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1 Introduction

This report gives an overview of the activities performed by GRS regarding the review
of documents on long-term operation (LTO) of the Borssele Nuclear Power Plant (KCB)
and summarises the resuits obtained thereby.

11 Background and objective

LTO of KCB is intended up to the end of the year 2033. Against this background N.V.
Elektriciteits-Productiemaatschappij Zuid-Nederland (EPZ) has launched the project
“LTO Bewijsvoering”. The objective of this project is to ensure that safety and safety-
relevant systems, structures and components (SSCs) continue to perform their intend-
ed functions during LTO. The outcomes of this project are to be used for a license
change application for approval of prolonged operation of KCB beyond 2013.

1.2 Scope and contractual framework

The documentation of the “LTO Bewijsvoering” project by EPZ comprises a series of
documents which have been prepared either by EPZ or by NRG or AREVA on behalf of
EPZ and which deal with the following topics:

¢ Concept of “LTO Bewijsvoering”
» Verification of preconditions
« Scoping and screening activities

* Ageing Management Reviews (AMRs) including catalogues of ageing mechanisms
(CAM)

e Time Limited Ageing Analyses (TLAAs) for the reactor pressure vessel (RPV), fa-
tigue, break preclusion, and equipment qualification of design base accident re-

sistant electrical equipment (EQDBA).
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GRS has reviewed these documents on behalf of the Dutch Safety Authorities
¢ Kernfysische Dienst (KFD) and the
¢ Dutch Ministry for Economic Affairs, Agriculture and Innovation (EL&I).

The reviews were performed in the time span between February 2010 and September
2012 within the framework of 3 contracts in a timely succession, namely the

e Contract ,Bewertung von Unterlagen zum Langzeitbetrieb des KKW Borssele* bet-
ween MinVROM / KFD and GRS /GRS 10a/

» 2010/2011 work programme of the co-operation contract between MinVROM / KFD
and GRS /GRS 10b/, work package 4

¢ 2012 technical work programme for the “Enhanced Technical Support to EL&l in the
Field of Nuclear Safety of Existing Nuclear Facilities” /GRS 12/, work package 2.

Thereby, the majority of documents were reviewed in the first half of 2012 within the
framework of /GRS 12/,

Table 1 provides an overview of the individual documents reviewed and the review re-
ports provided by GRS. The documents are sorted according to the topics mentioned
above. Overall, 51 reports have been reviewed by GRS experts. Moreover, 6 of these
reports have been reviewed again after their revision. The review results are docu-
mented within 41 separate review reports including revision notes.
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2 Approach

An approach was developed by GRS in close coordination with the Dutch safety au-
thorities for the review of the documents provided, which comprises in particular

« an understanding of the hierarchy of documents to be reviewed,

the evaluation criteria to be applied,

the structure of the documentation of the reviews, and

the discussion procedure.

21 Hierarchy of documents to be reviewed

At the very beginning, the documents were reviewed in the order of their availability.
However, it soon became clear that there is a document hierarchy which has to be fol-
lowed by the review process. Accordingly, the documents were reviewed taking into
account the following order / hierarchy levels, starting from the top: Conceptual docu-
ment, Verification of preconditions, Scoping report, Screening report, AMR methodolo-
gy report, CAM reports, AMR reports. That means that it was checked for all docu-
ments as part of the GRS review process if they were in agreement with the require-
ments / outcome of the higher level documents already reviewed before.

The TLAA reports are exceptions from the procedure described above. The four topics
for the TLAA (RPV embrittlement, fatigue, break preclusion and EQDBA) are specified
in the conceptual document. The comresponding individual documents are listed there.
For the review of these documents the interrelationship between several documents re-
lated to one topic, e.g. fatigue, had to be considered.

Moreover, an AMR summary report was provided summarising the results of the AMR

procedure (see Section 2.2).




2.2 Evaluation criteria to be applied and existing limitations

The reviews performed by GRS are based on the general knowledge of GRS on the
state of the art in science and technology related to ageing management and LTO of
nuclear power plants (NPPs) as well as on the specific knowledge on the degradation
mechanisms and ageing management of structures and components (SCs) in NPPs.

For evaluation of the general approach, mainly the IAEA safety reports / guides on LTO
/\AE 08/ and ageing management /IAE 09/ were applied. Specific requirements were
used to evaluate ageing management of individual SCs, as documented in several
codes and standards (e.g. KTA, ASME) and corresponding technical documents.
Moreover, GRS benefits from data and knowledge bases as well as insights gained
from more than 35 years of evaluating operating experience with SCs in NPPs.

Following consultation and agreement with the customers, the evaluation is exclusively
based on the review of the original documents. l.e., sources mentioned therein were
not evaluated by GRS due to the given contract and time frame as well as the fact that
many of these documents are written in Dutch. Therefore, it was mainly reviewed
whether the individual documents provide comprehensible information and meet the
requirements of the corresponding guidelines. In some cases, particularly for some
more complex documents such as the reports on scoping and screening as well as the
reports on the mechanical B AMRSs, the given restrictions were explicitly addressed in
the individual GRS review reports.

An exception from the evaluation procedure described above forms the review of the
AMR summary report. As requested by EL&I, this report was reviewed with regard to
completeness and consistency with the individual AMR reports only.

2.3 Structure of the documentation of the reviews

Each GRS review report starts with a short description of the background, objective,
scope and approach of the review. After this, the results of the individual reports are
first summarised and then commented on and evaluated chapter by chapter. Based on
this process, conclusions were drawn, and recommendations and comments were giv-

en.




The conclusions include a general evaluation of the report reviewed. Main findings are
given as recommendations. These recommendations focused on the enhancement of
the reviewed report as well as on measures which should be implemented at KCB it-
self. Minor findings, mainly editorial aspeds, are considered as comments.

It should be noted that this structure was elaborated during the review of several doc-
uments, i.e. the structure of the very first review documents may deviate from the struc-

ture described above.

2.4 Discussion procedure

The majority of draft review reports were discussed with representatives of EPZ, NRG
and AREVA in the presence of representatives of the Dutch safety authorities. For this
reason, a series of technical meetings were held. At the meetings in particular the rec-
ommendations given by GRS were discussed. The results of the discussions are fixed
in so called discussion sheets in tabular form. These sheets contain the draft GRS rec-
ommendations, the position of EPZ prepared in advance of the meeting as well as the
final results of the discussion. The discussion sheets are documented as part of the

minutes of the meetings.

10
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3 Conclusions and recommendations

31 Conclusions

The procedure chosen by EPZ for "LTO Bewijsvoering” complies with the procedure
given in IAEA Safety Report SR 57 /IAE 08/ for demonstrating the safety of nuclear
power plants during LTO, i.e. for demonstrating that safety and safety relevant SSCs
continue to perform their intended functions during LTO. The approach applied is de-
scribed sufficiently detailed to pin down the reasoning in the decision making.

As described in the conceptual report /INRG 11/, the documentation for the “LTO
Bewijsvoering” consists mainly of individual documents which can be assigned to the
phase “LTO Assessment’. These are documents which provide information on the ap-

proach and results of
— the scoping and screening process,

-~ the ageing management reviews for passive mechanical, electrical and civil / struc-
tural SCs as well as

— so-called Time Limited Ageing Analyses (TLAAs) for selected topics components
and ageing mechanisms.

Moreover, some individual documents on the verification of preconditions were provid-
ed which can be assigned to the phase “Prior to LTO Assessment”.

The documentation provided by EPZ for “LTO Bewijsvoering” so far is comprehensible
to a large extent. It basically demonstrates that the necessary conditions for a safe LTO
of KCB are met. However, it has to be noted that some restrictions exist with respect to
the comprehensibility of the reports. This is mainly the case for the AMR reports for
mechanical B components. The objective of covering all relevant ageing mechanisms
of all the systems in scope and their systematic management in one AMR report ap-
pears to be very ambitious. For instance, it was impossible for the reviewers to check
the reports for comprehensiveness and consistence with the systems in place at KCB

within the given framework.

The ageing management reviews performed resulted in a number of recommendations
by AREVA regarding the specific areas in which KCB plant practices and policies

11
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should be augmented to align KCB with accepted nuclear industry practices and to
demonstrate that the effects of ageing on in-scope components and subcomponents
will be adequately managed. This is to assure that the intended functions will remain
consistent with the NPP licensing basis during LTO. These recommendations are
mostly summarised in the AMR Summary Report /INRG 12/. Moreover, information is
given in /NRG 12/, how EPZ intends to implement these recommendations. The rec-
ommendations given by AREVA are supported by GRS.

GRS made a number of recommendations and comments when reviewing the individ-
ual documents. Here, one can distinguish between

- a large number of recommendations and editorial comments concerning the en-

hancement of the reports provided and

-~ some recommendations for the enhancement of KCB plant practices for LTO.

These recommendations and comments are documented in the individual GRS review
reports. Moreover, the minutes of the technical meetings held contain discussion
sheets documenting the results of the detailed discussions on the GRS recommenda-
tions and comments. These items are therefore not repeated here in detail. However,

the main generic recommendations are listed and explained below.

3.2 Main generic findings and recommendations

The main generic recommendations by GRS concern the following aspects:
- Enhancement of the existing ageing management plant programmes

- Additional inspection measures for components of the Main Coolant Pressure
Boundary (MCPB)

-~ Additional proof of the ageing behaviour of specific materials
- Compliance with the state of knowledge on ageing management of SCs
- Completion and further elaboration of fatigue analyses

- Completion and updating of documentation.

12




3.21 Enhancement of the existing ageing management plant programmes

For LTO of KCB, GRS recommends to enhance the ageing management plant pro-
grammes for safety-related SCs based on the insights gained from the ageing man-
agement reviews performed (R1).

Enhancement of the existing ageing management plant programmes for KCB means
from the viewpoint of GRS, in particular:

~ A more systematic overall approachishould be implemented taking into account the
relations between the different ageing management, inspection, and maintenance
programmes.

— The recommendations given in the AMR Reports prepared by AREVA as well as in
the corresponding Review Reports performed by GRS should be implemented in a
consistent and timely manner.

— The ISI / maintenance schedule should contain in a systematic manner all activities
to be performed including locations, intervals and test procedures and techniques
to be applied.

-~ An appropriate computer-based administration system should be implemented in
which all relevant information is collected and which allows a quick access to it,
particularly on the design and operating parameters, actual state of SCs, IS] and

maintenance programmes and results.

3.2.2 Additional inspection measures for components of the MCPB

For LTO of KCB, GRS recommends additional inspection measures for components of
the Main Coolant Pressure Boundary (MCPB) beyond the current scope (R2).

The recurrent inspection programme for pressurised components at KCB largely fol-
lows the requirements set by the US American ASME Boiler and Pressure Vessel
Code, Section Xl|. Some additional inspections are performed in response to require-
ments of the Dutch regulators and operating experience of other plants. For the com-
ponents of the MCPB this scope of inspections is considered to be adequate as long as
the plant is operated within its original design life and operating experience is support-
ed by other plants of similar design and vintage.

13
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However, GRS considers the information gained from these inspections not as a suffi-
cient basis for another 20 years of LTO. Firstly, this is due to the fact that there is no
other plant of the same design and vintage still in operation. Therefore, the growth in
operating experience with components made of comparable design is rather limited,
especially regarding their operating time. KCB cannot take credit from the world-wide
operating experience in the same way as plants in the U.S can do for example where a
great fleet of plants of comparable design is operating. Secondly, some degradation is
known from operating experience of these components, in particular resuiting from cor-
rosion and fatigue, and the occurrence of new types of degradation in the future cannot

totally be ruled out.

The general requirement to maintain a high level of safety for the KCB plant implies in
particular the ability to assure the high quality of the MCPB with high confidence. For
these components, failure during operation must be ruled out by preventive measures,
suitable design and close surveillance of operating conditions, which are complement-
ed by early detection of any serious degradation. Therefore, it appears necessary to
gain more information on the current physical status of those components and to as-
sure the early detection of any serious degradation by some additional inspections dur-

ing operation in the next 20 years.

Against the described background, GRS recommends additional inspection measures

beyond the current scope. This means:

—  For LTO until 2034, it is recommended to enhance the knowledge on the current
physical status and the condition of the components of the MCPB by one-time in-
spections of those components not inspected during the last inspection interval.

-~ Additional in-service inspections should be conducted for the verification of the as-
sumptions made for long-term operation by representative spot checks.

- The methods and techniques applied have to be able to identify potential degrada-
tion due to plant ageing. In particular, changes of the inner surfaces of components

should be identified at an early stage.

Detailed recommendations were given in the GRS review reports of the AMR reports
on the different systems and components, i.e. the reactor pressure vessel /JJED 12/, the
main coolant and surge lines /ELM 12/, the pressurizer system /REC 12a/, and the

steam generators /REC 12b/.
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3.2.3 Additional proof of the ageing behaviour of special materials

For LTO of KCB, GRS recommends to provide additional proof of the ageing behaviour
of specific materials based on research results or general industry experience and spe-
cial tests (R3).

In the review of the AMR reports a few specific materials used for KCB components
were identified for which the ageing behaviour is not well proven. This covers in par-

ticular

- Martensitic stainless chromium steel used for the latch housing of the control rod
drive mechanisms (X10 Cr 13 corresponding to 1.4006),

— Low-alloy steels used for the pressurizer (Altherm NiMoV and Altherm AF NiMoV),

and

— Cast ferritic-martensitic chromium steel used for the inner housing of the HP tur-
bine (GX 8CrNi 12 corresponding to 1.4107).

For LTO, more information on the ageing behaviour of these materials under operating
conditions is required. This information can be gained either by using the resuits of
studies already made or still continuing in other countries, particularly in Germany, or
by performing supplementary measurements such as hardness measurements. These
activities should be completed within an operating period of ten years of LTO.

3.24 Compliance with the state of knowledge on ageing managemernt of SCs

For LTO of KCB, GRS recommends to systematically follow the operating experience
and insights from R&D relevant for the ageing management of safety-related SCs (R4).

in order to make sure that new insights on the ageing behaviour of safety-related SCs
and measures to manage them can be considered for the safe LTO of KCB at an early
stage, the ongoing world-wide activities on operating experience feedback and ageing
management should be followed and evaluated in a systematically way. In this context,
active participation within the framework of international co-operation is important.
Therefore, the participation in relevant intemational working groups such as IGALL
(IAEA) or CODAP (OECD/NEA) should be increased.
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3.25 Completion and further elaboration of fatigue analyses

For LTO of KCB, GRS recommends to complete and further elaborate the fatigue ana-
lyses performed as soon as practically possible (R5).

From the GRS point of view, the fatigue analyses performed for LTO so far are com-
prehensible in principle but need some improvements. Detailed information for this is
given in /REC 12c/. For three locations, the usage factors calculated for operation until
2034 exceeded the attention levels for the cumulative usage factors as defined in KTA
3201 .4, i.e. possible environmental effects have to be taken into account by supple-
mentary measures such as detailed state-of-the-art calculations, monitoring of loca-
tions concerned, or adequate experiments. Moreover, fatigue analyses for a lifetime ex-
tension until 2034 still have to be performed for a number of locations. The planned
approach to specify the load cases during normal operation and their number on the
basis of measurements with the FAMOS fatigue monitoring system is regarded to be
appropriate and should in any case be implemented after five cycles as intended.
Against the described background, recommendation R5 comprises the

-~ further qualification of the already performed fatigue analyses,
- the completion of the still pending fatigue analyses, and

— the use of FAMOS data for further qualification of the load catalogue and individual
load cycles under normal operation.

3.2.6 Updating of documents

For LTO of KCB, GRS recommends to update the documentation for "LTO Bewijs-

voering" in an adequate manner (R6).

The recommendations and comments made by GRS regarding the enhancement of the
individua! documents are documented in the corresponding GRS review reports and
the discussion sheets. GRS assumes that these individual items are considered and
implemented in the updated reports. Moreover, it is important that the documentation
elaborated for “LTO Bewijsvoering” is considered as a “living documentation” for LTO
and is consequently updated in an adequate manner in order to reflect the current plant
status and changes in the state of knowledge on ageing management. For this, appro-
priate procedures and tools should be developed and implemented at KCB.

16




a1

Pk
P

wpat!

Pt
]
].:.-L

I".:__f;

4

IELM 12/

{JED 12/

Sources

M. Elmas: Enhanced Technical Support to EL&I in the Field of Nuclear
Safety of Existing Nuclear Facilities, WP 2 “Long-term operation of KCB" -
Subject: Ageing Managemeht Review to Support Long-Term Operation for
KCB Main Coolant Lines and Pressurizer Surge Line. Report No.: EL&I-
WP2-T7, Cologne, May 2012

U. Jendrich: Enhanced Technical Support to Nuclear Regulatory Authority
of the Netherlands KFD in the Field of Nuclear Safety, WP 4 "Long-term
operation of KCB" - Task: Ageing management review to support long-term
operation for KCB reactor pressure vessel. Report No.: KFD-WP4-WS2-
T1.1, Cologne, March 2012

/GRS 10a/ Bewertung von Unterlagen zum Langzeitbetrieb des KKW Borssele — Leis-

tungsbeschreibung und Kostenkalkulation. AG-Nr. 3080, GRS, 03.02.2010

/GRS 10b/ Enhanced Technical Support to Nuclear Regulatory Authority of the Nether-

/GRS 12/

NIAE 08/

NAE 09/

INRG 11/

INRG 12/

lands KFD in the Field of Nuclear Safety — Work Proposal for the 2010 /
2011 Work Programme (WSP01), AG-Nr. 3137, GRS, 20.05.2010

Enhanced Technical Support to EL&l in the Field of Nuclear Safety of Exist-
ing Nuclear Facilities — Technical Work Programme 2012, AG-Nr. 3271,
GRS, January 23, 2012

Safe Long Term Operation of Nuclear Power Plants, IAEA Safety Report
Series No. 57, International Atomic Energy Agency, Vienna 2008

Ageing management for Nuclear Power Plants, IAEA Safety Guide No. NS-
G-2.12, International Atomic Energy Agency, Vienna 2009

Conceptual document LTO “Bewijsvoering” KCB, NRG-22701/10.103460,
September 8, 2011

Summary report Ageing Management Review, NRG-22503/ 11.109273,
June 2012

17




100

posse

v
LR

P
e
}t-.) 3
fo

/IREC 12a/ H. Reck: Enhanced Technical Support to EL&I in the Field of Nuclear Safety
of Existing Nuclear Facilities, WP 2 “Long-term operation of KCB" - Subject:
Ageing Management Review to Support Long-Term Operation for KCB
Pressuriser. Report No.: EL&I-WP2-T4.3, Cologne, May 2012

/REC 12b/ H. Reck: Enhanced Technical Support to EL&! in the Field of Nuclear Safety
of Existing Nuclear Facilities WP 2 "Long-term operation of KCB" - Subject:
Ageing Management Review to Support Long-Term Operation for KCB
Steam Generators. Report No.: EL&-WP2-T4.1, Cologne, May 2012

/REC 12¢/ H. Reck: Enhanced Technical Support to EL&I in the Field of Nuclear Safe-
ty of Existing Nuclear Facilities WP 2 “Long-term operation of KCB" - Sub-
ject: Documents on Fatigue TLAAs ~ Revision Note, Report No.: EL&I-
WP2-T4 .4, Cologne, September 2012

18







