interpretations. Oifferentation between different signal sources 
e.g. deformation, crack growth, friction etc. 

- Work on the application of AE-technique for the detection of crack 
initiation. 

- Fracture mechanics analysis work in conjunction with thr HL..-
Program in FRG: Thermoshock analysis, !eak oefore break in piping. 

- Contamination and corrosion loop. 



A REVIEW OF THE UK PWR STRUCTURAL 
INTEGRITY AND MATERIALS PROGRAMME* 
(Abstract) 

B.J. DARLASTON 
Berkeley Nuclear Laboratories, 
Central Electricity Generating Board, 
Berkeley, Gloucester 

WE. GARDNER 
Northern Division Laboratories, 
United Kingdom Atomic Energy Authority, 
Risley, Warrington, Cheshire 

United Kingdom 

Presented by A. Cowan 

Watei Reactor related work has been pursued in the UK for many years, and 
this has resulted in the development of comprehensive facilities and 
expertise to undertake a wide range of RfcD. Considerable benefits have been 
gained from participation in collaborative projects such as the 
International Cyclic Crack Growth Rate (ICCGR) Group and more recently the 
International Piping Integrity Research Group (IPIRG) and a Co-operative 
Group on Irradiation Assisted Stress Corrosion Cracking (IASCC). A notable 
contribution to the light water reactor scene was what became known as the 
"Marshall Study Group Report on LWR Pressure vessel integrity". The 
application to build the first UK PWR at Sizewell led to a Public Inquiry 
which provided the opportunity to present the full range of world work and 
knowledge on structural integrity *L".d materials issues. The deliberations 
of the Study Group and the papers required for the enquiry had a aignificant 
influence on the UK materials R&O programme. The many generic programmes 
previously pursued were modified to be more plant specific and provide 
•ssential back up to the design, safety and operation of Sizewell 'B'. 

The work in support of Sizewell *B' is represented by well established 
programmes. The CEGB has in-house activities and the work within the UKAEA 

* The full text of this paper was presented at the 14th MPA Seminar, Stuttgart (October 1988). 



ranges from being fully supported by CEGB to fully supported by the 
Department of Energy. Although the work fully supported by CEGB is very 
plant specific there Is an appreciable percentage of other work which is 
generic with a long term interest. 

Attention is now turning to work which may be required for Ninkley 'C and 
other stations of the future. In this paper there is no attempt to cover 
all the topics in the programme. Those chosen are considered to be 
advancing scientific understanding as well as answering specific questions 
on plant. The facilities and expertise available are sufficient to tackle 
unforeseen operational problems as well as the widw range of topics deemed 
to be desirable in support of the design, construction and commissioning of 
the plant. 

The paper comprises the strategy and goals of the programme, a general 
review, comments on the forward programme ai>d some technical highlights. 



SOME ONGOING R&D PROGRAMS IN THE UNITED STATES 
THAT RELATE TO REACTOR PRESSURE COMPONENTS 

C.E. PUGH 
Pressure Vessel Technology Section, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, 
United States of America 

1. Overview 
The presentation of U.S. research programs at the last IWG-RRPC meeting 
emphasized activities sponsored by the Electric Power Research Institute 
(EFRI) and by the utility industry. The remarks given this year will 
emphasize some of the work sponsored by the Nuclear Regulatory Commission 
(NRC). However, suae brief comnents are included relative to ongoing work 
sponsored by the EFRI and the Department of Energy. 

2. Elgrt-rlg Pauer Research Institute 

A detailed listing of EPRI R&D programs was provided at the last KRPC 
meeting. Further sunmary descriptions are attached for EFRI activities in 
five broad areas of Interest to the RRPC. These are taken from EFRI's 
1988-1990 Research & Development Program Plan (Ref.l), and EPRI contacts 
for further information are shown on the respective pages. 

EPRI recently (Ref. 2) summarized that their aging research program 
Includes such topics as fatigue, thermal/radiation embrittlement. stress 
corrosion cracking, and nondestructive evaluation and life assessment 
methodologies. the objective of their aging research is to improve 
utilities' understanding of aging and provide them with effective ways to 
manage aging at reasonable cost. Additionally, EFRI initiated with the 
U.S. Department of Energy (DOE) a Nuclear Plant life Extension Program. 
The -in-ir**1 activity was to consider one Pressurized Water Reactor (PWR) 
and one Boiling Water Reactor (BWR) to examine the technical and economic 
Issues related to life extension (see Ref. 3). Further pilot studies are 
addressing variances In design that are specific to the reactor supplier. 

3. Tl.fi. Dpnarmmt of Energy 
Ongoing efforts by the DOE are cited here only in the context of their 
cooperative activities with EFRI. Following the two-plant pilot study 
noted above, the DCE/EFRI/utlllties partnership has selected a PWR plant 
(Yankee Rowe) and a BWR plant (Monticello) for preparation of a pilot 
license renewal (U0 application to demonstrate the relicensing process. 
The goal Is to have made demonstrations for IR prior to the first actual 
application from a utility which is expected in 1991. 



4 . II-S- N i i r l p a r Rpgnlarnry Cnnwrri g.«ri nn 

The Nuclear Regulatory Coandssion (NRC) continues to carryout extensive R&D 
programs on reactor pressure components. Status and plans under many of 
these programs will be reported next week in the Sixteenth Water Reactor 
Safety Information Meeting in Gaithersburg. Maryland. USA. Ihe discussion 
in the following paragraphs is limited to activities of the NRC Nuclear 
Plant Aging Research (NPAR) program and the various efforts under the 
Material Engineering Branch. 

Ihe NPAR program is also summarized in Ref. 2. and the associated NRC pro
gram plan document is given by Ref. 4. Reference 2 proposes some defini
tions for standardizing terminology In this arena (e.g. aging, environments 
and service conditions, degradation, and mechanisms), and it identifies a 
list of key aging related issues which need to be addressed. The NPAR pro
gram, according to Ref. 2. integrates existing information and generates 
relevant aging data for use in the following ways: 

• Develop information that can be used in identifying and resolving 
technical safety issues related to aging and license renewal. 

• Support the NRC programs to resolve generic safety issues which have 
elements of aging and time-dependent processes. 

• Support recommendations for surveillance and maintenance methods needed 
to provide assurance against unacceptable aging-related degradation and 
to support license renewal. 

• Support the development of inspection procedures suitable for aged com
ponents and equipment, and 

• Recommend appropriate revisions of codes and standards. 

Ongoing programs in the Materials Engineering Branch (C. Z. Serpan. Chief) 
of the NRC Office of Nuclear Regulatory Research are addressing the follow
ing key technical issues: 

• Vessel embrittlement. including dose-rate effects for vessel safety 
evaluations (M. E. Mayfield). 

• Vessel-support embrittlement (M. E. Mayfield), 
• Effects of cladding on Pressurized-Thermal-Shock guidelines 

(M. E. Mayfield). 
• Structural integrity of vessels with low-upper-shelf energy welds 

(M. E. Mayfield) 
• Toughness degradation of cast stainles.. steel (A. Taboada) 
• Integrity of cracked pipes under seismic loads (M. E. Mayfield) and 
• Reliability and accuracy of inservice inspection (J. Mascara). 

Directions for future R&D in the Materials Engineering Branch include the 
following issues: 

• Identify issues and provide technical review basis for aging effects, 
• Understand embrittlement mechanisms and validate prediction methods. 
• Revalidate Appendix 6, 10 CFR 50, Fracture Toughness Requirements. 
• Verify efficacy of vessel annealing 



• Validate vessel and piping fracture mechanics analysis and prediction LI 
methodologies, R 

• Fracture of pipe fittings. 
• Establish Initial flaw distribution in vessels, and i 
• Study materials and evaluate operational data from decommissioned reac

tors. 

5. Orhpr Ohsprvations 

the recent detailed embrittlement evaluation of the pressure vessel in the 
High-Flux Isotope Research (KFIR) Reactor at the Oak Ridge National 
Laboratory (QRNL) has revealed significant trends in the effects of low-
temperature low-flux irradiations. This work has suggested that the HFIR 
data may be applicable to LWR vessel supports. 

Additionally, the Pressure Vessel Research Users' Facility, which is under 
development by OPNL. relates to the fourth and seventh of -these directions 
and will also be available to the NRC and other sponsors and institutes to l B 

conduct other technical investigations. , 
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LIGHT WATER 
REACTOR SAFETY 

BUDGET (S millions) 
IMS » W 1990 TOTAL 
9.6 9.8 99 29.3 

Industry I M U C S 
Continued viability of the nuclear option for power generation is jeopardized by 
deteriorating public opinion, accelerated by Irequent plant operating incidents and 
•vents such as the Chernobyl nuclear plant accident m the U S.S.R. 

Systematic and timely resolution of the most significant safety issues is difficult in a 
changing, uncertain regulatory environment. In addition. NRC approval of proposed 
solutions to open safety issues is considerably behind schedule. 

Significant issues facing LWR owners include-

The timing and magnitude of potential plant retrofit and operating and 
maintenance (O&M) costs associated with unresolved safety issues 

Excessive conservatism in licensing analyses, which constrains operational 
flexibility and restricts efficient use of fuel, with no apparent improvement m plant 
safety. 

Plant operational problems mat are prematurely categorized as safety issues, 
resulting m loss of plant availability 

Pressure to reduce occupational exposure to low radiation levels 

Industry Benefit 
A factor of 5 reduction m ihe annual probability of severe fuel damage would result 
in over $100 million m expected costs averted/year. 

A 20% reduction in reactor scrams would save over $100 milhon/year by improving 
plant availability. 

A 10% reduction m maintenance costs would save about $200 miHion/year 

Implementation of more realistic safety margins would reduce fuel costs by over $75 
mWorVyear and extend the life of selected safety equipment 

A 20% reduction in plant equipment damage due to water hammer and fires would 
reduce losses by over $5 million annually. 

EMU Goal 
Identify and develop data and technology required for the resolution of 1 or 2 high 
priority safety issues each year. 

Enhance Ihe credibility and accessibility of probabilistic risk assessment methods so 
that utilities can use them effectively in response to salety regulations and to reduce 
retrofit and O&M costs. 

Support industry goals stated by the Institute of Nuclear Power Operation (INPO) to 
reduce significant events, unplanned automatic scrams, forced outage rate, 
occupational radiation exposure, and to increase equivalent plant availability. 

Reduce water hammer and fire occurrences by 2 0 % and protect balance-of-plant 
equipment 

EPRI Strategy 
Support the Nuclear Management and Resources Council (NUMAflC) on selected 
technical issues. Coordinate research with organizations working on about 30 
generic safety issues. 
Increase effectiveness of EPRI resources by initiating and participating in cooperative 
research projects with NRC. NASA, and other organizations 

Coordinate EPRI research with INPO and separately funded programs (see Appendix). 

Promote technology transfer by actively seeking joint protects with utilities and 
owners groups and by conducting workshops, seminars, and user groups 

EPRI Programmatic IMUM 
Financial pressure experienced by many utilities restricts the implementation ol new 
technology. 

Acceptance of new technology by standards bodies and by NRC 

Implementation of new inter disciplinary technology requires integration and 
coordination of diverse organizational elements within a utility 

Fat Additional Information, Contact: Ian Wall 

PRODUCTS FOR DELIVERY IN: 

I9SS PWR steam generator digital 
feedwater controller 
PROTOTYPE HARDWARE 

Expert system for emergency 
procedure tracking 
COMPUTER PROGRAM 

Interim data on nuclear plant 
operator reliability 
DATA 

Best estimate uncertainty analysis lor 
large LOCA 
GUIDELINE 

flefcabrtty database management 
System deployment (RAPI0) 
TECHNOLOGY TRANSFER 

Single-phase erosion-corrosion 
computer program (CHEC) 
COMPUTER PROGRAM 

Station, blackout issue closure 
TECHNICAL EVALUATION 

Component reliabiiily data usage 
guidelines and computer program 
GUIDELINE 

1989 Water hammer handbook 
GUIDELINE 

Two-phase erosion-corrosion 
COMPUTER PROGRAM 

I99C Experimentally validated model for 
operator reliability 
ANALYTICAL MODEL AN0 DATA 

Fire protection handbook 
GUI0ELINE 

Intelligent alarm system (hardware 
and software) 
PROTOTYPE HARDWARE 

Application of best estimate methods 
to licensing calculations 
TECHNICAL EVALUATION 

Methods for instrument calibration 
reduction 
COMPUTER PROGRAM 

Reliability-centered maintenance 
GUIDELINE 



NUCLEAR COMPONENT 
RELIABILITY 

BUDGET (S millions) 
1968 1989 1990 TOTAL 
8.6 8.8 8 9 26 3 PRODUCTS FOR DELIVERY I N : 

Industry Issues 
Perceived and actual component failures are significant contributors tc .educed 
availability. They increase maintenance costs and may impact safety 

Component related availability losses are 5-10% per year 

Industry Benefit 
Prediction of component failures, reduction ol excessive conservatism, and providing 
technology for corrective action wiH reduce premature or unscheduled replacement 
of plant components. Estimated industrywide potential savings are S1 billion per year. 

Availability of qualified inspection technology and personnel 

Improved structural analysis methodology. 

A reduction of 50% of unscheduled plant shutdowns due to component failures 
could save $15 rmlborVyear for an average nuclear plant. 

EPRIGul 
Reduce unscheduled plant shutdowns due to component failure t>y 50% by 1991 

Develop improved and qualified inspection technology, improve structural analysis 
methodology 

Qualified inspection technology for: nuclear piping (continuous), reactor pressure 
vessel (1990). nozzles and fittings (1989). balance of plant (1989) 

Improved structural integrity and transfer of analysis methodology to permit: 

Improvement of seismic pipe design by removing the conservatism from the ASME 
code criteria by 1988 

Availability of m-plant fatigue monitoring system by 1988 

Qualification of leak-before-break technology for removal of 50-60% of pipe whip 
restraints by 1989. and snubber reduction of 60-90% by 1989 

Further resolution of dynamic margins of flawed piping by 1989 

Resolution of vessel material toughness issues by 1990. 

TMI-2 technology transfer 

Transfer lessons learned and new technology to utilities 

EPRI Strategy 
Improve the inspection technology and structural assessment methods for the five 
highest prionty components: 

Reactor pressure vessel 
Nuclear piping 
Nozzles and fittings 
Steam turbine 
Balance of plant components 

EPRI Programmatic Issues 
Acceptance of new technology by codes and standards bodies and by the U S 
Nuclear Regulatory Commission 

Access to host utility sites for field application and verification of new technologies 

Cofunding and cost sharing by host utilities, component vendors, and NRC. 

For Additional Information, Contact: Gary Dau 

1988 Qualified inspection method for 
nuclear plant piping 
GUIDELINE 

Remove seismic design cntena from 
ASME code for pipe dynamic loading 
TECHNOLOGY TRANSFER 

TMI-2 information transfer 
TECHNOLOGY TRANSFER 

Acceptance cntena for 
erosion-corrosion thmrwig 
TECHNICAL EVALUATION 

1989 DucWe fracture handbook (revision) 
REFERENCE MANUAL 

Qualified inspection method for 
nozzles and fittings 
TECHNICAL EVALUATION 

Monrtormg of plant component 
fatigue for kfe extension 
TECHNOLOGY TRANSFER 

Definition of safety margins m flawed 
nuclear piping 
TECHNICAL EVALUATION 

1990 Qualified inspection method for 
reactor pressure vessels 
TECHNICAL EVALUATION 

ASME Section XI NDE inspection 
requirements (revision) 
TECHNOLOGY TRANSFER 

Flawed piping seismic issues closure 
TECHNICAL EVALUATION 

1991 Qualified inspection method for 
balance of plant components 
TECHNICAL EVALUATION 

Reactor pressure vessel material 
toughness issue closure 
TECHNICAL EVALUATION 

65 



NUCLEAR PLANT 
CORROSION CONTROL 

•UDCET t% millions) 
iw iw mo TOTAL 
45 46 48 13 9 

ladutry Issues 
Component corrosion damage sigmbcanOy reduces nuclear plant avafabtty. 
increases mantenance costs, and may impact salety 

Corrosion related avaiabaty losses have been in the 8-10% range for the past tour 
years. (Total avanabaty losses including refuekng are m the 30-40% range.) 

Repars and mmgabng measures cost about 2 mis per Wowatthour of electricity 
produced by the Average plant. 

Corroson cracking of pressure boundary components rases safety concerns 

Industry Benefit 
A 50% reducfeon of current corrosion related avaaabety losses m nuclear plants is 
worth more than $1 bmon per year industry wide A 50% reduction in 
corrosion-related repair costs would save the average plant more man $5 mmonfyear 

EPRIGoal 
By 1995. reduce me cost impact of current corroson damage problems by 50% and 
reduce the associated safety concerns through 

Improved materials, design cntena. fabrication techraques and water chemstnc' 

Technology and procedures to support better run-repar-ren*e decisions. 

Repair methods and procedures that reduce outage times and radiation 
exposures. 

EMU Strategy 
Through 1990. continue to emphasize the development and field qualification and 
deployment (usng member utnties as hosts) of remedws for high-impact corroson 
problems including' 

Corroson cracking of BWR reactor coolant system ppmg (4 7 % capacity factor 
loss m 1963 and 1984: costly repairs: safely concern) 

Corrosion problems affecting the integrity of nuclear pressure vessels and 
penetrations (safety concern. 0 2 % capacity factor loss m 1983 and 1984: costly 
repairs) 

ErosorVcorroson of carbon steel condensate and feedwater system piping (0 3% 
capacity factor loss m 1987: safety concern) 

Cracking of reactor vessel internals (costly repairs: 0 .1% capacity factor loss in 
1983 and 1984: some safety concern) 

Steam turbine doc and rotor cracking (costly repavs: 0 .1% capacity factor loss m 
1983 and 1984: some safety concern) 

Corroson problems m service water systems (03% capacity factor loss in 1983 
and 1984: costly repars. some safety concern) 

Concurrently, innate more fundamental exploratory work leading to the development. 
by the early to mid-1990s, of methods for anoopattng and avoiding corrosion 
damage problems 

EPRI Programmatic Issues 
Avaiabmty of host utility sues for demonstration and verification programs. 

Cofunding and cost sharing by host utilities and component vendors. 

Impact of completion of the BWR Owners Groups Intergranuiar Stress Corrosion 
Cracking Program m 1988 (see Appendix) 

Acceptance of new technology by codes and standards borJe* and by the U S 
Nuclear Regulatory Comrmsson 

tee Additional Information, Contact: Robin tones 

PRODUCTS FOR DELIVERY IN: 

1MB Method to predct crack growth m 
reactor vessels and nozzles 
TECHNICAL EVALUATION 

Method to predct Me remarang on 
tow pressure turbme drsfcs 
TECHNICAL EVALUATION 

Procedure lor replacement of BWR 
sale ends 
TECHNICAL EV/ MTON 

I N * BWR Water Chemotry Gtadafenes 
Revision 2 
REFERENCE MANUAL 

Moratonng system tor corroson 
cracking MI BWR pacing 
PROTOTYPE HARDWARE 

Guideanet lor use of rwgh strength 
•toys m nuclear appfceations 
GUIDELINE 

M 0 Mcrobal Corroson Handbook 
Reason 1 
REFERENCE MANUAL 

B * l Erosorvcorroson ojuxJeanos 
REFERENCE MANUAL 
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Rev«son3 
REFERENCE MANUAL 



STEAM GENERATOR 
RELIABILITY 

BUDGET (S millions) 
B H »89 1990 TOTAL 
4.9 5.4 5.5 15.8 PRODUCTS FOR HELIVERY IN: 

Industry Ia»u«* 
Nuclear steam generator problems are the largest single contributor to the 
unscheduled loss of plant availability and high operating costs for a PWR nuclear 
plant. 

Industry Benefit 
U.S. steam generator problems currently reduce PWR plant availability by 3.7%. or 
the equivalent of S128 million in annual replacement power costs nationwide. 

Total U.S. steam generator maintenance costs average S41 million/year 

Steam generators are being replaced at an average national rate of 1.2 units per 
year. 

EPRICoal 
Reduce plant unavailability due to steam generator outages from the current 3 7 % to 
an average of 2.5% and reduce steam generator replacement Irom 1.2 units/year to 
0.6 units/per year by 1990. 

EFR! Strategy 
Improve water chemistry control and steam generator design and operation, and 
improve in-service inspection techniques by laboratory tests followed by in-plant 
testing in cooperation with service vendors and participating utilities. 

Develop technology for any necessary steam generator replacement to meet plant 
life extension objectives. 

EPRI Programmatic lames 
Availability of required utility facilities and utility commitment to program partiopation. 

Degree of cooperation ind cost sh&nng from vendors who have a competitive 
position to protect. 

For Additional Information, Contact: Stanley Grctn 

19M PWR secondary water chemistry 
guidelines Revision 2 
REFERENCE MANUAL 

Steam generator in-service inspection 
guKJetines Revision 2 
REFERENCE MANUAL 

1989 PWR secondary cooling water 
treatment guidebook 
REFERENCE MANUAL 

Steam generator thermal hydraulic 
analysis model (ATHOS, PORTHOS) 
COMPUTER PROGRAM 

Steam generator and balance of 
plant performance improvements 
INFORMATION 

1990 Prediction of steam generator tube 
fretting and wear 
TECHNICAL EVALUATION 

Alloy 690 thermally treated test and 
specification 
TEST AND SPECIFICATION 

1991 Steam generator tube support 
corrosion remedies 
TECHNICAL EVALUATION 



NUCLEAR PLANT 
LIFE EXTENSION 

BUDCET <S millions) 
H8« 1989 1990 TOTAL 
1.7 1.9 2.3 5.9 PRODUCTS FOR DEUVERY IN : 

Industry Issues 
Nudear plant operating licenses begin to expire m 1997 20% of the current 79 GWe 
capaoty will reach original license expiration by 2007; 85% by 2011. Existing statutes 
do not preclude license renewal Such extensions would substantially reduce industry 
replacement costs whose current value exceeds $200 billion A life extension 
proc'WS which also contributes to current productivity improvement is • rught 

Industry Benefit 
A 10-year extension in the operating lifetime of a 600 MWe nuclear unit (average size 
of the earliest units affected) has an estimated net benefit of $150-200 million per 
year, largely in fuel savings and avoided costs and interest on new construction. At 
the estimated replacement rate of 5 GWe per year and interest at 10%. avoided cost 
savings exceed $2 billion per year 

EPRI Goal 
By 1995. develop the technologies (or nuclear plant life sxtension which would permit 
current nuclear units to operate for 60-80 years. 

EPRI Strategy 
Develop the technology, hardware, and procedures necessary for lead plants to 
establish the economic desirability of Me extension and procure an appropriate 
.icense amendment by 1995. Continue cooperative programs with DOE, foreign 
utilities, and equipment supplier Owners' Groups in order to achieve: 

Identification and resolution of license renewal technical ".*ues during (fie penod 
1967-1993 necessary to support a renewal application by a member utility by 
1993 

Development of technology, hardware, and procedures necessary to provide a 
validated basis for defining the economic lifetime of nuclear units by 1993. 

Resolution of issues related to age-related deterioration of components potentially 
critical to economic life o> licensing by quantitative life prediction or refurbishment 
methods by 1997. 

EPRI Programmatic Issues 
Sustaining the current lead role of utilities such that nonowner interests do not 
encumber achievement. 

Negative public opinion regarding nuclear power plants and their extended 
operation. 

Costa of nuclear unit refurbishment and achievement of licensing stability. 

For Additional Information, Contact: John Carry 

Criteria to optimize the qualified life of 
equipment 
TECHNICAL EVALUATION 

1993 BWR lead plant license renewal 
application 
TECHNOLOGY TRANSFER 

PWR lead plant license renewal 
application 
TECHNOLOGY TRANSFER 

198S PWR (Surry) pilot plant life extension 
phase 2 
TECHNICAL EVALUATION 

BWR (MonuceHo) pilot plant life 
extension phase 2 
TECHNICAL EVALUATION 

Shake table tests of relays 
TEST AND DATA 

Equipment qualification training 
modules 
TECHNOLOGY TRANSFER 

Equipment seal replacement guide 
GUIDELINE 

PWR containment industry topical 
information 
TECHNOLOGY TRANSFER 

PWR reactor pressure vessel industry 
topical information 
TECHNOLOGY TRANSFER 

Nupiex guidelines for strategic 
maintenance planning 
GUIDELINE 

1969 Life extension management plan for 
PWR provisional lead plant 
TECHNOLOGY TRANSFER 

Life extension management plan lor 
BWR provisional lead plant 
TECHNOLOGY TRANSFER 

Nondestructive evaluation for cable 
condition assessment 
TECHNICAL EVALUATION 

Nuclear plant cable industry topical 
information 
TECHNOLOGY TRANSFER 

technical data requirements for plant 
life extension 
GUIDELINE 

BWR Mark I containment industry 
topical information 
TECHNOLOGY TRANSFER 

Nupiex pilot study vanations: CE and 
B&W units 
TECHNOLOGY TRANSFER 

Evaluation of artificial and natural 
aging in electrical components 
TECHNICAL EVALUATION 

1990 Generic life extension license renewal 
guidelines 
GUIDELINE 

Acceptance cntena for life extension 
of concrete structures 
GUIDELINE 

BWR reactor pressure vessel 
internals industry topical info 
TECHNOLOGY TRANSFER 



16th WATER REACTOR SAFETY INFORMATION MEETING 
October 24-27, 1988 

Preliminary Session Schedule 7/27/88 

RED AUDITORIUM GREER AUDITORIUM LECTURE ROOM B 

Plenary Session 
Nuclear Plant 

Aging 
Session I 

Code Uncertainty 
for ECCS Rule 
Session 2 

Decontamination and 
Decommissioning 

Session 3 

NUREG-1150 

Session 4 

Nuclear Plant 
Aging 

Session 5 

Industry Safety 
Research 
Session 6 

License Renewal 

Session 7 

Non-Destructive 
Evaluation 
Session 8 

Structural and 
Seismic Engineering 

Session 9 

International Code 
Assessment Program 

Session 10 

Materials Engineering 
Pres. Vessel Research 

Session 11 

Mechanical Research 

Session 12 

Hunan Factors 

Session 13 

Materials Engineering 
Radiation Effects 

Session 14 a 
Degraded Piping 

Session 14b 

Generic Issues 

Session IS 

Accident Management 

Session 16 

Risk Analysls/PRA 
Applications 
Session 17 

Environmental Effects 
in Primary Systems 

Session 18 

Innovative Concepts for 
Increased Safety of 

Advanced Power Reactors 
Session 19 

Recent Advances 
in Severe 

Accident Research 
Session 20 

Thermal Hydraulics 

Session 21 

TMI-2 

Session 22 

BWR Mark I 
Shell Failure 
Session 23 

2D/3D Data 
Applications 
Session 24 

POSTER SESSION - TUESDAT (ALL DAT) 
Employees' Lounge 

IRRAS 2.0 Demonstration 
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PlenarrSoeala» 
Chelaaan: 8. P. KM* (MQ 

»:1S Utrodjctlon. t%s. ttdtjord (NRO 
»:23 TO hi Announced, L.H. Itch, Jr . , ( t a l m a . MC 
9:10 9 m n Accident k M K t l o the UJL., JX. Tyror, 

Director, Safety 4 Reliability Directorate (UYAIA) 
Uk20 Break 

WRSM (.\2 
11988 M<T 

o l u i i n Plant AUn* 
OuUnasrc J. P. Vora (NRQ 0 Coda Uncertainty tor BBS Hula 

Chalcaan: N. Zubcr (NRQ O Dacontaalnatlon and Deccaadealonlng 
Chalaean: K. C. Stayer (HRO 

I0s33 nuclear Plant Aging Pragma O n M a i , M. Vagina and 
J J . t o n <NC) 

10i40 Sedition fenltoring and Aging Aeeeeaaent for Oaaa IE 
Oat-Mcal Cable, MJ. Jacobue, C.L. Zlglar and 
L.D. BuacanJ (SNL) 

11:0C Tana Duaeln Spactroaetry to ttmltor tha Condition of 
Cable Inoulatlon, P. Mrttloff and P. ttoelk (MS) 

11:23 ueaeona teemed i s Data fraa SMnptnanort Aging Evalua
tion, K. Allan (IML) 

11:30 Aging H n i i i i i r and HUigetloa for r»Jor U* COBBO-
nanta, «JH. Shah at al . (IML) and J J . Soma (NRQ 

12:20 lha ttfaet of Aging on tha Pira Vulnerability of 
Mjclaer taar Plait Orooaenu. *JP. Novlan ( S O 

12:40 Aging Study of Residual Matt Raaoval Syataa, It. totals 
a c a l . ( N J 

1:00 

10:40 lha CSAU fethodology. Technical Prograa Croup 
(10~P*opla Group, Speaker* will ba ldentl(tad) 

11:10 CharacterUatlno of Iaportant Contributor* to 
Uncertainty, Tachnlcal Pnajraa Group 

11:40 Eaperketntal fttaaea for CSW fethofalofy andULOEA, 
Tachnlcal Pragma Group 

12:10 TRAC/m-tOCt Uncertainty for ULOCA AnalyiU, 
Tachnlcal Program Croup 

12:40 Effect of Eaternal Thanooaiplea on Interpreting Clad 
Taaparatura BeenTneee In tha IflPT Pragraa, R. 
V. tartha and Z. Rouhanl (INEL) 

I .-CO Unch 

10:40 
10:45 
11:10 

U-.1S 

12s00 

12:25 

12:30 
1K» 

Soo 

aalon-

Introdjctlon, ICG. Steyar (NRO 
D*coot**ln»tlon Effactlveneae, S. Dxe (U*X) 
Iapact of Dtconteatnaclon on Solidification, t. 

(SM.) 
Radionuclide Characterization of Reactor Daa 

lng Mute and Spent Fuel Aaaonbly Hardware, 
0. Roberteon (PNL) 

Statu* Report on Reactor Pacllltlaa Undergoing Deccat-
•I aliening, D. Hot faan (HEOL) 

The Uaa of Solidification Syetene and High Integrity 
Ountalnare for Utepoaal of Uw-Lav*l Vaate, M. Tokar 
(MC) 

Uacuaalon 
tuich 

**. 

O Chain 
HJBBO-1130 

e D. W. Pyatt (NBC) O Hiclaar Plant Aging 
Chaloaan: R. Vagina (WC) 

l a a a n M c w g 

O Induatry Safety taaaarch 
Oulman: W. » . loeuenateln (EHU) 

2:00 
2KB 

2:30 

2:H 

3:20 
3:15 

4.-00 

4:21 

4 JO 

5:U 

Introduction, D.H. Pyatt (MQ 
NBBO-IUO: Ho* It Can be Uaad, D.P. ana and 

J .A- hUrahafNKO 
An evaluation of Internal Event Cor* tfcU Frequency, 

AX. 0**p, UJl. Craaond and A. Payne (Sit) 
External Eaant Analyala for Surry *nd Peach btton, 

H*. tohnandJ.A. Uaabrlght (SMO 

The Uae of Bxpart Opinion for MMD-llSO, N.K. OrtU 
(SWu). KJL teeny (Itatv. S. ChUf.), and M.A. hayar 
(UNO 

Owerdee of IWhodology Uaad to Calculate tiak and Blak 
Uncertainty, | J ) . Batanron and I X . loan (ShV), and 
J.C. nalton (Unl». of Arlaona) 

The Accident Prugieaaluii and Source Tana Analyala, 
* J . Sraaalng and P.T. afcrpar (SWJ, and V, | . Msftn 
CTactnadyaa) 

The lion flak Study, W.T. Pratt a d tA. Uadn (MO, 
and M. Sattiaon (UeT) 

Ad«ourn 

2:00 Agin* Study of high Preaaura EOS, L. hayara (DCU 2:00 
2:2S Safety Iapllcatlona of Ueael Generator Aging hanage- iM 

aent, K.*. Hooplngamer (PM.) 
2:50 laproved hatntanance Bfecta: A Paraeactlva for tha 2:30 

WAR Service Vater Syatea Studlea, D.P. Jarrel aid 2:55 
A.l. Johnacn ( N . ) 

1:15 Break 
3:30 Aging .'• naaatnt of rut AurUiary Paaduatar Utter 

Syataaa, D.A. Caaada (OaX.) 3:20 
3:55 Procedure for RUk. Haiaiaainr of Aging nanoaana ualng 3:35 

Unaar Aging Kxtal, WJ. Veaaly (SAIC) and 
A. Wtllford ( D C ) 

4:20 nuVCB-198S: An Interactive nPffC Code for Aging 4:03 
Analyala of a MMHMISO Syataa, R.Pullaood and 
V. Shier (BML) 4:3) 

4:43 UtlUaatlon of Aflng Prcgraa Naaulta In Plant impac
tion*. V. Ounthar, H. Suhudhl and J. Taylor ( M J 

3:13 Adjourn iM 
3:13 

fcfclo 
Introdxtlon, V.B. toeuanateln (EPU) 
•tatlng Evolving Raactor Safety naaulreaenta, A. 

and X.C. Vogal (EWI) 
Scrubbing of Auroaols by later Poola, M. Mrllo ( O U ) 
Validation of FRET for the Safety Analyala of IMt Fuel 

Ualng Tranelent Puel Eaperunnte, C-L Un (EPU), 
Y.R. Raahld (ANATECH Re*. Corp.), R. Hmtgoaary and 
K.L. PaddUord (Taaaa AIM) 

Prograaa In tha EFRl Operator Reliability Exptrleent* 
(ORE) Project, O.K. torladfle, A. Spurgln and 
V. Jokataovlch (EPH) 

STARRS: A Htthodolagy to Evaluate Oanaeouancae of 
Steaa Generator Tuba Rupturea, P. Kalra (EFRI) 

Utility Perapactlvaa on Severe Accident*, R. Ouabain 
(Magara rbhauk), K. Spactec (NYPA), and P.R. Hall 
(PPH.) 

ulacuaatan 
Adjourn 
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1£W, S.N. AkMn (EDO 
5:10 W C atd WUtS Coda Davalopaant Within tha UK, 

I . Brlttaln (UMBO 
5:30 Adjairn 

4:20 Piping Support* and Gat* Val« Behavior During Hlgti 
Uwal MX Mar ie Taata, t . Staala and J. Aranlta 

4:45 n w i l u of Git* Valw not lotamaclgn U a w a n T M u , 
K. MfcUOML) 

5:11 MJan 

24, » 

tRfXMR 

© ttjaan factor* 
Chalaauu T. G. Ryan (MO 

9:15 

9:35 

10:15 
10:30 

11:00 

11:30 

12:00 

12:30 

1KB 

Haui Pacton Raaanrh Prosran Ovrtim, T. Csffaan 
(MC) 

tethoa of Undaratandlm tha Influanoa of Winn—nt 
faetora on Patfuraaica RallabUlty, S. M a r (BW.) 

fi H I — H i Parforaaiea Indleaeora: lattala and Data 
for Mlntananea and Training, J. Uraattvll (SalQ 

Rlak-kaad Safaty Syataa fmtlonlfl i and W C M n o 
I ran* , C. Johnaon (MO 

Salacttoo of Anchor Valuta for Ikaan trior Probability 
Wtkatlon, l_ luffardl (Gaona laaonUnlv.) 

(Urn rBtfaiaanoa Data AcoudaUlon anl laraaaanr for 
Rtllabillty Evaluatlona, D. Canaan ( I t t U 

lanaaa of Cwarttaa and SnUc Sehadullna, on Oparacor 
rarfoDMuea, P. lavla (Pit) 

Lash 

G Hatarlala baflnaarlni/IUdlatlon U facta 
(halaau: A. Tabaada (MO 

9:15 Staaary of tha HSST Protra* Irradiation Sartaa, 
R. Hanatad (CM.) 

9:45 Raaulta of Irradiabad daddlng Taata and dad Plata 
Ettpartaa«». P. na»i» ant S. Iakandar (COM.) 

10:15 Bra* 
10:30 Effacta of Irradlaud Stalnlaaa Cladding on Crack 

Initiation, D. ttCaba (MA) 
Ur00 Plana for tha Prograa oa Irradiation oabritUaant of 

Raactor Praaaura Vaaaal Scaala (to ha aunaaaaJD 

G Hatatlala EntfiaarlniA>a«radad PI p in 
Claimant H. ftyflaU (MQ 

11:30 ary of tha Darradad Piping Progm - Fhaaa I I 
C. UllkDMaU at a l . (100) 

ItOO batch 

Canartcla © Canarte 
(W^aT-uT Mlnnara (MO 

4:13 UBl * - *» , 9M*a»ai Dacay >aat taraail, R. ttoada (MO 
9M Canarlc lapUrartara of da Chamobyl Aoctdant, C. Saga 

0*Q 
I O I U Braak 
10:50 Avtoaatte laolatton of hadUary PBartaatar - CuarU 

Uaua l M . n . 7 , D. taatakas C « 0 aad S. Bruaka 
(im) 

1140 A RaliabUlty Prograa for Maael Canaratota, A. SarkU 
(MtO 

11:30 Raactor Coolant Puap Saal PaUuraa, J.R. Jaekaoa (MC) 
12:00 Intagratloo of Oaaarie Iaauaa, B, featdar (MQ 
11:30 A PrababUltlc Rlak aaaaaaant of Potantlal Uagraaaa of 

Oatrcl BOOB fcnrtvclatora, M J . latkaa %t a l . ( « U 
1KB 

tM,lW 

(5) Ouloain: K. Lavdwi (MO © tlak AmlT»la/P«A Aw>Ua<iona 
Oialman: H. Vandatftolan (MO 

• n i l 

® lwlni«ai i l Ettacta fafnawimiaa 
(halaaw k. rmeSTdSo 

2:00 
2:23 

2:50 

3i20 
3:35 

4:05 
4:40 
3:00 

UBMC Aeeldant Mnajaa^: Plan, K. Ladtan at a l . (MC) 
Mtlaatlon of Dlract Q»<alnaant laaclng by Dapnaaurl-

attlon of tha Raactor OMlant 9/atai, R. Qiaibara 
at a l . (ML) 

Uantlflcatlon of fccidanc Mnaananc InfooaitlaD 
U.R. Malaon at a l . (DO.) 

Gmulnant Vantlnf aa an Aoclaant 
t J . Oallaan at a l . (INHO 

Inauatty Parapaetlva ( U ba aanavad) 
OlacuaafJn 
Adjourn 

2:00 Intredietor/ Raaadu, H. VandaMslan (MQ 
2KB Tha Dawalopaant of a PIA Hsdala and »aaulta Dau aaaa, 

D J . Plifc and H.l. aattlaan (DtL) 
2:30 A Valua lapact /MlpaU UtUlalnR IRA Tachnlouaa Qaa-

binad with a »»*rid Plant Hxtal, J.U Caaoa ana 
D.W. StlllMtU (DO.) 

2:35 OUtAS - Mora than a Pault Ttaa Ooda, H.R. Sattlaoa and 
K.D. RuaaaU (DCD, and D-H. Raaauaon (MC) 

3:13 kaak 
3:30 Iapacta of tailtl-Plant Actiona on Plant Rtak, 

MJ. RaUly, HJ . ualland and RJ), paalar ( INL) , 
and B. Atoual (WC) 

3:33 Adwncaa In WUXm (txlallnj and AnalyaU, J . Kallp 
(M. ) 

4:20 Statua of tha HSflOR Aecldant Oonaapjaaaa <bda Syataa, 
S. Acharya, L. I . lancaatar and C Rydar (MC) 

4:43 Apollcatlon of Pupctlonl PIA Pbdala to Dtaalap and 
Ewluata AUR tyataa Daatan Rjauttaaanta. 
RX. Suaaltt and I J). Rrodta (IT (bra.), and 
0 J . toyd and S.R. laala (SMDS) 

3:10 MC MaaardiUCbaaDnCauaaPtlluraa,!). i 
(MC) 

3:30 Adjourn 

2:00 Bwlranaantally Aaalatad CraoUni In UaM «htar R*-
actata, M J . sack CAJO 

3:15 Rraak 
3:30 BMlronaantally aaalatad Cracklns la tfaclaar Grad* 

Staala (to ba announoad) 
4K» Init ial H i a a i n t of tha Praoaaaaa and Slanlflcanaa of 

Thanaal AtK« la Out ttalnlaaa Staala. OJU Chopra 
(AHV) 

4:45 »lpplnanort Aclnt Stullaa - Raaulta and Plana, 
U J . OiackCAIC.) 

3:30 adjourn 
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0 OtaUaaa: D. P. da iry (MO 

»:IJ totroajctory naaarka, ».*>. Claary (MO 
•:J0 MC ActWttlan to Ucanaa tall aulaaaklng, K. Knlal 

•id D.P. dairy (WO 
•:4J Tachnleal a d Analytical Goaatdaratlona for Uoanaa aa-

ratal lawulatlana, S. Sath, r . Abal and D. Ugon 
( M m Corp.) 

10US araak 
10:30 application of MC Aging aaaaarch to 1 

J.P. « m (MO 
11:00 001 AcUvlttaa la Support of P i n and Uoanaa 1 

0. aurtaoa (DOC 
11:10 lUtVJC Via* of Uoanaa naoaal CrltarU, 0. lcharda 

(Tarawa Atonic) 
11:10 Uiaatr* PUX Paaaareh la Support of Ucaaa* aanaual 

L. Dal Caoraa (Ocaaonjaalth Sdlaon) 
12:20 O H Prograaa Supporting FUDt aid Uoanaa a j i i a l . 

J. Carrla ( B U ) 
12:4} Dtacuaalon 
1:00 Undi 

0 lkn-Oaarroetlva Evaluation 
Chalaan: J. Hiaeara fi£) 

t i l l Evaluation of NX anUablllry for Inaatvlca Inapactlon, 
S . l . Doctor (M.) 

10US Iraak 
10:30 final Davalopaaota, Valldatkn and Tnchnology Tranafar 

for SAPr-UT, 8.B. Doctor (PNL) 
11:10 Final Evaluation of Advancad and Currant La* Dataetloa 

12HD laiamiail Eddy Currant Inapactlon for Staaa Caaaram 
l a l n g . t . Dodd (QUI) 

12:30 Bavlat of Sutua of MX Tachrdouaa for laiaia iiant of 
natarltl rtoparry Dajradatlon Qua to Aging and 
naming for tutthar taaliatlnn and Validation, 
S.n. Doctor (IML) 

140 

i l L O n 
Baployaaa1 Uounga 

THAS 2.0 Oaaanatratlon 
K. 0. KuaaaU and M. 1. Sattlaca (OB.) 

O Itructurml and Satanic Engtnaarlng 
Cflalaaw A. J. rUrphy (MC) 
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12:30 
12 i» 
1:00 

Probability of Cradr-lnducad Pallura In Ml aadrar-
Utlon Piping, C.S. Itolaan (UH.) 

Oulllotlna ftraaka IndlracUy Cauaad by SalaalcaUr 
Inducad Palluraa, C S . itolaan (LUL) 

Tha Piping and Pitting lal labUlty Prograa, DJ . Quay 
(MC) 

Malay Stialtaa - Mat ing Oau, Currant Taatlng and 
Ctblnat Amplification, K. krcJyopacriyay ((MO 

ASCE UorUng Croup Actlvltlaa on StUfnaaa of Ooncrata 
Shaar la 11 Structural, J. hnratt oc C. Parrar (IAMJ 

Ufacta of Structural aajtionaa on none Uat , H. torn 
(stu 

Tha tola of Paranatar Unotmloty In StlaHc Sink 
Asaaaaamt, I . Ellinajood CJohna topkln Univ.) 

aacant Paaulta of tha Oonulnaant Portoraanca Prcgraa, 
W. von Kaaaaam (SnL) 

HT* Stlamle Taata, C.A. Sot at al . (AM.) and L. Mlchar 
at a l . OUK) 

Evaluation of Agad taerata Structural for Oanttauad 
Sarvlca In Nuclaar fttaetora, 0. Paul (OtMJ 
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2:00 
2:13 
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2:53 
3:15 
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4:30 
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Otalaaaa: C. « 

Introduction, C. Bhaa (MO 
Suaaaiy of K t t l i i n t aaaulta of PELAPSMlB, 

1- latnina(IML) 
Owanrla* and Statua of MUPS/WCO, U. Ulavar (1MBL) 
Ovarvtaa and Statua of TJAC-fTlAOCB. J. Saora (lAID 

n c Coda a i n a — at Oauvtw, K. ablfart (Ga»anH) 
Statua of KW Actlvttlaa ta Japan, 1 . Unao (JAES1) 
JaO-Ianra Cantrlauttsa to laproaaaaot of WArVrOCB. 

H. Stadtta (CtCrXC) 
Cnapartaoa aatuaan TtAOrTl/Kltt aad Plant Tranaiant 

Data, 0. Satoami (Studarlk) 
SvttaarUnf a Coda AsaaaaaMt ActMclaa l a Support of 

1CA». SJI. Akaaa (UR) 
VWC and H U H Ooda Davaliaamt Wthla tha UK. 

I . DrUtala (UKABA) 
Adjcum 

(T\ Matariali Englnaartna/rraiiura Vaaaal lanarch 
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Attachment 
NUCLEAR PLANT AGING RESEARCH (NPAR) PROGRAM PLAN 

Components, systems and structures 

Division of Engineering 
Office of Nuclear Regulatory Research 

United States Nuclear Regulatory Commission 
Washington, D.C. 

United States of America 

OBJECTIVES OF THE R&D PROGRAM IN THE USNRC 
MATERIALS ENGINEERING BRANCH 

(C. Z. SERPAN, CHIEF) 

• PROVIDE BASIS FOR REGULATORY DECISIONS ON OPERATION OF 
REACTOR PRIMARY SYSTEMS AND COMPONENTS IN THE PRESENCE OF 
MATERIALS DEGRADATION. CRACKS. AND UNDER LOADING BY NORMAL 
OPERATIONS AND BY ACCIDENTS 

• DEFINE AND PROVIDE AN EVALUATION BASIS FOR AGING AND 
OECONTAMINATION EFFECTS IN PRIMARY SYSTEM MATERIALS AND 
COMPONENTS 

• PROVIDE BASES FOR UPGRADED ASME COOE AND REGULATORY 
REQUIREMENTS FOR THE ACCURATE DETECTION AND INSPECTION OF 
FLAWS DURING INSPECTION 

• PROVIDE BASIS FOR REGULATORY DECISIONS RELATING TO RADIATION 
EXPOSURE AND COSTS OF DECOMMISSIONING NUCLEAR POWER PLANTS 

• PROVIDE A TECHNICAL BASIS FOR DECISIONS ON PLANT SAFETY FOR 
OPERATION BEYOND THE ORIGINAL 40-YEAR LICENSE UFE 

KEY TECHNICAL ISSUES BEING ADDRESSED BY THE 
USNRC MATERIALS ENGINEERING BRANCH 

• VESSEL EMBRITTLEMENT, ESPECIALLY DOSE-RATE EFFECTS FOR 

VESSEL SAFETY EVALUATIONS 

• VESSEL SUPPORT EMBRITTLEMENT 

• RESOLVE EFFECT OF CLADDING ON PRESSURIZED THERMAL SHOCK 

(PTS) 

• EFFECTIVENESS AND DURATION OF ANNEALING 



• STRUCTURAL INTEGRITY OF VESSELS WITH LOW-UPPER-SHELF ENERGY 
WELDS 

- FRACTURE ANALYSIS METHODS 
- CRACK ARREST 
- IRRADIATION EFFECTS 
- PTS 

• TOUGHNESS DEGRADATION OF CAST STAINLESS STEELS 

• INTEGRITY OF CRACKED PIPE UNOER SEISMIC LOADS 

• RELIABILITY AND ACCURACY OF INSERVICE INSPECTIONS 

APPROACH USED BY USNRC RESEARCH TO 
ADDRESS TECHNICAL ISSUES 

• ANALYTICAL METHOOOLOGY (FRACTURE MECHANICS) DEVELOPED FOR 
PREDICTION OF COMPONENT BEHAVIOR 

• LARGE-SCALE TESTS AND IRRADIATIONS CONDUCTED TO VALIDATE 
ANALYSIS METHODS 

• TESTS OF MATERIALS AND COMPONENTS CONDUCTED UNDER 
REALISTIC. OPERATING. AND UPSET ENVIRONMENTAL CONDITIONS 

• MATERIALS FROM DECOMMISSIONED REACTORS ARE TESTED TO 
VALIDATE ANALYTICAL METHODS AND LABORATORY SCALE TESTS 

• INSPECTION TRIALS ARE CONDUCTED ON FULL-SIZE TEST SAMPLES AND 
IN OPERATING REACTORS. 

• COSTS AND RADIATION EXPOSURE DATA OF DECOMMISSIONED 
REACTORS ARE ANALYZED TO VALIDATE RULE AND NRC REGULATORY 
GUIDE ASSUMPTIONS 

SOME KEY 1989 MILESTONES IN THE USNRC 
MATERIALS ENGINEERING R&D PROGRAMS 

REACTOR VESSEL AND PIPING INTEGRITY 

• COMPLETE ANALYSIS OF VESSEL SUPPORT EMBRITTLEMENT AND 
EVALUATE DOSE-RATE EFFECT 

• PROCURE LOW-UPPER-SHELF WELD METAL OUT OF THE MIDLAND 
REACTOR VESSEL, BEGIN UNIRRADIATED TESTING ANO PREPARATION OF 
IRRADIATION CAPSULES, TO DETERMINE FRACTURE TOUGHNESS LOSS 
FOR MATERIAL TYPICAL OF MANY REACTORS NOW IN SERVICE 



REACTOR VESSEL AND PIPING INTEGRITY (CONT'D) 

• RESOLVE CRITICAL FRACTURE MECHANICS ISSUE OF HOW TO PREDICT 
LARGE AMOUNTS OF CRACK GROWTH IN LOW-UPPER-SHELF MATERIALS 
OF VESSELS. BASED ON SMALL AMOUNTS OF CRACK GROWTH POSSIBLE 
IN SURVEILLANCE SPECIMENS 

• COMPLETE ANALYSES OF WIDE-PLATE CRACK-ARREST TESTS. ON LOW-
UPPER-SHELF MATERIAL TO PROVIOE BASIS FOR ARREST IN FRACTURE 
ANALYSES 

• BEGIN DETAILED PLANNING FOR PTSE-4 TEST ON INTEGRITY OF LOW-
UPPER-SHELF MATERIAL UNDER PTS LOADS 

• COMPLETE SEPARATE EFFECTS TESTS ON EFFECT OF CLADDING ON 
VESSEL INTEGRITY AND PREPARE PTSE-3 

• BEGIN CAPSULE FABRICATION TO DETERMINE THE EFFECT OF 
IRRADIATION ON ACCURACY OF SHAPE AND SHIFT IN ASME CODE K|c AND 
K|A CURVES FOR LOW-UPPER-SHELF MATERIAL (FY 1990-91) 

• INITIATE TMI-VIP ARCHIVE MATERIAL STUDY AND BEGIN INTER-
LABORATORY CALIBRATION 

• CONDUCT FIRST TESTS OF 16-INCH DIAMETER CARBON AND STAINLESS 
STEEL PIPE IN A COMPLEX PIPE LOOP UNDER DYNAMIC LOADS TO 
VALIDATE CURRENT LEAK-BEFORE-BREAK (LBB) ANALYSIS METHODS 

• COMPLETE IPIRG PROGRAM TESTS OF LARGE PIPE TO VALIDATE 
PERFORMANCE UNDER DYNAMIC AND SEISMIC CONDITIONS AND TO 
CONFIRM NRC LBB POSITION AND VALIDATE SRP PROCEDURE 

• PUBLISH RESULTS OF THE STEAM GENERATOR GROUP PROGRAM. AND 
COMPLETE REVISIONS TO REG. GUIDE 1.121 ON BASES FOR PLUGGING 
DEGRADED PWR STEAM GENERATOR TUBES. ANO 1.83 ON INSERVICE 
INSPECTION OF PWR STEAM GENERATOR TUBES 

• COMPLETE ROUND-ROBIN NONDESTRUCTIVE EXAMINATION TESTS USING 
ADVANCED ULTRASONIC METHODS AS PART OF PISC-HI PROGRAM AND 
DEVELOP RECOMMENDATIONS FOR PERFORMANCE-DEMONSTRATION 
REQUIREMENTS ANO UPDATED TEST PROCEDURES 

• PUBLICATION OF A NEW MANDATORY APPENDIX VII TO ASME SECTION XI 
ENTITLED TRAINING. QUALIFICATION. AND CERTIFICATION OF NDE 
PERSONNEL THAT PERFORM ULTRASONIC EXAMINATION UNDER 
SECTION XI, DIVISION 1,* BASED ON NRC STUDIES AND DATA 

DECOMMISSIONING EFFECTS 

• COMPLETE EVALUATION OF SHIELD TANK MATERIAL REMOVED FROM 
SHIPPINGPORT REACTOR. COLLECT SAMPLES OF SHIPPINGPORT VESSEL 
STEEL. ANO BEGIN EVALUATION IN COOPERATIVE PROGRAM 



FUTURE DIRECTION OF THE R&D PROGRAMS IN THE 
MATERIALS ENGINEERING BRANCH 

REACTOR VESSEL AND PIPING INTEGRITY 

• IDENFITY ISSUES AND PROVIDE TECHNICAL REVIEW BASIS FOR AGING 
EFFECTS 

• UNDERSTAND EMBRITTLEMENT MECHANISMS AND VALIDATE PREDICTION 
METHODS 

• REVALIDATE APPENDIX G FRACTURE TOUGHNESS REQUIREMENTS 

• VERIFY EFFICACY OF VESSEL ANNEALING 

• VALIDATE VESSEL AND PIPING FRACTURE MECHANICS ANALYSIS AND 
PREDICTION METHODOLOGIES 

• ESTABLISH INITIAL FLAW DISTRIBUTION IN VESSELS 

• STUDY MATERIALS AND EVALUATE OPERATIONAL DATA FROM 
DECOMMISSIONED REACTORS 

REGULATORY PRODUCTS PROVIDED BY T H E R & D P R O G R A M S 
O F T H E U S N R C MATERIALS ENGINEERING B R A N C H 

REACTOR VESSELS 

• BASIS FOR REVISION OF ASME B&PV CODE SECTION III. APPENDIX G 
(TOUGHNESS) AND 10 CFR 50 APPENOICES G AND H (TOUGHNESS 
AND SURVEILLANCE PROGRAM REQUIREMENTS) 

• BASIS FOR FRACTURE TOUGHNESS CURVES FOR ASME B&PV CODE 
SECTION III. APPENDIX G AND SECTION XI. APPENDIX A 

• REGULATORY GUIDE 1.99. RADIATION DAMAGE TO REACTOR VESSEL 
MATERIALS 

• MATERIALS PROPERTIES BASIS FOR 10 CFR 50.61. 'FRACTURE TOUGH
NESS REQUIREMENTS FOR PROTECTION AGAINST PRESSURIZED 
THERMAL SHOCK EVENTS* 

• BASIS FOR REVISION TO ASME B&PV CODE SECTION XI. APPENDIX A. 
CRACK GROWTH RATE CURVES. AND SECTION III S-N FATIGUE CURVES 

• BASIS FOR RESOLUTION OF UNRESOLVED SAFETY ISSUE A-11, 'LOW 
UPPER SHELF TOUGHNESS* - MODIFICATION T 0 1 0 CFR 50, APPENDIX G 

• STANDARD REVIEW PLAN (SRP) FOR LICENSE RENEWAL EVALUATIONS 



REGULATORY PRODUCTS (CONT'D) 

PIPING AND ENVIRONMENTAL EFFECTS 

• BASIS FOR ACCEPTANCE OF ASME XI RULES IWB-3640 AND IW8-3650. FOR 
EVALUATION OF FLAWS IN STAINLESS AND CARBON STEEL PIPES 

• MATERIALS BASIS FOR THE GDC-4 RULE CHANGE TO ALLOW LEAK-
BEFORE-BREAK IN SPECIFIC PIPING SYSTEMS AND FOR THE REPLACE
MENT TO THE DOUBLE-ENDED. GUILLOTINE BREAK CRITERION 

• CONFIRMATORY BASIS FOR NUREG-0313. "MATERIALS SELECTION AND 
PROCESSING GUIDELINES FOR BWR COOLANT PRESSURE BOUNDARY 
PIPING." WHICH SETS FORTH THE ACCEPTABILITY OF LONG-TERM CRACK 
•FIXES" AND REPLACEMENT MATERIALS. AND IS THE RESOLUTION OF 
USIA-42. "PIPE CRACKS IN BOILING WATER REACTORS" 

• BASIS FOR REVISIONS TO ASME B&PV CODE SECTION XI. APPENDIX A 

• FATIGUE LIFE DATA TO REVISE STANDARD REVIEW PLAN 3.6.2 ON PIPE 
BREAK LOCATIONS 

• FRACTURE TOUGHNESS BASIS FOR STANDARD REVIEW PLAN 3.6.3. 
•LEAK-BEFORE-BREAK EVALUATION PROCEDURES" 

• SRP FOR LICENSE RENEWAL EVALUATIONS 

NONDESTRUCTIVE EXAMINATION 

• BASIS FOR ASME CODE SECTION XI CASE N-409. REV. 1. "PROCEDURE FOR 
PERSONNEL QUALIFICATION REQUIREMENTS FOR ULTRASONIC DETEC
TION AND SIZING OF FLAWS IN PIPING WELDS" 

• MANDATORY APPENDIX TO ASME CODE SECTION XI PROCEDURES AND 
EQUIPMENT FOR IMPROVED DETECTION SENSITIVITY AND RELIABILITY 
THROUGH PISC-II COOPERATION 

• BASIS FOR UPDATE OF ASME CODE SECTION XI PROCEDURES AND 
EQUIPMENT FOR IMPROVED DETECTION SENSITIVITY AND RELIABILITY 
THROUGH PISC-II COOPERATION 

• REGULATORY GUIDE 1.150, "ULTRASONIC TESTING OF REACTOR VESSEL 
WELDS DURING PRESERVICE AND INSERVICE EXAMINATIONS" 

• NON-MANDATORY APPENDIX TO ASME CODE SECTION XI. "CONTINUOUS 
ACOUSTIC EMISSION MONITORING OF NUCLEAR REACTOR PRESSURE 
BOUNDARIES* 

• BASIS FOR REVISION OF REGULATORY GUIDE 1.83, "INSERVICE 
INSPECTION OF PRESSURIZED WATER REACTOR STEAM GENERATOR 
TUBES" 



72 REGULATORY PRODUCTS (CONTD) 

• BASIS FOR REVISION OF REGULATORY GUIDE 1.121. "BASES FOR 
PLUGGING DEGRADEO PWR STEAM GENERATOR TUBES' 

• BASIS FOR REVISION OF ASME BAPV CODE SECTION XI. APPENDIX IV. 
'EDDY CURRENT EXAMINATION OF NCNFERROMAGNETIC STEAM 
GENERATOR HEAT EXCHANGER TUBING" 

• SRP FOR LICENSE RENEWAL APPLICATION 

THE INTEGRITY OF HFIR VESSEL 
WAS REEVALUATED 

• FRACTURE MECHANICS EVALUATION 

• IRRADIATION EFFECTS 

• TEN-YEAR LIFE EXTENSION 

CAM WELD 

REACTOR 
PRESSURE 

VESSEL 



LARGER-THAN-EXPECTED ANDTT's APPEAR TO 
BE RESULT OF MUCH LOWER FLUENCE 

RATE IN HF1R THAN IN MTR's 
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DIFFERENCES IN FAST NEUTRON SPECTRUM 
ACCOMMODATED BY CORRELATING DATA 

WITH DPA(E > 0.1 MeV) RATHER THAN 
<D(E > 1.0 MeV): RATE EFFECT 

STILL EVIDENT 

300 1 1 I I I I l l | 1 1 I I I I l l | 
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HFIR VESSEL SURVEILLANCE DATA SUGGEST 
EMBRITTLEMENT RATE EFFECT THAT MAY 

IMPACT LIFE EXPECTANCY OF 
LWR VESSEL SUPPORTS 

• MFiR VESSEL aNDTT GREATER THAN EXPECTED 

• T(HFIR VESSEL) 2 T (MTR IRR. SPEC.) 

• +. (HFIR VESSEL) « + F (MTR's); THUS, A RATE EFFECT 

• », (LWR SUPPORTS) » t, (HFIR VESSEL) 

• T (LWR SUPPORTS) « T (HFIR VESSEL) 

• INGREDIENTS FOR PROPAGATION OF FLAWS MAY EXIST 
IN SOME LWR VESSEL SUPPORTS 

• DECREASING FRACTURE TOUGHNESS 
• TENSILE STRESSES 



NUMEROUS VESSEL SUPPORT DESIGNS INVOLVE 
VARIOUS COMBINATIONS OF MATERIALS, 

STRESSES, POTENTIAL FOR FLAWS, 
AND NEUTRON FLUENCES 

SKIRT SHIELD 
TANK 

SHORT 
"COLUMNS" 

LONG 
-COLUMNS" 

HFIR DATA APPLICABLE TO LWR VESSEL SUPPORTS 

• IRRADIATION TEMPERATURES 
SIMILAR 

• HFIR VESSEL: 120«F 

• LWR CAVITY: < 150°F 

• FAST-NEUTRON FLUXES 
SIMILAR 

» HFIR 2 X 10* . 1 X 10> 

• BWR 3 X 1 0 7 

• PWR 2 X 10* - 2 X 10* 

• FAST-NEUTRON SPECTRUM 
(E > 0.1 M«V) DIFFERENT 

• CAVITY SPECTRUM SOFTER 

• ACCOMMODATED BY USE OF 
DPA RATE AND DPA 

>*-«-REACTOR VESSEL 

&>•':«' *OBIOLOGICAL 
SHIELD 

VESSEL 
SUPPORT 

AVITY 



SUMMARY 

• EMBRITTLEMENT RATE EFFECT REVEALED BY HFIR VESSEL 
SURVEILLANCE PROGRAM 

• ANDTT/NEUTRON INCREASES WITH DECREASING FAST FLUX 

• SOME LWR VESSEL SUPPORTS SUBJECTED TO SAME FAST 
FLUX AND TEMPERATURE AS FOR HFIR VESSEL 

• EXTENSIVE EXTRAPOLATION OF HFIR DATA REQUIRED FOR 
APPLICATION TO LWR SUPPORTS 

• PRELIMINARY ANALYSIS INDICATES NDTT > T FOR SOME 
PWR SUPPORTS AT 32 EFPY 

A PRESSURE-VESSEL-RESEARCH USERS' FACILITY 
(PVRUF) IS BEING ESTABLISHED IN OAK RIDGE 

• CONCEPT RECOMMENDED BY NRC TO SUPPLEMENT THEIR VESSEL INTEGRITY 
PROGRAMS 

• CENTERED AROUND A COMPLETE FULL-SCALE PWR PRESSURE VESSEL 

• COMPLETE PROTOTYPICAL RESEARCH VESSEL WILL BE UNIOUE 

• PROVIDES A CENTRAL FACILITY FOR MULTIPLE USERS 

• TECHNOLOGIES RELATE TO PROBABILISTIC FAILURE ASSESSMENTS. NDE, 
PLANT-LIFE EXTENSION, ETC. 



A COMPLETE PRESSURIZED-WATER REACTOR PRESSURE 
VESSEL WAS BARGED TO OAK RIDGE FROM COMBUSTION 

ENGINEERING, CHATTANOOGA, AND OFF-LOADED AT 
PREPARED BARGE SLIP IN SEPTEMBER, 1987 

^SlSs. 



MAYFiELD TRUCKING COMPANY OF MABLETON, GEORGIA, 
MOVED THE ORNL PWR PRESSURE VESSEL FROM 

BARGE TO TEMPORARY STORAGE SITE ON 
TWO FOUR-HUNDRED-TON-CAPACITY 

(10 AXLE) TRANSPORTERS 
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MOVABLE INTERNAL SCAFFOLDING HAS BEEN FABRICATED TO 
FACILITATE NONDESTRUCTIVE EXAMINATION 



THE END OF THE VESSEL HAS BEEN SEALED IN ITS CURRENT 
LOCATION TO PROVIDE NECESSARY WORKING CONDITIONS 

FOR INTERNAL NONDESTRUCTIVE EXAMINATION 



THE PWR VESSEL WILL BE MOUNTED 
ON CE'S VERTICAL SUPPORTS 

IN PVRUF 

fx 

\t\rft\*\ 

i 



INITIAL RESEARCH AND DEVELOPMENT ACTIVITIES 
IN PVRUF WILL RELATE TO A VARIETY OF LWR 

PRESSURE VESSEL TECHNOLOGIES 

• FLAW CHARACTERIZATION (DENSITY. SIZE. ORIENTATION) 

• ANNEALING 

• POTENTIAL KEY FACTOR IN PLANT-LIFE EXTENSION 

• ENGINEERING FEASIBILITY 

• REMOTE NOE AND REPAIR TECHNIQUES 

• MATERIAL PROPERTY VARIATIONS 

• LOOSE-PART MONITORING 

• FLOW MIXING 

CHARACTERIZATION OF PRESSURE VESSEL FLAW 
DISTRIBUTION NEEDS TO BE EXPANDED 

AND ACCELERATED 

• NRC LIFETIME RULES FOR PWR VESSELS BASED ON PROBABILISTIC APPROACH 

• PROBABILITY OF VESSEL FAILURE PROPORTIONAL TO FLAW DENSITY 

• FLAW OENSITY GREATEST UNCERTAINTY IN PROBABILISTIC ANALYSIS 

• NOE AND DESTRUCTIVE EXAMINATIONS OF SEGMENTS ARE UNDER WAY 

• BWR (HOPE CREEK NO. 2) SEGMENT 
• PWR (PILGRIM NO. 2) SEGMENT 

• OTHER VESSEL SEGMENTS 

• COMPLETE-VESSEL STUDIES ARE REQUIRED TO GENERATE STATISTICAL INPUT 

• PVRUF DATA 
• FIELD DATA 



P.V.R.U.F. FACILITY CONCEPT 

IDENTIFIED R&D SUPPORT NEEDS OF 
OPERATING PWR REACTOR VESSELS 

< r 't < t 

PLANT LIFE IN-SERVICE MAINTENANCE 
EXTENSION INSPECTION ft REPAIR 

' t <r " 
R&DNEEDS: 

• DA '"A BASE EXPANSION 

• DEVELOPMENT ft QUALIFICATION 
DF PROCESSES. EQUIPMENT AND 
PROCEDURES 

• < 
1 
QUALIFICATION OF COMMERCIAL 
l/ENDOR EQUIPMENT ft SERVICES 

REDUCED 
SCOPE 

FEATURE 
TEST 

POTENTIAL 
PVRUF 
R&D 
TASK 

IN CONCLUSION, SEVERAL BENEFITS WILL RESULT 
FROM THE ORNL INITIATIVE TO 

ESTABLISH THE PVRUF 

• UNIQUE TECHNICAL OPPORTUNITIES 

• AVAILABLE TO CONFIGURE FOR A VARIETY OF TECHNICAL 
ENDEAVORS 

• AVAILABLE FOR MEETING THE NEEDS OF A VARIETY OF 
ORGANIZATIONS 

• AVAILABLE FOR COOPERATIVE OR DEDICATED ACTIVITIES 

• PROVIDE AN IMPROVED OPPORTUNITY FOR TECHNICAL 
INTEGRATION OF TECHNICAL INTERESTS OF INDUSTRIAL 
AND GOVERNMENTAL ORGANIZATIONS 



REVIEW OF RESEARCH ACTIVITIES IN THE AREA OF 
RELIABILITY OF REACTOR PRESSURE COMPONENTS 
IN YUGOSLAVIA 

M. NAJZER 
Josef Stefan Institute, 
Ljubljana, Yugoslavia 

Research act iv i t ies in Yugoslavia are closely related to the 
operation of the KrSko Nuclear Power Plant. Three research 
i n s t i t u t e s , l is ted below, are involved. 

1. J.Stefan Ins t i tu te , Ljubljana 
a) Neutron embrittlement surveillance 

The testing of the first surveillance capsule was 
completed two years ago. Much higher ART W as predicted 
by NRC Reg. Guide 1.99 Rev 1 and Rev 2 was round for weld 
material (0,02 Cu, 0,04 Ni) . Cavity dosimetry has benn 
installed this year. Second capsule will be removed next 
year. 

b) Pressurized thermal transient analysis 
- Development of analytical models and tools for 

calculation of p-T limits and their confidence interval 
using covariances of input data. 

- Development of the software for quick analysis of the 
PTT cosequences according ASME XI/E. 

2. Institute of Metallic Construction, Ljubljana 
Development of analytical tools of evaluation of planar 

cracks in RPV according to ASME XI. 

3. Institute of Electrical Utilities, Zagreb 
a) Eddy Current Testing of steam generator tubes and 

evaluation of results 
b) Nondestructive examination of Reactor Pressure Vessel and 

evaluation of results 



Annex 

SENSITIVITY ANALYSIS APPROACH TO P-T LIMITS 
AND PRESSURIZED THERMAL TRANSffiNT 
(Abstract) 

B. GLUMAC, M. NAJZER 
Josef Stefan Institute, 
Ljubljana, Yugoslavia 

Reactor pressure vcs»el steel undergoes significant changes 
in brittle to ductile transition temperature shift LRTNDT when 
irradiated with fast neutrons leaking from the PWR core. This 
means that, according to ASMS IH-G, permissible pressure-
temperature relation* have to be recalculated periodically to 
help prevent the non-ductile failure of the RPV daring presvure-
temperatare transients. 

Heatup-cooldown limits calculations require inteushre cal
culations of time dependent thermal and stress fields, RTHOT 
determination, etc. and often with highly unreliable material 
properties data. The error induced by those unreliable data 
is then compensated for with introduction of additional safety 
factors. 

By the use of sensithrity analysis approach one can i perform
ing only moderately complicated calculations, not only calcu
late certain quantities, but also their variauce-covariance ma
trices, based upon known (either measured or modelled) covari-
ance matrix of input parameters (i.e. material data). 

This contribution deals with an approach to first order W 
sensithrity analysis of the time dependent temperature profiles 
calculation {{T,(t)) and < 6T,{t)\6T,{t) >) to the core belt of 
the pressure vessel wall and also briefly outlines what has to 
be done to cakulate the stress profiles and linear elastic frac
ture mwhanirs (LEFM) stress intensity factors together with 
their Tariance-covariance information, and, on the other hand, 
determine adjusted RTMDT and reference strew Intensity factor 
KIM together with their variances < JJHjvorlllMW > ^ d 
< 6K,t\6Ki, >. 



PRINCIPAL TRENDS OF INVESTIGATION 
ON SUBSTANTIATION OF WWER VESSEL 
MATERIAL SERVICEABILITY 

Yu.G. DRAGUNOV 
S.D.B. 'Hydropress', 
Podol'sk, Union of Soviet Socialist Republics 

A set of works being performed in the USSR to substantiate 
the serviceability of Y/YER vessel structural materials involves 
the following: 

1. Statistical substantiation of radiation resistance chara 
teristics of '.TWER vessel materials: 

- study of influence of metal chemical composition upon 
radiation embrittlenient factors; 

- study of influence of neutron flux upon radiation embritt 
lement factors; 

- comparative studies of materials in research reactors, 
WWER-440 reactors with screen assemblies set in and in 7/Wi2R-440 
reactors without screen assemblies by the special program; 

- study of combined influence of irradiation and primary 
coolant effect; 

- creation of data bank by the investigation results of 
surveillancfe-specimens. 

2. Breakdown tests of pressure vessel models 
V/ork is carried out to substantiate WVffiR vessel service

ability with the aim to determine the true safety margins on 
the basis of comprehensive investigation of reactor materials 
fracture resistance at thermocyclic,cyclic and static loading 

I* of large-siaed models in embrittled and initial state. 



Comparison of test results of four models with the data 
of fracture toughness tesLs of specimens of the same heats 
( lots ) of materials has been performed. 

Comparison was conducted for the welds performed by elect 
rodes yOHH-I3/45A for steel grade 15̂ 2MfflA in -he initial 
state (Jfll-60) and after simulation of operation effect for 
the end of service life with the help of corresponding heat 
treatment (KH-IOO) . -0*" t h e welds performed by automatic 
welding with welding wire CI -KXILIQJT under flux AH-42. 

The analysis of the results shows the acceptability c.f 
fracture mechanics criteria for the strength analysis of reacto 
vessels when there are defects with depth of 0,3-0,6 of wall 
thickness and at loading at temperature below brittle critical 
temperature. 

The serviceability of vessels may be fairly reliably 
predicted by the results of small specimens tests with account 
for calculation procedures accepted nowadays. 

Breakdown tests of pressure vessel models are in progress, 
models are to be tested under loading conditions at thermal 
shock. 

3» Development and optimization of " warm prestress-
ing " conditions of vessel steels, welds metal to improve 
brittle fracture resistance and to increase radiation service 
life of ATWER vessels* 

- development of procedures for determination of fracture 
toughness characteristics on large-sized specimens (thickness 
to Î O ram) after warm prestressing"; 



- study of " warm prestressing " influence upon 
characteristics of static,cyclic and dynejnic fracture toughness 
of steels 15A2:.I(DA, 15X2HLHDA and welds metal4 

- study of stability of " warm prestressing " effect 
at prolong static and cyclic loading as applied to operating 
conditions of YA7ER vessels. 

4. Substantiation of vYWSR vessel annealing 
Investigation of recovery degree of irradiated material 

properties by means of annealing that incorporates study of 
influence of neutron fluence,materials chemical composition: 

- substantiation of optimum, temperature-time conditions of 
annealing; 

- 3tudy of mechanism of materials radiation embrittlement 
at repeated irradiation after annealing; 

- development of heating device for annealing; 
- development of devices for reactor vessel metal sampling 

to determine phosphorus and copper content in metal; 
- development of devices for determination of reactor vessel 

metal hardness; 
- development of calculation procedure of radiation life of 

reactor vessel after annealing; 
- performing reactor vessels annealing. 
The performed investigations substantiated optimum condition.' 

of VAVER-44O reactor vessels annealing. The prototype of heating 
device for annealing was developed and manufactured. To improve 
safe operation annealing of reactor vessels of JTVNPS,unit III, and 
Armyanskaya IIP3,unit I,has been performed. 

o:i 



5. Optimization of programs of surveillance-specimens 
of .r.Ti'JR-1000 vessel materials; 

- development of the design that provides placement of surveil 
lance-specimen sets close to the inner surface of the reactor 
vessel opposite the core. 

-optimization of surveillance-specimen sets composition, 
introducing CT-type specimens into the sets to determine fracture 
toughness. 

6. experimental study of distribution of properties 
over the shell space located opposite the core of 

'.7./DH-1000 reactor vessel and over the weld space: 
- distribution of hardness,mechanical properties,nonuniformit 

of r.ic.terial chemical composition; 
- distribution of fracture toughness and brittle critical 

temperature; 
- study of correlation of brittle critical temperature shiftc 

at irradiation effect by the results of CT-type specimen fracture 
toughnes tests and Charpy-specimen impact tests. 

7. Investigation of test coupon metal cut out of JJVIJPS, 
unit I after 20 years of operation: 

- study of brittle critical temperature shift by the results 
of Gharpy-epecimen impact tests for the base metal and weld metal: 

- investigation of the shift of temperature-fracture toughnes-
curve for the base metal and weld metal; 

- study of recovery degree of weld metal properties during 
annealing; 

- study of cladding metal properties. 



PISC III: THIRD PROGRAMME FOR THE 
INSPECTION OF STEEL COMPONENTS 

H. HERKENRATH 
Commission of the European Communities, 
Joint Research Centre, 
Ispra Establishment, 
Ispra 

1. INTRODUCTION 

1.1 Background 

For some years, the question had been asked whether the ultrasonic 
Non Destructive Examination (NDE) techniques used on heavy steel sec
tions were sufficiently effective and reliable to satisfy the require
ments for integrity assessment on important structures such as pressure 
vessels. The early answers often involved optimistic opinions and the 
only facts arose rrom inconclusive limited trials. Occasionnally it 
became known that some large defects had indeed not been detected but 1.2 
there was little public discussion or explanation of such failures. On 

1 2 the other hand, there were claims that unreliable NDE often led to un- * ' 
necessary and costly repairs. 

A series of major co-operative programmes known collectively as 
PISC (Programme for the Inspection of Steel Components) has been 
progressively developed so as to provide as complete an answer as 
possible to these questions on the capability of NDE; it has involved 
three phases: 

a) PISC I (1974-1980) provided an assessment of the capability of a 
manual ultrasonic procedure based upon the relevant section of the 
1974 edition of the ASME Boiler and Pressure Vessel Code, especially 
Section XI. The results, first published in 1979, showed several 
shortcomings for the PISC I (ASME) procedure. Some European alterna
tive procedures showed promising results in 1980 /!/. 



b) PISC II was set up in 1980 by the OECD-NEA and the CEC-JRC to examine 
in more detail which techniques could provide the desired level of 
capability in detection, location and sizing of defects. The planned 
programme of experimental work on this phase was successfully com
pleted in 1985 and evaluation of the results was published in 1986 
/2/. 

c) PISC III is the most recent phase launched under the auspices of the 
OECD-NEA and the CEC-JRC, on June 1986 to amplify, verify and 
validate aspects revealed by the PISC II work, considering: 
- real defects (PISC I and II investigated mainly artificial or 
deliberately induced flaws); 

- real geometries in real surroundings (PISC I and II had only one 
case of real geometry)» 

- steam generators components testing; 
- primary circuit pipes testing; 
- dissimilar metal welds testing; 
- reliability aspects, complementary laboratory exercise; 
- validation of mathematical models. 

1.2 Conclusions of the PISC I programme 

1.2.1 The PISC I procedure 

The PISC I programme tested steel plates provided by the U.S. 
Pressure Vessel Research Committee (PVRC) using procedures developed by 
PVRC and modified in their detail by PISC. Briefly, the results were in 
general characterised by large variations in performance between teams 
even though the results did indicate clear trends. This large 
variability resulted in part from the influence of various parameters 
(e.g. defect position and geometry differences in equipment character
istics, scanning plan, couplant)', which was difficult to evaluate since 
neither the PISC I nor the PVRC procedures required results to be 
presented in a manner conductive to more detailed analysis. 

The inspection teams undersized large vertical flaws, and when 
their observations were plotted on the ASME XI Acceptance/Rejection 



diagram, they tended to be closer to the acceptance line than the real 
defect. Conversely, teams generally oversized small flaws. 

Composite flaws, i.e. those made up of a number of flaws in close 
proximity and which, under ASME XI rules, would have to be considered 
as a single flaw, generally had a much lower detection probability than 
discrete flaws. This fact coupled with poor sizing always gave zero 
probability of correct rejection. 

1.2.2 Alternative European procedures 

Analysis of the results of the alternative procedures shows that 
they were superior for both detection and sizing. Some of the 
alternative techniques are well proven and currently being applied in 
Europe. 

Since each team used a different procedure it is not possible to 
draw any conclusions about the variability of results for a particular 
one. It is to be expected that different procedures may give very 
different results. 

There are indications that reducing the recording level (i.e. 
increasing the sensitivity) in the FISC procedure has an immediate 
beneficial effect. 

1.2.3 Limitations 

These conclusions have, of necessity, been influenced by certain 
limitations on the project that were outside the control of the 
participants. For example there were few discrete flaws: the flaws were 
either small or large, with none in the intermediate size range; and 
the plates themselves contained many defects which may have influenced 
the results, such as porosities, inclusions and clouds of small 
defects. The nozzle plate in particular was not large enough to allow 
full inspection with a 60° angle probe, except at its four corners. 
Only a few of the defects were typical of those expected to be induced 
during service. 

Base material defects were numerous and extensive in all three of 
the PVRC plates examined in the P1SC I programme. It has been demon-



titrated tfrat they caused more disturbances during defect sizing than 
defect detection when using the PISC procedure. Some alternative 
techniques (e.g. higher frequency: 5-10 HHz) were seriously affected by 
the base material defects. 

None of the PVRC plates were clad. Cladding is known to impair 
both defect detection and sizing. 

1.3 Conclusions of the PISC II programme 

The PISC II programme consisted of round robin tests on four 
plates and associated laboratory parametric studies. It evaluated NDE 
techniques in use and being developed for in-service inspection of 
reactor vessel components. 

The first conclusions of PISC 7.1 show clearly that: 

a) complemetary techniques could bring industrially acceptable proce
dures (e.g. ASME) to a good level of performance (Pig. 1); disper
sion of results is however important (Tab. 1); 

PLATE N.3 
GLOBAL PERFORMANCE 

ERRONEOUS REJECTION RATE 

* ASME 10/. OAC • ASME 2 0 / DAC • SPECIAL PROCEO. 
A ASME 60/ OAC 

FIGURE 1 . GLOBAL PERFORMANCE ON NOZZLE PLATE NO- 3 I N PISC II 



TABLE 1 : PERFORMANCE RESULTS OF P1SC II ON NOZZLE PLATE No- 3* 

OETECT10N OF THE 
INTENDED DEFECTS 

CORRECT SENTENCING 
OF REJECTABLE 

DEFECTS 
7 . 

CORRECT SENTENZING 
OF ACCEPTABLE 

DEFECTS 
7 . 

BEST RESULT 100 100 100 

AVERAGE ON 
ALL TEAMS 78 59 78 

WORST RESULT 40 7 38 

b) performance procedures exist in Europe but only two or three of them 
have been industrially applicable up to now (Fig. 2); 

c) procedures now used industrially could be optimised from an economic 
point of view without impairing performance; 

d) the characteristics of the defect are dominant parameters (Fig. 3); 
e) the results obtained on artificial samples must be validated on real 

structures containing real defects; 
f) the parametric studies in PISC II have quantified RRT resuJts 

(Fig. 4). 

These conclusions pointed to the need for a prograame to examine 
real defects in real structures. These structures must offer realistic 
geometries for testing purposes and be tested under real testing condi
tions. These are, therefore, the first objectives of PISC III. 

2. MOTIVATION AND OBJECTIVES 

2.1 The need for a further programme 

The PISC I programme was essentially aimed at establishing the 
capability of the 1974 ASME Code Secion XI Procedure. PISC II 
constituted a more profound evaluation of the best performance 
obtainable by modern ultrasonic techniques under optimal conditions. 



PLATE /V. 3 

DEFECT THROUGH HALL SIZE (nun) 

FIGURE 2 : COMPARISON or HIE DEFECT DETECTION FREOUENCY CURVE 
FOR PLATE NO- 3 IN PISC II TRIALS WITH THE FIRST 
LHRSG CURVE-

As envisaged, PISC III will take this evaluation an essential step 
further: validation of the capabilities of the various examination 
techniques when used in "real-world" conditions. This will involve 
testing real defects in real conponents (some contaminated), and under 
real conditions of inspection (conponents under stress, restricted 
access, calibration problems, variable human efficiency, etc.). Con
sidering the inherent limitations of ultrasonic inspection, when 
feasible, tests will also be conducted with other techniques such as 
radiography and eddy currents which may find application in particular 
instances. 

Other conponents than the RPV will be considered: the methodology 
of PISC II will be applied to testing procedures for primary pipework 
in austenitic steel as well as to steam-generator tubing and vessels. 
Round robin tests are thus proposed on components of the primary 
circuit often coming directly from plants. 



FOR ASklE TYPE PROCEDURES AT 207. DAC 
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PLATE N.3 

FIGURE 3 : AVERAGE SIZING ERROR AS A FUNCTION OF THREE DEFECT 
PARAMETERS I DEFECT POSITION, DEFECT SIZE AND DEFECT 
CATEGORY. 

It is clear from PISC II that the characteristics of the defects 
present (i.e. shape, crack tip aspect, roughness, tilt angle, position, 
etc.) dominate the capability to detect and correctly locate and size 
them. Both PISC I and PISC II dealt only with artificial or artificial
ly introduced defects. PISC III will emphasise testing on real defects, 
particularly service-induced ones, in a variety of components (some 
contaminated), such as piping, nozzles or safe-ends, steam generator 
vessels and internals, and stainless steel specimens, in order to 
validate the reliability of specific techniques and procedures. 
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The effectiveness of ultrasonic inspection in an industrial set
ting depends in part on the geometry of the components under test and 
on the conditions in which the testing must be performed (e.g. 
restricted access, presence of stress on components, etc.). Only one 
test plate in PISC II (plate No. 3) was representative of a real 
primary circuit geometry, and testing in both PISC I and PISC II was 
carried out under laboratory conditions. PISC III will involve round 
robin testing of real components, and testing of a full-scale BWR 
vessel. 

Several mathematical models of ultrasonic examination have been 
devised in the last few years. The models have shown promising 
predictive ability when applied, for example, to the PISC II round 
robin results for plate 3. However these models have yet to be 
validated with a systematic series of measurements and further 



development of the models will also require such data, particularly if 
the models are to constitute a means of justifying the capabilities 
claimed of ultrasonic testing. 

The parametric studies forming part of PISC II were conducted with 
artificial defects. More extensive parametric studies in PISC III (with 
both artificial and real defects), as well as detailed examination of 
the PISC II data bank, will make it possi-Me to evaluate the signifi
cance of equipment failure, calibration problems, automated versus 
manual techniques, and variability in human performance. The aspect of 
reliability of inspection is thus introduced into PISC III. 

Ultrasonic testing does have inherent limitations and short
comings. Other inspection techniques, such as radiography and eddy 
currents, may provide preferable alternatives for certain purposes. 
Accordingly, PISC III testing will include, where appropriate, studies 
of the capabilities of these other techniques for non-destructive 
examination. 

2.2 Objectives of PISC III 

In response to the above motives, the objectives of the PISC III 
programme are: 

- to evaluate iihe performance and reliability of NDE techniques, in use 
and being developed, for the inspection of primary circuit components 
of nuclear reactors with respect to service induced flaws; 

- in particular, to verify the reliability of inspection procedures 
when used in real conditions on real structurs containing real 
defects; 

- to address the interpretation of inspection results through practical 
use of mathematical models; 

- to bring the conclusions of the different actions of the programme to 
the attention of regulatory organisations and bodies preparing codes 
and standards concerned with in-service inspection (ISI). 

NOTE: Emphasis is put on ISI techniques and procedures, but fabrication 
controls and pre-service inspections are also of interest. 



2.3 Execution 

As was the case for PISC II, PISC III will be "operated" by the 
JBC Ispra as Operating Agent. Its role is defined in Par. 6. It will be 
managed by a Management Board working to the OECD Rules of Procedure 
and having the terms of reference in Par. 5. Nearly all the partici
pants of PISC II will take part. 

3. TERMS OF REFERENCE FOR PISC III 

The programme has the following terms of reference (Fig. 5): 

a) Seven actions are considered each of which has linited objectives 
and well established terms of reference: 

Action No. 1; Real Contaminated Structures Testing (RCSI : 13 collect 
results from specific investigations and limited round robin tests 
(RPT) on real service induced defects in materials and structures of 
the primary circuit of light water reactors (LWRs). These t-.sts 
started in 1986 ;.n the JRC Ispra hot cells (ATFI) and contaminated 
areas (Fig. 6). 

Action No. 2: Full Scale Vessel or large structures testing (FSV): 
to validate results obtained by procedures in the PISC II exercise. 
As a start, the installation offered by Staatliche Materialpriifungs-
anstalt (MPA), Universitat Stuttgart, Federal Republic or Germany 
will be used. It is made of a BWR full scale vessel and of full 
scale components of PWR vessels (Fig. 7 and 8). 

Action No. 3: Nozzles and Dissimilar Metal Welds testing (NDW): to 
undertake round robin tests of safe-ends and geometries representing 
some of the most difficult technical aspects of ISI (Fig. 9). 

Action No. 4: Austenitic Steel Testing (AST): to apply the P3SC II 
methodology to the primary circuit piping of LWRs. Both round robin 
tests for the capability assessment and parametric studies will be 
considered as well as reliability evaluation of the testing proce
dures (Fig. 10). 
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FIGURE 6 : PIPE OF MDHLFBERG PRIMARY CIRCUIT 
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FIGURE 7 : BWR FULL SCALE VESSEL (MPA). 
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FIGURE 10 : AST : TUBES FROM JAPAN-

Action No. 5; Steam Generator Integrity Testing: to undertake round 
robin tests both of tubings and structures in realistic uncontami-
nated and contaminated mock-ups of steam generators containing real 
and artificial defects. Capability tests and reliability tests will 
be considered (Fig. 11). 

Action No. 6; Mathematical models validation of the ultrasonic tech 
niques (MOD): to validate mathematical models and perform parametric 
studies in order to assess the importance of defect characteristics. 
This action aims at improving interpretation of inspection results 
and the reduction of experimental work. 

Action No. li Reliability exercises (RED: to evaluate the influence 
of human interpretation of inspection results, equipment failures, 
and human interaction with the overall inspection procedure. Part of 
this work will utilize the PISC II data. 
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b) The programme wil l be directed by a Management Board having terns of 
reference as defined in Par. 5. 

c) The CEC-JRC Ispra Establishment wi l l act as Operating Agent as 
defined in Par. 6. 

J) 

k) 

d) Revision of the on-going PISC actions or detailing of the studies is 
performed by a Long Term Programme Advisory Group. 

e) References to be used for the evaluation of results are to be fur
nished by (or under the responsibility of) the Reference Laboratory 
(NDE Labs., JRC Ispra). This includes certification of materials, 
structures, defects and destructive examination. 

f) Confidential matters, proctorship and particular contacts with 
participating teams are the responsability of a Referee Group 
provided by the Operating Agent. 

g) Evaluation of the results will be conducted by the Operating Agent, 
in collaboration with participants, for each of the actions by means 



of an evaluation procedure discussed and approved by the Evaluation 
Task Force. 

h) Each of the actions is controlled by Leaders who can, when neces-
ry, convene a group of experts. 

i) Structures, welded assemblies and samples have to come from plants 
or institutions in the member countries of PISC. A large part of 
these samples are proposed as contributions in kind by the PISC III 
participants. The discussions on the programme progress reports and 
on the results are thus restricted to PISC III participants only. 

j) Results of the PISC III programme should be reported in 1991. The 
details of what will be reported will be decided by the Management 
Board. Reports will conform to the rules for scientific papers of 
OECD and CEC. 

k) Co-operation will be arranged with similar national or international 
programmes. 

4. REMARKS 

4.1 Technical role of JRC Ispra Establishment 

The series of tests outlined in actions 1 to 7 will require the fol
lowing major contribution of facilities and work by the JRC Ispra NDE 
laboratories: 
- the provision, operation and maintenance of hot cells and controlled 
areas; 

- extended non-destructive testing to provide reference values; 
- supervision of limited round robin tests; 
- organization of parametric studies and execution of some of them; 
- destructive and metallurgical examinations of several samples; 
- evaluation of results and correlations between variables; 
- performance of the role of referee and proctor. 



The various series of tests will include other techniques such as 
X-ray and Eddy Currents, in addition to Ultrasonic, in order to inves
tigate their potential for industrial use. 

4.2 Links with national and other international programmes 

Examination of real structures coming from plants is linked and 
also complementary to national investigations conducted in several PISC 
Member countries. It is through these national programmes or actions 
that most of the samples were offered to PISC III. 

The full-scale vessel testing programme as well as the second RRT 
on ferritic steel assemblies is linked to programmes such as the United 
States PVRC, the Japanese PVRC and the German Full-scale Vessel Testing 
Programme as well as to institutions such as Validation Centres. 

The programme for austenitic steel testing carries on from United 
States round robin tests for reliability assessment. Several large 
primary pipes samples have been made available by the United States as 
well as central locations for testing these samples. 

The studies planned on steam generators are recognised as being of 
high priority by most of the European countries and are linked with the 
collaborative SURRY experiment in the United States. 

Validation of mathematical models depends on national development 
of models. Already active in this regard are representatives from the 
United Kingdom, the Federal Republic of Germany, Italy, France and 
Japan. 

Parametric studies correspond to a collaborative effort between 
CEC countries which participate in these measurements as part of their 
national or institutional programmes (e.g. U.K.). 

Reliability exercises will rely on existing U.K., Nordic and U.S. 
programmes. 

4.3 Time schedule 

The currently envisaged schedule for the PISC III programme is 
given in Fig. 12. It has been drawn up as a function of the logical 
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Figure 12: TIME SCHEDULE 

order of the work, the dates at which different types of samples become 
available, the availability of test facilities at Ispra, and the 
schedule of other programmes (in particular, the SURRY steam generator 
project). 

This time schedule is however only a guess and is subjected to 
deep changes as a function of budget availability. 

5. TERMS OF REFERENCE OF THE MANAGEMENT BOARD 

a) The programme will be directed by a Management Board consisting of 1 

members designated by each participant and by the Operating Agent. 
Participants nay also designate an alternative member to represent 
them in the event of a member being unable to do so. Members may be 
accompanied at Board meetings by expert technical advisers when 
particularly specialised questions arise. 



b) The Management Board will work to the OECD Rules of Procedure and 
the OECD Nuclear Energy Agency is invited to provide the Secre
tariat . 

c) The Management Board will: 
i) supervise the execution of the P1SC III programme as a whole, 

including both technical and general policy aspects, ensuring 
that the programme is carried out in line with the objectives 
agreed by the participants and endorsed by the NEA Committee on 
the Safety of Nuclear Installations and the Directorate General 
XII-JRC of the CEC; 

ii) give general direction to the Programme Manager in his tasks; 
iii) approve the creation of any necessary short-life working 

groups, inviting members to provide specialist help as appro
priate; 

iv) approve publication and dissemination of results, in particular 
bringing these to the attention of licencing authorities; 

v) keep the NEA Committee on the Safety of Nuclear Installations 
and the Directorate General XII-JRC informed of the progress of 
the work by means of an annual progress report; 

vi) maintain liaison with other international or national organiza
tions carrying out programmes similar to PISC, and arrange for 
regular reports on these programmes to be presented at Manage
ment Board meetings. 

d) The Management Board will elect each year a Chairman and vice-
Chairmen from amongst its members. It shall meet at least twice a 
year and be convened by its Chairman. A special meeting will be 
convened by the Chairman within a reasonable time after receiving a 
written request from a majority of Board members or from the 
Operating Agent. 

e) The Management Board will operate and reach its decisions to the 
greatest extent possible by mutual agreement. However, should a 
formal vote be requested by a member, then decisions of the Manage
ment Board will be by a two-thirds majority of the votes cast, each 



participant and the Operating Agent having one vote, upon the condi
tion that the agreement of the Operating Agent shall be necessary 
for decisions concerning the Ispra Establishment facilities, person
nel, programmes and budget. 

f) Other parties may join the programme with the unanimous assent of 
the participants and subject to any conditions which they may 
determine. 

6. OPERATING AG^NT, REFERENCE LABORATORY AND REFEREE GROUP 

a) The Ispra Establishment of the Joint Research Centre of the Commis
sion of the European Communities will act as Operating Agent for the 
programme. The Programme Hanger, appointed by the Operating Agent 
and approved by the Management Board, will be ex officio a member of 
the Management Board. 

b) The Operating Agent will be responsible for the execution of the 
programme under the general direction of the Management Board 
provided that the different actions remain compatible with the JRC 
programmes and resources. 

c) In particular the Operating Agent will discharge the following 
tasks: 
i) act as Reference Laboratory for all testing (that is, find 

suitable solutions to matters such as: suitability of samples 
offered, the introduction of benchmarks and reference defects 
in samples, ensuring that the test schedule is respected, and 
handle day-to-day management of the programme; 

ii) provide the Referee Group for proctorship, collection of data, 
ensuring confidentiality of teams' identities and overseeing 
the correction of errors in reported data; 

iii) provide facilities at Ispra for visiting teams and for sec
onded experts to test specimens; 

iv) contribute to the fabrication of test specimens; 



v) contribute to and coordinate the execution of the parametric 
studies (which may be carried out at Ispra or in laboratories 
elsewhere)» 

vi) carry out cutting and destructive examination of test speci
mens or organize collaborations for this task; 

vii) evaluate the PISC III results (in collaboration with represen
tatives of the participants)j 

viii) prepare reports on the work; 
ix) On behalf of the Management Board, maintain liaison with other 

international or national organizations carrying out 
programmes similar to PISC and arrange for regular reports on 
these programmes to be presented at Management Board meetings. 

7. PROGRAMME MANAGER 

A Programme Manager shall be appointed from among the JRC-Ispra 
staff by the Operating Agent with the approval of the Management Board. 

The Programne Manager is responsible for the overall technical co
ordination of the work to be carried out in support of each of the 
actions. In particular, he shall be responsible for: 
1) identifying the facilities, and materials available for carrying out 

the programme; 
2) collecting and organizing all data; 
3) leading the Referee Group; 
4) supervising reference samples, benchmarcks, the methods and 

analysis of results; 
5) controlling that the time schedules are respected and informing the 

Management Board of any delay; 
6) contributing to and supervising the drafting of reports; 
7) co-ordinating all technical and programme information to be brought 

to the attention of the Management Board; 
8) acting as rapporteur to the Management Board. 



8. ACTION LEADERS 

Each of the actions shall be controlled by Action Leaders ap
pointed by the Management Board. These Leaders are responsible for 
co-ordinating their particular action and for ensuring compliance with 
the time schedules, under the general supervision of the Programme 
Manager. 

The Action Leaders are members of the Management Board. 

REFERENCES 

/l/ "A Description of the PISC Project", EUR 6371 EN, Vol. 1 (1979). 

/2/ "Ultrasonic Inspection of Heavy Section Steel Components: the 
PISC II Final Report", Editors R.W. Nichols, S. Crutzen (Elsevier, 
London 1988). 
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Annex II 
PROGRESS REPORT ON THE IWG-RRPC ACTIVITIES IN 1987-1988 

V. Lyssakov 

Division of Nuclear Power 
International Atomic Energy Agency 

Vienna 

It has been slightly more than a year and a half since the 8th regular 
meeting of the IWG-RRPC took place in February 1987. 

My task is to report on the past and ongoing activities which have been 
planned and are conducted within the framework approved by you during that 
meeting. 

It should be noted that the IWG-RRPC during the reported period continued 
its work in accordance with both the Agency's programme and the programme 
which has been created at the last regular meeting. These activities were 
aimed at the achievement of the best results in information exchange between 
Member States in the field of pressure boundary components covering different 
topics which mainly dealt with material behaviour and its inspection. During 
the reported period we tried to do our best in order to coordinate these 
activities with other agencies to acnieve a broader exchange of information 
and avoid duplication. Good contacts and cooperation which were established 
on a working level with Messrs. McDonald of the OECD and Maurer of the CEC 
helped us to find a proper approach to this problem. Ar.d I would like to 
express my appreciation to both, Mr. McDonald and Mr. Maurer, for our useful 
discussion and their support <» organizing meetings which were of mutual 
interest. 

The list of the meetings for tha period of 1987-88 has foresaw following! 

SP on "Irradiation Embrittlement of RPV Steels and Ageing", 
May 1987, Philadelphia, USA. (Proceedings available from ASTM) 

"Reliability of Active Components of NPF's" (cancelled). 



- Training Course on "implications of Radiftion-Induced Embrittlement 
for the Integrity of Pressure Vessels", 
Mar-del-Plata, October-November 1987, Argentina. 

- SP on "Fracture Mechanics Verification by Large Scale Testing", 
25-27 May 1988, Stuttgart MPA, FRG. 

- SP on "inspection of Austenitic Dissimilar Materials and welds", 
27-29 June 1988, Espoo, Finland. 

- SP on "Corrosion and Erosion Aspects of Pressure Boundary Components 
of LWR's", 
12-14 September, Vienna, Austria. 

Phase III of the Co-ordinated Research Programme on "Optimising Reactor 
Pressure Vessel Surveillance Programmes" went into its active stage. In the 
year 1987 a distribution of materials to be investigated was completed. It 
was agreed that Paul Scherer Institute of Switzerland will serve as a 
centralized storage of materials for the future. 

At the CRM on the CRP in 1987 participants mainly reported on 
preparedness of facilities to start investigations and those who alreadey 
received materials reported on some first testing results on unirradiated 
materials. 

The CRM of 1988 showed that almost all participants started irradiation 
experiments and some first results were already reported. Conclusions and 
recommendations of that meeting produced an advice that tne Agency should 
consider establishment of Data Acquisition System which would allow to 
systematyze the data accumulated during the CRP. Several organizations agreed 
to elaborate this proposal and serve as an assigned institution for 
establishment of the system on a contract basis. At this meeting I would like 
to bring to your attention two proposals which have reached already the Agency 
and ask your kind comments on the usefulness of the proposals. 

We have organized a training course on "Implications of Radiation Induced 
Embrittlement for the Integrity of RPV" after a long break since 1982. A 



questionnaire which was sent to the participants of the course showed that in 
the whole the course was a success. Therefore, it was agreed that we should 
maintain convening the course with this title on a regular basis within the 
period of about 4 years. The latter would allcw both to update qualification 
of trainees and improve a scientific programme of the course. I take the 
opportunity of Mr. Mondino's presence to express our gratitude for good 
organization of the course. I believe that Mr. Mondino, who served as a 
course director, will provide you with some more detailed information on the 
course in his presentation. 

Coming back to the IWG-specialists' meeting programme, it should be noted 
that the meetings were very well organized and produced valuable material 
which after publishing will, for sure, present a useful information package. 
Some of the proceedings have been already published and at this meeting ve 
distribute them. 

I would like to thank all national representatives who were involved in 
the organizing of the above mentioned meetingt Messrs.i Steele (for May 
1987), Mondino, Fohl, Torronen. A special thank to Mr. Torronen and the 
Finnish counterparts for their really fast performance in the publishing 
matter. The meeting took place in June and we have already proceedings 
published. 

After presentation of national programmes we will be considering the 
future activities of the IWG-RRPC. A Mew Flan preferably should be extended 
up to 1992 since the Agency will start already next year 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. 



Annex III 
RECOMMENDATIONS OF THE IAEA ADVISORY GROUP MEETING 

ON FURTHER INTERNATIONAL CO-OPERATION 
ON SAFETY ASPECTS 

OF NUCLEAR POWER PLANTS AGEING AND LIFE EXTENSION 
Vienna, 30 May-2 June 1988 

BACKGROUND 

At present, some NPPs are approaching or are even beyond the end of 
their originally planned service life. In the year 2000, approximately 160 
plants will be 25 years old and 69 will be 30 years or older. The question of 
maintaining adequate safety and reliability in operation of rather "old" 
plants and the question of life extention (1) will therefore be of growing 
importance worldwide. 

NPPs depend for their high level of safety on the concept of 
defence-in-depth based on multiple physical barriers and on high reliability 
of both process and safety systems. The general concern related to NPP ageing 
is that plant safety and reliability could be impaired if the degradation of 
key components, systems, and structures (2) is not detected and timely 
corrective action not taken before failure (3). Both process and safety 
systems can be affected. In particular, it is possible that degradation may 
not be revealed during routine operation and testing, but may lead to failure 
or even multiple failures of redundant components under transient conditions 
(e.g. high pressure, vibration, steam, electrical pulse) associated with an 
operational upset or accident. Thus, if not effectively managed, ageing (4) 
degradation could erode not only the reliability of individual plant 

(1) Life extension is used in the braod sense and includes also life 
assurance. 

(2) The meaning of the term components, as used further in the text, 
includes also plant systems and structures. 

(3) In this document, failure is considered to occur when a component is 
unable to meet its minimum functional requirements. 

(4) Ageing is used in the broad sense and includes service wear. 



components, but also the safety margins afforded by defence-in-depth ind 
therefore increase risk to public health and safety. At the same time, the 
plant reliability and consequently its service life could be reduced. 

Ageing is a complex and not fully understood phenomenon. Because of 
its potential safety and economic impact, as a result of performance 
degradation, work has already been undertaken in this area by many countries. 
However, the amount of work yet to be done is very large and would strain the 
resources of nations if they were to work isolated from one another. 
Co-operativQ work, along with exchange of information among IAEA Member 
States, would be beneficial to all. Hence the IAEA has organized an advisory 
group which has recommended an international programme to address the safety 
aspects of ageing and life extension co-ordinated by the Agency. It is felt 
that the proposed programme would lead to maintaining adequate safety and 
reliability of the ageing plants both during and beyond their originally 
planned service life. 

The group met from 30 May to 02 June 1988, discussed various aspects of 

the issue, exchanged information on their national experience and programmes, 
and finally made the recommendations to the IAEA as described in the following 
section. 

PROPOSED IAEA PROGRAMME 
NUCLEAR POWER PLANT AGEING: SAFETY ASEPCTS AMD LIFE EXTENSION 

MISSION STATEMENT 

To facilitate the exchange of information and to promote co-operation 
among IAEA Member States towards the understanding and managing ageing 
degradatiuon of NPP components, aimed as maintaining safe and reliable plant 
operation. 

OBJECTIVES 

To establish and maintain, under the auspices of the IAEA, a programme 
Of international co-operatior. for: 



- increased awareness and understanding of ageing degradation processes 
- development of methods and guidelines to manage ageing for safe and 

reliable operation of NPPs 

PROGRAMME DESCRIPTION 

The recommended programme is structured into four subject areas: 

- review of operating experience and information exchange 

- understanding ageing 
- managing ageing - technical issues 
- developing guidelines for managing ageing 

1. REVIEW OF OPERATING EXPERIENCE AiMP INFORMATION EXCHANGE 

1.1 State-of-the-Art Reports on Safety Aspects of NPP Ageing 

The first report prepared by IAEA will be published in the fall of 
1988. It is intended to provide basic information on safety aspects of NPP 
ageing and a systematic approach to understanding and managing ageing of NPP 
components. It is recommended that this document be periodically updated by 
the International Working Group on NPP Ageing. 

1.2 Exchange of Information on Ageing Related Failures/Events 

It is recommended that Member States exchange information on 
age-related component failures and operational events. The root causes of 
these failures and events and their effects, such as system/plant 
unavailability, common mode failure, or reduction in defence-in-depth and 
reliability, should be provided for meaningful information exchange. 

To facilitate the information exchange, Member States would be 
requested to examine their existing operational data, maintenance, testing and 
inspection records, and to consider how best to present information on ageing 
degradation in a form suitable for international information exchange. The 
format of this information should be in accordance with the IAEA guidelines 
referred to under item 4.1. 



1.3 Exchange of Information on Results of Studies on Plant Life Assurance 
and Extension and Studies Related to Understanding and Managing Ageing 
of MPP Components 

It is recommended that Member States exchange information on their 
approach and the present status of their studies related to safe and reliable 
working life of critical components in safety related and process systems. 

2. UNDERSTANDING AGEING 

Due to the effect of ageing, safety, reliability and performance of 
NPPs may decline during the middle and later years of plant's life. The net 
result can be a reduction of the useful life of NPP components. It is 
generally agreed that ageing of plant components cannot be stopped, but in 
many instances can be slowed down by initiating a systematic programme to 
effectively understand and manage ageing. Ageing is complex because of the 
fact, that a number of degradation mechanism are existing such as, fatigue, 
irradiation embrittlement, stress corrosion cracking, surface wear effects, 
natural ageing under environmental conditions. This section outlines a 
programme designed to achieve a better understanding of ageing degradation of 
NPP components. 

2.1 Analysis of Operating Experience 

Section 1 recommends that operating experience of Member States' power 
plants should be reviewed to identify age-related component failures and 
operational events. To help in understanding ageing phenomena, it is 
recommended to analyze these failures and events in detail to identify and 
characterize the relevant age-related degradation mechanisms. 

The information would be useful to evaluate the performance of similar 
components in other plants. In addition, this work would not only provide 
indications of the significance of ageing pheomena and its impact on safety 
and reliability studies, but also provide some direction for follow-up studies. 



2.2 Selection of Critical Components 

It is recommended to select critical NPP components for detailed 
engineering studies. The selection would be based in the short term on Member 
States' experience and recommendations, and in the long term augmented by 
probabilistic risk analysis of ageing. Other considerations in the selection 
of critical components should include potential impact of ageing on 
reliability and economics. 

2.3 Research & Development ( R & D ) - Laboratory Investigations 

It is recommended to establish and maintain co-operative R & D studies 
to resolve technical issues and to fill knowledge gaps related to ageing 
degradation of selected critical components. Some examples for the 
recommended R & D are given below: 

(a) Understanding of interaction effects among material, environment 
and stressors to characterize age-related degradation mechanisms 
such as stress corrosion cracking, stress multiplication factors, 
erosion/corrosion, irradiation embrittlement. 

(b) Understanding of electrical equipment degradation under 
radiation, temperature, humidity, time of service and their 
interactions. 

(c) Development and validation of remaining service life prediction 
models for mechanical and electrical components, and civil 
structures. 

(d) Validation of accelerated ageing techniques, especially in 
relation to the environmental qualification work. 

2.4 Field Assessment of Ageing Degradation 

It is recommended to supplement the laboratory K & D described above 
with field data pertinent to: actual environmental conditions, actual 
loadings, sacrificial material samples, in-situ monitoring and evaluation, etc. 



2.5 Post-Service Examination and Tests 

It is recommended to conduct ageing evaluation of pertinent material 
samples obtained from operating plants and from decommissioned plants. 

3. MANAGING AGEING - TECHNICAL ISSUES 

3.1 Analyzes 

In the light of studies conducted in section 2 to identify critical 
Note 

components, ageing mechanisms, degradation sites and root causes, indicators 
or parameters for e»ch component needed for practical ways of detection are to 
be identified. In addition, the minimum functional capability for each 
component under study should be developed (see above mentioned State of the 
Art Report). 
3.2 Detection 4-

The development of methods and technologies for allowing the detection 
of the previously mentioned indicators or parameters is important. The devel 
detection of ageing ^ould be performed by inspection, surveillance, or devel 
condition monitoring with respect to each item of interest. An effective 
ageing management programme will require not only the understanding of ageing *>1 
degradation processor but also quantification or measures against which the 
severity of degradation can be evaluated. Recordkeeping must be undertaken to 
allow further feedback and trending. 

3.3 Mitigation of Ageing 4.2 

The comparison of measured indicators or parameters with the minimum 
functional capability will lead to interpretation of the degree of ageing of 
the component under study and provide the necessary data for the residual life 
assessment. This step could assist to determine the ways to mitigate ageing. 
Then, depending upon the components of interest the following ways could be 
adopted : 



- maintenance 
. preventive 
. predictive 
. corrective 

- refurbishment, replacement 
- equipment qualification 
- operational changes 
- design improvements 

Note: It is essential to provide for information feedback capability in this 
overall managing process to account continuously with the actual 
ageing. 

4. DEVELOPING GUIDELINES FOR MANAGING AGEING 

It is recommended to use the technical information obtained and 
developed under section 1, 2 and 3 of the programme as a basis for the 
development of guidelines for managing NPP ageing, as outlined below. 

4.1 Generic and component specific guidelines (for the selected critical 
components) for operational and maintenance data collection, records 
and documentaion, which are needed for evaluation of ageing effects 
contribution to component degradation. 

4.2 Component specific guidelines for moniotring ageing degradation. These 
guidelines, discussed in section 3, should include: 

- parameters to be measured 
- practical monitoring techniques 
- frequency of monitoring (testing, inspection, on-line monitoring 

etc., as applicable) 
- acceptance criteria 



4.3 Generic as well as component specific guidelines for maintenance 
methods and practices which are effective in mitigating ageing 
degradiation. These guidelines should address: 

— maintenance 
— refurbishment 
— replacement 

4.4 Guidelines for operating practices or suggested operating conditions 
that could reduce excessive age-related degradation. For example, the 
guidelines should address operational transients associated with 
start-ups, shutdowns, loading following, etc. 

4.5 Guidelines for revision of applicable IAEA codes and guides to include 
explicitly ageing and life extension issues. 

4.6 Guidelines for more effective managing of ageing in the design of 
future plants. 

ACTION PLAM 

The success of the proposed programme will depend to a large degree on 
the support and the resources provided by the IAEA, the Member States and 
other organizations (e.g. operating organizations, research institutions) 
involved. Obviously, Member States will contribute according to their own 
situation and needs. Any contribution will be valuable and is to be 
encouraged. 

The co-operation and co-ordination of the programme with relevant 
programmes of the IAEA and other international organizations should be pursued 
to prevent unnecessary duplication of effort and to achieve greater 
effectiveness. 

To implement the proposed programme, an action plan subdivided into 
short-term (1989-90) and long-term plans is presented below. Where 
applicable, the action itmes are cross-referenced to the programme items given 
above. 



SHORT TERM PLAH (1989-1990) 

1. The Î .LA to seek and obtain support for the programme from Member States. 

2. Publish the State-of-the-Art Report on Safety Aspects of NPP Ageing in 
the fall of 1988 (re: 1.1) 

3. Set up the International Working Group (IMG) which will also steer the 
programme. 

4. Select critical components on the basis of Member States experience and 
recommendation and initiate pilot studies on ageing on a limited number 
of components (re: 2.2). 

5. Prepare guidelines for records keepir3 (re: 1.2, 2.3, 2.5, 3.1, 3.2, 
3.3. 3.4, 4.1). 

6. Set up procedures for international information exchange (re: 1.2, 1.3, 
4 1 ) 

7. Organize topical meetings according to the IWG recommendation and 
widely distribute proceedings (re: 1.2, 1.3, 2.3) 

8. Consider initiation of Coordinated Research Programme (re: 2.3). 

LONG TERM PLAN (AFTER 1990) 

IWG to assess results of short term programme and recommend long term 
plan consistent with current needs and available resources. 

The following subjects should be considered : 

- operating experience review and international information exchange 
(re: 1.2 and 1.3) 

- Co-ordinated Research Proqrmme (re: 2.3 and Sec. 3.) 



- risk significance of ageing phenomena and actions prioritization 
using PSA techniques (re: 2.2) 

- in-depth analysis of operating failures/events (re: 2.1, 2.3, 2.4 
2.5 and sec. 3) 

- methods to assess residual life (re: 2.3 and 3.4) 

- detection and monitoring ntethods (re: 3.1, 3.2 and 3.3) 

- predictive criteria for ageing mitigation (re: 3.1) 

- maintenance methods (re: 3.5) 

- guidelines for managing ageing (re: 4.2, 4.3. 4.5, 4.6) 



Annex IV 

TERMS OF REFERENCE FOR THE IWG-RRPC 

These terms of Reference were approved by the IWG-RRPC at its meeting on 
17-19 February 1975 arid serve as a basis of the IWG's organization and 
activities. 

They are subject to discussion and revision, if necessary, at annual 
meetings of the Working Group. It is planned to re-formulate the objectives 
and scopes of the IWG-RRPC taking into account the Agency Programme, Ageing 
and Life Extension. 

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 aspects, testing ami operational aspects related to 
nuclear power plant pressure systems and components with the aim to assure 
their reliable function. 

1.2 To promote the exchange of information on national programmes and new 
developments, and, if necessary, to stimulate co-ordinated research in the 
fie'd of reactor pressure components technology in Member States and 
Organizations. 

2, Scope of activities 

The IWG-RRPC should provide the Secretariat of the IAEA with advice and 
recommendations on the Agency's activities 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 
includes the following topics: 



2.1 Information on service and test conditions 

normal operation including steady state, transients, start up, and shut 
down. 
Incident conditions including load combinations. 
Test conditions. 
Irradiation and environmental conditions. 

2.2 Design 

2.2.1 Conventional design. 
Stress and fatigue analysis. 

2.2.2 Fracture prevention. 
Fracture mechanics analysis (defect criteria). 
Fatigue crack growth. 
Corrosion assisted crack growth. 

2.2.3 Design for inspection (selection of methods). 

2.3 Materials assessment and selection 

Mechanical properties, fracture toughness measurement, fatigue crack 
growth (selection of test methods). 
Time dependent effects: strain ageing, thermal ageing, hydrogen 
embrittlement. 

Irradiation effect (special limits to composition). 
Weldability (hot and cold cracking). 
Response to heat treatments (temperature, duration; include possible 
repair). 
Chemical and micro-structural homogeneity. 
Impurity level. 
Compatibility with service environment. 



2.4 Fabrication (shop and field) 

Methods of casting, forming and welding (assessment of procedures, welder 
qualifications). 
Heat treatment and stress relief. 
Cladding. 
Surface finish (inspectability). 
Repair procedures. 
Intermediate 6D-inspection. 
Qualification of personnel, procedures, materials and equipment. 
Production control samples (to certify the practice). 

2.5 Testing and inspection 

2.5.1 Preservice inspection (methods and criteria). 

2.5.2 Proof testing for leakage and crack propagation (hydrolic or 
pneumatic). 
Dimensional and strain measurement. 
AB-survei1lance. 
Requirements for procedures and reporting, including first 
pressurlzation. 

2.5.3 In-service inspection and surveillance. 
Manual and remote inspection methods and equipment an4 calibration. 
Areas to be examined. 
Inspection intervals. 

2.5.4 Surveillance programme. 
Requirements including irradiation samples (materials, test piece 
type, location). 
Flux and temperature monitoring. 

2.5.5 Continuous surveillance. 
Leak detection and measurement. 
Physical and mechanical parameters measurement and recording. 



3. Methods of work 

The activities of the IWG are carried out through annual meetings where 
documents to be published and/or matters related to planning of future 
activities shall be discussed and approved. 

Documents should be prepared in advance by consultants, some of them 
members of the Working Group. Some documents may be also commissioned from 
recognized specialists or consulting organizations. 

Meetings related to exchange of information on new development will be 
held periodically and at least once in two years. 

Meetings related to the programme of the Agency's activity shall normally 
be held in Vienna. Other meetings can be organized by Member States 
participating in the Working Group in order to give opportunity to the 
participants to familiarize themselves with activities in a particular Member 
State. 

4. Organizational matters 

4.1 Membership 

Each Member State participating in the Working Group recow-wnds one expert 
whom the Director General appoints as a permanent member of the IWG. Bach 
member of the IWG should be an expert actively working in the field of 
reactor pressure components technology or having broad responsibilities in 
this field. 

As A means of ensuring continuity, members from the states having major 
programmes in the field of reactor pressure components technology would 
normally serve on the 1WC for a period of not less than three years. 

4.2 Chairmanship 

k 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 assist the scientific secretary to determine 
subjects of the meetings, chair the meetings, and conduct them along the 
lines of the subject. The chairman should review reports on IWG 
activities before distribution. 

4.3 Secretariat 

The Agency provides the administrative and secretarial services required 
by the Working Group, including translation services, meeting rooms, 
maintenance of records, publication and distribution of documents. The 
Agency provides also 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-RRPC free of cost. Travel and subsistence expenses for experts are 
borne by the respective Governments. 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. 



Annex V 
LIST OF MEETINGS HELD WITHIN THE IWG-RRPC 

14 

15 

1. 3-7 October 1966 Panel on "Recurring Inspections of 
Nuclear Reactor Steel Pressure Vessels' 16 

103 

2. 2-4 October 1967, Vienna 

3. 21-25 July 1969, Tokyo, 
Japan 

4. 9-13 February 1970 

5. 10-12 May 1971, Vienna 

6. 29 Nov. - 3. Dec. 1971 
Vienna, Austria 

7. 2-4 May 1972, Stuttgart, 
FRG 

8. 17-18 October 1972, Vienna 

9. 27 Mov. - 1 Dec. 1972, 
Vienna, Austria 

10. 28 May - 1 June 1973 
Vienna, Austria 

11. 23-25 October 1974, Vienna, 
Austria 

12. 17-19 February 1975, 
Vienna, Austria 

13. 3-5 December 1975, 
Winterthur, Switzerland 

IWG on "Engineering Aspects of 
Trradiation Embrittlement of Reactor 
Pressure Vessel Steels". 

"Development of Advanced Reactor Pressure 
Vessel Materials". 

Panel on "Basic Structural Design 
Philosophy, Criteria and Safety of 
Concrete Reactor Pressure Vessels". 

IWG on Reactor Pressure Vessels "Effect 
of Radiation and Other Time-Dependent 
Phenomena on Steel Pressure Vessel 
Integrity". 

Panel on "Non-Destructive Testing for 
Reactor Core Components and Pressure 
Vessels". 

Specialists' Meeting on "Assessment of 
Engineering Significance of Embrittlement 
Effects in Pressure Vessels", 

IWG Consultants' Meeting on "Reliability 
of Reactor Pressure Components". 

Panel on "Experience and Techniques in 
Repair of Reactor Components". 

Panel on "Methods of Assessment for 
Assuring Nuclear Power Stations' 
Reliability". 

Research Coordination Meeting on 
"Irradiation Embrittlement of Reactor 
Pressure Vessel Steels". 

IWG on "Reliability of Reactor Pressure 
Components". 

Advisory Group Specialists' Meeting on 
"Fracture Mechanics Applications: 
Implications of Detected Flaws". 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 



29-31 March 1976, 
Palo Alto, Calif., USA 

Technical Committee on "Stress Corrosion 
Cracking Problems in the Primary System 
of Nuclear Power Plants". 

17-18 May 1976, 
Plzen, Czechoslovakia 

Technical Committee on "Reactor Vessle 
Surveillance: Results of Programmes 
Conducted and Proposals for Revision". 

19-21 May 1976, 
Plzen, Czechoslovakia 

IWG on "Reliability of Reactor Pressure 
Components". 

25-27 April 1977, Kobe, 
Japan 

Technical Committee on "Use of Bon-
Destructive Testing Techniques for 
In-Service Inspection of Reactor Pressure 
Components". 

20-22 June 1977, Stockholm, 
Sweden 

Technical Committee on "Operating 
Experience Relating to Reliability of LWR 
Pressure Components". 

14-15 October 1977, Vienna, 
Austria 

IWG on "Reliability of Reactor Pressure 
Components". 

13-15 September 1978, Riso 
Denmark 

Technical Committee on "Repair Aspects 
and Procedures". 

21-25 October 1978, 
Stockholm, Sweden 

Specialists' Meeting on "Periodic 
Inspection of Nuclear Reactor Steel 
Pressure Vessels". 

20-21 November 1978, 
Innsbruck, Austria 

Technical Committee on "Time and Load 
Dependent Degradation of Reactor Pressure 
Bounding Materials". 

5-8 March 1979, 
Madrid, Spain 

"Trends in Reactor Pressure Vessel 
Development". 

20-22 October 1980, 
Vienna, Austria 

1-3 December 1980, 
Vienna, Austria 

Specialists' Meeting "Environmental 
Factors Causing Pipe Cracks and 
Degradation in Primary Sytem Components". 

Specialists' Meeting on "Reliability 
Engineering and Lifetime Assessment of 
Primary System Components". 

13-15 May 1981, 
Freiburg, FRG 

Specialists' Meeting on "Subcritical 
Crack Growth". 

19-21 October 1981, 
Vienna, Austria 

Specialists' Meeting on "Radiation 
Embrittlement and Surveillance of Reactor 
Pressure Vessel Steels". 

4-5 December 1981, 
Vienna, Austria 

IWG-RRPC Meeting. 



29. 14-16 September 1982, 
Riso, Denmark 

Specialists' Meeting on "Repair Aspects 
and Procedures". 

30. 22-26 November 1982, 
Vienna, Austria 

Tntttrnat.ional Symposium "Water Chemistry 
and Corrosion Problems of Nuclear Reactor 
Systems and Components". 

31. 14-16 December 1982, 
Vienna, Austria 

- IWG-RRPC Meeting 

32. 21-25 March 1983, 
Stuttgart, FRG 

Int. Symposium on "Reliability of Reactor 
Pressure Components". 

33. 12-15 May 1983, Ispra Specialists' Meeting on "Defect Detection 
and Sizing". 

34. October 1983, Finland Specialists' Meeting on "Corrosion and 
Stress Corrosion of Pressure Boundary 
Components". 

35. February 1984, Vienna, 
Austria 

Specialists' Meeting on "Radiation 
Rmbrrttlement and Surveillance of R.P.V. 
Steels". 

36. May 1984, Rome, Italy Specialists' Meeting on "Crack Initiation 
and Arrest Control during Therman 
Transients". 

37. 15-17 May 1985, Senclar, 
Japan 

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

38. 3-5 September 1985, 
Vienna, Austria 

IWG on "Reliability of Reactor Pressure 
Components". 

39. 25-28 November 1985, 
Madrid, Spain 

Specialists' Meeting on "Recent Trends in 
the Development of Primary Circuit 
technology". 

40. January 1986, Budapest, 
Hungary 

Specialists' Meeting on "Time and Load 
Dependent Material Performance other than 
Irradiation Effects". 

41. 27-30 May 1986, Plzen, 
Czechoslovakia 

Specialists' Meeting on "Reactor Pressure 
Vessel Behaviour under Transient 
Conditions Caused by Thermal Shock". 

42. February 1987, Vienna, 
Austria 

IWG on "Reliability of Reactor Pressure 
Components". 

43. May 1987, USA Specialists' Meeting on "Irradiation 
Kmbrittlenient of RPV Steels and Ageing". 

44. 25-27 May 1988, Stuttgart 
MPA, FRG 

90-01478 

Specialists' Meeting on "Fracture 
Mechanics Verification by Large Scale 
Testing". 



27-29 June 1988, 
Espoo, Finland 

Specialists' Meeting on "Inspection of 
Austenitic Dissimilar Materials and 
Welds". 

12-14 September, 1988 
Vienna, Austria 

Specialists' Meeting en "Corrosion and 
Erosion Aspects of Tressure Boundary 
Components of LWR'£»'•. 

October 1988, 
Vienna, Austria 

- CM on "Ageing and Life Extension" 

October 1988, 
Vienna, Austria 

IWG on "Reliability on Reactor Pressure 
Components". 

17-21 April 1989, 
Vienna, Austria 

- CM on "Ageing and Life Extension" 

5-9 June 1989, 
Plzen, Czechoslovakia 

Specialists' Meeting on "Acoustic 
Emission and Otb«*r Methods of In-Service 
Inspection of RPVs", (with particular 
emphasis on on-line techniques). 


