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THE STEAM GENERATORS COMPONENTS INSPECTION PROGRAMME OF PISC III 

C. Birac (CEA, Fontenay-aux-Roses, France) 
H. H.rkenrath (JRC Ispra, CEC) 

ABSTRACT PRELIMINARY STUDY TRENDS 

As a result of an enquiry conducted in 1986 and 
1987 the extention of the PISC methodology has 
been decided for the Steam Generators Components 
Testing techniques evaluation. 

Besides calibration tubes and training 
tubes to be circulated amongst the participants, 
three phases are organized: 
- capability tests on loose tubes, 
- capacility tests on a transportable mock-up, 
- reliability tests on fixed mock-ups one of 
which has to contain interesting portions of 
the Surry Steam Generator. 

It is hoped to assess the performance and 
to identify clear trends for what concerns de
fects detection location and characterization in 
steam generators tubing as it has been obtained 
by PISC II in pressure vessel steel structure;:. 

INTRODUCTION 

The steam generators components inspection pro
gramme is part of the Programme for the Inspec
tion of Steel Components, which is now in its 
tnird phase (PISC III1 (1). 

In the PISC III programme special emphasis 
is placed on representativeness and realism of 
defects in the structures. Therefore, in addi
tion to the studies on heavy plates, conducted 
as part of the work on the main primary circuit, 
the next logical step would be to exa-ine steam 
generator tubes, given their safety role as the 
barrier between the primary and secondary 
cooling systems. 

The previous programmes on heavy plates (1) did 
not raise any major problems as to the types of 
defect to be introduced into the welds since all 
the participating countries were interested in 
virtually the same type of defect. 

For steam generator tubes, different ap
proaches to design and operating conditions have 
been adopted in the different contries, so that 
the failure mechanisms may vary from one country 
to the next. As a corollary, the test methods 
are adapted to detect and/or characterize a 
given type of failure. 

In view of this situation, it seemed neces
sary to carry out a preliminary study in order 
to evaluate the priorities to be assigned to the 
different failure mechanisms under considera
tion. The main objective of the programme fcr 
steam generator testing will apply to the fail
ures listed but will remain identical with that 
of the other PISC activities, namely the experi
mental testing of test procedure performance. 

Since more detailed information on the 
studies of the SUPRY Steam Generators Project in 
USA have become available the results have been 
examined in view to their implication on the 
PISC III SGT Action. 

The preliminary study consisted in sending 
a questionnaire to participating countries with 
the following main objectives: 
- assessing the degree of interest of each par

ticipating country in the PISC III programme 
rrçarding the different fax lui e mechanisms for 
steam generator tubes so as to define the 
evaluation of the test procedure performance 
with respect to the failure mechanisms; 

- surveying all the tubes and mock-ups available 
and their main properties. 



This ••3>s done by dividing the questions 
into four categories: 
- tube design characteristics; 
- Steam Generator operating characteristics; 
- failure mechanisms (existence and degree of 
interest) ; 

- available tubes ana mock-ups. 
Seventeen bodies in 11 countries (B, CH, 

CNO, D, E, F, GB, I, J, SF, USA) answered the 
questionnaire. Only two bodies did not wish to 
participate. The following trends were observed 
from the answers: 
- Regarding the various failure mechanisms 
listed (wastage, denting, pitting, wear, IGA, 
IGSCC, transgranular attack, fatigue), the 
three of most interest to the participants 
are, in decreasing order: wear, IGA, IGSCC. 
Moreover, the participants gave, in decreasing 
order, wear, IGSCC and wastage, as the failure 
mechanisms most frequently observed in their 
steam generators, and transgranular stress 
corrosion and fatigue as the least seen. 

- There were many proposals on tubes or mock-
ups, received from nine bodies in eight coun
tries (B, D, E, F, GB, I, SF and USA). Analy
sis of the proposals showed that: 
. Only tubes from the SURRY steam generator 
showed up failures induced during operation, 
namely denting, pitting and wastage along 
with copper deposits. The other proposals 
concern laboratory induced failures, as the 
bodies which removed tubes also carried out 
destructive testing on them. 

. Certain failure mechanisms were sparsely 
represented in the proposals, especially IGA 
and the different types of wear, even though 
these were among the phenomena provoking the 
most interest or among the most frequently 
observed by participants. 

IMPLICATION OF THE SURRY WORK 

The examination of the SURRY results has shoxn 
for example that: 
- the SURRY steam generators were attacked by 
severe denting; 

- the mainly observed defects were of the pit
ting/wastage type and SCC associated with 
denting whilst PISC members are interest in 
other types of defects e.g. IGA, IGSCC, trans
granular attack, fatigue; 

- evrn restricting the defect types to pitting 
and wastage the EC performance using the 
conventional technique was poor; 

- the signals observed in the SURRY generator 
tubes are complex. 

From these observations are arising recom

mendations to the SGT programme: 
- There is a need for capability studies to: 
a) demonstrate the capability of detection and 

sizing of the types of defects identified 
in the PISC survey i.e. wastage, pitting, 
wear, IGA, IGSCC, TGSCC, and fatigue 
cracks ; 

b) demonstrate the capability of detection, 
sizing and characterization of complex de
fects and combinations of defect with ex
ternal perturbations (deposits ...) ; 

c) demonstrate the capability of detection, 
sizing and characterization of the above 
defects in specific complicated geometries 
of interest e.g. tube sheet region, tube 
support plate region and antivibration bars 
etc. 

- There is a need to identify sources of pertur
bations which complicate signals in bi th un-
defected tubes and defected tubes in areas of 
complicated geometry. 

- Thetfe is a need for performance demonstration 
of improved methods of data processing and 
signal analysis. 

STEAM GENERATOR TEST GUIDELINES 

a) Objective and content 
The objective is relatively close to that of 
the heavy plates programmes, i.e.: 
"Experimentally evaluate the performance of 
the test procedure used for steam generator 
tubes in nuclear power plants, chiefly during 
initial or periodic inspections." 
The proposed exercise consists of round robin 
tests on tubes and mock-ups with realistic 
geometries and failures of the types listed 
in the questionnaire. Furthermore, a similar 
exercise on a radioactive mock-up with ser
vice-induced failures is also proposed. 

b) Programme 
Regarding the procedures, although the re
plied to the questionnaire showed that most 
of the observed failures were found by means 
of eddy current testing, it seems necessary 
not to limit the experiments to eddy current 
testing alone, since certain procedures use 
other non-destructive methods (ultrasonic 
testing, sipping er.c.i. Regarding the fail
ures in the tubes to be examined, the follow
ing preliminary remarks may be made: 
- A special significance is attached to the 

realism of the geometry and the failures. 
From this standpoint, the mock-up from the 
SURRY r.team generator ( ̂  ) is of particular 
interest since it is the only proposal so 



far for faults induced in service. 
- Yielding on the requirement for representa

tiveness and realism of failures, it is 
also important to have simple defects (no 
superposition of different types of fail
ure), and different defect sizes (not only 
large defects), which would be representa
tive of the failure mechanisms clearly of 
interest to participants, namely the dif
ferent types of wear, IGA, IGSCC and wast
age. Nevertheless, it would seem inappro
priate to exclude denting and pitting at 
this stage. These failures would be repre
sented in loose tubes sealed in closed 
boxes with the only access at the extremi
ties (Fig. 1) and in a mock-up specially 
designed for the experiment. This mock-up 
should be sufficiently large and realistic 
to be accessible by automatic test machines 
and thus provide more realistic test condi
tions (Fig. 2). 

CONCLUSIONS 

In conclusion , given the above considerations, 
the programme could be divided into three series 
of test samples: 
- individual tubes, in turn divided into three 
families: 
. tubes with machined defects, partly to be 
used for calibration ; 

. tubes with realistic defîcts known to the 
testing team, to be user" for training pur
poses ; 

. tubes with unknown realistic defects which 
would be representative of the mechanisms 
listed in the questionnaire. 

The tubes could be routed from one laboratory 
to the next provided that appropriate arrange
ments ensured the anonymity of the defects. 

- A mock-up with the same types of failure as 
the above for testing under conditions ap
proaching those of in-service monitoring. 

- An irradiated mock-up with real in-service-in-
^ duced defects (SURRY tubes). 

Phase 1 : RRT on loose tubes in sealed boxes 
with access at the extremities (Fig. 1) is the 
most important one as a result of the SURRY 
Steam Generators Testing Programme. The major 
objective of this i u st phase is the capability 
asessment of NDT techniques for steam generator 
tubes. 

This first phase implies preparatory ac
tions: 
a) To identify methods of fabrication and vali

dation of defect types and combination of 
defect types of interest. 

b) To manufacture tubes sections containing de
fects of interest with a systematic variation 
in defect type, morphology, sizes, combina
tion of defect types and defect location. 

c) Prior to RRT examination, to perform a base 
line inspection (Reference Laboratory of 
PISC III, NDE Laboratories of JRC Ispra). 

A "Call for Statement of Interest to Par
ticipate" in action 5: Steam Generator Integrity 
Testing of PISC III has been issued in Decem
ber 1987 (3). More than 15 teams answered with 
declarations of intent to participate. 
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b) CURVED TUBES WITH SPACER BARS SIMULATORS 

c) CURVED TUBES 'N CONTACT 

F i g . 1 - Sealed boies for b l ind tube inspect ion . 

VERTICAL PANEHWOOO) 

TUBES WITH OEFcCTS 

AUTIVIBRATIOM SPACER BARS 

SUPPORT PLAiE SIMULAT» 

TUBESHEET SIMULATOR 

HINGE 
THICK ALUMINIUM PL ATE 

WITH DRILLEO HOLES B h = t 

F i g . 2 " C o l d " «acli-up %c"ç»e. 
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DDS 
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OSSN : M. GUILLEMARD 
DRSN : M. BUSSAC 
DRSN : M. PELCE 
DAS/DIR 
DAS/SASICC 
DE RS Cadarache 
SES Cadarache 
SERE Cadarache 
SESRU Cadarache 
SRSC \ '?'duc 
SE MAR 
DPS/FAR * DPS/DOC : Mme BEAU 
DPT/FAR 
DSMN/FAR 
CDSN/FAR : Mme PENNANEACH 
UDIN/VALRHO 
DEDR Saclay 
DERPE/DIR Saclay 
DRNR Cadarache 
DRc Cadarache 
DEMT Saclay 
DMECN/DIR Cadarache 
DRE/STT Grenoble 
DRE/SETH Grenoble 
Service Documentation Saclay : Mme COTTON (3 ex.) 
Service Documentation Cadarache : Mme REY 

DIFFUSION HORS CEA 
Secrétariat Général du Comité Interministér ie l de la Sécurité Nucléaire 
Conseil Général des Mines : M. DE TORQUAT 
Service Central de Sûreté des Instal lat ions Nucléaires : M. LAVERIE (+ 3 ex.) 
Service Central de Sûreté des Instal lations Nucléaires - FAR 
Monsieur le Président du G.P.d. : M. GUILLAUMONT 
Direct ion Générale de l'Energie et des Matières Premières : Mlle TISSIER 
FRAMATOME : M. le Directeur Général 
NOVATOME : M. le Directeur Général 
TECHNICATOME : M. le Directeur Général 
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EDF / L'inspecteur générai de sûreté et de sécurité nucléaires : M. TANGUY 
E D F / S E P T E N (2 ex.) 
E D F / S P T 
VIENNA INTERNATIONAL CENTRE LIBRARY : Mrs ROSLYN M. STIRLING 
M. HOHLEFELDER ^Bundes Ministerium für UMWELT, NATURSCHUTZ 
M. BREE5T > und REAKTORSICHERHEIT - B O N N T R F A ) 
M. KREWER - Bundes Ministerium für Forschung und Technologie - BONN (RFA) 
M. BIRKHOFER - Gesellschaft für Reaktorsicherheit - KÖLN (RFA) 
M. JAHNS - Gesellschaft für Reaktorsicherheit - KÖLN (RFA) 
M. HAUBER - U.S.N.R.C. - WASHINGTON (E.U.) 
M. BECKJORD - U.S.N.R.C. - WASHINGTON (E.U.) 
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M. 13. MACLEOD - Nuclear Installations Inspectorate - LONDON (G.B.) 
M. GONZALES - Consejo de Seguridad Nuclear - MADRID (ESPAGNE) 
M. José DE CARLOS - Consejo de Seguridad Nuclear - MADRID (ESPAGNE) 
VI. C. BORREGO - Département de l'Environnement - Université d'AVEIRO (PORTUGAL) 
M. E. HELLSTRAND - STUDSV1K ENERGITEKNIK AB -

Nuclear Division, Safety and System Analysis - NYKOPING (SUEDE) 
VI. N'ASCHI - D i re t to re Centrale délia S icurezza Nucieara e délia Protezione Sanitar ia -

ENEA - ROMA (ITALIE) 
VI. P. VANNI - D i re t tore relazioni esterne e informazione -

ENEA - ROMA (ITALIE) 
VI. ZHANG YU MAN - National Nuclear Safety Administ rat ion (CHINE) 
VI. MA FUBANG, Director of the Nuclear E lec t r ic ty Of f i ce - MIN (CHINE) 
M . Itsuro M B U M I - MITI (JAPON) 
VI. EIICHI TSUJI - Science 3c Technology Agency -

D i r e c t e of the Nuclear Safety Division (JAPON) 
VI. ICHIHASHI - Science & Technology Agency - Nuclear Safety Division (JAPON) 
VI. FUKETA - JAERI - Center of Safety Research (JAPON) 

VI. Mohamed KARBID - Secrétaire général du Ministère ce l'Energie et des Mines (MAROC) 

M. CHAVARDES (Attaché près de l'Ambassade de France aux Etats-Unis) 
VI. MORIETTE (Attaché près de l'Ambassade de France au Japon) 
VI. LALERE (Conseiller nucléaire auprès de l'Ambassade de France en Chine) 
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SRDE 
LEFH 
BAIN 
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SASR 
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SAEP 
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SAREP 
SAPN 
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SAET 
SAED 
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SAEG 
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S PI 

M. GOUR1EVIDIS (Conseiller Nucléaire près de l'Ambassade de France en RFA) 


