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Summary

The Borssele Nuclear Power Plant (Kerncentrale $&bes KCB) plans to extend its operating life to 60
years, until 2034. To demonstrate that safety afietysrelevant Systems, Structures and Components
(SSCs) continue to perform their intended functidasng Long Term Operation (LTO) KCB started the
project “LTO Bewijsvoering” (LTO justification).

As part of this project an Ageing Management ReiaBMR) was performed by AREVA in cooperation
with KCB. In the AMR the conditions of all passiescope SCs were assessed and a technical
evaluation to demonstrate that their intended fonstwill be managed consistent with the current
licensing basis during LTO was performed. The AMIRdtructural components concluded that all
structural SCs are adequately managed with théimxiageing management activities. However the
mechanical, as well as the electrical AMR resuiteskeveral recommendations. The current report
summarizes these recommendations and describesthkKCB intends to implement them. With the
fulfillment of these recommendations the effectagéing on in-scope SCs will be adequately managed,
so that their intended functions will be maintaimedsistent with the KCB licensing basis for Long-
Term Operation (LTO). In addition, with the implentation of these recommendations, KCB plant
practices and policies are in alignment with acegpiuclear industry practices for LTO.
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1 Introduction

1.1 Framework

The Borssele Nuclear Power Plant (Kerncentrale $&bes KCB) plans to extend its operating life to 60
years, until 2034. To demonstrate that safety afetysrelevant Systems, Structures and Components
(SSCs) continue to perform their intended functidasng Long Term Operation (LTO) KCB started the
project “LTO Bewijsvoering” (LTO justification). Tik project is described in the conceptual document
[4]. The outline of this project is based on IAEAf&y Report 57 “Safe Long Term Operation of Nuclea
Power Plants”[1]. A schematic overview of the LTfject, following this guideline, is shown in Figur
1-1.

The identification of SSCs that are within the se0p LTO assessment was performed during the

scoping [2] and subsequent screening [3] proceBaging the scoping process (4.1 in Figure 1-1) the

safety functions of all SSCs were analyzed in detad subsequently the SSCs were categorizedee th

different “safety categories”, which are in accordawith IAEA draft Safety Guide DS367[5] combined

with AREVA experience and engineering judgement:

. Safety category S1 contains components of theageaoblant system whose postulated
catastrophic failure is not enveloped by accideatyses.

. Safety category S2 contains:

. High-energy components inside the containment whposéulated failure may lead to
cross-redundancy consequential damage and is weloped by accident analyses, where
such components are not already assigned to Sadtdgory S1.

. High-energy components inside the reactor buildivigpse failure initiate a design-basis
accident with immediate adverse impact on heat vafrfoom the reactor core.

. Components required for the control of design-bastidents (safety functions), for
whose function alternative measures are not availaomptly or in an adequate time
frame.

. Components of auxiliary/supply functions whoseuglleads, causally and in the short
term, to loss of safety functions required for deait control.

. Supports as well as supporting structures for ipoments.

. Safety category S3 contains SSCs, whose failureimpsct upon the safety functions specified
in categories S1 and S2.

The scoping results are limited to a system, subsysr building level [2].

NRG-22503/11.109273 9/126
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In the subsequent screening process (4.2 in Fiijddethe active and passive Structures and Comp®nen
(SCs), that support the SSCs classified as saftgory S1-S3 in the screening process, and their
intended safety function(s) were identified usingpbenmodity group approach [FHctive SCs are defined
as structures, components or subcomponentpéréarm or support an intended safety functionupport
of the structures or component /commodity grougtiam(s) with moving parts or with an intended
change in configuration or staf@assive SCs are defined as structures, compamesithcomponenthat
perform or support an intended safety functionupport of the structures or component /commaodity
group function(s) without moving parts or without iatended change in configuration or staig,

piping or vessels [3].

In the Ageing Management Review (AMR) all passives $dentified as in-scope for LTO were evaluated
(green box in Figure 1-1). The AMR involved a die@ditechnical evaluation of safety and safety-eslat
passive components (e.g., piping) and subcompoKets pump casing) to demonstrate that the effect
of ageing will be adequately managed, (i.e., thended function(s) will remain consistent with thieP

licensing basis during LTO).

The AMR is divided in 4 different parts (see sewtio3):

. Mechanical A;

. Mechanical B;

. Electrical and 1&C;
. Structural.

10/126 NRG-22503/11.109273
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Figure 1-1 Schematic overview of LTO Bewijsvoer[dd

1.2 AMR methodology

In the AMR the conditions of all passive in-scofgsSvere assessed and a technical evaluation to
demonstrate that their physical status (i.e. timé@nded functions) will be managed consistent with
current licensing basis during LTO was performeae dutline of the AMR is based on IAEA Safety
Report 57 [1]. This guideline describes the follogvthree AMR steps (Figure 1-2) [1]:

. Step 1: Identification of ageing mechanisms thquire management.
. Step 2: Evaluation of relevant ageing mechanismesthey adequately managed.
. Step 3: Modification of existing ageing managenaativities/Introduction of new ageing

management activities.

NRG-22503/11.109273 11/126



Screening (4.2) AN

| N3G

AMR (5)
Passive

Step 1
Is an ageing effect
identified for LTO?,

yes

Step 2

Is the ageing

effect managed by no }

effective AMP? g ——
Step 3

Action required. I

Modification of existing

programmes,

yes I introduction of new I
programmes or plant A
modification. P

Ageing effects on — — J NQdags]lrngdeffecis
SC are adequately QJ eiciniy |e“ oafs 2

managed for LTO e

evaluation
Figure 1-2 Overview of Ageing Management Review (RMrocess according to SR57 [1] [4]

A general description of each AMR step is provitdetbw. A detailed description of the AMR
methodology is provided in the Ageing Managementi®e - Methodology Report [6].

1.2.1 Step 1: Identification of ageing mechanisms that require management

In this step the ageing mechanisms that requireagement for each in-scope SC were identified and
assessed with respect to their likelihood duril@ gear service period. This review of relevantiage
mechanisms is based on the environmental and apgainditions for each in-scope component and
subcomponent, component material information, dbagesite-specific and industry operating
experience and relevant research experience. Canpamaterials frequently used at KCB include steel
(e.g., carbon steel, low-alloy steel, chrome-mogrngn steel), cast iron, stainless steel, nicketdas
alloys, copper alloys, aluminium and non metalli®se environmental and operating conditions inelud
chemistry conditions, operating temperatures, dipgrgressures, flow rates, medium type and other
relevant environmental conditions for all modegplaint operation.

To facilitate step 1 a catalog of ageing mechanisassprepared for the disciplines mechanical [7],

electrical and 1&C [8] and structural [9] (see Figu.-3). These catalogs address ageing mechartisins t
are identified to be potentially relevant for KCBdaprovide a general description of relevant
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mechanisms, as well as basic information regardioggitions of concern, components/areas of concern
examination and detection, prevention, mitigatiod eemedies and examples.

1.2.2 Step 2: Evaluation of relevant ageing mechanisms; are they adequately managed

Once the review of relevant ageing mechanisms wapleted, the necessity for relevant ageing
management activities was identified. Effectiveiagenanagement can be accomplished by coordinating
existing measures or activities, including mainterg In-Service Inspection (I1SI) and surveillaree,

well as operations, technical support programdyding analysis of any ageing mechanisms) and
external programs, such as research and developmehis step existing plant activities were idéed,
reviewed and evaluated to determine if the existictiyities are adequate without modification or

whether existing activities should be augmented_fidD.

1.2.3 Step 3: Modification of existing ageing management activities/Introduction of new
ageing management activities

The evaluation of relevant ageing mechanisms maw shat the existing KCB activities are adequate to

manage ageing. However, if an identified measuictvity is not adequate or does not exist at KCB

recommendations were made regarding the specédasan which KCB plant practices and policies

should be augmented to substantiate Long Term @pera

1.3 AMR breakdown
As outlined in the AMR methodology report [5] afdientiation in the groups:

. Mechanical;
. Electrical and 1&C;
. Structural.

was made for the AMR.

The mechanical passive in-scope SCs were furtfffereitiated between mechanical A and mechanical
B SCs. The mechanical A SCs were defined as formipgrt of the fission product barrier. According t
the defence in depth concept there are four phiylsaraiers that prevent the release of radioagtitatthe
environment. The first and second physical baatercovered by the fuel assemblies. As the fuel
assemblies are replaced on a regular basis theyoageibject to an AMR. So the mechanical A SCs

constitute the third (main coolant pressure bow)dand fourth (containment system) physical barrier

NRG-22503/11.109273 13/126



\
NG

The mechanical A AMR considered the passive suboomputs within the following SCs:

. Reactor Pressure Vessel (RPV);

. Pressurizer (PZR);

. Steam Generators (SGs);

. Main Coolant Pumps (MCPs);

. Control Rod Drive Mechanism (CRDM) pressure housjng
. Main Coolant Lines (MCLs) and pressurizer surge;lin

. Steel containment.

The mechanical B SCs consist of the remaining apsanechanical systems. The in-scope mechanical B

SCs were handled in four system groups:

. Nuclear safety systems;

. Safety-related auxiliary systems;

. Secondary systems;

. Heating, Ventilation and Air-Conditioning (HVAC) stems.
and in addition four further groups:

. RPV internals;

. Primary component supports;

. Remaining in-scope supports and hangers;

. Mechanical fasteners.

For each of above listed (sub)groups an AMR repas prepared (see Figure 1-3) according to the
methodology outlined in section 1.2.

As stated in section 1.2.1 catalog of ageing mdasha@were prepared to facilitate “Step 1: Identification
of ageing mechanisms that require managementhidisciplines mechanical [7], electrical and 1&8] [

and structural [9].

As shown in Figure 1-3 the results of the AMR aathgred and summarized in the current report.

14/126 NRG-22503/11.109273
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Figure 1-3 Breakdown of the AMR [4]

1.4 Current report

The purpose of the current report is to summakhizerésults of the mechanical, electrical and 1&@ an
AMR for structural components and to describe hosvAMR recommendations will be implemented at
KCB (Figure 1-3).
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Chapter 2 of this report provides an explicit stagat on the current physical status of the plarg. $C
the following chapters the results of the techn&adluation to demonstrate that the effects ofrapwiill
be adequately managed (i.e. the AMR) are descrifiegl AMR has been performed by AREVA in
cooperation with KCB. Chapter 3 describes the tesaflthe mechanical AMR, chapter 4 the results of
the electrical and 1&C AMR and chapter 5 the resoftthe AMR on structural components. In case the
AMR identified that an existing ageing managemetivay was not adequate or does not exist at KCB,
these chapters describe the recommendations mafiRBYA regarding the specific areas in which
KCB plant practices and policies should be augnkr@dapter 6 describes how KCB intends to

implement these AMR recommendations.

16/126 NRG-22503/11.109273
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2  Current physical status

Ageing is predominantly caused by intrinsic fact@sg., operating temperature, pressure, neutron
radiation) which cannot be eliminated because #neyan integral part of the processes that ocdinirwi
a Nuclear Power Plant (NPP). As intrinsic factoesgenerally well known, they are considered during
the design phase and/or are taken into accounighractivities/measures during operation. To ensure
that the current physical status of the plant, deggeing, is within the predicted scope of theigle and
therefore adequate for continued plant operatiafet$ Report 57 [1] requires an engineering assessm

of the current physical status of SCs.

An adequate engineering assessment requires kngevtgd1]:

1. The design, including applicable codes and regnjaexquirements, the design basis and design
documents, including the safety analysis;

The fabrication, including material properties apecified service conditions;

3. The operation and maintenance history, includingroissioning, operational transients and
events, generic operating experience such as pagovating, modification and replacement,
surveillance and trend curves;

The results of inspections;
The environment inside and outside the SCs;

Results of research.

These topics have all been taken into accountarafisessment of KCBs ageing management activities a
described in the AMR reports [6]. Based on thigsssient, the AMR reports do provide statements on
the adequacy of the management of all relevanhggeiechanisms for passive, safety relevant SCs
during LTO. However an explicit statement on therent physical status of these SCs, based solely on

the information that has been collected for thégoerance of the AMR, has not been provided.

The consideration of ageing during design and ¢altion of the plant (items 1 - 2) is presentedeiction
2.1 of this report. It will be argued that the preses and qualified procedures followed at the ¢ime
erection ensured that the physical status of thetpbas well described and that deficiencies haenb

documented to ensure that ageing can be adequaéelstged during operation.

Ageing management during plant operation (item$Ris explained in section 2.2. The current KCB
plant programs and their interrelations are preskrthe continuous improvement of these programs

NRG-22503/11.109273 17/126
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through evaluation of inspection results and thiokigowledge of internal and external operating
experience and research is also addressed.

Section 2.3 highlights relevant modifications, @t and maintenance history, including inspection
results, and external operating experience andresef SCs. Based on the generic statement on the
documented status of the plant after erectioni(@e@ 1), the consideration of relevant modificatip
operating and maintenance history, external opeyakperience and research on specific SCs, coghbine
with the argument that inspection results from entiplant programs do not show any unacceptable
deviations and the extensive information in the AMIRorts, a statement on the current physical statu

provided.

2.1 Consideration of ageing during the design phase

Ageing was taken into account throughout the KC8iglephase. KCBs structures and components
needed to meet general construction and desiglireegents in accordance with Dutch requirements
(Dienst voor het stoomwezen) [28], requirementABME section 111 of the boiler and pressure vessel
code 1968 (“nuclear vessels”) [29], and/or othguieements for SCs such as Siemens/KWU specific
requirements, which are described in several spatin documents (RE-Ls). Plant specific welding
processes and qualifications were described iaskeciated Siemens/KWU “Arbeitsvorschriften (AVS)”

and also referred to in the RE-Ls.

The relevant codes and requirements for the diffesages of manufacturing and construction of each

in-scope SC are summarized within the correspondM@g report. Relevant requirements include:

. Calculation and construction requirements;

. Material requirements;

. Material testing requirements;

. Welding requirements and qualifications;

. Inspection and non-destructive examination requUareis)
. Etcetera.

Inspection and acceptance of the manufacturinggssss and products were performed by the German
acceptance authority TUV and/or the Dutch inspeteotDienst voor het stoomwezen”. Multiple
examinations were performed during manufacturigg &olumetric testing and chemical analysis. To

confirm the physical status of (semi)finished pradwappropriate non-destructive testing was peréokm

18/126 NRG-22503/11.109273
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In the end, the Dutch inspectorate “Dienst voorstedmwezen” and/or the TUV performed the final

acceptance according to the specifications andnements of the “Dienst voor het Stoomwezen”

The processes and qualified procedures followeshguihe manufacturing and final acceptance of the
plant ensured that the physical status of the g@latite time of erection was well described in,,esgmi-
finished product, welding and heat treatment docuat®n, and according to the “state of the artiyA
identified flaws were well documented to ensure thair acceptability was justified and that ageing

could be adequately managed during operation.

2.2 Management of ageing during operation

Effective ageing management during operation is@ptished at KCB by coordinating existing plant
asset management programmes (instandhoudingprograimimcluding the preventive maintenance, in-
service inspection and surveillance programs, dsas@perations, and the evaluation of internal an
external experiences. A general overview of KC8seamanagement programs is presented in Figure
2-1.

Overview programs KCB

External
Experience
tse0na0k
on ageing

*) Nurvers 5 37 § euence
30 the proceszes
1 2 3 4 5 6 7 8 B
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B) General document system for procedures etc. (AVS, DIS) F G H ' J
A\ C) Information system Purchasing [ Information system —»|  Planningand  [—»| Execution > Reporting * Evaluationand |
D) Information system Spare Parts Stores Workorders (ISO) Sheduling Trending
E) System for use of (hazardous) consumables

Figure 2-1 General overview of KCBs existing asset management programs
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2.2.1 Preventive maintenance program

In accordance with KCBs maintenance strategy, waéétvant SSCs are to be maintained using
preventive maintenance [30]. KCBs preventive maiatee program (item 4b in Figure 2-1) includes
actions that detect, preclude, or mitigate the aldgpion of functional SSCs to sustain or extendstful
life by controlling degradation and failures toateptable level. It includes periodic replacemiamig-
based maintenance and condition-based mainten@heeesults of surveillance tests, as well as the
evaluation of internal and external operating eiqnares are used as inputs to define the scope of
preventive maintenance activities [31].

2.2.2 ISl program

The ISI program (item 3b in Figure 2-1) monitors #ygeing effects of selected safety class 1, Zand
SSCs [31]. ISl is performed on components to pr@widntinuing assurance that they will safely ogerat
throughout the lifetime of the plant, contributittgplant availability and minimizing the probabylithat

an event will occur. KCB uses qualified and codpraped inspection methods and techniques, based on
critical flaws and a Probability of Detection (POWith adequate margin. I1SI activities are perforragd
KCB on an ongoing basis, throughout the servieedifthe plant. They allow the comparison of pre-
service and baseline information to assess changdsgradation in equipment condition which have
occurred with time. In addition ISI activities pide a sound basis for the inspection program, Iskgita

for LTO.

KCBs current ISI program for nuclear componentssaers the requirements of Stoomwet and ASME
code section Xl [33], taking specific design eleisenf the plant into account. The results of former
studies, inspection results and internal and eateyperating experience have been used to modify th

scope of inspections, as agreed between the Degehator and KCB.

KCBs ISI program uses three types of examinatidi: [3
. Volumetric examinations; ultrasonic testing (epmlse echo and time of flight diffraction
technique), Eddy current examination or radiograpfiray testing to detect volumetric defects

within materials.

20/126 NRG-22503/11.109273
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. Visual examinations:

VT-1: Visual testing is used to determine the stefaondition for defects or degradation
effects, such as cracking, erosion, abrasion, sammgwear. In some cases, the component
can be disassembled for examination.

VT-2: Visual testing is used to identify leakageidg hydrostatic pressure testing and
prior to start-up of the plant after refueling ay¢a. The VT-2 examinations prior to start-
up are performed at full operating pressure angbégatures during a plant walkdown.
VT-3: Visual testing is used to determine the geherechanical and structural condition
of a component and its supports, or it is useceted discontinuities and imperfections
such as loss of integrity at bolted or welded catinas, or it is used to observe conditions
that could affect operability or functional adequat constant load and spring-type
components and supports. The plant walkdown poigtartup after each refueling outage
considers VT-3 as well.

. Surface examinations; ultrasonic testing (creepasachnique), magnetic particle examination,

liquid penetrant examination, or eddy current exetions to indicate the presence of surface

discontinuities and flaws (e.g., cracks).

2.2.3 Surveillance program

The objective of the KCB surveillance program igtsure the functional availability of systems and

components that perform safety functions, withieragional limits and conditions, to promptly detect

SSC deterioration, as well as any trend that ctagd to an unsafe condition. The surveillance Eogr

includes the performance of periodic inspectiorgstasting to establish and direct monitoring, ircsijos

and maintenance of in-scope SSCs, as requiredgojateons or requirements [35] [36].

Surveillance generally involves the following adiss :

. Monitoring of operating parameters, such as pressamperature, flow rates, and level

measurements and system status. This includes:

Water chemistry program [37] (item 8b in Figure)2-1
Vibration monitoring;
Leakage monitoring;

Loose parts monitoring;

! In addition KCB performs visual inspections usingpbotic submarine. These inspections are regarded

as equivalent to a VT-1 examination.
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. Fatigue monitoring system (FAMOS)
. Checking and calibration of instrumentation.

. Testing and inspection of SSCs, including In-Sexrviiesting (IST) (item 1b in Figure 2-1) and
plant walkdowns.

Plant walkdowns

KCB operators perform walkdowns along the conteoigis, across the plant and through the
buildings at the beginning of each shift with thgeative of early detection and resolution of
problems in systems and buildings across the elNie. Additionally KCB department

managers perform regular plant walkdowns and bitahmulti-disciplinary (WANO) plant
walkdowns and the KCB maintenance department pagqant walkdowns in order to evaluate
the physical condition of plant, e.g., to plan gnetwve maintenance or to assess the necessity for

future improvements.

2.2.4 Operation

In order to minimize the rate of ageing degradatibplant SCs KCB operates according to prescribed
procedures and technical specifications [41] (iBamn Figure 2-1). These procedures and technical

specifications include measures to restrict eog. high temperatures and/or temperature transients.

2.2.5 Evaluation of internal and external experienc  es

KCB evaluates the inspection results recorded dumaintenance, I1SI and surveillance activitiesyals
internal and external experiences (including WANGB/operating experience feedback, containing
general and specific Siemens/KWU design or opegdtipics). Ageing related topics are separately
evaluated. Depending on the evaluation resulssdetermined whether measures are needed (see Figur
2-2).
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Figure 2-2 Evaluation cycle of ageing related internal and external operating experience

Besides these activities to continuously improediganization and its processes, KCB conducts and
reports a periodic safety review every 2 and 10s/€ghe 2-yearly safety review considers the safety
performance against existing codes and standah#soljective of this review is to evaluate the
technical, operational, human and administratiedifees with regard to nuclear safety and radiatio
protection, and to take appropriate action if cstesicy with the design basis cannot fully be
demonstrated. The last 2-yearly safety review le&s lperformed in 2011. This review showed no
shortcomings in the provisions for nuclear safetg eadiation protection. Some recommendations for

improvement and suggestions for optimization oésameasures were presented [28].

The 10-yearly safety review evaluates developmientschnological and regulatory insights to ensure
that plant remains in compliance with the “state¢hef art”. The first 10-yearly safety review reedlin

the project “Modificaties” of 1997. The second 1€ayly safety review resulted in the project “Mod2Go
Both projects implemented safety measures, selectélde basis of their impact on the total core aigen
frequency or on the individual risk as calculatathwhe plant-specific living Probabilistic Safety
Assessment (PSA) model. The evolution of the whadé damage frequency and individual risk as dtresu
of the safety improvements during the projects “Modties” and “Mod2Go” is shown in Table 2-1. The
performance of a periodic safety review does notfa part of the LTO Bewijsvoering project (see
Figure 1-1). The third 10-yearly safety review isrently underway.
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Table 2-1 Evolution of the total core damage frequency and individual risk [39] [40]

Y ear Total core damage frequency Individual risk
1995 5,6 10/jaar 8 10

1997 (after project “Modificaties”) | 2,83 fQaar 2,616

2009 (after project “Mod2Go”) 2,12 PQaar 1,216

2.3 Current physical status of SCs

The highlights of SCs relevant modifications, ofieggand maintenance history and external operating
experience and research are summarized in thi®seBased on this information, combined with the
argument that inspection results from current péeset management programs do not show any
unacceptable deviations and the generic statenmetiisodocumented status of the plant after erection
statement on the current physical status may giynéeprovided.

2.3.1 Current physical status of the RPV

In chapter 5 of the RPV and primary supports AME][1L.0] relevant information to assess the current
physical status of the RPV and its support is mtedi The highlights of the RPV relevant modificatip
operation and maintenance history, including reseiliSI, and the external operating experience and

research are presented below:

Some modifications have been performed on comperveititin the scope of the RPV AMR in the past.
The design of the intermediate extraction lineltesn improved. The new design prevents condensation
in this line of any medium that leaked from betwésntwo O-rings of the RPV head. This modification
has no safety relevant effect on the RPV. Otherifitations are the installation of level measureimen
assemblies and the use of newly designed high ¢dagieners with improved seal quality for
instrumentation and level measurement fasteners.

Transients, which could lead to changes in meclaaitd thermal loading of materials, occur during
plant operation. During the design phase of thatglee number of expected transients has been taken
into account. During the service life of the pl&@B regularly evaluates whether the actual opegatin
experience is still in line with the original exp&itons. The actual number of transients of impuansfor

the RPV is well below the anticipated number ofsiants assumed during the design phase. Withdegar
to irradiation embrittlement, it is important totadhat KCB changed its core loading strategy pardial
low-leakage core strategy after 10 cycles of opmmaAfter 19 cycles KCB completely implemented the

low-leakage core strategy. The implementation efltiw-leakage core strategy limits the neutron and
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gamma radiation levels on the RPV and thereforédiohanges in RPV material properties due to

neutron embrittlement.

The RPV (sub) components and its support are rdgufspected. The results of these inspections,

predominantly recorded during ISI activities, shoevunanticipated degradation and no inacceptable

indications. Besides the inspections listed ingieventive maintenance, surveillance and/or ISgam

KCB performed several additional inspections. Thiaskided for example:

. Ultrasonic inspections to exclude crack growthhaf tinderclad cracks in the RPV.

. Inspection of Bretschneider-verschlusse valvesflamgies to identify corrosion in response to
external operating experience.

. One-time inspection of the RPV system to verifyplosition of the RPV and to check that no
rotation of the RPV had occurred in comparison whioriginal measurements in 1972 and

verification measurements in 1989 [12].

Based on the above discussed measures, in conapirvgith the results of in-service inspections,
properly documented in inspection reports and an@laeports, and the extensive information in the
RPV and primary supports AMR [11] [10], it can lncluded that the current physical status of the RP

(sub) components and its support is within the ipted scope of the design.

2.3.2 Current physical status of the pressurizer

In chapter 5 of the PZR and primary supports AMB] [10] relevant information to assess the current
physical status of the PZR-system is provided. Aigalights of PZR-system relevant modifications,
operation and maintenance history, including resufitiSI, and the external operating experience and

research are presented below:

The PZR-system has been substantially modified ftwaroriginal design configuration. These
modifications included, the replacement of 3 safetives and 3 relief valves with 3 SEBIM compact
tandem safety valves that were mounted to a neweddie new dome was fitted to the top flange of the
pressurizer relief vessel in order to match thésesl/steam relief piping configuration. The 6 nezzh

the upper head were converted to perform the dpragtion by outfitting them with spray lances and
thermal sleeves. The heating elements and hedéngeat covers were replaced with new ones due to
failed heating elements during the first 10 yedrgperation. The new heating elements have a deuble
wall design and a lower electrical load. They &ereéfore more reliable than the previous ones.
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Transients, which could lead to changes in mechaaitd thermal loading of materials, occur during
plant operation. During the design phase of thatglee number of expected transients has been taken
into account in e.g., fatigue analyses. Duringsiwice life of the plant several design calculaio
needed to be revised due to several modificationstder to assure that the original and revisesigme
assumptions are still valid, KCB regularly evalgatiee actual number of transients to assure tieaeth

are below the anticipated number of transients.aldteal number of transients important to the PZR i

still well below the anticipated number of transgeassumed during the design phase.

The PZR (sub)components are regularly inspected.if$pection results, predominantly recorded during
ISI activities, are evaluated in order to demorntsttiae (sub) component is adequate for continued
operation. No unanticipated degradation and nccigatable indications have been found. Besides the
regular inspections listed in the preventive maiatee, surveillance and/or ISI-programs, KCB
performed several additional inspections; for exanam additional inspection to determine the cadise

sealing ball leakage of the SEBIM valves one yéar aeplacement.

Based on the above discussed measures, in conalnitveth the results of in-service inspections,
properly documented in inspection reports and an®laeports, and the extensive information in the
PZR and primary supports AMR [13] [10], it can lmncluded that the current physical status of thR PZ

(sub) components and their supports is within tieelioted scope of the design.

2.3.3 Current physical status of the steam generato  rs

In chapter 5 of the SG and primary supports AMR [18] relevant information to assess the current
physical status of the SGs and their support igigeal. The highlights of the SG relevant modifioas,
operation and maintenance history, including resfitiSI, and the external operating experience and
research are presented below:

Several modifications on the SGs have been peridimée past. KCB changed for example the design
of its SG tube supports after leakage of the Udwdiurred. Inspections showed that the leakage was
caused by tube support failure and subsequenihfyettmage of the U-tubes. Nowadays the tube
supports incorporate special comb-shaped consingin the U-bend region, restoring the originaletu
support and minimizing flow induced vibrations dretting. Due to leakage indications, the secondary
side manhole covers were replaced with thickeriolessof the same material. The original reducechksha
bolts were replaced by longer ones. Another impdmgodification is the transition from phosphate

treatment to High All Volatile Treatment (H-AVT) féhe secondary side water chemistry. The use of H-
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AVT minimized the formation of crud and reduced fhegress of corrosion on the SGs secondary side
significantly. Only a limited number of SG tubesre/@lugged during the service life of the planeaft
ISI inspections showed wall thinning of these tutbes to wastage corrosion from the early years with

phosphate treatment or fretting damage. Chemieahihg of the secondary side of the SGs was

performed in 2004, reducing the amount of crudrentaibe sheet and supports significantly.

Several design calculations needed to be revisgdglthe service life of the plant due the modificas.
In order to assure that the original and revisesigteassumptions are still valid KCB regularly exsdks
the actual number of transients to assure thaethesin line with the anticipated number of trants.
The actual number of transients important to the 8Gtill well below the anticipated number of

transients assumed during the design phase.

The SG (sub)components are regularly inspectedindpection results are evaluated in order to
demonstrate that status of the (sub)componenieguade for continued operation. These inspections
resulted in several modifications (see above).d=sthese regular inspections KCB performed several
additional inspections. These included for exanaplditional inspections during several years on the
secondary side of the steam generators in theohtba modified U-bend region (“comb-shaped

construction”) to confirm the elimination of fretj damage.

Based on the above discussed measures, in conairvgith the results of in-service inspections,
properly documented in inspection reports and anlaeports, and the extensive information in 8@
and primary supports AMR [14] [10], it can be card®d that the current physical status of the S8)(su
components, including their supports is within pinedicted scope of the design.

2.3.4 Current physical status of the main coolantp  ump

In chapter 5 of the MCP and primary supports AMB][[LO] relevant information to assess the current
physical status of the MCPs and their supportasiged. The highlights of the MCP relevant
modifications, operation and maintenance histargiuiding results of I1SI, and the external operating
experience and research are presented below:

Several modifications have been performed at thé®s§ince the construction and commissioning phase.
In 1984 the hydrodynamic mechanical seals, whicte fzarotating hard metal ring and a static carbon
ring and are assembled inside the two-stage ssattim the seal housing, were modified. A wedgg ri

was replaced by an O-ring and therefore some pétte seal ring support needed replacement. The
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rotating hard metal rings still have the same casitjom, but the manufacturing was improved, reaglti
in an increased lifetime of these slide rings. Avotmodification was the replacement of Flexit@lid
400 (containing asbestos) casing gaskets by geaphittaining gaskets in the eighties. This modifica

minimized possible chloride sources and therebyimiaed the susceptibility to corrosion of applicabl
SCs.

Original design calculations, as well as a compétess analysis of the casing, cover, cover finds
nuts, were performed by Sulzer for design basisstests to demonstrate that the subcomponents can
withstand specified loads. In order to assurettimBssumptions in the original design calculatemes
still valid KCB regularly evaluates the actual niembf transients to assure that these are in littretive
anticipated number of transients. The actual nurabgansients important to the MCPs is still well

below the anticipated number of transients assutnedg the design phase.

The MCP (sub)components are periodically inspeataag e.g., Ultrasonic Testing (UT), Liquid
Penetrant Testing (PT) and Visual Testing (VT).u@acceptable indications were found for in-scope
MCP (sub)components. In addition KCB performs ilmameasurements, which showed that both
MCPs are in excellent conditions in terms of tiw#tiration behavior. The MCPs have only been fully
dismantled during a few occasions. In 1977 and 148# 1 was opened without disassembly of

impeller and diffuser, the internal surfaces weaspected and roughness measurements were conducted

without any findings. In 1989 MCP 2 was openedsigmificant degradation was found.

Based on the above discussed measures, in conabirvgith the results of in-service inspections,
properly documented in inspection reports and an®laeports, and the extensive information in the
MCP and primary supports AMR [15] [10], it can b#ncluded that the current physical status of the

MCP (sub) components including their supports ibivithe predicted scope of the design.

2.3.5 Current physical status of the control rod dr ive mechanisms housings

In chapter 5 of the CRDM pressure housings AMR fe&vant information to assess the current
physical status of the CRDM pressure housingsasiged. The highlights of the CRDM pressure
housings relevant modifications, operation and tea@nce history, including results of I1SI, and the
external operating experience and research arergessbelow:

According to available documentation, no modificat have been performed on the KCB CRDM

pressure housings since commissioning of the plant.
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The CRDM pressure housings are not periodicallyntagied or inspected. Up to now KCB did not
experience any problems related to the CRDM predsousings. External experience with CRDM

pressure housings of similar design and materdig;h have been in operation for a maximum time

period of 38 years, also reports no problems umpte.

Based on these highlights and the extensive infoomén chapter 5 of the CRDM pressure housings
AMR report [16] alone, no explicit statement on tuerent physical status of the CRDM pressure
housings can be made. However, the outcome of MR Assessment, concluded that no known ageing
mechanisms are expected to have degraded the CR&ddype housings significantly. In order to detect
any signs of corrosive attack and to determinecthieent status of the CRDM pressure housings the
AMR recommended to extend the ISI activities (sssien 3.9.4).

2.3.6 Current physical status of the MCL and surge line

In chapter 5 of the MCL and SL AMR [17] relevantdrmation to assess the current physical status of
the MCL and SL is provided. The highlights of th€Mand SL relevant modifications, operation and
maintenance history, including results of ISI, #mel external operating experience and research are

presented below:

Since the construction and commissioning phase sonadl modifications have been performed on the
MCL system. The seals for the devices, on the hdtcald legs in both loops that were intended konal
isolation of the RPV from the remainder of the @igncircuit during the initial design phase
(Blasenstutzen), were changed twice. In 1985, tlggnal graphite rings used to seal the Blasenstutz
connection were replaced by Kammprofile gasketh giiphite overlay. Leakage occurred in 1986 at
this joint due to a wrongly adapted tightening jeaere to fulfill ALARA requirements. In 1987, the
Kammprofile gasket configuration was removed, dreRlasenstutzen were closed permanently through
the installation of C-Torus seals.

Another modification was the addition of several-V&lves in 1979 to ensure that a second valve is
installed at the safety class 1 to safety clag®akb This modification made the isolation betwsafety
class 1 and safety class 2 systems compatiblethétblass-break isolation as used in ANSI/ANS
standards and therefore reduced the number ofreghjini-service testing and inspections in the TA-

system.
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The design calculations of the MCLs and SL incltideedimensioning of the components, elasticity
calculations, stress analysis and fatigue analysistder to assure that the design assumptiong mmad
these calculations are still valid, KCB regulaniakiates the actual number of transients to atbkate
these are below the anticipated number of trarsiditte actual number of transients important to the
MCL and SL is still well below the anticipated nuenlof transients assumed during the design phase. |
addition to these design calculations a stresd@pdacement analysis for the TA nozzles of the MCL
was performed in 1985. A leak before break (LBBilgsis was performed in 1990 to demonstrate that
the MCLs and SL comply with the fundamental requieats for break preclusion. In order to better
understand the occurrence of stratification indinge line at KCB, thermocouples were placed at six
locations on the SL to determine the extent ofrttastratification. This analysis recommended to
remain in the hot stand-by state for only limitestipds of time. This recommendation is implemerited

the current operating procedures.

The MCL and SL (sub)components are periodicallp&ased using UT, PT and VT. During the last 10
years (2001-2010) no unacceptable indications wetected for in-scope MCL and SL (sub)components.
Regular maintenance of the MCL and SL (sub)comptznierrestricted to the seals. Besides the regular
activities listed in the preventive maintenanceysiliance and/or I1SI-programs, KCB performed saVer
additional inspections. These included a one-timspéction of the welds in the MCL and SL, thatraoe
inspected during regular inspections, as part@LBB demonstration and additional visual inspettio

on both MCL loops using a robotic submarine (SUSI).

Based on the above discussed measures, in conairvgith the results of in-service inspections,
properly documented in inspection reports and an®laeports, and the extensive information in the
MCL and SL AMR [17], it can be concluded that therent physical status of the MCL and SL is within

the predicted scope of the design.

2.3.7 Current physical status of the steel containm  ent

In chapter 5 of the steel containment AMR [18]eweint information to assess the current physiealist
of steel containment is provided. The highlightshef steel containment relevant modifications, atien
and maintenance history, including results of &g the external operating experience and reseaech
presented below:

The steel containment did not undergo any modificaafter construction of the plant.
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The design analyses of the containment consideflaht load cases including earthquakes, aircraft
crash, and loss of coolant accident (LOCA) follogvanmain pipe break setting free a maximum of
energy and mass. The highest load the steel comaits has suffered is its pressure test during
commissioning. Other loads on the steel containraenthe integrated leak rate tests. Until now KCB

performed these tests 7 times. Considering theptessure of 2 bar and the test frequency, thedoad

the steel containment can be assumed to be ndgligith regard to fatigue.

The steel containment is periodically visually iesfed. No significant indications of the steel
containment have been identified since the operatidhe plant. Leakages in the frame of the ak$oc
have been detected during a leak tightness testelleakages were attributed to failing seals.uxihiér
leakages were observed after their replacemenedas international experience with respect todesk
the steel containment and the good results fronpieous integrated leak tests, the test intemas in

agreement with the regulator expanded from 4 tgekds in 1998.

Based on the above discussed measures, in conanirveth the results of in-service inspections,
properly documented in inspection reports and an@laeports, and the extensive information in the
steel containment AMR [18], it can be concluded tha current physical status of the steel contaimm

is within the predicted scope of the design.

2.3.8 Current physical status of nuclear safety sys  tems

In chapter 5 of the nuclear safety systems AMR fg8jvant information to assess the current phisica
status of the nuclear safety system SCs is provitleel highlights of the nuclear safety systemsveeié
modifications, operation and maintenance histargiuding results of ISI, and the external operating

experience and research are presented below:

Since the construction and commissioning phaseaakewedifications have been performed at the
nuclear safety systems. Part of the nuclear safettem modifications resulted from periodic safety
reviews. Before the first 10-yearly safety revidwilding 33 was erected. This building houses #he,
that time, new installed emergency diesels (EY0BQYORS and TW-system. The first 10-yearly safety
review resulted in the project “Modificaties” of 9B. This project implemented several safety measure
related to nuclear safety systems, which includedrayst others:
. Addition of the ultimate heat sink VE (chain TGOBB/VE) which exclusively fulfills safety
related tasks during beyond design accidents.

. Enlargement of diesel power by the installatioemwfergency diesel generators (EY010/020/030).

NRG-22503/11.109273 31/126



\
During the second 10-yearly safety review a nunabdurther safety optimizations were identified wini
were implemented in the project “Mod2Go “in 2004odifications on nuclear safety systems included

amongst others:

. Larger diesel fuel stocks for emergency diesel ganes (EY).

Besides the modifications resulting from the padafety reviews, modifications on nuclear safety

systems due to evaluations of maintenance, suame! and ISI activities, as well as internal anereal

operating experience have been implemented. Thekeded for example:

. Replacement of the coating of the VF-piping by IRBINE®155 to improve the resistance of
the coating against accidental oil spills on thbebde river.

. Modifications of the reversing cover of the TF heathanger using modern CFD calculations, to
mitigate fouling of the tube sheet by equalizing flow distribution.

. Enlargement of the reversing head length of theIveat exchanger and changing the tube
material from CuNiFe10-90 to CuNiFe70-30, to preévenkage of the heat exchanger tubes.
Leakage of these tubes has occurred at the entsateef the water in the past. This was caused

by a too high velocity of the water, preventing themation of a protective oxide layer.

Evaluation of maintenance, surveillance and ISviigs, as well as internal and external operating
experience also resulted in improved programs aockegdures. Based on historical maintenance
information, it was for example decided to refubhbibe VF-pump housings only every 8 years, mandated
by the wear rate of its (glass flaked) coating.

Inspections, maintenance and surveillance acti/itgeve not identified any significant further
degradation effects in the last 20 years. The ritgjof the maintenance activities are pro-activetsas
mitigating the risk of chloride-induced corrosiopteplacing all possible chloride containing gasketd
stuffing boxes by “chloride free” gaskets and shgfbox materials. Furthermore all consumables are
marked for their use in and near systems to méitfa influence of detrimental materials and remgci
degradation. KCB also introduced procedures toagedhue introduction of foreign materials and olgect

into their systems.

Based on the above discussed measures, in conairvgith the results of in-service inspections,

properly documented in inspection reports and dn@laeports, and the extensive information in the
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nuclear safety systems AMR [19][25], it can be doded that the current physical status of the rascle
safety system SCs is within the predicted scopbeflesign.

2.3.9 Current physical status of secondary systems

In chapter 5 of the secondary systems AMR [20kwaht information to assess the current physical
status of the secondary system SCs is providedhifidights of the secondary systems relevant
modifications, operation and maintenance histeorgiuding results of ISI, and the external operating

experience and research are presented below:

Since the construction and commissioning phaseraevmdifications have been performed at the
secondary systems. Part of the modifications reddtom periodic safety review measures. The safety
measures of the first periodic safety review werplemented during the project “Modificaties” in 709

These included amongst others:

. Several modifications to the main steam system (K4,
. Replacement of main steam lines inside the congmnto qualify them as Leak Before
Break (LBB).
. Introduction of multiple safety relief valves totatm more redundancy.
. Introduction of a flow restrictor in the main stedires to limit the consequence of a line
break.
. Several modifications to the emergency and maidvieg¢er system (RL)e.qg.,
. Replacement of feedwater lines inside containntergualify them as LBB.
. Modifications to the back-up emergency feedwatstesy (RS) to develop a two-loop system

with a capacity of 2 x 100 % with respect to theogal of residual heat.

. The VG pool and RZ pool liners were modified by lgpmg PE liners.

During the second 10-yearly safety review a nunoibéuarther safety optimizations were identified.

These optimizations were implemented in the prof@ad2Go” in 2004 and included amongst others:

. Addition of a connection possibility from the bagg-emergency feedwater system (RS) to a
mobile fire water pump outside building 33 duriregident conditions.

. The addition of an interconnection line betweenttin@ back-up emergency feedwater tanks,
allowing the available back-up emergency feedwgaienp to take suction from both RS tanks,

and thereby extending the independence of the R®isy
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Besides the modifications resulting from the pedadfety reviews, several additional modificatiave
been implemented. These included for example:
. Replacement of the moisture separators RBOO1/RBOUGAto improve the water separation
efficiency and increase the thermal efficiencyhd plant.

. Upgrade of the High Pressure (HP) turbine and Logs§ure (LP) turbines, including turbine

inner housing and related parts, to increase tbrarthl efficiency of the plant.

Evaluation of maintenance, surveillance and ISvis, as well as internal and external operating
experience resulted in improved programs and proesd Flow Accelerated Corrosion (FAC) was the
dominant degradation mechanism in the early yeati1986. In the early years several system parts
needed replacement because of FAC damage. Thésédddhe cold reheat line (RB), the turbine
extraction lines (RF), the drain lines of the tabpiping (SH), parts of the extraction or condensaes
of RP, RM, RH, RG and several heat exchanger banBlethermore parts were locally repaired or
protected by applying a Metcoloy coating. In thghéies KCB switched from phosphate chemistry for
the secondary side water chemistry to High All \itdarreatment (HAVT). The most important
influenceable parameter for FAC is the pH, whichraded from 9.1 to 9.3 in the period 1976 to 1981 an
from 9.3 to 9.8 in the period 1981 to 1986. FrorB@Bnwards, the pH is kept at a vaiti@,8. By the
introduction of HAVT, the FAC rate was reduced digantly. This was, and still is, verified by tiFA\C
measurements throughout KCBs systems. Based oringnigoowledge and experiences the original
FAC program was evaluated and further improveddi®81 2004 and 2010.

No further, significant findings were identified iy recent maintenance and ISI activities.

Based on the above discussed measures, in conanineth the results of in-service inspections,
properly documented in inspection reports and dn@laeports, and the extensive information in the
secondary systems AMR [20] [25], it can be conctuttet the current physical status of the secondary
system SCs is within the predicted scope of thegdes

2.3.10 Current physical status of safety related au  xiliary systems

In chapter 5 of the safety related auxiliary syste&xvMR [21] relevant information to assess the auirre
physical status of the safety related auxiliaryesysSCs is provided. The highlights of the safetgted
auxiliary systems relevant modifications, operatéoigl maintenance history, including results of &éid

the external operating experience and researchrasented below:
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Evaluations of maintenance, surveillance and I8Vidies, as well as internal and external opeigtin

experience resulted in several modifications. Tlesleded for example:

. Replacement of all cam profile gaskets with IT48ger with Graphite layer gaskets.

. Improvements at the nozzles and manhole of botic boid storage tanks (TB) were made using
reinforcement rings, due to leakage at the manvaakejs.

. Repair and partly replacement of parts of the Téspure reduction control valves due to
degradation by cavitation. After a process chanigieinvdesign limits and straight replacement of
some inner parts, cavitation appeared to occusicgulamage. A new design of control valve is
in progress for future implementation, which shoelichinate cavitation without process
limitations.

Since 1982 KCB provides extra emphasis on the tisalogen low or halogen free materials. This
resulted in implementing a system for conditiondobisse of consumables and a complete restriction on
some products containing halogens. The emphasisisa®n asbestos materials, in which chlorides
cannot be excluded. These asbestos materials e@eced by graphite materials or other low or hatog
free materials.

In response to external operating experience KGBdoted a large sample of so called “Bretschneider-
verschlusse” valves and flanges to identify coonsirhese inspections were without any significant
result. Nowadays relevant valves and flanges ageicted when they are opened for maintenance and th

inspection results are documented.
No further significant findings were identified duy recent maintenance and ISI activities.

Based on the above discussed measures, in conairvgith the results of in-service inspections,
properly documented in inspection reports and an®laeports, and the extensive information in the
safety related auxiliary systems AMR [21] [25]c#n be concluded that the current physical stdttiseo

safety related auxiliary system SCs is within thedicted scope of the design.

2.3.11 Current physical status of HVAC systems

In chapter 5 of the HVAC systems AMR [22] relevarformation to assess the current physical status o
the HVAC SCs is provided. The highlights of the H¥Aystems relevant modifications, operation and
maintenance history, including results of ISI, #mel external operating experience and research are

presented below:
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Since the construction and commissioning phaseralewvmdifications have been performed at the HVAC

systems. These included for example:

. Replacement of the three Freon 11 UV30, UV031 ax@32 chillers for thee new ones after
corrosion in on the freon side in the early eightie

. Installation of backup air cooled chillers UV033m@BID002 in the early eighties.

. Replacement of coolant in the YV030, UV 031 and 3¥@hillers in 1992. The freon 11 coolant

was replaced with SUVA 123.
. Replacement of the air inlet filters with a neweygf filters. These filters have an improved

resistance against fog conditions and improvedrfilfetime.

As a result of the first 10-yearly safety review following modifications were included in project

“Modificaties”:
. Increased capacity and improved filtering of thetimir systems UW021 and UW22.
. Replacement of the three containment valves perdififL04, TL10 and TL75 by two more

reliable containment valves with leak test provisiper line.
. Installation of a new recirculation air cooling s for building 72 (emergency diesel EY010
and EY020).

During the second 10-yearly safety review a nunabdurther safety optimizations were identified wini
were implemented in the project “Mod2Go” in 2004odifications on HVAC systems included:

. Replacement of the air inlet check valve TLO70StDihcrease the reliability of the component.
. Addition of extra air coolers in the TLO40 systemrcomply with the reduced allowable air

temperature requirements for continuous work incitretainment.

Besides the madifications resulting from the pdadaéfety reviews, KCB proposed several
modifications on HVAC components for LTO. Theselinie:

. TLOOOGO0O01 intake air filter;

. TLOOBOO2? inlet air heater;

. TLOO4 inlet air heater to building 01;

. TLOOG6 inlet air heater to building 03;

. TLOO7 inlet air heater to building 03 laboratoriamea;
. TLOO8 inlet air heater to building 03 office area;
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. Replacement of the UV-chillers. These are planpndiktreplaced as the used refrigerant will be
abandoned in 2014.

During recent surveillance activities a deficiemtyiping support (UV006) was identified. It appegr
that local damage of cold insulation had led tostuwe condensation along the support and corragion

the support and local pipe section. This pipesuggport and the insulation have been replaced.

Based on the above discussed measures, in conanirvéth the results of in-service inspections,
properly documented in inspection reports and an@laeports, and the extensive information irtrod
HVAC systems AMR [22] [25], it can be concludedyttttae current physical status of the HYAC SSCs is

within the predicted scope of the design, wherpttoposed modifications for LTO are implemented.

2.3.12 Current physical status of RPV internals

In chapter 5 of the RPV internals AMR [23] relevarformation to assess the current physical status
the RPV internals is provided. The highlights af RPV internals relevant modifications, operatiod a
maintenance history, including results of ISI, #mel external operating experience and research are

presented below:

The RPV internals are periodically inspected, myairsing UT and VT. These inspections resulted in

several modifications during the service life of fhlant. These included:

. Replacement of the baffle-former bolts, excluding bolts in the lowest row, by austenitic
stainless steel “star bolts”

. Replacement of the original disc springs (1.41Z2he hold-down assembly by commonly used
alloy X-750 disc springs.

. Replacement of the original schemel bolts as aemprence of primary water stress corrosion
cracking (PWSCC). PWSCC of the new installed budts been reduced due e.g., improved heat
treatment techniques during manufacturing.

. Replacement to the fuel assembly centering pins.

The baffle-former bolts were inspected VT and U&s&d on small deviations in the UT signal (still
acceptable result) a number of bolts have beeacegd! A number of bolts were replaced preventively
and a small number of bolts were replaced basedvisual crack in the intentionally deformed bold
locking cup. Except for these baffle-former boits,further indications were found during the I3t 1
years (2001 — 2010).
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Based on the above discussed measures, in conairvgith the results of in-service inspections,
properly documented in inspection reports and an@laeports, and the extensive information in the

RPV internals AMR [23] it can be concluded that thierent physical status of the RPV internals is

within the predicted scope of the design.

2.3.13 Current physical status of electrical and I&  C systems

Since the construction and commissioning phaseakewedifications, e.g., bunkered back-up system
(building 33), project “Modificaties” and “Mod2Gdiave been performed. These modifications resulted
in extension and/or replacement of the existingtétzal and 1&C SCs. The service life of a consatse
part of the in-scope SCs is therefore far away ftioenassumed design life (assumed to be 40 years,

however the maximum service life strongly depernatanuthe environmental conditions).

The AMR for electrical and 1&C systems includeslanp walk down, interviews of KCB employees, as
well as an evaluation of KCBs operating experiettatabases (VOB and SWG). During the plant walk
down all areas in buildings 02, 03, 04, 05, 10,3A.,35, 72 were visually examined. The areas in
building 01 were extensively investigated in thelA part of the project “LTO Bewijsvoering”. The
plant walk down concluded that in general the Visoadition of the electrical and I&C components in
these areas was good. However some componentdyroalrte trays, showed corrosion indications and
some components were exposed to wetted condi#jsThe interviews, as well as the evaluation of
operating experience showed that KCB experiencetegmoblems with electrical an I1&C commodities
in the past. These include for example insulatioibrttlement, hardening and/or discoloration ofesir
especially within the 1&C cabinets and spreadetarye part of the spreader wiring was replace®@i71
Nowadays KCB has a monitoring program for the speeaviring in place and the wires in the I1&C
cabinets are regularly visually inspected. Othgregienced, and fixed, problems are related to the
commodity connectors and terminals and include aysibothers damage of the swivel connection in
junction boxes. However the general conclusiorhefinterviews with KCB employees, as well as the

evaluation of operating history revealed that fleeteical and 1&C commodities are in a good coratiti
Based on the results of the plant walk down, inlmioattion with the interviews and the evaluation of

operating history performed during the electricad &C AMR [27], it can be concluded that the cuntre

physical status of the in-scope electrical and &hmodities is within the predicted scope of theigie
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2.3.14 Current physical status of structures

The AMR for structures included a plant walk dows well as an evaluation of KCBs maintenance and

operating experience. These activities resultaterfollowing highlights:

During an inspection in 1988 degradation of thafmeted concrete wall of the ventilation stack
(part of building 03) was identified. The damagedarete was repaired. Since that time the
ventilation stack is protected by a three layer@atiag, whose top layer protects as a moisture
repellant. The reinforced concrete and its codtiag been inspected regularly. These inspections
showed that the constructive protection againgresl influences is intact. However the coating
showed cracks in some locations and the underlyamgrete wasn’t good everywhere.

Therefore, KCB started @2repair program in 2008, which was finished in 2009

In 1998 a break of the main anchors of the turbui&ling (04) steel structure was identified.
Evaluation revealed that a too high pre-strese®finchors and inappropriate storage and
treatment of the anchors during the constructicaspltaused this problem. The anchors were
replaced and these anchors are regularly visuadlyected.

Due to some damage of the sump coating it was99 tiétermined that the top cement layer of
the floors in some installations rooms (building @&eded to be replaced. KCB applied a new
reinforced top layer. Nowadays the coating is iogge during each outage and coating damages
are repaired immediately.

The concrete of the cooling water intake and ounilgtding (21/23) and steel coating of the

cooling water piping demand repair work, whichdeexduled for 2011/2012.

Based on the above discussed measures, in conalinveth the results of inspections and maintenance

activities, as well as the results of the plantwdwns and the extensive information in AMR regort

structural components [26], it can be concluded ttia current physical status of the in-scope siines

is within the predicted scope of the design.
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3 Results of the mechanical AMR

This chapter describes the results of the mechiaM&. For each KCB relevant ageing mechanism a
condensed description and the mechanical SCs akconas identified in the AMR, are provided.
Thereafter the ageing management activities thgese manage the ageing mechanism during LTO are
evaluated. In case that the AMR identified thatghisting ageing management activities are not
adequate or do not exist at KCB, the recommendafiem the AMRSs are provided in this chapter as

well. The implementation of these recommendatisrdescribed in chapter 6.

3.1 Management of thermal ageing

Thermal ageing is generally characterized by thyraativated movements of atoms in a material
during extended periods of time at elevated tenipera. Thermal ageing may occur with or without
external mechanical loads. Thermal ageing processesccur within a broad temperature range,

depending on the environmental and material paensiet

Thermal ageing, which causes a loss of ductility amlecrease of the impact strength and fracture
toughness of a material, may affect both low-afisel and cast stainless steel containing resédual
ferrite. It can occur at temperatures beyond 250CYCCrNi- or CrNiMo-type austenitic stainlessedte
(cast steel or weld metal) with significant amouwtftsesiduab-ferrite (> 15 vol.-%), austenitic-ferritic
stainless steel and ferritic-martensitic stainksgl may be susceptible to thermal ageing. Austeni

stainless steel metal welds witld-&errite content > 10 vol. % may also be susceetiblthermal ageing

[71.

The basic method to prevent thermal ageing isnd thed-ferrite content through appropriate material
selection and qualified welding procedures. Comptswhich are already installed and are subject to
applicable conditions (see Table 3-1) should befadly examined during plant operation. The AMR

results of these components are described below.

Pressurizer

For the martensitic stainless steel nuts, washetgestricting orifices in the pressurizer venelEBIM
valves, degradation of mechanical properties dukdonal ageing cannot be fully ruled out. However,
even in the postulated case of degradation, asydbmechanical integrity of the pressure boundgary

not expected, based on the function and mechdo@dlof these parts. The restricting orifices are
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periodically replaced, which is adequate to pretieatmal ageing. It is recommended in the AMR that

KCB assesses the possible ageing of relevant ndtsvashers and considers replacement, if necessary,

during periodic inspections or when a joint is ageéto perform maintenance activities [13].

Steam generator

The ferritic-martensitic stainless steel comb stitescrews and primary manway sealing plates reay b
susceptible to thermal ageing as the operating éeatyore for these components is above 250 °C. Fhe U
tube bundles (including the comb structure) onsimndary side of the steam generators are visually
inspected (VT-1) every 7 years and the primary negnsealing plates are replaced when the primary
side of the steam generator is opened for Eddentitesting (which means they are replaced every 3
years). Even in the event that these plates weaigean the 3 year interim period, leakage of tadisg
plates can be detected during the system leakatiegavalkdowns (VT-2) that take place followingcha
outage prior to plant start-up or through the lgekanonitoring system. These measures are consittered
be sufficient for adequate management of thermeaihagof the comb structure screws and primary

manway sealing plates [14].

Secondary systems

The ferritic-martensitic stainless steel branchedlsbore piping (between RA002S034 and RA002S035
and the connected valve body RA002S035) may beeptibte to thermal ageing as the operating
temperatures for these components are higher &A@ However the consequences of leakage or
failure of this piping or valve generally has néeef on nuclear safety. The existing performance of
regular plant walkdowns aimed at identifying leadsigs sufficient to adequately manage thermal agein

of these components [20].

Table 3-1 AMR results for the components identifiedsusceptible for thermal ageing

(Sub)components Recommendations

Pressurizer

Martensitic stainless steel nuts, washers and the Assess possible ageing of these
restricting orifices in the pressurizer vent lins,well as | components and consider replacement.

the nuts associated with the SEBIM valves.

Steam generators

- Ferritic-martensitic stainless steel primary manway -
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(Sub)components Recommendations

sealing plates;
- Ferritic-martensitic stainless steel comb structure

screws in the secondary side tube supports.

Secondary systems

Ferritic-martensitic stainless steel branched sinale -
piping between RA002S034 and RA002S035 and the
connected valve body RA002S035.

3.2 Management of neutron induced ageing (irradiati  on

embrittlement)

Irradiation embrittlement is a relevant ageing nagism for certain areas within the RPV and the RPV
internals. The degree of irradiation embrittlemaepends on the material composition, irradiation,
temperature, fast neutron flux and time of expogtikeThe AMR results of the RPV and RPV internals
are described below.

Reactor pressure vessel

As the highest neutron fluence occurs in the cettilbe region of the RPV, irradiation-induced méae
embrittlement is expected to occur within this oegiespecially within the weld joints (see

Table 3-2). A safety assessment, with respectadiation embrittlement of the RPV considering 60
years of operation has been performed. This assegsiows that sufficient safety margin exists and
that the calculated allowable reference temperatitierespect to nil-ductility transition is withite
existing limits according to KTA rules. In additiokCB will validate the expected low level of
irradiation embrittlement of the RPV through impkemtation of an additional RPV irradiation
surveillance program during LTO. The use of lowklage core management results in further limitation
of neutron and gamma irradiation levels in the RI®BY& beltline region. Irradiation embrittlementtiog

RPV is adequately managed with these ageing marageautivities in place at KCB [11].

Reactor pressure vessel internals

Areas of the RPV internals (including the coreiinéds) composed of austenitic stainless steel atetln
base alloys are subject to irradiation embrittlenfsee Table 3-2). As the fluence thresholds fah bo
irradiation embrittlement and Irradiation Assist&ttless Corrosion Cracking (IASCC) are close togethe
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the inspection activities performed for IASCC auffisient to envelop irradiation embrittlement asliv

(see section 3.7.4). Therefore, the ageing managdioreneutron-induced ageing of the RPV interrzdls
KCB is adequately covered by the activities in pléar the management of IASCC [23].

Table 3-2 AMR results for the components identifiesdsusceptible for irradiation embrittlement
(Sub)components Recommendations
RPV

RPV core belt region -
RPV internals

- Core baffle; -
- Core barrel;

- Former plates;

- Baffle-former bolts;

- Barrel-former bolts;

- Upper and lower fuel assembly centering pins;
- Lower core support;

- Grid plate;

- Bolts of in-core instrumentation tube.

3.3 Management of ageing by frictional impact (wear )

Wear is defined as the loss of material from irdting surfaces under relative motion, resultingin
tribological process. Wear occurs as a consequeiicietion and is promoted in the presence of
frictional forces, surface roughness, abrasivei@astand corrosive fluids. In general, materiaithwigh

strength and toughness, such as certain stainksisand nickel alloys show increased resistaneestr

[71.

Most in-scope structures and components are génarahovable parts and are, therefore, not
susceptible to ageing by frictional impact. Theistures and components for which ageing by frieion
impact has been identified as a relevant ageindiaresm are listed in Table 3-3.The AMR results of

these SCs are described below.

Steam generator

Wear of the steam generator U-tubes has beenfigert occur as a consequence of tube support

failure. Nowadays the tube supports incorporateiabeomb-shaped constructions in the U-bend region
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restoring the original tube support and minimizitogv induced vibrations and fretting. However, even
considering this improvement, degradation by foicél impact due to support failure cannot be

completely excluded. Loose parts which could acdatain low flow areas within the primary and
secondary side of the SGs can also cause damdge itolled tube plugs and U-tubes.

Primary side
KCB can detect loose parts which can lead to dardageo frictional impact, using the loose parts

monitoring (KUS) system. However only the largesde parts that are present in the primary and
secondary sides can be identified using this syst&DB adheres to a foreign material exclusion
procedure to prevent the introduction of externatermals (e.g., brought in through inspection or
maintenance activities by personnel) in the prinsystem. In the case wear / degradation (wall thg)n
at the U-bundle or near the tubesheet has occuhisd;an be detected during regular Eddy current
testing. During the last inspection period KCB dispected the rolled tube plugs. However this
inspection is not part of the ISI plan at the motnkns therefore recommended in the SG AMR thi t

inspection is incorporated into the ISI plan, caditty with other primary side SG activities [14].

Secondary side
The U-tube bundle on the secondary side of therstgmerator is visually inspected (VT-1) every 7

years. This inspection includes visual inspectibthe tube supports to detect degradation / wear of
secondary subcomponents. Additionally the integrftthe U-tubes is investigated through 3-yearlgy¥d
current and ultrasonic testing. The performandde$e inspections complement each other in setging

identify the onset of wear in the area of the Uetblnndle supports and tubesheet at an early stage.

In 2004 foreign objects and deposits were idemtifig visual inspections after chemical cleaninghef
secondary side of both SGs. These foreign objectkl@amage the U-tubes due to fretting. AREVA NP
made an evaluation of these foreign objects urdeassumption of NPP operation until 2013. To ensur
that these objects are still in position it is raoeended in the SG AMR to perform a one-time inspact
on the top of the tubesheet (VT-1) and determir@yf present objects can remain in place throughout
LTO. With the performance of this additional inspi@c ageing by frictional impact is adequately

managed for the secondary side of the steam genéidyj.

Main coolant pump

The slide rings of the MCP HP and LP shaft seassasceptible to ageing by frictional impact, which
could lead to large amounts of seal leakoff. Howé4@B continuously monitors the flow rate of the HP
and LP seal leakoff lines. If the flow rate in tt@ seal leakoff line becomes too high, the MCRiken
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out of service and the shaft seals are maintaiegyd, fepaired). Ageing of the slide rings duerictibnal
impact is adequately managed by the performantgesk activities [15].

Reactor pressure vessel internals

The bolts and pins on removable parts, as welligsraent and interface components of the RPV
internals are susceptible to ageing by frictiongbact. To detect broken parts KCB has installeddbse
part monitoring (KUS) system. Additionally KCB iresgts annually the alignment of the grid plate
(YH101/205) and the upper and lower fuel assembéhtearing pins (YH110/206). Each refueling cycle
KCB performs a general test for checking wear atponents of the RPV internals using a functionstl te
of the control rod guide assemblies (CRGA) (movghilWith the performance of these activities agei
by frictional impact of the RPV internals is adetglyamanaged [23].

Supports and hangers

Piping vibration can affect pipe supports by cagsirar between the component (e.g., piping) and its
support (e.g., pipe clamp). Thermal expansion piigi may also affect the interface between pipimg a
its supports. KCB performs several plant walkdoeg., system leakage testing walkdowns (after each
outage), operator plant walkdowns (1x per shiftjtidisciplinary walkdowns and maintenance specific
walkdowns). The performance of visual inspectidwsugh these walkdowns identifies degraded
supports or hangers during plant operation. Theeefbis concluded that ageing by frictional impisc
adequately managed [24].

Table 3-3 AMR results for the components identifiedsusceptible for frictional impact

(Sub)components Recommendations

Steam generator

- Tube plugs (rolled) Add a visual inspection of the rolled tube

plugs to the ISI plan.

—

- U-tubes Perform an one time VT-1 of SG tubesheg

and evaluate if foreign objects can remain in

place throughout LTO.

Main coolant pump

HP and LP shaft seal slide rings -

RPV internals
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(Sub)components Recommendations

Bolts and pins on removable parts, as well as| -

alignment and interface components, these

include:

- Pins for control rod guide assembly;

- Upper and lower fuel assembly centering
pins;

- Alignment of grid plate.

Supports and hangers

Surfaces of all supports and hangers -

3.4 Management of ageing at elevated temperatures w ith applied

stress and strain (creep and relaxation)

Creep and relaxation are both time and temperaependent degradation mechanisms.

3.4.1 Creep

Creep is defined as time and load dependent pldstarmation of a material exposed to an applied
stress. Metallic materials are generally susceptiblcreep when the operating temperature exceeds
approximately 40 % of the materials absolute mgltemperature (in degrees Kelvin). Taking into
account the intended service temperatures underal@perating conditions at KCB and the neutron
irradiation dose to which components are subjectexlrisk of creep damage is not relevant for any i
scope component materials. Therefore, creep cafabsified as an insignificant degradation mechmanis

for all in-scope components [7].

3.4.2 Relaxation

A majority of the stress relaxation of a joint odirectly after tensioning of the flange. The amioof
stress relaxation depends highly on the applietirhaterial, the tensioning procedure and the
configuration of the joint. Stress relaxation colddd to untightening and may result in leakagghef
relevant flange connections [7]. Leakage from rethfasteners is not a safety issue in terms ot plan

operation, but an asset management iésue

% Leakage from relaxed fasteners could cause comésiluced degradation, which is considered in the

AMR and discussed in section 3.6.
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In the nuclear industry, closure bolting is gengrahly replaced when inspections have determihad t
the bolting is degraded, or if a joint is openegéoform certain maintenance or repairs, or dusierse
conditions or leakage. Certain joints are peridtiicgpened at KCB to perform maintenance. Therefore
the corresponding flange connections are peridgiightened and relaxation of these studs or bislts
managed. However certain joints within the scopthisf AMR are not opened periodically. Given their
location, some of them are subject to high tempeeat(approximately 300 °C) during normal operation
relaxation of the relevant mechanical fastenerddctineoretically occur (see Table 3-4). Even in the
unlikely event that leakage of a flange connectiocurs, it can be identified through visual inspet
during plant walkdowns (e.g., system leakage tgstialkdowns (after each outage), operator plant
walkdowns (1x per shift), multidisciplinary walkdow and maintenance specific walkdowns) and/or
through the leakage monitoring system. In the daseleakage is detected through either plant
walkdowns or the leakage monitoring system, maarter or repair activities are conducted (regardless
whether boron is present or not) to identify theseaof the leakage, as well as correct the comditis
necessary. With the performance of the above mesdiactivities relaxation the mechanical fasteners

listed in Table 3-4, excluding the fasteners of RV internals, is adequately managed at KCB [13] [
[14] [15] [17] [24] [25]. The AMR results for the$teners of the RPV internals are described below.

Reactor pressure vessel internals

Relaxation of RPV internals fasteners (see Takig i3-difficult to manage by surveillance activijeas

the effects of relaxation cannot be detected byalimispections. However the KCB ISI-plan incluttes
control of the form closure between the core baffeges (YH106). This inspection is sufficient for
detecting the effects of relaxation of the baffhenfier and barrel-former bolts. Relaxation of thecdi
springs of the hold-down spring assembly is adedyatanaged at KCB by the periodic measurement of

the spring constant of the disc springs (YH 21B).[2

Table 3-4 AMR results for the components identifesdsusceptible to relaxation
(Sub)components Recommendations
RPV

Fasteners of the reserve level measurement nomzéeflange and center | -
CRDM nozzle blind flange

Pressurizer

- Connection flange fasteners; -
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(Sub)components Recommendations

- Manway fasteners;

- Heating element fasteners;

- RPV fasteners;

- Pressurizer vent line fasteners;

- Bolts (M42) and reduced shank bolts associated thélSEBIM valve
blocks.

Steam generator

- Secondary side manway and handhole cover studs; -

- Comb structure screws.

Main coolant pump

- Fasteners on MCP cover; -
- Fasteners of the flange connections in the emeygssal water supply

lines.

Main coolant lines

Fasteners on the blasenstuzen -

RPV internals

- Baffle-former bolts; N
- Barrel-former bolts;

- Disc springs hold-down spring assembly.

Supports and hangers

Fasteners of supports and hangers -

Mechanical fasteners

Fasteners in nuclear safety systems, safety-retateitiary systems, -
secondary systems and HVAC systems

3.5 Management of ageing under cyclic or transient loading (fatigue)

Metals that are subject to cyclic mechanical anttiermal loading are generally susceptible to €sgjg
depending on material properties and the presefniob@mogeneities, design and surface quality,
residual stresses, loading conditions and the enmient. To mitigate fatigue of metallic
(sub)components, the application of sufficient geshargins and minimization of thermal gradients is
necessary. Areas of concern generally include ¢sumbponents exposed to mixing zones of cold and hot
water (risk for thermal stratification), as well@smponents subject to thermal shock and vibrationa

forces (see Table 3-4).
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To mitigate the effects of ageing due to fatigueeomponent functions during LTO, KCB implemented
fatigue management. Fatigue management is focuséuegrevention of crack initiation and is achigdve
through the employment of a combination of analyeas, stress analyses and subsequent fatigue
analyses) and condition monitoring activities (efatigue monitoring system (FAMGBand periodic
vibration measurements). For applicability duringQ_KCBs existing fatigue analyses are revalidated t
incorporate the extended operating period. Therpirry results for most in-scope components show
Cumulative Usage Factor (CUF) values less thamldrilig 60 years of service life. However the
analyses for some (sub)components have not yetdmepleted. With the completion of the revalidation
of existing fatigue analyses and the validatiomAMOS, fatigue for most in-scope components and

subcomponents is adequately managed [11] [14][20][25]. The AMR results of the remaining

structures and components listed in Table 3-4 aseribed below.

Main coolant pump

Besides the completion of the revalidation of exgsfatigue analyses for LTO (see Table 3-4 fonaref
concern) and the use of FAMOS to validate the apsions in these analyses it is recommended in the
MCP AMR to perform additional fatigue analyses fimechanical fasteners and the auxiliary lines as

explained below.

Fatigue damage in several KSB main coolant pum@eamens/KWU NPPs recently occurred due to
thermal fatigue of the shaft seal casings. Howeabese incidents cannot be transferred directtir¢o
Sulzer MCPs at KCB, as the construction in theaegif these failures is not identical. At KCB, main
coolant water is conducted into the HP coolingwtrthrough the emergency seal water supply line
through the HP-cooler and cooled down before emetie pump seal (see Figure 3-1). In this way, the
occurrence of thermal shock is prevented in theregf the MCP cover and the seal insert. Howeaer,
thermal transient could occur in the region whieerhain coolant water (298) in the emergency seal
water supply line (YD001/002 Z006) flows into th@dooling circuit (YD001/002 Z003) in the event
that the valve (YD001/002 S005) is opened (seerEigtLl).

¥ FAMOS monitors thermal loading, including stratiftion in several fatigue relevant locations on the

primary circuit and several location on the maid amergency feedwater system piping.
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Figure 3-1 Schematic overview of seal water cycle of the main coolant pump

As the emergency seal water supply lines (YD0OO14023, Z005, S005) may be subjected to thermal
transient conditions and no fatigue calculationseweerformed for the mechanical joints or the rafdv

auxiliary lines, an evaluation of these transiestiguld be performed [15].

Main coolant lines and pressurizer surge line and P ressurizer

Besides the completion of the revalidation of éxgsfatigue analyses for LTO (see Table 3-4 fonaref
concern) and the use of FAMOS to validate the aptioms in these analyses it is recommended in the
MCL and PZR AMR to evaluate the current loadingfigurations during normal operation as explained

below.

Thermal stratification is an applicable loading figuration for the surge line and its nozzles oa iain
coolant lines and on the pressurizer. ThermaliBtaion may occur, for example, in horizontal and
slightly sloping parts of the surge line duringst#p, as cooler and thus denser water from thragm
circuit flows under the warmer and thus lighterevdtom the pressurizer. During start-up and shutdo
the temperature difference in the surge line vélidpproximately 150-20C, while during normal power

operation this difference is approximately’®5
Thermal stratification should be minimized. Therefat is recommended in the MCL and PZR AMR

that KCB re-evaluates the current loading confijars experienced during normal operating condgjon

specifically start-up and shutdown, to determinghéinges to certain operating procedures should be

NRG-22503/11.109273 51/126



\
made to minimize the likelihood of temperature siant conditions (including specific limits forrte

period andAT between the MCL and surge line). This evaluasibauld also consider the design of the

main coolant pump; to determine if the pump cart stiza lower pressure [13] [17].

CRDM pressure housings

The design of the KCBs CRDMs did not require agiadi analysis during the design phase due to low
loading. Based on AREVA experience with the desifjthe CRDM pressure housing, it is also expected
that fatigue should not be a major issue for thimgonent. However, in the frame of ongoing EPR
projects the scope of transient load specificdtias been extended and considerable thermal tréansien
loads (due to the occurrence of SCRAM events gelatepping motions of the CRDM itself) should be
evaluated to determine the actual fatigue loadimghe CRDM pressure housings. These thermal loads
are not specific EPR loads, they can also occtlierCRDMs of KCB as they are of similar design.
Therefore it is recommended in the CRDM pressurtesimys AMR to evaluate if a fatigue analysis of the

CRDM pressure housing is necessary for LTO [16].

Reactor pressure vessel internals

Fatigue is regarded as a relevant ageing mechdarsRPV internals bolts and pins (see Table 3-4p T
possible occurrence of fatigue (e.g., crackingfaacture) of bolts and pins is adequately managed b
KCB by the inspections (e.g., YH203; annual insjpecof the CRGA bolts and YH212; inspection of the
centering pins of the CRGA) listed in ISI- plan.dddition to the aforementioned inspections coratirsu

monitoring for loosened or loose parts is in plasig the loose parts monitoring system [23].

Supports and hangers

Vibrational fatigue can occur at piping supportse®ffects on vibrational fatigue at supports (e.qg.
degraded supports or hangers) can easily be detegtesual inspections. With the performance of¥T
inspections and visual inspections through plankdeavns vibrational fatigue is adequately managed f

supports and hangers [24].

Table 3-5 AMR results for the components identifesdsusceptible for fatigue
(Sub)components Recommendations

RPV

Relevant RPV subcomponents Revalidate existingdatanalyses.
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(Sub)components Recommendations

Pressurizer

- Pressurizer spray lines (YP, TA, TW); Revalidate existing fatigue analyse$
- Pressurizer spray line nozzles; and validate assumptions using

- Surge line nozzle at the pressurizer. FAMOS.

- Surge line nozzle at the pressurizer Re-evaluateruloading

configurations during normal

operation.
Steam generator
- SG shell and cover; Revalidate existing fatigue analyses
- Primary inlet and outlet nozzle; and validate assumptions using
- Feedwater and main steam nozzle; FAMOS.
- Tubesheet.
Main coolant pump
All in-scope YD system components and Revalidate existing fatigue analyse$

subcomponents (including the MCP cover fasteneds|aaind validate assumptions using
fasteners in the flange connections in the HP ngoli | FAMOS.

circuit and HP and LP leakoff lines).

Emergency seal water supply lines Evaluate fatignéhe emergency

seal water supply lines.

CRDM pressure housings

Potentially all CRDM pressure housing parts Eviuiba fatigue analysis of the
CRDM pressure housing is necessary
for LTO.

Main coolant lines and pressurizer surge line

All in-scope components and subcomponents (inciidiRevalidate existing fatigue analyses
fasteners) and validate assumptions using
FAMOS.

Re-evaluate current loading
configurations during normal

operation.

RPV internals

Bolts and pins: -

- Baffle-former bolts;
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(Sub)components Recommendations

- Former-baffle bolts;
- Pins and bolts CRGS;
- Bolts of in core instrumentation tube;

- Schemel bolts.

Secondary systems

- Main feedwater system forgings (RL0O40/RL050 | Revalidate existing fatigue analyse$
Z101); and validate assumptions using
- Double T-junction nozzles (RL0O40/RL0O50 2003 | FAMOS.
and RS011/RS021 Z003);
- Main steam system piping forgings (RA001/RA0D2
Z102);
- Main steam system piping forgings in building 04
(RA001/RA0027002).

Auxiliary systems

- Tubesheets of the recuperative heat exchangers Revalidate existing fatigue analyses
(TAO00 B001/B002) and validate assumptions using
FAMOS.

Supports and hangers

- Piping supports -

3.6 Management of ageing without mechanical loading

3.6.1 General corrosion by dissolved oxygen

In high-temperature pressurized water (> 100 ACpairticular in Pressurized Water Reactor (PWR)
primary and secondary circuit water, none of themadly applied construction materials are signffitta
susceptible to general corrosion based on the tiwmaf stable protective oxides on the material
surface. However general corrosion by dissolvedyerycould occur when unprotected surfaces of cast
iron, carbon steel or low- alloy steel parts afgjatted to aqueous solutions containing dissolvggen

or to a moist environment. This may occur during:

. Outage conditions (cold) in high-temperature-watatems with access of air

. Start-up conditions at intermediate temperature$org as dissolved oxygen from outage

conditions is not completely removed
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. Moist operating conditions, e.g., when local terapares are below local dew points
. In seawater (Schelde river) systems, the high comtechlorides will significantly enhance the

corrosion of unprotected carbon steel and low-adlegl surfaces [7].

Therefore, internal surfaces of cast iron, carlierlsand low-alloy steel components may be sugiept
to general corrosion by dissolved oxygen in aqueswgronments at temperatures below 100 °C.
External surfaces of cast iron, carbon steel, anddlloy steel components are susceptible to génera
corrosion in humid conditions at temperatures bel®@ °C. For conservatism also cast iron, carbon
steel, and low-alloy steel coated components (migher lined) are considered to be susceptible to

general corrosion as a failure of the coating a&gbtin different material surfaces cannot be exclude

The zinc coating present on the surface of zineagared steel components is also susceptible tergen
corrosion under certain conditions. In the pH rabgiveen 6-12, zinc undergoes a negligible amofunt o
corrosion under moist environmental conditions. Wheposed to aqueous environments outside of this

pH range, the protective nature of the coating beagignificantly reduced.

The water chemistry program at KCB mitigates gdnagerosion for internal surfaces of components
exposed to water. The water chemistry program racsithe concentration of certain chemical species,
including chlorides, fluorides, sulfates, dissoleggen and hydrogen and the chemistry properties a
adjusted if needed. The chemistry parameters argtoned through the use of in-process methods or
sampling. General corrosion of internal surfacesamhponents exposed to oil or diesel is mitigated
through the quality analysis of the lubricatinganild/or diesel fuel. These programs monitor the

contamination of lubricating oil and/or diesel fuéth water, dissolved oxygen and other impurities.

Besides these preventive activities KCB perforngsil@ plant walkdowns (e.g. operator plant
walkdowns (1x per shift) and multidisciplinary welkwns) to identify degraded components in an early
stage. Plant walkdowns will not identify degradata heat exchanger internals. In general heat
exchangers are regularly cleaned and visually ttsple In addition degradation of the heat exchanger

tubes can be identified through variations in thatrexchanger outlet temperature.
With the above mentioned activities in place, itosicluded that general corrosion by dissolved eryig

adequately managed at KCB for internal and extesuidaces of all in-scope components
[18][19][20][21][22][24][25].
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3.6.2 Wastage
Wastage is a mode of general corrosion which enofissociated with attack by phosphates in the

secondary circuit of PWRs where phosphate treatmastformerly used [7]. Wastage is only a relevant
ageing mechanism for the external surfaces ofténs generator U-tubes (see Table 3-6 ) [14].

KCB has used phosphate treatment in the seconatanyt@reviously. As this caused wastage (several
tubes needed to be plugged) KCB switched to Hidh/Alatile Treatment (H-AVT) in 1988. As a
consequence, wastage is nowadays no longer of gyaaern. However, due to the use of phosphate

treatment in former times, wastage at U-tubes tilmescur in the area at the top of the tubesheet.

To mitigate the occurrence of wastage, it is nexgdhat the steam generators maintain a high &vel
cleanliness. Water chemistry measures are takemnnionize corrosion product transport and
accumulation on the secondary side of the SGsnTdterial condition of the U-tubes at KCB are
determined every 3 years using Eddy current teshimgddition Eddy current array testing (X-probey
ultrasonic testing on the U-tubes is also applgtdy current testing can detect the presence agtithe

of deposits that have accumulated on top of thediet. It is recommended in the SG AMR to ensure
that these measurements are part of the testimgguoe. Based on the determination of expectedsitepo
guantities KCB should determine the necessity lizdge removal from collection areas on the tophef t
tubesheet [14].

Table 3-6 AMR results for the components identiffesdsusceptible to wastage

(Sub)components Recommendations

Steam generator

External surfaces of the U-tubes Ensure that thegprce and height of
deposits that have accumulated on top
of the tubesheet are measured and

determine if sludge removal is needed.

3.6.3 Boric acid corrosion

Boric Acid Corrosion (BAC) is a form of uniform qasion that attacks carbon steel and low-alloyl stee
in the presence of hot, concentrated aqueous anfutif boric acid. A considerable loss of materalld
occur in the case of continuous and long-term lgalat treated borated water at elevated tempesature
on external carbon steel and low-alloy steel sedan an environment that contains oxygen. These

conditions could for example exist near flange @mtions which contain treated borated water.
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Boric acid corrosion is mitigated at KCB by minirimig primary coolant leakage through monitoring of
the locations where potential leakage could ocelg. { due to regular visual inspections of all asitde
components of the primary circuit and adjacentesyistand leakage monitoring), and subsequent

corrective actions (e.g., cleaning or assessmethtechffected components in the event that leakage

occurs and timely repair).

With the activities in place, boric acid corrosisradequately managed for all in-scope componerts a
subcomponents [10][11][13] [14][15][17] [20][21] 42[25].

3.6.4 Pitting corrosion

Pitting corrosion is a form of localized corrosiattack of metallic surfaces in aqueous solutionciviaire
passivated by the surrounding environment. Typicgiitting occurs under conditions where a
passivating protective oxide layer is damaged dubéd chemical impact of specific ions. This allows
aggressive ions, such as chlorides, to come imtacbwith the metal material surface.

Pitting corrosion of cast iron, carbon steel ang-&8loy steel with passivated surfaces may be ofesker
in high temperature water with increased leveldis§olved oxygen. Austenitic stainless steel may be
susceptible to chloride-induced pitting in both phienary as well as the secondary side, in theuassl)
presence of chlorides. In systems with raw wateneustenitic stainless steel dedicated for high

temperature-water systems becomes susceptibléagdehinduced pitting.

The susceptibility of nickel and nickel-base alliyysiot expected in normal PWR temperature or
chemistry conditions. Copper alloys in contact veithenvironment containing sulfates and a high
concentration of chlorides can result in pittingrogion. Copper is also susceptible to pitting asion
when exposed to raw water at temperatdgrd® °C and a pH between 6,5 and 7,5. Zinc galvamsreel
could also be susceptible to pitting corrosionthie pH range between 6-12, zinc galvanized steel is
resistant to pitting corrosion because the sa@ilfiinc layer protects the base metal even irctse that
the zinc coating is damaged. However when zincayabed steel is exposed to agueous environments

outside of this pH range, the protective naturthefzinc coating may be significantly reduced.
Pitting corrosion is mitigated in the primary artandary cooling systems at KCB as the main and

secondary coolant has a sufficiently low corropotential and a constant pH of 7. The presencegbf h

chloride concentrations is mitigated by implementabf the KCB water chemistry program. The
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chloride concentration during normal operationetlr 0,005 ppm, which is far below the chloride
concentration where pitting is likely to occur [Additionally, the presence of chlorides (e.g.nfro
gaskets or fitting lubricants), is nowadays managdgdCB through the use of chemicals or materiads t
have a low chloride content. Besides these prexeaiitivities the external surfaces for all acd#esi
components of the main coolant system are visirdlyected during the leakage testing walkdowns (VT-
2) following each outage prior to plant start-upthis way the integrity of the pressure boundary i
inspected and corrective actions are in placeviéek conditions were identified. The external ates
of remaining systems are looked at during the sgulant walkdowns. These walkdowns are performed
to identify in an early stage degraded componemtsd plant operation. With these activities inqaait
is concluded in the AMR that pitting corrosion deguately managed for in-scope structures and
components, [10] [11] [13] [15] [16] [17] [18] [19R0] [21] [22] [23] [24] [25].

In order to adequately manage pitting corrosiorttierSGs, it is recommended in the SG AMR [14] to

determine the level of deposit accumulation ondbihe tubesheet (see also section 3.6.2).

3.6.5 Intergranular corrosion / intergranular attac ~ k

Intergranular corrosion (IGC) is a selective intargilar attack of a metal concentrated at or adjdce
the grain boundaries. IGC may occur if a less nobleomewhat susceptible (i.e., sensitized) phhae o
material or less noble alloying element is expdseal corrosive environment. Austenitic stainleselst
and nickel-base alloys, both otherwise corrosi@mstant materials, may be susceptible to this fofm

corrosion.

Austenitic stainless steel may become suscepthl@€ due to thermal sensitization. The occurrevice
IGC at PWRs is generally not expected since theyaip at low oxygen concentrations and conditions
are controlled during start-up [7]. To ensure thwtlizing conditions are indeed not present at KGB,
occurrence of IGC has conservatively been treadetdralevant ageing mechanism for thermally
sensitized austenitic stainless steel componergglsromponents in the AMR [11] [15] [19] [20] [21]
[22].

At KCB oxidizing conditions are mitigated, e.g.etbxygen content in the main coolant water is i p
during normal operation, through implementatiothaf water chemistry program. In addition, the
application of chloride sources (e.g., gasketstng lubricants) is mitigated at KCB through thee of
chemicals or materials that have a low chloridg@ain Contamination of lubricating oil or dieseéfu

with water, dissolved oxygen and other impuritegionitored through the quality analysis of the
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lubricating oil and/or diesel fuel. Besides thesevpntive activities KCB performs regular plant
walkdowns to identify degraded components in alyesiage during plant operation. With these adgwgit

in place it is concluded in the AMR that IGC is gdately managed for in-scope structures and
components [11] [15] [19] [20] [21] [22].

In order to adequately manage IGC for the SGs,rieg¢commended in the SG AMR [14] to determine the

level of deposit accumulation on top of the tubeslisee also section 3.6.2).

3.6.6 Crevice corrosion

The term crevice corrosion is applied for corrosidrich occurs in crevice conditions. This causes th
enhancement of common corrosion mechanisms (éttingpand general corrosion). Relevant cases for
KCB include design-related crevices on carbon stedllow-alloy steel surfaces, in particular during
outages when dissolved oxygen can enter the sy#testenitic stainless steel may become sensitive to
crevice corrosion when chemical contaminants, ¥angle chlorides, can accumulate during operation
and outages [7]. If crevice conditions meet theditbons for pitting corrosion, crevice corrosionubt

also affect copper and copper alloys. The undeglgteel base metal of galvanized steel could be
susceptible to crevice corrosion when the protectinc coating becomes degraded, which could occur
depending on the conditions to which they are eagds.g., frequency and duration of exposure to
moisture, pH, drying, and certain contaminants).

For most in-scope components and subcomponenigndedated crevices are not expected, but could not
be ruled out completely. Only for the CRDM pressunesings and the primary components supports it
was concluded that crevice corrosion does not teebd assessed in the AMR . Crevice corrosionef th
CRDM pressure housings is not relevant as therdiksiwelds and the lower homogenous weld of the
CRDM pressure housings were all machined after wgldnd welds were made in downhand position
(position PA) rotating without any constraint [16}revice corrosion of the primary supports canued

out as continuous and long term leakage in the ardg with a possible accumulation of chemical
contaminants (i.e. the RPV support constructioowehe reactor well lining) can be excluded (as the
water on wetted surfaces evaporates after starftop)

With respect to crevice corrosion of internal scefs the presence of high chloride concentratiods a
other impurities is generally mitigated by implertagion of the KCB water chemistry program. In
addition, the application of chloride sources (eggskets or fitting lubricants) is mitigated at B.C

through the use of chemicals or materials that faaesv chloride content. Contamination of lubriogti
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oil and diesel fuel with water, dissolved oxygem ather impurities is monitored through the quality
analysis of the lubricating oil and/or diesel fuRéfrigerant analysis monitors and adjusts the ¢hteyn

properties of refrigerants. For example the quaiftthe refrigerant of the UV system is checkedeooc
twice a year depending on the size of the coolysgesn [22].

Crevices corrosion is also managed via visual ictspes (VT-1 and VT-3) of component surfaces (e.g.,
the seal surfaces of the RPV cover, the bearirfgses of the core barrel and the bearing surfaicéeeo

upper core support) performed during regular masmee and inspection activities.

In the event that leakage would occur, it can leatified through visual inspections during plant
walkdowns (the external surfaces for all accessiblaponents of the main coolant system are visually
inspected during the leakage testing walkdowns 2¥yTollowing each outage prior to plant start-up,

while the external surfaces of remaining systeradaoked at during the regular plant walkdowns)/and
through the leakage monitoring system. In the dasEleakage is detected through either plant
walkdowns or the leakage monitoring system, maarter or repair activities are conducted to identify
the cause of the leakage, as well as correct theition, as necessary. With these activities it@l&is
concluded that crevice corrosion of most in-scdpgctures and components is adequately managed [11]
[13] [15] [17] [19] [20] [21] [22] [23] [24] [25][%].

In order to adequately manage crevice corrosiothi®ISGs, it is recommended in the SG AMR [14] to

determine the level of deposit accumulation ondbihe tubesheet (see also section 3.6.2).

3.6.7 Galvanic corrosion

Galvanic corrosion is a phenomenon which may erdngeaeral or localized corrosion that is currently
in progress at a lower rate. Galvanic corrosiomireg the metallic contact of two different metaith
different Electrochemical Potentials (ECPs) immeénsgthin an electrolytic solution. In high-tempeareg
water environments, the ECPs of carbon steel, ltay-ateel, austenitic stainless steel and niclaseb
alloys are almost equal and therefore do not cgal&nic corrosion at dissimilar metal interfages i
these conditions. At lower, ambient temperaturesdver, the ECPs may be different. Consequently,
dissimilar metal welds in low-temperature systeires,(@mbient temperatures) are of concern with

respect to galvanic corrosion [7].

Galvanic corrosion could theoretically occur inipgpsystems, but KCB experience shows that in

practice the probability is very low. Comparativelyall cathodes (i.e., the electrochemically maiele
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metal) cannot cause severe detrimental effectseagrbcess is very slow under these circumstances,
whereas large cathodes can be very detrimental imséadled in combination with comparatively small
anodes (i.e., the electrochemically less noble idtacase galvanic corrosion would occur, lealage
detected by visual inspections through the perfoeaaf regular plant walkdowns. Based on these
arguments it is concluded that galvanic corrossoadequately managed for all in-scope subcomponents
and components [18] [19] [20] [21] [22] [25].

3.6.8 Microbiologically Influenced Corrosion (MIC)

Microbiologically Influenced Corrosion (MIC) is ge of corrosive attack accelerated by the infleenc
of microbiological activity. It is affected by thveay these microbes change the local environmelutcat
surface conditions. This local environmental chacgye enhance general corrosion or localized camosi

through pitting or IGC.

MIC is enhanced in clean natural waters with highdgical activity. Favorable conditions are
temperatures < 100 °C, intermediate pH (4-9), acdtions with stagnant flow. MIC occurs
preferentially in passive alloys, in particular #mstic stainless steel. However it may also odgcur

carbon steel and low-alloy steel [7].

MIC has been identified as a relevant ageing mestrafor several cast iron (rubber lined), carbaekt
(rubber lined), stainless steel and copper (albaypponents in the VE, VF, UK and UF system. The raw
water of the VF-system is chemically treated witdism hypochlorite to prevent growth and
accumulation of bacteria, mussels and other orgaubstances, as well as with ferrous sulfate, atept
copper-alloyed materials. The components in VE, VK,and UF system are subject to regular visual
inspections through plant walkdowns. These walkdoanme implemented to detect leakages in an early
stage. Based on these arguments it is concludédréhace corrosion is adequately managed fomall i

scope subcomponents and components [19] [20] [21].

3.6.9 Flow accelerated corrosion

Flow Accelerated Corrosion (FAC) is a degradatiovcpss for metallic materials that generally are
corrosion resistance due to the formation of ptote®xide layers. The protection offered by théex
layer is reduced or eliminated by the velocityled medium. FAC depends on water chemistry (in
particular dissolved oxygen and pH), temperatdosy Eonditions, material composition, component
geometry and exposure period. Carbon steel andaltoy-steel are generally susceptible to FAC. Carbo

steel and low-alloy steel containing < 2 wt.-% Gxynbe susceptible to FAC when subjected to flowing
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high-temperature water with a dissolved oxygen eatration < 50 ppb and pH < 9,5. It is generally
accepted, that FAC mainly appears in the temperange of 50 °C to 250°C [7]. In special cases,

normally not valid for the in-scope components, Féed also occur at lower temperatures. For

conservatism, the AMR applied a lower limit of 40.°

KCBs primary circuit is resistant to FAC based csi@nial selection, i.e., the application of audteni
stainless steel and nickel-base alloys for surfatesntact with main coolant water. However FAGswa
identified as a relevant ageing mechanism for dinedlloy steel SG feedwater and main steam nozzles,

as well as part of the secondary system compoiiesgsTable 3-7).

KCB implemented a FAC program. This program deteasithe susceptibility and extent of FAC in
certain system components and subcomponentsfgmg, valve bodies, pipe elbows, and expanders)

composed of carbon steel and low-alloy steel. TA€ program manages FAC through the:

. Prevention of FAC (e.g., controlling and monitoriofgwater chemistry and pH);

. Analysis to determine critical locations;

. Performance of baseline inspections to determieextent of thinning at the critical locations;

. Performance of follow-up inspections to confirnmifing rate predictions;

. Repair or replacement of components as necessfiiggtinto account possible improvements in

the geometric layout, material selection, or gelngparating conditions of the component in

guestion.

The scope of the FAC program is determined by tlieame of the analysis of critical locations. Syste
components that are identified as possibly suddepid FAC are further investigated. Componenthef
following systems; RA, RB, RF, RG, RH, RK, RL, RRN, RT, RU, RY, and SD are included in the
FAC program [43]. Plant walkdowns (e.g., operatanpwalkdowns) are performed throughout the
plant, and provide additional assurance that degji@d or leakage of components due to FAC will be

detected in time.

Steam generator

The SG feedwater (RL) and main steam (RA) nozzlesiat part of the FAC sampling program, as they
have previously, from 1975 on, been consideredwasisk components. In 1997 the feedwater and main
steam line were replaced for LBB pipeline. Nevdebeg it recommended in the SG AMR that these
nozzles are again evaluated within the scope &@ $creening analysis to determine wall thinning
effects in terms of LTO [14].
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Secondary systems

In the AMR it is concluded that FAC of secondargteyn components is adequately managed with the

above listed activities [20].

Table 3-7 AMR results for the components identiesdsusceptible to FAC

(Sub)components Recommendations

Steam generator

Low-alloy steel feedwater and main steam nozzles Evaluate in FAC screening analysis

including their respective safe ends.

Secondary systems — RL, RA, RB, RT and RY systems

Components made of cast iron, carbon steel anchlly- | -
steel in contact with treated water or steam feteans

operated at a temperature range above 40 °C.

3.6.10 Denting

Denting is the mechanical deformation or constiitf SG tubes at a tube support plate connection.
This ageing mechanism is caused by the buildupgamdth of voluminous corrosion products in the
annulus between the U-tube and tube support @aie to the design of KCBs SG tube supports denting
is unlikely in this region. Although the designtbé tube-to-tubesheet connection involved mininndrat

of the gap size, denting of the U-tubes in the atdhe top of the tubesheet cannot be excludéukin

areas where hard sludge build-up can occur (sele Baf).

The water chemistry on primary and secondary sfi&CBs SGs is monitored and water chemistry
measures are taken to minimize corrosion prodansport into and accumulation on the secondary side
of the SGs, as well as to assure the presencewocirey conditions. Additional conservation actiedti

(wet or dry lay-up) during outage periods also sdovprotect surfaces and limit oxygen ingress. As
stated in section 3.6.2, the material conditioK@Bs SG U-tubes is determined every 3 years. Recent
inspections have shown no denting has been estadllia the area of concern. However in order to
adequately manage denting for LTO, it is recommdrndéhe SG AMR [14] to determine the level of
deposit accumulation on top of the tubesheet (seesaction 3.6.2).
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Table 3-8 AMR results for the components identifiedsusceptible to denting

(Sub)components Recommendations

Steam generator

External surfaces of the U-tubes Ensure that thsgorce and height of
deposits that have accumulated on top of|the
tubesheet are measured and determine if

sludge removal is needed

3.7 Management of ageing by corrosion with addition al mechanical

loading

3.7.1 Intergranular stress corrosion cracking
Intergranular stress corrosion cracking (IGSCQ@hiaracterized by the progressive nucleation and
propagation of cracks preferentially along the gtaundaries due to localized corrosion induced by

mechanical stress. Typically, the appearance ofifra surfaces shows the surfaces of individuahgra

Intergranular stress corrosion cracking of carlierlr low-alloy steel is not relevant for PWRs if
operated under specified conditions. In generéh@G does not affect austenitic stainless steel
components or subcomponents in the primary or skggroop of a PWR during normal service
conditions, as the dissolved oxygen content isvbdld ppb. However, research results show that IGSCC
can occur in non-thermally sensitized microstruesun low electrochemical potential conditionshie t

event that severe cold working of a material hasioed [7].

For small piping (e.g., instrumentation piping, s@@ment lines, vent lines, drain lines) the raieva
manufacturing documents (particularly welding oathteeatment plans) were not reviewed in the AMR.
Given the fact that small piping is generally celdrked during the fabrication process, according to
existing standards, the occurrence of IGSCC capaabmpletely excluded. Table 3-9 lists all

components, mostly small piping, for which IGSCadisntified as a relevant ageing mechanism.

In the event that leakage of small piping woulduwcd can be identified through visual inspections
during plant walkdowns (the external surfaces fbaecessible components of the main coolant system
are visually inspected during the leakage testiatkshowns (VT-2) following each outage prior to glan
start-up, while the external surfaces of remairsygiems are looked at during the regular plant

walkdowns) and/or the leakage monitoring systemsu¥li inspection and leakage monitoring are defined
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as sufficient to manage IGSCC of small piping [1B][14][17][19][20][21][22]. The AMR results of the
remaining components are described below.

Steam generator

IGSCC of the alloy 800 U-tubes is described inisecB.7.5 “Outer diameter stress corrosion cracking
(ODSCC)", as that name is most frequently usedhénimdustry to describe and handle the occurrefice o

this degradation mechanism [14].

Main coolant pump

Thermal sensitization of some welds of the uppetigdanserts and for the tube elbows located & kP
cooling circuit (emergency seal water supply lire)l the HP and LP leakoff lines cannot be excluded
and therefore IGSCC is a relevant ageing mechamfsniKCB performs periodic liquid penetrant testing
of a certain fraction of welded joints in piping ¥D1/002 2004, Z005, Z006 every 10 years IGSCC is
adequately managed [15].

Safety-related auxiliary systems

The heat exchanger internals for the heat excharigéd61/TVV062 BO01 and TAOOO BO01/B002 are
exposed to treated borated water and operatingeieyes > 200 °C. Therefore, these internals neay b
susceptible to IGSCC due to thermal sensitizathanKCB measures the temperature in the TA system
downstream of the recuperative heat exchanger-gigdgeof TAOOO B0O01/B002), failure of heat
exchanger tubes can be identified through variatinrihe heat exchanger outlet temperature. With
respect to the sample heat exchangers (TVO61/TW0EA), the sample lines TV061/062 are pressure
tested annually and in addition failure of TV heathanger tubes can be identified through variation

the heat exchanger outlet temperature [21].

Reactor pressure vessel internals

IGSCC of cold worked stainless steel could occuavatrall low ECPs. Therefore, IGSCC is relevant for
the baffle-former bolts and barrel-former bolts mad cold worked austenitic stainless steel. Thedes
are inspected at KCB by means of VT and UT. Asdhiespections were not recommended by the
supplier of the plant in the past, they are perfatras ad-hoc inspections. With these inspectioB€IG
of the RPV internals is adequately managed [23].
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Table 3-9 AMR results for the components identifesdsusceptible to IGSCC
(Sub)components Recommendations
RPV

Relevant pipe sections of heat affected zonesldneorking areas in | -

the austenitic stainless steel intermediate extratine and vent line.

Pressurizer

Austenitic stainless steel instrumentation pipmgasurement lines, | -

vent lines, drain lines, and RPV supply lines.

Steam generator

Austenitic stainless steel drain piping -

External surfaces of the U-tubes See section 3.7.5

Main coolant pump

Internal surfaces of welds and tube elbows in tRechloling circuit -
(emergency seal water supply lines) and HP andeaRdff lines.

Main coolant lines and pressurizer surge line

Small gauge austenitic stainless steel piping -

Nuclear safety systems
Secondary systems
Safety-related auxiliary systems
HVAC systems

Forged austenitic stainless steel small bore piping -

Heat exchanger internals of TV061/TV062 B001, -
TA000 B001/B002

RPV internals

Baffle-former and barrel-former bolts -

3.7.2 Primary water stress corrosion cracking

Primary Water Stress Corrosion Cracking (PWSC@)tigpe of intergranular stress corrosion cracking
which may occur in nickel-base alloys subjectetigh-temperature main coolant water. Preconditayn f
the occurrence of PWSCC is the simultaneous preseing susceptible material condition, high tensile
stresses and a corrosive environment. The chenpigbgram is especially designed to mitigate PWSCC
by keeping the hydrogen content within a specHitge. In PWR primary water conditions, PWSCC may
occur in alloy 82, 182 and 606 welding filler metahd alloy 600 [7]. Table 3-10 lists the in-scope
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components that were identified as susceptible&e€C. The AMR results of these components are

described below.

Reactor pressure vessel

PWSCC is a relevant ageing mechanism for the camelbguide blocks and associated welded joints
between the internal cladding of the vessel flamgéhe upper cylindrical shell and the core bagtatie
blocks (Figure 3-2). If any crack initiates in ttare barrel guide blocks welds, it may affect thtegrity

of the internal cladding of the RPV. Thereforasihecessary that the associated welds of thebeorel
guide blocks are periodically inspected. KCB parfed the last visual inspection (VT-3) in 2004.
However, VT-3 only determines the overall mecharéca structural condition of the core barrel guide
blocks and its supports and is therefore not ceneitladequate to detect defects in the inspected ar

priey

D, LI

73 CB Guide Blocks (Inconel 600)

Figure 3-2 Left sketch RPV (arrow indicates coraddaguide blocks) and right sketch of core bagute
block weld

In the AMR of the RPV it is recommended that KCBfpams a VT-1 inspection of this location (in
particular the weld joints) to determine the suefaondition and to identify any defects or degriacat
effects, such as cracking, erosion, abrasion, samoor wear. Furthermore, if cracks are detectethd
ISI activities and found to be beyond acceptaniter@, the core barrel guide blocks and associatld
joints should undergo further investigation, toedletine if replacement with more PWSCC resistant
components or weld joints is required. With thigliidnal activity PWSCC of the RPV is adequately
managed [11].
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Pressurizer
PWSCC is a relevant ageing mechanism for the Gstoranway seal (made of alloy 600 and welded with
alloy 82 welding filler metal). If PWSCC of the ©rus seal were to occur, it could eventually lead t
leakage of main coolant water in the sealing ambéch would be detected by the VT-2 inspections
before start-up and/or by the leakage monitorirgjesy. The potential for boric acid corrosion of the
fasteners and the manway cover due to leakageghritie C-torus seal assembly is managed by the bori
acid corrosion program. In addition an inspectibthe manways is included in the ISI program.

Therefore, it is concluded that PWSCC of the pnéssuis adequately managed [13].

Steam generator

PWSCC is a relevant ageing mechanism for the weldeel plugs (alloy 600) and the welds and cladding
(inconel 82 and alloy 606) on the tubesheet. THesveetween the tubesheet and channel head ring are
subjected to regular ultrasonic testing. Duringséhiesting activities the condition of the claddimghis

area is identified. As any crack initiation or deagrowth in the weld joints on the tubesheet caiffdct

the cladding of the Main Coolant Pressure Boundsl@PB) it is necessary that the associated welds an
cladding on the tubesheet are periodically insgkdiberefore, the SG AMR recommends additional VT-
1 inspections for the welds and cladding on theshket to determine the surface condition and to
identify any defects or degradation effects. Taedeany defects or degradation of the welded tlilogsp

it is recommended in the SG AMR to perform a VTrgpection, when the primary side of the SG is
open for inspection. With these additional actestPWSCC of the steam generator is adequately

managed [14].

Reactor pressure vessel internals

PWSCC is a relevant ageing mechanism for the bblise in-core instrumentation tubing, the loweslfu
assembly centering pins and the baffle-former hnoltbe lowest row. PWSCC of the distance pieces of
the schemel (alloy 600) is very unlikely due to line stress level. The fuel assembly centering pires
annually inspected (YH110 / YH 206) and the bafflaner bolts are visually inspected and ultrasonic
tested. In case PWSCC would occur it can be idedtifsing the loose parts monitoring system.
Therefore, it is concluded that PWSCC is adequatelgaged for the RPV internals [23].
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Table 3-10 AMR results for the components iderdifées susceptible to PWSCC
(Sub)components Recommendations
RPV

Core barrel guide blocks and associated weld joints PerformVT-linspection

Pressurizer

C-torus manway seal -

Steam generator

- Welded tube plugs; PerformVT-1 inspection
- Nickel-base alloy welds and cladding on the

tubesheet.

RPV internals

- Bolts of the in-core instrumentation tube; -
- Lower fuel assembly centering pins;

- Baffle-former bolts in the lowest row.

3.7.3 Transgranular stress corrosion cracking

Transgranular stress corrosion cracking (TGSCChsacterized by the progressive nucleation and
propagation of cracks preferentially through grahiskel-base alloys are generally highly resistant
TGSCC. However austenitic stainless steel withcaticontent below approximately 15 wt.-% is
susceptible to TGSCC when exposed to water congairritical amounts of chlorides and dissolved
oxygen. A special case of TGSCC of austenitic famsteel is atmospheric stress corrosion cracking

this case, contamination by airborne chloridegatvater sites can be caused at ambient temperatures

TGSCC is mitigated in the primary circuit and sedany cooling systems at KCB as the presence of high
chloride and oxygen concentrations is mitigatednigylementation of the KCB water chemistry program.
During normal operation, the concentration of digsth oxygen in main coolant water is below 0,001
ppm and the chloride concentration is below 0,00%.pTrhese values are far below the critical
concentrations for TGSCC [7]. Additionally, the peace of chlorides (e.g., from gaskets or fitting
lubricants), is nowadays managed at KCB throughusigeof materials that have a low chloride content.
Contamination of lubricating oil with water, disgetl oxygen and other impurities is monitored thioug

the quality analysis of the lubricating oil.

Besides these preventive activities, the extenndideses for all accessible components of the madtant

system are visually inspected during the leakastinpwalkdowns (VT-2) following each outage prior
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plant start-up and continuously monitored duringragion by the leakage monitoring system. In thay w
the integrity of the pressure boundary is inspeatsdi corrective actions are in place if adverselitimms
are identified. The RPV internals are annually &luinspected and the external surfaces of remgini
systems are looked at during the regular plant deadlns. These walkdowns are performed to identify in
an early stage degraded components during planatb@e With these activities in place it is cordzual
that TGSCC is adequately managed for all in-sctppetsires and components [10] [11] [13] [14] [15]
[16] [17] [18][19] [20] [21] [23] [24] [25].

3.7.4 Irradiation assisted stress corrosion crackin g

Irradiation Assisted Stress Corrosion Cracking (@& refers to the intergranular cracking of materia
exposed to ionizing radiation and fast-neutrordiaion. Annealed and irradiated austenitic staisle
steel and nickel-base alloys become susceptil&SEC when certain criteria (i.e., threshold fluenc
levels as a function of stress level, aggressivelitions, critical stress levels) are exceeded. driraary
criterion for IASCC involves exceeding a criticatéshold, i.e., the accumulated fast-neutron flaenc
This threshold is 2 x fOn/cnt (E > 1 MeV) for PWRs [7]. As this threshold canrbached during LTO,
IASCC is identified as a relevant ageing mecharitmnthe RPV internals at KCB [23].

Studies have shown that this threshold is alreadgexrled for the core baffle, baffle-former boltd an
former plates along the core main axis (0°) atatkial position of the core midplane [44]. Anothardy
shows the axial fluence distribution after 40 afd/6ars of operation [45]. As this study calculates

axial fluence distribution starting from cycle 1dathe baffle-former bolts were replaced in 198&; it
recommended in the AMR to verify the fluence toelpected over the cycles 15 - 60. As an outcome of
this verification, it should be established if amden IASCC could become a possible relevant ageing
mechanism for the baffle-former bolts. Based oa thitcome, the inspection plan should possibly be
modified [23].

IASCC is mitigated by KCBs water chemistry progravhjch monitors the concentration of chemical
species, including hydrogen and adjusts the chenpsbperties if needed. However, proper water
chemistry cannot fully suppress IASCC. To adeqyatelnage the possible occurrence of IASCC (e.g.,
fracture) of in-scope RPV internal components arfittemponents, KCB has several activities in place.
These activities include activities performed dgrinspections aimed at detecting other ageing
mechanisms, as well as detection of loose pattseiprimary circuit, using the loose parts moniigri

(KUS) system. In addition KCB performed severahad-inspections, especially VT and UT inspections

70/126 NRG-22503/11.109273



\
of the barrel-former and baffle-former bolts Wittese activities in place and the verification & th
expected fluence over cycle 15 — 60, IASCC is adtgly managed for the RPV internals [23].

Table 3-11 AMR results for the components iderdifées susceptible to IASCC
(Sub)components Recommendations
RPV internals

- Core baffle;

- Core barrel;

- Former plate;

- Barrel-former bolts;
- Upper and lower fuel assembly centering pins;
- Lower core support;

- Grid plate;

- Bolts of in-core instrumentation tube.
- Baffle-former bolts. Verify the expected fluence over
the cycles 15-60 to determine if
and when IASCC could become a
possible ageing mechanism for the

replaced baffle-former bolts.

3.7.5 Outer diameter stress corrosion cracking
Outer diameter stress corrosion cracking (ODSC@)specific case of corrosion which is relevarthat
external surface of the SG U-tubes. The fracturderaf ODSCC could be either transgranular or

intergranular, but it is most often observed asrgranular [7].

To mitigate the occurrence of ODSCC, it is necastat the steam generators maintain a high level o
cleanliness. To minimize corrosion product transpad accumulation on the secondary side of the SGs
water chemistry measures are taken. As statectiiose3.6.2, the material condition of KCBs SG U-
tubes is determined every 3 years using Eddy cutesting. In addition Eddy current array testiXg (
probe) and ultrasonic testing on the U-tubes apdiexh Eddy current testing can detect the presande
height of deposits that have accumulated on tapefubesheet. It is recommended in the SG AMR to
ensure that these measurements are part of tirggtpsbcedure. Based on the determination of exgect
deposit quantities KCB should determine the nete&si sludge removal from collection areas on the
top of the tubesheet [14].
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Table 3-12 AMR results for the components iderdifées susceptible to ODSCC

(Sub)components Recommendations

Steam generator

External surfaces of the U-tubes Ensure that thegorce and height of
deposits that have accumulated on top of
the tubesheet are measured and determine if

sludge removal is needed.

3.7.6 Hydrogen induced stress corrosion cracking

Hydrogen Induced Stress Corrosion Cracking (HIS@@)lves the interaction of absorbed hydrogen
formed during corrosion of the metal lattice. Taiaie this ageing mechanism, an aqueous elec#rolyt
must be present. HISCC is limited to high-strerfgttitic steel with a yield strength > 800 MPa and
ultimate tensile strength > 900 MPa. HISCC of masitéc stainless steel has been identified to oatur
lower operating temperatures. Other materials anelly not susceptible to HISCC [7]. Table 34t
the structures and components that were identifida® susceptible to HISCC. The AMR results of ¢hes

components are described below.

Steel containment

HISCC is a relevant ageing mechanism for the hégisite bolts made of carbon steel or low alloylstee
case of leakage or a humid atmosphere. To det&t@lit is recommended to analyze areas of the steel
containment structure where high strength boltirrgemals are applied. These places should be Wsual
inspected and it is recommended that in represeatateas the strength of high strength bolt cotoes

is inspected by torqueing [18].

Nuclear safety systems

HISCC is a relevant ageing mechanism for extenmdhses of in-scope martensitic stainless steel
components and internal surfaces of in-scope msitiestainless steel components exposed to closed
cycle cooling water at low temperatures (valve bediF015-TF017 S007). As KCB performs regular

plant walkdowns aimed at identifying leakages, HIS& these components is adequately managed [19].
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Secondary systems
HISCC is a relevant ageing mechanism for extenmdhses of in-scope martensitic stainless steel
components and internal surfaces of in-scope msitiestainless steel components exposed to closed
cycle cooling water and lubricating oil at low teenatures (valve bodies VG091-093S020 and

RL023S041). As KCB performs regular plant walkdowaimeed at identifying leakages HISCC of these

components is adequately managed [20].

Mechanical fasteners

HISCC is relevant for bolts and nuts with a strengass of >8.8 and 8 made of carbon steel, looyall
steel and martensitic stainless steel in an aquervisonment. As leakages can be identified usiG@B&
leakage monitoring systems and during the reguéart pvalkdowns, HISCC of high strength fasteners is
adequately managed. However it is recommendeceiAMR to verify that all areas with in-scope
fasteners are covered by these activities. In dise that corrosion traces on high strength fastearer
identified during the plant walk downs, it is reamended to exchange the affected fasteners. Where
austenitic stainless steel of quality A2 and ABded and the presence of chlorides cannot be edltid

is recommended to replace the parts of conceradteiers made of A4 or A5 steel quality [25].

Table 3-13 AMR results for the components iderdifs susceptible to HISCC

(Sub)components Recommendation

Steel containment

Carbon steel or low alloy steel high tensile bajtin Perform a visual inspection
and check of the strength of
high tensile bolt connections.

Nuclear safety systems

External surfaces of martensitic stainless steglpoments and | -
internal surfaces of TF015-TF017 S007.

Secondary systems

External surfaces of martensitic stainless steglpoments and | -
internal surfaces of RL023S041, VG091/092/093S020.

Mechanical fasteners

Carbon steel, low alloy or martensitic stainleggkhigh strength| Verify that leakages of all in

fasteners in an agueous environment. scope fasteners will be

noticed using the leakage
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(Sub)components Recommendation

monitoring system and/or

plant walk downs.

Replace austenitic stainless
steel fasteners of steel quality
A2 and A3 by fasteners made
of A4 or A5 in case the
presence of chlorides cannqgt

be excluded.

3.7.7 Strain induced corrosion cracking

Strain Induced Corrosion Cracking (SICC) may atteatbon steel and low-alloy steel which undergo
plastic deformation at low positive strain rateBeTesult is the occurrence of very small (localobal)
plastic deformation and transgranular crackingb@Garsteel and low-alloy steel are generally sudoiept
to SICC if ambient temperatures are higher than°@Qhe strain rate is in the range of1010" s in
the plastic deformation region, and the oxygen&oinin the medium is higher than 30 and 80 ppb [7].
SICC is identified as a relevant ageing mechan@nthfe structures and components listed in Talld.3-

The AMR results of these components are describ&mhb

Steam generator

Carbon steel and low-alloy steel secondary sidepomrants and subcomponents may be susceptible to
SICC. The water chemistry is continuously monitodedng normal operation and conservation
activities (wet or dry lay-up) serve to protect &@nponent surfaces and limit oxygen ingress during
outage periods. This, in combination with KCBs @pieig practices effectively prevents the occurasfce
SICC. Therefore it is concluded that SICC is adeglyananaged for SG (sub)components [14].

Nuclear safety systems

SICC is a relevant ageing mechanism for the casgbeel heat exchanger internals of TNO90B003. SICC
occurs due to a critical combination of materitthis, environmental temperature and oxygen coraént
the medium [7]. The conclusion is drawn in the eraclsafety systems AMR [19] that even if stressewer

to occur at the critical combination of strain ratel environmental temperature, the materials easdd
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the low oxygen (<<30 ppb) in the medium due todbetrol by the KCB water chemistry program
exclude SICC. Therefore, SICC of heat exchangerdIB003 is adequately managed [19].

Secondary systems

SICC has been identified as a relevant ageing nmésiingfor cast iron, carbon steel and low-alloy lstee
secondary system components and subcomponentseeiooemperatures higher than 100 °C.. SICC
occurs due to a critical combination of materitthis, environmental temperature and oxygen cordént
the medium [7]. The conclusion is drawn in the seleoy systems AMR [20] that even if stress were to
occur at the critical combination of strain ratel @mvironmental temperature, the materials usedtend
low oxygen (<<30 ppb) in the medium due to the wariy the KCB water chemistry program exclude
SICC. In the case SICC would occur, KCB will idénthe degraded components in an early stage, as
they perform regular plant walkdowns (e.g., oparptant walkdowns (1x per shift) and multidisciny
walkdowns). For some components additional visegppéctions, ultrasonic testing or magnetic particle

testing are performed. Therefore, SICC of thesepmants is adequately managed [20].

Safety-related auxiliary systems

SICC has been identified as a relevant ageing nmésinafor TN061/062S001. SICC occurs due to a
critical combination of material, strain, envirormi& temperature and oxygen content of the meditjm [
The conclusion is drawn in the safety-related aaryilsystems AMR [21] that even if stress were to
occur at the critical combination of strain ratel @mvironmental temperature, the materials usedtend
low oxygen (<<30 ppb) in the medium due to the partty the KCB water chemistry program exclude
SICC. In the case SICC would occur, KCB will idénthe degraded components in an early stage, as
they perform regular plant walkdowns (e.g., oparptant walkdowns (1x per shift) and multidisciny

walkdowns). Therefore, SICC of these componenaslé&juately managed [21].

Table 3-14 AMR results for the components idertdifées susceptible to SICC

(Sub)components Recommendations

Steam generator

Carbon steel and low-alloy steel secondary side -

components and subcomponents.

Nuclear safety systems

The external surfaces of carbon steel heat exclhange | -
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(Sub)components Recommendations

internals (TNO90B003).

Secondary systems

Cast iron, carbon steel and low-alloy steel seconda -
system components and subcomponents exposed to

temperatures > 100 °C.

Safety-related auxiliary systems

Carbon steel components and subcomponents expmsed £
temperatures > 100 °C (TNO61/TN062 S001).

3.7.8 Corrosion fatigue

In Light Water Reactor (LWR) coolant environmentseavironmental effect on the fatigue life of low-
alloy steel and austenitic stainless steel was shmyaboratory experiments. Thus far, there has o
documented occurrence of fatigue failures in arratpey LWR plant where the cause of the failure can
be attributed to a reduction in fatigue life due. ¥R coolant environmental effects. However, since
experimental evidence indicates that a reductidatigue life could occur in certain conditions,

environmental effects should be considered durlagtpperation.

Effects of the LWR coolant environment on the fadigesistance of a material are currently not etji
addressed. According to a draft version of KTA 320dne of the following measures shall be consitiere

in the event that uncertainties exist with respe@nvironmental effects:

. Limitation of the Cumulative Usage Factor (CUF);
. Relevant laboratory testing;
. Appropriate measures regarding in-service inspeial operational monitoring (e.g.,

incorporation of the relevant component into agiaéi monitoring program).

According to this draft KTA, actions shall be takéanvironmental effects cannot be excluded ard th
CUF reaches the following fixed threshold values:
. CUF = 0.2 for austenitic stainless steel;

. CUF = 0.4 for ferritic steel (carbon steel and lalloy steel).
In the AMR it is recommended that KCB evaluates@#- for all relevant components and

subcomponents (see section 3.5) based on the Kiiéstules (currently in draft form) with respeat t

environmental effects, as well as to follow anyfet international developments on this issue.
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Note: The consideration of environmental effectsdsnecessary for components and subcomponents

that are not in contact with coolant water (e.mds of the RPV vessel flange).

3.8 Management of other ageing mechanisms

3.8.1 Change in material properties

Thermal exposure of elastomers can degrade theialatécrostructure, adversely affecting the
characteristics of the material [7]. For componaeritthe EY system exposed to a temperature 390
and treated water or lubricating oil (expansioridvet in EY0O33/EY053 and flex connections in EY014-
EY054/EY053), thermal exposure cannot be ruled Dogrefore, change in material properties is a

relevant ageing mechanism for these components.

As KCB performs regular visual inspections thropggmt walkdowns and more specific inspections
within the diesel maintenance scope (according T@WNdrocedures), this ageing mechanism is
adequately managed. Furthermore, the expansioomieelind flex connections in the EY system are
replaced every 8 years during the annual maintenaativities by MTU. With these activities in place

ageing by thermal exposure is adequately mana@dd [1

3.8.2 Blistering

Coatings do not form an impermeable barrier. Thoeeefnoisture can penetrate the coating and contact
the underlying metal or concrete surface in ara#slaw adhesion. During the application of a cogfi
the solvent could be “trapped” on the coating-sabstinterface, creating blisters, if evaporatingetwas
not considered for the previous layer prior to agggion of next layer. Surface contamination behdhaé
coating acts as a collection site for moisture tzst permeated through the coating thickness. #olub
salts have an affinity for moisture and draw thastuve toward the deposits. Hard contamination can

also cause damage to the coating.

Blistering typically leads to localized corrosiofitbe substrate beneath the pore or blister. Selsilts,
in particular, can create conditions conducivedwasion attack of the steel by lowering the pHueal
[9]. Blistering has been identified as a relevagdgiag mechanism for the components listed in Table
3-15.
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Blistering of components in small diameter pipiBdN(< 100 mm) is adequately managed through the
performance of regular plant walkdowns. These walkas are aimed at identifying degraded

components during plant operation. The AMR resofitsemaining components listed in Table 3-15 are

described below.

Nuclear safety systems

Blistering has been identified as a relevant ageieghanism for the coating on concrete surfaces of
TWO012/022B001, the cast iron rubber-lined valveibsdh the VE system, as well as the cast iron
rubber-lined piping, instrumentation tubing andvedbodies in the VF system. As stated above biligjer
of components in small diameter piping is adeqyatelinaged through the performance of regular plant
walkdowns. Besides these walkdowns KCB performdtiadel visual inspections (VT-2) of the coating
on the concrete surfaces of TW012/TW022B001. Ttermal surface of coated VF piping and valve
bodies in building 03, 04 and 21 has been visualipected on several locations using video cameras.
Failure indications were found and were repairedesiessary. Because degradation was identified in
these representative areas, KCB will broaden thgeiction scope to determine the extent of condftion

all similar areas. With these activities in placisiconcluded that blistering is adequately madd8)].

Secondary systems

Blistering has been identified as a relevant ageieghanism for the coating on concrete surfaces of
several tanks as well as several cast iron ruldbed halves in the UK system. As stated abovedsiisgy

of components in small diameter piping is adeqyateinaged through the performance of regular plant
walkdowns. Besides regular plant walkdowns KCB @ additional visual inspections (VT-2, VT-3,
VT of the inside surface) of the coating on coremairfaces of RS011/021B002,
RZ001/002/003/004B001 and VGO00BO0O01. With theswiéies in place blistering is adequately
managed [20].

Safety-related auxiliary systems

Blistering has been identified as a relevant ageieghanism for several carbon steel rubber lindcbga
in the TR and UW system as well as several carte®i subber lined tanks. For these components hisua

inspections through plant walkdowns are sufficienihanage blistering adequately [21].
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HVAC systems

Blistering has been identified as a relevant ageieghanism for several carbon steel rubber lindcega
in the UV system and several expansion bellowhendW system. For these components visual

inspections through plant walkdowns are sufficienthanage blistering adequately [22].

Table 3-15 AMR results for the components iderdifées susceptible to blistering

(Sub)components Recommendation

Nuclear safety systems

- Coating on concrete surfaces of TW012/022B00%;

- Castiron rubber-lined valve bodies in the VE
system,;

- Castiron rubber-lined piping, instrumentation

tubing and valve bodies in the VF system.

Secondary systems

- Coating on concrete surfaces of RS011/021B002;
RZ001-004B001 and VG000B001;

- Cast iron rubber lined valve bodies in the UK
system (UK010 S001-S005, UK011/UK012
S001/S002 and UK013S001).

Safety-related auxiliary systems

- Carbon steel rubber lined valves in the TR and UW
system,;
- Carbon steel rubber lined tanks (TR011-014B001,
TR041/042B001).

HVAC systems

- Carbon steel rubber lined valves in the UV system;

- Glass fiber coated with silicone expansion belloys

in the UW system.

3.8.3 Cracking and delamination
Cracking may penetrate the top layer of a coaing, may propagate into lower layers of a coating
or substrate. Cracking can provide a direct pathécsubstrate for moisture and chemicals, negating

the protective function of the coating in the proity of the crack [8].
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The components identified to be possibly suscepfiin blistering are also susceptible to cracking a

delamination (see Table 3-15). Cracking and delatiun is adequately managed by the activities

described in section 3.8.2.

3.8.4 Ageing of thermoplastic materials
Ageing of thermoplastic materials can basicallydhéded into two categories:
. Physical ageing processes;

. Chemical ageing processes.

Physical ageing processes cause a change in tiphaohogy of the material e.g., change of the crystal
structure. These processes do not affect the chéstiticture of the molecular chains whereas chamic
ageing processes affect the chemical structureeoiriolecular chains. Physical ageing processe®iare
example relaxation of residual stresses and otientof the polymeric chains, migration and loks o
softeners (especially PVC) and post crystallizatitme most important influence factors for the agesf
PE, PP and PVC for the application at KCB are:

. Temperature;

. Concentration of oxygen;
. Medium;

. High-energy irradiation;

. Mechanical loads.

The main effect of ageing of thermoplastic materthht impairs the long-term usability is the rdehre
of the molecular weight resulting in the decredshe initial mechanical properties of the matevial
Ageing of thermoplastic has been identified adevent ageing mechanism for the components and

subcomponents listed in Table 3-16. The AMR rexaflthese components are described below.

Safety-related auxiliary systems

The polypropylene piping sections TR010Z004/005/008 are originally designed for maximum
operating temperature of 7G and a maximum operating pressure of 2,9 bar.tDaespecification
change in 1980 these operating conditions do ngelofall within the normal design conditions
according to the new RE-L 3377 specification. la #&MR it is therefore recommended to evaluate the
degree of material deterioration. Based on thdtestithis evaluation KCB should determine whether

replacement of the piping is necessary [21].
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HVAC systems
The PVC measurement vessel (TM003B001) and theevEWO03S002 are susceptible to ageing of

thermoplastics. Visual inspections through plankdawns are sufficient to adequately manage this

ageing mechanism [22].

Table 3-16 AMR results for components identifiedsasceptible to ageing of thermoplastic materials

(Sub)components Recommendation

Safety-related auxiliary systems
Polypropylene piping TR0102004/005/006/007 Evaluhéedegree of material
degradation and determine if

replacement is necessary.

HVAC systems
TMO003B001 and TM003S002 -

3.8.5 Concrete shrinkage

In order to convey forces via the lower supporng&touction) of the PZR and MCP into the concrete
structure, specified pretension of the tensionsstsidequired. The loss of concrete moisture catlses
concrete to shrink over the years, which could cedhe pretension of the tension studs. It is
recommended in the AMR to check the pretensioh@firessurizer and MCP lower support
(construction) tension studs every 8 years. Ifgtetension of the tension studs is below the minimu
specified value, the pretension should be adjussespecified in the design specification or design

calculation [10].

3.9 Other recommendations

3.9.1 |Inspection of primary supports and theirresp  ective welds

ASME Section XI Division 1 Table IWB-2500-1 recomnaks a surface/volumetric examination of the
support welds for class 1 components during eacint&val. The remaining area of each in-scope
support should, according to ASME section XI Sectd/F, be visually examined (VT-3). For several
mechanical A components these ASME requirementsteesin additional AMR recommendations.

These recommendations are described below.
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Reactor pressure vessel
The RPV support blocks were last inspected (UT#}994 and 1999. Although they are normally
inspected every 10 years, they are currently ravin@d for inspection according to the ISI plaris It
recommended in the RPV AMR [11] to follow ASME Xheaning performing a surface/volumetric

examination of the RPV support welds during eadhri§pection interval. The AMR concluded that a

visual inspection of the support blocks was noessary (see also section 3.9.2) [10].

Pressurizer

A review of the information in the I1SI and ISH datse revealed that the welds which attach to the
supports of the pressurizer, or the supports thisesdave not been inspected after initial compbnen
installation. It is recommended to follow ASME X¥hich means perform a surface or volumetric
examination of the support welds for class 1 coneptsy and perform VT-3 of the supports during each
ISl interval' [13] [10]. In addition it is recommended to monmitbat the actual PZR support assembly

relative to the drawings assembly [10].

Steam generator

The SG02 support welds were last inspected volucadlyr (UT) in 2006. The next inspection is
scheduled for 2016. Therefore, it is concluded thatarea of the support weld is adequately mandged
is recommended to follow ASME XI, which means inligidn a VT-3 of the supports should be
performed during each ISI inter¥4i 4] [10].

Main coolant pump

The MCP casing support welds were last inspectd®@b (MCP 1) and 1998 (MCP 2). At the moment
no further 1SI activities are planned for the cgssapport welds. ASME Section XI recommends
surface/volumetric examination of the MCP suppaetds and a visual examination (VT-3) of the MCP
supports during each ISl interval. It is recommehitiethe AMR to follow ASME Xf [15] [10]. In
addition it is recommended to monitor that the acMiCP support assembly relative to the drawings

assembly [10]

* Note: After each refueling outage, prior to starKCBs inspection department performs a plant walk

down which included VT-2 and VT-3 inspection of essible parts of the primary components.
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Acceleration of the primary components in horizbatad vertical direction and thus induced forces ar

3.9.2 Check of primary support clearances

limited by means of the specified clearances oftthip restraints. If the clearances are not sudfitihe
primary components could be blocked due to theerpansion, which could result in additional stresse
for the primary components and eventually damaggifficient clearance in a German power plant
resulted for example in bearing damage of the M@®Ron(this incident did not affect nuclear safety).
the AMR it is therefore recommended to check tleamnce of the primary component support guides
and whip restraints during cold and operating choni$, to assure that the clearances of the primary
component support guides and whip restraints drgvghin specified tolerances. Checking the
clearances of the RPV supports is not recommenidegte are no mechanisms that would induce
restriction of the clearances, since the RPV igyhes to be a fixed point in the center of the plan
exposed to only symmetrical forces coming from leits during normal operation. Therefore, the
forces offset each other and no net force acts thRPV. In addition inspection of the cleararises
extremely difficult due to the inaccessibility diet supports and the high dose rate. Former ingpecti

showed that the support of the RPV can safely biided from further monitoring [10].

3.9.3 Underclad cracking steam generator

Underclad cracks are actually cracks below thedited Underclad cracking was observed in the
tubesheet and channel head ring during the manuifiagtprocess. Initial reference records showet tha
the size of these cracks were well below the valegarded as critical and therefore acceptable. In
addition the SG underclad cracks were inspectedipteitimes in the seventies, showing no measueeabl
changes in the existing underclad crack size. Asdldefects were detected prior to commissionidg an
given that no crack growth was noted during thpa&aetions in the seventies, it can be concluded that
these underclad cracks originate from the manufiagtyrocess. Nevertheless it is advised in the AMR
to confirm that no crack growth will occur duringmrmal operation. For the RPV it is shown that
negligible crack growth is likely to occur durib@O. As it is possible that the loading conditicarsl
crack/component configuration for the SG underciatks may be bounded by those of the RPV
underclad cracks, it is recommended in the AMReldgrm an evaluation to determine if the evaluation
for the RPV underclad cracks can be used to coadlia SG underclad cracks will also undergo

negligible crack growth during LTO [14].

3.9.4 Inspection of the CRDM pressure housings
In the CRDM pressure housings AMR it is recommendeektent the ISI activities of the CRDM

pressure housings to detect any signs of corr@dtaek and to determine the current status of the
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housings. This extension should include inspectadribe internal surface in critical areas, as \asl|
inspections of the welds by means of non-destraa@kamination. The extension should be based on

current KTA 3201.4 or ASME XI requirements, botlyuaing volumetric examination of 10% of the

pressure housing welds within a period of 10 yEE8%

3.9.5 Inspection of the weld in MCP HP cooling circ  uit

ASME Section Xl Division 1 IWB-2420 and Table IWBQ0-1 recommends the inspection of certain
welds in the HP cooling circuit. All circumferenitgiping welds that have a diameter smaller than DN
100 should be subject to surface inspections on:

. all terminal ends and joints where each pipe ondlraun is connected to vessels

. all terminal ends and joints where each pipe onditaun is connected to other components

where the stress levels exceed either a CUF afiCgdcertain stress intensity range.

Additional piping welds should also be selectedewamination so that the total number of
circumferential butt welds selected for examinaguals 25% of the circumferential butt welds i@ th
HP cooling circuit for the MCPs. As KCB has cho®SME for to guide their ISI strategy, it is
recommended in the MCP AMR to review the currespéction plan for the MCPs [15].

3.10 General recommendations

3.10.1 In-service inspection plan
The ageing management review of mechanical A coemisrshowed that the inspections of some
components and subcomponents still needed to kendeied. It is recommended that KCB ensures that

the correct ISl interval is in place for these comgnts and subcomponents.

3.10.2 “Instandhouding” database

According to the KCB maintenance strategy [30kalflety category 1 to 4 components and
subcomponents should be part of preventive maintmnaddowever the AMR revealed that some
components and subcomponents, for example somy sédes 1 and 2 main coolant line valve bodies
and orifices, were not listed in the instandhoudifgd) database as covered by preventive maintenanc
To ensure that preventive maintenance, such ax lighe-based maintenance (GAO), is performed on
the components and subcomponents in compliancetiétKCB maintenance strategy, it is
recommended to update the information in the IStdlikese. The information should be corrected

wherever needed based on the findings in the AMR.
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3.10.3 ISl plan versus ISH database

In the AMR of the mechanical A components the Ighpand the ISH database, which covers all
inspections, monitoring and measurements concetBingurveillance and maintenance, revealed that
there are inconsistencies between the two datablagesxample, some visual tests are scheduldtkin t
ISH database, but not in the ISI plan. It is therefrecommended that KCB updates the ISI plan 8Rd |
database regularly or merges the ISI plan witH&h¢database to eliminate the possibility of erand

guarantee the examination and testing coveragenmstof ISI.

3.10.4 System leakage testing walkdowns

After each refueling outage, prior to start-up,aaitessible components are visually inspected (M®©-2
detect leakages. However the plant walkdown proesdior these VT-2 inspections only generally list
the inspection areas and actions that need torbpleted. To clarify which areas, rooms or composent
need to be inspected during the system leakagadesalkdowns prior to start-up, it is recommended

the AMR to revise the plant walkdown procedures.
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4  Results electrical and 1&C AMR

This chapter describes of the results of the ebadtand 1&C AMR [27]. As stated in [6] the eledall

and I&C AMR has been performed on a commodity ledigtinguishing the following commodities:

. Cables;

. Wires;

. Electrical connections;

. Electrical containment penetrations;
. Cable penetrations (floors, walls);

. Cabinets, racks;

. Cable trays.

For each commaodity group the applied materialsdéhasusceptible to ageing due to the stressogs lon
term temperature, cumulative radiation dose, moastmd/or electrical field, as identified in the RM

are summarized in this chapter. Thereafter, thenggeanagement activities that serve to managenggei
during LTO are evaluated. In the case the AMR iifiedtthat the existing ageing management actiigty
not adequate or does not exist at KCB recommenaatice provided in this chapter as well. The

implementation of these recommendations is destiibehapter 6.

Cables

Multiple materials are used as insulation and/ckga material for low voltage and medium voltage
cables. The conductor material is either coppe,(@iakel (Ni) or a nickel-chromium alloy. The ajgu
insulation materials may be susceptible to agditiieise materials are subjected to thermal and/or
radiation stressors. The long-term temperaturejedisas the cumulative radiation dose above whieh t
applied insulation and jacket materials are suddepib ageing are listed in Table 4-1. The conduct
materials are not susceptible to ageing causetldsynial and radiation stressors [8]. In additioneab
materials PT, TPC, PUR, PI, CU and materials PECPXLPE applied for medium voltage cables could

be susceptible to ageing if these materials aresegto a moisture environment [8].
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Table 4-1 Overview of the insulation and/or jacket materials of cables

Material Maximum long-term Maximum cumulative dose
temperature

Natural rubber (NR) 66C 30 kGy (conservative assumption

Polyvinylchloride (PVC) 65C 200 kGy

Polyethylene (PE) 6tC 1200 kGy

Cross-linked polyethylene 90°C 1000 kGy

(XLPE)

Silicone rubber (SIR) 20tC 30 kGy

Polyimide (PI) 260C 2000 kGy

Chloroprene rubber (CR) 16a 20 kGy (conservative assumption

Thermoplastic copolyester 120°C 100 kGy (conservative assumptio

elastomer (TPC)

Ethylene-vinylacetate-copolymef 120°C 50 kGy (conservative assumption

(EVA)

Fluorinated ethylene propylene | 205°C 0,5 kGy
copolymer (FEP)

Polypropylene (PP) 10t 50 kGy
Polyester (PT) 136C 100 kGy
Polytetrafluoroethylene (PTFE) 280 0,5 kGy
Polyurathane (PUR) g 20 kGy
Ethylene-propylene-diene- 120°C 500 kGy

monomer (EPDM)

Cables that were taken into account in other praesl(i.e. the AUREST database to LOCA required

components [48] and the 6kV cable replacement prodd9]) were not considered AMR.

Using KCBs cable database several PVC/PVC and PEg&bles were identified as susceptible to

ageing as the maximum allowable long-term tempegatas lower than the comparison temperatune

® In the AMR 6 temperature and 3 radiation area® timen distinguished. The temperatures respectively

radiation levels in these areas are conservatoladgen using measured or building design values. Th

comparison temperature and cumulative dose radecofnmodity material are defined by the

88/126

NRG-22503/11.109273



\
addition several PVC/PVC and SIR/SIR cables weeetifled as susceptible to ageing caused by
radiation [27].

Thermal and/or radiation induced ageing of PVC/Rar@/or PE/PVC cables is characterized by the
formation of small, elusive molecules that leawe plolymer, causing the polymer to degrade with time
SIR/SIR become more brittle and less elastic dustémse cross-linking. The higher the temperature
and/or radiation dose rate, the faster these mrectievelop, resulting in darkening of the cabseiliation
and insulation embrittlement (and finally crackifig). Insulation embrittlement could eventually uks

in the loss of the insulation function.

KCB inspects the cables near an active componendiifitenance on these active components is
performed. In addition cables exposed to high lesperatures or dose rates (hot spots) are intlinde
a replacement program. Within this program therageondition of the removed cables is examined.
This information is used to improve the ageing nggmaent activities in place for cables [50]. The
replacement program concerns especially cablesnittle containment and steam relief valve rooms.
Nevertheless it is recommended in the AMR to extieatcurrent visual inspections to other cablebi
corresponding function chain of an active componietusing on the cables in high level temperatures
and dose rates (hot spots). A five year intervdhe$e inspections is sufficient. It is also sutgpt$o
implement an additional ageing management progaarthe PVC/PVC, PE/PVC and SIR/SIR cables
that were identified as susceptible to ageing chbgehermal and/or radiation stressors and cabbs

could be susceptible to ageing in a moisture enuirent (e.g., medium voltage PVC cables) [27].

Wires

Polyvinylchloride (PVC), Polyethylene (PE) and Héne-tetrafluoroethylene-copolymer (ETFE) are
used as the insulation materials and copper asotiductor material of wires. PE and PVC are
susceptible to ageing (discoloration and embritdentan occur) if these materials are subjectéoig-
term temperatures above 60 respectively®$8]. In addition PVC is susceptible to ageingxposed to

a cumulative radiation dose of more than 200 kGyA8 wires are only installed in the spreader reom
and in 1&C cabinets they are not exposed to suctpézatures and cumulative radiation doses. Thexefor
based on these stressors, significant degradatioires is not expected [27]. However insulation

embrittlement, hardening, plasticizer leakage andadbration has been observed in the past. KCB

temperature and radiation area (for the commoditdxes, connectors and terminals and electrical

penetrations, self-heating is taken into accouradning 6,5C to the area temperature).
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visually inspects the spreader wires every yeaaditition ageing accelerated elongation testsesfeh

wires are performed every five years. As no speaiftivities for the wires in the 1&C cabinets ame

place, it is recommended in the AMR to develop gegirsg management activity for these wires [27].

Electrical connections

The electrical connections at KCB could have Epiesin (EP), Fluorocarbon-rubber (FKM), Polyamide
(PA), Silcon rubber(SIR) or Styrene-ethylene-butaéicopolymer (SEBS) as insulation material. These
materials are susceptible to ageing if exposedrigelamounts of radiation (material design cumegati
radiation dose EP and SEBS >100 kGy, SIR > 30 IRy>20 kGy and FKM > 0,5 kGy) [8]. Ageing of
these insulation materials results in darkeninthefinsulation and insulation embrittlement. Thghleir

the radiation dose rate, the faster these insulatiaterials age [8]. Insulation embrittlement could

eventually result in the loss of the insulationdtion.

At the moment it cannot be excluded that thesdatism materials are installed in such high level
radiation areas (e.g. inside the containment). dfbee, it is recommended in the AMR to determire al
electrical connections inside the containment andstigate whether these materials are installedch
environments. If these materials are indeed iretah such environments an evaluation regardingngge
and experiences is recommended [27].

As stated in above visual inspections are carrigdrothe framework of maintenance of active
components. These concern connectors of the amivwponents or near to the active components. In the
AMR it is recommended to extend these visual inspes also to the other connectors and in particula
terminals of the corresponding function chain. vefiearly interval of these inspections could be

sufficient.

Electrical containment penetrations

Multiple materials are used as auxiliary, conduaioinsulation material for the electrical contagmh
penetrations at KCB. The auxiliary materials inelekKM and SIR, which are susceptible to ageing if
they are exposed to a cumulative radiation doseaye than 0,5 kGy respectively 30 kGy [8]. Radiatio
induced ageing of FKM is characterized by C-C-cksission and breaking of C-F-bindings. Small
elusive molecules are formed that leave the polycsrsing the polymer to degrade with time. SIR
under irradiation will become more brittle and letastic due to intense cross-linking. The higher t

radiation dose rate, the faster these reactionslalevresulting in darkening and embrittlement (and
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finally cracking) [8]. Therefore, it is recommendiedhe AMR to investigate if the materials FKM and

SIR are installed on the containment side of teetgtal penetrations. If these materials are agpbn

the containment side an evaluation regarding agaiuigexperiences is recommended [27].

The materials Cu, Cu-alloy (plating) and Ni-Fe-gllased as a conductor material for electrical
containment penetrations can be susceptible tmggebcesses, such as corrosion, when they are
installed in a moist environment. Therefore, uggested in the AMR to implement an additionalrage
management program for Cu, Cu-alloy and Ni-Fe-adllegtrical penetrations in a moist environment
[27].

At the moment KCB performs regularly Helium-leakagsts regarding electrical containment
penetrations. In the AMR it is recommended to adtsaal inspection of the electrical insulatiorilhese

leakages tests [27].

Cable penetrations (floors, walls)

The in-scope cable penetrations include the prasdsaker penetrations (MCT Brattberg), the turbine
building cable penetrations and the fire resistamtiers. EPDM, mineral wool, glass wool and retfvac
cement are used as sealing material, while iragl/gfe) and aluminum (Al) are used as the frame
material for these cable penetrations. Only theenr@tEPDM could be susceptible to ageing
(discoloration and embrittlement) caused by themnahdiation stressors. However the temperaturds a
radiation levels of the areas were cable penetrsitioe installed, are sufficiently low to excludeiag of
EPDM. Iron/steel can be susceptible to ageing msEs® such as corrosion, if installed in a moisture
environment. Corrosion will usually not affect thlectrical integrity of cable penetrations. Nevehdss

it is suggested in the AMR to visually inspect table penetrations every five years, assuringfthat

example damages or corrosion are identified inaaly stage [27].

Cabinets and racks

Cabinets and racks are made of iron/steel and afpdéed with zinc. Ageing of zinc plating/coatidge
to corrosion or irradiation is not relevant fordgoepe cabinets and racks. In case the zinc platiatihg
is damaged, the iron/steel in a moisture envirorrisesusceptible to ageing processes, such assanro
[8]. To assure that damage of the zinc platingiogadr corrosion is identified in an early stagesi

recommended in the AMR to visually inspect the nats and racks every five years [27].
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Cable trays
Cable trays are made of iron/steel and coatedplain zinc. Ageing of zinc plating/coating due to
corrosion or irradiation is not relevant for in-peccable trays. In case the zinc plating/coating is
damaged, the iron/steel in a moisture environmeatigceptible to ageing processes, such as carrosio
[8]. To assure that damage of the zinc platingiogadr corrosion is identified in an early stagesit
recommended in the AMR to visually inspect the edldys every five years [27]. As KCB operating
experience showed that it is not clear at the maihiéime mechanical load of the cable trays id stilder

the design limits, it is recommended to check tleemanical loads of the cable trays in addition [27]

General recommendations

KCB technicians usually inspect cables and conmectisually during their activities. However in sem
inspection documents these visual inspectionsatrexplicitly mentioned. In the AMR it is therefore

recommended to incorporate visual inspectionslirelvant inspection documentation [27].
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5 Results of the AMR for structural components

This chapter describes the results of the AMR fiarcsural components [26]. As stated in [6] the AMR

for structural components has been performed oeaaihquake class | and I1A buildings and their

structural SSCs, as well as several non specifidibg structures.

In the scoping process [2] the following buildingsre identified as relevant for LTO:

Steel containment (01) except the inner primarglstentainment, which is handled as a
mechanical A SC [18];

Reactor building annulus (02);

Auxiliary reactor building (03), including the sewary pressure relief station;

Turbine building (04);

Switchgear building (05);

Ventilation chimney (13);

Emergency diesel generator buildings (10, 72 and 33

Building for auxiliary water supply systems and egeacy control building (33, 35);
Cooling water inlet building 21 and cooling watettlet building 23.

The structural components identified during thepstg [2] and screening process [3], which are not

related to a specific building are grouped as fefl@luring this AMR:

Ultimate heat sink system (VE);

The structural, important to safety defined pafthe VE-system are the concrete
structure including all embedded parts and lifiognections and its support. The VE-
pumps and the water intake, as well as the feedndiaes are part of the mechanical
AMR.

Piping and cable ducts;

Crane tracks and lifting equipment (steel compaeny., passive long-lived
components used for moving heavy loads);

Fire barriers.

For each building or commodity the applied matsrthht are susceptible a certain ageing mechanism

given the environmental condition are identifiedhie AMR. Thereafter the ageing management

activities that serve to manage ageing during LT&©dsscribed and evaluated. In the case the AMR
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identified that the existing ageing managemenvigtis not adequate or does not exist at KCB

recommendations are provided in this chapter. mm@dmentation of these recommendations is

described in chapter 6.

5.1.1 Relevant ageing mechanisms for in-scope build  ings and structural SCs
The AMR identified for each building or commodihetapplied materials that are susceptible to aicert
ageing mechanism given the environmental conditidsghe list of relevant ageing mechanisms is

rather extensive this section only provides sonaptes.

The roof of the primary containment, reactor buitdannulus and reactor auxiliary building is mafie o
concrete and exposed to outdoor air (and in casgto raw water). The ageing mechanisms identifi

as relevant for this roof in the AMR include amangthers:

. freeze-thaw;

. corrosion for embedded steel and steel reinforcemen
. reaction with aggregates;

. fatigue.

The secondary pressure relief station, which iatkxt on top of the reactor auxiliary building, hekered
by a steel frame work with steel sheeting and bitvaons roofing materials. The steel sheeting is nade
galvanized steel and exposed to outdoor air. Thénggnechanisms identified as relevant for this
sheeting are:

. general corrosion;

. crevice corrosion.

For a complete overview of all relevant ageing na@idms see Chapter 5 of [26].

Note: In the catalog of ageing mechanisms [9F #tated that a high neutron fluence in the presehc
concrete structures may cause thermal warmingeo€dincrete, growth of aggregates, and decomposition
of inertial free water that could lead to degramfaf the concrete matrix. Such a high neutronmftee

could only exist near the biological shield. Howeivethe AMR for structural components [26]

irradiation was not identified as a relevant agemagchanism for the concrete of the biological shiel

The irradiation calculation of the RPV [23] showatt KCBs biological shield is not exposed a level o

radiation were degradation of concrete is expetdextcur during LTO.
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As part of KCBs preventive maintenance program KieBeloped a civil inspection plan to implement

5.1.2 Identified existing KCB ageing management act ivities

ageing management between 2003 and 2008. Thiscinmpglan is built up as a lattice, showing the

main inspection programs at the top. The inspegilan contains in total 156 inspections (descriibed

“werkomschrijvingen”; WNCs), that are set by exidraxperts and consider operating experience at
other plants, as well as the safety requirememteefevant components. In the AMR a complete

overview of all relevant inspections is provided.

After an inspection is performed the conditiontod televant SSCs is reported in an inspection decor
The responsible engineer evaluates the resulttaandhes further investigations or measures if eded
External specialists and specialists within the K&dBl department consult each other to determiivee t

correct measure.

5.1.3 Evaluation of ageing management

Based on the identified relevant ageing mechanfemsach building or commodity and existing KCB
inspections the AMR concluded that ageing of KCBdiugs and structural SCs is adequately managed.
Recommendations for a pro-active inspection maravercurrently being implemented at KCB. The
fulfillment of these recommendations at plant prast and/or policies align KCB with accepted nuclea
industry practices (e.g., IAEA standards and girndsl) and demonstrate that the effects of ageing on
SSCs important to safety will be adequately managetthat the intended function(s) will be maintdine

consistent with the KCB licensing basis during LTO.
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6 Implementation of AMR recommendations

In chapters 0-5 the results of the mechanical AMR electrical AMR respectively the results of the
AMR for structural components have been described. mechanical, as well as the electrical AMR
resulted in several recommendations regardinggheific areas in which KCB plant practices and
policies should be augmented to align KCB with ateé nuclear industry practices (e.g., IAEA
standards and guidelines) and to demonstratehibaffects of ageing on in-scope components and
subcomponents will be adequately managed (i.eintbaded function(s) will remain consistent wittet
NPP licensing basis during LTO). The AMR concludeat the structural SCs are adequately managed

with the existing ageing management activities.

Table B-1 in Appendix A summarizes all mechaniceRRrecommendations. This table first lists the
general recommendations, regarding for exampléShplan and ISH database. Thereafter the
recommendations for each individual SC (startinthwhe RPV) are listed. The SC specific
recommendations are summarized in the third coldra.first and second column provide the
(sub)component(s) and, if applicable, the ageingharism(s) for which the recommendation has been
made. In general KCB intends to implement all reec@ndations either by starting or finalizing an
evaluation/study, or by planning, preparing andgrering additional inspections. The implementatadn

each recommendation is described in the last coliniable B-1 in Appendix A.

The electrical AMR recommendations are summarirnetbble B-2 of Appendix A. This table first lists
the general recommendations. Thereafter the recomiatieons for each commodity group are listed. In
general KCB intends to implement all recommendatioy either revising existing procedures or by
evaluating the necessity of a recommendation. Aaldit temperature/radiation measurements are for
example planned in the next outage to verify tieatain cables are susceptible to ageing. The

implementation of each recommendation is descritbélde last column of Table B-2 in Appendix A.
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Appendix A Implementation of AMR recommendations

Table A-1 Mechanical AMR

SCs Relevant ageing | Recommendation Implementation
mechanism

General recommendations

Ensure that the correct ISl interval is in placerfechanical A components and For components assigned as IAEA safety class L8, ISI
subcomponents (see § 3.10.1). activities are performed at the inspection intes\acording to
ASME Code Section XI Division 1 and Stoomwezen. KCB
prepared a schedule for all inspection activitiethe 5th
inspection interval: January 2010 - December 2QD%gars)
[46]. Agreement with the Dutch regulator on thestimspection
schedule has a high priority.

Update the information in the ISH database andradbat IAEA safety class 1 to 4 KCBs preventive maintenance strategy is one oftraegies,
components are part of preventive maintenance anogsee § 3.10.2) that assures that the condition of plant SSCs msredequate.
The other strategies include the in-service inspecas well as
the surveillance strategy. The programs resultiomfthese
strategies each cover specific aspects. In ordgreteent
unnecessary duplications between the programsctineties in
these programs are aligned. In general safety tlass
(sub)components are part of preventive maintenandéor
periodic testing. KCB will evaluate whether all sigfclass 1-4
(sub)components, according to the ISH databasenanaged in
such manner. When needed the ISH database will be
supplemented.

The ISH database also forms part of a larger projted
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“iIPOWER”. In this projec, KCBs existing maintenance a
operating system (AS400) will be replaced with wngtate-of-
the-art integrated data management system, using/¥e

software. This will result in improved traceabiliy relevant
information.

(see §3.10.3).

Update the ISI plan and ISH database regularlyengethe ISI plan with the ISH databasgeThe ISI plan will be merged with the ISH databased mtegrateg

in the Ventyx system.

Revise the VT-2 plant walkdown procedure to clavifyich areas, rooms or components aréhe existing procedure N12-22-VT4 [51] describes\isual
incorporated in system leakage testing walkdowmfpeed prior to start-up at the end of
each outage (see § 3.10.4).

inspections performed after each outage, priotax-sip. These
visual inspections are aimed at leakage detectidrchanges in
the general mechanical and structural conditiocoofiponents
and their supports. The main components and aneashould
be considered during the inspection are listethimprocedure.
This procedure was last updated in July 2011.

Reactor pressure vessel

Relevant RPV (Corrosion) Revalidate the existing fatigue analysis (§3.5he RPV subcomponents are considered in the TLA§Ua
subcomponents fatigue and consider environmental effects (83.7.8)project [52].
110/126
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SCs Relevant ageing | Recommendation Implementation
mechanism
Corebarrel guide block | PWSCC Perform V1-1 inspection to determine tl KCB will add a V1-1 inspection of the core barrel guide blo

and associated weld

joints

surface condition and identify any defects
degradation effects (83.7.2).

band their associated weld joints to the RPV inspast The next
inspection of the RPV is scheduled in the outag20dfs.

During refueling outages, in which the core baiselot
removed, KCB will inspect the visible part of theld joints.
The 2012 outage already provided an opportunitggpect a
large part of the welds. A report is currently lgeprepared by
the AREVA inspectors.

RPV support block:

welds

Performr a surface/volumetric examination
the RPV support block welds during each |

inspection interval (83.9.1).

KCB normally examines thRPV support blocs usingUT-V
Shspections. The RPV support blocks were last icisgukin 1994
and 1999. Future inspections are currently notichet! in the ISI
plan. KCB will ensure that the support blocks afeibspected
during the inspections of the RPV, by adding thipection to
the ISl plan. The next inspection of the RPV isestified in the

outage of 201% when the core barrel will be out of the vessel|

Pressurizer

Martensitic stainless
steel nuts and washers
the pressurizer vent
line/SEBIM valves

Thermal ageing

n

Assess possible ageing and consider

replacement of these fasteners (83.1).

KCB will assess the possible ageing of the martienstiainless
steel nuts and washers in the pressurizer verlBERIM valves.
Any modification of the design would only be confgated in
cooperation with the OEM (SEBIM) in order not taaromise

the design qualification.

® Note: RPV inspections can only be performed duangxtended outage (no reshuffle outage); afteovafrof the core barrel.
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PZR surge line nozzle ¢
the PZR

Therma fatigue

Re-evaluate thecurrent loading
configurations during normal operation
(83.5).
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In 2010thefatigue monitoring system (FAMOS) instrumentat
was installed and implemented at KCB. The FAMOSesys
monitors thermal loading, in several fatigue relgvacations on
the primary circuit and several points on the niagd water
system piping. It is expected that KCB has gathstéficient
measurement information by the end of 2015 to dateu
representative thermal loads on the surge linthitnprocess
KCB will assess if there is any need to reviseekisting

operating procedures.

- PZR spray line

- PZR spray line
nozzles

- Surge line nozzle at
the PZR

(Corrosion)
fatigue

Revalidate the existing fatigue analysis,
validate assumptions using FAMOS (83.5)
and consider environmental effects (83.7.8

The pressurizer surge line, pressurizer sprayrlo®zles, as well
as the surge line nozzle at the pressurizer argidened in the
)TLAA fatigue project [52].

Tension studs of th
lower support
construction

Concrete
shrinkage

Check the pretension of tension studs eve
years (83.8.5).

During the refueling outage of 2012 K(planned to check tF
pretension of the tension studs of the lower PZspett
construction. However the insulation made thesdsstu
inaccessible. Therefore it was decided to postpoae

investigation till the refueling outage of 2013]53
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SCs

Relevant ageing

mechanism

Recommendation

Implementation

PZR supports and welc

that

attach the supports

to the PZR

Perform a urfacevolumetric examination ¢
the PZR support welds and a VT-3 inspect
of the PZR supports during each ISI
inspection interval (83.9.1).

Check that the PZR support assembly is in
accordance with the assembly drawings
(83.9.1).

After each refueling outage, prior to s-up, the accessib
@omponents, including the pressurizer supportyiareally
inspected (VT-3) [49]In addition a visual check of the conditi
of the PZR support was scheduled in the refuelirtgge of
2012. No indications were found. As the lower supp@s
inaccessible, due to the insulation, this part ballinvestigated

during the refueling outage of 2013 [53].

To ensure that any unexpected ageing mechanismetdm
unnoticed KCB will add a surface/volumetric exantio@ of the
connecting welds (PZR-supports) to the ISI program.

N

Pressurizer supports a

whip restraints

Check the clearance of upper GAU supp

clearances of PRV guidance, as well as th
clearance between PRV-dome bracket anc
PRV-dome-support during cold and operat
conditions (83.9.2).

After each refueling outage, prior to s-up, the clearances
pthe accessible components and their supports spedted [49].
During the refueling outage of 2012, the cleararufdbe
Ipyessurizer supports and whip restraints were cteak well
[53].

Steam gener ator

SG shell and cover
Primary inlet and
outlet nozzle

Feed water and mal
steam nozzle

Tubesheet

(Corrosion)

fatigue

>

Revalidate the existing fatigue analysis,
validate assumptions using FAMOS (83.5)

and consider environmental effects (83.7.8

These SCs are considered in the TLAA fatigue ptqf].

).
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SCs

Relevant ageing

mechanism

Recommendation

Implementation

Feecwater and mail

steam nozzles

FAC

Evaluatethe feed water and main stei
nozzle within the FAC screening analysis
(83.6.9).

Based on the environmental conditions and the egptiaterials
KCB does not expect any significant problems witCHor the
feed water and main steam nozzles. In addition éorm
inspections did not show any FAC degradation. Grteeofeed
water nozzles was inspected on the inside in 198&n the
connected bend was replaced. Both feed water aimistegam
nozzles were inspected in 1997, when they weresaiie due
to the replacement of the feed water and main stiee® for
leak before break piping [56].

However, to assure that FAC is not a problem dukifn@, KCB
will evaluate whether FAC can result in significavdll thinning
of the feed water and main steam nozzles. A notiisn
respective is that KCB plans to implement the Cooli
Oriented Ageing and Plant Life Monitoring Systeno(&sy), a
software tool for the assessment and documentefibiiPPs
mechanical components in respect to several detijpada

mechanisms including FAC.

U-tubes (external)

Wastage
Pitting corrosion
IGC
Crevice corrosion
Denting
oDSscCC

Ensure that the presence and height of
deposits that have accumulated on top of t
tubesheet are measured and determine if
sludge removal is needed (83.6.2, 3.6.4,
3.6.5, 3.6.6, 3.6.10, 3.7.5).

KCBs current inspection methods, including the arjyeEddy
heurrent testing of 100% of all, non plugged U-tytsesd 100% o
the length of the U-tubes, could be used to detezrtiie level of
deposit accumulation on top of the tubesheet. K&Bam
generator workgroup, which contains different giioes, e.g.,
chemists, material and inspection specialists, evillluate
whether deposit accumulation should be determined.
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SCs

Relevant ageing

mechanism

Recommendation

Implementation

U-tubes (external

Frictional impac

Perform a ne-time inspectiorai the top of
the tubesheet (VT-1) and evaluate is foreig
objects will remain in place throughout LT(
(83.3).

As stated in the AMR report, a study showed thegifm object:
present in the SGs will remain in place till 20048t causing
Dsignificant fretting damage. As KCB examines 100Ralh non
plugged U-tubes, and 100% of the length of the hisuevery 3
years using (multi frequency mix ) Eddy currentites fretting
damage on all tubes can already detected nowadays.

In addition KCB could perform a visual inspectidttoe
external side of the U-tubes, when the seconddey i the SGs
is open. However, as only a small part of the Ustuis
accessible from the secondary side, this inspectiononly be

performed on a limited number of U-tubes.

Tubeshee PWSC( Performregularly avVT-1 inspectio (83.7.2). | PWSCC has been identified as a relevant ageinganésth for
the welds and cladding of the SG tubesheet in tRAKCB
will ensure the area of the tube sheets is visuafigected, using
SUSI or an equivalent inspection method.

Tubesheet Pitting corrosion Ensure that the presence and height of KCBs current inspection methods, including the arjyeEddy

Crevice corrosion

deposits that have accumulated on top of t
tubesheet are measured and determine if

sludge removal is needed (83.6.4, 3.6.6).

heurrent testing of 100% of all, non plugged U-tytsesd 100% o
the length of the U-tubes, could be used to detezriie level of
deposit accumulation on top of the tubesheet. K&Bam
generator workgroup, which contains different giioes, e.g.,
chemists, material and inspection specialists, avillluate

whether deposit accumulation should be determined.

NRG-22503/11.109273
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SCs

Relevant ageing

mechanism

Recommendation

Implementation

Tube plugs(rolled)

Frictional impac

Add a visual inspection of the rolled tu
plugs to the ISl plan (83.3).

Loose parts which could accumulate in low flow aregthin the
primary and secondary side of the SGs can causagiato the
rolled tube plugs. In response to external opegatxperience
KCB performed a one-time visual inspection of 2lextube
plugs in SG1 and 26 rolled tube plugs in SG2 dutimy
refueling outage of 2010.

During the 3 yearly Eddy current testing of theubds, KCB
visually checks the plugged positions to verify #ntual location
of the probe. A visual inspection of the rolledeytiugs is
however, not explicitly mentioned in any documeiotatKCB
will incorporate the visual inspection of the tyllags in the
examination procedure and/or ISl plan and will doeut the

findings of this visual inspection.

Tube plugs (welded)

PWSCC

Perform VT-1 inspectidremvthe primary

side is open for inspection (83.7.2).

KCB opens the primary side of the steam generatrye3-years
to determine the material condition of the U-tubsig Eddy
current testing. During this investigation all assible
components, including the welded tube plugs, orptivaary
side of the steam generator are visually inspedtbe.visual
inspections and their results (as no indicationghmeen found)
are at the moment not explicitly mentioned in any
documentation. KCB will document the findings oésle visual

inspections for future inspections.
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SCs

Relevant ageing

mechanism

Recommendation

Implementation

Tube supports (inc

comb structure)

Pitting corrosio

Ensure that the presence and heigt
deposits that have accumulated on top of t
tubesheet are measured and determine if

sludge removal is needed (83.6.4).

KCBs current inspection methods, including 3-yearlyEddy
heurrent testing of 100% of all, non plugged U-tytsesd 100% o
the length of the U-tubes, could be used to deteritie level of
deposit accumulation on top of the tubesheet. K&Bam
generator workgroup, which contains different giioes, e.g.,
chemists, material and inspection specialists, avilluate

whether deposit accumulation should be determined.

Underclad cracks in the
channel head ring and
tubesheet of both SGs

Evaluate if the underclad cracking
evaluations performed for the RPV can be
used to exclude that the SG underclad cra
will undergo negligible growth during LTO
(83.9.3).

KCB will evaluate if the SG underclad cracks umyer

negligible crack growth during LTO. As the loadiognditions
cked crack/component configuration of the SG underctacks
are probably bounded by those of the RPV, the RRdérclad

crack evaluation can probably be used in this etadn.

SG support guides ar
whip restraints

Check the lower support clearance betw

console construction and SG brackets, as
well as the clearance of horizontal guidanc
bar of the lower SG support during cold an

operating conditions (83.9.2).

After each refueling outage, prior to s-up, the clearances
the accessible components and their supports spedted [49].
eDuring the refueling outage of 2012, the vertidahcances of

athe SG supports and whip restraints were checkeeh$53].

SG supports and welds
that attach the support t|
the SG shell

O

Perform a VT-3 of supports during each IS

inspection interval (83.9.1).

After each refueling outage, prior to start-up, élceessible
components including the SG supports are visuafipécted
(VT-3) [49].
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SCs

Relevant ageing

mechanism

Recommendation

Implementation

Main coolant pumps

All relevant MCP

(Corrosion)

Revalidae theexisting fatigue analysi:

These subcomponents are considered in the TLA§Ua

subcomponents fatigue validate assumptions using FAMOS (83.5)| project, including validation of assumptions of sammental
and consider environmental effects (83.7.8)effects [52]
Emergency seal wat Fatigue Evaluate fatigue for themergency seal wat | Based on the loading conditions, as well as thesdsioning of

supply lines

supply lines (83.5).

the emergency seal water supply lines KCB doegxoéct
fatigue to be a safety issue. To exclude fatiguin@$e auxiliary

lines KCB will perform a fatigue assessment.

HP cooling circui

Review the current inspection plan for
weld connections in the MCP HP cooling
circuit (83.9.5).

ASME recommenc a surface examirtion of all terminal end:
and joints where each pipe or branch run is comadet other
components where the stress levels exceeds eitbgiFeof 0,4
or a certain stress intensity range. As fatiguetees identified
as a relevant ageing mechanism for the emergertyvster
supply lines, KCB will perform a fatigue assessnfenthese
lines (see above). However KCB does not expeadatdf these
lines will be a safety issue and requires a remisibthe ISI
scope.

In addition ASME requires that 25% of the weldsha HP
cooling circuit is examination using surface indjpmts. KCB

follows this AMSE requirement.

MCP supports and weld
that attach the support t
the MCP casing

[®]

Perform a surface/volumetric examination
the MCP support welds and a VT-3

inspection of supports during each ISI

oAs stated in the AMR, KCB last inspected the MCBirng
support welds in 1995 (MCP1) and 1998 (MCP2). Nthier

inspections of these welds are scheduled in thelil. In order
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Relevant ageing

mechanism

Recommendation

Implementation

inspection interv: (83.9.]).

Check that the MCP support assembly is
accordance with the assembly drawings
(83.9.1).

to ensure that no unexpected ageing mechanismsrgiiced,
KCB will add the UT-inspection of these welds te 181 plan.
inAfter each refueling outage, prior to start-up, dlceessible
components including the MCP supports are visuaipected
(VT-3) [49]. In addition a visual check of the catimh of the
MCP supports was scheduled in the refueling outd@®12. No

indications were found. [53].

Tension studs of the
lower support

construction

Concrete

shrinkage

Check the pretension of tension studs eve
years (83.8.5).

\oRiring the refueling outage of 2012 KCB checkedptetension
of these tension studs. No indications of lossrefemtions were
found [53]

Primary support guides

and whip restraints

Check the clearances of horizontal whip

restraints and the clearance between hold-

down device and MCP bracket during cold

and operating conditions (83.9.2).

After each refueling outage, prior to start-up, ¢chearances of
the accessible components and their supports acket
[49][44]. During the refueling outage of 2012, thextical
clearances of the MCP supports and whip restraiate checke
as well [53].

)

Control rod drive mechanism housings

Potentially all CRDM

pressure housings partg

(Corrosion)

fatigue

Evaluate if a fatigue analysis of the CRDM
pressure housing is necessary for LTO. (8§
(83.7.8).

As stated in the AMR report it is not expected flagigue is a
Brépjor issue for the CRDM pressure housing. To asthat
fatigue is not an issue KCB will determine if aigae analysis

should be performed.

CRDM pressure

housings

Inspection of CRDM pressure housings
internal surfaces, as well as its welds.
Conform ASME Xl or KTA (83.9.4).

In order to determine the physical status of th®®Rpressure
housings a volumetric examination according to ASXIE
(using UT) of the CRDM pressure housing welds &ppred.
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Each CRDM pressure housing contains 4 applicablds (see
figure below). In addition a wall thickness measueeat at the
upper part of the pressure housing (where the kaynd of

water an trapped air during operation) is prepgbddl

These inspections of CRDM pressure housings armpthfor
the outage of 2013.

Main coolant lines and pressurizer surgeline

All MCL and pressurizer (Corrosion) Revalidate the existing fatigue analysis, | These subcomponents are considered in the TLA4fati
surge lines components| fatigue validate assumptions using FAMOS (83.5)| project, including validation of assumptions of eammental
and subcomponents and consider environmental effects (83.7.8)effects [52].

Surge line and the suri | Thermal atigue | Evaluate the current loading configuratic | In 2010 fatigue monitoring system (FAMOS) instrurtaion
line nozzle at the MCL during normal operation (83.5). was installed and implemented at KCB. The FAMOSesys
monitors thermal loading, in several fatigue relgJacations on
the primary circuit and several points on the niaad water
system piping. It is expected that KCB has gathstéficient
measurement information by the end of 2015 toutate
representative thermal loads on the surge linthitnprocess
KCB will assess if there is any need to reviseekisting
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Relevant ageing

mechanism

Recommendation

Implementation

operating procedure

Steel containment

Carbon steel or low allo

steel high tensile bolting

JHISCC

Perform a visual inspection and check of t
strength of high tensile bolt connections
(83.7.6).

Based on the controlled environment inside thd ste@ainment
KCB does not expect any problems due to HISCC efthel
containment high tensile bolt connections. NevéeteKCB

will perform a one-time visual inspection of thecassible bolt

connections.

Reactor pressure vessel i

nternals

Baffle-former bolts

IASCC

Verify the expected fhee over the cycles
15-60 to determine if and when IASCC col
become a possible ageing mechanism for
baffle-former bolts (83.7.4).

To determine if and when IASCC can become a passidevant
ageing mechanism, KCB will evaluate the expectedrfte for
the baffle-former bolts over cycles 15 — 60. Thistixg axial
fluence calculations, which calculated the expeétezhce from
cycle 1 till cycle 40 and 60, will be used as tlasib for this

evaluation.
Secondary systems
RL040/050Z101 (Corrosion) Revalidate the existing fatigue analysis, | These forgings and nozzles are considered in theATiatigue
RL040/0502003 fatigue validate assumptions using FAMOS (83.5)| project, including validation of assumptions of eammental
RS011/021Z003 and consider environmental effects (83.7.8)effects [52].
RA001/002Z102
RA001/002Z2002
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Relevant ageing

mechanism

Recommendation

Implementation

Safety related auxiliary systems

Tubesheets ¢

(Corrosion)

Revalidate the existing fatigue analy:

TA000B001/002 s are considered in the TLAA fatiguejec,

TA000B001/002 fatigue validate assumptions using FAMOS (83.5)| including validation of assumptions of environmeéeféects
and consider environmental effects (83.7.8)[52].
Polypropylene piping Ageing of Evaluate the degree material degradatio | KCB will either evaluate the degree of materialedierration anc
TR0102004/005/006/00[thermoplastic and determine if replacement is necessary| based on the results determine whether these pggictipns nee
materials (83.8.4). to be replaced, or replace these piping sectiortseéorehand.
M echanical fasteners
Carbon steel, low alloy | HISCC Verify that leakages of all in-scope fasteng KCB performs evaluations of existing activitiesge plant walk

or martensitic stainle§s
steel high strength
fasteners in an aqueousg

environment

will be noticed using the leakage monitorin
system and/or plant walk downs (83.7.6).

Replace austenitic stainless steel fastener
steel quality A2 and A3 by fasteners made
A4 or A5 in case the presence of chlorides
cannot be excluded (83.7.6).

downs) and corresponding procedures. The purpotfgsof
process is to evaluate the existing activities pnodedures with
regard to any improvement thereof.

The use of austenitic stainless steel fastenesteef quality A2
and A3 in an environment where the presence ofriclee canno
be excluded is not conform KCBs engineering stashdar
Therefore, KCB does not expect that these fasterermstalled

in such environment. In the case some fastenerfivibau

installed in such environment, HISCC could resulieiakages,

[

" In the original design martensitic steel fastemezse not used for the nuclear components. Duringept “Modificaties” in 1997, martensitic steel

fasteners were introduced from the French spetificdor some Pressurizer parts.
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which can be identifieusing KCBs leakage monitoring syste
and during the regular plant walkdowns. In ordesgsure that
austenitic stainless steel fasteners of steeltyual and A3 will
not be installed in the future, KCB will check &®ck inventory
and their order specifications.
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Recommendatio

Implementatiol

General

Incorporate visual inspections in all relevant espon documentation.

KCB will incorporate thefpemance of visual inspections in all relevant

maintenance instructions (“werkomschrijvingen”).

Cable:

Extentthe visual inspections, executed when ether maames on an activ
component is performed, to cables in the corresipgrfdnction chain

exposed to high temperatures and/or dose rates.

KCB will evaluate whether the extent of visual iaspons performe during

maintenance activities should be broadened.

Implement an ageing management program for theesatiéntified a:

susceptible to ageing.

Cables exposed to high level temperatures or ddss (aot spots) are include
in a replacement program. Within this program theiag condition of the

removed cables is examined [50].

In addition KCB will evaluate the environmental diions of the cables
identified in the AMR as susceptible to ageing &al/PVC/PVC, PE/PVC anc
SIR/SIR cables). Based on this evaluation KCB déltide whether additional

measures are necessary.

Implement an ageing magement program for mediuwoltagePVC cable:

Operating experience has shown an enhanced fadteef PVC mediun

voltage cables (breakdown of the cables and desdléasulation resistance).

KCB will evaluate whether additional measures fase cables are necessary.

Wires

Implement an ageing management program for wirélseén&C cabinets.

KCB will evaluate whether a sepaageing management program for wires
the 1&C cabinets is necessary.

Electrical connections

Determine all electrical connections inside thetaomment and investigate
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Recommendation

Implementation

whether the applied materials are exposed to langgunts of radiation.

Extent the visual inspections, executed when etf@ntenance on an acti
component is performed, to connectors and in pdaiderminals of the

corresponding function chain.

KCB will evaluate whether the extent of visual iaspons performed durir

maintenance activities should be broadened.

Investigate whether connector and terminal mateifl, FKM, PA, SIR or
SEBS are installed inside the containment or irottigh level radiation

areas.

KCB will investigate during the next refueling ogeawhether these materials
are applied for electrical connections in junctibmxes. If more insight in the
radiation level in a specific area is needed temfeine whether an electrical
connection is susceptible to ageing, radiation noosiwill be installed. These
monitors will record the radiation levels duringeorycle. Based on these

measurements KCB will evaluate if replacementsamessary[55].

Implement an ageing management program for elettannections;
including cable junction sleeves, connection teatsinswivels and soldered

connections.

KCB will investigate whether additional ageing mgeement activities for these

components are necessary.

D

Electrical containment penetrations

Investigate whether the materials FKM and SIR asgiled on the

containment side of the electrical penetrations.

KCB will investigate whether these materials atatied on the containment

side of the electrical penetrations.

Implement an ageing management program for thewstadmaterials Cu,
Cu-alloy and Ni-Fe-alloy installed in electricalr@trations in a moist

environment.

KCB will evaluate whether a separate ageing managéeprogram for these
conductor materials installed in electrical pert@ires in a moist environment i

necessary.

Perform a visual inspection of the electrical iagigih when ether a -

leakages tests is performed.

KCB will evaluate whethervisual inspetions of theinsulationof electrical

containment penetrations is necessary and possible.

Cable penetrations (floors, walls)

Perform a visual inspection of the cable penetnatievery five years.

KCB will evaluate whether éiddial visual inspections of the cable

penetrations is necessary.
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Cabinets and racks

Perform a visual inspection of the cabinets andsawery five year KCB will evaluate whetheadditionalvisual inspectios of the cabinets an
racks is necessary.

Cable trays

Perform a visual inspection of the cable trays g¥iee years. KCB will evaluate whether additionadual inspections of the cable trays is
necessary.

Check the mechanical loads of the cable t KCB will evaluate whether a check of the loads lua ¢abletrays is necessal
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