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Beste ,

We hebben de documentatie van de SOP4 proefstukken ter beoordeling aan GRS voorgelegd.
Deze hebben de beoordeling ontvangen (zie bijlage) en die bevestigt in grote lijnen dat EPZ aan
ons voorgelegd heeft stand der techniek is en gaat ook mee met de resulaten, ondanks de
geconstateerde afwijkingen/uitbijters.

Het enige punt dat open blijft staan is het punt over de Heat Affected Zone (item 20 uit
2010/2016 en recommendation 2 uit het hoofstuk 1.3 van het huidige rapport , dat ook al in
eerdere beoordelingen naar voren kwam. We hadden in 2016/2017 afgesproken dat  EPZ de
openstaande vragen in de scope van het volgend onderzoek mee zou nemen. (zie de emails in
de bijlagen) Klaarblijkelijk is dit naar het oordeel van GRS nog niet helemaal duidelijk. Voor
mijn begrip, ik begrijp dat het gaat om een verkleining/aanpassing van de oorspronkelijke
scope van het SOP onderzoek. In eerste instantie was er wel onderzoek naar monsters uit de
HAZ  zone voorzien, later is dit niet doorgezet omdat de KTA en ASTM dit toelieten?

Het algemene oordeel van GRS is dat dit de eindconclusie voor de verbrossing tot 2034 niet in
de weg staat. Voor vergunningsvoorschrift C46 denk ik dat er nu geen issue is.

Kortom, misschien goed dat EPZ kennis neemt van hetgeen GRS aan ons geadviseerd heeft en
dat we week 2/3 van januari hierover bellen of afspreken?
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Beste Andre,


 


Ik weet niet zeker of je deze evaluatie al hebt ontvangen. Ik ga hier een brief voor opstellen om het af te kaarten


In voorbereidin daarop: 


Er blijven 3 punten over, 


·          Item 20: Consideration of the HAZ as one of the possibly critical materials regard-ing brittle failure analysis (here, the report referenced in the answer of EPZ is not available to GRS) 


·          Item 28: Justification of the method considering the residual stresses in the clad-base metal area 


·          Item 37: the consideration of through cladding defects in the brittle failure analysis. 


Ik denk dat punt 20 en 28 afgehandeld kunnen worden met een toelichting, ik denk dat we punt 37 (monitoring defects  van de cladding) mee moeten nemen in de evaluatie van het ISI programma. 


 


Is dat voor jou akkoord?


Mvg


martijn
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1 Introduction 



1.1 Background and objective  



Referring to the Framework Agreement ILT-534755 of the years 2013-2016 /1/, a 



Technical Work Programme was agreed between ANVS and GRS as a call-off contract 



/2/. The work is structured into various technical work packages (WPs). The work de-



scribed below was performed within WP 2 “Long-term operation of KCB” with the fol-



lowing background: EPZ has received a license for long-term operation (LTO) up to the 



end of the year 2033. The aim of this work package is to support ANVS at least in the 



 support ANVS knowledge build up on aspects of safe LTO 



 assessment of reports that EPZ has to deliver based on the license conditions. 



 providing advice concerning the overlap between 131-programme (based on 



ASME X1 code) and ICI related to LTO license conditions. 



1.2 Scope and approach  



In preparation and support of the LTO of KCB the utility EPZ provided a large number 



of reports that were reviewed by GRS on behalf of the Dutch authorities. These reviews 



resulted in recommendations that were forwarded to EPZ by the Dutch authorities in 



their licensing and supervising process. Those recommendations issued by GRS dur-



ing the period 2010 to 2012 as a result of reviewing reports proving the safe operation 



of the RPV were itemized in one table together with the responses given by EPZ. 



ANVS transferred this table to GRS ordering GRS to check if the responses given by 



EPZ and the measures described therein fulfil the recommendations. The work should 



be performed in the framework of the call-off contract /2/ cited above. ANVS also pro-



vided GRS with a number of Areva reports /3, 4, 5, 6, 7/ that were referenced in the 



answers of EPZ. These reports were either written after 2012 or revised as a response 



to the GRS recommendations.  



GRS evaluated the answers given by EPZ including the referenced reports if they fulfil 



the recommendations based on state-of-the-art approaches and requirements of Ger-



man regulations.
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2 List of GRS recommendations, answers from EPZ and GRS comments  



nr aanbeveling GRS GRS No. Interpretation GRS comments 



 TLAA Reactorvatverbrossing    



19 Die Verwendung von thermischen 
Puffern an den Stirnflächen der 
Schmiederinge während der Vergü-
tung sollte bestätigt und ggf. doku-
mentiert werden, um die Entnahme 
der Proben nahe der Stirnflächen zu 
rechtfertigen.  



KFD-LTO-WP1 AREVA has examined the 
documentation. It was con-
cluded that the requested 
attachment is present in the 
existing documentation: 
NTM-G/2007/de/0255 "Pro-
gramm zur Überwachung 
der Strahlenbeeinflussung 
des KCB-Reaktordruck-
behälters, Bestrahlungs-
sätze SOP 3 und SOP 4" 
No further action is required. 



A few hints were found in NTM-G 2007/de/0095, 
Appendix 1 and 2 (that appears to an annex to 
NTM-G/2007/de/0255): In one drawing  it is written 
"ohne Pufferwerkstoffe skizziert" and in two others 
"Pufferseite". This indicates that buffers were 
used. Yet, strictly speaking this cannot be taken 
as a proof. As the use of buffers was common 
practice at that time, this may be regarded as suf-
ficient and no further action is required. 



20 Die Ergebnisse der Proben aus der 
Wärmeeinflusszone aus SOP 0, 1 und 
2 brauchen nicht berücksichtigt zu 
werden. Für den Sprödbruchsicher-
heitsnachweis des RDB sollten aber 
Nachweise zum Festigkeits- und Zä-
higkeitsverhalten der Wärmeeinfluss-
zone der Schweißnähte im unbe-
strahlten Zustand vorgelegt werden.  



KFD-LTO-WP1 AREVA has examined the 
design documentation with 
regard to taking data from 
the heat affected zone. The 
properties of the non-
irradiated heat affected 
zone were determined by 
means The SOP 0 testing. 
This is summarised in T. 
Seibert "Statusbericht KCB-
RDB" AREVA Activity Re-
port NTCM-
G/2006/de/0141. Additional 
documentation is not consi-
dered necessary. 



GRS did not receive the report "T. Seibert "Status-
bericht KCB-RDB" AREVA Activity Report NTCM-
G/2006/de/0141". - KTA 3203 does no longer re-
quire HAZ material in the surveillance program. 
This is however based on the assumption that the 
HAZ is covered conservatively by the base metal 
with respect to RTNDT. This has to be shown in 
each case, see e.g. "Forschungsprogramm Kom-
ponentensicherheit (FKS), Einfluss der Neutro-
nenbestrahlung auf die Eigenschaftsänderungen 
der Werkstoffe von Reaktordruckbehältern für 
Leichtwasserreaktoren, Zusammenfassende Be-
wertung des Vorhabens, Abschlussbericht, Kenn-
zeichen: 1500304, Einzelvorhaben: Bestrahlung 
EV 05, MPA Stuttgart 10/1996", p. 59ff. This is 
generally done by the production control tests, 
where the testing of HAZ specimens is still re-
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nr aanbeveling GRS GRS No. Interpretation GRS comments 



 TLAA Reactorvatverbrossing    



quired, see e.g.  KTA 3201.3. - According to 
NTCM-G/2009/en/0549 "KCB RPV safety as-
sessment assuming 60 years of operation" the 
HAZ has the highest RTNDT in the unirradiated 
state in contrast to the general assumption de-
scribed above. Although the material is not con-
sidered as representative with respect to its irradi-
ation behaviour due to its higher copper content 
compared to the forging rings it may be the lead-
ing material with the highest RTNDT at EoL due to 
the highest initial RTNDT. This may be true even if 
the irradiation response is the same as for the 
base metal. Therefore the HAZ has to be consid-
ered in the integrity analysis of the RPV. 



21 Wegen der geringen Bestrahlungsre-
aktion der Werkstoffe des kernnahen 
Bereiches sollte für den Sprödbruch-
sicherheitsnachweis pauschal ein Ein-
fluss der Neutronenstrahlung auf die 
darüber liegenden, angrenzenden Be-
reiche (Schweißnaht 4 und Ring 5) 
berücksichtigt werden.  



KFD-LTO-WP1 AREVA has made an addi-
tional fluence calculation for 
weld W04 and ring 05 (axial 
extrapolation). This is estab-
lished in "D02 ARV-01-079-
395 Rev. B". Based on the 
fluence calculation, the ef-
fect of the neutron radiation 
on the mechanical proper-
ties of weld W04 and ring 
05, is considered in the re-
port revisions "NTCM-
G/2009/en/0466 Rev. B" 
and "NTCM-
G/2009/en/0549 Rev.C". 



The recommendation was addressed in the cited 
reports. The adequacy of the approach may be 
assessed by a review of the cited reports. - The 
fluence is estimated by an axial exponential ex-
trapolation above the active core. As a result weld 
W04 and ring 05 will achieve a fluence at EoL > 
1017n/cm². Therefore the effect of the irradiation 
has to be assessed for these materials. This was 
done based on the acceptance test and a generic 
prediction (US NRC RG 1.99, position 1) for ring 
05 and by transposition of the data from W03 to 
W04. Subsequently both materials are included in 
the brittle fracture assessment using analytical 
analyses.  
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nr aanbeveling GRS GRS No. Interpretation GRS comments 
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22 Bei der Wahl der Entnahmezeitpunkte 
für die bestrahlten Probensätze SOP 
3 und 4 sollte eine möglichst gleich-
mäßige Verteilung der Datenpunkte 
aus allen Bestrahlungssätzen SOP 1 
bis 4 über die Neutronenfluenz bis zur 
Nachweisfluenz (NWF) angestrebt 
werden. Entsprechend empfehlen wir 
eine Entnahme von SOP 3 nach Er-
reichen von etwa 70 - 80% der NWF 
und von SOP 4 bei etwa 100% der 
NWF.  



KFD-LTO-WP1 In line with this recommen-
dation, the removal time for 
SOP3 has been selected. 
With the fluence calcula-
tions, it has been estab-
lished that, for SOP3, a flu-
ence of 62% of the design 
fluence applies. For SOP4, 
it is planned to remove it at 
approximately 100% of de-
sign fluence (also NWF). 
This recommendation is 
taken into consideration in 
the AREVA report SOP 3 
D02-ARV-01-053-
293_A_FIN (sent to ANVS 
see KTE/MCr/AdJ/B15 
03111, 6 March 2015). See 
also item number 24. 



The recommendation was addressed and appears 
to be fulfilled. No further action required. - The cit-
ed report could be reviewed in the context of a re-
view of the SOP 3 results; see also items number 
23 and 24. 



23 Für eine konsistente Einordnung der 
Datensätze sollte die Neutronenfluenz 
für alle Probensätze SOP 1 bis 4 nach 
einer einheitlichen, dem heutigen 
Stand entsprechenden Methode be-
stimmt werden. Dies könnte nach 
Entnahme von SOP 3 geschehen 
(siehe auch Stellungnahme der GRS 
zu den Neutronenflussberechnungen) 



KFD-LTO-WP1 SOP 1 to SOP 3 have been 
calculated by means of the 
same state-of-the-art meth-
od (MCNXP), see D02-
ARV-01-053-293_A_FIN. In 
the future, for SOP 4 the 
fluence will be determined in 
the same way. 



The recommendation was addressed and appears 
to be fulfilled. The cited report could be reviewed 
in the context of a review of the SOP 3 results; 
see also items number 22 and 24. 



24 Es wird empfohlen die Extrapolation 
der Fluenz auf 55 EFPY spätestens 
nach der Entnahme und der Analyse 
der Voreilproben SOP 3 erneut 



KFD-LTO-WP2 See also item number 22. 
Extrapolation of the fluence 
for 55 years full load (EFPY) 
and a consideration of the 



The recommendation was addressed appears to 
be fulfilled. The cited reports could be reviewed in 
the context of a review of the SOP 3 results; see 
also items number 22 and 23. 
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nr aanbeveling GRS GRS No. Interpretation GRS comments 



 TLAA Reactorvatverbrossing    



durchzuführen. Diese sollte durch ei-
ne Unsicherheitsanalyse ergänzt wer-
den, die auch den möglichen Bela-
deschemata in der Zukunft Rechnung 
trägt. Der Zeitpunkt der Entnahme für 
SOP 4 ist dann so zu wählen, dass 
die Proben in den Kapseln mit etwa 
100% der am RDB nach 55 EFPY zu 
erzielenden Fluenz bestrahlt werden. 
Dies wird nach der jetzt vorliegenden 
Extrapolation von AREVA nach 35,9 
EFPY (für die errechnete Fluenz von 
3,22E+19cm-2) der Fall sein. Für die 
Analyse der Kapseln SOP 3 und 4 
sind dann die realistischen Daten der 
Zyklen für Zykluslänge, Flussdichte 
und Kernbeladungsschema den 
Rechnungen zu Grunde zu legen. 



inaccuracy is included in the 
fluence calcuations in the 
context of SOP3. This is es-
tablished in D02-ARV 01-
053-293_A_FIN (sent to 
ANVS see KTE/MCr/AdJ 
/B15 03111, 6 March 2015). 
In this way, realistic input 
data has been applied. In 
the same report, there is an 
estimate of the time for the 
removal of SOP4, assuming 
100% of the design fluence 
at 55 EFPY. 



25 Zu Kapitel 7.3 von /ARE 09/: Bei den 
Festlegungen zu den postulierten 
Rissen fehlen die Angaben bzw. die 
Literaturhinweise zur Rissfreiheit der 
Plattierung und der Nachweisgrenzen 
der eingesetzten zerstörungsfreien 
Prüfmethoden. 



KFD-WP4-
WS1-T2.1 



See also item number 37. 
This is solved in the revision 
of two documents. Revision 
C of report 
"NTCM/G/2009/en/0549" 
examines the absence of 
cracks in the cladding with 
reference to TÜV reports. 
(see p. 49 and Annex 47 of 
the aforementioned report). 
In revision B report "NTCM-
G/2009/en/0466" this is 
done on p. 17 and in Annex 
96. 



The recommendation was addressed and is ful-
filled. No further action required. 
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nr aanbeveling GRS GRS No. Interpretation GRS comments 
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26 Zu Kapitel 8.2 von /ARE 09/: Die in 
den Finite-Element-Modellen enthal-
tenen Rissbereiche sollten durch ent-
sprechende Ausschnittsbilder darge-
legt werden. 



KFD-WP4-
WS1-T2.1 



See also item number 39a). 
It was concluded that the 
requested figures are al-
ready in the annexes of the 
document (NTCM-G/2009 
/en/0466 rev A). No further 
action is required. 



The presentation of the mesh within the area of 
the crack was expected, while the figures only 
present the contour of the crack. Yet, this is no 
critical point and no further action is required.  



27 Zu Kapitel 8.3 von /ARE 09/: 
Die Randbedingungen hinsichtlich 
Lagerung des Globalmodells und Ein-
schränkung der Verformungsmöglich-
keiten des oberen freigeschnittenen 
Modellrandes sollten ergänzt werden. 



KFD-WP4-
WS1-T2.1 



See also item number 39b). 
In revision B of report 
"NTCM-G/2009/en/0466", 
figures 13 to 16 have been 
added in order to detail this 
point. 



The recommendation was addressed and is ful-
filled by the additional figures. No further action 
required for this item. 



28 Zu Kapitel 8.4 von /ARE 09/: Die Be-
rücksichtigung der Schweißeigen-
spannungen sollte präziser erläutert 
werden. 



KFD-WP4-
WS1-T2.1 



See also item number 39c). 
In revision B of report 
"NTCM-G/2009/en/0466" 
there is the method with re-
gard to clarifying the residu-
al stresses. The relevant 
paragraph, 8.4, has been 
adjusted. 



The recommendation was addressed in the cited 
chapter, yet not fulfilled satisfactorily. The RPV 
clad-base stress free temperature is set to the op-
erating temperature, assumed to be a conserva-
tive assumption based on calculations performed 
by ORNL on that topic, but the transferability of 
these calculated results has not been justified. 
This should still be shown. 



29 Zu Kapitel 10 von /ARE 09/: Die Be-
stimmung der temperaturabhängigen 
Bruchzähigkeit nach 60 Jahren Be-
trieb, d.h. 55 Volllastjahren, nach dem 
RTNDT- und RTT0-Konzept sollte ange-
passt werden, wenn die entsprechen-
den Daten aus dem Überwachungs-
pro-gramm vorliegen. 



KFD-WP4-
WS1-T2.1 



This is part of the sub-
project SOP3 and is includ-
ed in the final report (D02-
ARV-01-053-293). In addi-
tion, the results of the SOP3 
have been included in revi-
sion B of "NTCM-G/2009 
/en/0466" and revision C of 
"NTCM-G/2009/en/0549". 



The recommendation was addressed as far as the 
consideration of SOP3 is concerned. It should be 
pursued until the results of SOP4 will also be 
evaluated. - The cited reports could be reviewed in 
the context of a review of the SOP 3 results, see 
also items number 22 to 24. 
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nr aanbeveling GRS GRS No. Interpretation GRS comments 
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30 Zu Kapitel 9 und 10.4 von /ARE 09/: 
Für die sicherheitstechnische Bewer-
tung sollte grundsätzlich der 90%-
Wert des Lastpfadmaximums ver-
wendet werden, um unter Berücksich-
tigung möglicher Berechnungsunsi-
cherheiten sicherzustellen, dass der 
zur Bewertung herangezogene 
Schnittpunkt mit der KIC-Kurve auf 
dem abfallenden Lastpfad liegt. Die 
Auswirkungen auf die Ergebnisse der 
maximal zulässigen Sprödbruchüber-
gangstemperaturen und somit auf die 
Sicherheitsabstände gegenüber 
Sprödbruch sollten berücksichtigt 
werden. 



KFD-WP4-
WS1-T2.1 



See also item number 38. 
The approach recommend-
ed by GRS is different from 
the KTA. That is the reason 
that the recommendation 
was not accepted. 



The recommendation is not accepted because it is 
not required by KTA 3201.2. Nevertheless the 
recommendation reflects the position of GRS and 
it is also established in the IAEA guideline IAEA-
EBP-WWER-08. 



31 Wir empfehlen, die Dynamik der 
Ringspalt-Öffnung im Heißstrang im 
Rahmen einer S-RELAP5-Analyse zu 
einem relevanten kaltseitigen Leck zu 
untersuchen, um dadurch zu einer re-
alitätsnahen Bestimmung des By-
pass-Massenstroms und somit zu ei-
ner abschließenden Einschätzung 
seines Beitrags zur Kühlmittelerwär-
mung im Stutzen-Bereich des Ring-
raums für kaltseitige Lecks zu gelan-
gen. 



KFD-WP4-
WS1-T1 



The requested analysis (de-
termination of bypass flow, 
etc.) was already part of the 
thermohydraulic analyses. 
To show this explicitly, re-
port "NEPR-G/2009/de 
/0010" has been revised. 
See pages 21, 26 and A36 
of "NEPR-G/2009/de/0010 
rev. C". 



The recommendation was addressed by the re-
vised report. No further action required for this 
item. 
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nr aanbeveling GRS GRS No. Interpretation GRS comments 
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32 Wir halten die Verwendung des KWU-
MIX-Modells nach heutigem Stand 
von Wissenschaft und Technik für zu-
lässig und geboten. Ein Methoden-
wechsel auf CFD-Codes im Zusam-
menhang mit PTS-Analysen ist aus 
heutiger Sicht nicht zu empfehlen. 



KFD-WP4-
WS1-T1 



This is not a recommenda-
tion, but a confirmation that 
GRS agrees with the appli-
cation of KWU-MIX in the 
thermohydraulic analyses. 



This was no recommendation. No action required. 



33 Es wird empfohlen, die Ergebnisse 
und die Schlussfolgerung anzupassen 
bzw. zu überprüfen, sobald neue Er-
kenntnisse aus dem erweiterten Be-
strahlungsüberwachungsprogramm 
vorliegen. 



KFD-WP4-
WS1-T2.2 



The results of SOP3 will be 
used to verify the results 
and conclusion of the exist-
ing argumentation. In the 
documentation, this is in-
cluded in the final report of 
SOP3, D02-ARV-01-053-
293. In addition, Revision C 
of the overall report "NTCM-
G/2009/en/0549" has been 
issued. Also, with the out-
come of the results of 
SOP4, the existing argu-
mentation will be re-verified. 



The recommendation was addressed by consider-
ing the results of SOP3. It should be pursued until 
the results of SOP4 will also be evaluated, see al-
so item 29.  



34 Die Bestrahlungsreaktion der Werk-
stoffe des RDB sollte nach Entnahme 
der Probenkapseln von SOP 3 erneut 
für 60 Jahre Betrieb bewertet werden. 
Dies sollte beinhalten:  



a) Eine Extrapolation der Neutronen-
fluenz im kernnahen Bereich des 
RDB auf 55 EFPY einschließlich 
einer Unsicherheitsanalyse, die 
auch den möglichen Beladesche-
mata in der Zukunft Rechnung 



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



For the follow-up on a) see 
item number 24.  



For the follow-up on b) see 
item number 23.  



For the follow-up on c) see 
item number 21. 



The reference to the items 24, 23, and 21 is cor-
rect. No further action required for this item. 
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trägt. Dabei sollten auch die Er-
gebnisse der Auswertung der 
Kratzproben von der Plattierung 
zur ergänzenden Dosimetrie mit 
herangezogen werden.  



b) Eine konsistente Bestimmung der 
Neutronenfluenz für alle Probens-
ätze SOP 1 bis 4 nach einer ein-
heitlichen, dem heutigen Stand 
entsprechenden Methode.  



c) Eine pauschale Berücksichtigung 
des Einflusses der Neutronen-
strahlung auf die oberhalb des 
kernnahen Bereiches liegenden, 
angrenzenden Bereiche 
(Schweißnaht 4 und Ring 5).  



35 Der Zeitpunkt zur Entnahme für SOP 
4 sollte so gewählt werden, dass die 
Proben in den Kapseln mit etwa 100% 
der für den RDB nach 55 EFPY 
extrapolierten maximalen Fluenz be-
strahlt werden. 



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



This is covered by item 
number 24. 



The reference to item 24 is correct. No further ac-
tion required for this item. 



36 In den thermohydraulischen Ther-
moschock-Analysen sollten die Ver-
änderungen der Ringspalt-Öffnung 
zwischen Kernmantel und Stutzen im 
Heißstrang untersucht werden, um 
dadurch für kaltseitige Lecks zu einer 
realitätsnahen Bestimmung des By-
pass-Massenstroms und seines Bei-
trags zur Kühlmittelerwärmung im 
Stutzenbereich des Ringraums zu ge-



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



This is covered by item 
number 31. 



The reference to item 31 is correct. No further ac-
tion required for this item. 
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langen.  



37 Die postulierten Fehlergrößen und die 
Fehlerart für die bruchmechanischen 
Analysen der Thermoschock-
Transienten sind durch die Ergebnis-
se der durchgeführten zerstörungs-
freien Prüfungen zu rechtfertigen. Wir 
empfehlen, für die bruchmechani-
schen Analysen von einer durchgeris-
senen Plattierung auszugehen. Ande-
renfalls sollte  



a) die Fehlerfreiheit der Plattierung 
durch eine gezielte Prüfung der 
Plattierung nachgewiesen werden,  



b) in Anlehnung an die Prüfempfind-
lichkeit für die plattierte Oberflä-
che ein Anriss an der Oberfläche 
der Plattierung postuliert werden,  



c) ein möglicher Rissfortschritt inner-
halb der Plattierung ausgehend 
sowohl von dem postulierten An-
riss an der Oberfläche als auch 
von dem postulierten Riss unter 
der Plattierung bewertet werden. 
Dafür sollten die mechanischen 
Eigenschaften der Plattierung er-
mittelt und der Einfluss der Neut-
ronenstrahlung auf diese Eigen-
schaften berücksichtigt werden.  



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



See also item number 25. 
The integrity of the cladding 
has been demonstrated on 
the basis of the results of 
inspections conducted in the 
past. This issue is ad-
dressed in revisions of 
NTCM-G/2009/en/0549 and 
NTCM-G/2009/en/0466. 
During operation, no degra-
dation mechanism is pre-
sent which can lead to crack 
initiation. The analytical pa-
rameter study (conducted in 
addition to the finite element 
calculations) includes the 
ongoing cracking due to the 
cladding, see NTCM-
G/2009/en/0466. 



The recommendations are addressed, yet not in a 
satisfactory manner. Through cladding defects 
were only analysed with analytical methods that 
may give unconservative results for these cases. 
No cracks within the cladding were analysed. The 
proof of the integrity of the cladding dates back to 
the time of the start of operation. While no crack-
ing of the cladding during operation is expected, 
cracking at the surface is still possible. Therefore, 
from our point of view, it is the function of the ISI 
to prove that the cladding remained free of cracks 
if an intact cladding is assumed in the analyses. 
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nr aanbeveling GRS GRS No. Interpretation GRS comments 



 TLAA Reactorvatverbrossing    



38 Für die sicherheitstechnische Bewer-
tung der bruchmechanischen Analy-
sen der Thermoschock-Transienten 
sollte grundsätzlich der 90%-Wert des 
Lastpfadmaximums verwendet wer-
den, um unter Berücksichtigung mög-
licher Berechnungsunsicherheiten si-
cherzustellen, dass der zur Bewer-
tung herangezogene Schnittpunkt mit 
der KIC-Kurve auf dem abfallenden 
Lastpfad liegt.  



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



See item number 30. The reference to item 30 is correct. No further ac-
tion required for this item. 



39 Zur besseren Nachvollziehbarkeit der 
bruchmechanischen Analysen sollten  



a) die in den Finite-Element-Modellen 
enthaltenen Rissbereiche durch 
entsprechende Ausschnittsbilder 
dargelegt werden,  



b) die Randbedingungen hinsichtlich 
Lagerung des Globalmodells und 
Einschränkung der Verformungs-
möglichkeiten des oberen freige-
schnittenen Modellrandes ergänzt 
werden,  



c) die Berücksichtigung der Schwei-
ßeigenspannungen präziser erläu-
tert werden. 



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



For a) see item number 26. 
For b) see item number 27. 
For c) see item number 28. 



The references to items 26, 27, and 28 are cor-
rect. No further action required for this item. 
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nr aanbeveling GRS GRS No. Interpretation GRS comments 



 TLAA Reactorvatverbrossing    



40 Es bestehen keine Bedenken gegen 
die weitere Nutzung des bestehenden 
Systems zur Begrenzung des Reak-
torkühlmitteldrucks auf Basis der „al-
ten“ Druck-Temperatur Grenzkurve 
mit RTNDTj = 44°C. Die Ergebnisse 
und die Schlussfolgerung sollten 
überprüft und erforderlichenfalls an-
gepasst werden, sobald neue Er-
kenntnisse aus dem erweiterten Be-
strahlungsüberwachungsprogramm 
vorliegen. Falls eine Anpassung der 
Grenzkurve an eine neu bestimmte 
RTNDTj nach 55 EFPY vorgenom-
men werden sollte, wird empfohlen, 
nach KTA 3201.2 (6/96) auf der Basis 
der KIR-Kurven vorzugehen, solange 
noch keine neue Fassung der Regel 
KTA 3201.2 in Kraft ist.  



KFD-WP4- 
WS1-T3 &  
KFD-WP4-
WS2-1.2 



See also item number 33. 
The P-T curve covers the 
results of SOP3. Based 
thereon, there is no need to 
establish a new P-T curve. 



The recommendation was addressed by consider-
ing the results of SOP3. It should be pursued until 
the results of SOP4 will also be evaluated, see al-
so item 29.  



41 In accordance with our recommenda-
tion no. 5 in /JEN 10/ and in order to 
continue with a consistent set of data 
and modelling, we recommend to use 
the same theoretical approach for fur-
ther evaluations of the fast neutron 
fluence of the RPV in the framework 
of the irradiation surveillance program 
during LTO. 



EL&I-WP2-T10 See item number 23 The reference to item 23 is correct. No further ac-
tion required for this item. 
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3 Summary 



From the cited GRS review reports the recommendations given were itemized in the 



table above. All of the 23 recommendations of different pertinence were addressed by 



EPZ. In most cases the answers were satisfactory and fulfil the recommendation by 



additional information presented in new or revised reports so that no further action is 



required regarding these items. Nevertheless in some of these cases new analyses 



were performed that needed some specific review (item 21, 23, 24) for a final assess-



ment. For those recommendations concerning the evaluation of the RPV surveillance 



program some follow-up actions are still required as soon as the last set of specimens 



will be withdrawn. This is, however, considered as the normal supervising process. 



Finally, there were a few answers that were not satisfactory from GRS point of view so 



some additional analysis or information is requested from EPZ. This concerns the fol-



lowing subjects: 



 Item 20: Consideration of the HAZ as one of the possibly critical materials regard-



ing brittle failure analysis (here, the report referenced in the answer of EPZ is not 



available to GRS) 



 Item 28: Justification of the method considering the residual stresses in the clad-



base metal area 



 Item 37: the consideration of through cladding defects in the brittle failure analysis. 
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		martijn.van.vliet@anvs.nl; lutz.lindhorst@anvs.nl; W.Besuijen@epz.nl



Martijn,


 


Ik heb het concept rapport van GRS al van je ontvangen. Mijn plan is/was om het mee te nemen in het SOP4-project (uitnemen van de laatste set proefstaven). Dat project is echter nog niet gestart omdat uitnemen van de proefstaven op zijn vroegst in SW2018 gaat plaatsvinden. 


 


Morgenmiddag ben ik beschikbaar (’s-middags van 13:00 tot 15:30) om over LTO vergunningsverplichtingen te praten zoals je vorige week aangaf. 


 


Groeten,


André


 


Van: Vliet, M.J. van (Martijn) - ANVS [mailto:martijn.van.vliet@anvs.nl] 
Verzonden: maandag 30 januari 2017 15:33
Aan: Jong A.E. de
CC: Lindhorst, L. (Lutz) - ANVS; Besuijen W.J.
Onderwerp: LTO reactorvatverbrossing


 


Beste Andre,


 


Ik weet niet zeker of je deze evaluatie al hebt ontvangen. Ik ga hier een brief voor opstellen om het af te kaarten


In voorbereidin daarop: 


Er blijven 3 punten over, 


·          Item 20: Consideration of the HAZ as one of the possibly critical materials regard-ing brittle failure analysis (here, the report referenced in the answer of EPZ is not available to GRS) 


·          Item 28: Justification of the method considering the residual stresses in the clad-base metal area 


·          Item 37: the consideration of through cladding defects in the brittle failure analysis. 


Ik denk dat punt 20 en 28 afgehandeld kunnen worden met een toelichting, ik denk dat we punt 37 (monitoring defects  van de cladding) mee moeten nemen in de evaluatie van het ISI programma. 


 


Is dat voor jou akkoord?


Mvg


martijn


 


  ________________________________  


Dit bericht kan informatie bevatten die niet voor u is bestemd. Indien u niet de geadresseerde bent of dit bericht abusievelijk aan u is toegezonden, wordt u verzocht dat aan de afzender te melden en het bericht te verwijderen. De Staat aanvaardt geen aansprakelijkheid voor schade, van welke aard ook, die verband houdt met risico's verbonden aan het elektronisch verzenden van berichten.
This message may contain information that is not intended for you. If you are not the addressee or if this message was sent to you by mistake, you are requested to inform the sender and delete the message. The State accepts no liability for damage of any kind resulting from the risks inherent in the electronic transmission of messages. 






 ************************************************************************


"The information contained in this communication is confidential 


and may be legally privileged. It is intended solely for the use of 


the individual or entity to whom it is addressed and others 


authorised to receive it. If you are not the intended recipient 


you are hereby notified that any disclosure, copying, distribution 


or taking any action in reliance on the contents of this information 


is strictly prohibited and may be unlawful. N.V. EPZ is neither 


liable for the proper and complete transmission of the 


information contained in this communication nor for the delay in 


its receipt" 


************************************************************************
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1 Introduction 


1.1 Background and Objective  


Referring to the Framework Agreement ILT-534755 /ILT 13/, a Technical Work Pro-


gramme as a fourth Call-off Contract was agreed between ANVS and GRS for the period 


from 01/01/2017 until 31/12/2019 /COC 16/. It consists of 11 technical work packages 


(WP). The technical work which has to be performed by GRS in 2019 was further spec-


ified in /WSP 18/.  


The work described below was performed within WP 2 “Long-term operation of KCB”. 


The aim of this work package is to support ANVS in the evaluation of issues related to 


long-term operation (LTO). 


In the framework of this work package five work reports from Framatome /FRA 19a/ to 


/FRA19e/ were submitted to GRS for review. All these reports are related to the assess-


ment of the 4th set of specimens called SOP4, irradiated in the RPV and withdrawn in 


2018. This is the last specimen set of the RPV irradiation surveillance program. It is part 


of the supplemental surveillance program consisting of SOP0a tested in the unirradiated 


condition and two sets called SOP3 and SOP4 that were introduced into the RPV for 


irradiation in 2007. SOP3 was already withdrawn in 2013. 


The original irradiation surveillance program for the RPV consisted of one set of speci-


mens called SOP0 tested in the unirradiated condition and two sets called SOP1 and 


SOP2 that were inserted into the RPV in 1973 and irradiated for two respectively five 


cycles. Yet, the fast neutron fluence of SOP2 only reached a value of about 


1.36  1019 n/cm² (E > 1MeV) that was much lower than the design fluence of the RPV of 


3.5  1019 n/cm² (E > 1MeV) for 40 years of operation. Besides, due to new insights into 


the direction of the main stress during accidents with thermal shock loading of the RPV, 


the required orientation of the base metal specimens was changed to “T-L” in the relevant 


standard KTA 3203 first issued in 1984 (current version see /KTA 17/). Therefore, a sup-


plemental program was launched with T-L-orientation of the specimens and two sets to 


be irradiated to more than 50 % respectively 100 % of the design fluence. 
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1.2 Scope and Approach 


GRS reviews the submitted reports assessing whether the methods and procedures of 


Framatome for the evaluation of the RPV surveillance program are state-of-the-art and 


fulfil KTA 3203 /KTA 17/ that is also cited as the relevant standard by Framatome 


/FRA 19e/. Further review criteria are whether the reports are consistent, plausible and 


comprehensive.  


The design of the supplemental irradiation surveillance program consisting of SOP0a, 


SOP3, and SOP4 was already reviewed by GRS in /GRS 10a/. The theoretical fluence 


calculations using Monte Carlo method described in /FRA 19b/ were already subject of 


a GRS review resulting in report /GRS 10b/. These reviews are taken as a basis for this 


new review. This includes checking, if the recommendations given in /GRS 10a/ and 


/GRS 10b/ concerning the RPV surveillance program are fulfilled. For this purpose, the 


recommendations of /GRS 10a/ and /GRS 10b/, originally written in German, are listed 


below in English.  


All operations involving the irradiation capsules were performed by a testing laboratory 


of Framatome in Erlangen accredited by the Deutsche Akkreditierungsstelle (DAkkS) 


according to EN ISO/IEC 17025. For the methods used in the laboratory, reference is 


made to established guides, standards and norms for their application and the operations 


were supervised by the German TÜV /FRA 19c/. This concerns dismantling of the irradi-


ation capsules, specimen testing procedures and their evaluation, evaluation of the de-


cay rates from the dosimeter materials and of the maximum irradiation temperature from 


the melting monitors. Therefore, these methods are not questioned and only their results 


are assessed. 


The review was performed topic by topic reflected in the respective subchapters of chap-


ter 2. Conclusions on each topic are drawn in each subchapter of chapter 2 regarding 


the fulfilment of KTA 3203 and former GRS recommendations. Comments, main conclu-


sions and recommendations are given in chapter 4. These will also answer specific ques-


tions asked by ANVS. 
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1.3 GRS recommendations of former review reports 


English translation of the conclusions and recommendations concerning the irradiation 


surveillance program and brittle fracture assessment of the RPV from /GRS 10a/ (origi-


nally in German): 


The requirements of KTA 32031 are fulfilled regarding the materials integrated and the 


sampling, number and kind of specimens, the temperature monitors, the dosimeters, the 


design of the capsules and their installation in the RPV. Also, the requirements of the US 


norm ASTM 185 /AST 02/ are nearly fulfilled. It could be shown that the deviations are 


not relevant for the significance of the results of the irradiation surveillance program. The 


remaining recommendations are related to deficits of the documentation and to the future 


approach, yet they do not ask for changes in the program itself. 


1. The use of thermal buffers at the end faces of the forged rings during the quality heat 


treatment should be confirmed and documented justifying the sampling close to the 


surface2. 


2. The results of the specimens from the heat affected zone of SOP 0, 1, and 2 need 


not be considered. Yet, for the brittle fracture safety assessment of the RPV, the 


proof of strength and toughness properties of the heat affected zone in the unirradi-


ated state should be provided3. 


3. Due to the low irradiation effect of the materials of the beltline the effect of irradiation 


on the adjacent regions (i.e. weld no. 4 and ring no. 5) should also be taken into 


account for the brittle fracture safety assessment of the RPV4. 


                                                


1  Note: This conclusion was related to the version of KTA 3203 (06/2001), yet there were no significant 


changes in the latest version (11/2017) with respect to these topics.  


2  This issue is resolved: some drawings show that buffers were used, see /GRS 16/. 


3  This issue is not resolved satisfactorily: The HAZ of SOP0 has the highest RTNDT in the unirradiated state, 


yet the base material used for the test coupon is not considered as representative for the RPV rings with 


respect to its irradiation behaviour due to its higher copper content compared to the forging rings. Never-


theless, the real HAZ of one of the RPV rings may be the leading material with the highest RTNDT at EoL, 


if it also has the highest initial RTNDT. Eventually data from the production control tests of the original weld 


could solve the issue if available. This is not an issue for the surveillance program but for the brittle fracture 


assessment of the RPV. /GRS 16/ 


4  This issue is resolved: This was done based on the acceptance test and a generic prediction (US NRC 


RG 1.99, position 1) for ring 05 and by transposition of the data from W03 to W04. Subsequently both 


materials are included in the brittle fracture assessment using analytical analyses, see /GRS 16/. 



MVliet

Markering
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4. The withdrawal schedule for the irradiation sets of SOP3 and 4 should strive for an 


evenly distribution of the fluence of SOP 1 to 4 up to the assessment fluence (AF). 


Therefore, we recommend a withdrawal of SOP 3 at about 70 – 80% of AF and of 


SOP 4 at about 100% of AF.5 


5. The fluence of all irradiation sets SOP 1 to 4 should be assessed by a uniform pro-


cedure according to the state-of-the-art in order to achieve a consistent set of data. 


This assessment may be performed after the withdrawal of SOP 3 (see also /GRS 


10b/).6 


English translation of the applicable recommendations from /GRS 10b/ (originally in Ger-


man as continuous text without numbering): 


6. It is recommended to repeat the extrapolation of the fluence to 55 EFPY at the latest 


after the withdrawal and assessment of SOP 3. This should be supplemented by an 


analysis of the uncertainties considering different future loading schedules.7 


7. The withdrawal of SOP 4 should be scheduled such that the specimens achieve 


about 100% of the maximum RPV fluence after 55 EFPY.8 


                                                


5 This recommendation is fulfilled by the reports for SOP4, see the following review. 


6 This recommendation is fulfilled by the reports for SOP4, see the following review. 


7 This recommendation is fulfilled by the reports for SOP4, see the following review. 


8 This recommendation is covered by recommendation no. 4. 
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2 Review 


2.1 Determination of the fast neutron fluence 


2.1.1 General approach 


As a general practice the neutron fluence at the location of the irradiated specimens as 


well as at any location of the RPV wall is determined theoretically by a combination of a 


source code and a transport code. The results can then be compared with results from 


the evaluation of activated materials in form of dosimeters in the irradiation capsules or 


in the form of materials taken from the capsules themselves or scraped from the surface 


of the RPV cladding. Yet the “experimental” determination also needs an analysis of the 


neutron energy spectrum and cross section data for the activated nuclei. Therefore, this 


determination is not a simple measurement, fully independent of the theoretical analyses. 


Nevertheless, it can be used to validate the theoretical results at the locations of the 


dosimeters or sampling. For the fluence determination for arbitrary locations of the RPV, 


e.g. the locations of individual specimens, the theoretical determination has to be used. 


From the point of view of GRS this combination of analyses that was also used by 


Areva/Framatome in /ARE 08/, /ARE 10/, /FRA 19a/, /FRA 19b/ is the state-of-the-art 


approach.   


2.1.2 Theoretical determination of the fast neutron fluence  


The neutron source data and the irradiation history are consistent with those used for 


the fluence determination performed by scraping material from the surface of the RPV, 


the re-calculation of the fluence for SOP1 and 2 and the calculation of fluence for SOP3 


and 4. 


The model for the reactor core of KCB and its surrounding and the Monte Carlo N-Parti-


cle eXtended (MCNPX) code are the same as those already used for the former evalu-


ation of the neutron fluence for the irradiation capsules of SOP2 and SOP3 in 2008 /ARE 


08/, for the scraping samples from the cladding in 2010 /ARE 10/, and for the irradiation 


capsules of SOP1, 3, and 4 in 2014 /ARE 14/ . This modelling and the methodology were 


already assessed by GRS as appropriate /GRS 10b/. Independent cross-calculations 







DRAFT 


6 


performed by NRG with different methods for the first five cycles until the withdrawal of 


SOP2 showed satisfactory agreement of the fluence values for the capsules as well as 


the RPV wall /NRG 09/.  


Regarding the evaluation of SOP3, some documents were submitted to GRS to check, 


if the GRS recommendations cited above were fulfilled, see /GRS 16/, yet there was no 


request to review these documents. Nevertheless, it can be stated after a quick view to 


these documents that the same methods were used for SOP3. 


Extrapolations of the fast neutron fluence after 55 effective full power years (EFPY) were 


also performed corresponding to 60 years of operation of KCB. These extrapolations are 


based on the average neutron fluence during the cycles with full low leakage core (cycle 


20 to 45) resulting in a value of 3.2  1019 n/cm² (E > 1MeV), i.e. lower than the original 


design fluence of 3.5  1019 n/cm² that is still considered as the assessment fluence AF. 


Uncertainties of the extrapolation were also assessed by using the minimum and maxi-


mum neutron fluxes in course of these operating cycles for separate extrapolations giving 


minimum and maximum values of fluence of 3.03 and 3.34  1019 n/cm² respectively. Re-


garding the analysis of uncertainties this fulfils GRS recommendation no. 6.  


Using the same code version 2.5.0 of MCNPX and the same modelling of the core and 


its environment that have already been shown to give reliable results is considered as 


state-of-the-art evaluation of the complete surveillance program and fulfils GRS recom-


mendation no. 5. From the point of view of GRS, this approach appears favourable com-


pared to the use of the most recent code versions9 each time a new calculation is per-


formed as the approach taken results in a consistent data set for all the irradiation cap-


sules. Such a common approach has been taken for all four sets SOP1 to SOP4 


/ARE 14/, /ARE 08/. 


KTA 3203 requires only two sets of specimens irradiated to about 50% and 100% of the 


assessment fluence AF. Therefore, the fluence calculation for SOP1 to SOP4 that have 


received about 34 %, 39 %, 62 %, and 108 % of AF by a common approach fulfils this 


requirement as well as the GRS recommendations no. 4 and 5. 


                                                


9 The code MCNPX was merged with MCNP and a new version MCNP6.2 is available since 2018. 
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2.1.3 Experimental evaluation of the fast neutron fluence 


The specimens for the irradiation set SOP4 were contained in two capsules called CB3 


and CB4. The lower capsule CB3 is centred at core midplane while the centre of CB4 is 


at about 60 cm above midplane. The axial profile of the neutron flux is shown to be rather 


flat all along the two capsules /FRA 19b/. Each of the capsules contains three pairs of 


dosimeters and temperature monitors mounted on three carrier plates arranged at the 


top, bottom and centre of the capsules in contact with the specimens. The dosimeter 


materials are high purity iron and niobium wires that are activated by neutron irradiation 


according to the reactions 54Fe(n,p)54Mn and 93Nb(n,n’)93Nbm /FRA 19a/. KTA 3203 


/KTA 17/ requires three similar detectors at the locations of the specimens and also pro-


poses these dosimeter materials. In fact, the combination of these two dosimeter mate-


rials with different half-life of 312.5 days for 54Mn and 16.1 years for 93Nbm is considered 


suitable being sensitive to the short- and long-term irradiation history. So, the whole ar-


rangement fulfils the requirements of KTA 3203. 


The evaluation of the decay rates of the individual dosimeters shows that compared to 


the theoretical results the Fe dosimeter results in about 4 to 13 % lower values for the 


fast fluence, while the Nb dosimeters give 0 to 20 % higher values. The average devia-


tion from the theoretical results for each dosimeter type is, however, well below 10 % in 


both cases, which is to be considered satisfactory, while the average from all dosimeters 


is extremely close to the theoretical value.  


2.2 Determination of the maximum irradiation temperature 


In general, the irradiation temperature of the specimens is determined from the coolant 


temperature at the RPV inlet, that may be increased due to gamma radiation. According 


to KTA 3203 it should not be more than 5K higher than the temperature of the RPV wall 


to assure representative results from the specimen testing. In the capsules of KCB this 


is realized by locating them in the downcomer of the RPV and wrapping the close packed 


specimens with ground surfaces in a thin sheet of austenitic stainless steel, so the heat 


transfer is optimized. Theoretical analyses show that the long-term specimen tempera-


ture is less than 2K higher than the RPV temperature in the downcomer. /FRA 19e/ 


From the point of view of GRS, the requirement of KTA 3203, that the long-term temper-


ature of the specimens shall not be more than 5K higher than the RPV wall is fulfilled by 


the design of the capsules supported by theoretical analyses. 
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In order to assure that there was no short-term overheating of the specimens, there are 


three temperature monitor sets in each capsule. These temperature monitors are 


mounted on three carrier plates together with the dosimeters that are arranged at the 


top, bottom and centre of the capsules in contact with the specimens.  


Each set contains the same four low -melting alloys with well-defined melting tempera-


tures. These melting temperatures are 292.1°C, 302.9°C, 309.4°C, 317.8°C ± 1K. In all 


sets of SOP4 only the material with the lowest melting temperature was found to be 


molten as was confirmed by the TÜV. Considering a difference between the solidus and 


liquidus temperature of 1K for the second alloy, it was concluded that the highest tem-


perature reached in the capsules was between 292°C and 302°C /FRA 19c/. 


From the point of view of GRS, the temperature monitors installed in the capsules of 


SOP4 allow the determination of the highest temperature of the specimens over the en-


tire exposure time with an uncertainty of 10 K as required by KTA 3203. 


2.3 Lead factor of the specimens 


The lead factor of the specimens is the ratio of the average neutron flux at the specimens 


to the maximum neutron flux at the (ferritic) surface of the RPV wall. Different standards 


define different upper limits to this factor in order to assure that the specimens do not 


produce unconservative test results due to a possible flux effect, i.e. lower embrittlement 


at the same level of fluence but a higher level of flux. For the materials used for the RPV 


of Siemens/KWU it was shown that there is no such flux effect up to rather high lead 


factors /FÖH 96/. Therefore, KTA 3203 requirements are rather relaxed and allow lead 


factors between 1.5 and 12.  


For SOP4 the average lead factor was determined to be 8.4 /FRA 19b/. This fulfils the 


requirement of KTA 3203. 


2.4 Mechanical testing of the specimens of SOP4 


Each set SOP0a, SOP3, SOP4 of the supplemental surveillance program contains from 


each of the materials (base metal ring 03, base metal ring 04 and weld metal of the core 


weld) 12 Charpy, 10 Charpy size single-edge bending SE(B), and 3 tensile specimens. 


The orientation of the Charpy and SE(B) specimens is T-L (long axis perpendicular to 
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the rolling or welding direction, and notches perpendicular to the cylindrical surface, i.e. 


crack growth in the rolling or welding direction). /FRA 19c/ 


This number of test specimens and their orientation correspond to the number and ori-


entation of specimens for an AF > 1 • 1019 cm-2 required by KTA 3203 /KTA 17/ if the 


adjusted reference temperatures shall be determined by both concepts, the RTNDT con-


cept and the master curve concept (see tables 3-4 and 3-5 in KTA 3203). 


2.4.1 Charpy tests 


For Charpy impact testing, test temperatures covered the range from -100°C to +300°C. 


This assures that the lower shelf as well as the upper shelf are covered. Next to the 


absorbed energy by the specimen rupture (KV2)10, the lateral expansion (LE) of the bro-


ken halves, and the shear fracture appearance (SFA) of the fracture surfaces were de-


termined. The test results were processed to draw best-fit curves as a function of tem-


perature: KV2 (T), LE(T), and SFA(T). Thereby, the index temperatures T41, T68, T0.9, and 


T50 for the ductile-brittle transition were determined, i.e. the temperatures where the best-


fit curves meet the values KV2 = 41 J, KV2 = 68 J, LE = 0.9 mm, and SFA = 50 % respec-


tively. In the transition temperature range, smaller intervals of test temperatures were 


chosen improving the precision when determining the index temperatures.   


All Charpy tests were performed with an instrumented pendulum that allowed to record 


the force-deflection diagrams for each test. For SOP4, these diagrams are shown in 


/FRA 19c/. Only for one test of base metal of ring 4 at -50°C there is no such diagram 


and no record of KV2 due to a blackout of the recording system. The test was repeated 


and the test at +75°C was omitted instead. 


From the point of view of GRS, the text matrix and methods fulfil all requirements of 


KTA 3203. The force-deflection diagrams of SOP4 tests show the expected behaviour 


of the specimens as a function of test temperature. These diagrams and the measured 


values of KV2, LE, and SFA present a consistent set of data for SOP4 with sufficiently 


low scatter. With respect to SOP0a, the results show a very low shift of all index temper-


atures in the range of 25 to 37 K for the base metals and a moderate shift for the weld 


metal in the range of 51 to 64 K. This is consistent with the chemical contents of these 


                                                


10 The index 2 indicates that the absorbed energy was tested with a 2 mm striker according to the ISO norm. 
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materials and the results of SOP1, 2, and 3. The upper shelf energy does not show any 


significant changes and remains at high values > 150 J for all materials, i.e. much higher 


than the minimum value of 68 J required by KTA 3203. 


2.4.2 Tensile tests 


Tensile tests were performed at 22°C, -70°, and -120°C for each material. The tensile 


specimens were proportional circular specimens with 5 mm diameter and 25 mm gauge 


length. The stress-elongation diagrams and computer assisted evaluations of optical 


measurements during the tests were used to determine the upper and lower yield 


strength (ReH/ReL), the 0.2 % proof strength (Rp0.2), the tensile strength (Rm), the elonga-


tion at fracture (A), the uniform elongation (Ag) and the reduction of area (Z).  


For comparison, the measured values of ReH, Rp0.2, Rm, A, and Z from the three sets 


SOP0a, SOP3 and SOP4 are shown in one diagram for each material, see Appendices 


29 to 31 in /FRA 19c/. GRS notes that the values shown as “main specific values” are, 


however, not consistent with the stress-elongation diagrams (Appendices 23 to 25) and 


the values given in the tables (Appendices 26 to 28) in /FRA 19c/ for SOP4. No check 


was made by GRS regarding the data from SOP0a and SOP3. 


The test results for ReH, Rm are needed for the determination of the mechanical charac-


teristics evaluating the fracture mechanical tests with the SE(B) specimens. As can be 


seen in Appendices 7 to 9 of /FRA 19d/ the correct values of ReH and Rm at 22°C were 


used. The values at test temperatures of the SE(B) specimens that differed from the test 


temperatures of the tensile specimens were estimated by a correlation, see next chapter. 


From the point of view of GRS, the test matrix and methods fulfil all requirements of 


KTA 3203. The stress-elongation diagrams of SOP4 tests show the expected behaviour 


of the specimens with sufficiently ductile behaviour of all materials. These diagrams and 


the measured values present a consistent set of data for SOP4 to be used for the fracture 


mechanical tests. The inconsistency of the data displayed in Appendices 29 to 31 in 


/FRA 19c/ is irritating, yet apparently, it has no impact on the final results.  
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2.4.3 Fracture mechanical tests 


The Charpy size (10 x 10 mm2 cross section, 55 mm long), side grooved, single-edge 


bending SE(B) specimens (see Figure 1 in /FRA 19d/) are tested for crack initiation under 


loading by three-point bending. Crack initiation takes place at a fatigue pre-crack at the 


bottom of a notch (not shown in /FRA 19d/) that was machined into one non-grooved 


side face. During the test with constant slow speed of the cross-head, apparently the 


crack-mouth opening displacement (CMOD) was recorded with a clip-gauge mounted on 


a dovetail machined into the notch (not shown in /FRA 19d/). The force vs. CMOD dia-


grams are displayed in the report. /FRA 19d/ 


The 10 SE(B) specimens of each material were tested at different temperatures close to 


the expected T0.  After evaluation of the tests it turned out that all specimens were tested 


well within the temperature interval T0 ± 50 °C, set by the ASTM norm E 1921-13 


/AST 13/. GRS notes that the force vs. CMOD diagrams appear consistent with the data 


in the tables 2 to 4 also in /FRA 19d/. Only two weld metal tests at the highest test tem-


perature -10 °C exceeded the validity criteria in terms of stable crack growth ∆a and 


stress intensity factor KJ, i.e. ∆a > ∆alimit and KJ > KJc(limit) for these specimens. So, in all 


cases a sufficient number of valid tests were performed to evaluate T0. The invalid test 


results of the two weld metal tests were taken into account as censored data according 


to /AST 13/.  


The results were converted to the equivalent values for 1 inch-sized specimens KJc(1T) 


(see tables 2 to 4 in /FRA 19d/). The converted values are shown in the KJc(1T) vs. test 


temperature figures 2 to 4 in /FRA 19d/ together with the derived master curves and their 


fractiles. Deriving the master curves and T0 values from the KJc(1T) vs. test temperature 


data with different test temperatures is a complicated process not described in the re-


ports. As can be seen from the few data beyond the different fractiles of the master 


curves, the scatter was acceptable indicating homogeneous materials.  


GRS notes that the assumed yield strength values of the weld metal at the test temper-


atures of the three-point bending tests (σ ys2) are not plausible. According to /FRA 19d/ 


they were derived with the Zerilli-Armstrong correlation using the tensile test results at 


22 °C as a reference. Yet, an interpolation between the tensile test results of the weld 


metal at 22 °C, -70 °C, and -120 °C would render about 40 MPa higher values for σ ys2. 


For the base metals of ring 3 and 4 there is no such obvious discrepancy. There is, 


however, no impact of this difference on the final results of the three-point bending tests: 
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The lower values for the yield stress σ ys2 only lead to lower validity limits KJc(limit). Even if 


σ ys2 was increased by a factor 1.1 (about 56 to 60 MPa), and accordingly KJc(limit) by a 


factor (1.1)0.5 the two invalid test results still exceeded KJc(limit) and remained invalid, all 


other results remaining valid. 


From the point of view of GRS, the test matrix and methods fulfil all requirements of 


KTA 3203 and ASTM E1921. The force-CMOD diagrams of SOP4 tests show the ex-


pected behaviour, the KJc -values present a consistent set of data for SOP4 with suffi-


ciently low scatter. The values of T0 derived by the master curve procedure are very low 


for the two base metals (T0 = -74 °C and -89 °C) and moderately low for the weld metal 


(T0 = -10.5 °C). With respect to SOP0a, the shift ∆T0 is about the same as ∆T41 for the 


base metal of ring 3, but lower for ring 4 and higher for the weld metal. Next to the very 


low values of T0 of the base metals this shows some discrepancies between the results 


of both concepts. 


The final proof for the acceptability of these results for a brittle fracture analysis shows 


attachment 23 of /FRA 19e/: The normalized fracture toughness data derived from the 


SE(B) testing of SOP0a, SOP3 and SOP4 are displayed in a KJc(1T) vs. (T - RTT0) diagram 


and compared to the standard KIc(T) curve of the ASME code. It shows that all the weld 


metal data are above the ASME curve while only a few data from the base metals of 


SOP0a and SOP3 (i.e. 4 out of 60 base metal data, all at T - RTT0 < -20 K) are slightly 


below the curve.  


The discrepancy of the yield strength values derived with the Zerilli-Armstrong correlation 


for the weld metal compared to the measured values is irritating, yet it has no impact on 


the final results in terms of T0.  


2.5 Determination of reference temperatures for EOL 


2.5.1 Reference temperatures based on the RTNDT concept 


For all three materials the RTNDT in the unirradiated state, defined as 


− RTNDT = max { TNDT ; T68J -33K; T0.9 -33K } with 


− TNDT as the nil-ductility temperature determined by the Pellini drop-weight test 
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was determined by TNDT. The Pellini tests were performed in the framework of the original 


surveillance program SOP0. As the orientation of the Pellini specimens is not specified, 


there was no requirement to perform new tests with a different orientation for the supple-


mental surveillance program SOP0a and the old results are still valid. 


The adjusted reference temperatures in the irradiated state were then determined as  


− RTNDTj = RTNDT + ∆T41 


based on the shift of the index temperature ∆T41 due to irradiation. Considering a possi-


ble influence of the orientation, the shifts of SOP1 and 2 were determined with respect 


to SOP0 and the shifts of SOP3 and 4 were determined with respect to SOP0a.  


Evaluating the adjusted reference temperatures at AF called ART, the procedure of the 


US American Regulatory Guide 1.99 was applied. This guide prescribes a certain form 


of the regression curve fitting the surveillance data for ∆T41 of the different sets, i.e.  


− RTNDTj ART = RTNDT + ∆T41 + Margin = RTNDT + CF · Φ(0.28 – 0.1logΦ) + 2(σI² + σ∆²)0.5 


− With CF: Chemistry Factor; Φ: neutron fluence [1019n/cm²] (E > 1 MeV) and  


− σI: standard deviation of the initial RTNDT (assumed to be 0 as it was determined 


by the Pellini tests resulting in TNDT < lowest “no break” test temperature) 


− σ∆: standard deviation of the shift ∆RTNDT with respect to the regression curve in 


the US data base (15.6 K for weld metal, 9.4 K for base metal but not larger than 


0.5 · ∆T41; these values were cut in half based on RG 1.99 position 2). 


For all three materials this approach resulted in a curve RTNDTj ART vs. neutron fluence 


bounding all the data RTNDTj of the four sets of the respective material with a margin of 


at least 3 K. From the point of view of GRS, this approach fulfils all requirements of 


KTA 3203, as KTA 3203 only requires the application of a suitable curve for inter- and 


extrapolations that should be of the form RTNDT = A + B · Φn and does not prescribe any 


additional margins. The adjusted reference temperatures RTNDTj ART of 22 °C of base 


metal Ring 3 can therefore be considered as the highest ART of the beltline at AF pro-


vided that it can be shown, that the RTNDT of the heat affected zones of the core weld in 


both rings in the unirradiated state is not higher than those of the core rings, see former 


GRS recommendation no.2. 
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2.5.2 Reference temperatures based on the master curve concept 


Based on the results of the SE(B) specimen tests of SOP0a, SOP3, and SOP4 and the 


evaluation of T0 by the master curve procedure, an adjusted reference temperature was 


determined along the lines of the RTNDT-concept: 


− RTT0j ART = RTT0(U) + ∆T0 + 2(σT0² + σ∆²)0.5, where 


− RTT0(U) = T0 (unirradiated) + 19.4 K. 


As in the RTNDT-concept the shift data were fitted to the function CF · Φ(0.28 – 0.1logΦ). For 


the uncertainties σ∆ the same values were assumed as in the RTNDT-concept: the values 


of the Charpy shift data from the US database were cut in half based on RG 1.99 posi-


tion 2. The uncertainties in the determination of T0 in the unirradiated state were deter-


mined according to ASTM E 1921, resulting in values of 7 to 8 K for σT0. Nevertheless, 


the term σT0 was omitted for the weld metal as all the determined KJc(1T) data from SOP0, 


SOP3, and SOP4 were above the ASME KIc (T) curve if plotted versus (T - RTT0), see 


attachment 23 in /FRA 19e/. 


For all three materials this approach resulted in a curve RTT0j ART vs. neutron fluence 


bounding all the data RTT0j of the two irradiated sets of the respective material with a 


margin of at least 9 K. From the point of view of GRS, this approach satisfies the require-


ments of KTA 3203, that allows the use of a reference temperature based on T0 in the 


irradiated state in the form “RTT0 = T0 (irradiated) + 19.4 K + Margin” but does not explic-


itly address the use of the irradiation induced shift of T0 of more than one irradiated set. 


In fact, the approach used by Framatome is considered more conservative and reliable 


as it is based on a curve bounding the results of three sets of specimens with a justified 


margin. Therefore, based on the master curve concept the adjusted reference tempera-


ture RTT0j ART of 17 °C of the weld metal can be considered as the highest adjusted ref-


erence temperature of the beltline at AF. 
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3 Summary and Conclusions 


The Framatome reports /FRA 19a/ to /FRA 19e/ were reviewed by GRS regarding the 


evaluation procedures and results of the RPV irradiation surveillance program of KCB, 


in particular the last irradiated set SOP4. The findings of the review can be summarized 


as follows:  


The theoretical and experimental approach determining the fast neutron fluence of the 


RPV and the specimens corresponds to the state-of-the art assuring a consistent set of 


data for the whole irradiation surveillance program SOP1 to SOP4. The average fluence 


levels of the specimen sets reached 34 %, 39 %, 62 %, and 108 % of assessment flu-


ence AF, i.e. the original design fluence of 3.5  1019 n/cm² (E > 1MeV) after 40 years of 


operation. The deviations between theoretical and experimental results are within the 


generally accepted range. The maximum RPV fluence after 60 years of operation, being 


in the range of 3.03 to 3.34  1019 n/cm² including possible uncertainties due to different 


core loadings, will still be lower than AF. Thereby, the Framatome analyses fulfil the 


requirements of KTA 3203 and the former GRS recommendations no. 4, 5 and 6 (see 


chapter 1.3).  


The requirements of KTA 3203 on the maximum short- and long-term overheating of the 


specimens are fulfilled by the evaluation of temperature monitors and the design of the 


capsules. Also, the lead factors are within the accepted range.  


The reference temperatures for the ductile-brittle transition of the three materials (base 


metals of rings 3 and 4, weld metal of weld no. 3) were determined in two different ways:  


− The classical RTNDT-concept based on Pellini and Charpy tests in the unirradiated 


condition and Charpy tests performed with four sets irradiated to four levels of neu-


tron fluence to determine the irradiation induced shifts ∆T41.  


− A deterministic RTT0-concept based on three-point bend tests of SE(B) specimens, 


one set in the unirradiated condition and two sets irradiated to two levels of neutron 


fluence to determine the irradiation induced shifts ∆T0.  


The adjusted reference temperatures including different margins based on the data scat-


ter were then evaluated at each fluence level along the same lines in both concepts:  


− RTNDTj ART = RTNDT + ∆T41 + Margin1 and  
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− RTT0j ART = T0 (unirradiated) + 19.4 K + ∆T0 + Margin2. 


In both cases regression curves were then fitted to the data to determine the adjusted 


reference temperatures of each material at AF. 


The RTNDT-concept resulted in RTNDTj ART -values of the three materials very close to each 


other with the base metal of Ring 3 as the critical material with the highest value of 


RTNDTj ART = 22 °C. In contrast to this the RTT0-concept resulted in very low values for 


both base metals of RTT0j ART = -45 °C and -51 °C, while the weld metal of the core weld 


was determined as the critical material with RTT0j ART = 17 °C. Despite these major dis-


crepancies between the results of both concepts, they were all determined correctly with 


justified margins and by state-of-the-art procedures fulfilling KTA 3203. In particular, the 


fracture toughness data of the weld metal are all above the standard KIc(T) curve of the 


ASME code. Hence, the value of RTT0j ART = 17 °C can be used for brittle fracture anal-


yses of the RPV during any kind of transient. 


It is noted by GRS that the omission of the heat affected zone (HAZ) in the surveillance 


program does not imply that the properties of the HAZ does not matter anymore. In fact, 


it has to be shown that the properties of the HAZ in the unirradiated condition are covered 


by those of the base metal, see former GRS recommendation no.2 in chapter 1.3. Re-


garding the very low values of RTT0j ART based on the RTT0-concept this seems to be, 


however, not a critical issue for KCB when using the RTT0-concept concept.  


Finally, it shall be noted that compared to the results of the tensile tests there appear to 


be some inconsistencies in the display of the tensile test data in appendices 29 to 31 of 


/FRA 19c/ and in the yield stress values of the weld metal resulting from the Zerilli-Arm-


strong correlation. These inconstancies do, however, have no impact on the results in 


terms of reference temperatures. 
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