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THE PROGRAMME OF THE OECD-KEA CSNI PRINCIPAL WORKING GROUP No. 3
ON REACTOR COMPONENT INTEGRITY

REGULAR COMMITTEE MEETINGS

1. Since the last IWG LMNPP meeting in February 1994 PWG-3 has held the
following regular committee meetings:

17th meeting Brussels 18-19 October 1994
18th meeting Paris 10-11 May 1995

Mr. Helmut Schulz of GRS Germany was elected Chairman at the 18th meeting, and
Messrs. Gert Hedner, SKI Sweden, and Milt Vagins, US NRC, were elected vice
chairmen at the same meeting.

The next scheduled meeting is:

19th PWG-3 meeting in Brussels 6-7 March 1996

NON-DESTRUCTIVE TESTING

2. The Programme for the Inspection of Steel Components (PISC III) has been
the main activity in the area of NDE. This is a joint programme with the CEC,
the Operating Agent and Reference Laboratory being JRC Petten. Although as
reported at the last IWG meeting, the programme had formally finished,
evaluation of the results has continued. The results available were presented at
the joint CEC/NEA/IAEA Specialists Meeting on NDE at JRC Petten 8-10 March 1994,
and the proceedings have been issued as a Euratom/CSNI report. The actions on
Steam Generator tube inspections and Full Scale Vessel testing are not yet
finally closed.

3. Some of the activities have been transferred to the CEC European Network
on Inspection Qualification (ENIQ). PWG-3 is setting up a sub group on NDE under
the chairmanship of Mr. Hedner of SKI, which amongst other activities will
consider the regulatory implications of the PISC III results, and topics of
especial interest, such as SG tube inspections.

FRACTURE ANALYSIS

4. The final draft of a state of the art report on the use of fracture
mechanics in structural integrity assessment has been prepared.

5. The second phase of the round robin on Fracture Analysis of Large Scale
International Reference Experiments held its final workshop in Atlanta, USA on
8-10 November 1994. There were 36 participating organisations from 15 countries.
This was organised by the Fracture Analysis Group of PWG-3, under the
chairmanship of Mr. Schulz of GRS, with the organisation carried out jointly by
GRS in Germany and ORNL in the USA. The tests were primarily thermal shock
experiments. The countries represented are: Czech Rep., Finland, France,
Germany, Hungary, India, Italy, Japan, Korea, Russia, Sweden, Switzerland,
Ukraine, UK, and the USA. The problem statements have been contributed by
structural testing organisations in France, •'.••- rmany, Russia/Finland, UK and the
USA. The primary focus of the experiments w e sn the behaviour of relatively
shallow cracks under conditions relating tc • =;ssurised thermal shock loading in
a RPV; the effect of biaxial loading and c: • -Iding were separate topics in two
experiments. There was less scatter in th* -ulation of the structural
response than there was for phase I. The : report is not yet issued.
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6. A Standard Problem on piping leak rates was organised by GRS, and the
report has been issued. However there was a wide scatter in the results.

7. The proceedings of a Workshop on RCS leak and failure probabilities held
at GRS Koln in December 1992 have been issued as a CSNI report. It was decided
that GRS would organise a round robin of leak probability estimates of a
particular system.

8. There will be a Specialists Meeting on Leak Before Break at Lyon,
France, 9-11 October 1995, jointly organised/sponsored by EDF/Framatome/CEA, CEC
DG XI, OECD-NEA, IAEA, Nuclear Electric, NRC

9. There will be a Workshop on Probabilistic Structural Integrity Analysis,
at RIT/SKI Stockholm, 6-8 March 1996.

AGEING

10. A workshop on the testing of material from decommissioned reactors was
held jointly with CEC JRC, as the CEC has its own programme on decommissioning,
at CEN Mol, 27-28 June 1995. The main issues were irradiation embrittlement and
stainless steel ageing. The proceedings have not yet been issued.

11. PWG-3 at the moment has no programme specifically directed at plant life
management, but many of its activities are relevant to this, and are
co-ordinated with the IAEA IWG LMNPP and the NEA PLIM (Plant Life Management)
group. However there is a policy of seeking presentations on topics of interest
in this area. Those topics that have been discussed include: BWR internals
cracking, SG tube experience, piping replacement and RPV head penetrations.

12. NEA co-sponsored the IAEA IWG LMNPP Specialists Meeting of Erosion and
Corrosion of NPP Materials in 19-22 September 1994.

13. There will be a workshop in 1996 Workshop on the Effect of
Decontamination on Integrity, date and location to be determined.

14. CSNI has set up a task group to study present national and international
programmes in the area of concrete structural integrity, ageing and seismic
studies, and recommend possible activities for CSNI in these areas to the main
committee at the autumn 1995 meeting. The possibility of a joint IAEA/NEA
Specialists Meeting discussed at the last IWG meeting will be considered there.

RELATED ACTTVITIES

15. The following are not PWG-3 activities, but are NEA activities related
to the area of structural integrity generally:

- the OECD TMI Vessel Investigation Project has finished, and a Final Event was
held in Boston in October 20-22 1993 as reported last time. The proceedings of
the meeting have now been published.

- another OECD-NEA project on the boundary between severe accident research and
structural integrity research is the Rasplav project, executed at the
Kurchatov Institute in Moscow. This studies the interaction between molten
core material and a model reactor lower head. It is the first NEA project to
be executed outside the OECD area.

- NUPEC offered the results of a shaking table test of a reactor building shear
wall model for a NEA International Standard Problem. The first workshop was
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held in Paris 27-28 September 1994. The second workshop will be held in Japan
22-24 April 1996.

NEA i;- starting to establish a small co-operation programme with the NIS and
CEEC*5 ^ r1 th© ŝ **-̂  c^ TMI^I g a " «;a*o+*̂ r -̂̂ coT»•*̂ y> ^ O invsst^ 5.CTHte the pos*-£.5̂ 2.1 ities

for collaboration in the structural integrity area, there was fact finding
mission 14-25 February 1994. The report of the mission has been issued, but it
was decided not to implement the recommendations of the mission, because of
lack of funding. The information is available for other organisations to
pursue if they wish. There is a current NEA study on the nuclear safety
research needs for-WERs and RBMKs, complementing EU activities with American
and Japanese involvement. The mission report will be fed into that study.
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PISC HI RESULTS ON ACTION 3 "NOZZLES AND DISSIMILAR WELDS"

PH. DOMBRET
AlB~Vin<?otte
R&D Department
Avenue du Roi 157
B-J060 Brussels
Belgium

ABSTRACT. Action 3 was initiated in 1986, in the framework of the PISC HI programme
[1], to evaluate the actual NDE capability for the structural integrity assessment of safe-
ends in power plants.

Applying the methodology developed in PISC I and PISC II, Round-Robin Trials (RRT)
were organized on the basis of test assemblies representative of BWR and PWR designs,
with the objective of identifying effective examination methods, particularly for in-service
inspection, and of informing subsequently Codes and Standards organizations of the
outcomes.

The features of the assemblies allow to evaluate the inspection performances on reactor
pressure vessel safe-end welds, as well as on PWR steam generator and surge line dissimilar
metal welds. The attention of the reader is drawn however on the fact that, when
conclusions on the NDT capability in industrial conditions are drawn from this exercise, t! '
validity of the comparison must be carefully verified.

The following reviews briefly the organization and integrates the main outcomes of PISC
Action 3. Further details can be found in the dedicated PISC reports [2,3,4,5].

1. Round-Robin Test Specimens

Three specimens were made available for the RRT. As a rule, drawings, materials and
manufacturing procedures typical of the nuclear industry were used for the fabrication;
some exceptions, that may have an impact on the inspection performance, are highlighted
below. All nozzle ends were stainless steel cladded and Inconel buttered, and all dissimilar
metal welds were made from Inconel.

Assembly 20 (Fig. 1) was based on a BWR pressure vessel shell containing two
recirculation system inlet nozzles. An Inconel safe-end and a portion of carbon steel pipe
was welded, with Inconel, on both nozzles, which are referred to as 21 and 22. As it turned
out subsequently, the nozzle ends had been originally prepared by machining through older
welds, resulting eventually in the repair-like structure shown in Figure 2.

Assembly 24 is a mockup of a BWR safe-end (Fig. 3). The inside surface of the forged
stainless steel safe-end presents a realistic profile, including the thermal sleeve weld. The
coolant pipe section was made from wrought stainless steel.

— / 3 -



Assembly 25 (Fig. 4) represents a PWR safe-end, welded to a cast stainless steel piping
end. However, as a consequence of the unavailability of suitable components, the wall
thickness was no more than 40 mm, and a reduction of the inside diameter was pre sent
close to the dissimilar metal weld root.

It is obvious that the particular features of the test pieces may have affected incidentally
some examination performances. Nevertheless, care was taken during data analysis to
;ancel the influence of such singularities, and there should be no remaining doubt that the
overall conclusions reported below reflect the actual capability of safe-end weld inspection.

2. Flaws

A total of 25 flaws had been intentionally introduced in the assemblies: 3 in the thermal
sleeve area of Assembly 24, 13 in the dissimilar metal welds, and 9 in the homogeneous
welds. As the depth dimensions ranged from 10 to 50% of the wall thickness, only few of
them were acceptable according to ASME XI article IWB-3514 [6]. Figure 5 displays their
distribution in three assemblies ; no flaw was intentionally introduced in the dissimilar weld
nor in the homogeneous weld of Assembly 22.

Most flaws were planar reflectors, located close to the inside surface, and oriented
perpendicular to it or parallel to the fusion lines, to simulate service-induced cracks. Also
some sub-surface crack-like reflectors and some fabrication flaws, such as slag inclusions,
were considered.

Several fabrication processes were used to introduce the flaws. Planar reflectors were
obtained either by fine machining and electro-etching, as in many other PISC exercises, or
by a complex technique to be performed during the specimen welding [7]; Figure 6 shows
some typical examples. Care was taken to avoid detectable discontinuities of the
metallurgical structure in the vicinity of the flaws.

All flaws were fully certified to allow for a reliable assessment of the inspection
capability : beside the information resulting from the fabrication process documentation, the
replica technique was used where possible, and radiographic examination was carried out
under ideal conditions. Eventually, destructive examination discarded any remaining doubt,
after the completion of the RRT. Worth noting is the particular attention paid, during
specimen destruction, to some areas where different teams had reported false calls.

The certification process revealed additionally a number of unintended manufacturing
flaws, mainly in Assemblies 21 and 22. Whereas one of them was barely acceptable,
according to the aforesaid ASME XI criteria, most were much smaller.. For obvious reasons
of feasibility, it was decided not to consider in the evaluation flaws smaller than 1 mm in
height, even though they may have bome an influence on the UT results of some teams.

A total of 47 reference flaws was recorded for the evaluation of the inspection data. Their
characteristics and distribution make the specimens as a reasonable 'et for a performance
demonstration test.



3. RRT organization

Subsequently to the insertion of plugs in the BWR type assemblies, to prevent access to
the inner surface and radiographic examination, the specimens were circulated in 10
countries (Europe, USA & Japan), to let more than 20 teams carry out a blind examination.
As a rule, each team was allotted two weeks to complete the measurements on each
assembly.

Table 1 summarizes roughly the procedures implemented by the participants. As made
explicit in the Table, a couple of them involve radiography or ultrasonic scanning, in
immersion, from the inside of the PWR assembly; all others are based on contact ultrasonic
techniques, from the outer surface. The range includes industrial and laboratory methods,
and matches the best NDT technology currently available.

TEAM

FN
FX
HM
IK
JK
LI

MH
NG
OE

OF
PE
QZ
RY
RZ
TX
UW
VT

VY
WT
XR-
YR

ZQ

SCAN
auto

auto

manual

auto

auto

manual

manual

manual

manual

manual

auto

auto

manual

manual

manual

auto

auto

auto

manual

manual

auto

Assembly 24
-
-

cw.sw
-

cw.sw
-
-

CW, SW, tandem

SW, creep waves,
mode conversion

CW

Focusing probes

CW, MOST, SLIC

cw.sw
CW.SW

CW phased array

CW, creep waves

CW, SW, TOFD,
SAFT

CW, SW

-
CW.SW

CW, SW, creep waves,
mode conversion

CW, X-Ray

Assembly 20
-
-
-
-
-

-
-
-

CW, SW, creep waves,
TOFD.mode conversion

-
SW, focusing probes

-

cw.sw
-
-
-

CW, SW, creep waves,
TOFD, SAFT

CW, SW, creep waves

CW&.SWLSAFT

ASME procedure

CW, SW, creep waves,
mode conversion

-

Assembly 25
Immersion CW focusing probes (JD)

X-Ray

-
ASME procedure

Immersion CW SW focusing probes (ID)

Immersion CW focusing probes (ID)

CW. SW (OD & ID)

CW.SW

CW, SW, creep waves, TOFD, mode
conversion

-

-
-

CW, SW (OD & ID)

-

-
-

CW, SW, creep waves, TOFD, SAFT

CW, SW, creep waves

CW & SW LSAFT

. ASME procedure

-

CW, X-Ray

Table J -Procedures used in the Round-Robin Tests
[CW: compression waves ; SW: shear waves ; other abbreviations should be self-explanatory]



4. Data Evaluation

4.1 METHODOLOGY

The data collected from most teams had to be adapted by the '£ISC Referee Group, to fit
in the evaluation scheme. As a consequence, no conclusion should be drawn with regard to
the operational reliability of the applied procedures.

The capability assessment work was carried out with the BTB code [8], along the
engineering evaluation principles determined in the previous phases of the PISC
programme. The variables used hereafter are as follows :

FDF : proportion of reference flaws that are detected by a team
CRF : proportion of rejectable defects that are correctly rejected by a team
CAF : proportion of acceptable flaws that are correctly accepted by a team
MESZ : mean error of sizing in the depth direction (in mm)
SESZ : standard deviation of sizing in the depth direction (in mm)

Two new variables have been introduced to quantify the false call rate of teams, i.e. their
propensity to report flaw indications where indeed no actual flaw (with sufficient
dimensions) exists : FCRD gives the proportion of false calls in the total number of the
team findings, FCRR is similar, but takes only rejectable findings and flaws into
consideration.

In addition, averaging of a variable is denoted by a leading M. More details on those
definitions can be found in [9].

4.2 TEAMS PERFORMANCES

Figures 7 to 10 illustrate the results obtained by all participating teams. Only a few of the
teams reach a flaw detection frequency of 80%, whereas a significant number of false calls
are reported.

Regarding the capability of flaw sizing in the through-wall direction, a slight tendency to
oversizing appears, on average, but the standard deviation is comparatively large. The
overall dispersion of the sizing error is of the order of ±5 mm, as illustrated by Figure 11.

As most acceptable flaws were very small, they are more frequently accepted than
significant defects are rejected. The correct rejection frequency remains, on average, beneath
70%..As a general rule, high detection rates are obtained at the cost of oversizing, rejection
of acceptable flaws, or high false call rates. A couple of teams however succeed in scoring
well against all parameters.

Table 2 shows that no significant difference appears between the average results obtained
on the dissimilar welds and on the really homogeneous welds of Assemblies 24 and 25. It
may be however that the inspection and analysis resources spent by the teams were not
equivalent for these different welds.

It should also be observed that the overall capability is lower on Assembly 20. This can be
explained by the existence of many natural flaws, the difficulty of implementing advanced



techniques, the shorter time available for each weld, the smaller size of the intended flaws,
and the complex structure of the heterogeneous weld.

Assembly
24

21

22

25

Weld
AW
DW
AW
DW
AW
DW
AW
DW

FDF
0.53
0.64
0.42
0.34

0.18
0.23
0.75
0.80

CRF
0.53
0.69
0.22
0.46

-
-

0.61
0.75

CAF
•

1.00
0.61
0.87
0.93
0.86

-
-

FCRD
0.32
0.35
0.34
0.14
0.36
0.20
0.17
0.12

FCRR
0.30
0.23
0.24
0.07
0.33
0.17
0.08
0.04

MESZ
1.7
0.1
3.8
1.5
2.1
6.6
-3.5
-2.5

SESZ
3
5
6
5
3
6
5
6

Table 2 - Average results on dissimilar metal welds and homogeneous welds, for examinations
from the outside surface only

4.3 EXAMINATION PROCEDURE PERFORMANCES

Teams can be grouped in families, on the basis of key features of the procedure they
implemented. Such families have been defined to investigate the influence of the procedure
sensitivity, i.e. the signal recording threshold, and of the scanning mechanization. Except
where specified, only ultrasonic examinations conducted from the outside surface are
analyzed in this section. Figure 12 illustrates the average flaw detection and correct rejection
performance of the procedure families, versus their false call scores. The overall trends
arising from these diagrams are more deeply analyzed in the following.

Table 3 shows an obvious correlation between the inspection sensitivity and its capability :
recording at noise level, i.e. with no amplitude threshold, is more efficient than using a
threshold in the range of 10 to 25% DAC, whereas recording above 50% DAC is
unsatisfactory, except on Assembly 25.

No explicit conclusions can be inferred from a similar comparison between manual
scanning and automatic scanning. A more detailed analysis, considering subgroups of teams
working in the same sensitivity ranges, leads to believe that no definite impact on the testing
capability can be associated with scanning mechanization. Practically, the decision of
automating a procedure must probably result from reliability and personnel safety
considerations, rather than from capability evaluations.



Family-
Noise
level

10-
25%
DAC

50%
DAC

Assembiv
24
20
25
24
20

'25
24
20
25

FDF
0.73
0.33
0.78
0.54
0.32
0.82
0.34
0.18

i 0.73

CRF
0.77
0.65
0.64
0.59
0.27
0.78
0.28
0.10
0.62

CAF
1.00
0.84

-

1.00
0.78

-

1.00
1.00

-

FCRD
0.35
0.29
0.13
0.49
0.47
0.24

0.28
0.17
0.07

FCRR
0.30
0.24
0.08
0.38
0.39
0.07
0.00
0.5

0.00

MESZ
1.5
3.3
-2.5
0.0
4.0
-0.3
-1.3
-0.5
-2.0

SESZ
4
7
5
5
5
6
7
2
5

Table 3 - Results of Procedure Families
(examinations from ouside surface only ; thermal sleeve of Assembly 24 excluded)

4.4 EXAMINATION TECHNIQUE PERFORMANCES

Few teams provided detailed results for each technique considered in their procedure.
Because these results were not processed to reach a final decision on the flaw size, only the
detection capability was analyzed, as far as possible. Not surprisingly, the essential
contribution of compression wave techniques was observed, but no single technique could
equal the results of the full procedure.

Furthermore, two teams provided radiographic inspection results, obviously with no depth
sizing, on Assembly 25. The flaw detection capability is similar to the average UT
performance, but with a higher false call rate. In addition, it can be noted that the same flaws
proved to be difficult for X-ray and ultrasonic testing.

4.5 INFLUENCE OF EXAMINATION SIDE

During the round-robin tests, access was allowed to the inner surface of the PWR-like
Assembly 25. Four teams submitted data collected from this side only, and Table 4 compares
their average results to those obtained from the outside surface.

However, some bias is introduced in the comparison, as 3 of the 4 procedures applied
from the inside were based on immersion focusing transducers: indeed, this procedure
family demonstrated its high inspection capability, in spite of the aforesaid wall thickness
change in Assembly 25, which penalized particularly its flaw detection performance.

Surface
OD

ID

Weld
AW
DW
AW
DW

FDF
0.75
0.80

0.88
0.75

CRF
0.61
0.75

0.69
0.70

FCRD
0.17
0.12
0.05
0.17

FCRR
0.08
0.04

0.00
0.03

MESZ
-3.5
-2.5
-5.0
-3.0

SESZ
5
6
3
3

Table 4 'Average results on Assembly 25, for examinations from either the OD or the ID
surface



4.6 INFLUENCE OF FLAW CHARACTERISTICS

Taking all teams in consideration, Figure 13 shows the average probability of detection
and of correct rejection, for each flaw, as a function of its depth dimension (in percent of the
wall thickness). Distributing flaws among categories, on the basis of their location and
morphology, leads to the conclusion that the reflectors located in carbon steel or in wrought
austenitic steel, far enough from welds, are much better characterized than those
neighbouring or embedded in fused material. Seemingly, flaws extending within the welds or
along the safe-end fusion lines appear most difficult.

Furthermore, it turns out from Figure 13 that the detection of reflectors smaller than
2 mm (i.e. about 5% of the wall thickness) lies beyond the reach of today's common
technology. This observation is confirmed by additional measurements achieved by some
teams after the RRT.

Figure 14 depicts the sizing accuracy as a function of the flaw through-wall extent.
Drawing regression lines through the scatter of data leads to the conclusion that the mean
error remains constant, whereas the standard deviation evidently increases with the flaw size.

A comparison was attempted between the actual flaw distribution and that reported by a
virtual inspector matching the average performance of all teams (Fig. 15). Disregarding the
very small flaws, the total number of declared indications is roughly correct; the actual peak
in the range of 25 to 35% of the thickness is only flattened by the flaw sizing error.

Summary

Safe-end welds certainly appear amongst the major concerns of the international NDE
community. PISC III Action 3 confirmed the difficulty of their inspection.

Even if the average flaw evaluation capability, as assessed in the exercise, may not match
the current expectations, some procedures have demonstrated their ability to detect and size
quite accurately service-like flaws in such heterogeneous austenitic structures.

Factors enhancing the inspection results have been identified to permit an improvement
of the industrial capability. Among those, the importance of the data recording level was
highlighted.

Each of the assemblies is specific, however, with respect to its constitutive materials,
geometric design, manufacturing procedure, and flaws. As, in addition, examinations
achieved in PISC are most generally not fully representative of field conditions, care should
be taken before extrapolating the conclusions of the exercise to practical situations.
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Fig. 3 - Assembly 24
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Fig. 6 - Typical flaws
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Abstract

Within the framework of Action 4 of the third phase of the Programme for the Inspection of Steel Components (PISC ID) three
capability studies on stainless steel welds have been conducted. The first capability study used a series of 6 wrought-to-
wrought stainless steel assemblies that contained a number of flaws such as intergranular stress corrosion cracks, mechanical
and thermal fatigue cracks and PISC type A flaws. The second capability study used two wrought-to-cast austenitic steel
assemblies that contained lack of fusion flaws and PISC type A flaws. The tnird capability study used three cast-to-cast
austenitic steel assemblies that contained lack of fusion flaws, mechanical fatigue cracks and PISC type A flaws. In total more
than 25 learns from 10 different countries participated. A lot of information was obtained on the performance of the inspection
techniques used with respect to detection, false calls, depth and length sizing. Different flaw categories were considered to
identify those difficult to detect. Furthermore an analysis at the level of techniques was performed which identified some of
the more effective techniques and procedures. In this paper the main conclusions from these capability' studies on austenitic
steel welds will be discussed.

Introduction

In 1986 the Committee for the Safety of Nuclear Installations (CSN1) discussed the list of actions of the third phase of the
Programme for the Inspection of Steel Components (PISC ID) and proposed Action 4 on austenitic steel testing. The objectives
of this action arc similar to those of the overall PISC exercise:
• to identify' inspection techniques and procedures with high performance through e.g. round robin tests with emphasis put on

lnservice Inspection (ISI) procedures
• to inform codes and standards bodies of the results obtained.

Within Action 4 there were three main subactivities. which include parametric studies, capability studies and a reliability
study. The parametric studies have been conducted to examine important inspection variables which include the influence of
the metallurgical macrostructures and the influence of the counterbore relative to a crack 11 - 4). A reliability study was started
to attempt to more adequately quantify the detection and sizing performance of IS1 when routinely applied under in-field
conditions. In this study a scries of pipe-to-elbow assemblies with intergranular stress corrosion cracking (IGSCC) flaws that
had been primarily removed from United States (U.S.) boiling water reactors. The U.S. part of this study is finished. The
assemblies are now in Pcttcn and it is expected that the European pan of this study will start soon under the European Network
for Inspection Qualification (ENIQ).

The terms of reference for the capability study with Action 4 are those of PISC D and of Action 3 and 5 of PISC III:
• circulation of the assemblies to the teams
• collection of data by the Reference Laboratory (RL)
• destructive examination if required
• verification of the teams data by the Referee Group
• evaluation using the BTB code (this is a data analysis computer software developed on the PISC program to analyse data) by

the RL. Relative Operating Curve (ROC) analysis by Pacific Northwest Laboratory (PNL)
• guidance and quality control of the data analysis by the Data Analysis Group (DAG)
• review, verification, decision on publication and dissemination of the results by the Management Board.

Three capability studies have been conducted on the following austenitic pipework welds: wroughl-to-wroughL wrought-to-cast
and cast-to-cast.

— 3 3 -



In this paper the assemblies used in the three capability studies will be briefly described. Furthermore the main evaluation
parameters will be defined and finally the main results of the three capability studies will be summarised. More detailed
information on each of these capability studies can be found in the PISC reports [3.5 - 7] and in [8 - 12].

Description of the action

Conduct of round-robin trials. The participating teams were free to apply any procedure they wanted to evaluate provided that
it ha? a potential for industrial inspection and that it was fully documented prior to the inspections Furthermore there were no
stringent requirements concerning the inspection environment or inspection time. However, each team had to respect the time
schedule imposed by the Reference Laboratory for the circulation of the assemblies. For each of the three capability studies each
team had about 2 weeks to do the inspection. The wrought-to-wrought round robin trial (RRT) started in October 1990 and was
finished in March 1992. The wrought-to-cast and the cast-to-cast RRTs started in May 1992 and were finished in August 1993.

Reference Flaws. Several fabrication processes were used to introduce the flaws: lntergranular stress corrosion cracking
(1GSCC) by means of chemical process, fatigue cracks by means of thermal and mechanical loading, lack of interrun and sidewall
fusion flaws using complex procedures during welding and PISC type A flaws (planar vertical reflectors) by means of electro
discharge machining. A lot of effort was devoted to the destructive examination (DE) of the assemblies in order to obtain
reliable reference data. In total 65 flaws have been certified by means of X-rays, ultrasonics, dye penetrants and replica
technique. Where necessary macrographs of the flaws have been made. Special attention has been devoted to the zones where
different teams reported false calls. The Data Analysis Group (DAG) has reviewed the DE of each reference flaw. The final
decision on each of the reference flaws were taken by the DAG and are described in each of the detailed reports [5-7]

Team's data. The Reference Laboratory (RL) had in several cases to adapt the original data of the teams These adaptations had
to be done because a number of teams either did not use the same coordinate system of the RL or they simply made errors. It has
to be stressed that the final team's results as used for the evaluation by the RL were verified by each team. Furthermore, all
adaptations made were discussed, sometimes in great length, at the DAG meetings and documented in the detailed reports [5 - 7].

Evaluation of the data. The evaluation of the results was done using the PISC evaluation code, the so-called BTB code. The
results produced by the BTB code were carefully checked for several cases.

The parameters which are generated by the BTB code can be split up in 3 main groups:
• those quantifying the detection capabilities: Flaw Detection Frequency (FDF) and Flaw Detection Probability (FDP)
• those quantifying the sizing capabilities (using the ASME XI IWB 3514-2 criteria): Correct Rejection Frequency (CRF),

Correct Rejection Probability (CRP), Correct Acceptance Frequency (CAF) and Correct Acceptance Probability (CAP) and
Flaw Detection Frequency of Rejectable Raws (FDFR)

• those quantifying the capabilities with respect to false calls: False Call Rate for Detection (FCRD) and False Call Rate leading
to incorrect Rejection (FCRR).

The definitions of these parameters are given in Table 1.
Other sizing parameters used are ESZ. ESY and ESX. where ESZ stands for Error in Sizing for Z etc. Sometimes the average of
a parameter is calculated for teams that used for example a similar procedure. In such a case the abbreviation used for the
parameter is the usual one preceded by 'M' to indicate that it is the mean. SESZ stands lor Standard deviation lor Error Sizing in
2
For the assessment of the sizing performance for the depth and the length of the flaws a linear regression analysis was performed.
From this the following parameters are obtained:
• slope of the regression line between the real flaw length (depth) and the measured one
• intercept of the regression line with the Y-axis
• correlation coefficient, calculated for the regression line.
Also the RMS (Root-Mean-Square) value was used to assess the sizing performance.

Wrought-to-wrought capability study

Five of the six wrought-to-wrought assemblies (diameter 320 mm) were provided by the Japanese Atomic Power Engineering
and Inspection Corporation (JAPEIC) to the PISC programme. A photograph of the assemblies is shown in Figure 1. These
piping assemblies are typical of Boiling Water Reactor (BWR) primary piping. The material for the sixth assembly was provided
by the Nuclear Regulatory Commission (NRC). This was formed in a welded assembly and flaws were introduced by the Joint
Research Centre (JRC) Ispra of the European Commission (EC). The type of material used was wrought AISI 304. The wall
thickness of the tubes varied between 10 and 25 mm. In total 26 flaws were introduced of which 12 are intergranular stress
corrosion cracks (IGSCCs) amongst which 5 are of the complex type each comprising several branching cracks with separate
openings to the surface. 4 fatigue cracks. 7 PISC type A flaws. 2 embedded notches and 1 lack-of-weld root penetration. Most of
the flaws were close to either the weld root or the counterbore.

Figure 2 shows detection performance versus false call performance for the wrought-to-wrought assemblies. In this type of
representation the optimum performance is located in the upper left comer (CRF. measure for detection and correct sentencing
performance. > 0.8 and FCRR. measure for false call performance. < 0.2). Half of the teams detected more than 759r of all the
flaws present. Furthermore all flaws above 7 mm in depth were detected with an FDP equal or larger than 0.9. These results
show that the detection performance in general was quiet good.



There was a large scatter in the data including the cases where teams used similar procedures. It was. however, confirmed that
working at 50% DAC in general does not lead to good inspection results. Most of the teams that did well for detection, false
calls and correct sentencing all used an automated procedure and worked at noise level, as shown in Figure 2.
The flaws difficult to detect were complex IGSCCs. axial IGSCCs and notches in the weld. There was no significant difference
in performance for detection, false calls and depth sizing between the IGSCCs and the non-IGSCCs flaws. The length sizing
performance, however, was much better for the non-lGSCC flaws than for the IGSCCs.

Figure 3 shows the NDT measured flaw depth as a function of the real flaw depth for all flaws and all teams. The large scatter
between real size and NDT measured size shows clearly that the depth sizing performance was poor. In Fig 4 the slope of the
regression iine between iNDT measured flaw aeptn ana real flaw depth and the corresponding correlation coefficient are shown
for all teams. A team can be considered to have a satisfactory depth sizing performance if the slope and the correlation
coefficient is greater than 0.7. Fig. 4 shows that oniy 4 teams were in this case. Tnis confirms that the depth sizing performance
in general was poor, though it should be stressed that some teams did well. These teams had all in common that they were able to
detect crack tip diffraction.

Fig. 5 shows the NDT measured flaw length as a function of the real flaw length for all flaws and all teams. The scatter between
real flaw length and NDT measured flaw length is smaller than that for depth sizing showing that the performance for length
sizing in general was better than that for depth sizing. The results of the regression analysis arc shown in Fig. 6. Eleven out of
23 teams obtained for the slope of the regression line between real and measured flaw length a value higher than 0.7 although
none of the teams was able to meet the ASME criterion that says that no sizing error be made larger than 25.4 mm (for more
details see [11]).

This study has shown the importance of false calls. A number of teams had high detection performance at low false call rate.
However, a number of teams had a high number of false calls. In addition 509r of all false calls were sufficiently severe to
exceed the acceptance criteria.

The analysis at the level of techniques provided useful insights in how to best inspect these wroughl-to-wrought stainless steel
welds (for more details see [8]):
• Scanning in two opposite directions perpendicular to the weld improves the detection performance.
• The results obtained show that shear wave techniques (single crystal. 2 MHz, 45° and 60°) are more sensitive than compression

wave techniques (twin crystal. 2 MHz. 45° and 60°) and allow the detection of also more difficult flaws. However, shear wave
techniques also generate more indications not corresponding with real flaws and could hence lead to more false calls. The
operator skill in combining the information from shear and compression wave probes is the key to achieving good flaw
detection and low false call rate.

• The key to success to perform a good depth sizing of surface breaking cracks is the capability to detect crack tip diffraction.
Amplitude drop methods are not suited to size the depth of surface-breaking cracks.

• The results obtained with holography, EMAT probes and focusing probes are promising at least for detection and false calls.
However, it should be stressed thai the results obtained with these special techniques are certainly not better than those obtained
with conventional probes.

An ASME type performance demonstration test was simulated. It was confirmed that the detection and false call performance
were satisfactory but that the sizing performance was poor. Of the 11 teams considered for the simulation 10 were successful for
detection. 9 for false calls. 3 for depth sizing and none for length sizing. The three teams that were successful for depth sizing all
made use of crack tip diffraction. Two of them also used mode conversion.

The major conclusion from the round-robin trials on the wrought-to-wrought assemblies is that effective and capable techniques
and procedures exist to inspect these assemblies and that this exercise has identified a number of the key elements. However, the
large scatter in results obtained by teams that used similar procedures show that they should be applied by skilled and
experienced operators. Furthermore most teams used a large number of techniques which are combined in a subjective manner.
This leads to the conclusion that test piece trials (performance demonstration) are required to test the inspection performance.

Wrought-to-cast capability study

The second capability study used Weld A of Assembly 43 and Assembly 51. These piping assemblies are typical of Pressurised
Water Reactor (PWR) primary piping.

Assembly 43 was offered by Mitsubishi (Japan) to P1SC III. The pipe contained two welds and was welded into a metal support
structure that provided good access. Weld A is a wrought-to-cast weld whereas Weld B is a cast-to-cast weld. Therefore Weld A
was treated together with the wrought-to-cast Assembly 51 and Weld B together with the cast-to-cast Assemblies 41 and 42 (see
next section). Assembly 43 had the following dimensions: outer diameter 868 mm, wall thickness 68 mm and total length 1018
mm. Weld A of Assembly 43 contained one lack of fusion and two unintended flaws (porosities). The grains of the material
used for Assembly 43 were equiaxed (grain size 1-2 mm).

Assembly 51 (Fig. 7) is a large wrought stainless steel pipe section that had a section of centrifugally cast stainless steel (CCSS)
pipe welded on one end and a short section of statically cast (SCSS) elbow welded to the other end. The SCSS contained
irregular shaped grains of which the size goes up to 20 mm. The CCSS contained grains of the columnar type in the first 20 to
30 mm from the outside of the tube whereas in the rest of the tube the grains were more equiaxed (grain size I to 10 mm).
Contributors to Assembly 51 w'ere France (Electricite de France and Manoir Industries) and Spain (Forges of Spinosa and ENSA
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Santander). This assembly weighed 5750 kg which created some difficulties in handling. The assembly was nearly 3 meters lone
and 1 meter in diameter. The outer diameter of Assembly 51 was 937 mm. The wall thickness varied between 70 and 82 mm.
Eight teams from 7 different countries participated in the round robin test. The assembly contained 11 PISC type A flaws (EDM
notches) and 4 internal lack of fusion flaws distributed over the two welds. Most of the flaws were located either in the weld
material or in the heat affected zone (HAZ).

Figure 8 shows detection performance versus false call performance for the wrought-to-cast assemblies. Note again that the
optimum performance is located in the upper left corner. The better teams worked at noise level and two out these 3 used
mechanised scanning equipment.

The detection performance for the rejectable Haws (through wall extent larger than 109c ol the wall thickness) was very good.
Seventy % of the teams detected them all. The detection performance for the acceptable flaws on the other hand was less good.
The detection probability of most of them was lower than 0.5.
The following flaws were difficult to detect (detection probability lower than 0.5):
• lack of interrun fusion
• EDM notches (PISC type A) present in the HAZ of the statically cast stainless steel
• filled SDH's to simulate lack of sidewall fusion.

The false call performance was very good. Most teams made oniy a few false calls. One team, however, performed poorly.

The performance for depth sizing was rather poor. None of the teams achieved for the slope of the linear regression line and the
correlation coefficient values higher than 0.6 (Fig. 9). Note, however, that one team performed well on the two welds of
Assembly 51 using a focusing probe.

The performance for length sizing was better than that for depth sizing as one would normally expect: Five out of 9 teams
performed well as they obtained values higher than 0.7 for the slope of the linear regression line and the correlation coefficient
(see Figure 10).

The analysis at the level of techniques provided useful insights in how to conduct the inspection of wrought-to-cast stainless steel
welds discussed:
• Different flaw types have been detected with different techniques (compression waves. 0.5 - 2 MHz):

* for the flaws near to the outer surface: twin crystal probes (45°. 60°and 70°) with a focus smaller than 30 mm
* for lack of interrun fusion flaws: 0° or 45° single or twin crystal probes
* for surface-breaking flaws (inner diameter): twin crystal probes (preferably 45° or 60°) with a large focus or normal pulse

echo probes.
• Scanning from the cast to the wrought side of the weld did not give any additional information for detection with respect to that

obtained during scanning from the wrought-to-cast side of the weld.
• The use of EMAT probes or focusing probes did not improve substantially the detection performance with respect to more

conventional techniques based upon the use of twin crystal probes. However, the use of focusing probes seems promising for
depth sizing because crack tip diffraction can be detected.

Cast-to-cast capability study

The third capability study is a cast-to-cast study using Assemblies 41 and 42 and Weld B of Assembly 43. These piping
assemblies are typical of PWR primary piping. Assemblies 41 and 42 were manufactured from a series of welded pipe pieces
(diameter 931 mm. wall thickness 68 mm) cut into segments, had flaws implanted/grown into them, and were reconfigured into
complete cylinders with extensions on each end to facilitate the mounting of automated scanners. They were manufactured at
ENSA (Spain) in co-operation with the JRC of lspra. Assembly 43 was offered by Mitsubishi (Japan). It contained a cast-to-cast
weld (Weld B) and the pipe (diameter 838 mm, wall thickness 68 mm) was welded into a metal support structure that provided
good access. The assemblies are shown in Figure 11.

Assembly 41 contained two mechanical fatigue cracks. 6 PISC type A flaws (EDM notch), one lack of interrun fusion flaw and
one side drilled hole (SDH) filled with weld material simulating a lack of sidewall fusion. Assembly 42 contained two
mechanical fatigue cracks, 4 PISC type A flaws (EDM notch), one lack of interrun fusion and one filled SDH simulating a lack
of sidewal! fusion. Weld B of Assembly 43 contained 3 EDM notches (rectangular shape) and 3 fatigue cracks.

Assemblies 41 and 42 contained mainly two different grades of centrifugallv cast stainless steels obtained from two different
heats of the same manufacturer. The grain structure in one of the grades was of the columnar type in the first 20 to 30 mm from
the outside surface whereas in the rest of the material it was more of the equiaxed type. The grain structure in the other grade
was of the equiaxed type. The grain sizes in both materials are more or less the same, varying roughly between 1 and 10 mm.

Fig. 12 shows detection performance versus false call performance for the cast-to-cast assemblies. Note again that in this type of
representation the optimum performance is located in the upper left comer. The better teams all used mechanised scanning
equipment and worked at noise level.

About half of the teams made very few false calls though the other half made a considerable number of them showing the
importance of false calls. Most teams made no or very few false calls leading to incorrect rejections.

The performance for depth sizing was poor. Though some teams had values for the slope of the regression line close to 0.6 none
had a correlation coefficient higher than 0.4. as shown in Figure 13.
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The performance for length sizing was better than that for depth sizing as one would normally expect. Though 3 teams had
values for the slope of the regression line of around 0.7 none had a correlation coefficient higher than 0.6. This shows that also
length sizing was rather poor (Figure 14).

The analysis at the level of techniques provided useful insights in how to conduct the inspection of the cast-to-cast stainless steel
welds discussed:
• The best results for detection were obtained with 45C twin crystal probes of 0.5 MHz (compression waves, focus 50 to 60 mm)

and a 45° focusing probe working at 1 MHz (also compression waves). The detection performance of the same type of twin
crystal probes working at 1 MHz was in most cases significantly lower. Note that almost all teams worked at noise level and
uiCu auiOrr^ukCu 5CanTirn£ c^iupriicnk.

• The detection performance of the EMAT techniques used was not good.
• The detection performance of the team that used X-rays was very good (detection rate higher than 0.8). However, a relatively

high number of false calls was made. The length sizing performance was also better than that of most of the teams which used
ultrasonic techniques.

Conclusions

The PISC III Action on ausienitic steel testing provides an excellent data base that provides useful insights into the inspeciion
capabilities of artificial and real flaws in wrought and cast stainless steel piping. The studies discussed in this article will
contribute to the optimisation of inspections and to the better definition of qualification procedures. These will be the basis, tor
improvements of IS1 on light water reactors.
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number of flaws detected

total number of flaws

number of teams detecting a specific flaw
FDP =

number of teams inspecting the zone containing the specific flaw

number of rejectable flaws correctly rejected
CRF = — • - ^ —

total number of rejectable flaws

number of teams correctly rejecting a specific flaw
CRP = • •———

number of teams inspecting the zone containing the specific flaw

number of acceptable flaws correctly accepted

total number of acceptable flaws

number of correctly accepting a specific flaw
CAP =

number of teams inspecting the zone containing the specific flaw

_ number of rejectable flaws detected

total number of rejectable flaws

r-/~r,^ number of detections not corresponding with a real flaw

total number of detections

__„_, number of false calls classified as rejectable flaws

number of rejectable flaws + false calls classified as rejectable

b:= slope or the regression line: b =

with n : number of data points
A, : real flaw depth
y , : measured flaw depth

r := correlation coefficient:

:= RMS error : C =

with iij: real flaw depth
17 : measured flaw depth

Table 1: Definition of the performance parameters for detection and sizing capabilities and for false calls



t Fig I. Photograph of the 6 wrought-to-wrought assemblies
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Fig. 7: Photograph of the wrought-to cast assembly 51
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Regression analysis for depth sizing (depth given In */• of wall thickness)
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Fig. 9: Regression analysis to quantify the depth sizing performance for the wrought-to-cast assemblies: slope and
correlation coefficient for the different teams. The number of flaws considered for each team is given in brackets.
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Fig. 11: Photograph of the cast-to-cast assemblies 4 1 . 4 2 and 43
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Regression analysis for depth sizing
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ABSTRACT
The first international project (NESC I) of the Network for

Evaluating Steel Components is a spinning cylinder, pressurised
thermal shock (PTS) experiment. The main objective of the
project is to validate the non-destructive evaluation and
structural mechanics procedures for PWR reactor pressure
vessels under PTS conditions. Contributing organisations world-
wide will participate in this blind trial which embraces all
aspects of structural integrity assessment. This paper describes
the progress of the project to date, covering cylinder
manufacture and inspection, materials evaluation, structural
analysis and test instrumentation. It emphasises the importance
of networking global expertise in a managed framework and of
the partnership, co-operation and teamwork developed by the
contributing organisations through the five Task Groups
constituting NESC I. Finally, five new initiatives for projects
managed by the Network are currently under review and
described in this paper

INTRODUCTION
The Network for Evaluating Steel Components (NESC) was

set up to arrange collaborative projects investigating the whole
process of structural integrity. NESC builds on the experience
of PISC and FALSIRE by concentrating on the combination and
interfaces between the technologies that contribute to structural
integrity assessment. The first NESC project, NESC L
addresses the integrity issues affecting ageing reactor pressure
vessels. NESC I is well underway and its progress is described
below. Otber NESC initiatives addressing identified structural
integrity problems are at a formative stage, and these are also
described in this paper. The NESC I Spinning Cylinder Project
(Varley. 1993. Wintle et al. 1994), addresses the structural
integrity issues affecting end of life reactor pressure vessels
under PTS conditions. In particular, the project is directed
towards the issues of the inspection, assessment and behaviour
of underclad and surface breaking flaws in a clad vessel. The

PROGRESS WITH MANUFACTURE OF THE NESC I
SPINNING CYLINDER

For reasons of material availability and suitability of
mechanical properties, it was decided to fabricate the cylinder
from well characterised part cylinder forgings of previous
spinning cylinder tests. In order to form a new cylinder.

project focuses on a cylinder of RPV forging material containing
a range of implanted defects. The cylinder will be inspected by a
number of teams and the results made available for analysts to
predict the behaviour of the defects during a spinning cylinder
test which will subject the cylinder to conditions representative
of pressurised thermal shock. The test is intended to produce
cleavage growth and arrest of some of the defe/-'_i.

The NESC I Project is an international project with
participation and contributions from a large number of
organisations from many countries. These contributions are
being made in a wide range of technical areas covering the
cylinder manufacture, cylinder inspection, materials evaluation,
instrumentation, and structural analysis. Participation and
contributions to the Network are co-ordinated and managed by
the CEC Joint Research Centre as Operating Agent and the
NESC I Project is managed in the UK by AEA Technology.

The NESC Network and the NESC I Spinning Cylinder Project
were launched in September 1993 at the Health and Safety
Executive (HSE), Sheffield in the United Kingdom which was
attended by representatives of many organisations from 12
countries (Varley. 1993). The HSE co-sponsor NESC along with
the Commission of the European Communities (CEC). Since the
launch, the Project has progressed and benefited from the advice
and guidance provided by the NESC I Task Groups and the
NESC Steering Committee. Reflecting the international
character of the Network. Meetings of the Steering Committee
and Task Groups have been held in Finland, France, Germany,
the Netherlands, Sweden and the United Kingdom. The next
meetings will be held in Rome, Italy in September 1995.

The NESC I project commenced in September 1992 with a
design study to demonstrate that the project's objectives could be
achieved (Keeney, 1994) Further progress with the pre-test
structural analysis is reported by Bhandari and McAllister
(1995). Manufacture of the cylinder commenced in April 1994 .
This paper reports aspects of the cylinder manufacture tnd other
progress within the project

semicircular arcs of the cylinders were welded together by
narrow gap submerged arc welding. This technique was
preferred to electron beam welding and recommended as well
proven and providing the best guarantee for the structural
integrity of the weld during the test and additionally restricted
the size of the heat affected zone. After producing the new
cylinder, a number of artificial and natural fatigue defects were
introduced. The cylinder was then clad internally using a



commercial procedure. Some details of these operations are as
follows.

Fabrication of the Cylinder
Welding of the cylinder was undertaken by MAN GHH at

Obcrhauscn in Germany. The work was undertaken on the
basis of a welding procedure drawn up by MAN GHH
consistent with the requirements of the Code KTA 3201.1 and
with the standard quality assurance requirements for the
fabrication of primary components.

AEA Technology delivered two cylinder half shells which
were machined to 180° prior to longitudinal weld preparations
(single V with 1° angle of bevel) being machined. Both shells
were quenched and tempered steel of modified A508 class 3.
The cylinder halves were aligned into position with a
separation of 20mm and held together with spot welded
bracing plates. As sbown in Figure 1. the welding itself was
undertaken using a submerged arc narrow gap technique which
MAN GHH had qualified and used for the fabrication of heavy
primary circuit components (Hantscb ct al. 1982). The welding
filler metal was a wire/flux combination comprising Bohler
(TD) S3 NiMol-UPand Ocrlikon OP41TT.

Although the existing weld procedure indicated accepted
properties for the weld metal, the procedure did not correspond
exactly to the special post weld heat treatment planned for the
NESC project which was necessary to stimulate the properties
of irradiated vessels. Accordingly, the run-on and run-off ends
of welds were provided with suitable extensions in order to
provide weld material that could be tested in the final
condition. After welding, the welds were inspected using
standard dye penerrant and ultrasonic techniques which
revealed no defects. The run-on and run-off ends were then
separated and the cylinder surfaces concentrically machined
and measured. A comprehensive documentation package was
assembled covering all quality assurance requirements.

Reference Inspection of the Cylinder
The welded cylinder was then transported to CEC Joint

Research Centre al Petten for a finger printing reference
inspection. This was carried out in order to confirm that the
weld did not contain any welding defects and to identify any
zones in the base material that might contain inclusions or
porosity.

The welds had first been inspected by the fabricator (MAN-
GHH) using an industrial ultrasonic procedure. The welds
were given a second inspection by the Reference Laboratory
(JRC)using ultrasonics and with X rays using a linear
accelerator of 1 MeV to penetrate the 200 mm wall thickness.
The results of these inspections showed that the welds were
indeed of very good quality, containing only very small levels
of porosity.

One of the recommendations of the NESC Steering
Committee was that the planned defects should only be
inserted into clean forging material containing no inclusions or
porosity. With this in mind, the forging material was inspected
by the Reference Laboratory (JRC) using immersion probes at
10 MHz. The detection sensitivity was set just above the noise

level. The results of this inspection showed that the base
matcri&l was of very high quality and contained few or no
significant inclusions or porosity, and that considerable areas
of detect free base materi&l were available for selecting the
defect implantation sites.

Introduction of detects
A number of natural and artificially produced defects were

introduced into the cylinder at MPA Stuttgart. Natural fatigue
defects were produced by a pressure cycling method in which a
starter notch was internally pressurised from a sealing plate
forced against the surface of the cylinder. Sealing was achieved
by means of an O ring gasket located in a groove in the plate
and an external force was applied to maintain the seal. Figure
2.

Due to the deliberate low toughness of the material, cycling
was done at a temperature of 150° C using electric beating
mats and external insulation. The pressure was realised by a
200 MPa pulsator working with an intensifier at a frequency of
about 4 Hz. The initiation and propagation of the crack was
measured using the ultrasonic amplitude modulation method,
Figure 3 (Steinmil) and Kockelmann. 1987). All
measurements were performed in non- operating cycling
periods at room temperature.

After 685.000 cycles, crack initiation had not occurred even
though the stress intensity factor from the internal pressure
appeared to be high enough. Calculations and measurements
showed the existence of high compressivc residual stresses in
the inner surface regions that bad been introduced at an earlier
stage in the cylinder's history, and the situation was
exacerbated by bending of the cylinder caused by the hydraulic
jack providing the sealing force. The problem was solved
satisfactorily by applying an external force across the diameter
of the cylinder to counteract the force of the jack and the
compressive residual stress. This bending of the cylinder
resulted in a net tensile stress on the inside surface. Under
these conditions natural defects could be successfully grown to
the r^uired accuracy.

After machining away 25 mm from the inner surface to
remove the starter defect, a number of electro-discharge
machined (EDM) Class A defects covering a range of sizes
were also introduced into the cylinder'6 internal surface. After
shipment of the cylinder to Framatome, Chalon-sur-Saone, a
number of small realistic fatigue defects were also introduced
using the proprietary 'brittle zone' and 'cold cracking'
techniques (Figure 4).

Cladding
The cladding of the cylinder is to be undertaken by

Framatome using a procedure consistent with industrial
practice for early reactor pressure vessels. The normal cladding
thickness of 8 mm will be achieved with two layers of 316
stainless steel cladding but later machined back to 4 mm for
the Spinning Cylinder test. After the cladding a final through
cladding fatigue defect, of similar dimensions to the major
underclad fatigue defect, is to be. introduced using the MPA
technique.



CONTRIBUTIONS OF THE NESC TASK GROUPS
Technical contributions to the project are being co-ordinated

by 5 Task Groups covering the areas of materials, structural
analysis, instrumentation, inspection and co-ondinahoo and
evaluation.

Task Group 1 (Inspection)
Preliminary arrangements for the NDE of the cylinder by

participating inspection teams have been made by Task Group
1 (Inspection). It is likely that the cylinder will be transported
to several inspection sites in Europe and the USA. Two rounds
of inspections will be carried out, the first before the spinning
cylinder test and the second after the test tn determine the
occurrence and extent of any crack growth produced. The first
inspection will commence towards the end of 1995 and the
second inspection after the test which is scheduled for mid
1996. Inspecoon teams from a number of countries have
expressed an interest to participate. These include Finland.
France, Germany. Spain. Sweden, USA. and UK. From each
of these countries there will be a single inspection team, but
possibly a joint one made up from different organisations. The
inspection teams will use procedures that are representative of
the national practice. The cylinder will be circulated to the
different teams and the example of the round robin tests
conducted within the framework of the successful third phase
of P1SC will be used for organising this exercise.

Task Group 2 (Materials)
The proposed cladding procedure was accepted by the Task

Group, despite some concerns about uncontrolled underclad
cracking. A test arc of material has been successfully clad
without any occurrence of cracking. Task Group 2 have agreed
the heat treatment and a materials testing programme to be
earned out by 7 participating laboratories using this test arc
material

The test programme will fully characterise the forging. HAZ
and cladding materials and will include tests 'z determine the
properties for crack arrest, the local approach and the effect of
varying constraint. Work already carried out has confirmed that
the fracture toughness properties of the cylinder in the post-
weld beat treated condition will have transition temperature
toughness properties which have a high probability of
producing cleavage fracture during the test from one or more of
the defects.

Task Group 3 (Structural Analys is )
The Structural Analysis Task Group 3 has been responsible

for giving advice on the design of the test to ensure that the test
condiuons have a high probability of producing cleavage crack
growth. Over a dozen organisations have undertaken their own
tesi design analyses to optimise the test parameters. Work
earned out by Oak Ridge National Laboratory has been
published by Keency et al (1994). The results from all the
design analyses, published at the present conference (Bhandari
and McAllister. 1995), show that despite considerable

differences in approach, there is nevertheless substantial
agreement about the requirements for a successful
experimental design

Task Group 4 (Instrumentation!
The instrumentation requirements for the spinning cylinder

test have been agreed by Task Group 4. One of the key tasks is
not only to detect the event of cracking but also to measure
precisely the time at which crack inidation occurs during the
test. This is particularly difficult if such growth occurs under
the cladding. Current options are to use a combination of
measurements from locally placed strain gauges, crack mouth
opening displacements and potential difference methods.
Contributions are being made by organisations from Finland.
France, Germany and UK, with particular use being made of
experience from the Russian PTS tests at Promety (Keinancn et
al. 1992) Task Group 4 will also undertake measurements of
residual stresses in the cylinder both before and after the test
for input into the structural analyses. Preparations are being
made to test the cylinder in AEA's Spinning Cylinder Test
Facilities at Risley (Figure 5).

Task Group 5 (Evaluation)
A fifth Task Group for Evaluation has been responsible for

ensuring that the project objectives can reasonably be met and
for reconciling the varying requirements from the other Task
Groups. TG5 together with the NESC Steering Committee
have ensured the Project is now well on course technically and
continues to generate wide international interest

OTHER NESC PROJECT INITIATIVES
From the launch of NESC and its first project, NESC I, in

September 1993, the defined framework for the Network has
facilitated a significant increase in participation as well as
evolution and extension of the tasks to be executed. The
structure of the Network (Figure 6) shows that the Operating
Agent is in the hands of the European Commission's Joint
Research Centre, Institute for Advanced Materials. The
Operating Agent is responsible for the day to day running of
the Network, whereas the Steering Committee is the executive
body responsible for all decision making. Currently, the
Steering Committee has reached a membership of 25 covering
organisations from 9 countries of the European Union along
with the United States although plans are in hand to include
representation from former Eastern block countries as well as
Japan. It is considered that such an established Network is
ripe for the introduction of new projects now that NESC I is
firmly off the ground.

A total of five proposals arc currently under consideration for
Project status within rrESC. All are at different stages of
development and not all are suited to even medium term
implementation. Nevertheless, the adoption of a project within
the NESC framework requires considerable technical and
financial preparation and projects are being identified of



potential interest at least until the end of the century- Tb. five
areas under preparatory study are as follows:

l) Structural integrity assessment of Russian rcacior
steels under pressurised thermal shock conditions,
with special focus on circumferential weldments
containing defects under strip cooling conditions.
Within the scope of this project, it is foreseen to
afford the comparison between the three main
methods for assessing component integrity under PTS
conditions, namely the two different vessel tests at
the CRISM Promctey Laboratory in St Petersburg
and MPA in Stuttgart and the above mentioned AEA
spinning cylinder test. A draft proposal (sponsored
by the European Commission's Nuclear Safety
Programme of the Environment Directorate, DG XI)
for ttis project, , is on the table for the Spring 1995
Ste:nng Committee meeting;

ii) Transition weld integrity assessment under complex
loading conditions. This subject is of major interest
for both nuclear and non-nuclear plant components
where wcldmcnts between dissimilar metals are
finding increasing prominence. A proposal
encompassing all critical aspects of integrity
assessment is currently being formulated under the
direction of EDF, France, a founder Member of the
NESC Steering Committee.

in) Integrity assessment of cast austenibc elbow
components is another important study which could
contain all the necessary ingredients for a successful
NESC project, although its priority as a future NESC
project is currently assessed at a lower level than the
above projects due to its more limited international
appeal.

iv) Defects affecting integrity introduced through
corros'on processes also appear well suited to be the
focus of a multi-disciplinary NESC project.
Numerous occurrences of, for example, stress
corrosion cracking are known in operating
components and, in most cases, these are more
difficult to detect than purely mechanical defects.A
particularly critical example is found in connection
with transition weldments (potential area ii).A more
general proposal in the corrosion cracking area is
under formulation within the Operating Agent's
organisation with a major contribution coming from
another Member organisation of the Steering
Committee, AEA Technology (UK).

v) The final proposal under consideration is more
generic, covering the validation of a procedure for
defect assessment, PD6493, which has only recently
been released. This procedure is thought to be of
importance in the design and operation of a wide
variety of plant components from a range of

industries which, in addition to electrical power
generation, include chemical and petrochemical as
well as the offshore industry. The first phase of this
project is oriented towards extending and verifying
the scope and application of the procedure and a
proposal to this end involves both NESC and non-
NESC organisations. As a result of NESC's
orientation at the present time, this phase may be
supported outside the NESC framework.
Nevertheless the procedure will require validation
testing at some stage, probably on a large scale,
which will form an appropriate subject for NESC, at
a time when the expected evolution of NESC
proceeds to a multi-purpose, rather than solely
nuclear. Network.

CONCLUDING REMARKS
NESC is firmly established as a global network, primarily

involved in the process of validation of structural integrity
procedures by means of large scale experiments. The NESC I
cylinder has been fabricated and the important pre-cladding
defects introduced in readiness for the blind inspection trials
which will be completed in Spring 1996. The pressurised
thermal shock (PTS) experiment will be carried out around
mid-1996 with the final reporting early in 1997. The wide
interest in the NESC Network has led to the consideration cf
five further proposals as candidates to follow NESC I. Shared
cost research using large scale test facilities combined with the
networking of expertise are seen as means of raising our
understanding of complex structural mechanics issues leading
to improved standards of structural integrity assessment.
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FIG 4. NESC SPINNING CYLINDER AT FRAMATOME WORKS, CHALON-SUR-SAONE
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The PISC Programme on Defective Steam
Generator Tubes Inspection
Summary Report
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The PISC m Actions are intended to extend the results and methodologies of the previous PISC exercises,
i.e. the validation of the capabilities of the various examination techniques when used on real defects in
real components under realistic conditions of inspection. The objective of this action is relatively close to
that of the heavy structures programmes: the experimental evaluation of the performance of test
procedures used for steam generator tubes in nuclear power plants during in-service or pre-service
inspections. The exercise is a capability exercise consisting of Round Robin Tests on individual tubes
including calibration, training and blind test tubes. In this paper the main conclusions from the RRT
conducted in the framework of Action 5 will be presented and discussed.

Keywords: Ultrasonic Inspection, Steam Generator Tubes

Introduction

The objective of action 5 of PISC IIlO, is the
experimental evaluation of the performance of test
procedures and techniques in use for steam generator tubes
in nuclear power plants during in-service inspection or pre-
service inspection.

The exercise is characterised by the tube material
INCONEL 600, geometry diameter 22.22 mm and wall
thickness 1.27 mm, the principal inspection technique
(Eddy Current), and the number of flaws. The definition of
the programme was based on the interest of the
participating countries in the large variety of failure
mechanisms. An inquiry within these countries helped to
understand their priority of interest in the various flaws.

During the preparation of the programme, results from
international activities in the field (SURRY Project)
became available and were taken into account, together
with recommendations from international workshops (2,
3).

The programme (samples matrix and test schedule) of

capability tests on loose tubes, was formulated and started
in early 1990 with the circulation of Training Tubes Boxes
(4-5>6>, (figure n. The RRT ended in September 1993 and
results are presently being evaluated.

CSNI Workshop Recommendations

In October 1988 the CSNl-Principal Working Group No. 3
organized a "Workshop on Steam Generator Integrity" at
the Staatliche Materialpriifungsanstalt (MPA) in Stuttgart
(4).

The discussions led to the formulation of the following
recommendations to the PISC Management Board :

- a strong emphasis had to be put on IGSCC and IGA
failure mechanisms

- not only the flaw depth had to be retained, but also
other flaw characteristics like the nature (crack or
not crack), the length, the orientation and the
location



Figure 1: Blind test boxes of the SGT-RRT

Defects and Flaws considered

Artificial flaw validation exercise

Although the SGT programme was accepted in general in
Spring 1988, the PISC III SGT group and the Management
Board decided that the flaws to be introduced in tubes and
mock-ups had to be certified as realistic flaws by a group
of specialists.

The Reference Laboratory of the PISC Programme, (the
NDE Service of JRC-Ispra) organized a validation exercise
with several participants; this included destructive
examination of all flaw types acquired or made available
by member countries (').

As a conclusion, in September 1989, it had been
recognized that realistic flaws of the following categories
can be manufactured: wastage, fatigue crack simulations
(EDM), pitting, deposit, wear, intergranular attack (IGA),
secondary water stress corrosion crack (SWSCC), primary
water stress corrosion crack (PWSCC) as well as denting
(table H.

Major flaws considered

The tube assemblies contained a range of geometric and
structural support features typical of those found in steam
generators, including U-bends, expansion transition zones,
tube sheets (TS), tube support plates (TSP) and anti-
vibration bars (AVB). All the flaws were introduced at
these features.

The major flaws introduced fell into two principal
categories:

- machined flaws simulating typical real flaws such as
cracking, wastage and pitting. The flaws may be
single or multiple and may be combined with light
denting or deposits to produce a variety of flaw
detection and characterisation situations

- artificial chemically introduced flaws certified as
realistic simulations of PWSCC, SWSCC and
volumetric IGA. (fipure 21

Artificial flaw fabrication methods were selected by the
PISC SGT Group as a result of the validation exercise.

Besides the contribution of Japan and France, several flaws
were ordered in the UK and the Netherlands. Many spark
eroded flaws were made by JRC Ispra.
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Figure 2: Stress corrosion induced flaws
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Summary of the Destructive Examination

Table 1 lists the final matrix of flaws resulting after the
destructive examination. It should be noted, that
destructive examination of the flaws revealed that some
corrosion flaw types had not been introduced as intended.
Circumferential stress corrosion cracks resulted in
volumetric IGA. Induced axial cracks (AC) resulted in
multiple groups of about 7 to 30 cracks in the same
section, as it is found in reality.

Organisation of the Round Robin Test

Circulation of boxes

The capability tests involved about 100 tubes, most of
which were straight but so"* "re curved and some had
small radius U-bends. These tuoes were approximately lm
long and were placed in sealed boxes to ensure:

- blind test conditions during circulation

- identical test conditions after transportation of the
boxes.

Three kinds of samples circulated :

- Calibration tubes: ASME calibration tubes and
blank tubes furnished by the Reference Laboratory.

- Training tubes: 3 boxes with typical examples of
simple flaws and rarely some composite flaws;
these boxes were fully documented.

- Blind test tubes: 9 boxes containing straight or
curved tubes with simulation of structural elements;
there were 6 boxes containing 6 to 9 tubes of lm
length (straight) and 3 boxes containing tubes of
different lengths (U-bends), (figure 11.

Each team had one week available for testing each batch,
applying one procedure: ET or UT. Training on the three
boxes was considered important in itself and suitable to set
the equipment for the inspection for the blind test boxes.
These training tube boxes were fully documented in
position, type, size and characteristics of the flaws



introduced artificially.

The circulation of the Blind Test Tubes started in Jur •
1991. Taking into account the necessary transportatic -
time between the 30 teams of 9 countries, the RRT was
concluded in September 1993.

Procedures used

Table 2 summarized the procedures and techniques used
by the teams.

Most of the NDT procedures used in this action were based
on the Eddy Current method. Ultrasonics were also used by
two teams as a single method and by five teams as a
complementary method to the Eddy Current at different
stages.

The Eddy Current techniques used by most teams were
mainly based on the primary use of the multifrequency
Bobbin coil technique. Rotating pancake coil techniques or
array pancake coils were used as complementary
techniques.

Most teams used latest field experienced equipment,
hardware and software with in-service procedures. The
most complex report consisted of 11 different techniques.
Some new coil designs were also used as complemetary
techniques.

Evaluation of Results

The Reference Laboratory (JRC of CEC) was responsible
for the collection of the inspection data for the validation
of the flaws and for conducting or directing all destructive
examinations. The analysis and evaluation of results are
performed by the Reference Laboratory under the guidance
of a Data Analysis Group (DAG) following methodologies
approved by the Evaluation Task Force. All DAGs report
to the PISC III Management Board. The PISC Referee
Group (RG) established by the Operating Agent has the
responsibility to ensure the confidentiality of the team
inspection results. The few members of this RG (JRC staff
members) are the only ones that had direct contact with the
inspection teams.

The destructive examination was conducted along the usual
PISC rules; destructive analysis was guided by NDT. The
major tools used for corrosion flaw imaging before cutting
were the X-Ray installation with micro-focus and a UT
bench. The team data on the BTB plots were also taken
into consideration.

For the evaluation of the RRT results, the Management
Board of the PISC programme approved a strategy based
on a set of bench-marks for important parameters, such as:

- minimum size of flaws for destructive examination
(5% of wail thickness)

- action level for indications (20% of wall- thickness)

- rejection level for indications (40% of wall-
thickness)

- differentiation between cracks and other flaws

- rejection sizes in length for cracks

On this basis two independent criteria were used which are
illustrated in table 3-

The parameters used for the evaluation are those proposed
by PISC as part of the BTB Code for evaluation:

- flaw detection frequency (FDF)

- correct rejection frequency (CRF) along one or the
other of the 2 criteria

- correct acceptance frequency (CAF) of acceptable
flaws along one or the other of the two criteria

- false call rate in detection (FCRD) indicating
detection of non existing flaws (as verified by
destructive examination)

- false call rate in rejection (FCRR) indicating false
calls which lead to rejection

The DAG agreed that to be counted as a correct detection a
reported flaw must be within 30 mm of the true axial
location of the flaw. False calls are only counted if they are
reported as greater than 20% through-wall or as cracking
greater than 5 mm long. The presentation of results is made
mainly as a function of typical zones of the steam
generator, e.g. tube sheet area, tube support plate zone, etc.
In each of these zone families of flaws are considered
seperately for the evaluation.

Preliminary Conclusions

Overall capability of testing steam generator tubes

Figures 3 and 4 show some preliminary results.

There were several procedures which demonstrated
good detection capability for all major defects in all
typical locations of the steam generator (tube support
plate, etc.). However, particularly for crack-like flaws,
detection capability fell for flaws with a depth less
than 40% of the wall thickness. In general detection
was not reliable at the action level of 20% through-
wall.

Optimisation of techniques and demonstration of
performance, training of operators on realistic flaws
and elaboration and writing of detailed procedures for
integrating the information from different techniques,
are necessary actions to be considered in the future to
avoid negative human interference for correct
reporting of flaws and filtering out false calls.

Particular statements

The results show a reasonably strong correlation
between flaw depth and detection or correct
sentencing. There is little correlation for flaw length.

, _ A



Figure 3: General results in detection
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PISC type A flaws (EDM notches as manufactured by
the Reference Laboratory)

The performance of the eddy current procedures for
multiple axial cracking and for single EDM potchrs
(PISC type A flaws) is very similar. Consequently for
eddy current inspection, PISC type A flaws appear to
be acceptable simulations of regions of axial cracking.
This may also be the case for ultrasonic inspection but
there is insufficient data to confirm this. Parametric
studies are required to verify this result for both eddy
current and ultrasonic inspection.

Recommendations can already be made:

Parametric studies are required in order to provide a
better understanding of:

the influence of parameters such as defect depth,
length and width

the correlation between real cracks and EDM notches
for both UT and ET

inspection of circumferential cracks

A full evaluation of the data sets from the ca. 50
individual techniques must be carried out in order to
confirm and add detail to the major conclusions.
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Table 1: Matrix of flaws included in the exercise
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Table 2: Procedures and techniques used by the teams
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LESSONS LEARNED FROM THE PISC III
STUDY OF THE INFLUENCE OF HUMAN

FACTORS ON INSPECTION RELIABILITY

R A Murgatroyd(l), G M Worrall(l), S Crutzen(2)
(1) AEA Technology, Risley, UK, (2) JRC Petten, Netherlands

ABSTRACT

Les Etudes ont £t£ effectue'es des contr61eurs aux ultrasons a main a fin d'examiner
leur fiabilite" dans des conditions industrielles simule'es et d'e'tablir les causes
fondamentaux des points faibles. Les re*sultats principaux de ce programme et leurs
consequences pour l'industrie de contrdle sont presents.

INTRODUCTION

Results from the PISC II Programme suggested that differences existed between manual inspectors in
terms of their skills, knowledge and working practices which could exert a significant influence on the
reliability of an inspection (1). Therefore, a programme of work on human reliability studies was
initiated in the PISC 111 Programme as Action 7, with the objectives of studying and identifying causes
of variability in inspection activities, and identifying some of the factors influencing the reliability of
inspection in industrial conditions. It was foreseen that the information from Action 7 would aid in the
development of methods for reducing the incidence of human error in inspection activities. This paper
gives a brief summary of the programme and describes the lessons learned as a result of the work. A
considerably more detailed description of the work is availableas a PISC report (2).

EXPERIMENTAL OUTLINE

The underlying philosophy of the studies was to observe professionally qualified manual inspectors at
work in typical inspection tasks, and to note and record the standard of performance achieved and any
errors made. To this end, special facilities and techniques were developed which would enable
comprehensive monitoring and recording of an inspector's activities to be performed in as unobtrusive
a manner as possible. The two main test facilities were the Reliability Studio and the TEL (Transportable
Environmental Laboratory). The former was used for tests in an environment representative of laboratory
conditions, the latter for tests in simulated industrial conditions. The inspection conditions and
environment in these facilities could be controlled according to the programme specification.
Broadly, this specified normal 8 hour day working for a period of five days in the Studio, and 12 hour
shift working over 11 days in the TEL with ambient temperatures of up to 27°C, humidity in the range
40% to 50% and a background noise level of 80dB in the working area.



The monitoring equipment included video cameras and recorders, a computerised system for monitoring
physiological condition, and a computer-based inspection simulator (the simulator) which recorded the
details of each inspection, including the coverage achieved during scanning and the effectiveness oi
ultrasonic coupling, '"Hher equipment included ferritic steel test plates and items tor testing calibration
repeatability.

Special tests were devised for the studies, and these included evaluation of calibration repeatability,
inspections on the steel plates and the simulator, and assessment of the accuracy of plotting and reporting
manual inspection data. The main parameter.measured in the inspections was flaw detection trequenc>
(FDF), and this was used to assess and compare the capability of the inspectors, and to investigate how
performances varied between the laboratory-type conditions and the simulated industrial environment
However, the precise value of this parameter has no significance outside the conditions applicable to this
test programme.

A psychological monitoring programme was applied throughout the studies to gather information on the
inspectors' attitude to the work, and their physical and mental condition, with the aim of correlating the
information with their inspection performance over the test period.

The programme specified that the inspectors taking part in the studies should be professionally qualified
to ASNT Level 2 or their national equivalent and have recent experience of working in nuclear inspection
tasks. Six were hired from major inspection organisations in Europe and they and their companies were
guaranteed complete anonymity in the reporting of the results. The test programme was manned b\
invigilators who also operated the monitoring equipment and controlled the documentation

RESULTS

The main lessons learned from the programme can be summarised as follows.

CALIBRATION VARIABILITY

Inspector variability in calibration is acceptably small (2 to 3dB) in benign conditions typical of
laboratory inspections (Fig la). This is also the case for the vast majority of calibrations performed in
the industrial conditions simulated in the TEL, but a small number of mistakes were made in this teii
environment which resulted in significant calibration errors (up to 13dB) (Fig lb). These are attributed
to the onset of tiredness in the inspectors.

DETECTION RELIABILITY

The flaw detection capabilities of the inspectors varied significantly, although all were experienced and
professionally qualified to similar levels. For some inspectors flaw detection varied by a tactor ot two
from day to day, or from morning to evening (Fig 2). This variability is caused in many instances b\
changes in technical skills, such as scanning and maintaining ultrasonic coupling, but a numher of errors
arose for other reasons, principally loss of concentration and vigilance, arising from tiredness.

The amplitude of some signals obtained during the initial search scan was reduced by scanning
deficiencies, and in the present studies an increase in scan sensitivity of about lOdB over the reporting
threshold would have been necessary to achieve overall high reliability.

- 6S -



Several of the basic causes of non-detection could be rectified by specifically oriented training focusing
on faults identified by the simulator, and the value of this approach to improving an inspector's
performance has been demonstrated convincingly in another project (3).

EFFECT OF ENVIRONMENT

Working long shifts in an environment typical of industrial practice, can cause tiredness and demotivation
for some inspectors, and these factors were found to have a profound effect on human reliability.

There appears to be an initial period of adjustment when working in the industrial conditions simulated
in the TEL during which none of the inspectors achieved maximum performance (Fig 3). The results also
suggest that the detection performance of some of the inspectors deteriorated mid-way through the second
week in the TEL, due to tiredness or demotivation.

The psychological tests included in the programme assisted significantly in understanding the causes of
failure to detect flaws, especially by providing an understanding the influence of inspection conditions
and environment on an inspector's physical and mental condition.

DATA REPORTING

A significant number of errors occurred in the data plotting and reporting stage. The average percentage
of flaws which were reported incorrectly owing to one or more mistakes in the plotting stage was
approximately 5%. The number of mistakes in reporting data can be reduced by providing special
plotting equipment adapted to the requirements of the data plotting task.

CONCLUSIONS

1. Substantial differences in detection capability occur from day to day for the inspectors, and in one case
.from morning to evening. This was due in many cases to variations in scanning skills, which affected
scan overlap or coupling efficiency. In other instances non-detection was caused by loss of attention
which resulted in failure to observe a signal or loss of place during scanning. Tiredness is considered
to be a contributory cause of this behaviour.

2. Several of the basic causes of non-detectitn could.be rectified by specifically oriented training
aimed at faults identified by the simulator.

3. Where high detection reliability is required the sensitivity specified for the initial scanning
stage should be substantially greater than the reporting sensitivity. The present results suggest
that an addition of about lOdB would have been required for most of the inspectors in these
studies.

4. Working long shifts in an environment typical of industrial practice can cause tiredness and
demotivation for some inspectors, and these factors can have a profound effect on human
reliability.

5. A significant number of errors occurred in the data plotting and reporting stage. The average
percentage of flaws which were reported incorrectly owing to one or more mistakes in the



plotting stage was approximately 5%. The number of mistakes in reporting data can be reduced by
providing special plotting equipment adapted to the requirements of tne data plotting task.

RECOMMENDATIONS

The main recommendations made are:

1. The information obtained in the studies should be utilised to assist in the development and specification
of precautions against human error.

2. In the light of these results, the conditions under which practical inspections are performed at nuclear
plant should be reviewed by appropriate management and regulatory bodies.

3. The implications of the results on the environment and conditions under which examination and
qualification tests are performed should be assessed to determine if some revision is necessary.

4. Certification and qualification bodies should consider using simulators as part of their examination
methodology.

5. In view of the significant effect of the environmental conditions on the performances of many of the
inspectors it is recommended that further psychometric studies are conducted on a sample ot professional
inspectors to determine if criteria can be established which will contribute to the selection of inspectors
for specific tasks.

6. Further human reliability tests should be performed to increase the sample size of inspectors.
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ENIQ. Af/ES and NESC •

European Networks in Industrial Integrity

role of operating agent and manager. The
three existing networks (ENIQ. AMES.
and NESC) each deal with a specific aspect
of fitness for purpose of materials in struc-
tural components

The general objecitse of the European
Network for Inspection Qualification
(ENIQ.i is the coordination and manage-
ment at the European level of expertise and
resources for the assessment and qualifica-
tion of non-destructive evaluation (NDE1

inspection techniques and procedures pri-
marily for nuclear components The ultima-
te goal is to support international codes and

standards bodies by making available
results, technical tools, expertise and per-
formancevcapabiltty demonstration exercis-
es ENIQ will help to establish a European
attitude to inspection qualification in gene-
ral

The tasks undertaken by ENIQ are sub-
divided into three groups (see Figure 1).
dealing with gathering of information,
qualification schemes and applications, res-
pectively The information obtained from
group 1 tasks can he used in group 2 tasks
Task 2.2 is the one that has been developed
most so far The aim of it is to set out
guidelines and options in the form of
"Recommended Practices" for the inspec-
tion qualification of each component to
facilitate the adoption of the optimum route
lor an> particular set ol circumstances The
Recommended Practice will consist of the

Seme Aovsr-v G'3-r :S«G

Steering Commlne« {SCI
Cnsirmar c Cnarr.Dig-> ED-

W Hesse'-ia*-" VGE
S Cruuer. JRC/IAP,1

P Lemane JRC/tAK'

Several institutions and electrical utilities
ir. Europe, including the Joint Research
Centre (JRC). ha\e the capability to dea:
wnn several of the problems poseci by the
operation and aging of structural compo-
nents and with their structural integrity
assessment These institutions and the JRC
have developed cooperative programmes
and organised themselves into networks
Tn:s article describes the structure and
optectises of the existing networks

In the energy procuctior industry, ir.
oraer to maintain high plant capability and
availability factors in the face of aging
structural, mechanical and electrical com-
ponents of the plan:, the degradation
methods must be stuuied anu mitigaiior
measures de\eioped Typical failure
mechanisms include

• corrosion, e g stress corrosion cracking.
- irradiation and iherma, embriuiemcn!

iplastic, rubber o: steel,
• wbrauon. thermal cycling, latigue
- wear-out, erosion.
• deposition effects.
• creep in fast breeder reactors and ir.

components of non-nuclear power plants

These phenomena need to be studied and
understood Four particular priorities for
R&D are.

• the understanding and modelling of the
mator aging phenomena and the validati-
on of mitigation measures.

• researcn into and de\clopment of tech-
niques tor online monitoring of degrada-
tion.

• the improvement, bener use and ouali!1-
jjlion of periodic inspection procedures.

• tne capaniluy ot precise structural integ-
rity assessment u> evaluate sately trie
remaining miirgir to lanuie of key com-
ponents

SeNeral institutions ot European member
states have formed networks to attack these
problems, with the Institute for Advanced
Materials (IAM) of the JRC playing the Fig. I. The organisation of ENIQ (the European Netnvrk for Inspection Qualification).
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appropriate mixture of test piece trials and
"technical justification". comprising
experimental evidence, theoretical argu-
ments, fiela experience ana mathematical
modelling, to make a case for effective
non-destructive testing (NDT.)

These Recommended Practices will be
developed alongside a general policy docu-
ment describing a European methodolog>
for qualification of NDT. It is a ver> gene-
ra! document dealing with a number of
important issues, such as the items for
agreement between the different parties
involved in qualification (utility, qualifica-
tion body, vendor and regulatory body), the
objectives of qualification, the NDT qual-
ification methods, the different qualificati-
on approaches, the qualification certificates
and the conduct of qualification

Although great progress has been made
in understanding irradiation and thermal
degradation of reactor pressure vessel
(RPV) steels, many aspects are still not
fully understood [1] In panicular. further
work is essential on the question of qualifi-

cation of remedial measures such as
annealing and repairs The Aging Materials
Evaluation and Studies (AMES) network,
see Figure 2. was set up to Dnng togetner
the organisations in Europe that have the
main capabilities in RPV materials assess-
ment and research, with the following
objectives

- to establish and execute AMES projects
in these subject areas,

- to act as a European review group;
- to proviae technical advice to regulatory

bodies and Directorates General and to
provide a base for the development of a
common European standard.

- to participate in collaborative program-
mes with the Commonwealth of Inde-
pendent States and Eastern and Central
Europe

Three projects are in development'
AMES T Validation of surveillance

practice and methods for miti-
gating the effect of irradiation

Senior Atavism GroLC fSAG'
Cna"™»'i(199«) E D Honoros IJRC,

•^Steering Committee (SCI
Cna 'ma- . r.' Danes
Scier : ' ; AdV'SC C Eng, s- UK
Networn Manage1 S Crutze-JRCiAM
Net*.c* Secre:ar. u v c Bs'c"

JRC IA-.'

Memberi
Voting memberi utilities
E : : F F IN s UK n .
Non-voting memberi
Expels invitee" Dv tne utilities
Operating Agent. EC JRC IAr*J

Directorate! General XI. XVII and III

i Protect AMES 1

Validation of Survema-ce

Mitigation Me1"C3S

i Pro|ect AMES 2

I Significance o1

' PnosDhonis m Causing
, Lo* Tcugnness o' Steeis

| Pro|.ct AMES 3

I Effect of Irradiation on
' Reactor internals

on pressure vessel steel
a.MES 2 Effects of irradiation or rea:

to: internals
AMES 5 Significance oi pnospnoru- ir.

causing low toughness o!
steels

The assessment of the integrity of a
cracked structure is an interdisciplinary
activity with input from NDE. material-
testing, and stress and fracture analyses
Practices used to inspect and assess the
fitness-for-purpose of damaged structures
such as pressure vessels and piping \ary
from country to country Imernanona'
exchange of information and expenen;e w
common problems of European standard-
can be beneficial The Network for E\alu.:-
ting Steel Components (NESC'< uas crcs
ted to satisfy this need

In the past there have been several colla-
borative programmes designed to evaluate
and exchange knowledge and capability in
specific disciplines of integrity asscssmcr.:.
PISC [2] and FALSIRE" [?] are recent
examples from the areas of NDE and frac-
ture mechanics, respectively. However, it is
the interaction between the disciplines and
the actual ways in which technical deci-
sions and judgements arc made that art-
crucial in determining the outcome of the
total structural assessment process The
concept of NESC sec Figure ?. is to ev
plorc international practice lr. the en1.;:-.1

process oi structural integrity as'-es'.merr

Th.* main obicctnes of NESC arc

• to create an international forum to eva-
luate the merit1; and shortcoming* of di:-
fercnt inspection and assessment metho-
dologies through study of selectee
problems.

• to create an organisation to manage spe-
cific collaborative studies.

- to work towards the use of best practice
and the harmonisation of international
standards

Participation in NESC is open to techni-
cal organisations of excellence concerned
with the methods and practice of structural
integrity assessment These organisation-
include

*r\ F'£ - The organisation of AMES (the European Network for Aging Materials Evaluation - utilities and plant operators;
\L and Studies) • - regulatory bodies.
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• organisations providing engineering sup-
port to plant operators.

• research laboratories

NESC 1. the project chosen to initiate
NESC. was proposed b> the Health and
Safely Executive. L'K. and is designed to
be of interest to the large number of organ-
isation- concerned with the safety oi PWR
pressure vessels It began in September
1993 and will last for three years NESC 1
concentrates on the issues surrounding the
pressurised thermal shock (PTSj transient

p> investigating them by means of inspec-
tion and analysis of a spinning cylinder

All three international networks decided
to adopt the model of the successful pro-
gramme P1SC [2] w'lth well-targeted terms
o: reference and project management As is
depicted in Figures 1-3. a Steering Com-
mittee with an elected chairman gives
guidance to tne Operating Agent, wno
appoints a Network Manager and other
staff to manage the network Specific pro-
jects each have a task group to define the
technical requirements, liaise w'ith the

Re'ce-ce

S t T 1 A;> s:^ G ' i j ; ISAG
Cia—.a- ZZ HSPJ'CE

Memoes E S ' PIN

' Arcnrves Grous
I IAG'
A CEC/JRC lAr.'

NESC i Proiect
Sponsor HSE Hoil AEA

Project Manager. J. Wintle (AEA)

Task Group Chairman Co-Cnairman (JRCI

U vcn Esio""
S McAi'isie-

j Heaoe-.
R C hurs'

Fig 3 The organisation of KESC Ithe European Network for the Evaluation of Steel
Components i
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Manaeens.. coordinate join; activities and
monitor progress The activities are unde--
taken by participating organisations Pjn •
cipation in the activities of the network i-
generallv at the members' own expense
Technical and administrative managemerv.
oi the neiuprh and management ol collab-
orative activities of projects is undertaKer.
by the Operating Agen: and Reference
Laboratory (EC. JRC/IAM'. as pertormej
in the pas', for P1SC with the effective sup-
port or participation of national experts r -

laboratories as required

Further aspects of the work of the Net-
works concern the provision of support to
DG XI (Environment. Safety of Nudea-
Installations and Civil Protection). DG III
(Industry i and DG XVII (Energy i Tnc
Networks can be considered of pan o:' the
missing link between prenormativc RiiP
and inauv::u. practice, codes an; st.r •
dnrds It î  >il*o inienacd thai the Ne iueo-
wil. ciir,;-:huu to action- o:' suppo:: • •
Central and Eastern European cou-:'.-1-
and propose studies vMthir. the Fou"."
Framework Programme of the Europ-.-a'
Commission

More cctaiis ahuut these Europear. r.c:
works can be obtained trom the Structure.
Components Integrity Unit of the 1AM
Joint Research Centre. P.O. Box : . 1755
ZG Petten. The Netherlands. Fax i + ? b
2246 1568

Serge Cruizen. Roger Hurst. Patrice
Lemaitre and Ulrtk von Estorff are a: the
Institute of Advanced Materials, Join:
Research Centre, Petten. The Netherlands

[I]L.M. Davies. "Neutron Irradiation
Effects in Pressure Vessel Steels and
Weldmcni;," at the IAEA Specialist
Meeting on Irradiation Embnttlemen:
and Optimisation of Annealing. Pans.
Sept 20-23. 1993

[2)S Crutzen. R Nichols. "The Effectiven-
ess and Reliability of In-Service Inspec-
tion". Held World 1993.32. 161-170

[3]H Schultz. "Overview ot the CNS1 Pro-
ject FALSIRE" in Proc. 1AEA/CNS1
Specialists Meeting on Fracture Mecha-
nics Verification by Large Scale
Testing. Oak Ridge National Labora-
tory. Tennessee. USA, October 26—29.
1992. Report NUREG/CP-0131 or
ORNL/TM-12413. mm 13
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AMES

OBJECTIVES
• Establish and execute AMES projects in

these subject areas
• Act as European Review Group
• Provide Technical support to regulatory

bodies, DG's and provision of a base for
development of Common European
Standards

• Participate in Collaborative programmes
with the CIS & E-Europe.

AMES PROJECTS WILL PROMOTE:
• Integration of National Programmes
• Validation of Techniques ^
• Definition of European Standards
• Validation and establishment of safe limits

for mitigation measures (annealing etc..)



AMES

O B J E C T I V E S (proposal for S.C. 10/95)
• Provide information and understanding on

neutron irradiation effects in reactor materials
in support of designers, operators, regulators
and researchers

• Establish and execute AMES projects in the
above subject areas

• Act as European Review Group
• Provide technical support for regulatory bodies,

DG's of the EC and provide a base for the
development of common European standards

• Participate in Collaborative programmes with
the CIS & East-Europe.

AMES PROJECTS WILL PROMOTE:
• Integration of National Programmes

• Validation of Techniques
• Definition of European Standards
• Validation and establishment of safe limits for

mitigation measures (annealing etc.)
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Steering Committee
• AEA Technology and Nuclear Electric. UK
• TRACTEBEL and CEN/SCK, Belgium
• MPA Stuttgart and Siemens, Germany
• CEA and EdF, France
• VTT and IVO, Finland
• TECNATOM, Spain
• SKI, Sweden
• ECN, Netherlands
• JRC/IAM, DG XI, DGXVII of EC

Funding
Various sources: National Programmes, Regulatory bodies,
Utilities, EC Programmes, DGXI, DGXVII and JRC/IAM
support •
Contribution in kind, all task members

JRC, Institute for Advanced Materials of EC, in principal with
the help of National Institutions of Excellence, as required by
the tasks --.•'. -
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OFFICERS
Chairman of the S. C.

Network Scientific Advisor

Network Manager

Network Secretary

Initial Co-ordinators
Task 1
Task 2
Task 3
Task 4

Project Co-ordinators X
AMES1 : •
A M E S 2 • • ' . " • " . • , : • . • • :

AMES 3

M.Davies

C.English

S.Crutzen

U.von Estorff

K.T6rr6nen
R.Gerard
J.Fohl
P.Petrequin

R.Ahlstrand
'. P.Petrequin

C.English

Members of the task groups will be nominated by National

UK

UK

JRC/IAM EC

JRC/IAM EC

VTT
TRACTEBEL
MPA
CEA/CEREM

IVO
CEA/CEREM
UK

Representatives
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MAJOR TASKS
Review the capabilities within the member organisations
together with the existing base from previous work
programmes
Studies on components other than Reactor Pressure
Vessels i.e. Internals
Assess the availibility of stocks of non-irradiated materials
for the work programmes as well as material from operating
or decommissioned reactors
Studies on model alloys to improve the understanding of the
underlying effects for irradiation damage, thermal ageing
and annealing
Annealing validation and re-irradiation studies on materials
of current interest for LWR (Light Water Reactor) systems in
Europe and the former Soviet Union
Development of microstructure models of irradiation
damage, thermal ageing and annealing
Studies on new materials other than the only steels used in
the old power plants " : " .-
Studies on irradiation and thermal degradation of materials
for a new generation of reactors
Survey of National regulatory requirements and identification
of existing, planned and required Standards at European
level relevant to material damage and mitigation methods



AMES

Task

Task

Task

Task

1

2

3

4

TASK GROUPS

Evaluation of Mitigation Methods of
Irradiation Damage

Survey of National Regulatory
Requirements

Identification of Existing, Planned and
Required Standards at a European Level
(relevant to irradiation damage and
mitigation methods)

Harmonisation of Rules for defining RPV
Material Conditions (with the aim of re-
evaluating safety margins when and where
possible)
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AMES Projects

AMES Project 1
Validation of Surveillance Practice

and Mitigation Methods

AMES Project 2
Effects of irradiation on reactor internals

AMES Project 3 /
Significance of Phosphorous

Causing Low Toughness in Steels



AMES

REPORTS

No. 1 Irradiation Embrittlement Mitigation
September 1994
EUR16072EN

No. 2 State-of-the-Art Review on Thermal
Annealing
December 1994
EUR16278EN

No. 3 Comparison of the Scientific Basis of
Russian and European Approaches for
Evaluating Irradiation Effects in Reactor
Pressure Vessels
February 1995
EUR16279EN



AMES

REPORTS continued

No. 4 Survey of National Regulatory
Requirements
April 1995
EUR16305EN

No. 5 Identification of Existing, Planned and
Required Standards at European Level
Relevant with Irradiation Damage and
Mitigation Methods
DATE???
EUR ???????? EN

No. 6 Harmonisation /
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AMES 1 TASKS
Task Group 1A: Reference Laboratory G roup
Chairman: L Debarberis, JRC.NL - M. de Vries, ECN.NL

Task Group 1&. Small Specimen and Reconstitution Techniques
Chairman: M. Valo, VTT, FIN - E. van Walle, SCK/CEN, B

Task Group 1C: Property - Property Correlations Group
Chairman: C. Bolton, Nuclear Electric, UK

Task Groupo 1D: Irradiation of Cladding and its Effects on Vessel
Integrity

Chairman: K. Gott, SKI, S

Task Group 1E: Underpinning of Trend Curve Development
Chairman: C. English, AEA, UK

Task Group 1F: Effects of Irradiation Conditions on Embrittiement
Behaviour

Chairman: A. Ballesteros, Tecnatom, E



AMES 1 TASKS continued

Task Group 1G: Validation of Annealing Conditions of WWER
Pressure Vessels

Chairman: J.C. van Duysen, EdF, F

Task Group 1H: Prestressing Mitigation Methods
Chairman: K. Wallin, VTT, Fin

-9O -
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AMES Project
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Nuclear safety, civil protection and industry
Safety of Nuclear Installations

Information on WGCS activity
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WGCS/1994 programme

Since July 1994, the WGCS secretariat has established links with the RSWG coordinator, who
has contributed in the review of the medium-term plans prepared by the Activity Groups of the
WGCS. Moreover, the RSWG coordinator helped the secretariat in reinforcing the exchange of
views in the WGCS on the ongoing harmonisation activities related to the French-German project,'
EPR, in the fields of structural analysis and materials.

As usual, the WGCS 1994 programme has been directed to codes and standards related to FRs
and LWRs but in a different extension and context for both types of reactors, according to the
WGCS chairmen meeting held on 31 May 1994, at which meeting future technical directions were
discussed and briefly reported to the RSWG meeting of June 1994.

ERl One of the main items resulting from that meeting was that part of the future programme should
relate to FBRs and in particular Russian codes and standards, in this respect some minor actions
were started late in 1994 when the WGCS chairman met the MINATOM representative and gave
an overview on activities carried out by our Group. Two other complementary actions have been
implemented, in the past year, and they were directed to compile titles of official Russian
standards for LWR and FRs as a preparatory work for 1995, and the second one was devoted to
ISI rules and maintenance practices of Russian FRs.

Regarding the FR activities in the EU, the WGCS has been active in the finalisation of the work
related to material properties of the Mod9CrlMo and austenitic weldments. The studies on
structural analyses have been focused on 316L(N) weldments and scatterband of inelastic
calculations regarding the identification of parameters required by constitutive laws. The ISI work
has been limited at the addition of specimens from the PFR into the ultrasonic inspection-round
robin for FRs and a survey on inspection under sodium.

In the FR environment the WGCS (chairman and secretary) has attended regular meetings of the
IAEA on desic:. thermal aspects for FRs. In particular, the Design and Construction Rules
Committee (DCRC) is still an important source of technical inputs for the WGCS whose FR
programme is set up in accordance with needs suggested by the DCRC. A FRCC meeting was
held on 29 October; some members of the Fast Reactor Coordinating Committee (FRCC) were
unhappy that the links between the FRCC and the WGCS had been weakened, although it was

c/dau/docs/guinoAlivcn/ptogrcii wpd
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noted that excluding the WGCS work the main technical interest of the FRCC is with actinide
transmutation which has little relevance to the WGCS.

LWR On the LWR's side, the WGCS 1994 programme was limited at the number of studies but they
exhibit great relevance for the Group. The WGCS continued to maintain and develop links with
the network organisations for LWRs and, during the last year, progress was particularly evident
between AG2 (structural analysis) and NESC (spinning cylinder experiment'RPV thermal shock).

DG XT ha? funded several studies in FN1Q and AMFS related to inspection qualification and
RPV/lntemals irradiated materials with high interest for AG1 and AG3. In particular, those
studies were devoted to the cooperation with Eastern countries. The AG1 work for LWRs has
been aimed at examinations of capability and reliability of inspection and testing techniques
applied in NPPs; in this framework a large portion of the work was devoted to finalise work
produced by PISC for weldments inspection of the RCL. The AG2 programme addresses two
seismic studies, one of them will intend to develop the structural analysis contents of the report
produced by Mr Gentil in the RSWG last year; in addition two surveys will assess LBB and bi-
metallic weldments; finally a feasibility study will look FR design techniques, as a potentia'
source for improved LWR codes. AG3 set up a programme with emphasis on mechanical
properties of irradiated PWR internals, and screening of irradiation design curves for RPVs.

WGCS tentative programme for 1995

The WGCS activities carried out in the current semester were focused on fixing the priorities and
establishing technical specifications for study-contracts to be placed in the 1995 budget.

The FR activities will be oriented mainly to:

- Russian FRs. A meeting will be held at Moscow in September 95 between MTNATOM
(codes and standards) and representatives of the WGCS. Mr Bougenko (MTNATOM) has, in
principle, accepted the ideas for cooperation and exchange of views on FR codes and
standards. The WGCS programme encompasses one large study regarding design,
manufacturing and materials.

The meeting will be funded by DG XI.C2 and will try to establish strong and sustained links
between the Russian organisation and the WGCS.

To conclude work on softening materials and softening behaviour (i.e. Mod9CrlMo).

A survey on a feasibility study on Prototype Fast Reactor (PFR, UK) feedback of experience.
Unfortunately, this study should be limited at the current, information available since the
deadline for decommissioning the reactor is too late.

In a minor extent defect assessment on weldments should be continued but due to the lack of
experimental database, the study should be postponed.

The LWR activities are expected to be improved and enlarged, in particular, with inputs from the
EPR project. The 1995 programme will be focused on:

Continuous monitoring systems. Comparisons of codes and standards for existing systems.
Survey on new systems in their pre-industrial stages.

State of the art report on transferability of data from specimens to structures for defect
assessments in LWR components. The study intends also to develop a local FM approach
taking into account triaxiality effects. The study will be useful for NESC and improvements
of LWR codes.



- Re-evaluation of fatigue analysis criteria. Fatigue factors for low and high cycles.

RPV. Compendium of steels and weldments properties and materials specifications available
in Western Europe. Definition and collection of material data required for structural integrity
analysis.

- Stress corrosion cracking of Ni-alloys 600, 690 and 800, stress corrosion cracking views and
national practices on materials affected by aqueous environment. Review of standards ISO,
DIN, ASTM.

In general, in the LWR field, the future activities will be affected by the progress exhibited by
the French-German project. In addition, the UK initiative conducted by AEA Technology
reinforces the willingness for pre-harmonisation studies of codes and standards in Europe as a
result of the meeting held between the RSWG representative, AEA Technology and some WGCS
members on 17 March , in London.

External activities

The WGCS will encourage the exchange of views on matters originated by International
Organisations like ASME, ISO, IAEA and so on, in order to assess the medium-term plan of the
WGCS. The practical implementation of these actions require further examination by the WGCS
members. In that way, some European industrial standards as issued by some CEN Technical
committees could impact parts of industrial nuclear and national practices. The WGCS regularly
attends PWG 3 meetings of OECD/NEA and LMNPP meeting of IAEA, reporting progress at
those specialist groups. FORATOM attends WGCS meetings and they will report on QM matters.,

Although the European Pressure Vessel Equipment (EPVE) Committee does not expect to work
in the nuclear field the WGCS members wanted to be informed about the activities of the EPVE.

Future work and orientations of the WGCS

The future work of the WGCS will focus on pre-harmonisation studies of industrial nuclear codes
and standards, therefore, any European initiative in the field of the harmonisation of those codes
and standards should be supported by the WGCS.

In this way, the French-German project, EPR, and the British initiative on advanced codes should
be considered by the WGCS in the medium-term. In fact, a list of 14 items issued by FRA is
being examined by the WGCS-AG2 (structural analysis) and it will also be debated in AG3
(material:,) for eventual insertion into the medium-term plan. The UK initiative should also be
considered by the WGCS in order to avoid redundancies with our ongoing LWR programme.

A second aspect which deserves to be examined is that the R&D conducted by European networks
whose results would impact codes and standards. The R&D activities carried out by networks
such as AMES and NESC are certainly a baseline of inputs for updating and improving codes and
standards in our WGCS. The network ENIQ has different branches of activities which are not,
in fact, very appropriate for work in the WGCS.

Another area which needs to be examined is the progress of purely industrial standards impacting
or referred to in the industrial nuclear codes.

The cooperation with Russians and Eastern countries appears to be an opportunity for future LWR
work but it should not be left aside for too late since Americans and Japanese have already
deployed their actions on harmonisation with Russians. The study on the Russian Federation and
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Western advanced reactors, funded by the Commission, should provide some lights on future
actions with more clear intentions.

Finally, the Russian FR actions should be sustained in the medium-term plan of the WGCS but
the FR activities on codes and standards would be likely slowed down except for some particular
domains as i: was mentioned in paragraphs above (defect assessment procedures for weldments
and thermal stripping benchmarks). .
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SOME RELEVANT PROGRAMMES
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CONTAINMENT AGEING DATABASE
bv C.Seni- Atomic Energy of Canada Ltd.

OBJECTIVE:
PLANT LIFE MANAGEMENT TOOL

SPECIAL FEATURES
MATERIAL PERFORMANCE n o t PROPERTIES

WORKING TOOL n o t LIBRARY

INCORPORATION OF A TIME FACTOR

BASED ON STATISTIC DATA

LINK FOR A. I.

INPUT SOURCE

CONSTRUCTION INDUSTRY

R & D

IN-SERVICE STATIONS

SCOPE:
- PERFORMANCE of CONCRETE of NUCLEAR STRUCTURES

-DEFINITION OF TRENDS, AVERAGE PERFORMANCE

JO-/
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PERFORMANCE of CONCRETE of
NUCLEAR STRUCTURES

- 1 2 TYPE OF DEGRADATIONS WERE IDENTIFIED BY IAEA

- 2 1 AGEING FACTORS WERE IDENTIFIED BY IAEA

DEFINITION OF TRENDS,
AVERAGE PERFORMANCE

STATISTIC DATA IS AVAILABLE

IAEA world wide s u r v e y of NPPs

7
MOMENTUM

INPUT DATA IS AVAILABLE

GROWING INTEREST FROM UTILITIES

CONTAINMENT CAN BE PLANT LIFE UMITING FACTOR

COST BENEFITS FROM EARLY START

AVOID IRRITATING THE UTILITIES

8
INPUT DATA IS AVAILABLE

SURVEY RESPONSES FOR 154 CONTAINMENTS

65% PRESTRESSED CONCRETE
46% HAVE STRAIN GAUGES
84% ARE MAPPING CRACKS

^



GROWING INTEREST FROM UTILITIES

59% HAVE AN AGEING MANAGEMENT PROGRAM

iii
CONTAINMENT CAN BE PLANT LIFE LIMITING FACTOR

SIGNS OF LOSS OF LEAK TIGHTNESS

SIGNS OF EXCESSIVE LOSS OF PRESTRESSING RELAXATION.

11

COST BENEFITS FROM EARLY START

NO REDUNDANT WORK

DATA INCORPORATION BY UTILITIES, NOT BY IAEA

12

ACTION

DETERMINE THE DBASE STRUCTURE

ANALYZE/VALIDATE SURVEY DATA FOR INCLUSION

INSTRUCTIONS TO USERS

COMPLETE DEBASE WITH ADDITIONAL DATA

FINAL DATA VALIDATION

ISSUE FOR USE, BASED ON ESTABLISHED AGREEMENT

/ O J



v -



o

C

IAEA ACTIVITIES ON ECONOMIC ASPECTS
OF NPP LIFE MANAGEMENT

1). In cooperation with OECD/NEA
International Expert Group on Plant Life Management

2). The Agency's TRS Report
§ "Nuclear Power Plant Lifetime, The Owner's Point of View"
°i Chapter 6
( "Economic Considerations in Plant Life Management"

3). follow the development of Member States on economic
evaluation of replacement and refurbishment

collection of cost data, information and reports



OBJECTIVES OF THE GROUP:

1) TO JOINTLY IDENTIFY THE IMPORTANT ELEMENTS OF
THE PLANT AGEING AND LIFE MANAGEMENT
DECISIONMAKING PROCESS

2) TO IDENTIFY THE NATURE OF INFORMATION (SAFTTY,
TECHNICAL, AND ECONOMIC) WHICH WELL BE NEEDED
TO SUPPORT THE DECISIONMAKING PROCESS AND TO
REDUCE DECISION UNCERTAINTIES TO AN
ACCEPTABLE LEVEL

3) TO IDENTIFY THE POSSIBLE SOURCES AND FEASIBILITY
OF OBTAINING THAT INFORMATION

4) TO DEVELOP A FRAMEWORK WHICH CAN BE USED AT
THE WORKING LEVEL TO COORDINATE THE VARIOUS
NEA, IAEA, AND NATIONAL PROGRAMMES ON PLANT
AGEING, PLANT LIFE EXTENSION, AND LIFE
MANAGEMENT



THE AGENCY'S CONTRIBUTION INCLUDED:

a), information on IAEA publication on the evaluation
and management of safety aspects of nuclear power plant
ageing

b). information on cost/benefit analysis of nuclear power plai
lifetime extension

c). participation of experts from India, Korea and Slovakia
as IAEA consultants.



OECD/NEA International Expert Group on Plant Life Managemen

First meeting: 18-19 June 1991
Second meeting: 25-26 November 1991
Third meeting: 28-29 April 1992

< Fourth meeting: 5-6 November 1992
5 Fifth meeting: 13-14 September 1993

Sixth meeting: deferred until later of this year

The third draft of PLIM Report will be made in the mid-1995
and be reviewed by expert group in the next meeting.



6. ECONOMIC CONSIDERATIONS IN PLANT LIFE
MANAGEMENT

1. Composition of nuclear electricity generation costs in different
economic environments (capital charges, fixed and variable fuel
and O&M costs)

levelized (lifetime) costs
short-term marginal costs
medium-term marginal costs

2. Comparison to alternative generation
. - current situation

^ - medium term
3. Benefit/loss considerations

- incentives to operate at a high capacity factor and to extend
plant life
impacts of low availability and of premature shutdown.

4. Life management activities and costs
maintenance (normal, preventive, corrective)
mitigation
repair
replacement
outage cost
limit for total cost of refurbishment
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THE IAEA EXTRABUDGETARY
PROGRAMME ON THE SAFETY
OF WWER AND RBMK PLANTS

\

R. Havel, NENS, SAS/RSA
IWG LMNPP

Vienna, Austria, August 31,1995



Nuclear Power in Central and Eastern
Europe I.

fa

WWER-440/213 reactors
in

Czech Rep.
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WWER-440/230 reactors
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4

Kola 1
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Nuclear Power in Central and Eastern
Europe II.

u,

WWER-1000 reactors
in operation

Country Plant

Bulgaria Kozloduy

Russia Novovoronezh

Kalinin

Balakovo

Ukraine Khmelnitski

South Ukraine

Rovno

Zaporozhe

Start of
operation

5
6

5

1

2

1
2

3

4

1

1

2

3

3

1

2
3

4

5

1988
1991

1981

1985

1987

1986
1988

1989

1993

1988
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1985

1989

1987

1985

1985
1987

1988

1989

RBMK reactors
in operation

Country Plant'

Lithuania Ignalina

Russia Kursk

Leningrad

Smolensk

Ukraine Chernobyl

Start of
operation
1

2
1

2
3 •

4
1

2

3

4

1
2

3

1

3
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1987
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1984
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Organizational chart for the IAEA
Extra budgetary Programme

Advisory Group

EU
OECD/NEA
WANO
EBRD

World Bank

EIB

G-24
NUSAC

Steering
Committee
onWWER

1
Steering
Committee
on RBMK

I
IAEA Secretariat

f\NWWER and RBMK Programme Activities

EC: European Commission
OECD/NEA: Organization for Economic Cooperation and Development/ Nuclear Energy Agency
WANO: World Association of Nuclear Operators
EBRD: European Bank for Reconstruction and Development
EIB: European Investment Bank
G-24 NUSAC: G-24 Nuclear Safety Assistance Coordination
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GENERAL PROGRAMME OBJECTIVE

TO ASSIST COUNTRIES OF EASTERN

EUROPE AND THE FORMER SOVIET

UNION CONSTRUCTING AND/OR

OPERATING WWER AND RBMK NPPS

TO IDENTIFY DESIGN AND

OPERATIONAL SAFETY DEFICIENCIES

AND TO REVIEW COMPLETENESS AND

ADEQUACY OF PROPOSED

IMPROVEMENTS.

feb95.tra Page 1



Main components of WWER-440/230
Programme

Plant specific missions

- Safety review missions

-ASSETS
- Seismic safety missions

i
Training
Workshops

Generic safety studies

RPV embrittlement
Applicability of LBB concept
Fire hazard
Confinement
Instr. & control

• Others

X

Review of safety
studies and safety

improvement measures

Generic and plant
specific

recommendations



Main components of WWER-440/213
Programme

Compilation of safety
improvement
proposals

- Operators Group

- Mohovce,

- Greifswald

- Other studies

Training
Workshops

Plant specific
missions

- Safety review missions

ASSETS

• Seismic safety missions

Identification of
safety issues and

priority actions

Generic and plant
specific

recommendations

Generic safety studies
Bubble condenser

Containment performance

Others

T

Review of safety
studies and safety

improvement measun

I NEA

TC Project
(RER/9/004)



Main components of
WWER-1000 Programme

Evaluation of plant
specific improvements
- Russian programme
- Ukrainian programme
- Bulgarian programme
- Czech programme
- Other proposals

Comparison of
safety standards

Plant specific
missions

Safety review missions

ASSETS

Seismic safety missioHjs

Generic safety
studies

- Steam generator
collector integrity

- Core control and
protection strategy

- Others

Review of safety
studies and safety

improvement measure

Training
Workshops

Identification of
safety issues and

priority actions

Generic and plant
specific

recommendations
TC Project
(RFR/9/090)



Main components of RBMK
Programme

Evaluation of plant
specific improvements

- Smolensk NPP

-IgnalinaNPP

International RBMK
Consortium

Training
Workshops

Generic safety studies

Multiple pressure tube rupture analysi

Reliability of shutdown system

ASSETS

Identification of
safety issues and

priority actions

Generic and plant
specific

recommendations

Joint IEC-IAEA
project

IEC. International Electrotechnical Committee



I IAEA REVIEWS

PROVIDE

o CONSOLIDATED RESULTS BUILDING UPON
DETAILED SAFETY REVIEWS CARRIED OUT IN
THE FRAME OF NATIONAL OR MULTINATIONAL
EFFORTS

o RECOMMENDATIONS BASED ON EXPERT
OPINION REPRESENTING A WIDE RANGE OF
INTERNATIONAL SAFETY PRACTICES AND
REGULATIONS AND NUSS CODES AND GUIDES

o RESULTS WHICH CONSIDER THE POINTS OF
VIEW OF REGULATORS, OPERATORS,
RESEARCH INSTITUTE AND INDUSTRY

o INDEPENDENT AND UNBIASED TECHNICAL
INPUT FOR NATIONAL DECISION MAKING

feb95.tra Page 6



DO NOT REPLACE

o REQUIRED IN-DEPTH SAFETY REVIEWS, IN
FACT PROMOTES IT

o REGULATORY DECISIONS BASED ON
APPLICABLE NATIONAL REGULATIONS

fcb95.tra Page 7



28Jun95 Work Programme for 1995
WWER-440/230

Activity Place Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Evaluation of safety improvements
Review of LBB concept application (BUL/9/013)

Review of status of safety improvements (ARM/9/003)

Review of RPV integrity assessment (units 1-4) (BUL/9/013)

Review requirements for reporting NPP events (SLR/9/005)

Review of LBB concept application (BUL/9/013)

Review of status of safety improvements

Review of status of safety improvements (RER/9/035)

Sofia

Mcdznmor

Kozloduy

Bratislava

Sofia

Novovoronczh

JCozlodiiy

•

20-24

30- •06

03-07

03-07

09-13

27- 01

Topical meetings
RPV cmbrittlcmcnt assessment

RPV pressurized thermal shock analysis (RER/9/035)

Feasibility of confinement improvement options

Vienna

Picstany

Vienna

24-28

22-2f.

10-14

Peer reviews
Review RPV integrity (ARM/9/003)

Review of Commissioning Test Programme (ARM/9/002)

Review of Bohunice VI improvement programme

Review of level 1 PSA (modelling)

Armenia

Armenia

Vienna

Novovoronczh

I0--J.1

XX--XI

For TC related activities the project number is given in brackets



28M5 Work Programme for 1995
WWER-440/213

Activity Place Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Evaluation of safety improvements
Consolidation of safety issues and ranking

Review of safety improvements (RER/9/035)

Bubbler condenser strength evaluation (RER/9/035)

Vienna

Dukovany

Boliunicc/Moc

27- -03

02-12

27- (II

Topical meetings
Containment lcakrate measurement Vienna 08-12

Guidelines preparation
Containment evaluation (RER/9/035)

Containment evaluation (RER/9/035)

Vienna

Vienna

13-17

nt-n

ASSET
ASSET follow-up mission (RER/9/035) Paks nr.-.io

Peer reviews
Review of level 1 PSA (modelling) (RER/9/035)

Review of bubbl-r condenser integrity calculations (RER/9/035)

Review of level 1 PSA (use in operation)

Review oflcvcl 1 PSA (methods and results) (RER/4/006)

Bolumicc

Vienna

Rovno

Dukovany

17-27

• 12—Ifi

For TC related aclivilies the project number is given In brackets



2BMB Work Programme for 1995
WWER-1000

Activity Place Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Evaluation of safety improvements
Consolidation of safety issues and ranking

RPV embriulement assessment (BUL/9/013)

Review of safety improvements (RER/9/035)

Preparatory meeting for the review mission (RER/9/035)

Review of LBB concept application (RER/9/035)

Review of safety improvements (RER/9/035)

Review of safety improvements (postponed for 1996)

Vienna

Kozloduy

Kozloduy

Rovno

Tcmelin

Rovno

Tcmclin

27- -03

15-19

26- -01

17-21

01-13

Topical meetings
Control rods insertion reliability

Steam generator integrity

Vienna

Jnpnn

20-24

25-29

Workshops
Preventive maintenance (RER/9/035) jZaporozhc 30- -03

ASSET/OSART
ASSET Mission (RER/9/035)

ASSET Seminar (RER/9/035)

ASSET Seminar (RER/9/035)

ASSET follow-up mission (RER/9/035)

OS ART Mission (RER/9/035)

ASSET Mission (RER/9/035)

South Ukraine

Khmclnitsky

Rovno

Khmclnitsky

Khmelnitsky

Rovno

16-27

•

24-28

05-09

02-11

23- -10

06-17

5eer reviews
Review of seismic PSA (BUL/9/012)

Review of level 1 PSA (full power and shutdown initiators) (RER/9/035)

Review of status of level 1 PSA (methodology) (RER/9/035), Znporozhc

Review of level 2 PSA (RER/9/035) v

Review of level 1 PSA (external events) (RER/9/035)

Sofia

Tcmclin

Vienna

Tcmclin

Tcmclin

26- -04

24- •05

12-16

16-28

For TC related acllvllles the project number Is given In brackets



2MKM Work Programme for 1995
Common activities

Activity Place Jan Fob Mar Apr JMay Jun Jul Aug Stp Oct Nov Dec.

Steering Committee/Advisory Group
VIII. WWER SC meeting

IX. WWER SC meeting

X. WWER SC meeting

(Advisory Group Meeting

Vienna

Vienna

Vienna

Vienna

Topical meetings
Accident analysis for EO and AM procedures (RER/9/035)

Impact of PSAs in WWER safety improvement programmes*

Configuration management (RER/4/011)

Accident analysis for shutdown and low power states

Vienna

Vienna

Bohunicc

Vienna

Workshops
Case studies on licensing of modifications

Case studies on licensing of modifications

Use of databases on safety issues

PSA methodology for fire, flooding and seismic events (RER/9/035)

WWER thermohydraulic system code validation (RER/9/035)

Spain

Leningrad

Japan

Moscow

Finland

13-15

12-14

•

24-28

22-26

03-07

16-17

14-1*

02-06

09-13

II-II

06-10

11-15

13-17

Guidelines preparation
Complete accident analysis guidelines

Best estimate approach for accident analysis

Qualification requirements for in-service inspection

Guidance for PTS analysis

Vienna

Vienna

Vienna

Vienna

ASCOT/OSART/ASSET
ASSET Seminar (RER/9/035)

ASSET Seminar (RER/9/035)

Prague

Sofia

24-26

19-23

24-28

20-23

13-15

Databases
Update of IAEA entries in G-24 Data Bank

IAEA databases on safety issues (1. release)

Vienna

Vienna

15- -20

0.1-3(1

• Regular budget For TC related activities the project number Is given In brackets
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28-Jun-95 Work Programme for 1995
Common activities

Activity

Update of IAEA entries in G-24 Data Bank

IAEA databases on safety issues (2. release)

Update of IAEA entries in G-24 Data Bank

Place

Vienna

Vienna

Vienna

Jan Feb Mar Apr May Jun Jul Aug

15-

Stp

-15

Oct Nov

01-30

15-

Dec

-15

* Regular budget For TC relaled activities the project number Is given In brackets



2MHhM Work Programme for 1995
RBMK

Activity Place | jan Feb Mar Apr May Jun Jul Aiifl Sep Oct Nov Dec

Steering Committee
VI. SC Meeting

VII. SC Meeting

VIII. SC Meeting

Vienna

Vienna

Vienna

07-08

08-09

08-09

Evaluation of safety improvements
Review of Ignalina report

Safety issues and priority improvements

Presentation of international results (IAEA/EC programmes)

Chernobyl sarcophagus safety* (report review)

Safety improvements of lst/2nd generation plants (document preparation)

Vienna

Vienna

Vienna

Vienna

Vienna

12-13

23-27

30- -02

03-07

topical meetings
Evaluation of void and other reactivity effects

Design options for shutdown system modernization

Application of LBB-

Review of calculations for thermohydraulic code validation

3D computer codes for core and systems analysis

Moscow

Vienna

Leningrad

Vienna

Munich

17-21

16-20

30- -03

Worhstipps
Comparison of level 1 PSA codes* Vienna 30- -01

ASCOT/dfiART/ASSET
ASSET Seminar (RER/9/035)

ASSET Seminar

OSART Mission (RER/9/035)

ASSBT topical analysis of safety culture events

Kursk

Smolensk

Ignnlina

Kursk

04-06

11-13

04-22

04-13

Peer reviews
Integrity assessment of fuel channels v Plant site 1

* Regular budget For TC related activities the project number is given In brackets





SAFETY ASPECTS
OF NPP AGEING

(PROJECT 1,2.03)

HIGHLIGHTS OF CURRENT ACTIVITIES

1. PREPARATION OF SAFETY
PRACTICES ON ASSESSMENT AND
MANAGEMENT OF AGEING OF MAJOR
NPP COMPONENTS IMPORTANT TO
SAFETY:

(1) PWR reactor pressure vessel
(beltline, penetrations, closure,
nozzles)

(2) PWR primary piping - Class 1
(surgeline, branch lines,
pressurizer spray line, cast
stainless steel, dissimilar metals
welds, fittings, main loop)

(3) PWR/CANDU steam generator
(tubes, tubesheet, shell welds)

(4) PWR pressurizer (lower shell,
penetration nozzles, spray head)



(5) PWR reactor pressure vessel
internals (thimble tubes, fasteners
screws and split pins, baffles)

(6) BWR metal containments
(embedded portions of metal
shell, inspections of Mark I and II
containments)

(7) BWR reactor pressure vessel
internals (top guide, shroud, jet
pumps, etc.)

(8) BWR reactor pressure vessel
(internal attachment welds; FW
nozzle; safe ends)

(9) CANDU pressure tubes (hydrogen
embrittlement, creep, sag)

(10) CANDU calandria and calandria
supports (tubesheets, thimble to
shell weld)

(11) CANDU primary piping (feeder
pipes, snubbers)

-130 -



STATUS

• FIRST DRAFTS REVIEWED,
SEPTEMBER 94 TCM

• 2nd DRAFTS REVIEWED FOR 5
COMPONENTS AND ARE
PRESENTLY BEING FINALIZED

• CS MEETINGS PLANNED FOR FALL
95 TO REVIEW OTHER 2nd DRAFTS
AND AGREE ON ACTIONS TO
FINALIZE THE REPORTS

• PUBLICATION PLANNED 1996-97

-13 1-



2. CRP ON MANAGEMENT OF
AGEING OF CONCRETE CONTAINMENT
BUILDINGS

Worldwide survey of practices in 1994

Interim evaluation completed and
summary results published

At present:

• In-depth evaluation
• Draft of a TECDOC



3. CRP ON MANAGEMENT OF AGEING
OF IN-CONTAINMENT I&C CABLES

• Testing of cables exposed to
accelerated and real-time ageing to
support qualification of cables

• Data collection on specific materials

• Preparation of guidance



TENTATIVE PLANS
FOR 1997-98

BASED ON RECOMMENDATIONS OF
FEB. 1995 AGM

1. PREPARATION OF SAFETY
PRACTICES ON ASSESSMENT AND
MANAGEMENT OF AGEING OF MAJOR
NPP COMPONENTS IMPORTANT TO
SAFETY:

• Complete reports currently in draft

• Prepare reports on concrete
structures and Electrical and I&C
Cables using CRP results

• Initiate work on power-assisted
equipment



2. ORGANIZE CRP ON
MANAGEMENT OF AGEING OF BWR
VESSEL INTERNALS

3. PREPARE TECDOC (REFERENCE
REPORT) ON AGEING MECHANISMS
AND SERVICE CONDITIONS THAT
COULD CAUSE DETRIMENTAL AGEING
DEGRADATION IN SSCs IMPORTANT TO
SAFETY

4. FACILITATE INFORMATION
EXCHANGE ON SAFETY-BASED
PRIORIZATION OF AGEING
MANAGEMENT ACTIONS.





CRP-III RESULTS
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1. PHASE 1

In 1971, the IAEA Working Group on Engineering Aspects of Irradiation

Embrittlement of Reactor Pressure Vessel Steels elaborated and approved, as an initial

step, a standard programme (Phase 1) of the Co-ordinated Research Programme on

"Irradiation Embrittlement of Reactor Pressure Vessel Steels" which should be performed

on a reference steel ASTM A 533 Grade B Class 1 (HSST 03 Plate) deriving from the

Heavy Steel Section Technology Programme and provided to the IAEA by the Union Carbide

Corporation, USA.

Seven IAEA Member States participated in the Phase 1 programme. The main goals

were :

(1) To establish the basis for describing embrittlement, and for performing the

measurement of neutron spectrum, fluence and mechanical properties was sufficiently

standardized to permit direct intercomparison between international programmes

without major adjustment of the data.

(2) To compare the embrittlement sensitivity of national steels with that of the standard

steel.

Other specific go-vh included comparisons of irradiation embrittlement results from

different reactors, advancement of fracture toughness methodology, a study of the effects of

long-term heat treatment, a comparison of radiation hardening and embrittlement, and

investigation of the benefits of post-radiation annealing for restoration of initial properties

and other properties, especially the hardness and strength, of irradiated samples.

No major discrepancies were observed in the results - Fig.l - in spite of the use of

unique irradiation assemblies in nine different reactors with individual evaluations of neutron

fluence and neutron spectra. Differences in mechanical test procedures and data interpretation

might also have produced complications in the comparison and analysis of data. In fact, this
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proved not to be true and the differences in the results were probably due to neutron

measurements. It is believed that further adjustment of experimental data for neutron

spectrum variations or flux determination may reduce the scatter.

Several investigators irradiated steel specimens derived from other sources in

addition to the standard steel used for the programme. These additional tests were found to

be particularly useful since the relative uniformity of the results on the standard material

could be used as a basis for direct comparison. It was recommended that such comparison

should be encouraged so as to increase the database on irradiation embrittlement of reactor

pressure vessel steels.

Main results from the programme including all reports from participated organizations

were published in the IAEA Report "Co-ordinated Research Programme on Irradiation

Embrittlement of Pressure Vessel Steels", IAEA-176, Vienna (1975).



2. PHASE 2

After a detailed review and discussion of Phase 1 of the CRP, it was agreed that there

was a need to continue the research under an extension to Phase 1. The general goal would

be "to demonstrate that knowledge has advanced to the point that steel manufacture and

welding for nuclear technology can routinely produce steels for reactor pressure vessels

of high radiation resistance". In December 1976, the new programme (Phase 2), entitled

"Analysis of the Behaviour of Advanced Reactor Pressure Vessel Steels under Neutron

Irradiation", was formally initiated.

Many organizations and countries provided steels for Phase 2 and during 1977-1979

the participants received test materials from advanced steels and welds typical for current

practice in France, the Federal Republic of Germany and Japan. These include :

- plate ASTM A 533-B, Cl.l - Nippon Steel Corporation, Japan,

- Marrel-Creusot-Loire, France

- forging ASTM A 508 C1.3 - Japan Steel Works, Japan

- Framatome, France

- submerged arc welds - Mitsubishi Heavy Industries Ltd., Japan

- Framatome, France

- Thyssen AG, Federal Republic of Germany

Eight IAEA Member States (nine organizations) participated in the programme.

The main goal was to undertake a comparative study of the irradiation embrittlement

behaviour of improved (advanced) steels produced in various countries. It was intended to

demonstrate that&careful specification of pressure vessel steel could eliminate or vastly

reduce the problem of neutron irradiation embrittlement, and to show that knowledge had

advanced to the point where steel manufacture and welding technology could routinely

produce steel reactor pressure vessels of high radiation resistance.



The programme was also designed to study effects of neutron irradiation up to

neutron fluences well beyond those considered for reactors currently in operation, and to

allow comparison of the mechanical properties after irradiation of improved plates, welds and

forging steels of reactor pressure vessel grades produced from various sources.

The programme was based on the results and experience gained from Phase 1. In the

planning, allowance was made for the availability of the materials to be investigated and for

the actual facilities existing in the participating organizations.

The following specific tasks were identified :

compare weld, plates and forging of advanced steels,

compare fracture toughness before and after irradiation.

evaluate international technology using improved steel produced in France, the

Federal republic of Germany and Japan,

evaluated welds prepared using current procedures in france, the Federal Republic of

Germany and Japan,

evaluate fracture performance using Charpy specimens,

irradiate fracture toughness specimens and compare the results,

evaluate upper shelf toughness characteristics,

use standard critical comparative analysis of all results to meet the basic goal.

The following programme results were expected :

independent international assessment of advanced steels,

establishment of international basis for specifying steels of high quality,

evaluation of welding technology in terms of radiation embrittlement,

development of guidelines to advances in elastic-plastic fracture mechanics testing for

irradiated materials,

verification of applicability of current technology for characterization of improved

steels,

identification of strengths and weaknesses of steel manufacture and vessel fabrication

technology in terms of irradiated fracture propertie".

identification of strengths and weaknesses in neutron dosimetry procedures.



Within this programme, which lasted from 1977 to 1983. the following main

conclusions were obtained :

(1) The general aim of Phase 2 of the programme was to demonstrate that knowledge had

advanced to the point where steel manufacture and welding for nuclear technology can

routinely produce steels for reactor pressure vessels of high radiation resistance.

Results from this programme show that modem pressure vessel materials (plates,

forgings and welds) possess high resistance to neutron irradiation damage. (Figs. 33,

23, 21)

(2) In general, and for those mechanical tests which show a response o neutron

irradiation, the results demonstrate that reducing the copper content (together with low

phosphorus content) of steels has led to an improvement in their irradiation resistance.

The copper content of modem steels is low, usually less than 0.1 mass while

phosphorus content is usually lower than 0.012 mass%. Charpy transition shifts of the

modem steels were generally lower than those steels represented by the HSST 03

Plate.

(3) Changes in tensile yield strength and hardness followed the Charpy transition

temperature changes and the results support the recommendation to include such tests

in any scheme to measure irradiation sensitivity.(Fig.44)

(4) There was no systematic variation of Charpy upper shelf energy change (decrease)

with neutron fluence.(Fig.27) Indeed, all materials showed large variations in

percentage change at a particular neutron fluence level, however, the actual levels of

upper shelf energy for these modem steels are higher than those typified by the HSST

03 Plate. It is therefore considered to be more appropriate to consider absolute levels

of upper shelf energy change (decrease) than the percentage approach of US NRC

Regulatory Guide 1.99. Certainly on this basis the modem steels show an improved

response when compared to the older generation of steels.

(5) The results of fracture toughness tests (Fig.35) showed that modern steels are more

resistant to neutron irradiation than the older pressure vessel steels. A good

correlation was observed between the Charpy 41J transition temperature increase on

irradiation and the shift in transition temperature, denned at the 100 MPa.m''- level,

from dynamic and static fracture toughness tests. No reasonable correlation was found
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between Charpy upper shelf energy decrease after irradiation and that determined

from dynamic or static upper shelf fracture toughness determination. In the latter

case, significant irradiation effect were apparent only at the higher neutron fluence

examined. Because of the potentially crucial nature of dynamic upper shelf toughness

for the assessment of operating vessel integrity, a more quantitatively coherent method

must be found for future surveillance and other irradiation studies.

(6) The US NRC Regulatory' Guide 1.99 (Rev.l), April 1977. was based primarily on the

results of accelerated irradiation in materials testing reactors. More recent data for

different compositions (including high-nickel) and from longer term surveillance

capsule irradiations have led to a reconsideration and probable revision of the

Regulatory Guide. Results from the present programme underline the shortcomings of

the initial Regulatory Guide approach (Fig.25.26) , in particular with respect to high

nickel contents and the description of upper shelf Charpy fracture energy decrease

(Fig.27). Additional data correlations based upon internally consistent materials,

fluence measurements and fracture methods will be necessary to provide trend cun'es

of bounds which describe the physical realities of steel embrittlement.

(7) From detailed transmission electron microscopy examinations no discernible evidence

of neutron irradiation was found, even for an extreme case where Charpy transition

shift of + 130 C had been observed.

Further progress in the application of the fracture mechanics approach to radiation

damage assessment has been achieved in this programme. Improvement and unification of

neutron dosimetry methods have provided better data with a smaller scatter.

All results together with their analysis and raw data were summarized in the IAEA

Technical Report Series No. 265 "Analysis of the Behaviour of Advanced Pressure Vessel

Steels under Neutron Irradiation", Vienna, 1986.
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3. PHASE 3

CRP representatives in June 1983 agreed that a third phase of the Co-ordinated

Research Programme on neutron radiation effects on advanced pressure vessel steels be

initiated.

Prior phases (1 and 2) of the CRP on irradiation embrittlement of reactor pressure

vessel were focused respectively on :

(1) Validation of the methodology of research to assure a standard approach based on

results on one well characterized steel, and

(2) to demonstrate that knowledge is adequate to assure that &steel manufacture and

welding for nuclear technology is adequate to provide for routine production of

reactor pressure vessels of high radiation resistance.

Success achieved in these two earlier phases provides the background for consolidation

and advancement of phase three to meet the principal goal of optimizing reactor pressure

vessel surveillance programmes and related methods of analysis for international

application. This task was unanimously adopted as it was judged to be necessary

(1) to aid authorities in assuring the continuing lincensabiliry of older operating plants.

(2) for prolonging the operational life in some cases,

(3) for assurance of public safety,

(4) to provide technically valid and readily useable guidelines for nations and institutes just

now embarking upon nuclear power programmes,

(5) to allow steels from a variety of countries and manufacturers to be assessed.

The main objective of this phase of the programme was to consolidate the now

increasing body of knowledge on embrittlement and the technique used to determine its

significance. It was intended to establish guidelines for surveillance testing which could then

be used internationally. Surveillance for this purpose is the periodic assessment of the

condition of nuclear power reactor vessel with the view toward assuring its structural

integrity.



To achieve this four principal goals were defined for this phase :

(1) Optimization of the means for measuring fracture resistance.

(2) Establishment of correlative methods for measuring irradiation response by using

different mechanical tests.

(3) Seeking to understand the mechanisms responsible for ernbrirtlemem.

(4) Establishment of means for ameliorating embrirtlemem.

In line with the four principal goals the primary emphasis of all participants was toward

the ultimate goal implicit in the agreed title - "Optimizing Reactor Pressure Vessel

Surveillance Programmes and Their Analyses". To this end, it was agreed to participate

with a key focus upon advancing quantitative fracture mechanics methodology and assuring

the extrapolation of qualitative fracture methods which have predominated in reactor vessel

surveillance until recent years.

Inherent to these main goals are certain uniform procedures such as

(1) use of a reasonably uniform base of reference fluence irradiation,

(2) use of activation dosimeters for assessing the neutron environment,

(3) use of I ensile and standard Charpy V-notch specimens to characterize the steels in

conventional terms,

(4) adoption of one of two or both of the commonly accepted fracture mechanics tests.

(5) acceptance of an irradiation temperature of 290 C as the standard baseline temperature.

(6) acceptance of the idea of collectively providing a data base on "modern" steels with a

tie by use of a key reference steel to the "first generation" pressure vessel steels and

(7) and agreement to encourage collaborative evaluation of research results so as to

multiply the effectiveness of the collective research data.

A general view of anticipated results base on the formulation of programme goals

include :

(1) Clarification of fracture toughness test methodology with a resulting identification of a

preferred approach and. with this, a preferred specimen type for inclusion in future

surveillance programmes.



(2) A parallel result will be an accepted basis for correlation of conventional notch impact

tests and several alternative fracture toughness tests now included in surveillance

programmes. It is anticipated that the correlation would be extended to encompass other

standard mechanical test results.

(3) With developments cued in [1] and [2], zr. improved basis for assessing the fracture

toughness resistance of a pressure vessel will be advanced. This also provide a better

basis for utilizing research results from large specimens and model vessel tests to

validate small specimen test results.

(4) The range of material composition offered by Japan for this study will allow a

systematic study of the mechanisms of steel embrittlement especially the role of

constituent elements. A steel having a sensitivity typical of many older vessel steels is

to be !stock-piled" as a generic reference material and is anticipated that ihe IAEA will

serve as agent for its distribution.

(5) An evaluation of post-irradiation heat-treatment for reducing embrittlement with

identification of time, temperature, steel sensitivity interaction is expected.

(6) The influence of environmental factors, besides radiation, which may affect vessel

steels properties will be assessed. Special emphasis is upon strain and thermal ageing

effects along with synergistic influences of these with neutron radiation.

(7) The merits of alternative neutron dosimetry procedures will be assessed and a

preferred basis for surveillance dosimetry recommended.

From 32 offered steels. 27 were chosen for the study. Primary interest was centered

upon the group of Japanese laboratory melts to assess composition effects and on a

"radiation sensitive" correlation monitor from Japan. A crucial recommendation was to

provide the latter which may serve as a reference for this programme and for future

surveillance programmes throughout the world. This involved the procurement of a 20-25 ton

heat of this steel produced as a special charge by Kawasaki Steel corporation in Japan, which

was designated as JRQ. The sheer volume of steels to be stock-piled for study dictated a

careful reviews of the needs to assure stock was reasonably consistent with the programme

scor: and with funds available for the srudv.



LIST OF TESTED MATERIALS

MATERIAL CODE

FFA
BW
GFB
JF
GWA

JFL
JFM

JPA
JPB
JPC
JPD
JPE
JPF
JPG
JPH

JPI
JPJ

JRQ

JWN
JWO
JWP
JWQ

P

0.006
0.012
0.006
0.016
0.013

0.004
0.014

0.018
0.017
0.007
0.006
0.006
0.020
0.017
0.006

0.006
0.005

0.019

0.008
0.005
0.009
0.026

Cu

0.06
0.22
0.05
0.04
0.04

0.01
0.15

0.33
0.01
0.01
0.16
0.16
0.16
0.16
0.17

0.01
0.05

0.14

0.02
0.03
0.03
0.26

Ni

0.71
1.58
0.85
0.60
0.93

0.74
0.79

0.82
0.83
0.81
0.10
0.39
0.62
0.82
1.18

0.69
0.63

0.83

0.87
0.78
0.90
1.10



The Phase 3 of the programme was realized between 19S3 and 1994 by 15 participants

- Member States. Within this programme. 23 different materials (17 specially prepared

materials for this phase by Japanese companies, 3 materials from phase 2 and 3 from national

programmes) were irradiated and tested : more than 160 Charpy transition curves were

tested, from which more than 60 after irradiation

MAIN PRELIMINARY RESULTS

(1) Computerized data-base of all experimental data was prepared and accomplished

(Fig.l). It contains all reported data after their QA procedure checking and served for

an analysis of this large set of results. This data-base is also being extended into an

IAEA international data-base of reactor pressure vessel surveillance programme data.

(2) Testing of initial mechanical properties of individual materials showed a good

agreement with manufacturers reports, differences between laboratories are within

limits found in phases 1 and 2.

Material JRQ, chosen for an international reference steel, is relatively well

homogenous, and, if specimens are properly cut off (with one orientation, from defined

depth and according to a defined testing standard), fully comparable results can be

obtained even in different materials.

In principle, following material characteristics were determined :

- difference between surface and one-quarter (up to middle thickness) transition

temperatures is about 50 C,

- for one-quarter thickness specimens :

- T-L orientation gives higher transition temperature than L-T one by about IOC:

T<U(T-L, 55 mm) = -14.1 ± 7.3 C,

T4U(L-T, 55 mm) = -25.0 ± 5.5 C,

- testing with ASTM type tup gives slightly lower transition temperature T4U :

T4U(T-L, 55 mm. ASTM) = -19.2 ± 7.8 C.

T4U(T-L. 55 mm. ISO) = -10.0 ± 6.2 C,

T4U(L-T, 55 mm. ASTM^ = -25.0 ± 2.3 C,

T41J(L-T, 55 mm, ISO) = -23.3 ± 5.6 C,



SPLIT SYSTEM

1 The purpose of the split system:
The split system is elaborated for evaluation of the CRP-3 database. The data files cf

ihe CRP-3 database induce all data acquired from different materials, irradiation
conditions, location and orientation. The files of Charpy impact energy, tensile z~£
fracture toughness data have been split into several hundred data sets. One data set
includes data acquired from one country, specimen cut from one material, depth ranee,
orientation, and irradiated with the same level fluence. Every data set has a code, which
is used as file name.

The split system codes and tables are only informative, used only for data grouping. In
evaluation please use the original split data sets given in tables starting on page S.

2. The coding svstem:
The cod: includes 7 characters.
The first iwo ieners characterise the material.
The third character (if il exist) is the code of the material state (heat treatment if any). It is applied cniy
for heat effected material, cr heat aiTecied zone of the welds.
The next two characters indicate the done country.
The fust number (fifth or sixth character) characterises the fluencc. (xJO^ n/eni- E>lMcV)
The second number characterises the specimen distance from the surface in 10* mm units.
The third number identifies the specimen orientation. (T-L= I; L-T=2)
The codes a:e summarised in the following table.

Country

Argentina
Ccczhoslcvskia
Belgium
Switzerland
SDain
France
GDR
Huncarv
India
Japan
Finnland
FRG
Russia
United Kingdom
USA

Code

AR
CS
BE
CH
ES
FR
GD

1IU

rx
JA
SF
RG
RU
UK
US

Material

FFA
BVN'

GF3
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- T-L orientation gives lower values of upper shelf energy than L-T one by about

20 J:

USE(T-L. 55mm) = 189.2 ± 11.5 J

USE(L-T, 55 mm) = 212.0 ± 14.0 J

- effect of tup radius is also seen in upper shelf energy :

USE(T-L, 55 mm, ASTM) = 192.0 ± 12.8 J

USE(T-L, 55 mm, ISO) = 186.2 ± 7.0 J

USE(L-T, 55 mm, ASTM) = 220.0 ± 14.1 J

USE(L-T, 55 mm, ISO) = 191.8 ± 32.9 J

which approved an assumption that USE from ASTM type of tests should be larger than

from ISO type tests. Similar result should be found also for transition temperature

T
10.9mm-

(3) Great interest was given to a detailed definition of irradiation conditions. Most of

experiments were realized in experimental reactors using special irradiation devices for

irradiation at temperatures 290 C, while smaller part of the programme was realized in

surveillance positions of WWER-440 MW reactors with irradiation temperature of 270

C.

Neutron dosimetry was commonly based on more than 2 activation monitors, with

neutron spectra determined by calculations and/or by experiments using "unfolding"

approach with a set of monitors.

(4) Tensile testing was not realized by all participants, only limited data are available,

mainly as a basis for next fracture toughness data evaluation.

Changes in strength properties (yie.d strength, ultimate tensile strength) do not give any

clear dependence on neutron fluence for most of materials, mostly from lack of data.

Most of results were obtained for a reference JRQ material; the following dependencies

for yield, respectively ultimate tensile strength increase are as follows:

ARp - 88.87 ( F x 10:3 ) o s : [MPa]

ARm = 92.40 ( F x 10:3 )0-315 [MPa],

F is neutron fluence with energies higher than 1 MeV.

These formulas are of very' limited reliability because of a small set of data.



(5) Transition temperature shifts were of the greatest interest of all participants'

programmes. Clear difference was found between behaviour of "old" and "advanced"

materials - plates, forgings as well as weld joints.

(6) Special interest was given to JRQ material, where different behaviour of specimens

with different orientation was found - specimens with T-L orientation show somewhat

higher increase in transition temperature shift than those with L-T orientation. Of

course, shift for specimens irradiated at 270 C was higher than for irradiation

temperature equal to 290 C.

These shifts (Fig.A2) can be expressed as :

65.8 ( F x 1O"23 )036: [C],

51.2 ( F x 10-23)0-334 [C],

58.7 ( F x 10"23 ) o w [C],

86.6 ( F x 10"23 )0-30 [C],

(7) Irradiation embrittlemem of different materials was compared also with existing codes

and guides for transition temperature shifts prediction.

The following procedures, guides or standards have been compared with experimental

data :

- US NR Regulator}' Guide 1.99, Rev.l and Rev. 2.

- German KTA 3203,

- Framatome formula, FIS, for product used in France.

Analysis of these predictions shows (Figs.A3-A10) that :

- US NRC RG 1.99, Rev.l is conservative only if a margin is included with exception

of JRQ material,

- US NRC RG 1.99, Rev.2 is less conservative even if a margin is also included not

only for JRQ material, but also for some other materials,

- KTA is mostly conservative even as a mean line, but with exceptions, too.

- FIS shows similar situation to KTA.

•* inadtanon

T
trrodusion

AT4U

AT41]

AT41J

=

AT4iJ

290

(T-L)

(L-T)

(E)

270

C :

=

=

=

C :
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Fig.A.2 Fluence dependence of transition temperature shifts in JRQ steel
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(S) Upper shelf energy is also of a high interest mainiy because it can give some

information on fracture toughness properties in ductile region.

Comparison of experimental data showed to a large scatter of results but some tendency

for USE decrease with increasing neutron fiuence is clearly seen (Fig.All. A12).

(9) Eight experimental heats with prescribed contents of phosphorus, copper and nickel

were chosen for a study of the influence of these elements on irradiation embrittlement.

As only limited amount of material was available, received results are also limited

(Figs.A13-A18) :

- effect of nickel is doubled when increase its content from 0.1 to 1.3 mass %,

- effect of copper is very strong and is slightly enhanced when phosphorus content is

increased from 0.06 to 0.017 mass %.

- effect of phosphorus is pronounced if its content is larger than approximately 0.007

mass %.

(10) Relatively good correlations were found between different material properties :

- initial transition temperatures (Fig.A19):

T«,-T41J = 15 + 7 . 1 C

T0.9lM»-T41J = 9.4 ± 8.6 C

T50*-T41J = 27.7 ± 15.2 C

- transition temperature shifts (Fig.A20):

AT4U = AT^ i 7.1 C,

AT41J = AT0.9mm ± 8.6 C.

Generally, there is a very good linear relationship between individual transition

temperatures in initial conditions which shows to the fact that there is no large

difference between transition temperature curves.

There is also a very good equality between different transition temperature shifts

determined from Charpy impact tests which also shows to the same fact that there is

practically no change in slope of these curves.

(11) While fiuence dependence of transition temperature shifts in the reference material JRQ

is quite consistent for all laboratories, for other materials these dependencies are not

smooth and exhibits some local maximums or minimums independently on possible
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physical models - an explanation can be found only in problems in determination of

irradiation conditions - fluence and temperature (Figs.A21-A26).

(12) According to the initial programme, some of panicipants concentrated their attention

also to fundamental studies, mainly to study :

- effect of thermal ageing, mainly on IRQ type of steel,

- effect of strain ageing,

- annealing effect after irradiation,

- embrittlement mechanism studies, using SANS, TEM/FEGSTEM, hardness, AES.

positron annihilation methods,

- analysis of the large scatter&. of results in transition temperature shifts for FF material

during Phase 2 of the Programme.
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GENERAL CONCLUSIONS

(1) Programme was found as important 2nd interesting, as 15 participants took place. 2?

different materials were tested, and more than 160 Charpy transition curves

(unirradiated and irradiated) and more than 100 fracture toughness (static and dynamic

in unirradiated and irradiated conditions) transition curves were determined.

(2) Results show to a reliably good agreement between individual laboratories, if similar

testing conditions were used.

(3) Results also show to some difference if different testing standards are used - necessity

of their harmonization or. at least, their full referring, is highly necessary.

(4) Results confirmed the real possibility of using the JRQ material as a reference steel

for next irradiation/surveillance programmes.

(5) Creation of a database has been found as a very useful tool for analysis of

experimental data, as well as to be an origin for an IAEA international world data-

base of surveillance and other material test data.

(6) Some opened problems still remains for future investigations, at least :

- mechanism of radiation embrittlement,

- mechanism of upper shelf energy changes,

- standard testing method for small size fracture toughness specimens,

- equality between transition temperature shift from Charfpy impact tests and transition

temperature shift from static fracture toughness tests,

- reliable transition temperature prediction formulae for materials with different

production and elements contents, etc.
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Appendix 1

INTERNATIONAL WORKING GROUP ON LIFE MANAGEMENT
OF NUCLEAR POWER PLANTS

30 August - 1 September, 1995, VIC, Vienna, Austria

AGENDA

1. Opening - 09:30, 30 August 1995

2. Welcome
Opening Speech by Mr. B. Semenov - DDG-NE
Opening Speech by Mr.B.Gueorguiev - Head, Nuclear Power
Engineering Section
Opening Remarks by Mr. L.M. Davies - Chairman of the IWG-LMNPP

3. Introduction of IWG Members

4. Adoption of agenda

5. Minutes of the last meeting (7-9 February, 1994)

6. Progress report on IWG-LMNPP activities (L. Ianko)

review of activities in 1994-1995
programme for 1995-1996
reports and publications

7. State of the art of the International Database for RPV Materials (V.Lyssakov)

8. Design concepts for International Database for RPV Materials (D.McLachlan)

9 Review of other relevant activities:

A. National reports, including R&D programmes and relevant meetings
(presented by national representatives)

B. Activities of international organizations and groups:
- OECD/NEA (A.Miller)
- PISC, actions 4 and 5 (S.Crutzen)
- NESQENIQ (S.Crutzen)
- AMES (U.von Estorff)
- Activities of the EC Working Group on Codes and

Standards (J.Guinovart)

C. Concrete Containment Ageing Database (C.Seni)

D. Relevant IAEA activities:
- in the field of safety (J. Pachner)
- economic aspects of NPP Life Management (Ch.Hu)
- extrabudgetary programme (R. Havel)
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10. Results of the CRP-III Programme
- final publication (M.Brumovsky)
- fracture toughness results (K.Wallin)

11. IWG-LMNPP Terms of Reference

12. Review of IWG-LMNPP priorities

13. Discussions of IWG-LMNPP programme (taking into account conclusions and
recommendations of previous meetings)

14. Future IAEA activities (meetings and programmes for 1997-1998 and ideas for
1999)

15. Any other business

16. Date of the next IWG meeting.
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Terms of Reference for the International Working Group on Draft
Life Management of Nuclear Power Plants (IWG-LMNPP)

These Terms of Reference were originally approved by the IWG-RRPC at its Meeting
on 17-19 February 1975, modified on 14-16 March 1990, on 7-9 February 1994 and on 30
August - 1 September 1995 and serve as a basis for the work, of the IWG. The> will be
reviewed on the request of working group members or the Scientific Secretary and
recommendation will be made to the Director General of the IAEA on any modifications.

1. Objectives

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

1.2 To facilitate exchange of information and experience in the field of understanding and
monitoring of ageing mechanisms affecting main NPP systems and components.

1.3 To provide guidance on general issues which limit NPP lifetime, practical assistance
in identification of NPP lifetime limiting features, mitigation measures, assessment of
economic cost/benefit of life management for optimization of lifetime.

2. Scope of activities

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

2.1 Design
2.2 Materials
2.3 Fabrication
2.4 Monitoring, testing, inspection and data bases of their results
2.5 Degradation mechanisms, their significance and mitigation
2.6 Assessment and means of plant life management
2.7 Strategic, economic and administrative aspects of life management

The list of the activities giving the scope of the working group is not fully
comprehensive. There are some other items which are important for NPP life management.
These items may currently be part of the scope of activities of other groups in the IAEA.

A list of priorities will be established and updated at FWG meetings.

3. Methods of work

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

4. Organizational matters

4.1 Membership

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

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

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

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

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

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

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

4.2 Chairmanship

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

4.3 Secretariat

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

The working language of the IWG is English.

4.5 Expenses

Travel and subsistence expenses for IWG members are borne by the respective
Governments or Organizations. T)\e IAEA may contribute to the cost (travel and per-
diem) of attendance of some participants at IWG meetings, if sufficient funds are
available and if a significant contribution can be made to the meeting by the
participant. Travel cost and subsistence for consultants invited to prepare a draft
document or advise the Agency on special aspects of its programme will normally be
borne by the Agency.





Appendix

IWG-LMNPP Current Priorities

(As approved at the IWG meeting 30.08-1.09.95)

A. General Remarks

1. More importance should be attributed to economic aspects in relation to plant
management, safety and maintenance.

2. Some items not included are important for LMNPP. These items may currently
be part of the scope of activities of other groups in the IAEA.

Examples are:

cables; instrumentation; sensors
operation devices (power assisted equipment) e.g. CRDM
fissile material leakage; waste and pool management
seismic aspects
concrete structure ageing

3. Important items considered by the group but are not ranked in the priority list.

guidelines and recommended practices
international aspects of codes and standards
quality assurance
regulation requirements and licensing procedures
maintenance man-dose management
Component cleaning

B. Technical /Scientific/Engineering Aspects in order of Priority

1. RPV Integrity

radiation damage
fracture mechanics
optimization of surveillance programmes
annealing and other mitigation methods
material databases
surveillance databases
PTS analysis
inspection procedures validation/qualification
monitoring processes of material degradation and plant operation
pressure tubes integrity.

2. Reactor Internals Operation and Integrity

corrosion, IASCC
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wear
NDE and inspection qualification
irradiation ageing
replacement and repair.

3. Primary Circuit Integrity and Operation

corrosion /erosion and water chemistry
fatigue
material ageing and its monitoring
monitoring of loads and water chemistry
inspection procedures validation/qualification
LBB concepts and leak monitoring
repairs.

4. Steam Generator Life Management

corrosion and water chemistry
wear/mechanical problems (internals)
inspection procedures validation/qualification
monitoring
replacement/repair

5. Secondary Circuit

erosion/corrosion
water chemistry (optimization and monitoring).

—& f-6 -



Appendix 5

Recommended Programme for 1997-1998 (IWG-LMNPP)

1997 - Specialists Meeting on "Ultrasonic Testing Efficiency and Validation"

1997 - Specialists Meeting on "Methodology for Pressurized Thermal Shock (PTS)
Evaluation" .*

1997 - Specialists Meeting on "NPP Condition Monitoring and Maintenance"

1998 - Specialists Meeting on "Loadings Outside the Design Base"

1998 - Specialists Meeting on "Irradiation Effects and Mitigation"

1998 - Specialists Meeting on "Ageing Effects in NPP Metallic Materials other than RPV
and Steam Generators"

1997 - Training Course on NPP Life Management

1997-1998 - Coordinated Research Programme on "Assuring Structural Integrity of
Reactor Pressure Vessel"

1997-1998 - Publication on "PTS Methodology for All Reactor Concepts"

1997 - Meeting of the IWG-LMNPP

1997-1998 - "Development and maintaining of Database on NPP Ageing and Life
Management"

The national representative of Hungary, Mr. F. Gillemot, indicated that Hungary
is willing to host the meeting on "Methodology for PTS Evaluation".

~ & / 7- • -





Scope of Some Recommended Specialists Meetings Appen.'.i.: .

Specialists Meeting on
"Methodology for Pressurized Thermal Shock Evaluation"

Scope of the Meeting:

Pressurized thermal shock in reactor pressure vessels can be the controlling
operational regime that determines life. The scope of this meeting would concentrate on
the total PTS calculation and include its evaluation and application to RPV life and
integrity assessment.

Main topics should be:

thermohydraulics codes and calculations,
choice of characteristic emergency regimes and their scenarios including
their influence on PTS,
RPV temperature-stress fields calculations,
fracture mechanics approach to integrity assessment,
choice and determination of material characteristics including damaging
factors,
choice of condition factors such as flaw density/size/orientation, end-of-life
factors, etc,
effect of RPV cladding,
general procedure for RPV life assessment.



Specialists Meeting on
"Loadings Outside the Design Base - Influence on Lifetime of Components"

A number of loadings were not considered at the plant design stage. These
loadings can be important contributors to component life duration or can lead to plant
modifications.

Among contributors to thermal fatigue are thermal stratification and operating
conditions not foreseen initially and resulting for instance from piant uprates or systems
modifications.

Seismic loadings resulting from plant safety reassessment or some vibration
loadings are among those outside the design base.

The origins of those loadings are not always readily identifiable and cannot always
be suppressed without major component or operating modifications.

The Specialist Meeting will aim at sharing experience in identification of the
causes of the loadings, in showing results of in-situ measurements and non-destructive
examination as well as the monitoring for long term effect on the components life, in the
various theoretical approaches for evaluating the effects of the loading and in
identification of remedies.



Specialists Meeting on
"Ageing Effects in NPP Metallic Materials Other than RPV

and Steam Generators Materials (cast austenitics, Inconel, Martenistic Steels, etc.)"

Ageing effects, life thermal ageing in cast austenitic steels, as we!! as stress
corrosion cracking in BWR piping, austenitic internals.and Ni-based reactor pressure
vessel head penetrations are of high importance.

Scope of the Meeting

ageing effects in these materials and their nature/origin,

influence of ageing in these materials on components life,

mitigation activities - realized and proposed.
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Proposed Coordinated Research Programme

Title: Assuring Structural Integrity of Reactor Pressure Vessel
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Proposed Coordination of the IAEA Activities in the field of
Life Management of Nuclear Plant Plants

(1WG-LMNPP, 30.08. - 1.09.95)

In order to assure high efficiency of international programmes in the field of NPP
life management the IWG at its meeting (30.08 - 01.09.95) considered plans for future
programmes and proposed the following basis for a cooperation.

A. The activities of the IWG-LMNPP (in the framework of Nuclear Power Division)
are based on the following official IAEA documents:

Terms of Reference of the IWG on Life Management of Nuclear Power
Plants (IWG-LMNPP)
IWG-LMNPP Priorities

Reports on IAEA programmes in relevant areas (economic, safety aspects of
ageing) have been taken into account.

B. The IWG-LMNPP programmes are oriented at operating utilities, plant owners
and those organizations, institutions and infrastructures which support their
activities.

The programmes of the Safety Division are then proposed to serve the purposes
mainly of regulatory bodies and those organizations which support their activities.

C. It is suggested that IWG-LMNPP (Nuclear Power Division) will cover the
following ageing related topics:

degradation processes,
understanding of aging mechanisms,
monitoring maintenance and mitigation of degradation,
methodology for assessing NPP ageing,
residual life assessment,
NPP life management,
database development,
economics of life management.

Relevant activities of Nuclear Safety Division would take into account results of
the Nuclear Power Division activities and are suggested to be concentrated on the clearly
defined safety aspects of ageing :

safety requirements,
safety review procedures,
safety impact of ageing,
safety implication of extended plant lifetime,
ageing of safety systems.



D. The division of responsibilities is also based on the recognition that the
understanding and monitoring of ageing form the common basis for both the safely
and life management considerations of ageing.

E. Coordination of Activities

Activities of both division will take into account work completed and in
progress of the other division to prevent duplication of work.

Early coordination of future activities and plans (including schedule, titles
and scope of meetings) and exchange of information on all stages of
implementation of plans should be assured.
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INTERNATIONAL WORKING GROUP
ON LIFE MANAGEMENT OF NUCLEAR POWER PLANTS

LIST OF NOMINATED MEMBERS

Country

ARGENTINA

AUSTRIA

AUSTRIA

Name

D. Jinchuk

T. Varga

G. Weimann

Organization/Address

Comision Nacional de Energia
Atomica
Av. Libertador 8250
1429 Buenos Aires
Argentina

Tel: 54-1-756-12-56
54-I.754.74-93

Fax: 54-1-756 12-56
54-I.754.74-93

E-mail: jinchuk@cnea.edu.ar

Technische Universitiit
Karlsplatz 13
A-1040 Vienna
Austria

Tel: 43-1-58801-3431
Fax: 43-1-5878196
Tlx: 131000 tvfav a

Oesterreichisches
Forschungszentrum
Seibersdorf Ges.m.b.H
A-2444 Seibersdorf
Austria

Tel: 02254-84-2710
Fax: 02254-74060
Tlx: 014-353 fzs
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BELGIUM

BRAZIL

BULGARIA

CANADA

J. Berthe

P. C. Tofani

B. Pekov

R. Zemdegs

Tractebel Energy Engineering
Dept. Production Nucleaire
7 Avenue Ariane
B-1049, Brussels
Belgium

Tel: 322-7738421
Fax: 322-7739900
Tlx: 21852 TRACT b

CNEN/CDTN
Cidade Universitaria
C.P. 1941,30161-970
Belo Horizonte MG
Brazil

Tel: 031-441-5143
Fax: 031-443-4744
Tlx:

Committee on the Use of
Atomic Energy for Peaceful
Purposes
69 Shipchenski prokhod Blvd.
1574 Sofia
Bulgaria

Tel: +359 2 703-103
Fax: +359 2 702-143

Equipment & Systms Supp.
Dept.
Nucler Technology Serv. Div.
Ontario Hydro
700 University Avenue
Toronto, Ontario, M5G 1X6
Canada

Tel: (416) 592-8802
Fax: (416) 592-1604
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CANADA

CZECH REPUBLIC

FINLAND

FRANCE

M. Puls

M. Brumovsky

K. Wallin

P. Petrequin

AECL
Whiiesheii Laboratories
Manitoba ROE 1LO
Pinawa, Canada

Tel: (204) 753-2311
Fax: (204) 753-2455
E-mail: pulsm@\vl.aecl.ca

Nuclear Research Institute
Division of Nuclear Materials
25068, Rez (near Prague)
Czech Republic

Tel: 42-2-685-7979, -6S5-7981
Fax: 42-2-685-7567, -685-7519
E-mail: bru@nri.cz

VTT Manufacturing
Technology
P.O.Box T704
Kemistintie 3, Espoo
FIN-02044 VTT
Finland

Tel: 358-0-456-6870
Fax: 358-0-456-7002
Tlx: 126022 vttth sf
E-mail:kim.wallin@vtt.fi

CEA
DTA/CEREM, CE-SACLAY
F-91191 Gif-sur-Yvette Cedex,
France

Tel: 33-1 69-08-6701
Fax: 33-1 69-08-4862
Tlx: 604 641 F Energat Saclay
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FRANCE

GERMANY

GERMANY

HUNGARY

H. Horowitz

K. Kussmaul

R. Gillot

F. Gillemot

Dept. devaluation de Surete,
SAMS
CEN de Fontenay-aux- Roses,
B.P. No. 6
Fontenay-aux-Roses 92265
France

Tel: 46-54-85-09
Fax: 47-46-10-14
Tlx: surin 270049f

Staatliche
Materialsprufungsanstalt (MPA)
Universitat Stuttgart
Pfaffenwaldring 32
D-70569 Stuttgart
Germany

Tel: 49 711 685-2599
Fax: 49 711 685-3144
Tlx: 7255 764 mpa

Staatliche
Materialsprufungsanstalt (MPA)
Universitat Stuttgart
Pfaffenwaldring 32
D-70569 Stuttgart
Germany

Tel: (0711) 685-3043
Fax: (0711) 685-3144
Tlx: 7255 764 mpa

Inst. of Atomic Energy Research
Konkoly Thege 39
P.O.Box 49
H-1525, Budapest 114
Hungary

Tel: 36-1-1699-499/1420
Fax: 36-1-1552-530
Tlx: 22-4722 KFKI
E-mail:
gillemot@aekiru.bkr.kfki.hu
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INDIA

ITALY

JAPAN

JAPAN

KOREA, REP. OF

K. Sahoo

A. Pini

I. Suzuki

N. Nakajima

S. Hong

BARC
^rombay
Bombay 400 085
India

Tel:
Fax: 91-022-5560750
Tlx:

ANPA-DISP
Via Vitaliano Brancati 48
1-00144, Rome
Italy

Tel: 396-500-72-065
Fax: 396-500-72-044
Tlx:

JAPEIC
Business Court, Shin-Urayasu
Bldg.9-2, Mihama 1-Chome
Urayasu-Shi, Chiba-Ken 279,
Japan

Tel: 81-473-80-8560
Fax: 81-473-80-8556
Tlx:

JAERI
Dept. of Reactor Safety
2-4 Shirakata-shirane
Tokai-mura, Naka-gun
Ibaraki-ken 319-11
Japan

Tel: 0292-82-5292
Fax: 0292-82-5406
Tlx:

Korea Electric Power Corp.
103-16 Moonji-Dong, Yusong-
Ku
305-380 Taejon
Republic of Korea

Tel: 042-865-5670
Fax: 042-865-5214
Tlx:
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NETHERLANDS

RUSSIA

SLOVENIA

SPAIN

SPAIN

A.M. van Dort

Y. Dragunov

B. Glumac

J. Pelaez

M. Hernandez

N.V. Kema
P.O.Box 9035
6800 ET, Arnhem
The Netherlands

Tel: 0031-85-56-2688
Fax:0031-85-51-8092
Tlx:

OKB "GIDROPRESS"
Ordzhonikidze 21
142103, Podolsk
Russia

Tel: 095-137-9108, 09675-37232
Fax: 095-927-5375, 09675-42733
Tlx:

Inst. "Josef Stefan"
Jamova 39, P.O. Box 100
Ljubljana
Slovenia

Tel: 061-188-5450
Fax: 061-374-919
E-mail:bogdon.glumac(f7'ljs.sl

CIEMAT
Avda. Complutense 22
28040 Madrid
Spain

Tel: 0034-1-34-66-605
Fax: 0034-1-34-66-605
Tlx: 23555 CIEMA-E

CIEMAT
Avda. Complutense 22
28040 Madrid
Spain

Tel:
Fax:
Tlx:
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SWEDEN

SWITZERLAND

UKRAINE

UKRAINE

UK

G. Hedner

Ph.Tipping

E.U.Grinik

N.S. Zaritsky

L.M. Davies

Swedish Nuclear
Power Inspectorate
T.O.Box 271 06
S-102 52 Stockholm
Sweden

Tel: 08-665-4400
Fax: 08-661-9086
Tlx:

Swiss Federal Nuclear Safety
Inspectorate
CH-5232, Villigen-HSK
Switzerland

Tel: 0041-056-99-3926
Fax:0041-056-99-3995

Inst. for Nucl. Research
Prospekt Nauki, 47
252028, Kiev
Ukraine

Tel: 044-265-14-56
265-44-91

Fax: 044-265-44-63
E-mail: kinr@sovam.com

Ministry for Environmental
Protection and Nuclear Safety
of Ukraine
Scientific and Technical Centre
Kharkovskave Shosse, 17
253090, Kiev
Ukraine

Tel: 044-558-24-88
Fax: 044-559-98-06

176 Cumnor Hill
Oxford, Oxon OX2 9PJ
UK

Tel: 01865-86-21-19
Fax: 01865-86-21-19
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UK

USA

EC

OECD

B. Tomkins

C. Pugh

J. Guinovart

A. Miller

AEA Technology
Rislev, Warrington
Cheshire, WA3 6AT
UK

Tel: 0044-1-925-253688
Fax: 0044-1-925-252376
E-mail:
brian.tomkins(« aeat.co.uk

ORNL
P.O.Box 2009
Oak Ridge
Tennessee 37831-8063
USA

Tel: 615-574-0717
Fax: 615-241-5005
E-mail: pug(» ornl.gov

EC(European Commission)
DG XI/C2/ BU-5 6-121
Safety of Nuclear Installations
Rue de la Loi 200
B-1049 Brussels
Belgium

Tel: 32 2 296 6190
Fax: 32 2 295 0050

OECD/NEA
Le Seine Saint Germain
12, Boulevard des lies
92130 Issy-les-Moulineaux
France

Tel: 33-1-45-24-10-57
Fax: 33-1-45-24-11-10
E-mail: alex.miller@oecd.org
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For the period 1975 - 1978 the following general topics, within the

scope of activities of the Working Group should be covered by its activities

as being of practical interest for operators and constructors: of nuclear

power stations:

l). Degradation of caterials during construction and service.

2.) In-service inspection.

3). The application of fracture mechanics and probabilistic techniques to

assure pressure component reliability.

A number of Technical Committees to be held and documents to be

published by the Agency were proposed to cover the above-mentioned topics

within 1975 - 1978.

Practical ways of cooperation with the international organizations

which have activities in this field, were reccmnended.



Comments and proposals by the Scientific Secretary

1. The response of the Member States and international organizations

invited to nosins+e their experts into the International Working Group

on Reliability of Reactor Pressure Components shows that the steps

undertaken bv the Agency's Secretariat for re-organization of the

r»G on Pressure Vessels were timely and actual.

2. It is realistic to suppose that the IVJG in its present composition

(high professional level of the nominated experts and their

responsibility in the field in their countries) can fulfill the

objectives of the IWG. (See Terms of Reference).

3. The results of the first meeting of the IWG show that its participants

support the new trends in activities of working groups sponsored by

the Agency:" to provide the Secretariat of the IAEA with advice and

recommendations on the Agency's activities ar.d, specifically, on

priority, scope and contents of publications in form of guides and

manuals."

Hovrever, it is necessary to stress here that it required some effort

to convince some of the participants that such activity is possible

and actual and the Agency is not going to substitute other inter-

national and technical organizations, creating norms and standards

for nuclear technology.

/ 4. The programme of activities recommended by the IV.'G seems to be

realistic and it is proposed that the preparations for its implementation

should be started, according to usual Agency procedures.

5» It is proposed that enclosed reports should be sent to the members to

the IWG-RRPC, as a guiding document for its activities.

6. It is proposed that a letter should be sent to the members of the former

IWG on Pressure Vessels, informing them on the re-organization of the

Group, the above-mentioned report being enclosed.

7. As the proposed activities of the Working Group covers (in the field of

pressure components) the application of NDT for inspection and testing,

it is proposed that the International Working Group on Non-Destructive

Testing, established in 1972, should be cancelled. The respective

Member States will be informed by an official letter.



INTERNATIONAL WORKING GROUP ON

RELIABILITY OF REACTOR PRESSURE COMPONENTS

(IWG-RRPC)

(Report on the re—organization of the IWG

on Pressure Vessels)

Contents:

I. Background.

II. Organizational Matters.

III. Meeting of the IVJG-RRPC.

Attachment I. List of the participants in the Meeting.

II. Terms of Reference for the IWG-RRPC.

III. Programme of activities for 1975-1973.

IV. Some recorsaendations on practical ways of

implementation of the proposed "Programme

of activities".



International Working Group on Reliability of

Reactor Pressure Components (iWG-RRPC)

I. Background

This Working Group is the re-organized Working Group on Pressure Vessels

(initially called ItfG on Engineering Aspects of Irradiation Smbrittlement

of Reactor Pressure Vessel Steels). That Group was established in 1968 with

the objective to promote exchange of information and to stimulate, and if

possible, co-ordinate research in interested Member States and organizations

on this subject. A number of meetings were held and/or initiated by that

Working Group. A co-ordinated research programme on Irradiation Embrittle-

,i ment of Pressure Vessel Steels was implemented on an initiative of the Group

and has been successfully carried out in nine research institutes in eight

Member States. A number of articles and monographs have been published by

the Agency on the subject.

The activities of that Working Croup have thus helped to show that

there is now enough knowledge about irradiation embrittlement to form a

basis for safety considerations of structural reactor coiuponents.

To respond to the present needs for accelerated introduction of nuclear

power, also in developing countries, and to contribute to an improvement in

the reliability of nuclear power plants the Agency has re-fornulated its .

general programme in nuclear power plant technology. Starting with 1975t

J this programme should emphasize the provision of information and advice to

nuclear plant owners and assist in assuring reliability of the plants. In

this context the existing Working Groups, including the Working Group on

Engineering Aspects of Irradiation Eabrittlement of Reactor Pressure Vessel

Steels, are to be re-organized and their objective re-forcaulated.

The following considerations also contributed to the decision to

re-organize the former Group:

- Irradiation embrittiement of pressure vessel steels is only one

of a number of problems connected with the reliability of reactor

pressure components?

- 'iJ- ~
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- research and development activities for assurance of reliable

operation of reactor pressure components exist in a number of

Member States and there is an obvious desire to establish an

international dialogue on certain aspects of these programmes.

The re-organization of the Working Group serves both to expand the

area of its interest and to change the objectives of its activities. The

activities of this Working Group is oriented to those interconnected

practical problems of design, fabrication, installation, testing, operation

and maintenance of power plant pressure cystens and components which would

be of immediate interest and use for operators, including developing count-

ries embarking on nuclear power projects. The final' aims of this activity

is preparing information and recommendations in form of guides and manuals

for power plant owners and operators which they may use in various phases

of project implementation, such as contracting for power plants, inspections,

operation, maintenance and repair of power plant pressure systems and com-

ponents. One of the means to achieve these final goals (and also as a mean

to collect necessary information) is continuing WG's activities on exchange

of information on new developments and stimulation of research and develop-

ment effects, if necessary.

II. Organizational Matters

The following steps were undertaken by the Secretariat of IASA in

preparing re-organization of the Working Group on Pressure Vessels:

- The need and possibility to re-organize the above-mentioned Working

Group was determined through discussions and consultations with

experts in the field;

- the draft of the Terms of Reference of the new Working Group was

prepared (especially in the part of Scope and activities);

- a list of countries and specialists recommended to be invited

to participate in the IWG was composed;

- a letter of invitation to the possibly interested Member States1

Governments was prepared and sent;

- an outline of the preliminary agenda of the first meeting of the

new IWG was prepared and sent to the nominated experts.
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\
The following countries and organizations were invited to nominate

their experts into the IW'G-RRPC:

1.
2.

3.
4.

5-
6.

7.
8.

9-
10.

11.

12.

13-

14.

15-
16.

17.
18.

19.
20.

21.

Argentina .

Belgium

Canada

CSSR

Denmark

Prance

Federal Republic of Germany

German Democratic Republic

India

Italy

Japan

The Netherlands

Spain

Sweden

Switzerland

U.K.

U.S.A.

U.S.S.R.

03CD 1JEA

CEC

CM3A

The following countries and organizations expressed their desire to

join the Working Group:

1.
2.

3-

4-
5-
6*

i •

8.

9.
10.

11.

12.

13.

Belgium

CSSR

Denmark

Prance

Federal Republic of Germany

India

Italy

Japan

The Netherlands

Spain

Sweden

Switzerland

U.K.
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14.
15-
16.

17.

U.S.A.

U.S .S .R .

OSCD NEA

CEC

The following experts were.nominated by their Governments to this

Working Group and appointed as permanent members of it by the Director

General of the Agency:

Mr. Barrachin

Mr. R. Filip
(Mr. Kikous-altemate)

Mr. D.G.H. Latzko

Mr. S. Miyazono

Mr. R. Nichols

Mr. A. ITielsen

Mr. G. Ostberg

Departement de Surete* Nucle*aire
Service d'Etudes Techniques de
Surety
CEA
Centre d'Etudes Nucle"aires de
Saclay
B.P. Ho. 2
91190 Gif-sur-Yvette
France

Nuclear Plants Division
Skoda National Corporation
Plzen
CSSR

Laboratory for Nuclear Engineering
Department of Kechanical Engineering
Delft University of Technology
Rotterdanisweg 139A
Delft
The Netherlands

Safety Engineering Division
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokio
Japan

Risley Engineering and Materials Laboratory
U.K.A.E.A.
Risley, Warrington, Lanes.
U.K.

Danish Atomic Energy Commission
Research Establishment ^
4000 Roskilde
Denmark

AB Atomenergi
Pack Studsvik
61101 Nykoping 1
Sweden
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Kr. J.D. Pedregal

Mr. Peter

Mr. Pietrangeli

Mr. V. Salkin

Mr. K.S. Sivaramakrishnan

Mr. L. Steele

Mr. M.T. Varga

Junta de Energia Nuclear
Direccidn de Reactores y
Combustibles Nucleares
Cindad Universitaria
Madrid-3
Spain

Rheiniseh-V.'estfalischer Technischer
Uberwachur.gsverein e .V.
Buscheystrasse 33
D-5S Eagen
Federal Republic of Germany

Comitato Nazionale per I1Energia
Nucleare
Viale Regina Margherita 125
1-00198 Rome
Italy

Socie*te* Cockerill
4100 Seraing
Belgium

Radioraetallurgy Section
Metallurgy Division
Bhabha Atonic Research Centre
Trorabay
Bonbay 400 085
India

Theraostructural Materials Branch
Engineering Materials Division
Kaval Research Laboratory
Washington D.C. 20375
U.S.A.

Sulzer Freres SA
Abt. 1502
84OI Winterthour
Sv;itzerland

U.S.S.R., though expressing a desire to join the Group, has not

yet nominated an expert.

Two experts were nominated as observers:

Mr. N.de Boer

Mr. H. A. Kaurer

OBCD
Nuclear gnerey Agency
Nuclear Development Division
38 Boulevard Suchet
75016 Paris
France

CEC
Direction ge'ne'rale des af fa i res
indus t r i e l l e s et technologiques
200 rue de l a Loi
1040 Bruxelles
Bel
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Kr. R. Nichols from UKAEA Risley Engineering and Materials

Laboratory was nominated as a first Chairman of the IWG-RRPC.

II. Meeting of the IVfC-RHPC

The first meeting of the Working Group was held on 17-19 February

1975 a-t the Agency's Headquarters in Vienna, Austria.

The objective of the meeting was to review and approve the Terss

of Reference of the IWG prepared by the IAEA Secretariat and to elaborate

a detailed programme of its activities.

The meeting was attended by 19 participants from 11 countries and 2

International Organizations. (See attachment I).

The Opening Speech was presented by Mr. Y. Chernilin, Deputy Director

General, Department of Technical Operations.

Mr. L. Bteele from U.S. Naval Research Laboratory, served as a chair-

man of the meeting.

During three days' discussions the participants reviewed in detail

the Terms of Reference of the IWG-RRPC. The main emphasis in the discuss-

ions was laid on the chapter "Scope of activities". A newly formulated

list of topics which should be covered by the IWG activities was approved •

and included into the Terms of Reference. The Terns of Reference were

approved as a whole and adopted as a basis of the LN'G'S organization and

further work. (See attachment II).

Further discussions on the meeting was devoted to the elaboration of

a concrete programme concerning work of the IWG for the period 1975-1978,

within the scope of its activities, outlined in the Terms of Reference.'

Detailed recomnendations given by the participants for the IAEA

activities in the field were then discussed and formulated as a separate

document (see attachment III) at the consultants' meeting which followed the

IY/G meeting. (20-21 February, Consultants: Mr. D.G.K. Latzko, Mr. A* Nielsen,

Kr. L. Steele.)
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Practical proposals for implementation of the programme were given by

the consultants on the basis of discussions on the IWG meeting, (see •

attachment IV), It was generally agreed that the Scientific Secretary of

the Group would undertake steps for realization of these proposals within

the normal procedures of the Agency and with the help of the IWG's members.

The results of the efforts should be reported at the next TAG meeting which

is proposed to be held in spring 1976 in Vienna.
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Technical Committee: International Working Group
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Mr. ANDERSEN

Mr. B. BARRACHIN

Mr. N. de BOER

Mr. DIAZ-AJA

Mr. KIR3Y

Mr. KUSSMAUL

Mr. D.G.H. LATZKO

Danish Atonic Energy Co^nission
Research Establishment Ris/4
4000 Roskilde
DENMARK

Departeraent de Surete* Nucle*aire
Service d'Eludes Techniques de
Suret<?
Commissariat a L'Energie Atoxique
Centre d'Etudes Nucle'aires de
Saclay
B.P. No. 2
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FRANCE
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U.K.A.E.A.
Risley, V.'arrington, Lanes.
UK
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Laboratory for Thermal Power
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Rotterdansveg 139A
Delft
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Mr. KAURER

Mr. A. NXJLLSEN*

Mr. G. DSTBSRG

Mr. PETER

Mr. G. PISTRANGSLI

Mr. P . PETREQUIN

Mr. ROCHE

Mr. RODRIGUEZ-SOLANO

Mr. V. SALKIN

CSC
Direction ge'ne'rale des affaires
industrielles et te*chnologiques
200 rue de la Loi
1040 Bruxelles

Danish Atonic Energy Commission
Research Establishment Risp
4000 Roskilde
D2&IARK

AB Atoaenergi
Fack Studsvik
61101 Nykbping 1
SWEDEN

Rheinisch-V.'estfalischer Technischer
Uberwachungsverein e.V.
Buscheystrasse 33
D-58 Hagen
FEDERAL REPUBLIC OF CSRMAKY

Comite" national poiur l'e'nergie
nucle"aire
Viale Regina Kargherita
1-00195 Rome
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Depirtenient de Technologie
Centre d1 Etudes Nucle*aires de
Saclay
B.P. No. 2
91190 Gif-sur-Yvette
FRANCE

Service des Etudes Mecaniques
Centre d1 Etudes Kucle*aires de
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FRANCE

Junta de Energia Nuclear
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SPAIN

Inge*nieur-Chef de Service
a l a Socie*te Cockeri l l
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BELGIUM
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Mr. C. SCIBCHA

Mr. L.E. ST2ELS

Mr. M.T. VARGA

Mr. A.J. POLLIART

Mr. N. RAISIC

Mr. G. FATIGAROV

Comity national pour l'^nergie
nucle*aire
Divisicne Materiali
CNEN-Casaccia
Via Anguillarese
Rome
ITALY

Head
Thermostructural Materials Branch
Engineering Materials Division
Naval Research Laboratory
Washington D.C. 20375
USA

Sulzer. Freres SA
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84OI Winterthour
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Director
Division of Nuclear Fower
and Reactors
IAEA

Division of Nuclear Power
and Reactors
IAEA

Division of Nuclear Power
and Reactors
IAEA
Scientific Secretary of the
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HE:T II

TERMS OF REFERENCE

for

International 'Working Group on Reliability

cf Reactcr Pressure Components (r..'G—KrLFC)

These Terns of Reference were approved by the IY?G—RRPC at i t s meeting

on 17-19 February 1°75 an^ serve as a basis of the IWG's organization and

act iv i t ies .

They are subject to discussion and revision, i f necessary, at annual

meetings of the Working Group.

1. Objectives

1.1 To assist the International Atcrdc Energy Agency to provide its Member

States with information and coraents on design aspects, material

selection, fabrication aspects, testing and 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 field of reactor pressure components technology in Member States

and organizations.

2. Scope of activities

The IWG-RRPC should provide the Secretariat of the IASA 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 upf and

shut down.
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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).

Patique 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, fatique crack

growth (selection of test methods).

Time dependent effects: strain aging, thermal aging, hydrogen

erabrittlement.

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 IJD-inspection.
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Qualification of personnel, procedures, materials and equipment.

Production control samples (to certify the practice).

2.5.1 Preservice inspection (methods and criteria).

2.5.2 Proof testing for leakage and crack preparation (hydrolic or pneumatic).

Dimensional and strain measurement.

AS-surveillar.ce.

Requirements for procedures and reporting, including first pressurization.

I 2.5.3 In-service inspection and surveillance.

Kanual and remote inspection methods and equipment and calibration.

Areas to be examined.

Inspection intervals.

2.5.4 Surveillance programme.

Requirements including irradiation eanples (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 is 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.

Keetings related to excange of information on new development will

be held periodically and at least once in two years.
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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 thenselves with activities in a part-

icular Member State.

4» Organizational matters

4.1 Membership

Each Member State participating in the Working Group reconraends one

expert whom the Director General appoints as a permanent member of

the KG. Each member of the ItiG should be an expert actively work-

ing in the field of reactor pressure components technology or having

broad responsibilities in this field.

As a means of ensuring continuety, members from the states having

major programmes in the field of reactor pressure components technology

would normally serve on the IWG for a period of not less than three

years.

4 '2 Chairmanship

A Chairman of the IWG is nominated by the Director General from the '

members of the Working Group. The chairmanship will be rotated among

the members of the IWG periodically, not less frequently than every

three years. The chairman should 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 docu-

ments. 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. . •
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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' Governnents. •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.

* • * * » * •



ATTACHI-KiT III

PROGRAMME OF ACTIVITIES

Within the scope of activities outlined in the Terms of Reference

the following specific activities are recommended by the IWG for the

period 1975-1978, keeping in mind the aim of providing information of

immediate practical interest to countries and operators embarking upon

new or expanding existing nuclear power programmes.

1. Technical

The suggested topics for Technical Committees include three general

categories:

1.) Degradation of materials during construction and service.

2.) In-service inspection.

3.) The application of fracture mechanics and probabilistic techniques to

assurance of pressure component reliability.

If possible, an expert should summarize the conclusions of each

technical committee activity in terras which optimize the transfer of

information to nev; reactor ov.-ners whether electric power companies or

developing nations.

1.1 Fracture mechanics applications. Implications of detected flaws

The aim of this committee would be to provide specific recommendations

-for assessing the implications of flaws detected in existing reactor

pressure components for the reliability, allowable modes of operation

and remaining service life of such components. Such recommendations

should be based on the latest state-of-the art of fracture mechanics,

including the effects of plasticity and multi-axial stress states

where relevant. They should be presented in such a form as to be

directly applicable by non-specialists in the field of fracture

mechanics, notably local inspecting authorities and power plant oper-

ating staff.

It is desirable that the information contained in the special technical

publication on fracture mechanics outlined below (see 2.1) be provided
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to the raeeting(s) of this committee and updated as a result of such

(a) meeting(s) where relevant.

1.2 Stress Corrosion Cracking. Pro'sler.s in the Primary Pressure System

The phenomenon of stress corrosion has been studied in depth in

laboratories and cases of service failure have been reported. This

technical committee should identify the causes and consequences in

reactor service and assess ways in which this critical problem may be

prevented or minimized.

1.3 NDT techniques, leak detection and flaw description

The usefulness of a fracture mechanics approach is largely dependent

on the probability with which a defect of a certain size and larger

is detected. The technical committee should make information on the

subject available for statistical analysis.

Defects must be described by type and dimension if a fracture mechanic's

approach is to be applied. The technical coissiittee should promote the

development and use of 1JDT methods for this purpose.

1.4 Tinie and Load Dependent Degradation of Pressure gour.dary Materials in

Service

The mechanical properties of steels normally applied in pressure

boundary components of water cooled nuclear reactors aay be subject to

degradation due to construction or service-related factors: strain

aging, thermal aging, hydrogen and irradiation enbrittleaent. In

addition, flaw growth may through low cycle fatigue affect the load

carrying capacity. The TC should promote review of knowlege of these

effects and their implication to the reliability of reactor pressure

components.

1.5 Reactor Vessel Surveillance; Results of Progyan-es Conducted and

Proposals for Revision

Specimens of reactor pressure- vessel steels are placed in capsules

near the vessel wall for periodic removal to assess radiation embrittle-



ment of the vessel. Results of surveillance in a number of reactors

which have operated for a period of a year are available. The technical

committee should review and analyse these results on an international

basis. Further, the implications of available results should be

reviewed in the context of existing codes and standards and proposals

should be provided for modification to improve the output of future

programmes.

1.6 Reliability Engineering based on Probabilistic Analysis

Statistical treatments are necessary if reliability is to be qualified.

An ASME book edited by Dr. Gangadharan entitled "Reliability Engin-

eering for Pressure Vessels and Piping" will be published in mid 1975*

The Technical Committee should advance guidelines for applying this

approach to light water reactor pressure components.

2. Special Publications

In order to furihcr the goals cited by the IWG-RRPC it is recommended

that experts be sought to prepare special publications on the following

topics:

2.1 Docunentation of Griterical References for Assuring Reliability of

Reactor Pressure Components

The Working Group will undertake! as a priority task, the collection

of guides, standards, specifications, regulations, codes of practice

and other documents which describe, for the several nations producing

nuclear power systems, those important to the reliability of light

water reactor pressure components. After these documents have been

identified (at least by t i t l e and number), a special publication

should be proposed which catalogs these in the framework of the out-

line of the scope of activities. (See Terms of Reference, paragraphs

2.1-2.5)

2.2 Fracture mechanics: Critical needs
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While the principles of linear elastic fracture mechanics (LEFV:)

have now been factored into a document* of immediate use to reactor

owners and inspecting authorities, application of the recommendations

contained therein to flaws occurring at Iccaticr.s of complex geometries

and stress states remains largely speculative. Moreover the conser-

vatism of applying L35T-S to the tough steels used for LV.'R pressure

boundaries is well recognized and has led to extensive research in the

area of elasto-plastic of yielding fracture mechanics. While an auth-

oritative review of this research and its theoretical "background and

limitations "by Turner and Burdekin has recently appeared in the

"Atonic Energy Review"**, the task of translating both this inform-

ation and that pertaining to the assessment of flaws in regions of

complex geometries and loadings into useful data for and critical needs

of reactor owners and inspections authorities regains to be under-

taken. In accordance with the above the IWG recor^ends the preparation

of a special technical publication emphasizing especially:

1. code application requirements.

2. elasto-plastic fracture mechanics (especially the low enrgy

shelf question).

3. description of large component behaviour by small specimen

tests.

4. dynamic effects.

* Appendix "C" to ASKS Boilerand Pressure Vessel Code, Section III

** Atomic En. Rev. 12 (1974), 3, PP 439/504

2.3 Pressure testing: Engineering siraificance and the implications of

assumed flaws

The debate in the nuclear community on the pro's and con's of repeated

hydrotests for reactor pressure vessels has carried on for a number of

years without leading to any clear-cut and widely accepted conclusions.

While the proponents cite i.e. the beneficial effects of crack tip

closure for the arrest of subsequent fatigue crack growth, the opponents

warn against possible deleterious effects of overstressing, e.g. through

slow, ductile tearing and crack tips during proof testing and refute

all claims to increased fatigue lifetime on the ground of insufficient

knowledge. If the principle of pressure proof testing is accepted the
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stresses occurring during- proof testing indicate an upper licit of

possible crack size. On the basis of such an assumed fl̂ v; an assess-

ment of life-time (based en growth of the assumed flaw) under oper-

ating conditions might be computed.

Considering the above factors ar.d the fact that -.ost currently

operating light water reactors are not equipped for periodic pressure

proof testing it is reconi.v.ended that this publication review all facets

of this question citing especially the argunents both for a>-d against

the procedure and the implications to component life resulting from

extension of the assumed flaw as night result froa low cycle fatigue

action.

2.4 Microstructure, Therrr.odyria.~ic influence and ygchar.ica.1 Properties

It is generally left to the steelmaker to decide on metallurgical

procedures required to satisfy the mechanical properties prescribed

by the customer and to see to it that they are within specified

composition limits, set by appropriate national standards. The

customer, however, should be interested in the correlation between

mechanical properties and microstructure in order to understand the

influence of possible treatments given to the structure during reactor

construction and operation, A special publication should be prepared

to explore two aspects of these questions:

1, the relation between the basic thermodynamics steel

composition, microstructure and properties for reactor grade

steels;

2. to develop guidelines from the users view which reflect the

above noted interactions occurring during steel production and

"the later influences related to construction (especially

welding, stress relief, repair, etc.) and to operation.

2.5 Evaluation of localized Regions of Varying Fracture Toughness

The toughness of a steel reactor pressure component night be

changed considerably within a small volume of its structure because

of welding h^at treatment and service conditions. This might have

significant influence on component failure probability. Since this
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situation does not readily lend itself to fracture mechanics

evaluations using present methods, a document should be prepared

outlining this problem, its causes and possible solutions, and giv-

ing guidelines as to the possibilities for local measurement of

fracture toughness as well.

3, Liaison Activities

It is recciLTiended that technical liaison be established between the

IAEA Working Group on Reliability of Reactor Pressure Components and

selected organizations dealing with similar subjects. To the greatest

extent possible existing personal ties between members of the Working Group

and such organizations should be utilized. These organizations should

include:

CEC - NEA,

IIW,

EFRI,

F/RC, etc.

4. Additional Areas for Consideration

4.1 Piping, pumps and valves.
t

4.2 Steam Generators.

4.3 Secondary containment vessels.

4»4 Concrete vessels related components.

4.5 Pressure tube reactors.

4.6 Repair procedures and assessment of requirements and results.

4.7 Requirements for higher strength steels for pressure components.

6
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5» Conference

A conference to siL-aiiarize the primary results obtained in the first

three years of the i.'orkir.g Group activities is recommended. A proposed

title vould be "Conference on Engineering Reliability of Reactor Pressure

Components". The scope and content of the conference should be discussed

at the next IVJG meeting.

6. Working Group I'eetir.g

It is proposed that the group meet next in Vienna in May 1976. The

Scientific Secretary should prepare information on steps undertaken for this

meeting within the scope of the proposed programe of activities.



ATTACHMENT P.'

Some Recommendations on practical ways of ir.olenentation

of the rrorosed "Prorrar^e cT activities"

1. Technical Committees

1.) (See corresponding numbers on the Programme of Activities)

1.1 It was recommended that this TC should be held in September 1975

just after the 3rd International Conference on Structural Mechanics

in Reactor Technology which is planned to be held on September 1-5 in

London.

The IWG members from Sweden and Switzerland agreed to explore the

possibility for their countries to serve as host for this meeting.

It was also agreed upon that the Scientific Secretary of the Group

should explore, with !«5r. Nichols from UK , the possibility to hold

this meeting in London after the above-mentioned conference, which

would be convenient for oversea experts to attend and also shorten

their expenditures.

1.2 It was agreed that either FRG or Sweden or USA may serve as hosts for

this meeting. The preferrable time of the meeting would be at the

end of 1975, beginning 1976.

1.3 It is recommended that this TC should follow the International

Conference on In-Service inspection which is planned to be held in

1976 in London, as its logical extension. Inquiries of any questions

arising should be done by the Scientific Secretary through correspond-

ence with the IWG16 Chairman, Kr. R. Nichols. The French member of

the IWG agreed to inquire about the possibility to hold the meeting

in his country.

1.4 1.4- and 1»5» (recommended place - USA or Switzerland), 1.6. detailed

proposals for places and data of these TC should be determined through

correspondence and on the next meeting of the IWQ.
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Though the topics for Technical Committees mentioned in chapter 1

of the Progranae of Activities , recoz^ended for 1975-1978, the partici-

pants believed that some topics mentioned in chapter 4 of the Progra^e

nay become ox" actute importance in this period and possibility to have

activities in these fields should be under constant attention of the

Working Group.

Special Publications. (2)

It was recommended that the Secretariat of the Agency should start to

inquire about authors for the listed publications through correspondence vith

the IWG's members during 1975-1976.

Liaison activities (3)

It is recommended that the liaison activities with mentioned organi-

zations should go through the following members of the IWG and on the

follov:ing subjects:

CEC D. Latzko, K. Maurer, R. Nichols, A. Nielsen - Fracture mechanics, 1JDT,

V.'elding and Heat treatment;

IT/! C. Dstberg, A. Nielsen - Residual stresses, stress relief, "brittle

fracture, behaviour of metals sujected to welding;

EPRI L. Steele - Fracture mechanics, statistical evaluation of pressure

steels,

PVRC D. Latzko, L. Steele, and personal contact of the Scientivic Secretary

with the Secretary of PVRC - Kr. C.F. Larson - information on research

sponsored by PVRC and applicable to IWG goals.

It is recommended that above-mentioned IV/G's members would inform

respective organizations on activities of the HG and would inform the L.'G

on meetings and/or through correspondence on activities of these organizations

relevant to the activities of the IWG-RRPC.

As the objectives of the IWG-RRFC are obviously different from those

of the above-mentioned organizations, it is understood that there will be

-16S -
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no overlapping in their work and results of their activities can be used

by each organization for achieving their goals.
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