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Preamble 

Directive 2014/87/EURATOM recognises the importance of peer reviews as a tool for 

the on-going improvement of nuclear safety. For this reason it provides as follows in its 

article eight: 

The member States shall ensure the following in a coordinated manner: 

a. that a national assessment be carried out, based on a specific issue relating to the 

nuclear safety of nuclear facilities located in their respective territories; 

b. that all member States be invited to the national assessment peer review mentioned 

in letter a), along with the Commission, to attend as an observer; 

c. that adequate measures be adopted for the tracking of the respective results of the 

peer review process; 

d. that reports on the process be published, along with the main results when these 

become available. 

The member States shall ensure the existence of provisions allowing the first topical peer 

review to be initiated in 2017, with subsequent peer reviews performed at least once 

every six years. 

The subject chosen for this first review has been the management of nuclear power 

plant ageing. 

In compliance with this mandate, the CSN has drawn up the National Assessment 
Report, including analysis of the Overall Ageing Management Programme applicable by 
the Spanish nuclear power plants on the basis of the regulations in place in Spain, as well 
as its specific application for the systems, structures and components selected in the 
specification. 

01. General information 

01.1. Nuclear installations identification 

As is shown below, the Spanish fleet of operating nuclear power plants is currently made 

up of a total seven groups at five sites: 

ω Trillo nuclear power plant (PWR-KWU). 

ω Vandellós II nuclear power plant (PWR-Westinghouse). 

ω Cofrentes nuclear power plant (BWR-General Electric). 

ω Ascó nuclear power plant (two PWR-Westinghouse groups). 

ω Almaraz nuclear power plant (two PWR-Westinghouse groups). 

This section includes a general description of each of these facilities. 
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Trillo nuclear power plant (PWR-KWU). 

Trillo nuclear power plant is owned by the companies Iberdrola Generación S.A., Gas 

Natural SDG S.A., Hidroeléctrica del Cantábrico S.A. and Nuclenor S.A. 

A single three-loop power reactor of the Pressurised Water Reactor (PWR) type is in 

operation at the site, with a rated thermal power output of 3,027.0 MWt. The plant was 

designed and supplied by the German company Kraftwerk Union Aktiengesellschaft 

(KWU). ¢ƘŜ άƳŀƛƴ ǎǳǇǇƭƛŜǊέ ƛǎ ŎǳǊǊŜƴǘƭȅ ǘƘŜ CǊŜƴŎƘ ŎƻƳǇŀƴȅ AREVA.  

The reactor attained criticality for the first time on May 14th 1988, and commercial 

operation began in August 6th 1988. 

Vandellós II nuclear power plant (PWR-Westinghouse). 

Vandellós II nuclear power plant is owned by the electricity utilities Endesa Generación 

S.A. (72%) and Iberdrola Generación S.A.U. (28%). 

A single three-loop power reactor of the Pressurised Water Reactor (PWR) type is in 

operation at the site, with a rated thermal power output of 2,940.6 MWt. 

The reactor reached criticality for the first time on November 13th 1987, and commercial 

operation began in March 8th 1988. 

Cofrentes nuclear power plant (BWR-General Electric). 

Cofrentes nuclear power plant belongs exclusively to the utility Iberdrola Generación 

S.A.U. 

A single power reactor of the BWR-6 type is in operation at the site, designed and 

supplied by General Electric (GE). ¢ƘŜ ǇƭŀƴǘΩǎ ŎǳǊǊŜƴǘƭȅ ƭƛŎŜƴǎŜŘ ǘƘŜǊƳŀƭ ǇƻǿŜǊ ƻǳǘǇǳǘ 

is 3,237 MWt. 

The reactor reached criticality for the first time in August 1984 and commercial 

operation of the plant began in March 1985. 

Ascó nuclear power plant (two PWR-Westinghouse groups). 

Unit I of the Ascó nuclear power plant belongs to the electricity utility Endesa 

Generación S.A. (100%). For its part, Group II is owned by the utilities Endesa Generación 

S.A. (85%) and Iberdrola Generación S.A. (15%). 

There are two three-loop power reactors of the Pressurised Water Reactor (PWR) type 

designed by Westinghouse in operation at the site, each with a rated thermal power 

output of 2,940.6 MWt. 

Unit I reached criticality on June 17th 1983 and commercial operation began in on 

December 10th 1984. Unit II reached initial criticality on September 11th 1985 and began 

its commercial operation on March 31st 1986. 
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Almaraz nuclear power plant (two PWR-Westinghouse groups). 

Almaraz nuclear power plant is owned by the companies Iberdrola Generación S.A., 

Endesa Generación S.A. and Gas Natural SDG S.A. 

There are two three-loop power reactors of the Pressurised Water Reactor (PWR) type 

designed by Westinghouse in operation at the site, with a rated thermal power output 

of 2,956.6 MWt (unit I) and 2,955.8 MWt (unit II), respectively. 

Unit I reached criticality on April 5th 1981 and its commercial operation began in 

September 1st 1983. Unit II reached initial criticality on September 19th 1983 and its 

commercial operation began in July 1st 1984. 

01.2. Process to develop the national assessment report 

In July 2015 the European Nuclear Safety Regulators Group (ENSREG), responding to a 

proposal by the Western European Nuclear Regulators Association (WENRA), identified 

the management of nuclear power plants ageing as a subject for the first topical peer 

review, which will be implemented via the four phases shown in the following figure. 

 

In keeping with its participation as a member of WENRA in the aforementioned topical 

peer review, the Spanish Nuclear Safety Council (CSN) has established a process for the 

performance of Phase 1 (National Assessment Report). 

Prior to initiating the development of the report on the plants, the CSN called a sector-

specific meeting to explain the background of the WENRA project in question. Also 

explained was the final content of the technical specification ά¢ƻǇƛŎŀƭ tŜŜǊ wŜǾƛŜǿ нлмт 

!ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ ¢ŜŎƘƴƛŎŀƭ {ǇŜŎƛŦƛŎŀǘƛƻƴ ŦƻǊ ǘƘŜ bŀǘƛƻƴŀƭ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘǎέ [1]. 



Page 7 of 174 

WENRA identified a number of programmes for which a specific and detailed description 

of the process performed and results obtained was requested, in order to demonstrate 

the effective management of ageing effects. These programmes are as follows: 

ω Electrical cables (Chapter 03) 

ω Concealed pipework (Chapter 04) 

ω Reactor pressure vessels (Chapter 05) 

ω Calandria/pressure tubes (CANDU) (Chapter 06) 

ω Concrete containment structures (Chapter 07) 

ω Pre-stressed concrete pressure vessels (AGR) (Chapter 08) 

Annex 1 of the technical specification [1] details the contents required in the national 

report to be submitted to WENRA for the assessments to be carried out as from 2018, 

specifically: 

ω Description of ageing management programmes 

ω Scope of ageing management for the applicable S{/Ωǎ 

ω !ƎŜƛƴƎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀǇǇƭƛŎŀōƭŜ {{/Ωǎ 

ω aƻƴƛǘƻǊƛƴƎΣ ǘŜǎǘƛƴƎΣ ǎŀƳǇƭƛƴƎ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ƻŦ ŀǇǇƭƛŎŀōƭŜ {{/Ωǎ 

ω Preventive and remedial actions 

ω [ƛŎŜƴǎŜŜΩǎ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ !atǎ ƻƴ ŀǇǇƭƛŎŀōƭŜ {{/Ȱǎ 

ω Regulator assessment and conclusions regarding ageing management 

On the basis of the applicability of the previous chapters to each plant, the CSN 

established certain timeframes (January-June 2017) in which each of the Spanish nuclear 

power plants were required to submit drafts for comments, in response to the technical 

specification [1]. 

With a view to carrying out a structured plan and complying with the timeframes set out 

by the CSN, a working group was set up, led by UNESA and a licensing representative, to 

represent all the plants, this also including technicians from each site. 

In the case of the Spanish nuclear power plants, and given that the Spanish nuclear fleet 

does not include either CANDU or AGR plants, the National Assessment Report contains 

the information requested in relation to Chapter 02, Overall ageing management 

programme requirements and implementation, as well as the following chapters: 

ω Electrical cables (Chapter 03) 

ω Concealed pipework (Chapter 04) 

ω Reactor pressure vessels (Chapter 05) 

ω Concrete containment structures (Chapter 07) 

This process began with a request by the CSN to the Spanish nuclear power plants for 

each of these facilities to draw up a report in response to the aforementioned 

specification. This request materialised through the sending of letters to each licensee, 

with the following references: 

ω CSN/C/DSN/VA2/16/59 [2] 
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ω CSN/C/DSN/TRI/16/43 [3] 

ω CSN/C/DSN/COF/16/45 [4] 

ω CSN/C/DSN/AS0/16/76 [5] 

ω CSN/C/DSN/AL0/16/71 [6] 

ω CSN/C/DSN/SMG/16/22 [7] 

As a result, the licensee of each of the nuclear power plants has performed a detailed 

ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ hǾŜǊŀƭƭ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳƳŜ όh!atύ ŀƴŘ !ƎŜƛƴƎ 

Management Programmes (AMP) for the selected systems, structures and components 

and has subsequently submitted a report on this analysis to the Spanish Nuclear Safety 

Council (CSN), in accordance with the programmes established in the WENRA 

specification [1]. A special case was the Santa María de Garoña nuclear power plant, 

whose report was requested by letter [7] due to its not being in the definitive shutdown 

situation at the time. IƻǿŜǾŜǊΣ ǘƘŜ ǊŜƴŜǿŀƭ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ ƻǇŜǊŀǘƛƴƎ ǇŜǊƳƛǘ ǿŀǎ ŘŜƴƛŜŘ 

on August 1st 2017 by order ETU/754/2017. Consequently, and in accordance with the 

WENRA specification [1], as Santa María de Garoña NPP was in the definitive shutdown 

situation as of December 31st 2017, the present national report does not include this 

facility. 

Next figure shows the schedule of starting the commercial operation and the 

subsequent license renewal and dates of starting the long-term operation for the 

Spanish nuclear power plants within the scope of the present National Report. The figure 

also shows the schedule of the before mentioned special case of Santa María de Garoña 

NPP. 

 

 

 

 

1
9

6
8

1
9

7
0

1
9

7
2

1
9

7
4

1
9

7
6

1
9

7
8

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

2
2

2
0

2
4

2
0

2
6

2
0

2
8

2
0

3
0

2
0

3
2

2
0

3
4

2
0

3
6

2
0

3
8

GAROÑA

ALMARAZ I

ALMARAZ II

ASCÓ I

ASCÓ II

COFRENTES

VANDELLÓS II

TRILLO

STARTING COMMERCIAL OPERATION DATE AND SCHEDULE OF 
OPERATING AUTHORISATIONS

. Starting Commercial Op 1ª PSR 2ª PSR 3ª PSR Long Term Op



Page 9 of 174 

During this process the CSN has held several meetings with the licensees of the Spanish 

nuclear power plants in order to provide guidance on the process and the drawing up of 

their reports. The conclusions and compromises of the aforementioned meetings are 

summarised in the minutes of the three meeting: 

ω /{bκ!w¢κLa9{κD9b9wκмтлнκлнΣ άмǎǘ /ƻƻǊŘƛƴŀǘƛƻƴ ƳŜŜǘƛƴƎ ƘŜƭŘ ǿƛǘƘ ǘƘŜ ƭƛŎŜƴǎŜŜǎ 

of the Spanish Nuclear Power Plants, to perform the Topical Peer Review (TPR) 

bŀǘƛƻƴŀƭ wŜǇƻǊǘ ό¢twύέ [8]. 

ω /{bκ!w¢κLa9{κD9b9wκмтлоκлоΣ άнȎ Reunión de coordinación con los titulares de las 

CC.NN.EE. para la elaboración del informe nacional del Topical Peer Review (TPR)έ 

[9]. 

ω /{bκ!w¢κD9a!κD9b9wκмтлрκлуΣ άоȎ Reunión de coordinación con los titulares de 

las CC.NN.EE. para la elaboración del informe nacional del Topical Peer Review (TPRύέ 

[10]. 

In keeping with the schedule approved by ENSREG, the CSN considered that these 

reports should be submitted prior to June 30th 2017, these having been received by way 

of the following letters: 

ω CNV-L-CSN-6542 [11] (reference report for Ascó NPP and Vandellós II NPP: DST-2017-

127 [12]). 

ω Z-04-02/ATT-CSN-010976 [13] (reference report for Trillo NPP: IT-17/015 [14]). 

ω 1799983302387 [15] (reference report for Cofrentes NPP: DISES-2017-05 [16]). 

ω Z-04-02/ATA-CSN-012682 [17] (reference report for Almaraz NPP: IT-17/014 [18]). 

ω NN/CSN/104/2017 [19] (reference report for Santa María de Garoña NPP: LP-00-524 

[20]). 

On the basis of the reports submitted by the licensees of the rest of the nuclear power 

plants, the CSN has drawn up the National Assessment Report, which will be subjected 

to peer reviews among the European countries. 
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02. Overall ageing management programme requirements and implementation 

02.1. National regulatory framework 

As the regulatory authority, the Spanish Nuclear Safety Council (CSN) sets out ageing 

management requirements in the following documents: 

ω CSN Instruction IS-22 on safety requirements for the management of ageing and long-

term operation of nuclear power plants [21]. 

ω Safety Guide 1.10 on nuclear power plant periodic safety reviews [22]. 

Likewise, article 7.19 of Instruction IS-26 on basic nuclear safety requirements applicable 

to nuclear installations establishes that the installation must have an Overall Ageing 

Management Programme that identifies the ageing degradation of structures, systems 

and components important to safety, specifying their possible consequences and 

determining their expected operating life and the activities required to maintain their 

operability and reliability. 

IS-22 [21] is the standard developed by the Spanish regulatory authority, with the force 

of law, that regulates safety criteria for ageing management, including management in 

the case of long-term operation, this instruction being applicable to all the Spanish 

nuclear power plants with one or more PWR or BWR power reactors. 

The requirements established in IS-22 [21] are applicable under all plant operating 

conditions, from initial start-up to definitive shutdown, for which reason common and 

specific requirements are defined for each of the two plant service lifetime phases: 

ω Design lifetime of the facility (40 years for the Spanish plants): this corresponds to 

the plant operating period estimated or calculated in the design, during which the 

facility is expected to fulfil its function in the terms established by the licensing basis. 

ω Long-term operating period: this corresponds to the plant operating period beyond 

the design lifetime. 

Within the design lifetime period, the CSN requires the nuclear power plants to develop 

and implement an Overall Ageing Management Programme (OAMP), defined as the 

ageing management action programme in order to reach the original design lifetime of 

the facility without any deterioration of safety and maintaining compliance with the 

current licensing basis. 

As regards the long-term operating period, IS-22 [21] requires the nuclear power plants 

to proceed as follows: 

ω Developing the Integrated Plant Assessment (IPA), which summarises the technical 

justification of ageing management with respect to the long-term operating period. 

ω Developing and implementing a Long-Term Overall Ageing Management Programme 

(LT-OAMP), based on the conclusions of the IPA and corresponding to the lifetime 

management actions programme during the long-term operating period. 
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Likewise, as a result of the requirements of their operating permit, the Spanish plants 

are subjected to a Periodic Safety Review (PSR) every ten years, which the scope, 

content, documentation and terms of presentation are established in CSN Safety Guide 

GS-1.10 [22]. This guide requires the presentation of current or expected ageing 

analyses, using the information available in the Overall Ageing Management 

Programmes developed during the PSR ten-year period. 

In the case of the PSR prior to long-term operation, this shall include the following 

documents, in addition to the PSR documentation itself: 

ω Integrated Plant Assessment (IPA), which shall contain Ageing Management Studies 

and Time-Limited Ageing Analyses. 

ω Proposal for a supplement to the plant Final Safety Analysis Report, to include studies 

and analyses justifying the long-term operation of the plant. 

ω Proposal for review of the Technical Specifications, to include the changes required 

to maintain safe operating conditions during the long-term operation of the plant. 

ω Study of the radiological impact associated with long-term operation of the plant. 

ω Proposal for review of the Radioactive Waste and Spent Fuel Management Plan 

corresponding to long-term operation of the plant. 

02.2. International standards 

The methodology used for the development of the Spanish plant Overall Ageing 

Management Programme is based fundamentally on the American methodology 

described in 10 CFR 54 [23], as well as in other references including the operating 

experience of the nuclear industry, as shown below: 

References of the US Nuclear Regulatory Authority 

ω 10 CFR Part 54, Requirements for Renewal of Operating Licenses for Nuclear Power 

Plants, [23] 

ω Regulatory Guide 1.188, Standard Format and Content for Applications to Renew 

Nuclear Power Plant Operating Licenses,  

ω NUREGς1800, Standard Review Plant for Review of License Renewal Applications For 

Nuclear Power Plants, [24] 

ω NUREGς1801, Generic Aging Lessons Learned (GALL) Report [25]. 

Industry references 

ω NEI 95-10, Industry Guideline for Implementing the Requirements of 10 CFR Part 54 

ς The License Renewal Rule, [26] 

ω EPRI-1010639, Non-Class 1 Mechanical Implementation Guideline and Mechanical 

Tools, [27] 

ω EPRI-1013475, Plant Support Engineering: License Renewal Electric Handbook, [28] 

ω EPRI-1015078, Plant Support Engineering: Aging Effects for Structures and Structural 

Components (Structural Tools) [29]. 
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In addition to the references indicated in IS-22 [21], consideration is given in the Spanish 

plant Overall Ageing Management Programme to other international references not 

required by IS-22 [21] and relating to nuclear power plant ageing management, such as 

the following guidelines or documents developed by the IAEA: 

ω IAEA Safety Reports Series Nº 82, Ageing Management for Nuclear Power Plants: 

International Generic Ageing Lessons Learned (IGALL), 2015. 

ω IAEA Safety Guide NS-G-2.12, Ageing Management for Nuclear Power Plants Safety 

Guide. February 2009. 

ω IAEA Safety Report Series Nº 57, Safe Long-term Operation of Nuclear Power Plants. 

November 2008. 

ω IAEA Services Series Nº 17, SALTO Guidelines. Guidelines for peer review of long-

term operation and ageing management of nuclear power plants. December 2008. 

ω IAEA-EBP-SALTO, Safety aspects of long-term operation of water moderated 

reactors. Recommendations on the scope and content of programmes for safe long-

term operation. July 2007. 

ω Technical Reports Series Nº 448, Plant Life Management for Long-term Operation of 

Light Water Reactors. February 2007. 

ω Safety Series No. 50-P-3, Data Collection and Record Keeping for the Management 

of Nuclear Power Plant Ageing. December 1991. 

ω Technical Reports Series No. 338, Methodology for Ageing Management of Nuclear 

Power Plant Components Important to Safety. July 1992. 

ω Safety Report Series No. 15, Implementation and Review of Nuclear Power Plant 

Ageing Management Programme. April 1999. 

Taking into account what has been indicated above, it may be stated that the 

methodology used and the activities performed for development of the Spanish plant 

Overall Ageing Management Programme fulfil the WENRA reference levels 

corresponding to ageing management and identified in the specification as the 

following: WENRA I1.1; WENRA I2.1; WENRA I2.2; WENRA I2.3; WENRA I2.4; WENRA 

I2.5; WENRA I3.2. 

02.3. Description of the overall ageing management programme 

02.3.1. Scope of the overall AMP 

!ǎ ǊŜƎŀǊŘǎ ǘƘŜ ŀǎǎƛƎƴƳŜƴǘ ƻŦ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƛƴ ǘƘŜ ƭƛŎŜƴǎŜŜǎΩ ƻǊƎŀƴƛǎŀǘƛƻƴǎ ǘƻ ŜƴǎǳǊŜ 

that the Overall Ageing Management Programmes are developed and implemented 

correctly and in accordance with the established requirements, it should be pointed out 

that by their very nature ageing management activities are multidisciplinary and require 

the participation of different plant organisations, as well as external organisations, 

depending on the tasks being performed. For this reason, the Spanish nuclear power 

plants have set up specific organisations for their Overall Ageing Management 

Programmes, these having the following functions: 
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ω The management of and support for the Overall Ageing Management Programme via 

the organisational structure of the plant owners. 

ω The establishment of functions and assignment of responsibilities to ensure 

compliance with ageing management objectives. 

ω The definition of the channels for communication required to coordinate activities 

relating to ageing management. 

With a view to complying with these functions, the organisations responsible for the 

Overall Ageing Management Programmes at the Spanish plants are structured around 

the following basic elements: 

ω Ageing Management Coordinator: responsible for the general coordination of ageing 

management activities at each of the plants, facilitating synergies that allow for more 

efficient development of each of the programmes. This person is also responsible for 

relationships with external organisations in matters relating to lifetime management. 

ω Ageing Management Committee: this is a collegiate body represented by the Lifetime 

Management Coordinator and having the following main functions: 

o Definition of the main courses of activity for performance of the lifetime 

management plan at the plant. 

o Establishment, in response to proposals by the Ageing Management 

Coordinator, of the support organisations required for the performance of each 

activity. 

o Approval of the results of lifetime management activities. 

o Analysis of the relationships between lifetime management activities and other 

plant activities, in order to take advantage of possible synergies between them 

and optimise performance of the lifetime management plan. 

The Ageing Management Committee, made up of representatives of all the sections 

involved in the performance of the activities, is the key element of the ageing 

management organisation and through it all activities are articulated and their results 

validated. 

The specific organisation of the ageing management committee depends on the 

organisational structure of each plant. In all plants, this committee includes 

representatives of the following plant sections: 

ω Mechanical maintenance 

ω Electrical maintenance 

ω Instrumentation and control maintenance 

ω Chemistry and radiochemistry 

ω Operations 

ω In-service inspection and testing 

ω Plant and reactor engineering 
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ω Engineering and special projects, special designs or projects, programmes and 

materials. 

ω Safety and Licensing 

This committee meets periodically and decisions taken are recorded in the meeting 

minutes. 

In addition to this organisation, some plants also have the following: 

ω Ageing Management Plant manager: the main functions of this person are to 

coordinate the performance of all the activities assigned to the plant and provide 

support for the Ageing Management Coordinator. 

ω External support organisations: It is also normal for the Spanish nuclear power plants 

to contract external support organisations to perform ageing management activities 

on the basis of their specific experience in the plant and depending on their 

specialities. 

IS-22 [21] establishes criteria for the identification of Structures, Systems and 

/ƻƳǇƻƴŜƴǘǎ ό{{/Ωǎύ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ overall ageing management programme, 

the text of which is extracted below: 

άThe scope of the ageing management programme, specified in point four of this 

Instruction, shall include the following safety-related and safety-ǎƛƎƴƛŦƛŎŀƴǘ {{/ΩǎΥ 

3.1. Safety-related (SR) elements that are required to continue operating during and 

after any design basis event that might occur, in order to guarantee the following 

functions: 

ω The integrity of the reactor coolant pressure boundary, 

ω The capability to shut down the reactor and maintain it in safe shutdown conditions, 

or 

ω The capability to prevent or mitigate the consequences of accidents, such that off-site 

radioactive exposures are kept below the established limits. 

3.2 Safety relevant (NSR) elements whose failure might prevent satisfactory compliance 

with any of the functions identified in previous section 3.1. 

3.3 Safety important elements to which credit is given in the safety assessments of the 

facility, relating the requirements on fire protection (FP), environmental qualification 

(EQ), pressurised thermal shock (PTS), anticipated transients without scram (ATWS) and 

station blackout (SBO) requirements. 

Explained below is the process followed by the Spanish nuclear power plants to 

determine which components of mechanical and electrical systems and structures shall 

be within the scope to be managed by the Overall Ageing Management Programme and 

thereby comply with the current required standards. 
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Figure 02.1. Process for Scoping and Screening of ageing management 

Mechanical systems: 

¢ƘŜ ŦƛǊǎǘ ǎǘŜǇ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ {{/Ωǎ ŀƴŘ ǘƘŜƛǊ intended functions: starting from all the 

Ǉƭŀƴǘ {{/ΩǎΣ ƛǘ ƛǎ determined what systems fulfil any of the criteria established in article 

three of IS-22 [21], i.e. SR (corresponding to the criteria explained in article 3.1 of IS-22), 

NSR (corresponding to the criteria explained in article 3.2 of IS-22), and SSC that fulfil 

requirements of EQ, FP, ATWS, SBO and PTS (corresponding to the criteria explained in 

article 3.3 of IS-22). The intended functions of the systems are obtained as a result. 

Subsequently, the individual components required for the systems to fulfil the function 

by which they have been identified in the scope may be identified with the help of 

drawings. 
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Electrical systems components: 

Electrical components present a specific feature, since most of them are considered to 

be άŀŎǘƛǾŜέ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ !ǇǇŜƴŘƛȄ . b9L фр-10 [26] and Table 2.1-5 of NUREG-

1800 [24]. 

Electrical guideline EPRI-1013475 [28] provides a description of electrical type-

components that are classified as passive and may commonly be found at any nuclear 

power plant. 

Listed below are the type-components identified at the Spanish nuclear power plants. 

ω Insulated cables and their connections 

ω Electrical and instrumentation and control penetrations 

ω Metal enclosed bus 

ω Transmission conductors 

ω High voltage insulators 

ω Uninsulated Grounding Conductors 

ω Fuse holders 

A particularly significant case is the treatment given to insulated cables and their 

connections, these being the most relevant of the type-components listed above in 

terms of number and ubiquity, with examples in practically all areas of the plant and in 

a wide variety of locations, environments, materials and applications. The diversity of 

ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘǎ ƛǎ ǘƘŜ ǊŜŀǎƻƴ ŦƻǊ ǳǎƛƴƎ ŀ άplant spaces approachέ ŀǘ ǘƘŜ 

plant after the screening of the cables and connections within the scope of the Overall 

Ageing Management Programme. The methodology of this analysis is described in detail 

in section 03.1.1 of the present report. 

Structural components: 

The first step is to draw up the Structures Assessment Limit drawings. The limit drawings 

corresponding to the intended functions identified are drawn up on the basis of the 

building or structure ground drawings. The limit drawings define both the limits of the 

main structure, necessary to maintain its overall integrity, and the areas required for the 

performance of the structures intended functions. 

Specifically, those rooms in which the existence of systems and components required to 

fulfil the aforementioned intended functions ς i.e. to meet the criteria for inclusion in 

the scope (SR, NSR, FP, EQ, PTS, ATWS and SBO) - have been determined will be included 

within the limit drawing. 

The second step consists of identifying structural components within the assessment 

limits. This identification of components is accomplished using the structural drawings 

and includes an inspection walkdown to confirm and complete the information included 

in the drawings. 

In addition, the inspection walkdown includes identification of those components that, 

while not in principle being within the assessment limits: 
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ω have a protection function of safety-related component against flooding, 

earthquakes, missiles, fires, etc., or 

ω have a spatial relationship (proximity) with safety-related components such that their 

failure might imply non-compliance with a safety function. This identification is 

especially important since generally it cannot be accomplished by simply consulting 

drawings. 

In the case of components fulfilling either of these two conditions being identified, they 

will automatically be included within the assessment limits. 

In addition to the above, the performance of walkdowns is also useful for the detection 

or checking of materials and environments corresponding to the structural components 

identified. 

As a practical example of this identification process, in the areas marked as being within 

the scope on the limit drawings, it is possible that they content components of a given 

class that are not included within the assessment limits. This is the case, for example, of 

a room that is inside the assessment limits solely due to its being crossed by safety-

related cables trays, but that also includes for equipment basements not included within 

the scope of the Overall Ageing Management Programme. In this case, only the cable 

trays and their supports are considered to be structural components within the scope. 

The level of definition of a structural component is linked to the way in which its Ageing 

Management Review (AMR) is performed: they may be independent structures (such as 

for example the anti-missile shield) or type-components may be created, including 

structural components that are discrete but common to several (such as slabs, walls, 

pillars, doors, etc.).  

In performing this component identification process, consideration is given to 

classifications already taken into account in the Maintenance Rule and other plant 

documents such as, for example, the Fire Risk Analysis or Flooding Protection Manual. 

The classification of component types established in appendix B of NEI 95-10 [26] and 

tables relating to the structures AMR in NUREG-1801 [25] are also taken as a reference. 

After completion of the mechanical, electrical and structural systems scope definition 

phase, a screening process is performed, this consisting of selecting those components 

that fulfil the following criteria: 

ω They are passive, in other words they do not have moving parts or parts that change 

their configuration or properties, as set out in table 2.1-5 of NUREG-1800, since 

application of the Maintenance Rule (regulated in CSN Instruction IS-15) to active 

components guarantees that the critical functions, in components defined as being 

within its scope, are within acceptance levels. 

ω They are long-lived, in other words they are not included in any periodic replacement 

programme based on maintenance of its qualified lifetime or any other replacement 

programme. In this respect the plant maintenance and engineering documentation 
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is reviewed, mainly the maintenance schedules, and the plant personnel are 

consulted when necessary in order to identify components within the scope of the 

Overall Ageing Management Programme and subject to periodic replacement. 

Once the structures and systems included within the scope of IS-22 [21] have been 

obtained, and those that are passive and long-lived have been screened, those 

components required for performance of the intended functions of the structure or 

system, and in turn the intended functions of the components themselves, are 

identified. The following are examples of typical component intended functions 

common to all the Spanish nuclear power plants: 

ω Electrical insulation 

ω Thermal insulation 

ω Fire barrier 

ω Missile shield 

ω Radiation shield 

ω Electrical connection 

ω Pressure envelope 

ω Leak tightness 

ω Filtration 

ω Structural integrity 

ω Heat exchange 

ω Flow restriction 

ω Anti-whipping support 

ω Structural support for components, equipment or structures 

As a result of the above, the system and structure limit drawings are obtained, which 

identify all structures and components included within the scope of the Overall Ageing 

Management Programme. 

After the screening process of structures and components inside the scope of the Overall 

Ageing Management Programme, the Ageing Management Review (AMR) process is 

applied into them. This AMR process involves, mainly, the following activities: 

ω Identifying the significant ageing mechanisms and effects. 

ω Assessment of applicable maintenance practices of the plant, to manage, mitigate 

and control the aforementioned significant ageing mechanisms and defining, if 

needed, the required improvements 

ω Incorporation of the aforementioned maintenance practices in the corresponding 

Ageing Management Programmes (AMP) to manage the significant ageing 

mechanisms. 

The number of individual components that might, on the basis of the different scoping 

criteria, be included within the scope of the OAMP is in the thousands. However, the 

treatment of these items in activities associated with the AMR, mainly the identification 

and assessment of potential ageing effects and mechanisms, is accomplished with 
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respect to aspects such as functionality, construction materials, environments and 

operating conditions, allowing for the grouping of structures and components 

facilitating their treatment. 

For this reason, the Spanish nuclear power plants group structures and components 

(S&C) in scope as follows: 

ω A unique item of equipment or structure at the plant; for example άthe reactor 

vesselέ. 

ω A group of equipment or structures identical in their construction materials, 

ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ ŦǳƴŎǘƛƻƴǎΤ ŦƻǊ ŜȄŀƳǇƭŜ άwIw ǇǳƳǇǎέΦ 

ω A group of components or structures of the same type and having the same function 

that, in accordance with the generic experience of ageing management assessments, 

ƛǎ ǘǊŜŀǘŜŘ ŀǎ ŀ ά¢ȅǇŜ /ƻƳǇƻƴŜƴǘέΤ ŦƻǊ ŜȄŀƳǇƭŜ ǇƛǇƛƴƎ ǎǳǇǇƻǊǘǎΣ ŎŀōƭŜǎΣ ŀƴǘƛ-whipping 

supports. 

ω A group of components of different types interconnected and having the same 

ŦǳƴŎǘƛƻƴΤ ŦƻǊ ŜȄŀƳǇƭŜ ά!C ǎȅǎǘŜƳ Sw ǇƛǇƛƴƎέΦ This group would include the piping runs 

and pipe accessories jointly performing one or more safety-related system functions. 

Within these first level groupings there is a second level in which the different elements 

making up the said group are defined on the basis of the component type, material or 

intended function. 

The following are examples of this type of second level groupings or elements: 

ω ²ƛǘƘƛƴ ŀ ƎǊƻǳǇƛƴƎ ǎǳŎƘ ŀǎ άwIw ǇǳƳǇǎέ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜƭŜƳŜƴǘǎ Ƴŀȅ ōŜ ƛŘŜƴǘƛŦƛŜŘΥ 

shell, nuts and bolts, bolts and locking nuts. 

ω ²ƛǘƘƛƴ ŀ ƎǊƻǳǇƛƴƎ ǎǳŎƘ ŀǎ ά!C ǎȅǎǘŜƳ Sw ǇƛǇƛƴƎέ ǘƘŜ Ŧollowing elements may be 

identified: carbon steel piping, carbon steel valves, stainless steel valves, carbon steel 

nuts and bolts. 

Ageing effect assessments are performed on these second level groupings. 

The assessment of the potentially applicable maintenance practices to the 

aforementioned effects is described in section 02.3.2 of the present chapter. 

Regarding the quality assurance applied in the OAMP, at the Spanish nuclear power 

plants ageing management activities, as activities inherent to the plants, are subject to 

the quality assurance requirements set out in the facilitƛŜǎΩ ǉǳŀƭƛǘȅ ŀǎǎǳǊŀƴŎŜ ƳŀƴǳŀƭǎΦ 

These manuals were developed in accordance with the requirements established by the 

CSN, which as regards safety-ǊŜƭŀǘŜŘ {{/Ωǎ ŀǊŜ ǊŜƎǳƭŀǘŜŘ ƛƴ accordance with 

requirements equivalent to those included in Appendix B of the US standard 10 CFR 50. 

As a final result from the scoping and screening processes described above, a list of 

structures and components that would be subjected to AMR process within the OAMP 

of the plant, is obtained. 
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02.3.2. Ageing assessment  

For the development of the different activities in the Overall Ageing Management 

Programme (scope, AMR, etc.) the Spanish nuclear power plants have developed 

technical guides, in which it is defined the methodology that has to be followed to 

carry out each task, the starting documentation of the plant to be considered (like 

{{/Ωǎ ŘŜǎƛƎƴ ŘƻŎǳƳŜƴǘŀǘƛƻƴΣ ƳŀƛƴǘŜƴŀƴŎŜ ŀŎǘƛǾƛǘƛŜǎΣ ƛƴǎǇŜŎǘƛƻƴǎΣ ŎƘŜƳƛŎŀƭ 

surveillances, etc.), and the process to be followed for obtaining the expected results. 

The guidelines and regulation used to prepare the OAatΩǎ ƘŀǾŜ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ƛƴ 

sections 02.1 and 02.2 of this chapter. 

In addition, the following is used as specific documentation for development of the 

AMR methodology: 

1) In the application of scoping criteria: 

ω Guideline NEI 95-10 [26]. 

ω Final Safety Analysis Reports. 

ω Systems Design Basis documents. 

2) In the identification of ageing effects/mechanisms: 

ω EPRI-1010639 Non-Class 1 Mechanical Implementation Guideline and Mechanical 

Tools [27]. 

ω EPRI-1013475 Plant Support Engineering: License Renewal Electric Handbook [28]. 

ω EPRI-1015078 Plant Support Engineering: Aging Effects for Structures and 

Structural Components (Structural Tools) [29]. 

ω NRC License Renewal Interim Staff Guidance (LR-ISG). 

ω NUREGς1801 Generic Aging Lessons Learned (GALL) Report [25]. 

ω Systems Design Basis Documents (DBD). 

ω Equipment construction drawings. 

ω Piping and cable specifications. 

 

3) Assessment of maintenance practices, and AMP definition. The main references in 

this process have been the following: 

ω NUREGς1801 Generic Aging Lessons Learned (GALL) Report [25]. 

ω NRC License Renewal Interim Staff Guidance (LR-ISG). 

ω Maintenance tasks and procedures specific to each plant. 

As has been indicated in previous sections of this report, for development of the Overall 

Ageing Management Programme, Instruction IS-22 [21] requires that the Spanish plants 

include the following in this programme: 

ω For each component included within the scope, identification and analysis of its 

significant ageing mechanisms and their possible causes and effects. 
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ω The assessment of maintenance practices in order to conclude whether they are 

suitable for the correct detection, control and mitigation of the aforementioned 

ageing mechanisms, determining, where appropriate, the improvements required. 

ω These maintenance practices are included in the AMP, developed in accordance with 

the model programmes of NUREG-1801 [25]. 

ω In the case of ageing management considering the long-term operating period, 

identification and assessment of all the analyses and calculations performed by the 

licensee of the facility, in compliance with the definition of Time-Limited Ageing 

Analyses (TLAA) that is explained in section 02.4 of this chapter. 

At the Spanish plants the analyses for the identification and evaluation of ageing 

mechanisms have been carried out taking as a basis the conclusions of generic industry 

documents and the results obtained from the review of plant-specific and industry 

operating experience. 

Particularly significant among the general references used by the Spanish nuclear power 

plants for the identification and assessment of ageing mechanisms are the EPRI tools, 

which are also used as references in processes for license renewal requests in the USA, 

in accordance with 10 CFR 54 [23]: 

ω EPRI-млмлсофΣ άbƻƴ-Class 1 Mechanical Implementation Guideline and Mechanical 

¢ƻƻƭǎέΣ wŜǾƛǎƛƻƴ пΣ WŀƴǳŀǊȅ нллсΦ [27] 

ω EPRI-млмрлтуΣ άtƭŀƴǘ {ǳǇǇƻǊǘ 9ƴƎƛƴŜŜǊƛƴƎΥ !ƎƛƴƎ 9ŦŦŜŎǘǎ ŦƻǊ {ǘǊǳŎǘǳǊŜǎ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ 

/ƻƳǇƻƴŜƴǘǎ ό{ǘǊǳŎǘǳǊŀƭ ¢ƻƻƭύέΣ 5ŜŎŜƳōŜǊ нллтΦ [29] 

ω EPRI-млмоптрΣ άtƭŀƴǘ {ǳǇǇƻǊǘ 9ƴƎƛƴŜŜǊƛƴƎΥ [ƛŎŜƴǎŜ wŜƴŜǿŀƭ 9ƭŜŎǘǊƛŎŀƭ IŀƴŘōƻƻƪέΣ 

February 2007. [28] 

Below is detailed the activities performed in the AMR process, which are summarised in 

the next figures 02.2 and 02.3. 
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Figure 02.2. AMR groups phase 

Following completion of the scoping and screening phase, the group of S&C included 

within the scope and consequently move on to the next phase of ageing management 

review is obtained. 

The next task consists of identifying the materials of which the aforementioned S&C are 

manufactured and the environments to which they are exposed. The Spanish nuclear 

power plants obtain this information from documents such as the Final Safety Analysis 

Report, system description documents, system design basis documents and 

manufacturer and supplier drawings. 

As a result, a large number of specific materials and environments may be identified, 

but these can be grouped into type materials and environments in order to allow for 

analysis of the applicable ageing effects and mechanisms. Consequently, the next step 

is to identify the correspondence between the materials and environments identified 

for each S&C and the type materials and environments defined in the EPRI tools.  

EPRI tools (EPRI-1010639 [27], EPRI-1015078 [29], EPRI-1013475 [28]) include the 

results of operating experience and the R&D programmes, undertaken by the nuclear 
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industry, to determine the ageing mechanisms that might potentially affect the 

structures and components, depending on the material of which they are made and the 

environments to which they are subjected. 

!ƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘȅǇŜ ƳŀǘŜǊƛŀƭ ƳƛƎƘǘ ōŜ ά/ŀǊōƻƴ ǎǘŜŜƭǎΣ ƭƻǿ-alloy steels and 

Ŏŀǎǘ ƛǊƻƴǎέΣ in accordance with the joint consideration as a material type made in this 

case by EPRI-1010639 [27], which includes both forged carbon steels, cast carbon steel 

and cast iron. 

Information on insulation and jacket materials commonly used for cables is taken from 

EPRI-1013475 [28], among other data. Also obtained is a discretisation of the different 

electrical type-components from which the electrical AMR groups are formed. 

As regards environments, an example of environment type might be άAir/gasέΣ which, 

according to the definition of this type of environment in EPRI-1010639 [27], includes 

environments such as indoor ambient air or gas environments, among others. 

Continuing with the help of EPRI tools [27] [28] and [29], the AMR groups are defined. 

An AMR group consists of an association between a type of construction material and a 

type of environment to which it might be exposed. The AMR groups are required to 

cover the material-environment combinations identified in the previous step. 

Finally, the ageing effects and mechanisms potentially applicable according to the 

information contained in the EPRI tools tables are identified for each AMR group defined 

in the previous step.  

Each of the ageing effects and mechanisms identified is described and detailed as 

regards both, the description of the effect-mechanism itself and the conditions under 

which this effect-mechanism are considered to be applicable, in accordance with what 

may be gathered from the EPRI tools. 

Following this, those ageing effects and mechanisms that are significant are identified. 

To do so, the applicability of each of the potential ageing effects and mechanisms 

identified in the previous steps is determined based on the specific characteristics of the 

plant. 

Finally, before going on to the next task of the AMR process, the industry operating 

experience identified in the EPRI tools is compared to the operating experience of the 

plant itself, in order to ensure that there have been no ageing mechanisms specific to 

the Spanish plants different from those included in the industry operating experience. A 

clear example of this process is the specific ageing management programme of Ascó, 

nuclear power plant, which has come about as a result of the ground movements. 

After the aforementioned steps, the evaluation process of maintenance practices 

existing in plant is developed to assess their applicability to manage the significant 

ageing effects and mechanisms previously identified. This is required by IS-22 [21], 

ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ ŀǎ ŦƻƭƭƻǿǎΥ άThe objective of this activity will be to determine whether 

the causes and consequences of ageing (significant ageing effects and mechanisms) are 
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adequately overseen, controlled and mitigated by the maintenance practices; bearing in 

mind that these do not include only predictive and preventive maintenance practices 

themselves but also inspection, testing, the control of operating parameters, 

surveillance, etc. 

Maintenance, inspection and testing activities required by the current licensing basis will 

ōŜ ǾŀƭƛŘ ŦƻǊ ǘƘŜ ŀƎŜƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ŀŦŦŜŎǘŜŘ {{/Ωǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŀƎŜƛƴƎ 

effects and mechanisms dealt with therein. 

Evaluation of the maintenance practices will consist of a comparison between the 

surveillance and mitigation activities suitable for each ageing effect and mechanism 

(significant for each structure and component) and the actual content of the 

maintenance practices performed on that structure or component. The result of the 

evaluation will include the improvements to the maintenance processes necessary to 

establish an adequate ageing management and, where required, the implementation of 

new management practicesΦέ 

Historically, most plant maintenance practices relating to ageing management were 

applied prior to the requirement to develop OAatΩǎΦ 9ȄŀƳǇƭŜǎ ƻŦ ǎǳŎƘ ǇǊŀŎǘƛŎŜǎ ƛƴŎƭǳŘŜΣ 

among others, the in-service inspection, and the chemistry and structure maintenance 

programmes. 

The plant maintenance practices, once assessed and improved when necessary, are 

ƛƴŎƻǊǇƻǊŀǘŜŘ ǘƻ ŀƴ ά!ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳƳŜ /ŀǘŀƭƻƎǳŜέ ǎǇŜŎƛŦƛŎ ŦƻǊ ŜŀŎƘ ǇƭŀƴǘΦ 

The next task within the AMR process is the assignment of the significant effects and 

mechanisms identified to the AMP and/or TLAA, as is described in figure 02.3. 

CƻǊ ǘƘŜ ŀǎǎƛƎƴƳŜƴǘ ǇǊƻŎŜǎǎΣ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ǳǎŜ ǘƘŜ άŎƻƳƳƻŘƛǘƛŜǎέ ŎƻƴŎŜǇǘΦ 
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Figure 02.3. Assignment of the identified significant mechanisms and ageing effects to 

ǘƘŜ !atΩǎ 

A commodity is a homogeneous set of structures or components as regards the function 

performed, the material of which they are made, the environment and other specific 

conditions to which they may be subjected (such as for example temperatures, 

component typology or specific composition of a material) that allows ageing effects to 

be analysed in the common way. The structures and components in a commodity 

receive equivalent treatment from the point of view of the AMR.  

For the different groupings defined for structures and components within the scope (see 

section 02.3.2 of this chapter), the corresponding commodities are defined, and for each 

of them it is determined what significant ageing effects and mechanisms are applicable, 

according to the results of the definition of AMR groups. In general, to determine the 

potential applicability of an ageing mechanism it is necessary to consult the 

documentation that define accurately the specific environments and construction 

materials of the plant. 

The practical reason for creating these commodities is that one same material subjected 

to one same type of environment may undergo different ageing mechanisms and effects 

depending, for example, on the ambient temperature. 

5ŜŦƛƴƛǘƛƻƴ ƻŦ ŎƻƳƳƻŘƛǘƛŜǎ 

LƴŎƭǳǎƛƻƴ ƻŦ ƎǊƻǳǇƛƴƎǎ όŦǊƻƳ ǘƘŜ 
{ŎƻǇƛƴƎϧ{ŎǊŜŜƴƛƴƎ ǇƘŀǎŜύ ƛƴ ǘƘŜ ŎƻƳƳƻŘƛǘƛŜǎ 

5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ŀƎŜƛƴƎ ŜŦŦŜŎǘǎ ŀƴŘ 
ƳŜŎƘŀƴƛǎƳǎ ƛƴ ŜŀŎƘ ƎǊƻǳǇƛƴƎ 

CǊƻƳ ŦƛƎǳǊŜ лнΦн 

!ǎǎƛƎƴƳŜƴǘ ǘƻ !at 
¢ƛƳŜπƭƛƳƛǘŜŘ ŀƎŜƛƴƎ ŀƴŀƭȅǎƛǎ 

±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ !at ǎŎƻǇŜ 
ǇǊƻǇƻǎŜŘ  

tǊƻǇƻǎŀƭ ŦƻǊ !at ƛƳǇǊƻǾŜƳŜƴǘ 
ǿƘŜƴ ƴŜŎŜǎǎŀǊȅ 
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The next step is to assign to the significant ageing effects and mechanisms identified for 

ŜŀŎƘ ŎƻƳƳƻŘƛǘȅ ŀƴ !at ƻǊ ǘƻ ŀ ¢[!!Ωǎ ǘƘŀǘ ŀƭƭƻǿ ǘƘŜƛǊ ŜŦŦŜŎǘǎ ǘƻ ōŜ ǿŀǘŎƘŜŘ ƻǾŜǊ ŀƴŘ 

ŎƻƴǘǊƻƭƭŜŘ ŀƴŘ ƭŀǘŜǊ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜǎŜ !atΩǎ ōȅ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǘƘŜ 

model programmes defined in NUREG-1801 [25] (GALL report). This process is what is 

ƪƴƻǿƴ ŀǎ ά/ƻƴŎƛƭƛŀǘƛƻƴ ǿƛǘƘ D![[έ (Generic Ageing Lessons Learned). AMP assignment 

ƛǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ǘǊȅƛƴƎ ǘƻ ƪŜŜǇ ŀǎ ŎƭƻǎŜ ŀǎ ǇƻǎǎƛōƭŜ ǘƻ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƳƻŘŜƭ !atΩs 

included in the NUREG-1801 [25] report and also to the different LR-ISGΩǎ ƛƴ ŦƻǊŎŜ (LR-

ISG-2011-01 [30], LR-ISG-2011-02 [31], LR-ISG-2011-03 [32], LR-ISG-2011-04 [33], LR-

ISG-2011-05 [34], LR-ISG-2012-01 [35], LR-ISG-2012-02 [36], LR-ISG-2013-01 [37], LR-

ISG-2015-01 [38], LR-ISG-2016-01 [39]) for management of the same ageing effects. 

Finally, the last step consists of verifying that all the structures and components 

ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǎŎƻǇŜ ŀƴŘ ǎŎǊŜŜƴƛƴƎ ǇǊƻŎŜǎǎ ŀǊŜ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ !atΩǎ 

assigned in the previous step for the management of their ageing. If this is not the case, 

increasing the scope of the AMP is proposed as an improvement.  

In subsequent updates of this task, AMP improvement proposals are issued in relation 

to the following: 

ω New components within the scope of a given AMP, or 

ω Possible changes in the identification of the ageing effects and mechanisms defined 

for a component, due to changes in the operating conditions of this component or 

changes in its material and/or specific environment. 

CƻǊ ŜŀŎƘ ƻŦ ǘƘŜ !atΩǎ included in the Overall Ageing Management Programme , the 

Spanish plants have developed, depending on the structure and degree of 

implementation of each AMP, the following documents: 

ω Base document of the AMP, which include its assessment for compliance with the 

attributes of the equivalent AMP of the NUREG-1801 [25] or with the attributes of 

the NEI-95-10 [26], 

ω Ageing Management Programme Manual, and 

ω Scope of the AMP Manual (this document only in the case of the Ascó and Vandellós 

II plants). 

The following information is included in this documentation, associated with each AMP: 

ω The frequency of application of the AMP. 

ω {ŎƻǇŜ ƻŦ ǘƘŜ !at ό{{/Ωǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ !atύΦ 

ω Ageing effects/mechanisms managed by the AMP. 

ω Activities (inspections, tests) included in the AMP (identifying actions, their frequency 

and acceptance criteria). 

ω Responsibilities (responsibilities of the organisational unit owning the AMP and of the 

organisational units collaborating in the AMP). 

ω Requirements of the documentation on AMP results and the administrative and 

quality control of AMP activities. 

ω Relevant operating experience associated with definition of the AMP. 
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In addition, the Spanish plants draw up AMP tracking reports, the objectives and 

contents of which is indicated in section 02.4 of this chapter. 

¢ŀōƭŜ лнΦнΣ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŀƴƴŜȄ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ǎƘƻǿǎ ŀ ƭƛǎǘ ƻŦ ǘƘŜ !atΩǎ 

currently in place at the Spanish nuclear power plants and their corresponding NUREG-

1801 [25] ƳƻŘŜƭ ǇǊƻƎǊŀƳƳŜǎΦ !ƭǎƻ ǎƘƻǿƴ ŀǊŜ ǘƘŜ !atΩǎ ǎǇŜŎƛŦƛŎ ǘƻ ŜŀŎƘ ǇƭŀƴǘΣ ǿƘƛŎƘ 

have been drawn up for the management of ageing effects and mechanisms for which 

there is no model programme in NUREG-1801 [25] and that have been developed in 

accordance with the criteria of NUREG-1800 [24]. 

²ƛǘƘƛƴ ǘƘŜƛǊ ǊŜǎǇŜŎǘƛǾŜ h!atΩǎ ŀƴŘ ǊŜƭŀǘŜŘ ŀŎǘƛǾƛǘƛŜǎΣ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ŜǎǘŀōƭƛǎƘ 

acceptance criteria in accordance with specific regulatory requirements or the 

requirements set out in the SSC design or maintenance codes, as would be the case, for 

example, for the criteria applicable to nuclear class components designed in accordance 

with section III of the ASME Code and subject to inspection under ASME section XI. In 

other situations the acceptance criteria are defined in accordance with industry 

standards (for example the EPRI MRP programme applicable to the reactor vessel or 

internals, for PWR plants, or the BWRVIP programme applicable to the reactor vessel 

and internals for BWR plants) and the plant-specific operating experience. 

bŜǾŜǊǘƘŜƭŜǎǎΣ ƛƴ ŀƭƭ ŎŀǎŜǎ ŀƴŘ ŀǎ ǘƘŜ h!atΩǎ ǘŀƪŜ NUREG-1801 [25] and Guideline NEI 

95-10 [26] as the main reference documents, the Spanish plants have performed an 

ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜƛǊ ŀŎŎŜǇǘŀƴŎŜ ŎǊƛǘŜǊƛŀ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ !atΩǎ ŘŜŦƛƴŜŘ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ 

ǘƘƻǎŜ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƳƻŘŜƭ !atΩǎ included in chapter XI of NUREG-

1801 [25], verifying equivalence or justifying differences. 

Taking this into account, each plant AMP includes acceptance criteria for the inspections 

required therein. The acceptance criteria are established in such a way as to ensure 

maintenance of the intended function of the component throughout its operating 

lifetime, in accordance with the corresponding licensing basis. This is ensured through 

the following: 

ω Each inspection procedure (or in its absence the programme itself) defines the 

acceptance criteria for each parameter monitored. 

ω The acceptance criteria are established with enough margin to ensure compliance 

with the intended function of the component. 

ω If new ageing mechanisms (or mechanisms not expected for a component) are 

detected, a cause extension analysis is performed in order to determine what other 

components might be affected by it. 

As regards the use of R&D programmes, in Spain there is an association of the main 

electricity companies, UNESA, which includes those companies that own nuclear power 

plants. Through UNESA, the nuclear power plant owners and the CSN, as the regulatory 

ŀǳǘƘƻǊƛǘȅΣ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ нллф ǘƘŜ ǇǊƻƎǊŀƳƳŜ ƴŀƳŜŘ ά/ƻƭƭŀōƻǊŀǘƛƻƴ agreement on 

between the CSN and UNESA for R&D in relation to nuclear safety and radiological 

protectionέΦ 
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Different R&D projects have been carried out within the framework of this collaboration 

agreement and dealing with the assessment of nuclear power plant SCC ageing, the 

following projects being particularly significant: 

Project Start-end 
date 

Project objective 

Project on crack growth testing 
in alloy 690TT and weld metals 
52/152 (Inconel 690 Projectς 
Phase 2) 

2008 - 2011 Acquisition of data on crack growth 
rates in alloy 690TT and weld metals 
52 and 152, in PWR type reactor 
primary water at temperatures of 
between 325 and 360 ºC. 

Common project for the 
validation of NDT systems used 
ƛƴ L{L ŀǘ {ǇŀƴƛǎƘ bttΩǎ  

2003 - 2013 Establishment of a coordinated 
ŀŎǘƛƻƴ ōȅ ŀƭƭ ǘƘŜ {ǇŀƴƛǎƘ bttΩǎ ǘƻ 
optimise on the one hand the 
technical and economic resources to 
be dedicated to validation and, on 
the other, the activities to be carried 
out by organisations involved in the 
validation of each nuclear power 
plant. 

Computer system for the 
management of in-service 
inspections and tests (SIGIS) at 
{ǇŀƴƛǎƘ bttΩǎ όSIGIS Project). 

2004 - 2010 Unification of Spanish NPP databases 
and migration of current 
management tools to a Web 
environment, this facilitating fast and 
secure access to these 
tools/databases for both those 
responsible for NPP in-service 
inspections and engineering and the 
CSN. 

Surveillance of electrical cable 
ageing at nuclear power plants 
(Cables project - Phase 1) 

2002 - 2004 Definition of a common basis for 
action applicable to all the Spanish 
nuclear power plants for the 
systematic application of electrical 
cable ageing surveillance techniques 
in accordance with the international 
state of the art and in particular with 
the contents of IAEA-TECDOC-1188. 

Application of advanced 
electrical cables diagnosis 
techniǉǳŜǎ ŀǘ {ǇŀƴƛǎƘ bttΩǎ 
(Cables project - Phase 2) 

2005 - 2009 Fine tuning and application of 
advanced non-destructive 
surveillance techniques for 
determination of the status of cable 
ageing at Spanish nuclear power 
plants. 
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Project Start-end 
date 

Project objective 

Tracking and assessment of the 
status of electrical cables at 
{ǇŀƴƛǎƘ bttΩǎ όCables project ς 
Phase 3) 

2014 ς On-
going 

Determination of the status of 
electrical cable insulating material at 
Spanish nuclear power plants, based 
on the use of the best surveillance 
techniques available for material 
diagnosis and supervision. To 
accomplish this, a representative 
sample of original cables will be 
obtained from the plants, affected by 
quantified natural ageing. The cables 
will be subjected to additional ageing 
to the equivalent of 40, 50 and 60 
years and to various tests in order to 
establish, where possible, a 
correlation between measurable 
parameters and the actual degree of 
ageing in the installed cables. 

Utilization of vessel internals 
from the reactor of José 
Cabrera NPP (ZIRP project). 

2007 ς On-
going 

Recovery of part of the vessel 
internals from José Cabrera NPP for 
subsequent testing of the extracted 
materials in the laboratory and 
assessment of the degradation of 
their properties, following a long 
period of radiation in a commercial 
reactor. 
The project includes the participation 
of a number of international 
organisations; the Spanish plants 
participate through EPRI. 

Study of the effects of ageing 
and other factors on concretes 
from José Cabrera NPP (Zorita 
Concretes Project) 

2014 ς On-
going 

Joint project between the CSN, 
ENRESA, CSIC and the Spanish 
electricity companies for the 
experimental and theoretical study 
of performance in relation to 
degradation over time of the 
properties of concrete subjected to 
the service conditions occurring 
during nuclear power plant 
operation. 
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Project Start-end 
date 

Project objective 

International NEA/OECD 
project on ά/ƻƳǇƻƴŜƴǘ 
Operational Experience, 
Degradation and Ageing 
tǊƻƎǊŀƳƳŜ ό/h5!tύέΣ in 
collaboration with the CSN 

2011 ς On-
going 

Development of a database on 
events associated with the failure of 
pipes and other passive components, 
and sharing of know-how and 
operating experience, understanding 
of root causes and failure 
mechanisms and identification of 
effective techniques and 
technologies for the management 
and mitigation of active degradation 
at nuclear power plants. 

Table 02.1. R&D projects performed in collaboration between UNESA and the CSN 

The Spanish plants are also active members, through UNESA, in the base activities of the 

Electric Power Research Institute (EPRI) nuclear area, which include several research 

programmes, such as Long-term Operation, Primary Systems Corrosion and Plant 

Engineering that carry out research into the assessment and mitigation of the ageing of 

ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ {{/Ωǎ ŀǘ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ǇƭŀƴǘǎΦ Lƴ ŀddition, the plants are involved in 

various supplementary R&D&i programmes, such as the Boiling Water Reactor Vessel 

and Internals Project (BWRVIP), the Pressurised Water Reactor Materials Reliability 

Program (MRP), the Non-destructive evaluation (NDE), the Steam Generator 

Management Program (SGMP), the Nuclear Maintenance Application Center (NMAC), 

the Checkworks Users Group (CHUG), etc., which among other aspects cover research 

into the ageing of components not covered by the previously mentioned EPRI base 

nuclear programme . 

Depending on type and scope, these projects produce experimental results that improve 

or extend international databases on different phenomena, recommendations, 

application guides, limit values, new inspection techniques, etc., that are finally 

ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ ǘƘŜ !atΩǎ ƻŦ ŜŀŎƘ ǇƭŀƴǘΦ 

In addition to the aforementioned projects, as has been pointed out in section 02.2 of 

this report, and without being required by IS-22 [21], the Spanish plants have 

particƛǇŀǘŜŘ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ /{b ƛƴ ǘƘŜ ŦƛǊǎǘ ǘǿƻ ǇƘŀǎŜǎ ƻŦ ǘƘŜ L!9!Ωǎ IGALL programme 

[40] ƛƴ ǿƘƛŎƘ Ƴŀƴȅ !atΩǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘΣ ǘƘƛǎ ƘŀǾƛƴƎ ǇǊƻǾƛŘŜŘ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ 

ǿƛǘƘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǊŜŦŜǊŜƴŎŜ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜƛǊ ƻǿƴ !atΩǎΦ 

As regards the review of plant-specific and industry operating experience, the objective 

is to provide support for the conclusions of ageing mechanism assessments and identify 

other mechanisms not considered in generic assessments and that might be plant 

specific. 

In taking guideline NEI 95-10 [26] as the reference document for the development of the 

h!atΩǎΣ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ƛƴŎƭǳŘŜ ǘƘŜ ǊŜǾƛŜǿ ƻŦ Ǉƭŀƴǘ-specific and industry operating 
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experience in the process of ageing mechanism identification and assessment, 

considering review periods of from 5 to 10 years, as recommended in the 

aforementioned guideline NEI 95-10 [26]. Nevertheless, the periods considered in 

analyses of the operating experience of the nuclear power plants are normally shorter 

than those recommended by NEI 95-10 [26]. 

The licensees reviewed their plant-specific operating experience during the OAMP 

implementation phase by reviewing the results of their maintenance activities and 

experiences identified at the plants themselves. 

The review of industry operating experience was carried out by identifying relevant 

ŜǾŜƴǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ ŀƎŜƛƴƎ ƻŦ {{/Ωǎ ƛǎǎǳŜŘΣ ŀƳƻƴƎ ƻǘƘŜǊǎΣ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

ω the national regulatory authority, the CSN,  

ω the regulatory authorities of the countries of origin of the plant design, i.e.: 

o the NRC in the case of US technology plants (Almaraz, Ascó, Cofrentes and 

Vandellós II) or  

o the GRS in the case of German technology plants (Trillo),  

ω international operator organisations, such as INPO and WANO, 

ω and the main suppliers of each plant, i.e.: 

o Westinghouse in the case of American PWR technology plants (Almaraz, Ascó and 

Vandellós II), 

o General Electric in the case of American BWR technology plants (Cofrentes) and  

o Areva in the case of the German PWR plant (Trillo) 

The Spanish plants have drawn up technical guidelines or procedures for developing 

both processes (plant-specific and industry operating experience analyses), these 

consisting fundamentally of the following: 

ω An initial identification of potentially significant events on the basis of the operating 

experience databases available at the plants. This identification includes a check on 

whether the event has affected a passive system, structure or component or whether 

it has been caused by the ageing of a structure or component. 

ω A subsequent assessment or characterisation of significant events. This assessment 

includes identification of the following: 

o the causes, indicating the ageing mechanism identified in the degradation of the 

component or structure, 

o the systems involved, 

o the corrective actions adopted or measures for the mitigation and control of 

deterioration of the component or structure, indicating whether they relate to any 

plant maintenance or inspection activity, 

o ǘƘŜ ǇƻǘŜƴǘƛŀƭƭȅ ŀǇǇƭƛŎŀōƭŜ !atΩǎ ŦƻǊ ǘƘŜ Ƴŀƴŀgement of the ageing effects and 

mechanisms identified. 

Lƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǇǊƻŎŜǎǎ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ h!atΩǎ ƻŦ ǘƘŜ {ǇŀƴƛǎƘ ǇƭŀƴǘǎΣ ǘƘŜ 

tracking reports for each AMP currently include the analysis and assessment of the 

programme results and plant-specific and industry operating experience that has 
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affected thŜ {{/Ωǎ ƻǊ ŀŎǘƛǾƛǘƛŜǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ !at ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ 

covered by the report. 

As regards the storage of data and the tracking of historical maintenance and operations 

information, the processes established for the OAMP ensure that registers, data, trends 

and other actions are articulated by way of the corrective actions programmes in place 

at the Spanish nuclear power plants. All actions performed and documents drawn up 

are being placed on record. 

Furthermore, the Spanish plants have developed specific databases for the 

management of all the information implied in the development of the OAMP. The ageing 

management database is the basic tool used in the processes of scoping and screening, 

along with the AMR process, and both its results and the assessments and references of 

the supporting documentation are recorded. 

This databases are used to record the following processes information: 

ω Scoping process: identification of the systems and structures functions, justification 

of the application of scoping criteria and reference to the documentation for this 

justification. 

ω Screening process: identification of the components subject and not subject to the 

AMR, along with the corresponding justification. 

ω AMR process: identification of materials and environments associated with the 

components subject to the AMR; assignment, in accordance with the materials and 

environments, of significant ageing effects requiring management on the component 

or structure; and identification of activities and programmes accredited as being 

suitable for the management of those significant ageing effects. 

02.3.3. Monitoring, testing, sampling and inspection activities  

As regards inspection, monitoring and testing activities, in its section on the assessment 

of maintenance practices, IS-22 [21] identifies, as part of the scope, not only preventive 

and predictive maintenance activities but also activities relating to inspection, testing, 

control of operating parameters, etc. that allow for the detection and mitigation of 

ageing mechanisms that might potentially affect the structures and components 

included within the scope. 

Described below are the aforementioned ageing management activities carried out by 

the Spanish plants. 

In each AMP are defined the parameters to be monitored or inspections to be applied 

for management of the ageing of components included within its scope. These 

programmes are implemented by means of procedures already in place at the plant or 

newly developed activities. The parameters to be monitored in each AMP are directly 

related to the detection, management and mitigation of those ageing effects that might 

affect the intended functions of the components managed by the programme. Likewise, 
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the inspections performed in accordance with the procedures included the AMP are 

adequately documented, including registers of degradations detected. 

Described below are some examples of plant activities that periodically verify SSC 

performance or functionality that might be affected by ageing through tracking of the 

evolution of indicating parameters relating to ageing processes: 

ω Tracking of soiling in heat exchangers whose fluid is water in the open essential 

services circuit: this surveillance is performed on-line and the tracking of this trend 

makes it possible to determine what additional cleaning and inspection actions might 

be required. 

ω Primary containment leak testing: this is performed in compliance with the 

requirements of Appendix J of 10 CFR 50; the results of type A and type B tests allow 

for an assessment of the primary containment and its penetrations. 

ω Piping system pressure testing: these are performed at the frequency required by the 

standards and makes it possible to identify system leakages due to the failure of 

components at bolted joints in the system. 

ω Tracking of electrical parameters (insulation resistance, delta tangent, etc.) in 

electrical circuits: this allows for the identification of degradations in the insulation 

of electrical cables and connections. 

ω In the case of Cofrentes NPP, and as its compressed air system is safety-related, the 

quality of the air in this system is monitored through measurement of relative 

humidity and the presence of particles, this allowing the susceptibility of the system 

to corrosion mechanisms to be detected. 

Lƴ ŜŀŎƘ ƻŦ ǘƘŜ !atΩǎ ŘŜǾŜƭƻǇŜŘΣ ǘƘŜ Ǉƭŀƴǘǎ ŘŜŦƛƴŜ ǘƘŜ ǘŜǎǘǎ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴǎ ǘƻ ōŜ 

performed in order to promptly detect ageing effects that might lead to loss of the 

intended function of structures and components. Although the intention of the 

programmes is to promptly detect degradations potentially affecting the components, 

it should be pointed out that they do not always constitute a tool that guarantees the 

capability to anticipate all losses of the intended function of the structures and 

components. Likewise, whenever the programme so requires, the preventive actions to 

be taken to prevent the development of ageing effects are defined. 

The most of ageing management activities are associated with inspection programmes 

in which the condition of the component or structure is verified by non-destructive 

testing (visual, surface or volumetric). At the Spanish nuclear power plants these 

activities are mainly included in the following programmes: 

ω In-Service Inspection Programme: This programme mainly includes inspections 

defined for compliance with the requirements of section XI of the ASME Code. This 

code defines both the scope and type of the examination (visual, surface or 

volumŜǘǊƛŎύ ŀƴŘ ƛǘǎ ŦǊŜǉǳŜƴŎȅΦ ²ƛǘƘƛƴ ǘƘŜ h!atΩǎ ƻŦ ǘƘe Spanish plants, the in-service 

inspection programme includes ageing management activities associated with the 
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reactor vessel, class 1, 2 and 3 piping systems, class 1, 2 and 3 pressure boundary 

mechanical equipment, class 1, 2 and 3 piping supports, metallic containment (where 

appropriate), concrete containment and containment penetrations. 

ω Vessel internals programme: This programme includes activities for the inspection 

and assessment of the condition of the vessel internals, in accordance with the 

inspection and assessment guidelines of the EPRI MRP programme, in the case of 

PWR technology plants (Almaraz, Ascó and Vandellós II), and the BWRVIP 

programme, also developed by EPRI, for BWR plants (Cofrentes). In the case of Trillo 

NPP, the guidelines adhered to for development of the vessel internals programme 

are based on the recommendations included in KTA-3204. 

ω Erosion-corrosion programme: This programme is aimed at controlling the condition 

of piping systems potentially affected by the mechanism of flow accelerated 

corrosion (FAC) and erosion-corrosion, with a view to determining if the degradation 

rate of the component will allow it to maintain its intended function until it is re-

inspected. The inspections programme is defined as a result of the 

assessments/predictions of previous measurements and the examination is of the 

volumetric type (Ultrasonics (UT)). 

ω Structures surveillance programme: This programme is based on the Maintenance 

Rule activities and is based mainly on visual inspections, also including dimensional 

and volumetric examinations suitable for the potential ageing mechanisms. 

ω Painting and coatings inspection inside Containment: The scope of this programme 

includes Service Level I coatings, defined in the NRC Regulatory Guide 1.54. The 

inspection of the coatings is defined in accordance with the requirements of ASTM D 

5163-96, sub-paragraph 9.2, where it is established that the parameters monitored 

ƻǊ ƛƴǎǇŜŎǘŜŘ ǎƘŀƭƭ ōŜ άǾƛǎƛōƭŜ ŘŜŦŜŎǘǎ ǎǳŎƘ ŀǎ ōƭƛǎǘŜǊƛƴƎΣ ŦƛǎǎǳǊŜǎΣ ŦƭŀƪƛƴƎΣ ǇŜŜƭƛƴƎΣ 

ƻȄƛŘŜǎ ƻǊ ǇƘȅǎƛŎŀƭ ŘŀƳŀƎŜέΦ 

In those cases in which the programme requires an analysis of trends, this is carried out 

as part of the programme activities. The aim of this analysis is to establish trends 

allowing degradations to be anticipated, through study of the parameters 

inspected/monitored by the programme, the ultimate objective being to allow actions 

to be taken before loss of the intended function occurs. 

Through their surveillance activities the plants periodically verify parameters that are 

not directly associated with the condition of the structure or components but that 

provide a measurement of the factors influencing their degradation. The following are 

ƛƴŎƭǳŘŜŘ ŀƳƻƴƎ ǘƘŜǎŜ ŀŎǘƛǾƛǘƛŜǎΣ ǿƛǘƘƛƴ ǘƘŜ ǇƭŀƴǘǎΩ h!atΩǎΥ 

ω Chemical control programme: The surveillance and maintenance within the 

corresponding acceptance criteria of the chemical parameters included in the 

specifications of water and other process fluids, such as gas-oil and oil, is an activity 

aimed at preventing corrosion mechanisms arising as a result of contact between the 

material and the process fluid. The Spanish plants have procedures identifying the 
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parameters that characterise each fluid specification and the analytical methods and 

frequencies, in order to verify that they are within the target or foreseen values. 

ω Environmental conditions surveillance programme: Defined mainly for control of the 

environmental qualification of electrical components, this programme makes it 

possible to assess the actual environmental conditions of the equipment compared 

to those considered in its environmental qualification process. The surveillance of 

environmental conditions is characterised by the temperature and radiation 

measured in certain areas, and data acquisition is conditioned by accessibility to 

these areas. 

ω Tracking of operational transients in Class 1 pressure-retaining components: ASME 

class 1 components are designed, in relation to fatigue, in such a way that their 

cumulative usage factor is less than 1 under the hypothesis of a series of operating 

transients and an occurrence defined for 40 years. The transient tracking programme 

allows for assessment of the actual operation of the plant compared to the design 

hypotheses, in order to ensure that the usage factor, according to the design bases, 

will remain less than 1.0. 

Mŀƴȅ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ŎƻƳǇƻƴŜƴǘǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ h!atΩǎ ƻŦ ǘƘŜ 

Spanish plants are subject to preventive maintenance activities, which include 

inspection procedures allowing for verification of the condition of the passive elements 

of which they are formed, as well as identification of whether there have been 

unexpected degradations. 

Among the types of components subject to this type of maintenance are pumps, heat 

exchangers, tanks, turbines, ventilation units, water cooling units, metal enclosed phase 

busses, cranes and fuel handling equipment. 

In all cases, whenever an inspection, monitoring or surveillance activity leads to the 

detection of degradation, appropriate actions (repair, replacement...) are taken before 

the intended function of the component is lost, in accordance with the corrective actions 

defined in the AMP. 

Furthermore, when the AMP requires an inspection by sampling, the locations selected 

for inspection shall be those that are more susceptible to the ageing mechanism that 

might affect the component. In the event of degradation being detected in the 

component inspected from the selected sample, the number of inspections shall be 

increased in order to rule out the possibility of degradations occurring in similar 

locations (e.g., Buried piping programme, cable surveillance programme). 

As regards activities performed by certification organisations, the inspection, 

surveillance and monitoring activities included in the Overall Ageing Management 

Programmes of the Spanish plants, as well as other activities at these facilities, are 

generally subject to the Quality Assurance Manual of each plant. Consequently, the 

OAMP is subject to internal audits, in addition to CSN inspections, the participation of 

other certification organisations not being required except when this is demanded by 
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other licensing requirements associated with these activities (such as for example the 

specific certification of inspectors). 

02.3.4. Preventive and remedial actions  

If a programme requires preventive actions, these are implemented in order to prevent 

or mitigate the ageing mechanisms to which the structures and components (S&C) are 

susceptible. The implementation of preventive actions includes the following: 

ω When a programme improvement is identified, this is included in the corrective 

action management system of the Spanish plants and, as a result, is implemented in 

the corresponding procedure. 

ω Within the action management system of the Spanish plants, each improvement 

action to be carried out is assigned to a responsible person or manager and a 

performer, such that correct implementation of the improvement identified is 

achieved. 

ω ¢ƘŜ ǇǊŜǾŜƴǘƛǾŜ ŀŎǘƛǾƛǘƛŜǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ !atΩǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ 

with the frequencies required by each programme. In the event of the activity not 

being carried out with the required frequency, the corresponding justification is 

provided during the programme implementation review. 

All corrective actions on S&C are performed by way of work orders and are controlled 

from beginning to end by the maintenance management system, which is also subject 

to the requirements of the Quality Assurance Manual of the Spanish nuclear power 

plants, which fulfil the provisions of Appendix B of 10 CFR 50. 

Furthermore, if there is a loss of intended function, an analysis is carried out on what 

has failed in the systematic approach of the AMP that managed the unexpected event 

or problem and improvements are introduced to attempt to prevent this from re-

occurring. 

02.4. Review and update of the overall AMP 

As has been commented in the previous section of this report, the Overall Ageing 

Management Programmes are subject to the Quality Assurance Manual of each plant, 

for which reason they are periodically subjected to internal audits, the results of which 

are implemented in the OAMP. 

Another reason for reviewing and updating the OAMP is the review of the plant-specific 

and industry operating experience, the objective being to analyse all applicable events 

relating to ageing management, for example supporting the conclusions of the 

assessment of ageing mechanisms and identifying others mechanisms not considered in 

generic assessments and that might be specific to the plant. 

The results of this operating experience review are included in specific reports that are 

periodically issued by the plants. 
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These operating experience results are analysed to determine their applicability to the 

ŘƛŦŦŜǊŜƴǘ !atΩǎ ƛƴ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘǊŀŎƪƛƴƎ ǊŜǇƻǊǘǎΣ ŦƻǊ ǳǇŘŀting in this respect. 

In addition, the results of applying the AMP activities are analysed in order to determine 

if they are effective and, if this is not the case, a decision is taken as to the need for 

proposals regarding the improvement of these activities or the management of effects 

and mechanisms not previously considered. These improvement proposals are analysed 

and, where appropriate, are approved by the Ageing Management committee prior to 

their implementation. 

The Spanish plants periodically update the reports documenting the systems and 

structures included in the scope of the OAMP, taking into account the design 

modifications (DM) carried out during the period covered by this updating. Following 

ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƴŜǿ {{/Ωǎ ŀǊƛǎƛƴƎ ŀǎ ŀ ǊŜǎǳƭǘ of DM performance, the scoping and 

screening criteria included in IS-22 [21] are applied in order to determine which should 

be included in the OAMP. 

Subsequently, following identification of the new S&C incorporated in the scope of the 

OAMP as a result of design modifications, the AMR process described in section 02.3.2 

of the present report is repeated with respect to them; i.e., the identification of 

materials and the environments to which they are exposed, the identification of 

ǎƛƎƴƛŦƛŎŀƴǘ ŀƎŜƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ŜŦŦŜŎǘǎ ŀƴŘ ǘƘŜ ŀǎǎƛƎƴƳŜƴǘ ƻŦ ǘƘŜ !atΩǎ ƴŜŜŘŜŘ ŦƻǊ 

their management. 

In addition to the updating process described above, during the development of a design 

modification and prior to its implementation, the Cofrentes, Ascó and Vandellós II plants 

analyse its potential impact on the OAMP. 

As regards the assessment of the time-limited ageing analyses (TLAA), and for the first 

application for renewal of the operating permit beyond the period of the design lifetime, 

IS-22 [21] requires the plant licensees to identify all the analyses and calculations 

performed that meet the following conditions: 

1. They are related to the structures, systems and components (SSC) considered within 

the scope of ageing management. 

2. They take into account the effects of ageing over time. 

3. They maintain limited design lifetime hypotheses. 

4. ¢ƘŜȅ ŎƻƴŎƭǳŘŜ ǿƛǘƘ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻǊ ƴƻǘ ǘƘŜ {{/Ω{ ŎŀǇŀōƛƭƛǘȅ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ƻǇŜǊŀǘŜ 

in accordance with their defined functions after having exceeded the limited design 

lifetime hypotheses. 

5. The calculation or analysis was considered to be relevant by the licensee in a safety 

assessment. 

6. The calculation or analysis is part of the current licensing basis of the facility. 
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The assessment of TLAA shall be accomplished, according to IS-22 [21], using one of the 

following methods: 

ω Verification that the current analyses and calculations continue to be valid for the 

new operating period requested and that, consequently, the performance of a new 

analysis is not required. 

ω Re-assessment of the current analyses and calculations for the new operating period 

requested and verification that the acceptance criteria established are met. 

ω Demonstration that the ageing effects may be managed adequately during the new 

operating period requested by means of an ageing management programme. 

Chapter X of NUREG-1801 [25] provides the programmes that may be used to manage 

ǘƘŜ ¢[!!Ωǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ !ƳŜǊƛŎŀƴ ƛƴŘǳǎǘǊȅΦ IƻǿŜǾŜǊΣ ŦƻǊ ǘƘƻǎŜ ¢[!! ƛŘŜƴǘƛŦƛŜŘ ōȅ 

the licensees as being specific to their plants, the guidelines established in NUREG-1800 

[24] and NEI-95-10 [26] should be followed. 

Furthermore, as part of the development and subsequent updating of an AMP, the 

Spanish plants assess the results of R&D programmes and the current state of the art of 

the inspection techniques applied within the framework of the programme to ensure 

that the best available techniques are used. 

¢ƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ƘŀǾŜ ŀƭǎƻ ǊŜǾƛŜǿŜŘ ŀƴŘ ǳǇŘŀǘŜŘ ǘƘŜƛǊ h!atΩǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎƘŀƴƎŜǎ 

in the regulatory framework. In fact, the Spanish plants initially have developed their 

h!atΩǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǊŜǾƛǎƛƻƴ м ƻŦ NUREG-1801, in the year 2005. This NRC report 

have been updated to revision 2 in 2010, taking into account both the American and 

international operating experience, fundamentally that of the NEA. 

Subsequent to this edition 2 of NUREG-1801, the NRC has issued License Renewal 

Interim Staff Guidance documents that continue to modify or update the contents of 

the aforementioned revision 2 of NUREG-1801. 

In accordance with the CSN requirements, the Spanish nuclear power plants have 

ǳǇŘŀǘŜŘ ǘƘŜƛǊ h!atΩ{ ƛƴ ƻǊŘŜǊ ǘƻ ŀŘŀǇǘ ǘƻ ǘƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ 

documents, such that they are currently updated in keeping with the regulatory 

framework. 

As regards identification of the need for additional research and development, in 

response to CSN requests, the Spanish nuclear sector participates in the Technical Group 

for R&D&i initiatives in relation to unforeseen degradation phenomena, the objective of 

which is to respond to the resolution of the Spanish Congress regarding improved 

understanding of degradation phenomena not initially expected. 

Furthermore, the Spanish plants continue to participate as full members in the EPRI 

Nuclear Programme through UNESA. This participation provides access to the projects 

ŀƴŘ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ άōŀǎƛǎέ ƻŦ ǘƘŜ Action Plans that make 

up the said Nuclear Programme, which are as follows: 
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ω Material degradation and ageing. 

ω Fuel reliability. 

ω Management of high-level radioactive waste and spent fuel. 

ω Non-destructive testing (NDT) and materials characterisation. 

ω Equipment reliability. 

ω Instrumentation and control. 

ω Safety and risk-related technologies and their applications. 

ω Low-level radioactive waste and radiation management. 

More than oƴŜ ƘǳƴŘǊŜŘ άǎǳǇǇƭŜƳŜƴǘŀǊȅέ ǇǊƻƧŜŎǘǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ 

of the EPRI Nuclear Programme, UNESA having participated in eighteen (18) of these in 

2015. 

!ǎ ǊŜƎŀǊŘǎ h!at ǳǇŘŀǘŜǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ t{wΩǎΣ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ŀƭǎƻ ŎŀǊǊȅ ƻǳǘ ŀƴ 

analysis of the corresponding ageing management in accordance with the CSN safety 

guide GS-1.10 [22], as has been explained in section 02.1 of the present chapter. An 

ǳǇŘŀǘŜ ƻŦ ǘƘŜ h!atΩǎ ǿƛƭƭ ŀƭǎƻ ōŜ ŎŀǊǊƛŜŘ ƻǳǘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ the activities for preparation 

of the supporting documentation for long-term operation. 

wŜƎŀǊŘƛƴƎ ǘƘŜ ƛƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ ƴŜǿ ƻǊ ǳƴŜȄǇŜŎǘŜŘ ƛǎǎǳŜǎ ƛƴ ǘƘŜ !atΩǎ ǊŜǎǳƭǘǎΣ ŀƴŘ ŀǎ 

has been pointed out in section 02.3.3 of the present report, whenever a case of 

unexpected degradation is detected during an inspection activity, appropriate actions 

(repair, replacement...) are taken before the intended function of the affected 

component is lost, in accordance with the corrective actions defined in the programme. 

Likewise, if the intended function of a component is lost, an engineering assessment is 

performed and the actions to be taken are determined for future incorporation as AMP 

improvement proposals. 

According to the concept of NUREG-1800 [24], ƻƴŎŜ ƛƳǇƭŜƳŜƴǘŜŘ ǘƘŜ !atΩǎ ǎƘƻǳƭŘ ƴƻǘ 

become static entities but rather learn over time from the experience acquired in their 

application; in other words, the AMP activities and results should be monitored and 

attempts made to improve it, adapting it to the specific circumstances of the plant 

where needed. Improvement of the AMP requires feedback on whether or not there is 

timely prevention and detection of ageing effects and on the implementation of the 

corrective actions derived from the AMP. 

As regards the periodic assessment and measurement of the effectiveness of ageing 

management, the plants draw up periodic tracking reports for each AMP, depending 

ǘƘŜƛǊ ŦǊŜǉǳŜƴŎȅ ƻƴ ǘƘŜ !atΩǎ ŀŎǘƛǾƛǘƛŜǎΩ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŦǊŜǉǳŜƴŎȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ 

!atΩǎ activities and its assessment are collected in the tracking reports, as well as the 

identification and assessment of the plant-specific and industry operating experience 

that could affect the AMP.  

With regard to the effectiveness of the processes, it should be pointed out that at all the 

Spanish plants the effectiveness of the h!atΩǎ is measured by means of specific 
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indicators at each plant through tracking and assessment of the activities defined in the 

!atΩǎ. 

These indicator take into account both whether the AMP activities are performed or not, 

and the results of these activities and the impact of the operating experiences related 

to the AMP. 

02.5. [ƛŎŜƴǎŜŜΩǎ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ !at  

Since the 1ффлΩǎΣ ǘƘŜ άŀƎŜƛƴƎ ƳŀƴŀƎŜƳŜƴǘέ Ƙŀǎ ƭŜŘ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ǊŜŎǳǊǊŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ŀǘ 

the Spanish plants, these having arisen both from the operation of the plant itself and 

in order to respond to the regulatory requirements. These requirements were initially 

established on the basis of the specific conditions set out in the operating permits and 

later, as from 2009, in CSN Instruction IS-22 [21]. 

The main objective of the first ageing management activities applied by the Spanish 

plants was to keep open the option of extending operation beyond the foreseen design 

lifetime, with approaches similar to those implemented at US pilot plants for the 

application of 10 CFR 54 [23]. This gave rise to the development, with UNESA 

sponsorship, of an ageing management methodology inspired mainly by American 

experience. On the basis of this UNESA methodology the Spanish plants developed their 

ŦƛǊǎǘ ƎŜƴŜǊƛŎ ŀƎŜƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƎǊŀƳƳŜǎΣ ƪƴƻǿƴ ŀǎ άhǾŜǊŀƭƭ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴt 

tǊƻƎǊŀƳƳŜǎέΣ ǘƘǊƻǳƎƘ ǿƘƛŎƘ h!atΩǎ ǘƘŜȅ ŀƭǎƻ ǊŜǎǇƻƴŘŜŘ ǘƻ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ 

regulatory authority. 

The aforementioned UNESA methodology was made up of the following phases: 

ω Phase I 

Identification of structures, systems and components providing an ordered list of 

components important for ageing management and allowing efforts to be focussed 

on those components that are considered to be critical for ageing management, 

either because of their safety significance, the difficulty or cost of their replacement 

or their higher risk of degradation. 

ω Phase II 

Performing of specific studies to identify the main degradation phenomena affecting 

components important for ageing management, along with factors influencing the 

severity of the degradation. 

ω Phase III 

Review and optimisation of ageing tracking methods, with a view to mitigating the 

degradation phenomena identified. The condition of components of importance for 

ageing management is analysed in detail in order to optimise maintenance practices, 

taking into account susceptibility to certain degradation phenomena, the methods 

that may be used to control this degradation and the plant procedures. 
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ω Phase IV 

Tracking of component and structure ageing. 

ω Phase V 

Programme of technical-economic actions for proposals regarding ageing 

management improvements, modification of operations, the optimisation of 

equipment maintenance, modernisation or repair of equipment, etc. These 

programmes also consider the optimum moment for the performance of the 

different actions. 

In 2003 the decision taken by NUCLENOR, the licensee of Santa María de Garoña NPP, 

to include a technical justification for long-term operation in the application for its next 

operating permit, supported by compliance with the requirements of 10 CFR 54 [23] and 

the methodology in use for this purpose in the USA, constituted a milestone in 

reconsideration of both the methodology used by the Spanish plants for ageing 

management and the establishment of regulatory criteria for ageing management and 

long-term operation, this being defined in 2009 with the publishing by the CSN 

Instruction IS-22 [21]. 

Later, following development of the methodology for ageing management by the 

Spanish plants and the initiŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ !atΩǎΣ ŘƛŦŦƛŎǳƭǘƛŜǎ 

arose in in-Ǉƭŀƴǘ ŎƻƴǘǊƻƭ ƻǊ ǘǊŀŎƪƛƴƎ ǘƘŜǎŜ !atΩǎ ŘǳŜ ǘƻ ǘƘŜ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ƛƴǎǇŜŎǘƛƻƴΣ 

control and monitoring activities involved. For this reason the licensees have updated 

their organisations, adapting them to this new reality, defining new organisational 

structures responsible for activities relating to ageing management and the 

development of tools such as databases. 

Set out below are some examples of the experience of each of the Spanish plants in 

application of the Overall Ageing Management Programme: 

ω Almaraz and Trillo bttΩǎ 

The Almaraz and Trillo plants developed their initial Overall Ageing Management 

Programmes over several years in accordance with the aforementioned UNESA 

methodology, ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ŘƻŎǳƳŜƴǘǎ ά5ŜƎǊŀŘŀǘƛƻƴŀƭ tƘŜƴƻƳŜƴŀ {ǘǳŘƛŜǎέ ό5t{ύ 

ŀƴŘ άaŀƛƴǘŜƴŀƴŎŜ tǊŀŎǘƛŎŜǎ {ǘǳŘƛŜǎέ όat{ύ ōȅ ǘȅǇŜǎ ƻŦ ŎƻƳǇƻƴŜƴǘǎ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ 

guidelines developed by UNESA. 

Change of methodology at Almaraz and Trillo bttΩǎ 

In September 2005, the CSN issued a series of Complementary Technical Instructions 

(CTI) for the Almaraz and Trillo plants on analysis of the applicability of the essential 

service water system degradation event that had taken place at Vandellós II NPP that 

same year. In one of these /¢LΩǎ ǘƘŜ /{b ǊŜǉǳŜǎǘŜŘ ŀ ǊŜǾƛŜǿ ƻŦ ǘƘŜ hǾŜǊŀƭƭ !ƎŜƛƴƎ 

Management Programme to verify that no safety-related SSC ageing effect had been 

overlooked, thereby guaranteeing the adequate management of all such ageing 

effects. 
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In response to this request, the Almaraz and Trillo plants carried out a systematic 

ǊŜǾƛŜǿ ƻŦ ǘƘŜƛǊ h!atΩǎΣ ǿƛǘƘ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀƎŜƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ŜŦŦŜŎǘǎ 

based on use of the methodology applied by the American plants to prepare their 

license renewal requests in accordance with 10 CFR 54 [23] and guideline NEI 95-10 

[26].  

This methodology was subsequently endorsed by the CSN with the publication in July 

2009 of Instruction IS-22 [21], which is currently the Spanish nuclear industry 

reference for ageing management, both during the design lifetime of the facilities 

and for long-term operation. This first work for adaptation to the new methodology 

was completed in March 2007. 

In this way, by changing the methodology to be adhered to in ageing management, 

the Almaraz and Trillo Ǉƭŀƴǘǎ ŀŘŀǇǘŜŘ ǘƘŜƛǊ h!atΩǎ ǘƻ ǘƘŜ /{b ǊŜǉǳƛǊŜƳŜƴǘǎ 

regarding the management of ageing and compliance with IS-22 [21]. 

Subsequently, during the period 2007 to 2009, the Almaraz and Trillo plants 

continuŜŘ ǘƻ ŎŀǊǊȅ ƻǳǘ ŘƛŦŦŜǊŜƴǘ ǘŀǎƪǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜƛǊ h!atΩǎΣ ǎǳŎƘ ŀǎ ǘƘŜ 

formalisation of the AMP and the updating of the ageing effects review. 

From 2010 to 2016 the Almaraz and Trillo plants performed different tasks within the 

ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜƛǊ h!atΩǎΣ ǎǳŎƘ ŀǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

o Complete review of their scope, in accordance with the criteria of IS-22 [21], 

undertaking the publishing of the specific reports on scoping and screening by 

systems, including the corresponding limits drawings and complete updating of 

the ageing effects review, taking into account the latest revision of NUREG-1801 

[25]. 

o First systematic review of the plant-specific and industry operating experience in 

2010 and subsequent updates in 2012, 2014 and 2016. 

o /ƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ ŦƻǊƳŀƭƛǎŀǘƛƻƴ ƻŦ ŀƭƭ ǘƘŜ Ǉƭŀƴǘ !atΩǎ ǿƛǘƘ ǘƘŜ ǇǳōƭƛǎƘƛƴƎ ƻŦ ǘƘŜƛǊ 

corresponding manuals. 

o Since late 2011 there has been tracking of the implementation and performance 

of the programmes at the plant. 

The Almaraz and Trillo Ǉƭŀƴǘǎ ŎƻƴǘƛƴǳŜ ƪŜŜǇƛƴƎ ǘƘŜƛǊ h!atΩǎ ǳǇŘŀǘŜŘ ŀƴŘ 

implemented at their facilities, compiling and evaluating the results of the activities 

ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜƛǊ !atΩǎΦ 

Since 2015 in the case of Almaraz NPP and since 2016 in the case of Trillo, work has 

ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ ǊŜǾƛŜǿ ŀƴŘ ǳǇŘŀǘƛƴƎ ƻŦ ǘƘŜ h!atΩǎ ƛƴ ƻǊŘŜǊ ǘƻ ŀŘŀǇǘ ǘƻ ǘƘŜ 

ƴŜǿ ǊŜǉǳƛǊŜƳŜƴǘǎ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ bw/Ωǎ LR-ISG documents. 

ω Ascó and Vandellós II bttΩǎ 

In this area the Ascó and Vandellós II nuclear power plants carried out the first phase 

ƻŦ ǘƘŜ ƴŀƳŜŘ ά{ȅǎǘŜƳ ŦƻǊ ǘƘŜ !ǎǎŜǎǎƳŜƴǘ ƻŦ wŜƳŀƛƴƛƴƎ [ƛŦŜǘƛƳŜ ŀǘ [²w bttΩǎέ 
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project during the years 1992 and 1994, establishing an ageing management 

methodology using Santa María de Garoña NPP (BWR) and Vandellós II NPP (PWR) as 

pilot plants. 

At the Ascó and Vandellós II plants, prior to the issuing of IS-22 [21], in 2009, ageing 

management activities were performed, adapting the methodology established for 

ǘƘŜ ά9ǉǳƛǇƳŜƴǘ wŜƭƛŀōƛƭƛǘȅέ ό9wύ ǇǊƻŎŜǎǎΣ ŘŜǾŜƭƻǇŜŘ ǎǳōǎŜǉǳŜƴǘ ǘƻ ǘƘŜ ƛǎǎǳƛƴƎ ƻŦ ǘƘŜ 

document INPO-AP-913 in 2002. This document constitutes the response of the 

American nuclear industry to equipment and materials-related problems within the 

framework of the NEI Standard Nuclear Performance Model (SNPM). 

Following the issuing of IS-22 [21], the obligation to develop the OAMP in accordance 

with the American model was established (section 5.2 of the instruction), for which 

reason the Ascó and Vandellós II plants migrated toward this standard and have been 

acting in accordance with it since the entry into force of CSN instruction IS-22 [21].  

Since that time, various OAMP reviews, technical guidelines and the general 

procedure regulating implementation in the different divisions of the organisation 

have been issued. Recently, the NRC LR-ISG documents content have been 

ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ ǘƘŜ h!at ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ŏƻƴǘƛƴǳƻǳǎ ǳǇŘŀǘƛƴƎ ǇǊƻŎŜǎǎΦ 

ω Cofrentes NPP 

Cofrentes NPP issued the first edition of its Overall Ageing Management Programme 

in 1996, on the basis of the UNESA methodology, and since 1998 has been issuing an 

annual report on ageing management activities, in accordance with the requirements 

established by the CSN. The most relevant milestones occurring to date within this 

process of evolution as regards application of the OAMP have been as follows: 

o In 2008, Rev. 8 of the άhǾŜǊŀƭƭ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳƳŜέ ǿŀǎ ǇǳōƭƛǎƘŜŘΣ 

adapting the UNESA methodology to the experience of license renewal request 

applications in the USA. 

o In 2010, Rev. 9 of the άhǾŜǊŀƭƭ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳƳŜέ ǿŀǎ ǇǳōƭƛǎƘŜŘΣ 

defined for compliance with the requirements of IS-22 [21]. 

o In 2010, Rev. 0 of the general procedure άDevelopment of the Cofrentes NPP 

hǾŜǊŀƭƭ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳƳŜέ ǿŀǎ ǇǳōƭƛǎƘŜŘΣ ŘƻŎǳƳŜƴǘƛƴƎ ǘƘŜ 

implementation of the OAMP in the organisation of Cofrentes NPP and developing 

AMP effectiveness indicators. 

o In 2011, the periodic issuing of AMP tracking reports began, the results being 

ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ ǘƘŜ ά!ƴƴǳŀƭ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘ !ŎǘƛǾƛǘƛŜǎ wŜǇƻǊǘǎέ ǊŜǉǳƛǊŜŘ ōȅ 

the CSN. 

o In 2014, in view of the foreseen long-term operation, the IPA project was defined 

for performance of the activities required for its preparation, including the 

drawing up of the corresponding Implementation Methodology document, in 

order to verify the requirements established in IS-22 [21] for long-term operation. 
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o In 2016, review of assessment of the AMP with respect to the model programmes 

(AMP) included in chapter XI of NUREG-1801 Rev.2 [25], in order to take into 

account the LR-ISGΩǎ ƛǎǎǳŜŘ ōȅ ǘƘŜ NRC from 2011 (date of issue of Revision 2 of 

NUREG-1801 [25]) to December 2016. 

02.6. Regulatory oversight process 

In Instruction IS-22 [21] the CSN establishes the following requirements regarding the 

information on ageing management to be provided by the Spanish plants for 

supervision: 

¶ Within the design lifetime period. 

o Every year a report describing the activities performed during the previous year 

within the framework of the Overall Ageing Management Programme, in 

reference to the surveillance, control and mitigation of SSC ageing mechanisms 

within the scope of IS-22 [21]. 

o As part of the documentation relating to the PSR, an analysis of the ageing 

processes that have occurred in the plant, using the information available in the 

OAMP updates developed over the ten-year period covered by the PSR. 

¶ For the application of the operating permit for long-term operation. 

o Integrated Plant Assessment (IPA). 

o Proposal for a supplement to the Final Safety Analysis Report, to include studies 

and analyses justifying the long-term operation of the plant. 

o Proposal for revision of the Technical Specifications, to include the changes 

needed to maintain safe operating conditions during long-term operation of the 

plant. 

¶ During the period of long-term operation. 

o An annual report setting out the activities of the Long-Term Overall Ageing 

Management Plan (LT-OAMP) performed during the previous year, in reference to 

the surveillance, control and mitigation of SSC ageing mechanisms within the 

scope of IS-22 [21]. 

Furthermore, in Spain, ageing management is also included in the Integrated Plant 

Supervision System (IPSP), as a result of which every 2 years the CSN performs a periodic 

inspection within the Basic Inspection Plan. 

On these inspections performed on each plant, the OAMP implementation and 

development status is reviewed, in accordance with the provisions of the CSN internal 

procedure PT.IV.223, άAgeing management of nuclear power plant components and 

ǎǘǊǳŎǘǳǊŜǎ όƛƴǎǇŜŎǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎύέΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ /{b ǇŜǊŦƻǊƳ ŀǎǎŜǎǎƳŜƴǘ ƻƴ ŀƎŜƛƴƎ 

management in accordance with its internal procedure PT.IV.105, άAgeing management 

ƻŦ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ όŀǎǎŜǎǎƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎύέ ŀƴŘ 
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ŀǎǎŜǎǎƳŜƴǘǎ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘƘŜ t{wΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ǎǳōƳƛǘǘŜŘ ǘƻ ŘŀǘŜ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ 

section 5.2 of Safety Guide GS-1.10 prior to the revision in force. 

Furthermore, as has been pointed out throughout the present report, in the annual 

reports submitted by the licensees to the CSN, the plants identify the commitments 

made during the CSN inspections, in order to facilitate their tracking. 

02.7. wŜƎǳƭŀǘƻǊΩǎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ the overall ageing management programme and 

conclusions  

Regarding to the process of developing the Overall Ageing Management Programme 

described in this chapter, the CSN considers that the methodology applied by the 

Spanish plants fulfils the requirements of IS-22 [21] for activities relating to the 

identification of the structures and components within the scope of the OAMP, the 

identification of their significant ageing mechanisms and effects and the development 

ƻŦ ǘƘŜ !atΩs required for their mitigation and control, and that furthermore it is 

correctly documented, as a result of which the process is considered to be adequate. 

!ǎ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ŀǳǘƘƻǊƛǘȅΣ ǘƘŜ /{b ǊŜǾƛŜǿǎ ǘƘŜ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘ h!atΩǎ ŘǳǊƛƴƎ ǘƘŜ 

two-yearly inspections performed as a result of the CSN Basic Inspection Plan. For this 

purpose the CSN has developed specific procedures for the performance of inspections 

and assessments of the ageing management activities on components and structures at 

the Spanish plants, t¢ΦL±Φнно άAgeing management of nuclear power plant components 

ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ όƛƴǎǇŜŎǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎύέ [41] and t¢ΦL±Φмлр άAgeing management of 

ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ όŀǎǎŜǎǎƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎύέ [42] 

respectively.  

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜǎŜ /{b ƛƴǎǇŜŎǘƛƻƴǎΣ ǘƘŜ ƭƛŎŜƴǎŜŜǎΩ h!atΩǎ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ƛƴǘŜǊƴŀƭ ŀǳŘƛǘǎ 

arising from their in-plant Quality Assurance programmes. 

The findings, possible improvements and commitments acquired as a result of the CSN 

inspections and internal audits are incorporated in the corrective actions programmes 

of the Spanish plants and documented in the annual reports submitted to the CSN during 

the first six months of the year. This provides traceability of their resolution in the 

manner and within the period foreseen or of possible deviations in the term for 

resolution. 

The following are considered to be positive aspects (strengths) of the LMP development 

process performed by the Spanish plants: 

ω Special mention might be made of the specific organisational structure put into place 

by the licensees for plant ageing management. The key element on which this 

organisation is based is the multidisciplinary Ageing Management Committee, which 

provides for effective communications between the different departments involved 

in ageing management, this being fundamental for the correct implementation and 

follow-up of all the numerous activities that make up the more than forty !atΩǎ in 

place at the Spanish plants. Another important element is the person responsible for 
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the implementation of these programmes at the plant, for closer tracking of all the 

activities to be carried out with each AMP. 

ω Value is attached to the creation of databases developed by the licensees for 

management of the entire overall ageing management programme process. 

ω Likewise, the CSN values the development of technical guidelines defining the 

methodology to be applied for performance of the different tasks involved in ageing 

management: scoping and screening, AMR process, OE application, development of 

AMP manuals, drawing up of AMP follow-up reports, etc. 

ω In the case of the Cofrentes, Ascó and Vandellós II plants, the CSN values the 

performance of preliminary AMP scope modification analyses during DM 

ŘŜǾŜƭƻǇƳŜƴǘΤ ƛΦŜΦΣ ŀƭƭ Ǉƭŀƴǘ 5aΩǎ ǿƛƭƭ ōŜ ǎǘǳŘƛŜŘ ŦǊƻƳ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ƻŦ ƛǘǎ ƛƳǇŀŎǘ 

ƻƴ ǘƘŜ !atΩǎ όŎƘŀƴƎŜǎ ƛƴ ǎŎƻǇŜ ƻǊ ƴŜǿ ƳŀǘŜǊƛŀƭǎύ ǇǊƛƻǊ ǘƻ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ 

ω Also valued by the CSN are the creation of programme effectiveness indicators, which 

are used for periodic quantitative and qualitative assessment of the effectiveness of 

each AMP, and therefore the OAMP. 

ω Also worthy of mention is the tracking of the AMP activities performed by the plants 

by drawing up periodic AMP implementation reports. 

In conclusion, the CSN considers that the Overall Ageing Management Programmes 

currently implemented are adequate to ensure management of the ageing of all the 

{{/Ωǎ ŀǘ ǘƘŜ {ǇŀƴƛǎƘ ǇƭŀƴǘǎΦ 
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Spanish NPP AMP Model AMP from NUREG-1801 Applicability Notes 

/ƭŀǎǎ мΣ н ŀƴŘ о ŎƻƳǇƻƴŜƴǘǎΩ ƛƴ-
service inspection 

XI.M1 ASME Section XI Inservice 
Inspection, Subsections IWB, IWC, 
and IWD 

All plants  

Water chemical control XI.M2 Water Chemistry All plants  

Reactor Vessel Head Closure Stud 
Bolting inspection 

XI.M3 Reactor Head Closure Stud 
Bolting 

All plants  

Assessment and inspection of the 
defects on the attachment weld to 
the internal Surface vessel 

XI.M4 BWR Vessel ID Attachment 
Welds 

Cofrentes  

Feedwater nozzle in-service 
inspection 

XI.M5 BWR Feedwater Nozzle Cofrentes  

Control Rod Drive return line 
nozzle in-service inspection 

XI.M6 BWR Control Rod Drive 
Return Line Nozzle 

Cofrentes  

Stress corrosion cracking control 
and mitigation (Nureg 0313 / 
BWRVIP-75) 

XI.M7 BWR Stress Corrosion 
Cracking 

Cofrentes  

Vessel penetrations in-service 
inspection (BWRVIP) 

XI.M8 BWR Penetrations Cofrentes  

Vessel internals (BWRVIP) XI.M9 BWR Vessel Internals Cofrentes  

Boric acid corrosion programme  XI.M10 Boric Acid Corrosion All plants except Cofrentes Only applicable to PWR type. 

Nickel-alloy components and 
surfaces near to parts from the 
primary circuit made of carbon 
Steel inspection 

XI.M11B Cracking of Nickel-Alloy 
Components and Loss of Material 
Due to Boric Acid-Induced 
Corrosion in Reactor Coolant 
Pressure Boundary Components 
(PWRs only) 

All plants except Cofrentes Only applicable to PWR type. 
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Spanish NPP AMP Model AMP from NUREG-1801 Applicability Notes 

Thermal Aging Embrittlement of 
Cast Austenitic Stainless Steel 
(CASS) 

XI.M12 Thermal Aging 
Embrittlement of Cast Austenitic 
Stainless Steel (CASS) 

Almaraz and Cofrentes Ascó, Trillo and Vandellós II do 
not have components within 
the scope of this programme. 
In Cofrentes, the inspections 
required to the components 
within the scope of this 
programme are considered 
within the in-service inspection 
programme. 

Vessel internal programme (PWR) XI.M16A PWR Vessel Internals All plants except Cofrentes Considers LR-ISG-2011-04. In 
the case of Trillo, KTA-3204 
recommendations are taken 
into account. 

Flow-accelerated corrosion 
programme (FAC) 

XI.M17 Flow-Accelerated 
Corrosion 

All plants Considers LR-ISG-2012-01 

Bolting integrity programme  XI.M18 Bolting Integrity All plants  

Steam generators programme  XI.M19 Steam Generators All plants except Cofrentes Considers LR-ISG-2011-02 and 
LR-ISG-2016-01. Only 
applicable to PWR type. 

Open-cycle cooling water systems XI.M20 Open-Cycle Cooling Water 
System 

All plants  

Closed-cycle cooling water systems XI.M21A Closed Treated Water 
Systems 

All plants  

Cranes and refueling handling 
equipment 

XI.M23 Inspection of Overhead 
Heavy Load and Light Load 
(Related to Refueling) Handling 
Systems 

All plants  
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Compressed air system monitoring XI.M24 Compressed Air 
Monitoring 

Cofrentes Only in Cofrentes the 
compressed air system is 
related to safety, and therefore 
is within the scope of the 
OAMP. In the rest of the 
Spanish nuclear power plants, 
this system is not related to 
safety, and therefore this AMP 
is not applicable.  

 XI.M25 BWR Reactor Water 
Cleanup System 

Cofrentes Not applicable because it has 
been verified that the pipes, 
beyond the second isolating 
valve are mostly made of 
carbon Steel, and therefore, 
they are considered not to be 
susceptible to IGSCC under the 
reactor water conditions. The 
piping of this system in 
Cofrentes within the scope of 
the OAMP are treated in other 
!atΩǎΣ ǎǳŎƘ ŀǎ ƛƴ-service 
inspection, etc. 

Fire protection (dry) XI.M26 Fire Protection All plants  

Fire protection (water) XI.M27 Fire Water System All plants Considers LR-ISG-2012-02 

Aboveground metallic tanks XI.M29 Aboveground Metallic 
Tanks 

All plants Considers LR-ISG-2012-02 

Fuel oil chemistry control XI.M30 Fuel Oil Chemistry All plants  
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Reactor vessel surveillance XI.M31 Reactor Vessel 
Surveillance 

All plants except Trillo In Trillo there was a vessel 
material irradiation tracking 
programme according to the 
KTA-3203, which ended in 
November 1991 when it was 
demonstrated that after 32 
EFPY the limits established in 
the standards would not be 
achieved. 

One-time inspections XI.M32 One-Time Inspection All plants  

Selective leaching programme XI.M33 Selective Leaching All plants except Trillo Considers LR-ISG-2015-01 

One-time inspection of small Class 
1 piping inspections 

XI.M35 One-Time Inspection of 
ASME Code Class 1 Small Bore-
Piping 

All plants  

External surfaces monitoring XI.M36 External Surfaces 
Monitoring of Mechanical 
Components 

All plants Considers LR-ISG-2012-02 

"Thimbles" inspection XI.M37 Flux Thimble Tube 
Inspection 

All plants except Trillo and 
Cofrentes 

Not applicable to Cofrentes 
because of being a BWR type. 
Not applicable to Trillo because 
ƻŦ ƴƻǘ ƘŀǾƛƴƎ άǘƘƛƳōƭŜǎέ ŀƴŘ 
using another system named 
άŀŜǊƻōŀƭƭέ ǘƻ ŀŎŎǳǊŀǘŜ 
determine the core power 
distribution 
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Internal surfaces inspection XI.M38 Inspection of Internal 
Surfaces in Miscellaneous Piping 
and Ducting Components 

All plants Considers LR-ISG-2012-02 

Oil physiochemical monitoring XI.M39 Lubricating Oil Analysis All plants  

Monitoring of Neutron-Absorbing 
Materials Other than Boraflex 

XI.M40 Monitoring of Neutron-
Absorbing Materials Other than 
Boraflex 

All plants except Cofrentes  

Buried and inaccesible piping 
surveillance and inspection. 

XI.M41 Buried and Underground 
Piping and Tanks 

All plants Considers LR-ISG-2015-01 

Containment in-service inspection 
(metallic) 

XI.S1 ASME Section XI, Subsection 
IWE 

All plants  

Containment in-service inspection 
(concrete) 

XI.S2 ASME Section XI, Subsection 
IWL 

All plants except Trillo  

Supports inspection XI.S3 ASME Section XI, Subsection 
IWF 

All plants  

Leakage containment test XI.S4 10 CFR 50, Appendix J All plants  

Masonry walls programme XI.S5 Masonry Walls All plants  

Structures monitoring XI.S6 Structures Monitoring All plants  

Hydraulic structures inspection XI.S7 RG 1.127, Inspection of 
Water-Control Structures 
Associated with Nuclear Power 
Plants 

All plants  

Paintings and coatings programme XI.S8 Protective Coating 
Monitoring and Maintenance 
Program 

All plants  
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Electrical cables monitoring XI.E1 Insulation Material for 
Electrical Cables and Connections 
Not Subject to 10 CFR 50.49 
Environmental Qualification 
Requirements 

All plants  

Instrumentation cables monitoring XI.E2 Insulation Material for 
Electrical Cables and Connections 
Not Subject to 10 CFR 50.49 
Environmental Qualification 
Requirements Used in 
Instrumentation Circuits 

All plants  

Inaccessible power cables 
monitoring 

XI.E3 Inaccessible Power Cables 
Not Subject to 10 CFR 50.49 
Environmental Qualification 
Requirements 

All plants  

Metal-enclosed busses monitoring XI.E4 Metal-Enclosed Bus All plants except Trillo  

Fuse holders inspection XI.E5 Fuse Holders Cofrentes Almaraz, Ascó, Trillo and 
Vandellós II do not have 
components of this kind within 
the scope of this programme  

Electrical cable connections not 
subject to environmental 
qualification requirements 
monitoring 

XI.E6 Electrical Cable Connections 
Not Subject to 10 CFR 50.49 
Environmental Qualification 
Requirements 

All plants  

Fatigue management programme  X.M1 Fatigue Monitoring All plants TLAA 

Tendon containment management 
programme 

X.S1 Concrete Containment 
Tendon Prestress 

Ascó and Vandellós II TLAA 
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Environmental Qualification X.E1 Environmental Qualification 
(EQ) of Electric Components 

All plants TLAA 

Isolators monitoring programme  Almaraz Plant specific programme 

Air conditioners monitoring  Almaraz, Trillo and Ascó Plant specific programme 

Ascó II Ground movements 
monitoring 

 Ascó Plant specific programme 

Surveillance of high voltage 
insulator and transmission 
conductors 

 Ascó and Vandellós II Plant specific programme 

HCU discharge lines inspection  Cofrentes Plant specific programme 

Turbine monitoring  Cofrentes Plant specific programme 

IŜŀǘ ŜȄŎƘŀƴƎŜǊǎΩ ǘǳōŜ ōǳƴŘƭŜǎ 
inspection 

 Cofrentes Plant specific programme 

Drywell stainless Steel surfaces 
monitoring 

 Cofrentes Plant specific programme 

5ƛŜǎŜƭ ƎŜƴŜǊŀǘƻǊǎΩ ŀǳȄƛƭƛŀǊȅ 
systems monitoring 

 Cofrentes Plant specific programme 

Essential water cooling units 
monitoring 

 Cofrentes Plant specific programme 

Sampling panels monitoring  Cofrentes Plant specific programme 

Table 02.2: Ageing Management Programmes of the Spanish Nuclear Power Plants 
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03. Electrical cables 

03.1. Description of ageing management programmes for electrical cables 

As has been pointed out in previous chapter 02 of this report, various programmes are 

in place at the Spanish nuclear power plants for management of the ageing of passive 

and long-lived components. Some of these programmes relate specifically to electrical 

cables. 

The process of definition and the main characteristics of these programmes are 

described in the following sections of this chapter. 

03.1.1. Scope of ageing management for electrical cables 

The process of defining the scope of the electrical cable ageing management 

programmes (AMP) at the Spanish nuclear power plants begins with identification of the 

structures, systems and components (SSC) included in the Overall Ageing Assessment 

Program (OAMP) of each plant due to their fulfilling the scoping criteria defined in CSN 

Instruction IS-22 [21], these being detailed in section 02.3.1 of this report. These scoping 

criteria are consistent with those described in 10 CFR 54.4. 

The initial scope of cables requiring ageing management includes, all cables associated 

to the components of the electrical and mechanical systems indicated in the previous 

paragraph and that participate in their safety functions. These cables must also comply 

with their intended functions. 

According to what is established in documents NEI 95-10 [26] and EPRI-1013475 [28], 

the intended functions identified for electrical cables are the following: 

ω Electrical Insulation: the provision of electrical insulation to prevent short-circuiting, 

grounding losses or unacceptable leakage of current. 

ω Electrical Connection: the provision of an electrical connection to a given section of 

an electrical circuit to supply the rated voltage and current. 

The aforementioned intended functions are performed by the insulating material of the 

electrical cable conductors and by the devices connecting them to the different items of 

equipment. 

The ageing induced degradation of cable insulations and connecting devices may lead to 

loss of their intended functions, for that reason these elements must be subjected to an 

Ageing Management Review (AMR) process. Cable jackets and shielding serve only to 

protect the insulation, as a result of which they do not participate in the intended 

function of the cable and do not require this process of AMR. 

Ageing-induced degradation may occur in cables and connections located in plant areas, 

where the environmental conditions are more severe than those that their degradable 

materials can withstand. 
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According to the industry guidelines (EPRI-1013475 [28], NEI 95-10 [26]) and NUREG-

1801 [25], the degradation factors to be considered for cables and connections are 

mainly, temperature, radiation and humidity. These factors affect only the organic 

materials (insulation). The other elements (conductor, connectors, terminals) are made 

of metallic or inorganic materials and, except at points for connection to the equipment, 

are not affected by these degradation factors.  

The electrical connections ageing management review is performed with respect to their 

inorganic or metallic materials and environments, and gives rise to an ageing 

management programme different and independent from the programme for cables, 

which is not part of the contents requested for this report. 

In this report, the organic materials of the connections (insulating tape, Raychem 

sleeves, etc.) are considered, from the point of view of ageing management, in the same 

way as the insulating material of the cable on which they are installed. 

The number of electrical cables and connections included within the scope of IS-22 [21] 

is large, and these items are installed in practically all areas of the plant, with a great 

deal of variety as regards location, environment, materials and applications. For this 

reason, the method commonly used by the Spanish nuclear power plants to identify 

cables and connections, without environmental qualification requirements (non EQ 

cables), susceptible to degradation and consequently requiring a process of AMR, is the 

ƻƴŜ ƪƴƻǿƴ ŀǎ άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέΣ ŦƻǊƳŀƭƭȅ ŀŎŎŜǇǘŜŘ ōȅ NUREG-1800 [24], which 

follows the methodology and criteria described in documents NEI 95-10 [26] and EPRI-

1013475 [28]. This approach comprises the following activities. 

I. Identification of plant areas with adverse environments for cables and connections. 

In accordance with the provisions of NUREG-1801 [25] an adverse environment is 

considered to be one in which there is exposure to temperature (T), radiation (R) or 

humidity (H) values that might affect the properties of the insulating materials of 

electrical cables and their connections and, consequently, the guarantee of compliance 

with their intended function. The threshold temperature and radiation values as from 

ǿƘƛŎƘ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άŀŘǾŜǊǎŜέΣ ŀǊŜ ǘƘƻǎŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ 

design normal operating conditions (T, R) in each plant area. 

Adverse environments affecting cables and connections may be uniform, affecting the 

entire area analysed, or localised (hot spots) when in a given location of the area the 

environmental conditions are significantly more severe than those existing in the rest of 

the areas, the localised adverse environments are normally due to point-specific sources 

of radiation or thermal emissions, caused by proximity to high energy piping, high 

process temperature components, or radiation sources, the anomalous operation of 

ventilation systems or local leakages of steam from nearby equipment. 

The identification of hot spots is accomplished by means of walk downs on different 

areas of the plant, focussing on those locations in which operating experience and the 

plant documentation (design drawings, radiological maps, Environmental Qualification 
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Report) indicate the possible existence of particularly severe environmental conditions. 

Thermographic cameras are normally used to detect hot spots in cables and connections 

located close to high temperature sources or piping. 

Some Spanish nuclear power plants have used recommendations included in the UNESA 

guideline E13/IT-02-лрлоΣ άDǳƛŘŜƭƛƴŜ ƻƴ ǘƘŜ {ǳǊǾŜƛƭƭŀƴŎŜ ƻŦ 9ƭŜŎǘǊƛŎŀƭ /ŀōƭŜ {ǘŀǘǳǎέΣ ŀƴŘ 

in the UNESA procedure ES13/IT-03-лфлоΣ ά¢ŜŎƘƴƛŎŀƭ tǊƻŎŜŘǳǊŜ ŦƻǊ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ of 

9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ {ŜǊǾƛŎŜ tŀǊŀƳŜǘŜǊǎέΣ ǘƻ ŘŜŦƛƴŜ ŀǊŜŀǎ ƻŦ ŀŘǾŜǊǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ŀƴŘ 

inspection walkdowns for the identification of hot spots. 

Other plants have based these tasks on the recommendations of the following EPRI 

documents: 

ω EPRI-мллоооомт ά/ŀōƭŜ ǎȅǎǘŜƳ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘέΦ 
ω EPRI TR-млфсмф άDǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀŘǾŜǊǎŜ ƭƻŎŀƭƛȊŜŘ ŜǉǳƛǇƳŜƴǘ 
ŜƴǾƛǊƻƴƳŜƴǘǎέΦ 

Additionally, areas through which there are cable runs that might be submerged or 

affected by significant humidity, such as underground ducts, trenches or galleries, are 

also considered as localised adverse environments areas. These areas are identified by 

means the plant documentation (design documents, wiring and systems drawings, etc.), 

operating experience data and Maintenance Rule inspections results. 

Following identification of the adverse environment areas and using the specific plant 

documentation (cable databases, electrical diagrams and wiring layout cable run 

drawings) as a basis, the cables and connections included within the scope of IS-22 [21] 

and located in these areas are identified. 

II. Identification of the insulating materials of plant electrical cables/connections 

For each insulating material (obtained from cable specifications and other plant 

ŘƻŎǳƳŜƴǘǎύ ƻŦ ŎŀōƭŜǎ ŀƴŘ ŎƻƴƴŜŎǘƛƻƴǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜΣ ǘƘŜ άƭƛƳƛǘƛƴƎ 

ŎƻƴŘƛǘƛƻƴǎέ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘΤ ƛΦŜΦΣ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀƭǳŜ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƴ 

integrated dose value that the material is capable of withstanding, for a given period of 

time, while conserving the properties that guarantee compliance with its intended 

function. 

In this respect the Spanish nuclear power plants have used radiation and temperature 

limiting conditions for a period of 60 years, as specified in EPRI-1013475 [28].  

III. Performance of άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέ with respect to radiation 

For each of the plant areas identified as being an adverse environment, the integrated 

radiation dose value, expected over 60 years, is calculated. To do this, the design value 

(dose over 40 years) is determined and then multiplied by a factor of 1.5. 

Following this, for each of the cables and connections existing in the area, the integrated 

dose value over 60 years is compared to the limiting dose value of the material, obtained 

from EPRI-1013475 [28].  
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In the case of insulating materials whose limiting dose values are lower than those 

calculated for their location area, it is considered that they may undergo ageing 

degradation due to exposure to radiation, which would affect the fulfilment of their 

intended function and consequently require a process of AMR during their installed 

lifetime. 

IV. Performance of άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέ with respect to temperature 

In a manner equivalent to what has been indicated in the previous point, for each of the 

plant areas identified as being an adverse environment, the existing cables and 

connections, its insulating materials and the operating temperature, are identified. 

The operating temperatures of energised cables and their connections are corrected 

taking into account resistive heating, which according to the document EPRI-1013475 

[28], gives a maximum insulation temperature of 72ºC, for power cables at an ambient 

temperature of between 40 and 50ºC. Resistive heating is not considered to be relevant 

in the case of instrumentation and control cables, where amperages are low compared 

to power cables. However, when such cables are installed on trays alongside power 

cables, the heating of the latter may increase the temperature of the insulation of the 

instrumentation and control cables. The document EPRI-1013475 [28] establishes 

12.5ºC as the value of this temperature increase, when ambient temperature is 40ºC. 

In the case of energised cables located at hot spots, operating temperatures are 

calculated in a manner similar to that described above, taking into account temperature 

increases in the insulation due to resistive heating. 

Following this, for each cable and connection the operating temperature is compared to 

ǘƘŜ άсл ȅŜŀǊ ƭƛƳƛǘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀƭǳŜέ ƻŦ ƛǘǎ ƛƴǎǳƭŀǘƛƴƎ ƳŀǘŜǊƛŀƭǎΣ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9twL-

1013475 [28]. In the case of cables and connections whose limiting temperature values 

are lower than the operating temperatures in their location area, it is considered that 

they may undergo ageing degradation, which would affect the fulfilment of their 

intended function, and consequently require a process of AMR during their installed 

lifetime. 

V. Performance of άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέ with respect to humidity 

Using the documentation of each plant (buildings layout, galleries, trenches and, cable 

run drawings) as a basis, an analysis is performed to identify cables existing in 

underground galleries, trenches or buried inside ducts in which water may accumulate 

and the cables be submerged, or lead to a concentration of humidity capable of creating 

the phenomenon of water treeing in the insulation. Any cables identified in such a 

conditions, may undergo ageing degradation which would affect the fulfilment of their 

intended function and consequently require an AMR process during their installed 

lifetime. 

¢ƘŜ άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέ ƳŜǘƘƻŘƻƭƻƎȅ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ōȅ ǘƘŜ 

Almaraz I and II, Ascó I and II, Trillo and Vandellós II plants and, as has been previously 

pointed out, is only applicable to non EQ cables.  



Página 59 de 174 

Nevertheless, due to the issuing of NRC Regulatory Guide RG 1.211 and also to the 

results of recent international R&D programmes (NEA-OECD, IAEA, NRC, Japan JNES) 

described in the following reports: 

ω SCAP Report: NEA/CSNI/R (2010)5: ά¢ŜŎƘƴƛŎŀƭ ōŀǎƛǎ ŦƻǊ /ƻƳƳŜƴŘŀōƭŜ ǇǊŀŎǘƛŎŜǎ ƻƴ 
Ageing Management-{// ŀƴŘ /ŀōƭŜ !ƎŜƛƴƎ tǊƻƧŜŎǘέ όнлммύΦ 

ω IAEA Nuclear Energy Series Report NP-T-оΦсΥ ά!ǎǎŜǎǎƛƴƎ ŀƴŘ aŀƴŀƎƛƴƎ /ŀōƭŜ !ƎŜƛƴƎ 
ƛƴ bttέ όнлмнύΦ 

ω /!5!Y twDΥ άh9/5 /ŀōƭŜ !ƎŜƛƴƎ 5ŀǘŀ ŀƴŘ YƴƻǿƭŜŘƎŜ tǊƻƧŜŎǘέ (draft report). (2012-
2014) 

ω SAND 2013-ноууΥ άbtt /ŀōle Materials: Review Of Qualification And Currently 
!ǾŀƛƭŀōƭŜ !ƎƛƴƎ 5ŀǘŀ CƻǊ aŀǊƎƛƴ !ǎǎŜǎǎƳŜƴǘǎ Lƴ /ŀōƭŜ tŜǊŦƻǊƳŀƴŎŜέ 

ω JNES-SS-флоΥ ά!ǎǎŜǎǎƳŜƴǘ ƻŦ /ŀōƭŜ !ƎƛƴƎ ŦƻǊ bǳŎƭŜŀǊ tƻǿŜǊ Ǉƭŀƴǘǎέόнллфύ  

ǿƘƛŎƘ ƘŀǾŜ ƘƛƎƘƭƛƎƘǘŜŘ άǳƴŎŜǊǘŀƛƴǘƛŜǎέ ƛƴ ǘƘŜ ǉǳŀƭƛŦƛŜŘ ƭƛŦŜǘƛƳŜ values resulting from 

application of past cable environmental qualification standards (IEEE-Std-383-1974: 

άL999 ǎǘŀƴŘŀǊŘ ŦƻǊ ¢ȅǇŜ ǘŜǎǘ ƻŦ /ƭŀǎǎ м9 ŜƭŜŎǘǊƛŎŀƭ /ŀōƭŜǎΣ CƛŜƭŘ {ǇƭƛŎŜǎΣ ŀƴŘ /ƻƴƴŜŎǘƛƻƴǎ 

ŦƻǊ bǳŎƭŜŀǊ tƻǿŜǊ DŜƴŜǊŀǘƛƴƎ {ǘŀǘƛƻƴǎέύΣ /{b Ƙŀǎ ŜƴŎƻǳǊŀƎŜŘ Spanish NPP to include 

EQ cables within the scope of their ageing management programmes. 

The identification of EQ cables, their characteristics and materials is obtained, for each 

ǇƭŀƴǘΣ ŦǊƻƳ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴŎƭǳŘŜŘ ƛƴ ƛǘǎ ǎǇŜŎƛŦƛŎ άtƭŀƴǘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ vualification 

wŜǇƻǊǘέΦ 

In the case of the Cofrentes plant, the Plant Spaces Approach process described above 

has also been used, but with the following differences: 

Lƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǇƭŀƴǘΩǎ ǎǳǇǇƭȅ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ŀƭƭ ǘƘŜ ƛƴǎǘŀƭƭŜŘ ŎŀōƭŜǎ όǇƻǿŜǊΣ 

control and instrumentation cables) including those that are not safety related, 

correspond to cable types environmentally qualified for a lifetime of 40 years, and, for 

this reason, they might not be degraded throughout this period, under temperature and 

radiation conditions corresponding to normal plant operation. 

!ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŀōƻǾŜΣ ǘƘŜ άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέ ƳŜǘƘƻŘƻƭƻƎȅ ŀǘ ǘƘŜ /ƻŦǊŜƴǘŜǎ 

plant does not identify locations inside the plant in which, the normal operation 

environmental conditions, exceed the temperature and radiation values for which the 

cables are qualified over 40 years. 

Regardless of the above, operating experience and the plant environmental conditions 

surveillance programme, have detected certain areas with occasional localised adverse 

environments, located in the Drywell and the Steam Tunnel, in which the temperature 

values exceed the cable 40-year qualification temperature values. Consequently, the 

cables existing in these areas must be the subject to ageing management review 

activities. 

In addition, and as a result of the plant operating experience, the scope of the ageing 

management review also includes the containment building electrical penetrations 

cables, located in the annulus area, since during certain periods of operation, high 
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humidity conditions have been detected in this area, producing condensation on the 

cables and leading to their failure. 

!ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘέ ǇǊƻŎŜǎǎ ŀǘ ŜŀŎƘ {ǇŀƴƛǎƘ ǇƭŀƴǘΣ ŀ ƭƛǎǘ ƻŦ ŎŀōƭŜǎ 

(EQ and non EQ cables) is obtained, these to be subjected to a process of AMR during 

their installed lifetime. 

Following the 40 years of operation of the plants, and in the event of a long-term 

operating license application, EQ cables must be analysed once more, in order to 

determine whether they will require additional AMR activities during the period of long-

ǘŜǊƳ ƻǇŜǊŀǘƛƻƴΦ ¢Ƙƛǎ ƴŜǿ ŀƴŀƭȅǎƛǎΣ ƪƴƻǿƴ ŀǎ ά¢ƛƳŜ-[ƛƳƛǘŜŘ !ƎŜƛƴƎ !ƴŀƭȅǎƛǎέ ό¢[!!ύΣ 

must be performed in accordance with the criteria of IS-22, and using the cables 

environmental qualification process documentation in each plant. 

Table 03.1 in the annex to this chapter specifies the type of cables that are installed at 

the Spanish plants, indicating their function, manufacturer and insulating and sheathing 

materials. Tables 03.2 and 03.3 identify for each plant the types of cables that, in view 

of the scoping and screening process performed, require ageing management, along 

with their insulating materials. These cables are of both, the qualified and non-qualified 

types. 

For performance of the cable ageing management review activities at the Spanish 

plants, the cables are grouped on the basis of functional criteria (power, control, 

instrumentation cables) and location criteria (areas with similar environmental 

conditions, Primary Containment (PWR), Drywell (BWR), Steam Tunnel, trenches and 

outdoor areas, etc.), this resulting in the three following groups: 

Group 1- Cables subjected to high temperature or radiation adverse environments. This 
group includes low voltage (0.3, 0.6 and 1kV) and medium voltage (6 to 10 kV) power, 
instrumentation and control cables, with different insulating materials located inside the 
buildings. 

ω the cables included in example 1 of the TPR specification άhigh voltage cables of more 
than 3 kV subjected to adverǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎέΣ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ {Ǉŀƛƴ ǘƻ ōŜ ƳŜŘƛǳƳ 
voltage, and their ageing management is accomplished in this group. 

Group 2- άIƛƎƘ ǾƻƭǘŀƎŜ ŀƴŘ ƭƻǿ ǎƛƎƴŀƭ ƭŜǾŜƭ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ŎŀōƭŜǎέΣ ǎǳōƧŜŎǘŜŘ ǘƻ 
adverse environments as a result of high temperatures or radiation levels. This group 
includes the organic insulation cables of the in-core instrumentation systems (NIS) and 
radiation measurement systems. 

ω the cables included in example 3 of the TPR specificationΣ άneutron flux measurement 
ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ŎŀōƭŜǎέΣ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ƎǊƻǳǇ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ŀƎŜƛƴƎ 
management. 

Group 3- Power cables in inaccessible or underground locations (trenches, channels, 
galleries, ducts, etc.) susceptible to flooding or significant levels of humidity. This group 
includes low voltage power cables (more than 380 V) and medium voltage cables of 6 to 
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10 kV feeding the motors of pumps in different systems (essential services water, 
circulating water, fire-fighting, etc.). 

ω the cables included in example 2 of the TPR specification, άƳŜŘƛǳƳ ǾƻƭǘŀƎŜ 380 V to 
3 kV cables, in trenches or buried, are included in this group for the purposes of 
ageing management. 

03.1.2. Assessment of ageing of electrical cables  

The ageing management review process, applied by all the Spanish nuclear power plants 
to electrical cables, consists of the following activities: 

ω Identification of significant ageing mechanisms in cable insulating materials. 

ω Identification and assessment of maintenance practices (cable inspections, electrical 
tests and checks) in place at each plant, for management of the aforementioned 
significant ageing mechanisms, applying the necessary improvements where 
appropriate. 

ω Development of ageing management programmes (AMP), including the 
aforementioned maintenance practices and their assignment to the different cable 
groups. 

Identification of significant ageing mechanisms and their effects on cables 

Once the cables and connections requiring ageing management have been determined, 
their insulating materials are identified, along with the environments acting on them in 
their location at the plant. 

Taking into account the possible combinations of insulating materials and environments, 
the different Ageing Management Review Groups (AMRG) are defined. For each group 
the different applicable ageing mechanisms are identified in turn, along with the 
resulting ageing effects on their insulating material. 

In all cases, tƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ƘŀǾŜ ŘŜŦƛƴŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ !awDΩǎ ŀŦŦŜŎǘƛƴƎ ǘƘŜ ŎŀōƭŜǎΥ 

ω outdoor insulating material/ambient air 
ω indoor insulating material/ambient air 
ω insulating material/moist air 

¢ƘŜ ŀƎŜƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ !awDΩǎ ƘŀǾŜ ōŜŜƴ 
identified in accordance with the information contained in NUREG-1801 [25] and EPRI-
1013475 [28], and are as follows: 
ω Exposure to heat 
ω Exposure to radiation (including ultraviolet radiation) 
ω Exposure to humidity in the presence of voltage 
ω Humidity intrusion 
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These mechanisms produce the following significant ageing effects on the insulation: 

ω Reduction of insulation resistance due to irradiation (embrittlement, cracking, 

melting and decolouring). 

ω Reduction of insulation resistance due to exposure to heat (embrittlement, cracking, 

melting and decolouring). 

ω Reduction of insulation resistance due to humidity intrusion. 

ω Reduction of insulation resistance, localised damage and breaking of insulation due 

to exposure to voltage, in the presence of significant humidity or flooding (water 

treeing). 

ω Changes in material properties. Electricity continuity loss. 

The application of the above to the cables included in the examples of the TPR 

specification [1] is as follows: 

Example 1: άIƛƎƘ ǾƻƭǘŀƎŜ ŎŀōƭŜǎ ƻŦ ƳƻǊŜ ǘƘŀƴ о ƪ± ǎǳōƧŜŎǘŜŘ ǘƻ ŀŘǾŜǊǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎέΦ 

In the case of the Spanish plants this example corresponds to medium voltage power 

cables of 6 to 10 kV with EPR insulation, located inside or outside buildings, and Kapton 

or Kerite insulation cables (in electrical penetrations). 

Example 3: άbŜǳǘǊƻƴ ŦƭǳȄ ƳŜŀǎǳǊŜƳŜƴǘ ǎȅǎǘŜƳ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ŎŀōƭŜǎέΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ 

the Spanish plants this example corresponds to 300 and 600V instrumentation cables 

and coaxial and triaxial cables with different insulations, such as XLPE, XLPO+Alkane 

Imida, ETFE, PVC or silicone, located inside the containment building (PWR) and drywell 

(BWR).  

These cables (examples 1 and 3) are affected by the following ageing mechanisms and 
effects: 

ω Reduction of insulation resistance due to exposure to heat and/or irradiation 

(embrittlement, cracking, melting and decolouring). 

Example 2: ά380 V and 3 kV ŎŀōƭŜǎΣ ōǳǊƛŜŘ ƻǊ ƛƴ ǘǊŜƴŎƘŜǎέΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ {ǇŀƴƛǎƘ 
plants this example corresponds to low voltage (380 V and 400 V) power cables with 
EPR, EPDM and XLPE insulations materials, located in trenches, galleries or underground 
ducts, in areas outside buildings in which water may accumulate. 

These cables are affected by the following ageing mechanisms and effects: 

ω Reduction of insulation resistance or localised damage, and breaking of the insulation 

due to exposure to voltage in the presence of significant humidity or flooding, as a 

result of water treeing inside the insulation. 

The AMR process acceptance criterion for electrical cables and connections, is that the 
significant ageing mechanisms and effects identified for them must be managed suitably 
ōȅ ƳŜŀƴǎ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ !atΩǎΣ ƛƴ ƻǊŘŜǊ ǘƻ ƎǳŀǊŀƴǘŜŜ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜƛǊ 
intended functions. 
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As a conclusion to the cables and connections AMR process performed, and for its 

application to management of the significant ageing effects and mechanisms identified, 

ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǘƘǊŜŜ ŎŀōƭŜ !atΩǎΣ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǘƛƻƴ лоΦмΦо ƻŦ ǘƘƛǎ 

report, which are based on the model programmes AMP XI.E-1, AMP XI.E-2 and AMP 

XI.E-3 of NUREG-1801 [25] and fulfil the 10 attributes established in NUREG-1800 [24] 

and guideline NEI 95-10 [26], in order for the AMP to be effective. 

For the surveillance of ageing of the metallic parts of electrical connections, the Spanish 

plants have developed a specific AMP, based on AMP XI.E-сΣ ά9ƭŜŎǘǊƛŎŀƭ /ŀōƭŜ 

/ƻƴƴŜŎǘƛƻƴǎ ƴƻǘ ǎǳōƧŜŎǘ ǘƻ мл /Cw рлΦпфέ ƻŦ b¦w9D-1801 [25]. As has been pointed out 

above, this AMP is beyond the scope required for this report. 

Main tools used in the AMR process 

For the performance of the general activities of the AMR process, the Spanish nuclear 
power plants have used basically the following reference documentation: 

ω 10 CFR Part 54. άwŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ wŜƴŜǿŀƭ ƻŦ hǇŜǊŀǘƛƴƎ [ƛŎŜƴǎŜǎ ŦƻǊ bǳŎƭŜŀǊ tƻǿŜǊ 
tƭŀƴǘǎέ [23] 

ω NEI 95-10, wŜǾΦ с ΦWǳƴŜ нллрΦ άLƴŘǳǎǘǊȅ DǳƛŘŜƭƛƴŜ CƻǊ LƳǇƭŜƳŜƴǘƛƴƎ ¢ƘŜ 
Requirements of 10 CFR Part 54-¢ƘŜ [ƛŎŜƴǎŜ wŜƴŜǿŀƭ wǳƭŜέΣ WǳƴŜ нллр [26] 

ω NUREG-1800, wŜǾΦ нΥ ά{ǘŀƴŘŀǊŘ wŜǾƛŜǿ tƭŀƴ ŦƻǊ wŜǾƛŜǿ ƻŦ [ƛŎŜƴǎŜ wŜƴŜǿŀƭ 
Applications fƻǊ bǳŎƭŜŀǊ tƻǿŜǊ tƭŀƴǘǎέΣ 5ŜŎŜƳōŜǊ нлмлΦ [24] 

ω NUREG-1801, Rev. 2, Generic Aging Lessons Learned (GALL) Report, December 2010 
[25] 

ω EPRI-1013475: άtƭŀƴǘ {ǳǇǇƻǊǘ 9ƴƎƛƴŜŜǊƛƴƎΥ [ƛŎŜƴǎŜ wŜƴŜǿŀƭ 9ƭŜŎǘǊƛŎŀƭ IŀƴŘōƻƻƪέΣ 
February 2007. [28] 

Additionally, the following documents have been used for the performance of the cables 

ŀƴŘ ŎƻƴƴŜŎǘƛƻƴǎ !atΩǎΥ 

ω R.G. 1.211, Qualification of Safety-Related Cables and Field Splices for Nuclear Power 
Plants, U.S. NRC. 

ω RG-мΦнму άCondition-Monitoring Techniques for Electric Cables used in Nuclear 
Power Plants". U.S. NRC  

ω RIS-2003-09. Environmental Qualification of low-voltage instrumentation and control 
cables. U.S. NRC. 

ω GL 2007-01, ά{ǳƳƳŀǊȅ wŜǇƻǊǘΣ LƴŀŎŎŜǎǎƛōƭŜ ƻǊ ¦ƴŘŜǊƎǊƻǳƴŘ tƻǿŜǊ /ŀōƭŜ CŀƛƭǳǊŜǎ 
ǘƘŀǘ 5ƛǎŀōƭŜ !ŎŎƛŘŜƴǘ aƛǘƛƎŀǘƛƻƴ {ȅǎǘŜƳǎ ƻǊ /ŀǳǎŜ tƭŀƴǘ ¢ǊŀƴǎƛŜƴǘǎέΣ bƻǾŜƳōŜǊ мнΣ 
2008. U.S. NRC 

ω NUREG/CR-7000. ά9ǎǎŜƴǘƛŀƭ 9ƭŜƳŜƴǘǎ ƻŦ an Electric Cable Condition Monitoring 
tǊƻƎǊŀƳέ 

ω NUREG/CR-6704, ά!ƎƛƴƎ ƻŦ /ŀōƭŜǎΣ /ƻƴƴŜŎǘƛƻƴǎ ŀƴŘ 9ƭŜŎǘǊƛŎŀƭ tŜƴŜǘǊŀǘƛƻƴ 
!ǎǎŜƳōƭƛŜǎ ǳǎŜŘ ƛƴ bǳŎƭŜŀǊ tƻǿŜǊ tƭŀƴǘǎέΦ WǳƴŜ мффлΦ 

ω NUREG/CR-5643, Insights Gained from Ageing Research, U.S. NRC.  
ω IEEE Std. 1205-2000Φ άGuide for Assessing, Monitoring and Mitigating Aging Effects 

on Class 1E Equipment Used in Nuclear Power Generating Stations. 
ω IEEE, Std. 400-2001 "IEEE Guide for Field Testing and Evaluation of the Insulation of 

Shielded Power Cable Systems", 2002. 
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ω IEEE, Std.400.3-2006 άL999 DǳƛŘŜ ŦƻǊ tŀǊǘƛŀƭ 5ƛǎŎƘŀǊƎŜ ¢ŜǎǘƛƴƎ ƻŦ {ƘƛŜƭŘŜŘ tƻǿŜǊ 
/ŀōƭŜ {ȅǎǘŜƳǎ ƛƴ ŀ CƛŜƭŘ 9ƴǾƛǊƻƴƳŜƴǘέΣ нллтΦ 

ω IEEE, Std. 422-1977Σ άL999 5ŜǎƛƎƴ ŀƴŘ Lƴǎǘŀƭƭŀǘƛƻƴ ƻŦ /ŀōƭŜ {ȅǎǘŜƳǎ ƛƴ tƻǿŜǊ 
DŜƴŜǊŀǘƛƴƎ {ǘŀǘƛƻƴǎέΣ мфттΦ 

ω L9/ нтлΣ άHigh-voltage Test TŜŎƘƴƛǉǳŜǎέ 9ŘΦ м όмфуоύΦ 
ω SAND 96-0344. ά!ƎƛƴƎ aŀƴŀƎŜƳŜƴǘ DǳƛŘŜƭƛƴŜ ŦƻǊ /ƻƳƳŜǊŎƛŀƭ bǳŎƭŜŀǊ tƻǿŜǊ tƭŀƴǘǎ 
9ƭŜŎǘǊƛŎŀƭ /ŀōƭŜ ŀƴŘ ¢ŜǊƳƛƴŀǘƛƻƴǎέ {ŜǇǘŜƳōŜǊ мффсΦ  

ω EPRI 1006534, άLƴŦǊŀǊŜŘ ¢ƘŜǊƳƻƎǊŀǇƘȅ DǳƛŘŜέ όwŜǾΦ оύΦ aŀȅƻ нллнΦ 
ω EPRI 1003317-ά/ŀōƭŜ {ȅǎǘŜƳ !ƎŜƛƴƎ aŀƴŀƎŜƳŜƴǘέΦ !ǇǊƛƭ нллнΦ  
ω EPRI TR-109619Φ WǳƴŜ мфффΦ άDǳƛŘŜƭƛƴŜ ŦƻǊ ǘƘŜ aŀƴŀƎŜƳŜƴǘ ƻŦ !ŘǾŜǊǎŜ [ƻŎŀƭƛȊŜŘ 
9ǉǳƛǇƳŜƴǘ 9ƴǾƛǊƻƴƳŜƴǘǎέΦ  

ω EPRI 1003663Φ άLƴǘŜƎǊŀǘŜŘ /ŀōƭŜ {ȅǎǘŜƳǎ !ƎƛƴƎ aŀƴŀƎŜƳŜƴǘ DǳƛŘŀƴŎŜΦ [ƻǿ ǾƻƭǘŀƎŜ 
ŎŀōƭŜέΦ WŀƴǳŀǊȅ нллоΦ  

ω EPwL мллосспΣ άMedium-voltage Cables in Nuclear Plant applications-State of 
LƴŘǳǎǘǊȅ ŀƴŘ /ƻƴŘƛǘƛƻƴ aƻƴƛǘƻǊƛƴƎέΦ  

ω EPRI. 1020804Σ WǳƴŜ нлмлΦέtƭŀƴǘ {ǳǇǇƻǊǘ 9ƴƎƛƴŜŜǊƛƴƎΥ !ƎƛƴƎ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳ 
Development Guidance for AC and DC low-voltage, power cable systems for Nuclear 
tƻǿŜǊ tƭŀƴǘǎέΦ 

ω  EPRI. 1020805Σ WǳƴŜ нлмлΦ άtƭŀƴǘ {ǳǇǇƻǊǘ 9ƴƎƛƴŜŜǊƛƴƎΥ ά!ƎƛƴƎ aŀƴŀƎŜƳŜƴǘ 
Program Development Guidance for Medium-Voltage cable Systems for Nuclear 
tƻǿŜǊ tƭŀƴǘǎέΦ  

ω  EPRI TR-103841 Wǳƭȅ мффпΦ ά[ƻǿ-voltage Environmentally Qualified Cable License 
wŜƴŜǿŀƭ LƴŘǳǎǘǊȅ wŜǇƻǊǘΦ !ǎǎŜǎǎƳŜƴǘ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭέΦ  

ω UNESA document ES13/IT-02-0503Σ άDǳƛŘŜƭƛƴŜ ŦƻǊ aƻƴƛǘƻǊƛƴƎ ƻŦ ǘƘŜ {ǘŀǘǳǎ ƻŦ 
9ƭŜŎǘǊƛŎŀƭ /ŀōƭŜǎέΦ 

ω UNESA document ES13/IT-03-0903Σ ά¢ŜŎƘƴƛŎal Procedure for the Identification of 
/ǊƛǘƛŎŀƭ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ {ŜǊǾƛŎŜ tŀǊŀƳŜǘŜǊǎέΦ 

ω UNESA document Nº ES13/IT-04-0903Υ ά{ŜƭŜŎǘƛƻƴ ƻŦ /ƛǊŎǳƛǘǎ ŀƴŘ 5ŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ 
{ǳǊǾŜƛƭƭŀƴŎŜ tǊƻƎǊŀƳƳŜέΦ 

ω UNESA document Nº ES13/IT-06-0903Υ ά¢ŜŎƘƴƛŎŀƭ tǊƻŎŜŘǳǊŜ ŦƻǊ ǘƘŜ Mechanical 
/ƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ƻŦ /ŀōƭŜǎέΦ 

ω UNESA document Nº ES13/IT-05-0903Υ ά¢ŜŎƘƴƛŎŀƭ tǊƻŎŜŘǳǊŜ ŦƻǊ ǘƘŜ 9ƭŜŎǘǊƛŎŀƭ 
/ƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ƻŦ /ŀōƭŜǎέΦ 

Main plant documents (manufacturing and operation) 

ω Cable manufacturer supplier specifications. 
ω Plant Environmental Qualification Report. 
ω Final Safety Assessment. 
ω Reference books. 
ω Electrical circuit diagrams. 
ω Cable tray layout drawings. 
ω Cable environmental qualification dossiers. 

Cable databases 

For the performance of all the activities relating to the identification of the cables and 
connections subject to ageing management and its subsequent AMR activities, each 
Spanish plant has developed a cable database containing all its cables, with their 
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materials specifications, routings, channels drawings and connections. This database 
allows for the selection of cables/connections existing in the areas with adverse 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎ ŦǳƭŦƛƭƭƛƴƎ ǘƘŜ ŎǊƛǘŜǊƛŀ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ άtƭŀƴǘ {ǇŀŎŜǎ !ǇǇǊƻŀŎƘ 
method. 

Use of research and development programme results in ageing management review 
activities 

In 2003, the CSN and UNESA (Spanish Electricity Industry Association) initiated a joint 

research project (JRP) on the ageing of electrical cables at nuclear power plants, made 

up of the following phases: 

Phase 1. PCI ES-13: ά{ǳǊǾŜƛƭƭŀƴŎŜ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ŎŀōƭŜ ŀƎŜƛƴƎ ŀǘ ƴǳŎƭŜŀǊ ǇƻǿŜǊ ǇƭŀƴǘǎέΦ 

The main objective of this phase of the project carried out in 2004, was to define a 

άŎƻƳƳƻƴ ōŀǎƛǎ ŀŎǘƛƻƴ ǇƭŀƴέΣ ŀǇǇƭƛŎŀōƭe to all the Spanish plants for the performance of 

systematic cable ageing surveillance programmes. The aim was, for these programmes, 

to be aligned with the international state of the art in this area, and in particular with 

the recommendations and contents of the IAEA TECDOC-ммууΣ ά!ǎǎŜǎǎƳŜƴǘ ŀƴŘ 

Management of Ageing of Major NPP Components important to Safety: In-Containment 

Lϧ/ ŎŀōƭŜǎέΦ 

Performed as an initial activity of this project was an in-depth review of the national and 
international literature (IAEA, NUREG, EPRI, Sandia reports, NRC documents, etc.) on 
cable ageing, with a report being drawn up. 

As a basic conclusion to this phase of the project, it was determined that the ageing 
surveillance techniques potentially appropriate for the types of cables in place at the 
Spanish plants were: measurement of the compression module (Indenter method), 
thermogravimetriy (TGA) and induced oxidation time and temperature (OIT, OITP). 
Likewise, the following documents were drawn up for application at the different plants: 
ω UNESA document Nº ES13/IT-01-103: άbŀǘƛƻƴŀƭ ŀƴŘ LƴǘŜǊƴŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ ŀƴŘ 
5ŜǾŜƭƻǇƳŜƴǘ {ǘŀǘǳǎ 9Ǿŀƭǳŀǘƛƻƴ wŜǇƻǊǘέ  

ω UNESA document Nº ES13/IT-02-0903: άGuideline for Monitoring of the Status of 
Electrical Cables.έΦ 

ω UNESA document Nº ES13/IT-03-0903: άTechnical Procedure for the identification of 
Critical Environmental and Service ParametersέΦ 

ω UNESA document Nº ES13/IT-04-0903: ά{ŜƭŜŎtion of Circuits and Definition of the 
Surveillance ProgrammeέΦ 

ω UNESA document ES13/IT-05-0903: άTechnical Procedure for the Electrical 
Characterisation of CablesέΦ 

ω UNESA document ES13/IT-06-0903: άTechnical Procedure for the Mechanical 
Characterisation of CablesέΦ 

Phase 2. PCI ES-нп ά!pplication of Advanced Techniques for the Diagnosis of Electrical 
/ŀōƭŜǎ ŀǘ bǳŎƭŜŀǊ tƻǿŜǊ tƭŀƴǘǎέ 

The basic objective of this phase of the project carried out over the period 2006-2009, 

consisted of determining, in a practical manner, the applicability of the ageing 
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surveillance techniques identified in previous phase 1, for monitoring of the status of 

the cables in place at the Spanish nuclear power plants. 

The project was performed by way of the following activities: 

ω Collecting of cable samples (new and naturally aged) representative of those installed 
at the Spanish plants. 

ω Thermal and radiation-induced ageing of these samples, for periods of 20, 40 and 60 
years. 

ω Acquisition of values of elongation at break (EAB) and tensile strength (TS) of aged 
samples. 

ω Application of selected techniques (Indenter method, TGA, OIT, OITP) to aged 
samples. Acquisition Validation and adjustment of results. 

ω Comparison of the results of the techniques applied to the corresponding values of 
EAB and TS, obtaining correlation factors between the test values and the 
degradation of the aged cables. 

As a result of this project phase it was possible to determine the degree of applicability 
of the techniques used, to the different types of cables tested, and their effectiveness 
for identification of the ageing of their insulating materials. Also determined for each 
type of cable were the reference values (acceptance criteria) of the results of application 
of each technique. 

Phase 3. PCI ES-нтΥ άTracking and Assessment of Electrical Cables Status at the Spanish 
bǳŎƭŜŀǊ tƻǿŜǊ tƭŀƴǘǎέΦ 

This phase of the project began in 2014, and is currently being carried out by UNESA and 

the Spanish plants. The project is performed in response to the recommendations of the 

CSN to verify the validity of the cable environmental qualification processes performed 

in accordance with IEEE-383-1974, ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ άǳƴŎŜǊǘŀƛƴǘƛŜǎ ƻŦ ǘƘŜǎŜ qualification 

ǇǊƻŎŜǎǎŜǎέ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǊŜŎŜƴǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳƳŜǎ (IAEA, NRC, NEA, 

Japan) on the ageing of cables. 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ƛǎ ǘƻ ƻōǘŀƛƴ άŎƻƴŘƛǘƛƻƴ ƛƴŘƛŎŀǘƻǊǎέ ό/Lύ ŦƻǊ ǘƘŜ ŎŀōƭŜǎΣ 

making it possible to effectively control their ageing status throughout the long-term 

operating (LTO) period. 

In this respect, new qualification tests will be performed, limiting the effect of the 

aforementioned uncertainties, on a representative sample of the cables in place at the 

Spanish plants. 

The tests will be performed on naturally aged (30 years) samples of cables taken from 

the plants, their ageing being completed to 40, 50 and 60 years by means of a sequence 

of accelerated ageing tests (thermal + radiation) with low factors of acceleration and 

dose rates. Subsequently, the accident radiation test and finally the LOCA and Post-LOCA 

tests, will be applied. 
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During the process, samples aged to 40, 50 and 60 years will be extracted and different 

surveillance techniques (elongation at break, Indenter, insulation resistance, 

polarisation index, etc.) will be applied to them, obtaining the corresponding values 

ǇǊƛƻǊ ǘƻ ŀƴŘ ŦƻƭƭƻǿƛƴƎ [h/!Φ Lƴ ǘƘƛǎ ǿŀȅΣ ǘƘŜ άŎǊƛǘƛŎŀƭ ƭŜǾŜƭ ƻŦ ŘŜƎǊŀŘŀǘƛƻƴέ ŦƻǊ ŀƎŜƛƴƎ 

management of the cables throughout the long-term operating period will be 

determined. 

The ageing test phase of the project, was initiated in 2017. The completion of the project 

is scheduled for the year 2020. 

Use of operating experience review results on cables. 

The review of the plant-specific operating experience applicable to cables, includes the 
ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǎǘƻǊŜŘ ƛƴ ǘƘŜ άƳŀƛƴǘŜƴŀƴŎŜ ƘƛǎǘƻǊȅ ǊŜŎƻǊŘǎέ ƻŦ ŜŀŎƘ 
Spanish plant.  

The following issues are particularly significant in this review and led to changes and 
improvements in cable ageing management activities. 

Cofrentes NPP: 

ω Degradation was detected in EPR/CSPE cables feeding electrical actuators of motor-
operated valves (MOVS). The degradation occurred as a result of hot spots (due to 
degraded high energy piping insulations and steam leakages in nearby equipment) 
combined with mechanical stresses due to excessive bending of the cable at its 
connection to the actuator. The following activities were carried out as a result of the 
above: 

o Cables were replaced in more than 150 Limitorque actuators. 

o LƳǇǊƻǾŜƳŜƴǘǎ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ǘƘŜ ǇƭŀƴǘΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ /ƻƴŘƛǘƛƻƴǎ 
Surveillance Programme. 

o A programme was implemented for the review of thermal insulation status for 
piping and equipment. 

o A programme was implemented for the surveillance of equipment steam leaks. 

o A programme was implemented for the surveillance of cooling units. 

ω Electrical penetrations cables (General Electric) located in the annulus and affected 
by the intrusion of humidity, causing the subsequent failure of certain relief valves 
(SRV). As a result, the following activities were carried out: 

o Modules of penetrations susceptible to the problem were changed. 

o A programme was developed for surveillance of conditions of humidity in the 
annulus.  

o Cable inspection activities (insulation resistance testing and visual inspection) 
were improved. 

Almaraz NPP:  

ω Cracking has been observed in electrical penetration feed power cables during the 
early years of operation of group 1. 
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ω Cable degradation has been observed inside containment, affecting in particular to 
triaxial cables connected to neutron detector chambers located in wells adjacent to 
the Reactor Vessel. The affected cables were replaced. 

Trillo NPP: 

ω Prematurely aged cables were found in the feed for the pilot solenoids of main steam 
system isolation and safety valves, as a result of the high temperatures reached by 
these solenoids when being continuously energised, and of the high temperature of 
the process steam. The cables in question were replaced with new cables, which are 
now changed every 6 years. 

ω As a result of the review of certain operating experiences at German plants, the 
possibility of the appearance of secretions or exudations in low voltage PVC cables 
was assessed. The problem was not considered to be generic in Germany and had 
been detected only in the cables of certain manufacturers and certain manufacturing 
batches/series. 

o In any case, and as a result of the above, Trillo NPP has included a new activity in 
its cable AMP for the visual inspection every 10 years of a sample of its PVC cables. 

03.1.3. Monitoring, testing, sampling and inspection activities for electrical cables  

As has already been pointed out in section 03.1.2 of this report, the Spanish nuclear 
power plants have developed the three following ageing management programmes for 
application to the management of significant ageing effects and mechanisms identified 
in electrical cables: 

AMP-1 ά{ǳǊǾŜƛƭƭŀƴŎŜ ƻŦ 9ƭŜŎǘǊƛŎŀƭ /ŀōƭŜǎέΣ based on model programme XI.E-1 of NUREG-
1801 [25] "Insulation material for electrical cables and connections not subject to 10 CFR 
рлΦпф ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛŦƛŎŀǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎέΦ 

This AMP is applicable to the ageing management of cables included in example 1 of the 
TPR specification (Cables with voltages of >3kV in adverse environments). 

The programme is based on the periodic visual inspection of a sample of accessible 
cables, representative of those included in the scope of the AMP and selected on the 
basis of the following criteria: 

ω the sample must include cables representative of the different specifications for 
insulating materials and for the environments in which they are located; 

ω the information obtained on the ageing of the cables inspected, must be 
representative of the condition of all other cables having the same characteristics; 

ω all the cables in the sample must be inspected at least once every 10 years. 

In addition to visual and tactile inspection, and with a view to complementing their 
results, the Spanish plants also apply different electrical and/or mechanical tests on the 
cables included within the scope of this AMP, as described in table 03.4 of the annex to 
this chapter. 

In the case of Cofrentes plant, the methodology used for the development of this cable 
AMP is different, and is made up of the following phases: 
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¶ Application of the cable inspection and surveillance activities, established in the 
maintenance schedules and procedures for testing electrical equipment (motor-
operated valves, electrical penetrations, electrical cabinets and panels and low and 
medium voltage motors) circuits. These activities affect all the cables within the 
scope of the AMP and consist of the visual inspection of the cables at their connection 
or of insulation resistance and polarisation index measurements tests, in motor feed 
circuits. These schedules are applied at a frequency of approximately 2 years, 
although this may vary depending on the maintenance plan for each item of 
equipment. 

¶ In the case of cables in which the aforementioned inspections and tests detect 
ƛƴŎƛǇƛŜƴǘ ŘŜƎǊŀŘŀǘƛƻƴΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ άŀŘŘƛǘƛƻƴŀƭ ǘŜǎǘǎέ ŀǊŜ ǇŜǊŦƻǊƳŜŘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ 
the type of cable: 

o Visual inspection. 

o Electrical testing: insulation resistance and polarisation index test, Tan delta test 
or partial discharges test. 

o Mechanical testing: Indenter module. 

¶ If the aforementioned additional tests results do not meet the required acceptance 
ŎǊƛǘŜǊƛŀΣ ǘƘŜ ŀŦŦŜŎǘŜŘ ŎŀōƭŜǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀƴ άŀƎŜŘ ŎŀōƭŜǎ ŀƴd connections 
ǊŜǇƭŀŎŜƳŜƴǘ ǇƭŀƴέΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻǇŜǊŀǘƛƴƎ ŎȅŎƭŜǎΦ 

AMP-2, "{ǳǊǾŜƛƭƭŀƴŎŜ ƻŦ ƛƴǎǘǊǳƳŜƴǘŀǘƛƻƴ ŎŀōƭŜǎέΣ ōŀǎŜŘ ƻƴ ƳƻŘŜƭ ǇǊƻƎǊŀƳƳŜ XI.E2 of 
NUREG-1801 [25] άLƴǎǳƭŀǘƛƻƴ ƳŀǘŜǊƛŀƭ ŦƻǊ ŜƭŜŎǘǊƛŎŀƭ ŎŀōƭŜǎ ŀƴŘ ŎƻƴƴŜŎǘƛƻƴǎ ƴƻǘ ǎǳōƧŜŎǘ 
to 10 CFR 50.49 environmental qualification requirements used in instrumentation 
ŎƛǊŎǳƛǘǎέΦ  

This AMP includes in its scope the cables of radiation measurement, and in-core and ex-
core nuclear instrumentation systems and is therefore applicable to the ageing 
management of the cables included in example 3 of the TPR specification [1] (neutron 
flux instrumentation system cables). 

In this AMP and in accordance with the model programme in NUREG-1801 [25], two 
methods may be used to identify cable degradation due to ageing. 

ω The first method consists of evaluating the results of the calibration tests and/or 
instrumentation system surveillance tests (cables+connectors), in accordance with 
the plant procedures. The tests are complemented with a visual inspection of the 
status of the cables and connectors. 

ω When the calibration or surveillance tests do not include the instrumentation system 
cables, or as an alternative to them, electrical tests are applied to detect the 
degradation of the insulation of the cables, such as insulation resistance 
measurement, polarisation index or reflectometry tests (TDR). 

The aforementioned tests and checks are performed during each refuelling outage, as a 
result of which their frequency varies from one plant to another (12 to 24 months), 
although all the cables included within the scope of the programme must be tested at 
least once every 10 years. 
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The specific application of this AMP in each Spanish plant, for the neutron flux 

measurement system, is as follows: 

ω At Cofrentes NPP (BWR), surveillance is performed on the source range monitoring 
sub-system (SRM), intermediate range monitoring sub-system (IRM) and local power 
range monitoring (LPRM) sub-systems, located all them in the Drywell. 
Visual inspections are performed on the cables, connectors and detectors, along 
with functional tests, to verify the performance of these components, applying the 
following maintenance schedules and procedures: 

o Inspection of SRM and IRM detectors. A check is made of the condition of the 
insulation of the detectors of these sub-systems, as well as of their cables and 
connections, in order to prevent current leakage. 

o Review of SRM and IRM cables and connectors. Tests are performed to verify that 
the cables and connectors of the channels of these sub-systems operate in 
accordance with the requirements specified by the manufacturer.  

o Inspection of LPRM detectors. The condition of the detectors is verified, the 
connection and condition of the cables are checked and the insulation resistance 
between the cable shielding and ground is measured.  

o Acquisition and checking of cable parameters and cable plot. Ohmic resistance, 
reactance, quality factor, insulation resistance and polarisation index 
measurements are performed, and the analysed cable plot calculated. 

The frequency of application of the aforementioned inspections and tests activities is 
every one refuelling outage (2 years). 

The acceptance criteria for the aforementioned activities are established in the 
schedules/procedures themselves, and are specific for testing of the circuits of each 
detector. 

ω At the Spanish PWR plants, the source range (SRM), intermediate range (IRM) and 
power range (PRM) neutron flux system channels are monitored, and the following 
activities are performed: 

Almaraz I and II NPP: Testing of interelectronic resistance, leakage current, sensitivity, 

capacity, DC. current characterisation and reflectometry during each refuelling 

outage (18 months). 

Trillo NPP: An electronic functional test is performed on the complete loops of the 
system, once per refuelling outage (12 months). Certain of the system cables have 
mineral type insulation, or are replaced every 4 years and, consequently, do not 
require ageing management. 

Vandellós II NPP and Ascó I and II NPP: The following electrical inspections and tests 
are performed along the entire length of the selected cables and on all the cables 
included in the programme (NIS, power, intermediate and source range loops) and 
with a frequency of at least once every 6 refuelling outages (9 years). 
ω Insulation resistance measurement: the test is performed at a voltage of 500 Vdc, 

with the following resistance measurements taken: 

o Between conductor and inner shielding 
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o Between inner and outer shielding 

o Between outer shielding and ground 

ω Reflectometry measurement (TDR).  

AMP-3, "{ǳǊǾŜƛƭƭŀƴŎŜ ƻŦ LƴŀŎŎŜǎǎƛōƭŜ tƻǿŜǊ /ŀōƭŜǎέΣ ōŀǎŜŘ ƻƴ ƳƻŘŜƭ ǇǊƻƎǊŀƳƳŜ XI.E3 
of NUREG-1801 [25]Σ άLƴŀŎŎŜǎǎƛōƭŜ tƻǿŜǊ /ŀōƭŜǎ bƻǘ {ǳōƧŜŎǘ ǘƻ мл /Cw рлΦпф 
9ƴǾƛǊƻƴƳŜƴǘŀƭ vǳŀƭƛŦƛŎŀǘƛƻƴ wŜǉǳƛǊŜƳŜƴǘǎέΦ This AMP is applicable for the ageing 
management of the cables included in example 2 of the TPR specification [1] (Cables 
with voltages of between 380 V and 3kV, buried or in trenches). 

The objective of the inaccessible power cables surveillance AMP is, to provide 
reasonable assurance that the inaccessible power cables included within its scope and 
that might be exposed to conditions of significant humidity, will remain in conditions 
ensuring compliance with their intended function. Significant humidity is understood as 
referring to conditions in which the cable is wet or submerged, for several days. The 
AMP is based on the following activities: 

ω Visual inspection, review, cleaning and repair of all outdoor or underground cable run 
constructions (trenches, ducts, access boxes, galleries, etc.), verifying their condition 
as regards soiling and deterioration, the presence of water and the correct operation 
of the drainage systems. According to the model programme of NUREG-1801 [25], 
this activity must be performed at least each year. 

ω Application of electrical tests, in order to check the condition of the cable insulation, 
such as reflectometry (TDR), insulation resistance and polarisation index tests, in the 
case of low voltage cables, and in addition Tan Delta test and partial discharges test, 
for medium voltage cables. All the cables within the scope of this AMP should be 
tested at least once every 6 years. 

Summarised below are the characteristics of the different activities (tests, checks and 
ƛƴǎǇŜŎǘƛƻƴǎύ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ǘƘǊŜŜ !atΩǎ ƛƴŘƛŎŀǘŜŘ ŀōƻǾŜ ŀƴŘ ƛƴŎƭǳŘŜŘ ƛƴ ǘŀōƭŜǎ 03.4 and 
03.5 of this chapter. 

The performance and programming of these activities is accomplished taking into 
account the contents of section B of NRC regulatory guide RG-1.218 and chapter 3 of 
NUREG CR-7000. The practical application of the electrical tests and checks is normally 
carried out by the electrical and instrumentation maintenance department at each 
plant. In most cases the cable visual inspection and mechanical testing activities are 
performed by contracted specialist companies. 

Visual and tactile inspection 

The information used for the selection of the sample of cables to be inspected, is 
obtained previously by means of plant walkdowns, with the aim to choose the most 
compromised cables as regards their environment (hot spots), accessibility and 
materials and also to determine the specific points on the cable runs for inspection 
performance. 

Magnifying glasses, cameras or torches may be used for the inspection, and the 
following activities are carried out: 
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ω Study of cable run and identification. 

ω Dimensional control of the cable. 

ω Visual inspection of cable jackets, searching for cracking, humidity, decolouring, 
deposits, physical damage, the presence of contamination, the appearance of 
exudations of plasticising materials. 

ω Checking of the degree of cable rigidity. 

In the case of cables not directly accessible for visual inspection, because of being 
located inside ducts or trays, attempts are made to carry out the inspection at their ends, 
at their point of connection to penetrations, junction boxes or equipment and at the exit 
points from the tray. If needed, complementary electrical tests are applied to the cable. 

¢ƘŜ !atΩǎ ƻŦ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀnts include provisions for augmenting the cable inspection 
sample for cases in which, during inspection, a previously selected cable is discovered 
not to be physically accessible (obstructed) or when any of the tests are discovered to 
be impracticable. Such provisions allowing for the selection of another cable of the same 
type and family or from a similar environment for inspection. 

Acceptance criteria: absence of fissures, cracks, decolouring, deposits, physical damage, 
mechanical rigidity or humidity, indicating signs of deterioration of the cable insulating 
material. In order to facilitate evaluation of the results, certain plants (Almaraz, Trillo) 
ƘŀǾŜ άǎǘŀƴŘŀǊŘ ǇƛŜŎŜǎ ƻŦ ŎŀōƭŜǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ Ǉƭŀƴǘ ŀƴŘ ǎǳōƧŜŎǘŜŘ ǘƻ ŘƛŦŦŜǊŜƴǘ ŘŜƎǊŜŜǎ 
of thermal and radiation-induced ageing. 

Frequency: Visual inspections are performed periodically during refuelling outages, with 
a frequency that varies from one plant to the next (normally every 1 or 2 outages). In 
the case of cables located at hot spots areas, the period between inspections may be 
less (every refuelling outage). 

Compressive modulus test (Indenter method):  

By means of this technique, applied to the sheath of the cable, the compressive modulus 
of the insulation is measured. Measurements are taken at different points along the 
cable run and are applied at 5 positions in each cable section selected. The degradation 
of the insulation is correlated to the values measured at the cable jacket. The geometry 
of the cable and the temperature and humidity during the test influence the test results. 
As has been seen during the aforementioned Spanish PCI ES-27 project, this technique 
is applicable and effective for most of the materials of cables installed at the Spanish 
plants. 

Frequency: The test is normally applied jointly with visual inspections, every 1 or 2 
refuelling outages. 

Acceptance criteria: Any increase in the value of the modulus over the reference value, 
indicates degradation of the insulation. For most of the cable materials in use at the 
Spanish plants, a value of 20 N/mm is considered as the threshold for the start of 
degradation (UNESA procedure ES 13/IT-06-0903). 
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Insulation Resistance (IR) and Polarisation Index (PI) tests: 

Insulation resistance measurement determines the dielectric integrity of the cable and 
is applicable to medium and low voltage cables and all insulation materials. It consists 
of applying a direct current in the cable, while the value of the current over time is 
recorded. Insulation resistance is determined as the resistance calculated one minute 
after the application of voltage. Temperature and humidity conditions existing during 
test may affect the test results, for which reason this aspect should be taken into 
account in determining their accuracy. 

The polarisation index (variation of IR measurement each minute in periods of 10 min) 

is more effective than IR for the detection of insulation cracking due to thermal 

degradation and radiation, to humidity or to the contamination, on cables. 

Frequency: At most Spanish plants the tests are performed at a variable frequency 
(every 1 or 2 refuelling outages). 

Acceptance criterion: The Spanish plants establish a minimum insulation resistance 
value calculated in accordance with different documents: IEEE 43-1974, UNESA 
procedure ES-13/IT-05-0903, etc. 

For insulation resistance the acceptance values (megaohms) vary depending on cable 
type (low or medium voltage) and function (power, control, instrumentation). 

In the case of polarisation index, PI values of less than 1 are considered to be indicative 
of insulation degradation. 

Tan delta test (TD): 

At the Spanish plants this technique is used in the diagnosis of medium voltage cables. 
It consists of assessing dielectric losses in the cable, by determining the capacitive and 
resistive currents obtained when applying an AC voltage to the cable. TD is the result of 
the quotient of resistive current to capacitive current. The test is capable of detecting 
cracking in the cable insulation, induced by thermal or radiation effects, mechanical 
damage, water treeing, the intrusion of humidity and superficial contamination. The 
tests are performed in accordance with the criteria of IEEE Std. 400-2001.  

Frequency: The frequency of performance varies from one plant to the next (1 or 2 
refuelling outages). 

The acceptance criterion is based on study of the trends of the calculated value in 
successive tests, and their comparison with reference results from similar cables. The 
value depends on the type of cable insulation and the variation in % of TD (dissipation 
factor), which should not exceed 1%.  

Partial Discharges (PD): 

This technique is applicable to shielded medium voltage cables and to all types of 
insulation and jacket materials. It detects embrittlement induced by thermal or radiation 
effects and water treeing. It is simple to apply, does not require access to the entire 
length of the cable and locates the position of insulation defects (position of discharges). 
The technique consists of determining the level of partial discharges caused through the 
insulation as a result of application of the voltage and the production of partial and 
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temporary dielectric rupturing of the insulation. The tests are performed in accordance 
with the criteria of IEEE Std. 400.3-2006.  

Frequency: The frequency of performance varies from one plant to the next (1 or 2 
refuelling outages). 

Acceptance criterion: Spanish plants use the values indicated in IEEE Std. 422-1977 and 
guidelines EPRI 1020804 (LV cables), EPRI 3002000554, EPRI-3002000557 and IEC-270 
(MV cables). 

Reflectometry test (TDR): 

This diagnostic test is applicable to low and medium voltage cables, with all types of 
insulation and sheathing materials. The test consists of applying short pulses or voltage 
steps allowing for the location of defective sections (cracking induced by temperature, 
radiation and mechanical effects or the presence of water) in the cable run, detected by 
means of other surveillance techniques. 

Frequency: The frequency of performance varies from one plant to the next (1 or 2 
refuelling outages). 

Acceptance criteria 

Determination of the results of the reflectometry test requires an engineering 
assessment. The results must be compared to those from previous tests performed on 
the same cable or to a reference reflectogram. The following may be considered as 
general acceptance criteria: 

ω Absence of sudden increases in the voltage plot, indicating an increase in 
characteristic impedance or an open circuit condition. 

ω Absence of sudden reductions in the voltage plot, indicating a decrease in 
characteristic impedance or a short-circuit condition. 

03.1.4. Preventive and remedial actions for electrical cables 

Preventive actions 

As regards Example Groups 1 and 3 (cables of more than 3 kV located in adverse 
environments and neutron flux system instrumentation cables), the corresponding 
cable AMP´s in NUREG-1801, require only inspection and testing activities and do not 
specify preventive or mitigation actions for ageing-induced degradation. 

However, the cable AMP of the Spanish PWR plants, include actions such as the 
implementation of programmes for the surveillance of environmental conditions and 
periodic walkdowns for the identification of hot spots or other relevant events in the 
cable runs. These activities may be considered as being preventive actions to avoid or 
mitigate cable ageing. 

In the specific case of Cofrentes NPP, its cable AMP´s include preventive activities for 
the mitigation of local adverse environmental conditions affecting the cables, these 
consisting on the evaluation and application of the results of the following programmes: 
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ω Surveillance of plant environmental conditions (temperature and radiation). 
Temperature data are acquired daily or weekly during months representative of each 
season of the year, while the radiation doses affecting the equipment are estimated 
annually. 

ω Maintenance of the thermal insulation of piping and equipment in cubicles of the 
reactor, auxiliary and heaters buildings in which local adverse conditions have been 
identified. 

ω Maintenance of cooling units. The correct operation of the air-conditioning units in 
areas identified as having local adverse conditions allows the temperature to be 
maintained within the established limits in these areas. 

ω Identification of leakages of fluids that might affect the wiring. 

ω Surveillance of conditions of humidity in the annulus. A check is made for leakage or 
condensation potentially affecting the modules of the penetrations or their wiring. 
This task is carried out monthly. 

As regards Example Group 2, cables with voltages of between 380 V and 3kV buried or 
in trenches, all the Spanish plants ǇŜǊŦƻǊƳ ǇŜǊƛƻŘƛŎ ŀŎǘƛƻƴǎ ƛƴ ǘƘŜƛǊ !atΩǎ ŀƛƳŜŘ ǘƻ 
prevent inaccessible cables from being exposed to high levels of humidity, such as, for 
example, the inspection of the ends of cable ducts manholes for water collection, and 
draining water as needed. The inspection frequency for the collection of water is 
established on the basis of the specific operating experience of each plant as regards 
humidity or the flooding of cables in the manholes (depending on the accumulation of 
water over time and events such as heavy rainfall or flooding). In any case, periodic 
inspections are performed at least once a year. Periodic tests are also carried out every 
15 days on the operation of the pumps and drainage devices in the cable ducts and 
galleries. 

Corrective actions 

The cable ageing management programmes of the Spanish plants establish, that all the 
results of inspections and/or tests performed on cables that do not meet the 
corresponding acceptance criteria, shall be subjected to an engineering assessment. This 
assessment shall take into account the age of the cable and its operating environment, 
as well as the severity of the anomaly and whether the latter has been related previously 
to the degradation of the insulation of the conductor. The person responsible for the 
assessment shall analyse the anomalies detected and define the corrective actions to be 
taken. These corrective actions may include the performance of additional inspections 
or tests, the installation of protections or some other way of mitigating the adverse 
environment on the cables, or the relocation or replacement of the affected cable or 
cables. 

At all the plants, the corrective actions performed on the cables are carried out via work 
orders and are controlled from beginning to end by the plant maintenance management 
system, by way of the Corrective Actions Plan (CAP). 

Furthermore, all the aforementioned actions are subject to the requirements of the 
plant Quality Assurance Manual, which meets the requirements of appendix B 10 of 
10CFR 50  
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03.2. [ƛŎŜƴǎŜŜΩǎ ŜȄǇerience of the application of AMPs for electrical cables 

Cable ageing management activities were initiated at the Spanish plants as from 2006, 
in accordance with the UNESA ƳŜǘƘƻŘƻƭƻƎȅΣ ŀƴŘ ŀǎ ŦǊƻƳ нлмм ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ !atΩǎ 
drawn up in accordance with NUREG-1801 [25] began, in compliance with CSN 
instruction IS-22 [21]. Consequently, there is currently limited experience as regards the 
ǊŜǎǳƭǘǎ ƻŦ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜǎŜ !atΩǎΦ 

At the {ǇŀƴƛǎƘ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀƴŘ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ о ŎŀōƭŜ !atΩǎ ŘŜǾŜƭƻǇŜŘΣ 
tracking reports shall be drawn up periodically, their frequency being variable (1 to 3 
years). The tracking reports shall describe the AMP activities performed during the 
period and assess their results. Also included in those reports are the results of the 
review of the plant specific and industry operating experience, that might have affected 
the AMP and, where applicable, the tracking and evaluation of the trends of specific 
parameters assessing the evolution of certain ageing effects on the cables. 

The evaluations included in the tracking reports are the basis for the continuous 
ǳǇŘŀǘƛƴƎ ƻŦ ǘƘŜ !atΩǎ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƻ ǘƘŜƳ όƛƳǇǊƻǾŜƳŜƴǘǎ 
in AMP scope, in inspection activities, etc.), these being controlled during 
implementation by way of the corrective actions programme of each plant. 

[ƛƪŜǿƛǎŜΣ ǘƘŜ ǘǊŀŎƪƛƴƎ ǊŜǇƻǊǘǎ ŜǾŀƭǳŀǘŜ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ !atΩǎ 
by means of an indicator; for example in the case of Cofrentes plant, it is a numerical 
indicator (from 0 to 100) that values the results of application of the AMP activities, the 
degree of compliance of these activities and their correct registration and the 
incorporation of the applicable results of the plant-specific and industry operating 
experience review in the AMP activities. 

The behaviour observed to date, regarding the ageing of the insulations of cables and 
ŎƻƴƴŜŎǘƛƻƴǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ !atΩǎ ƛǎ ǎƛƳƛƭŀǊ ŀǘ ŀƭƭ the Spanish 
nuclear power plants and is as expected, no situations of generalised ageing requiring 
special attention or detailed analysis having been identified. In any case, certain isolated 
issues of incipient degradation (hardening, cracking and decolouring in jackets ) have 
been detected in cables located in adverse temperature and radiation environments, for 
which the necessary corrective actions have been applied (tracking of degradation by 
means of new inspections or tests, or replacement of the cable). 

Section 03.1.2 of this report (use of operating experience), provides further information 
on the issues indicated and the actions taken. 

As regards inaccessible or underground cables, located in trenches , galleries or ducts, 
cables showing signs of having been subjected to conditions of significant humidity have 
been detected at all the plants in the past, but in no case was there any significant age-
induced deterioration. Tracking activities were scheduled for these cables consisting of 
inspections and tests during the following refuelling activities. 

In view of all the above, the Spanish plants consider that their cable ageing management 
programmes are suitable for application throughout their remaining operational 
lifetimes, guaranteeing compliance with the intended functions of these cables. 
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03.3. wŜƎǳƭŀǘƻǊΩǎ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŎƻƴŎƭǳǎƛƻƴǎ ƻƴ ŀƎŜƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎŀƭ 

cables 

As regards the process of managing the ageing of electrical cables described in this 
chapter, the CSN considers that the methodology applied for the identification of the 
cables requiring ageing management review, the identification of significant ageing 
effects and mechanisms on these cables, and the development of the ageing 
management programmes required for the mitigation and control of these effects and 
mechanisms, fulfils the requirements of IS-22 [21] and is also correctly documented, as 
a result of which the said process is considered adequate. 

The CSN tracks electrical cable ageing management activities via assessments and 
inspections periodically performed at each of the Spanish nuclear power plants. 

The CSN assessmenǘ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘŜ άŀƴƴǳŀƭ 
ŀƎŜƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ǊŜǇƻǊǘέ ǎǳōƳƛǘǘŜŘ ōȅ ŜŀŎƘ Ǉƭŀƴǘ ƛƴ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ IS-22 [21], 
which describes, among other aspects, the specific activities (documentation, updating 
ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴύ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŎŀōƭŜ !atΩǎΦ 

Furthermore, the CSN carries out two-yearly inspections on the Overall Management 
Ageing Programmes of the Spanish plants, in accordance with the Basic Inspection Plan 
in place. These inspections, performed at the sites and developed in accordance with 
CSN procedure PT.IV.223 [41], include checks at both, documentary and implementation 
ƭŜǾŜƭΣ ƻƴ ŀ ǎŀƳǇƭŜ ƻŦ ǘƘŜ !atΩǎ ƛƴ ǇƭŀŎŜ ŀǘ ŜŀŎƘ ǇƭŀƴǘΣ ŀƳƻƴƎ ƻǘƘŜǊǎ those 
corresponding to electrical cables. 

¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ŘǊŀǿƛƴƎ ǳǇ ǘƘŜ ŎǳǊǊŜƴǘ ŎŀōƭŜ !atΩǎ ǿŀǎ ƛƴƛǘƛŀǘŜŘ ōȅ ǘƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ 
in the wake of the issuing of IS-22 [21] ƛƴ нллфΣ ŀƴŘ ǘƘŜǎŜ !atΩǎ ǿŜǊŜ ǎǳōǎŜǉǳŜƴǘƭȅ 
updated in order to adapt them to the requirements of NUREG-1801 [25] rev.2 in 2010. 
¢ƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴǎǇŜŎǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜǎŜ !atΩǎ 
began in 2012. 

During the latest inspections performed by the CSN at the plants, as from 2012, checks 
have been made on the reports issued by the licensees on the specific cable inspections 
ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ !atΩǎΣ ǾŜǊƛŦȅƛƴƎ 
that they have all been implemented and that, in no case, have been detected 
degradations of a degree such that they might compromise compliance with the 
intended functions of the affected cables. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǇƻǎƛǘƛǾŜ ŀǎǇŜŎǘǎ όǎǘǊŜƴƎǘƘǎύ ƻŦ ǘƘŜ ŎŀōƭŜ !atΩǎ 
developed by the Spanish nuclear power plants: 

ω Value is attached to the response of the plants to the CSN recommendation for 
ƛƴŎƭǳŘƛƴƎ 9v ŎŀōƭŜǎ ǿƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜƛǊ !atΩǎΣ ǎƛƴŎŜ ǎǳŎƘ ŀ ŎŀōƭŜǎ ŀǊŜ ƴƻǘ 
included within the scope of the model programmes (AMP.XI-E1, AMP. XI-E2 and 
AMP XI-E3) of NUREG-1801 [25]. In this way it is possible to monitor the actual 
condition of these cables throughout their design lifetime, controlling the 
uncertainties regarding their qualified lifetime that have been identified in recent 
international programmes on the ageing of electrical cables. 
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ω Also valued, is the performance by all the plants of cable AMP updating and on-going 
improvement activities, based on the results of plant-specific and industry operating 
experience reviews and of specific national (PCI ES 13/ 24) and international (IGALL 
[40]) R&D programmes, on the incorporation of new regulatory requirements and on 
the incorporation of improvements deriving from experience in the application of the 
AMP itself. 

ω Also valued is the performance on the cables of activities additional to those 
specifiŎŀƭƭȅ ǊŜǉǳƛǊŜŘ ƛƴ ǘƘŜ ƳƻŘŜƭ !atΩǎ ƻŦ NUREG-1801 [25], such as the periodic 
performance of cable run walkdowns to identify hot spots and the application of tests 
(mechanical and electrical) additional to the visual inspection required for the cables 
included in AMP м ά/ŀōƭŜ ǎǳǊǾŜƛƭƭŀƴŎŜέΣ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǘƛƻƴ 03.1.3 of this report. 

Notwithstanding the above, certain aspects are observed for which there is a margin for 
improvement. Specifically, the surveillance of cables located inside metallic ducts or 
cable trays and consequently not accessible for visual inspection should be improved. 
Although the plants perform electrical tests on these cables, such as reflectometry to 
spatially locate defects, the efficiency of other tests such as IR and PI is questionable 
when it comes to the quantification of ageing-induced degradation in these defective 
sections. These issues might be the subject of future research activities aimed at 
determining effective ageing surveillance techniques for this type of cables. 

In any case and as a final conclusion, the regulator considers that the cable ageing 
management programmes currently implemented by the Spanish plants are suitable to 
ensure compliance with the intended functions of these cables throughout their service 
lifetime.  
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Table 03.1 

/!.[9 ¢¸t9{ Lb {t!bL{I bttΩǎ 

Cable Type 
Insulation 
Material 

Jacket 
material 

Manufacturers 

Power Medium 
Voltage 

EPR AFUMEX Pirelli 

EPR NEO Roque, Saenger; Pirelli 

EPR CSPE Pirelli, Saenger; Fercable 

EPDM CSPE Fercable 

BR - Unknown 

Power Low Voltage 

EPR CSPE Pirelli; Roque; Saenger; Cablenor 

XLPE CSPE Roque 

EPDM CSPE Habia-Fercable 

EPR AFUMEX Pirelli 

ETFE CSPE Ralocar 

EPDM NEO Cablenor 

AFUMEX AFUMEX Pirelli 

Instrumentation 
and Control 

XLPE AFUMEX Pirelli 

XLPE CSPE Saenger, Pirelli 

XLPE NEO Roque, Pirelli 

XLPE EVA Siemens 

PVC PE Pirelli 

PVC PVC Siemens 

EPDM CSPE Boston Insulated Wire; Fercable, 

Pirelli 

PTFE - Gore 

EXANE EXANE ITT 

EPR PCP Pirelli; Roque 

EPR AFUMEX Pirelli 

EPR PE Pirelli 

EPR CSPE Pirelli; Roque; Fercable 

ETFE ETFE Ralocar 

ETFE AFUMEX Pirelli 

AFUMEX AFUMEX Pirelli 

ETFE ETFE System Cable 

Coaxial/Triaxial 

XLPE CSPE Boston Insulated wire 

XLPE XLPE Rockbestos 

PE PVC Simple wire and cable Company 

ALKANE 

IMIDA 

CSPE RAYCHEM 

Thermocouples POL SR Pirelli 

EPR CSPE Pirelli 
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Cable Type 
Insulation 
Material 

Jacket 
material 

Manufacturers 

XLPE AFUMEX Pirelli 

XLPE CSPE Roque, Pirelli 

EPDM CSPE Boston Insulated Wire 

ETFE CSPE Boston Insulated Wire 
 

GLOSSARY OF TERMS 

Alkane-Imida: Aliphatic Polymide 
BR: Butil rubber 
CSPE: Chlorosulfonated Polyethylene 
EPDM: Ethylene PropyleneDiene Monomer. 
EPR: Ethylene Propylene Rubber. 
ETFE: Ethylene Tetrafluorethylene 
EVA: Ethylene Vinyl Acetate 
PE: Polyethylene 
PCP: Polychloroprene 
PTFE: Polytetrafluorure Ethylene 
PVC: Polyvinylchloride 
SR. Silicon Rubber 
XLPE: Cross Linked Polyethylene. 
XLPO: Cross Linked Polyolephine 
EXANE: Commercial name of XLPO 
AFUMEX: Material commercial name property of Pirelli, halogen free and flame 
retardant. Afumex used in cable insulation is an EPR base material plus additives. 
Afumex used in jackets is an EVA base material plus additives. 
 

Table 03.2  
 

 Cofrentes NPP Ascó/Vandellós II NPP 
Insulating 
material MV 

LV 
MV 

LV 
Power Control Instrum. COAX/TRIAX Power Control Instrum. COAX/TRIAX 

EPR *  *  *  *   *  *  *    
EPDM       *  *  *   
XLPE    *    *  *  *   
XLPO    *  *       

XLPO + 
Alkane/imide 

   *  *       

PVC        *  *   
Poliolefine         *  *  
LE Polymer          *  

EFTE/TEZFEL  *  *  *        
Silicone       *  *  *   
Rayoline     *       

Kapton (1) *  *  *  *   *  *  *  *   

 
(1)- In electrical penetrations, Conax and Auxitrol 
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Table 03.3 
 

 Almaraz I and II NPP Trillo NPP 
Insulating 
material  MV 

LV 
MV 

LV 
Power Control Instrum. COAX/TRIAX Power Control Instrum. COAX/TRIAX 

EPR *  *  *  *   *  *  *    
EPDM    *        
XLPE  *  *   *       
EFTE/TEZFEL    *      *   
Exane II    *        
PVC         *   
Goretex-PTFE           *  
PE         *   
polymer         *  *  
Kapton (1) *  *  *  *   *  *  *  *   

 
(1)- In electrical penetrations, Conax and Auxitrol 

 
 
 

Tables 03.4 and 03.5: Inspections, tests and checks on electrical cables 
 

 Almaraz I and II NPP Trillo NPP 

  
MV 

 

LV 
MV 

LV 
Power Control Instrum. COAX/TRIAX Power Control Instrum. COAX/TRIAX 

Visual inspection *  *  *  *  *  *  *  *  *  *  
Indenter 
Hardness 

 *  *  *    *  *  *   

Insulation 
resistance 

*  *  *  *  *  *  *  *  *  *  

Polarisation index  *  *  *    *  *  *   
Reflectometry 

TDR 
 *  *  *  *   *  *  *   

TD/ dielectric 

losses 
*      *      

Partial discharges *      *      
System surveillance 

tests 
   *  *     *  *  

Calibration tests    *  *     *  *  
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 Cofrentes NPP Ascó I and II NPP/ Vandellós II NPP 

  
MV 

 

LV 
MV 

LV 
Power Control Instrum. COAX/TRIAX Power Control Instrum. COAX/TRIAX 

Visual inspection *  *  *  *  *  *  *  *  *  *  
Indenter/  
Hardness 

 *  *  *    *  *  *   

Insulation 
resistance 

*  *  *  *  *  *  *  *  *  *  

Polarisation index *  *     *  *  *  *   
Reflectometry 

TDR 
    *  *  *  *  *  *  

TD/ dielectric losses *      *      
Partial discharges *      *      
Leakage current *           

System surveillance 
tests 

   *  *       

Calibration tests           
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04. Concealed piping  

04.1. Description of ageing management programmes for concealed piping  

As indicated in the previous chapter 02 of this report, in the Spanish plants there are 

several programs that manage the aging of passive and long-lived components. Some of 

these programs are specific to concealed pipelines. 

The definition process and the main characteristics of these programs are described in 

the following sections of this chapter. 

04.1.1. Scope of ageing management for concealed piping 

The piping included within the scope of this chapter are the buried and underground 
piping in a condition of restricted access and fulfilling the following characteristics: 

ω Buried piping are those that are located under ground level and are in direct contact 
with soil or concrete (e.g., a wall penetration). 

ω Underground piping are also below ground level, but are located within a tunnel or 
vault such that they are in contact with air and are located where access for 
inspection is restricted. 

In order to determine the scope of the concealed piping AMP´s, the licensee first 
identifies the concealed piping k subject to ageing management review (AMR). This 
identification process is described in summary below; a detailed description may be 
found in chapter 02 of the present report. 

Since concealed piping components fulfil the screening criteria of IS-22 [21], due to their 
being passive and long-lived, all the components identified during the scoping phase go 
on to the subsequent phase of ageing management review (AMR). The intended 
ŦǳƴŎǘƛƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎƻƴŎŜŀƭŜŘ ǇƛǇƛƴƎ ƛǎ ǘƻ ŀŎǘ ŀǎ ŀ άtǊŜǎǎǳǊŜ .ƻǳƴŘŀǊȅέΣ ǘƘƛǎ 
implying the maintenance of a fluid inside a pressure-retaining boundary, ensuring the 
required flow at a given pressure, or the storage of a volume free from leakage or the 
maintenance of any leakage within the limits established in the design. 

The significant ageing mechanisms and effects affecting each of the combinations of 
materials and environments present in concealed piping are described in section 04.1.2 
of this chapter. 

It should also be pointed out that, the sections of piping with inaccessible or restricted 
access, may be associated with any safety-significant system and that their identification 
is normally based on specific plant walkdowns for confirmation, during the process of 
scoping and screening of structures, systems and components (SSC). This is due to the 
fact that, in general, flow diagrams do not accurately identify the part of the system that 
is buried or inaccessible. 

The materials of the piping included within the scope of this programme are carbon or 
stainless steel. 

The Spanish plants) have undertaken groupings for application of the AMR process for 
piping included within the scope of their Overall Ageing Management Programme 
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(OAMP). The criteria used are assigned depending on whether the internal or external 
surface of the piping is managed and on whether the piping in question is buried or is 
affected by restricted access. 

The systems that include safety-significant concealed piping included within the scope 
of ageing management, for each of the Spanish nuclear power plants1, are shown in 
table 04.1. This table uses an άȄέ symbol to indicate that the applicable NUREG-1801 
[25] model programme is AMP.XI.M41 (buried and inaccessible piping) and an άƻέ 
symbol when the applicable model programme is AMP.XI.M36 (outer surfaces). In all 
cases the piping is made of stainless steel or carbon steel with an outer protective 
covering, and is buried or located below ground with restricted access. 

SYSTEMS INCLUDED IN THE SCOPE  VA2 AS AL TRI COF 

Auxiliary Feedwater  x o  x   

Condensate Storage & transfer  x o    x 

RWS - Refuelling Water Storage x o    

EDG fuel Storage & Transfer  x o o x x x 

Fire Protection (water) x o x o x x x 

Fire Protection (dry)  x    

Essential Service Water   o x x  

Demineralised Water  o  x   

High Pressure Core Spray      x 

RCIC ς Reactor Core Insolation Cooling      x 

Component Cooling Water   o    

Compressed Air   o    

Water Pre-treatment, Storage & Transfer  o     

Table 04.1. Systems within the scope of the concealed piping programme for each 
Spanish nuclear power plant. 

As can be seen in the previous table, the systems that most commonly include concealed 
ǇƛǇƛƴƎ ŀǘ ǘƘŜ {ǇŀƴƛǎƘ bttΩǎ ŀǊŜ ǘƘŜ CƛǊŜ tǊƻǘŜŎǘƛƻƴ {ȅǎǘŜƳ όCt{ύΣ ǘƘŜ Ǝŀǎƻƛƭ ǎǘƻǊŀƎŜ ŀƴŘ 
transfer system for the emergency diesel generators (EDG Fuel Transfer) and the 
Essential Service Water system (ESW). 

There aren´t concealed piping included in in the Spanish plants OAMP`s that carry 
radioactive effluents.  

Finally, after having performed the scoping and screening and ageing management 
review (AMR) phases, the suitable !atΩǎ taken from the catalogue of each plant are 
                                                           
1 Abbreviations: Vandellós 2 NPP (VA2). ASCÓ I & II NPP (AS). Almaraz I & II NPP (AL). Trillo NPP (TRI).  
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assigned for management of the applicable ageing effects, for both the external and 
internal surfaces of the concealed piping. 

04.1.2. Ageing assessment of concealed piping 

As regards the process of AMR, only the material/environment combinations of the 
screened pipes are considered. No differentiation has been made on the basis of system 
type (EWS, FPS, EDG Fuel System, etc.). 

The process implemented by the Spanish plants for the AMR phase of the components 
άŎƻƴŎŜŀƭŜŘ ǇƛǇƛƴƎέ ǘȅǇŜ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

ω Identification of the potential significant ageing mechanisms and effects applicable 
to each combination of materials and environments (tables 04.2 and 04.3). 

ω Designation of ǎǳƛǘŀōƭŜ !atΩǎ ŦƻǊ ǎǳǊǾŜƛƭƭŀƴŎŜ ƻŦ ŜŀŎƘ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ƛŘŜƴǘƛŦƛŜŘ 
significant ageing mechanisms and effects. 

The following information has mainly been used for identification of the 
aforementioned ageing mechanisms and effects: 

ω Chapters II to VIII of the NUREG-1801 [25] report. 

ω NRC documents LR-ISG 2015-лм ά/ƘŀƴƎŜǎ ǘƻ .ǳǊƛŜŘ ŀƴŘ ¦ƴŘŜǊƎǊƻǳƴŘ tƛǇƛƴƎ ŀƴŘ 
¢ŀƴƪ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎέΣ ȅ [w-ISG 2012-лн ά!ƎƛƴƎ aŀƴŀƎŜƳŜƴǘ ƻŦ LƴǘŜǊƴŀƭ {ǳǊŦŀŎŜǎΣ 
Fire Water Systems, Atmospheric Storage ¢ŀƴƪǎΣ ŀƴŘ /ƻǊǊƻǎƛƻƴ ¦ƴŘŜǊ LƴǎǳƭŀǘƛƻƴέΦ 

ω The results compiled in the document EPRI-млмлсоф άbƻƴ-Class 1 Mechanical 
LƳǇƭŜƳŜƴǘŀǘƛƻƴ DǳƛŘŜƭƛƴŜ ŀƴŘ aŜŎƘŀƴƛŎŀƭ ¢ƻƻƭǎέ [27]. 

ω Plant-specific and industry operating experience. 

In addition to the aforementioned references, the Almaraz and Trillo plants have used 
the following: 

ω NEI 09-14 Rev. 3. Guideline for the management of underground piping and tank 
integrity. April 2013. 

ω BPWorks 2.1TM Build. 2.1.0. September 2012. 

Likewise, each plant uses plant-specific support documentation, such as for example the 
KTA standards in the case of Trillo NPP, which is of German design. 

As regards identification of the applicable ageing mechanisms and effects, the Spanish 
plants separate their management depending on whether the external or internal 
surface of the piping is affected. 

04.1.2.1. External surface 

Table 04.2 shows the ageing mechanisms and effects considered at each Spanish plant 
for each concealed piping steel type and external environment. 

All potential associated ageing mechanisms affecting the external surface of concealed 
piping give rise to the loss of material as an effect of ageing. 
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MATERIAL EXTERNAL ENV. MECHANISM Effect VA2 AS AL TRI COF 

Carbon 
Steel 

BURIED 

general corrosion 

loss of 
material 

x x x x  
crevice corrosion 

pitting corrosion 

MIC 

Stainless 
Steel 

crevice corrosion 

x  x   
pitting corrosion 

MIC 

 

Carbon 
Steel 

AIR/MOIST AIR 
(IN TRENCH/ 
OUTDOOR) 

general corrosion 

o o x x x 
crevice corrosion 

pitting corrosion 

  

Stainless 
Steel 

crevice corrosion 

o o   x pitting corrosion 

  
Table 04.2. Ageing mechanisms and effects. External surface. 

The previous table uses the symbol άȄέ if the applicable NUREG-1801 [25] programme 
is AMP.XI.M41 (concealed piping) and the symbol άƻέ if the applicable programme is 
AMP.XI.M36 (external surfaces). 

The AMR analyses performed by the Spanish plants to identify ageing effects in piping 
embedded in concrete (CEP, concreate encased piping) have concluded that these 
effects are not significant. These conclusions are based on the reference documentation 
EPRI-млмрлту άPlan Support Engineering: Aging Effects for Structures and Structural 
/ƻƳǇƻƴŜƴǘǎέ [29], ACI-318 (low water/cement ratio, low permeability and incoming 
air), as established in NUREG-мррт ά{ǳƳƳŀǊȅ ƻŦ ǘŜŎƘƴƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŀƎǊŜŜƳŜƴǘǎ 
from Nuclear Management and Resources Council industry reports addressing license 
ǊŜƴŜǿŀƭέΣ and also on the basis of the characteristics of the concretes to which this 
piping is actually exposed, and likewise on the absence of adverse operating experience 
data. In this respect, in the case of mechanical components penetrating concrete walls, 
the Spanish plants have not identified any ageing effects inside the concrete requiring 
management. 

 

 

The following considerations may be deduced from the previous 04.2 table: 
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ω Carbon and stainless steel piping, both buried and contained in trenches or tunnels, 
share the same ageing mechanisms, with the exception of general corrosion and 
microbiologically-induced corrosion (MIC). 

ω General, crevice and pitting corrosions cause a loss of material on the external surface 
of both, carbon and stainless steels piping, regardless of whether or not they are in 
contact with the ground. 

ω General corrosion affects only carbon steel piping, regardless of whether or not they 
are in contact with the ground, and MIC affects piping made of both types of steel if 
they are in contact with the ground. 

Once the ageing mechanisms and effects affecting piping indicated above have been 
identified, their management is accomplished by means of one or several ageing 
ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƎǊŀƳƳŜǎ ό!atΩǎύΦ 

The AMP assigned by each Spanish plant for the management of ageing mechanisms 
and effects affecting the external surface of concealed piping is based on the revised 
version of AMP-·LΦaпм ά.ǳǊƛŜŘ ŀƴŘ ¦ƴŘŜǊƎǊƻǳƴŘ tƛǇƛƴƎ ŀƴŘ ¢ŀƴƪǎέΣ included in LR-ISG-
2015-01, ǿƘƛŎƘ ƛǎ ƎŜƴŜǊŀƭƭȅ ƪƴƻǿƴ ŀǎ Ψ{ǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴ ƻŦ ōǳǊƛŜŘ ŀƴŘ 
ƛƴŀŎŎŜǎǎƛōƭŜ ǇƛǇƛƴƎΩΦ  

In the case of the Ascó and Vandellós II plants, and in addition to AMP-X1.M41, a plant 
AMP based on the revised version of AMP-·LΦaос ά9ȄǘŜǊƴŀƭ {ǳǊŦŀŎŜǎ aƻƴƛǘƻǊƛƴƎ ƻŦ 
άaŜŎƘŀƴƛŎŀƭ /ƻƳǇƻƴŜƴǘǎέΣ included in LR-ISG-2012-02 is used. This AMP known as 
aƻƴƛǘƻǊƛƴƎ ƻŦ ŜȄǘŜǊƴŀƭ ǎǳǊŦŀŎŜǎέΣ ƛǎ ǳǎŜŘ ŦƻǊ ǳƴŘŜǊƎǊƻǳƴŘ piping included in galleries or 
similar constructions restricted access. 

The scope of AMP.XI.M36 referring to this chapter will include only restricted access 
piping (in contact with the air). The Almaraz and Trillo plants, on the other hand, use the 
risk-based methodology in accordance with guideline NEI 09-мп άDǳƛŘŜƭƛƴŜ ŦƻǊ 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǳƴŘŜǊƎǊƻǳƴŘ ǇƛǇƛƴƎ ŀƴŘ ǘŀƴƪ ƛƴǘŜƎǊƛǘȅέΣ ǊŜǾƛǎƛon 3, and the programme 
BPWorks 2.1. 

Listed below are the AMP´s applicable at each Spanish plant: 
ω Ascó and Vandellós II plants s: 

o AMP-мф ά{ǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴ ƻŦ ōǳǊƛŜŘ ŀƴŘ ƛƴŀŎŎŜǎǎƛōƭŜ ǇƛǇƛƴƎέΣ ŦƻǊ ōǳǊƛŜŘ 
piping. 

o AMP-нт άaƻƴƛǘƻǊƛƴƎ ƻŦ ŜȄǘŜǊƴŀƭ ǎǳǊŦŀŎŜǎέΣ ŦƻǊ ǳƴŘŜǊƎǊƻǳƴŘ ǇƛǇƛƴƎ ƛƴ ŀŎŎŜǎǎƛōƭŜ 
galleries or in galleries with non-routine or restricted access. 

ω Almaraz and Trillo plants: AMP-но ά{ǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴ ƻŦ ōǳǊƛŜŘ ǇƛǇƛƴƎέΦ 

ω Cofrentes plant: AMP-лнф άLƴǎǇŜŎǘƛƻƴ ƻŦ ƻǳǘŘƻƻǊ ǇƛǇƛƴƎ όǳƴŘŜǊƎǊƻǳƴŘ ŀƴŘ ǎǳǊŦŀŎŜ-
ƳƻǳƴǘŜŘκŀƛǊ ǇƛǇƛƴƎύέΦ 

The documentation used to perform the detailed analyses of the ageing mechanisms 
and effects, for the external surface of this type of piping, is based on a number of 
reference documents, the following being especially significant: 

ω EPRI-1021175 άwŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ŀƴ 9ŦŦŜŎǘƛǾŜ tǊƻƎǊŀƳ ǘƻ /ƻƴǘǊƻƭ ǘƘŜ 
Degradation of Buried and Underground tƛǇƛƴƎ ŀƴŘ ¢ŀƴƪǎέΣ 5ŜŎŜƳōŜǊ ноΣ нлмлΦ 
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ω NFPA-25 "Standard for the Inspection, Testing and Maintenance of Water-Based Fire 
Protection Systems", 2008. 

ω NACE SP0169 ά/ƻƴǘǊƻƭ ƻŦ 9ȄǘŜǊƴŀƭ /ƻǊǊƻǎƛƻƴ ƻƴ ¦ƴŘŜǊƎǊƻǳƴŘ ƻǊ {ǳōƳŜǊƎŜŘ 
aŜǘŀƭƭƛŎŀ tƛǇƛƴƎ {ȅǎǘŜƳǎέΣ нллтΦ 

Additional documentation has been also taken into account, depending on the 
characteristics of each plant, such as the document EPRI-оллнлллрфс ά/ŀǘƘƻŘƛŎ 
ǇǊƻǘŜŎǘƛƻƴ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ƎǳƛŘŜέΣ ±ƻƭΦ мΣ .ǳǊƛŜŘ tƛǇƛƴƎΣ нлмоΣ ǳsed by the 
plants fitted with cathodic protection systems (CPS), this being the case at Ascó and 
Almaraz bttΩǎ. 

04.1.2.2. Internal surface 

Table 04.3 shows the ageing mechanisms and effects considered at each Spanish plant 

applicable to the concealed piping steel type and internal environment. 

This table uses the symbol άȄέ if the applicable NUREG-1801 [1] programme is 
AMP.XI.M41 (buried and inaccessible piping) and the symbol άƻέ if the applicable 
programme is AMP.XI.M36 (external surfaces). 
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MATERIAL INTERNAL ENV. MECHANISM EFFECT VA2 AS AL TRI COF 

Carbon 
steel 

demineralised 
water  

general corrosion 

loss of 
material 

x o o x 
 

x 

crevice corrosion 

pitting corrosion 

erosion only AS and VA2 

galvanic corrosion only COF  

gasoil 

general corrosion  

x o x o x x x 

crevice corrosion  

pitting corrosion 

microbiologically-induced corrosion 
(MIC) Only TRI and AL plant. 

CO2 and FE-13 

general corrosion 

 x    
crevice corrosion 

pitting corrosion 

general corrosion and fouling 

raw water  

general corrosion  

o  x x x 

crevice corrosion 

pitting corrosion 

erosion only TRI and AL 

aqueous under-deposit corrosion 
(localized wet corrosion) only TRI 
and AL 

microbiologically-induced corrosion 
(MIC) 

air 

general corrosion  

 o    crevice corrosion 

pitting corrosion 

Stainless 
steel 

treated water 
crevice corrosion 

    x 
pitting corrosion 

air 
crevice corrosion 

 o    
pitting corrosion 

borated water 

general corrosion 

x o o    

crevice corrosion 

pitting corrosion 

stress corrosion cracking (SCC) cracking 

Table 04.3. Ageing mechanisms and effects. Internal surface. 
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As regards the ageing mechanisms that might occur on the piping internal surface, 
indicated in table 04.3, it may be deduced that general, crevice, pitting and MIC 
corrosion are the predominant mechanisms causing loss of material at the Spanish 
plants. MIC corrosion affects only the carbon steel of piping carrying raw water or gasoil. 
It should be pointed out that, in this type of piping, only those made of stainless steel 
and carrying borated water are affected by cracking. 

¢ƘŜ !atΩǎ ŀǎǎƛƎƴŜŘ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜǎŜ ŜŦŦŜŎǘǎ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ ŀŦŦŜŎǘƛƴƎ ǘƘŜ 
internal surface of concealed piping vary from one plant to another. Table 04.4 shows 
the NUREG-1801 [25] ageing management programmes (AMtΩǎύ ǳǎŜŘ ŀǎ ŀ ƳƻŘŜƭ ŦƻǊ ǘƘŜ 
different programmes applied at the Spanish plants. 
 

NUREG-мулм !atΩǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǘƘŜ Lb¢9wb![ ǎǳǊŦŀŎŜ VA2 AS AL TRI COF 

AMP.XI.M2 Water Chemistry x  x  x 

AMP.XI.M17 FAC & LR-ISG-2012-012 x    x 

AMP.XI.M20 Open-Cycle Cooling Water System  x x x  

AMP.XI.M26 Fire Protection (dry)  x    

AMP.XI.M27 Fire Water System & LR-ISG-2012-02 x x x x x 

AMP.XI.M30 Fuel Oil Chemistry x  x x x 

AMP.XI.M32 One-Time Inspection x  x x  

AMP.XI.M38 Inspection of Internal Surfaces in 
Miscellaneous Piping and Ducting Components &  
LR-ISG-2012-02 

 x    

Table 04.4. AMPΩǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀƭ ǎǳǊŦŀŎŜ ƻŦ ŎƻƴŎŜŀƭŜŘ 
piping. 

The fluid circulating inside concealed piping determines, commonly, the applicable AMP 
for the management of the ageing mechanisms and effects applicable to its internal 
surface. 

For example, in the case of piping transporting gasoil, AMP.XI.M30 is used for the 
monitoring of the fuel-oil chemistry, to allow the control of degradation of the internal 
surface, regardless of whether the piping in question is surface-mounted/aerial, 
underground or buried. 

As may be seen in table 04.4, between the eight ageing management programmes 
applicable for the monitoring and control of the internal surfaces of concealed piping, 
only the AMP corresponding to the FP system (water) is applicable at all the plants. 

                                                           
2 FAC = Flow-Accelerated Corrosion. 
 LR-ISG-2012-01 ά²ŀƭƭ ¢ƘƛƴƴƛƴƎ 5ǳŜ ǘƻ 9Ǌƻǎƛƻƴ aŜŎƘŀƴƛǎƳǎέΦ 

https://www.nrc.gov/docs/ML1235/ML12352a057.pdf
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AMP.XI.M32 ǇǊƻƎǊŀƳƳŜ άhƴŜ-ǘƛƳŜ LƴǎǇŜŎǘƛƻƴέ ƛǎ ǳǎŜŘ ǘƻ verify the effectiveness of 
ƻǘƘŜǊ !atΩǎ ǿƘƛŎƘΣ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǿƻǳƭŘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǿŀǘŜǊ ŀƴŘ ŦǳŜƭ-oil chemical 
programmes. 

The activities associated with the management of ageing mechanisms and effects shown 
in table 04.4 are mainly preventive (monitoring and control of the chemistry of the fluids 
in each system) and as well periodical inspections, in accordance with the provisions of 
NUREG-1801 [25] or the LR-ISG documents issued by the NRC. 

04.1.2.3. Operating experience 

The review of the plant-specific and industry operating experience is incorporated in the 
systematic process of ageing management at the Spanish plants, as shown in chapter 02 
of the present report. 

As described above, the Spanish plants periodically analyse a series of previously 
selected industry operating experience documents with the objective to complete and 
verify the consideration of the events identified in the ageing management base 
documentation. 

{ǇŀƴƛǎƘ bttΩǎ ŀƴŘ ǘƘŜ /{b ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǘƘŜ b9!Ωǎ /h5!t ά/ƻƳǇƻƴŜƴǘ hǇŜǊŀǘƛƻƴŀƭ 
9ȄǇŜǊƛŜƴŎŜΣ 5ŜƎǊŀŘŀǘƛƻƴ ŀƴŘ !ƎŜƛƴƎ tǊƻƎǊŀƳƳŜέ project, included in table 02.1, and 
the CODAP events are taken into account, as industry operating experience, with regard 
to their interest for the in-service inspection and piping ageing management 
programmes. 

Based on their analysis of this documentation and for the specific case of concealed 
piping, the Spanish plants consider that the AMP´s currently implemented are suitable 
for the management of the identified significant ageing mechanisms and effects, 
consequently the possibility of a loss of the system intended functions have being 
reduced. 

Furthermore, as described in section 04.4 of this chapter, the review and assessment of 
plant-specific operating experience has allowed the plants to confirm to date the 
suitability of concealed piping programmes. 

The operating experience relating to concealed piping is included in the periodic AMP 
tracking reports corresponding to each plant (buried and inaccessible piping AMP and 
external surfaces AMP), in which its applicability is analysed by the plant responsible 
person for each AMP . 

04.1.3. Monitori ng, testing, sampling and inspection activities for the concealed piping 

In this section the monitoring, testing, sampling and inspection activities affecting 
concealed piping are separated, depending on whether they are applicable to external 
or internal surfaces. 

04.1.3.1. External surface 

The activities applicable at each plant for the management of those ageing mechanisms 
that might potentially affect the external surface of concealed piping are summarised in 
table 04.5.  
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This table uses the symbol άȄέ if the applicable NUREG-1801 [1] programme is 
AMP.XI.M41 (monitoring of buried and inaccessible piping) and the symbol άƻέ if the 
applicable programme is AMP.XI.M36 (monitoring of external surfaces). 

As may be observed in this table, the activities relating to both programmes are diverse, 
and vary from one plant to another depending on the scope of their programmes and 
the characteristics of the piping. For example, at the Ascó plant, visual inspections are 
performed, either when the opportunity arises, opportunistic inspections are conducted 
by visual examination of the external surface of pipe or coatings, using samples of buried 
pipes, or are scheduled in the case of pipes in trenches or similar elements (non-buried 
restricted access piping) or in the case of accessible sections such as piping manholes. 
Also the FP water system pressuriser pump is monitored and flow tests are carried out 
for the detection of leakage. However, at the Cofrentes plant only visual inspection is 
ǇŜǊŦƻǊƳŜŘ ƻƴ млл҈ ƻŦ ǘƘŜ ǇƛǇƛƴƎΣ ŀǎ ǘƘƛǎ ǇƭŀƴǘΩǎ ǇǊƻƎǊŀƳƳŜ ƛƴŎƭǳŘŜǎ ƻƴƭȅ ǇƛǇƛƴƎ ƭƻŎŀǘŜŘ 
in trenches with removable covers in their entire route. 

EXTERNAL SURFACE ACTIVITIES AMP.XI.41 VA2 AS AL TRI COF 

a Monitori ng of Fire Protection pressuriser pump x x    

b Opportunistic direct inspections  x x  x  

c Flow/ pressure tests  x x x   

d Cathodic Protection System  x x   

e Visual inspections of accessible sections   x x   

f Visual inspections prior to long-term operation   x x x  

g Groundwater inspection    x   

h Inspection for piping run indications    x   

i Visual inspection of piping in trenches or similar o o   x 

Table 04.5. Monitoring, inspections or tests associated with the concealed piping 
programme. External surface. 

Described below are the activities identified in the preceding table activities, (a to i) with 
detailed information on the monitoring, testing or inspection method, its frequency and 
the corresponding acceptance criteria: 

a. Monitori ng of Fire Protection System pressuriser pump 

ω Monitoring of the number of start-ups and operating time of the pressuriser pump 
(checking for leakage). 

ω Frequency: continuous or monthly. 

ω Acceptance criteria: An evaluation is performed of any variation in the functioning 
of the pressuriser pump. The personnel performing the evaluations must be 
qualified to determine whether there are any anomalies in the operation of the 
FPS system pump. 
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For instance: the following criteria should not be exceeded every 12 hours, unless 
there is a known situation: 
o Maximum 2 start-ups. 

o Maximum 15 minutes of pump operation per start-up. 

b. Opportunistic direct inspections 

ω Direct visual inspection made by qualified personnel of the backfill and coating 
materials of buried piping, that become accessible for whatever reason. If 
indications are detected, the inspection is extended to the line itself. 

ω Frequency: There is no established frequency since, by nature, these inspections 
are carried out whenever the opportunity arises. 

ω Acceptance criteria: 

o Backfill: The backfill material of piping trenches should fulfil the conditions 
indicated in the design specifications of the site. The backfill will not be 
acceptable if damage caused by it, is observed in the piping or its coating. 

o Coating: Coatings will be acceptable as long as the continuity of the covered 
surface is maintained; i.e., there is no exposed base metal. Small blisters will be 
acceptable as long as they are few in number, are completely surrounded by 
coating in good condition, are connected to the substrate and are fully justified. 

o Base material and welds/joints: No signs of corrosion or loss of material will be 
acceptable. If such indications exist, an analysis will be required to assess the 
condition of the component. 

c. Flow/ pressure tests 

ω Periodic pressure testing on a test volume, corresponding to a given percentage 
for each type of material (carbon steel and stainless steel), at 110% of the design 
pressure of the piping section to be tested, during 8 hours, in order to assess the 
integrity of the system and the leaktightness of welded accessories. 

ω Frequency: Every 5 years on 25% of the sample selected, distributed more or less 
homogeneously. 

ω Acceptance criteria: The test will be considered acceptable if there are not 
indications of leakage not attributable to the boundary valves, or there is not a 
decrease in the pressure of the inspected volume. 

ω In the case of Ascó plant, this is a flow test for the detection of the FP systems 
(water and dry) leakages.  

d. Monitor ing/surveillance of cathodic protection 
ω Reading of current and voltage parameters in rectifier boxes, consumption 

measurement at anodes and potential measurement at test stations. 

ω Frequency:  

o Measures are taken of the consumption of the anodes and potentials in the test 
stations every two months in the case of the Ascó plant, and the effectiveness 
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of the cathodic protection is verified quarterly and annually in the Almaraz 
plant. 

o Overall inspections: annual. 

ω Acceptance criteria: in the case of Ascó plant, the cathodic protection is acceptable 
if 2 of the following criteria are fulfilled: 

o Measurement of potential, in areas at a specifical distance from the cathodic 
structure and in areas close to it. 

o Measurement of potential with respect to the natural value (cathodic 
protection system out of service). 

o Checking of current input in test pieces. 

o Measurement of depolarisation in test pieces one hour after disconnection 
from the structure. 

According to the recommendations of the applicable standard, NACE SP0169-
2007, cathodic protection is considered suitable as long as the measurements of 
potential are within the expected values. 

e. Visual inspection of accessible sections 

ω Inspection of the accessible piping sections inside manholes or in the entry points 
of aerial piping sections in buried areas, in order to: 

o Identify submerged areas and/or possible leakage from buried piping (humidity 
on manholes walls, oxidation stains from wall reinforcements, flooded 
manholes, etc.). 

o Identify problems in accessible sections of piping inside manholes (external 
surface of the piping corroded or rusted in penetration area, etc.). 

ω Frequency: every 5 years. 

ω Acceptance criteria: engineering criterion. 

f. Visual inspections prior to long-term operation 
ω Before the plant initiates long-term operation (LTO), direct visual inspections 

(sampling) are performed on buried pipes to check on their condition. A sample 
inspection is carried out on one or more piping sections, in which at least 3 metres 
of the uncovered pipe, the general condition of the ground, and the presence of 
humidity or particles from the protective coating, are checked. Connections and 
bolts are also checked with a view to detecting any imperfections. 

o If, following the visual inspections, the protective coating in any area of the line 
is discovered to have lost its intended function, volumetric inspections are 
performed. 

ω Frequency: every 10 years at a selected piping points (sample). 

ω Acceptance criteria: 

o Acceptable: if there are no signs of degradation, loss of material or corrosion. 
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o Acceptable with deficiencies: when signs of degradation are identified but 
there are no signs of corrosion or significant loss of material. Those deficiencies 
shall give rise to corrective actions in the medium term. 

o Unacceptable: if degradations are detected. In general, an analysis by qualified 
personnel is required to evaluate the condition of the component and define 
short-term corrective actions. 

g. Underground water inspections 
ω Checking that water tables phreatic level in water tables and chemical parameters 

are suitable. 

ω Frequency: the chemical analysis of underground waters is performed every 3 
months. 

ω Acceptance criteria: the chemical parameters of the underground waters must be 
within the expected values according to the plant procedures. 

h. Inspection for piping run indications  

ω Inspections of the conditions of the ground surface above the buried piping run 
locations, to detect signs of humidity, subsidence, etc. 

ω Frequency: 3 years are required to cover the entire piping run. 

ω Acceptance criteria: each indication identified in the piping run shall be assessed 
independently. 

i. Visual inspection of piping in trenches or similar 

ω Visual inspection of the external surface of 100% of piping installed in trenches or 
similar locations with restricted access, in areas where the trench is fitted with 
removable covers. 

ω Frequency: Each two or five years, depending on the plant. This frequency may be 
modified, up to once every ten years, by means of a safety assessment based on 
the results of previous inspections. 

ω Acceptance criteria: 

o Acceptable: piping not displaying any of the signs of degradation indicated in 
table 04.2. For example, piping with painted surfaces, is considered to be 
acceptable when the continuity of the entire coating or layer of paint is 
maintained across the surface of the piping t treated (absence of base metal 
exposed to the atmosphere or outside air). 

o Acceptable with deficiencies: when the piping does not meet the requirement 
described above but, following a subsequent assessment or complementary 
test (VT-1, UT, etc.), it is determined that the defects detected, will not 
compromise piping functionality and/or integrity during the period remaining 
until the next inspection. 

o Unacceptable: when the piping does not fulfil its function or the defects 
detected will compromise its functionality and/or integrity during the period 
remaining until the next inspection. 
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All the results of the previous activities are recorded for the performance of periodic 
transversal assessments and trend analyses (e.g., pressuriser pump operating times) 
making it possible to identify incipient degraded conditions and implement actions up 
front. 

04.1.3.2. Internal surface 

The management of the degradation of piping internal surfaces, is accomplished in 
accordance with the methodology described in the model programmes of NUREG-1801 
[25], depending on the nature of the fluids running through the concealed piping 
included in the scope of the ageing management review. 

Table 04.6 shows the AMPΩǎ ƻŦ NUREG-1801 [25] or the LR-ISGΩǎ ǳǎŜŘ ŀǎ ŀ ōŀǎƛǎ ŦƻǊ 
ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ !atΩǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎǳǊǾŜƛƭƭŀƴŎŜ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀƭ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 
concealed piping systems applied by the Spanish plants. 
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Table 04.6. AMP.XI applicable to the internal surface by systems within the scope 

As regards control, inspection and mitigation activities, frequencies and acceptance 
criteria for the ageing mechanisms postulated for the internal surface of pipings 
included within the scope of this programme, it may be pointed out in general that: 

The water and fuel oil chemistry preventive programmes, follow the latest revision of 
the EPRI chemistry guidelines3, and the standards ASTM D 4057-95 "Standard Practice 
for Manual Sampling of Petroleum and Petroleum Products", ASTM D 6304-04 
"Standard Test Method for Determination of Water in Petroleum Products, Lubricating 
Oils and Additives by Coulometric Karl Fischer Titration", ASTM D 2276-00 "Standard 
Test Method for Particulate Contamination in Aviation Fuel by Line Sampling" and ASTM 
D 2709-96 "Standard Test Method for Water and Sediment in Middle Distillate Fuels by 
/ŜƴǘǊƛŦǳƎŜέΣ ǊŜǎǇŜŎǘƛǾely, as is established in NUREG-1801 [25]. 

Likewise, the objective of the inspections performed on piping internal surfaces, is to 
monitor the integrity of either the coating or the base material through the performance 
of visual and, where necessary, volumetric inspections on the basis of the applicable 
codes ASME XI and ANSI B31.1. 

The control of biological soiling, by means of periodic chemical inspection and analysis, 
of concealed ESW piping in channels/vaults/tunnels, is accomplished in accordance with 
the recommendations of GL 89-13. 

The surveillance of the internal surfaces of FP system piping is based on different NFPA 
standards, on the specifications of each plant and on RD 1942/93 (Regulation governing 
FP facilities, national standards) and consists on the continuous monitoring of the 
system pressure, the cleaning of collectors, periodic flow testing, periodic functional 
testing, visual inspections and ultrasonic thickness measurement in certain piping 
sections. 

                                                           

3 BWR: BWRVIP-190 (EPRI-1016579) & PWR: EPRI-1014986 άPWR Primary Water 

Chemistry Guidelinesέ y EPRI-1016555 άPWR Secondary Water Chemistry GuidelinesέΦ 
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In addition, visual inspections are performed on a representative sample of 
components, including piping, with the objective to check either that certain ageing 
effects do not occur or that, if they do, they develop so slowly that will not affect the 
intended functions of the piping during LTO. 

04.1.4. Preventive and corrective actions for concealed piping 

Described below are the preventive activities and corrective actions, applicable to the 
external or internal surface of piping within the scope of this chapter. This is 
accomplished in a general manner, considering the common practices at the Spanish 
plants. 

04.1.4.1. External surface 

Management of the loss of material from the external surfaces of steel and stainless 
steel piping included within the AMR scope, resulting from generalised corrosion (in 
carbon steel only) or microbiological, interstitial or pitting corrosion are accomplished 
by means of preventive measures (inspecting the coating, backfill and the type of soil), 
pressure testing, monitoring of the FP pressure pump and FP system leakage and 
opportunistic visual inspection of the piping. 

These preventive actions assess aspects such as the following: 

ω Coating and Backfill materials specifications, in accordance with table 1 of LR-ISG-
2015-01. 

ω Need for a Cathodic Protection System depending on the following: 

o the aggressiveness of the soil (concentration of sulphates and chlorides), 

o the measurement of the mean resistivity of the ground, and 

o the exhaustive assessment of adverse operating experience. 

ω Backfill characteristics, with assessment regarding appendix B of LR-ISG-2015-01 
(granulometric limits and properties). 

ω Surveillance of water accumulation in trenches containing this piping and checking of 
the operability of the drainage pumps and devices installed for its removal. 

The acceptance criteria vary depending on the AMP of each Spanish plant; nevertheless, 
they are described, for the purposes of guidance, in section 04.1.3.1 on monitoring, 
testing, samplings and inspection activities for the external surfaces of concealed piping. 

The corrective actions of programmes managing the external surface of buried piping 
consider the following: 
ω Hydrostatic and leakage testing: performance of appropriate engineering analyses to 

assess the root cause and, where appropriate, define the actions to be taken to 
ensure piping system operability (sample-based inspections), assessment of the 
impact on other systems under identical conditions, etc.). If sample-based 
inspections of the external surfaces of the lines are required, these are carried out in 
accordance with the opportunistic inspection criteria. 



Página 100 de 174 

ω  If replacement or repair of the piping is required, this shall be performed in 
accordance with the ASME XI or ASME B31.1 design code, as applicable. 

ω Monitoring of the pressuriser pump: In the event of leakage, an engineering analysis 
shall be performed based on the system leakage history, type of ground and, in 
general, whatever plant information that might help to determine the actions to be 
implemented to restore the system pressure boundary (application of underground 
leakage detection techniques, sample-based inspections, etc.). If sample-based 
inspections of the external surfaces of lines are required, these shall be performed in 
accordance with opportunistic inspection criteria. 

ω Direct opportunistic inspections: 

o Backfill: If damage of the backfill is detected, an assessment shall be performed to 
check whether this circumstance is an isolated issue or is generalised for the piping 
included within the scope. The conclusions of this assessment will serve as 
operating experience within the programme and as information for future 
assessments. 

o Coating: Cleaning of the area in which the discontinuity has been detected in the 
pipe coating and visual inspection of the base metal and uncovered welds. 
Replacement of the coating in accordance with the specifications of the plant. 

o Base material and welds/joints: Detailed inspection of the affected area, 
circumscribing the indication by means of ultrasonic inspections (UT) and 
assessing the acceptability of the pipe on the basis of the design code (ASME III or 
ASME B31.1).  

A root cause assessment should also be performed in order to determine whether 
or not there is a need for an extension of the visual inspections required for the 
piping included in the scope. The extension criteria will depend on the result of 
the assessment. 

Additionally, if degradations are detected in the pipes inspected, an engineering 
assessment shall be performed in order to determine whether such degradations are 
applicable to other non-inspected pipes, such as interfered pipes, and determine where 
necessary, the actions to be taken to check the condition of these pipes. 

Any defects in the inspected piping will require a subsequent assessment or a 
complementary test (VT-1, UT, etc.) to determine whether, in accordance with the 
applicable acceptance criteria, these defects will or will not compromise the 
functionality and/or integrity of the piping during the period prior to the next inspection. 

In the case of painted piping, the actions to be applied shall consist of cleaning the 
affected area and visually inspecting the uncovered base metal. Subsequently, the pipe 
coating should be repaired in accordance with the applicable technical specification. 

As regards characterisation of the risk, for piping included in the AMP for the Almaraz 
and Trillo plants (based on AMP.XI.M41 and NEI 09-14 & BPWorks2.1), consideration is 
given to the quality of the backfill material in contact with the buried piping. This backfill 
should be compact and present suitable characteristics, without excess grass, roots or 
other vegetation. 
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04.1.4.2. Internal surface 

The preventive actions for management of the ageing of the internal surface of 
concealed piping are based on the corresponding AMP.XI of NUREG-1801 [25] applicable 
to each system and plant in accordance with table 04.6.  

The main preventive actions for each AMP.XI programme are as follows: 

AMP.XI.M2 Water Chemistry 

This programme includes the periodic surveillance of the chemical parameters and the 
control of chemical species causing harmful effects, for which reason their 
concentration in water is maintained below certain threshold values, thereby preventing 
corrosion and stress corrosion cracking (SCC). 

The programme includes specifications for chemical species, sampling frequencies and 
analysis and corrective actions for the chemical control of the reactor water. The 
chemistry of the water in the system is controlled in order to minimise the concentration 
of contaminants, and mitigate the loss of material due to generalised, crevice and pitting 
corrosion, as well as the initiation and propagation of cracks caused by SCC. 

The water chemistry control programme for Boiling Water Reactors (BWR) is based on 
the monitoring and control of the chemistry of the reactor water, in accordance with 
the provisions of the Boiling Water Reactor Pressure Vessel and Internals Project 
BWRVIP-190 (EPRI-1016579). This BWRVIP-190 project provides three types of 
guidance: one for the primary water, another for condensate and feedwater system and 
a third for the Control Rod Drive Mechanism (CRDM) cooling water. 

The water chemistry control programme for Pressurised Water Reactors (PWR) is based 
on the monitoring and control of the chemistry of the reactor water, in accordance with 
the industry provisions for the chemistry of the primary and secondary water defined in 
the EPRI guidelines, PWR Primary Water Chemistry Guidelines (EPRI-1014986) and PWR 
Secondary Water Chemistry Guidelines (EPRI-1016555), respectively. 

AMP.XI.M17 FAC & LR-ISG-2012-01 

The objective of this programme is to manage the loss of material due to flow-

accelerated corrosion (FAC), by means of periodic wall thickness measurements 

performed using ultrasonic testing on a sample of piping areas and systems equipment 

susceptible to degradation mechanisms caused by FAC. This is an analysis, inspection 

and verification programme, as a result of which no preventive actions are performed. 

On the other hand, the Spanish plants perform the control of the parameters of the 
water, with a view to using them as input data for prediction of loss of thickness rate, by 
means of codes such as COMSY or Checkworks. The results obtained allow the plants to 
define the inspections programmes and to take decisions regarding the replacement of 
piping affected by the phenomenon of erosion-corrosion. 
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AMP.XI.M20 Open-Cycle Cooling Water System 

The preventive measures imply the control of the chemistry of the water in the systems 
and the monitoring of its corrosion. For example: 

ω The Trillo plant, modified its water system chemistry with chemical additives 
(corrosion inhibitors, biocides and dispersing agents) to prevent corrosion. 

ω The Almaraz plant controls biological fouling of piping of the essential services water 
system, through periodic inspections and chemical analysis, in accordance with the 
recommendations of GL 89-13. 

Chemical analyses are also performed on samples of water coming from the river, in 
order to identify modifications to the physical-chemical parameters and check for the 
absence of macro-organisms. Furthermore, the Almaraz plant periodically puts into 
service the redundant loops of the EW system, in order to prevent the accumulation of 
sediments. 

AMP.XI.M27 Fire Water System & LR-ISG-2012-02 

The objective of this programme is to ensure, that no significant ageing mechanisms 
occur, as a result of generalised and micro-bacterial corrosion in the Fire Protection 
water systems, for which periodic blowdown flushing operations and functional tests 
are performed in accordance with the recommendations of NFPA-25. 

By way of an example, for concealed piping, the Vandellós II plant performs periodic FP 
loop and hydrant blowdown flushing operations as a preventive measure, this being 
carried out at a frequency of 3 years, and periodic functional tests in accordance with 
NFPA-25, in order to ensure the correct functioning of the system. 

AMP.XI.M30 Fuel Oil Chemistry 

The programme reduces the possibility of exposure of the internal surface of the fuel oil 
storage tank to be contaminated with microbiological water organisms, thereby 
reducing the possibility of ageing-related degradation of the piping and other 
components exposed to fuel oil; and of the transport of corrosion products, sludge or 
particles to components fed by the fuel oil storage tanks. As a preventive measure, all 
the plants, except Vandellós II and Cofrentes, add biocides and corrosion inhibitors, 
although this action is also carried out if the periodic analyses show biological activity or 
signs of corrosion. Another measure considered to be efficient for mitigating the 
corrosion produced inside fuel oil tanks is their periodic cleaning, since this makes it 
possible to remove sediments. and drain the water present in the tank bottom, 
minimising the quantity of water and contact time. 

04.2. [ƛŎŜƴǎŜŜΩǎ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ !atǎ ŦƻǊ ŎƻƴŎŜŀƭŜŘ piping 

¢ƘŜ {ǇŀƴƛǎƘ Ǉƭŀƴǘǎ ŀƴŀƭȅǎŜ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ !atΩǎ ƛƴ ƻǊŘŜǊ 
to identify whatever expected and unexpected ageing effects for concealed piping, have 
ōŜŜƴ ŜȄǇŜǊƛŜƴŎŜŘ ŀǘ ǘƘŜ ǇƭŀƴǘΣ ŀƴŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ !atΩǎΦ 

The AMP´s tracking reports deal with both, plan-specific and industry operating 
experience and its effects on the activities included in the AMP in question. 
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Consequently, the assessment of the AMP activities results, the analysis of the results 
trends, the suitability of the samples and the historical data obtained since AMP initial 
implementation, provide conclusions regarding the effectiveness of the programme and 
compliance with its expectations and the tasks foreseen.  

As a result, the Spanish plants obtain improvement proposals that, following analysis, 
Ƴŀȅ ƭŜŀŘ ǘƻ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ǘƻ ǘƘŜ !atΩǎΣ ƛǘǎ ǎŎƻǇŜΣ ƛǘǎ ǎǳǇǇƻǊǘƛƴƎ ŘƻŎǳƳŜƴǘǎ 
(procedures, schedules, etc.) and its activities (inspection methods, etc.). The 
improvement proposals require tracking up to implementation and are consequently 
managed within the framework of the plant corrective actions programme. 

Before going on to deal with the specific experience of each plant in relation to 
concealed piping, it should be pointed out that in view of the generalised ESW system 
corrosion event that occurred in 2004 at Vandellós II plant4, following which this plant 
installed a new ESW system. The rest of the plants in response to CSN requirements, 
ŎŀǊǊƛŜŘ ƻǳǘ ŀƴ ά!Ŏǘƛƻƴ tƭŀƴέ ƛƳǇƭȅƛƴƎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜƛǊ ŎƻƴŎŜŀƭŜŘ ǇƛǇƛƴƎ 
surveillance and control practices. 

Among other activities, the CSN required the following from the plants: 

ω Elaborate a list of safety-related or significant risk systems, including Bonna type 
buried or underground piping, susceptible to corrosion. 

ω Identify which of these systems were included in the In Service Inspection (ISI) 
programme or were subject to other surveillance activities. 

ω Perform visual inspection of all accessible pipes, proposals for alternative surveillance 
for inaccessible pipes and the creation of a suitable action plan for non-monitored 
piping systems. 

With the exception of Vandellós II, the Spanish plants are not located next to the sea 
and, as a result, are not exposed to particularly aggressive environmental conditions. 

As regards monitoring, inspections and testing activities, the Spanish plants included 
ultrasonic thickness measurements in order to ensure that the monitoring was enough 
to prevent corrosion in nuclear Class 3 piping systems and, in certain cases, additional 
specific programmes were carried out on the ISI programme based on ASME XI, which 
included visual inspections and ultrasonic thickness measurements of risk-significant 
non-nuclear class piping systems, such as the Fire Protection system. 

As a result of the previously mentioned Action Plan required by CSN, the Spanish plants 
performed visual inspections on piping located in trenches, manholes and galleries to 
detect the presence of water and, where necessary, carry out ultrasonic piping thickness 
measurements. 

Corrective measures such as the following were performed at all the plants as a result 
of the application of this Plan: 

                                                           
4 IRS-7663 CIRCUMFERENTIAL BREAK OF ESSENTIAL SERVICE WATER (ESW) PIPE AT VANDELLÓS 2 NPP 
WHILE OPERATING AT RATED POWER. Date of Receipt: 2004-12-09. Last updated on 2005-06-27. 
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ω cleaning and painting of outdoor carbon steel piping, that was either not painted or 
had a degraded protective layer, 

ω replacement of piping sections with others made of more corrosion-resistant 
materials, 

ω removal of buried piping, 

ω improvement of surveillance and control activities: 

o improvement of internal or external visual inspection methods, 

o new leak testing parameters, and 

o performance of scheduled or opportunistic sampling for visual inspection. 

As regards the Cathodic Protection System, the two Spanish plants that are equipped 
with such a system incorporated enhancements to improve its effectiveness. 

In relation to experience specific to concealed piping surveillance activities, the 
following events are shown below, plant by plant: 

Vandellós II NPP 
There have been no events relating to buried stainless or carbon steel piping in the 
last 10 years. 

Nevertheless, in 2005, as a result of the aforementioned CSN Action Plan, corrosion 
was detected in sections of buried piping corresponding to the Fire Protection 
System. For this reason the system loop was modified, such that most of its pipes 
now run through galleries and are made of stainless steel. In those cases in which the 
piping run has remained buried, the piping material has been changed to high density 
polyethylene (HDPE). 

Ascó NPP 
In 2015, a leak of water was detected in a buried section of piping corresponding to 
the FP System, due to a pitting type perforation. The defect was characterised by 
means of a volumetric inspection and no generalised degradation of the internal 
surface of the piping was observed. The leak was finally repaired by means of a 
welded band. 

Almaraz NPP 
As a result of the measurements obtained by means of the Cathodic Protection 
System to check the status of the monitored piping, an assessment is currently being 
carried out in order to determine whether or not any modification needs to be 
performed on the protection of areas having a potential of less than +850mV.  

During the period 2007 to 2011, the direct visual inspections performed following 
sampling of sections of FP System piping revealed only superficial oxidations that did 
not affect the integrity of the piping. In 2010 two buried lines were detected with 
generalised corrosion of the metallic parts on the interface (aerial-buried) locations 
of the system. The corrective actions applied consisted of the cleaning and painting 
of the affected sections. 

Trillo NPP 
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Sampling performed in 2011 led to the detection of localised corrosion-induced loss 
of material in a piping section of the FP System, in the form of small circular 
perforations. Additionally two sampling performed that same year found two leaking 
pipes in the same system. In both cases the corrective actions consisted on replacing 
the piping. 

In 2009, 2010, 2014 and 2015, small localised areas were observed, in certain 
unearthed buried sections of the FPS piping showing signs of deterioration on the 
coating and slight surface oxidation, without any loss of material. The piping surfaces 
were cleaned and subsequently painted. 

In 2015, one sample was performed in order to locate a leak in buried FPS piping. The 
degraded section was subsequently replaced. 

Cofrentes NPP 
There have been no events relating to buried stainless or carbon steel piping in the 
last 10 years. 

From the analysis of all this operating experience it may be deduced that, no ageing 
effect or mechanism has been detected affecting the concealed piping at the Spanish 
plants, that had not been previously identified as result of the AMR process or in the 
industry operation experience. 

04.3. wŜƎǳƭŀǘƻǊΩǎ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŎƻƴŎƭǳǎƛƻƴǎ ƻƴ ŀƎŜƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŎƻƴŎŜŀƭŜŘ 

piping. 

Regarding the process of ageing management of concealed piping the CSN considers 
that the Ageing Management Programmes applied by the Spanish plants, its scope and 
main activities which have been dealt with in this chapter, are adequate. 

For the tracking of these AMP´s, the CSN performs two-yearly inspections on Overall 
Ageing Management Program (OAMP) of all the plants in accordance with the Basic 
Inspection Plan established. These inspections, performed at the plant sites and 
developed in accordance with CSN procedure PT.IV.223, include checks on 
ŘƻŎǳƳŜƴǘŀǘƛƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ǎŀƳǇƭŜ ƻŦ ǘƘŜ !atΩǎ ƛƴ-situ at each plant, and 
also those corresponding to concealed piping  

Likewise, an analysis is performed on the annual ageing activities report, submitted to 
the CSN by the Spanish plants, in response to requirements of IS-22 [21], describing the 
activities of the OAMP and the specific results of each AMP application. 

The latest CSN inspections carried out at each of the Spanish plants, in 2016 and 2017, 
ƛƴŎƭǳŘŜŘ ŀ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƭŜǾŜƭ ƻŦ ǘƘŜ !atΩǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ ŎƻƴŎŜŀƭŜŘ 
piping and their results. 

As has been pointed out above, the CSN inspections include checks on the 
documentation supporting each AMP, on the status of the corresponding improving 
proposals, and on the AMP exceptions to the corresponding model AMP on NUREG-
1801 [25]. 

These CSN inspections showed that the samples selected for the visual inspection of 
buried Fire Protection System piping were not effective, since there have been repeated 
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issues of leakage or degradation detected via indirect methods, such as monitoring of 
the jockey pump or indication-based inspections, in the Almaraz and Trillo plants. 

This plant-specific operating experience led these plants to modify their AMP activities 
associated with monitoring of the FP system piping, in accordance with NEI 09-14. This 
methodology, developed by EPRI, classifies buried piping on the basis of risk and uses 
the BPWorks software. Although this methodology has been widely used at US nuclear 
power plants with good results, its effectiveness has not yet been demonstrated at those 
Spanish plants that have opted for it. 

It has been detected that, on occasions, the performance of corrective actions by the 
plants, was not prioritised in such a way as to guarantee suitable management of the 
degradations detected. Nevertheless, in any case that degradation issues have 
compromised the safety function of the affected piping. 

!ƭǘƘƻǳƎƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŎƻƴŎŜŀƭŜŘ ǇƛǇƛƴƎ !atΩǎ Ƙŀǎ ƴƻǿ ōŜŜƴ ŎƻƳǇƭŜǘŜŘΣ ǘƘŜ 
grade of implementation of its activities varies from one plant to another. Base on the 
/{b ŀǎǎŜǎǎƳŜƴǘǎ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴǎΣ ǘƘŜ !atΩǎ ŘŜŦƛƴŜŘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƻǇŜǊŀǘƛƴƎ ƛƴ ŀƴ 
acceptable manner, and are accomplishing their mission of monitoring and controlling 
the ageing mechanisms and effects in this type of components. Nevertheless, the CSN 
has requested that the licensees fully implement all the activities included in the 
ŎƻƴŎŜŀƭŜŘ ǇƛǇƛƴƎ ŀǇǇƭƛŎŀōƭŜ !atΩǎΣ ōŜŦƻǊŜ ƛƴƛǘƛŀǘƛƴƎ ƭƻƴƎ-term operation. 

As regards buried piping embedded in concrete, or piping penetrating walls, for which 
any ageing effect in their external surface has not been identified as a result of the AMR 
process, the CSN considers that licensees must perform an in-depth analysis of this issue. 

Therefore the plants will verify, through unique inspections, the non-existence of aging 
effects, through visual examinations of the pipe in the transition area where the pipes 
penetrates the concrete. 

A potential weakness is the difficulties found in the inspection of buried piping, due to 
the difficulty involved in identifying the routes followed by the piping and, on the other 
hand, to lack of knowledge on the characteristics of the backfill and coating materials 
used during construction of the plant. This aspects complicates the selection of sampling 
locations, making it difficult to guarantee that the samples will be effective for the 
identification of piping degradations. To improve the knowledge of the backfill and 
coatings of the piping, the CSN proposes to increase the number of programmed visual 
inspections (by samples). 
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05. Reactor pressure vessels 

05.1. Description of ageing management programmes for RPVs 

As has been pointed out in chapter 02 of this report, several programmes are in place at 
the Spanish nuclear power plants for management of the ageing of passive and long-
lived components. Some of these programmes refer specifically to the reactor vessel. 

The definition process and main characteristics of these programmes are described in 
the following sections of this chapter. 

05.1.1. Scope of ageing management for RPVs 

The reactor vessel is a basic component included in the Overall Ageing Management 
Programme (OAMP), since the integrity of the pressure boundary is one of the intended 
functions that must be ensured, and furthermore it fulfils the screening criteria for being 
included in de OAMP, since it is a passive and long-lived component. 

As has been indicated in section 01.1 of this report, there are seven nuclear power plants 
in operation in Spain, corresponding to three different designs. For this reason, a brief 
description of the most outstanding characteristics of the reactor vessels is included, 
these being grouped on the basis of the plant design technology. 

Westinghouse (W) design PWR vessel 

ω Reactor: Ascó I and II NPP, Vandellós II NPP and Almaraz I and II NPP 

ω The RPV is cylindrical with a hemispherical bottom head and a flanged and gasketed 

upper head. The shell is manufactured by material plates, specified by American 

Society for Testing and Materials (ASTM) SA-533 Grade B, Class 1, which are joined 

by means of longitudinal and circumferential welds. The hemispherical lower head 

(bottom head) is joined to the cylindrical part by means of a circumferential weld. 

ω At the upper side of the RPV there is a removable hemispherical head (vessel closure 

head) that is joined to the vessel shell by means of the closure flange and bolts. 

At all the aforementioned plants, with the exception of Ascó NPP unit 1, the original 

component has been replaced by a new design. 

The main characteristic of the new design is the use of nickel alloys less susceptible 

to Primary Water Stress Corrosion Cracking (PWSCC) mechanisms for the material of 

the control rod drive mechanism (CRDM) penetrations and its welds (J-Weld) to the 

vessel head (Alloy 690/52/152). Other characteristic is that closure head is 

manufactured of a single forged part, with the exception of the heads installed in the 

RPV of both units of Almaraz NPP, which have a circumferential weld between the 

upper dome and the flange. 

As regards the vessel closure head at unit 1 of Ascó NPP, it was replaced by one that 

had been manufactured for another Spanish plant, but had never been put into 

service. Unlike the new heads installed, in this case the material for the CRDM 

penetrations is Inconel 600/82/182.  
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ω In the cylindrical part there are six nozzles, inlet (3) and outlet (3), manufactured of 

low alloy steel with a stainless steel cladding. 

ω In the lower head there are bottom-mounted instrumentation (BMI) nozzles 

penetrations. The BMI penetrations were constructed from Alloy 600 and connected 

to the reactor vessel lower head by an Alloy 82/182 J-groove weld.. There are usually 

fifty BMI penetrations. 

ω The inner surface has a stainless steel cladding measuring between 3 and 10 mm in 

thickness. 

KWU design PWR vessel 

ω Reactor: Trillo NPP  

ω The cylindrical part of the vessel consists of forged rings of 20 MnMoNi 55 (a material 

similar to ASME SA 508, class 3) joined between them by means of circumferential 

welds. In the lower part of the vessel there is a hemispherical bottom head attached 

to the cylindrical part by welding. 

ω The RPV has six nozzles, inlet (3) and outlet (3), which are manufactured by low alloy 

steel with a stainless steel cladding, attached to shell with weld. 

ω The vessel closure head is made up of two parts, head and flange, joined by between 

them by a circumferential weld. The head is fitted with penetrations for the control 

rods and instrumentation, manufactured from a nickel-based alloy (Inconel or 

Incoloy), these being attached to the head by means of a conical pre-stressed thread 

with a sealing weld at the lower end. The vent orifice is made of austenitic stainless 

steel welded to the internal part of the head. The closure head and vessel are sealed 

by means of two concentric toroidal gaskets, with leakage channelled via two small 

diameter lines. 

ω The inner surface has a stainless steel cladding measuring between 3 and 10 mm in 

thickness. 

General Electric (GE) design BWR vessel 

ω Reactor: Cofrentes NPP 

ω The cylindrical part of the vessel is made from SA-533 Grade B, Class 1 SA-533 ferritic 

steel sheets joined between them by means of longitudinal and circumferential 

welds, this being attached to the bottom head by means of a circumferential weld. 

The inner surface includes a stainless steel cladding. 

ω The vessel closure head is made from welded low alloy steel plates forming a 

hemispherical head that is attached to a flange by means of a circumferential weld. 

The closure head has two orifices for venting lines and is joined to the vessel by means 

of closing bolts, flange sealing being maintained by means of two concentric toroidal 

gaskets. 
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ω Most of the existing nozzles are of Class 2 SA-508 type low alloy steel, although other 

materials are also used, such as SA-182 F304 stainless steel and SB-166 type nickel 

alloys. 

ω The bottom head is fitted with penetrations for the control rod drive mechanisms, as 

well as for the neutron flux monitors inside the vessel, which are welded to the inner 

part of the head. 

Annex 1 of this chapter includes drawings of the most significant components of the 

reactor vessel described above. 

The RPV components included within the scope of the aging management has been 

screened on the basis of the criteria of CSN Instruction IS-22 [21], which has as its 

reference the contents of the US standard 10 CFR 54 [23], and according to the 

methodology described in chapter 02 of the present report. 

The main documentation used to determine the scope and screening is as follows: 

ω tƭŀƴǘǎΩ Cƛƴŀƭ {ŀŦŜǘȅ !ƴŀƭȅǎŜǎ wŜǇƻǊǘΦ 

ω Design basis document. 

ω Systems description manuals. 

ω Component design and manufacturing documentation. 

The reactor vessel components that perform the reactor coolant pressure boundary 

function, included in the aging management programme, are those shown below in 

table 05.1.  
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Vessel (PWR; W) Vessel (PWR; KWU) Vessel (BWR; GE) 

CRD stroke housing 

Pawls housing 

Closure head to vessel flange 

CRD housing adapters flange 

Intermediate/upper shell 

Vessel closure head (only Ascó I NPP and Almaraz NPP have 
weld)  

Bottom head 

Lower vessel in-core instrumentation penetrations 

Vessel head vent line and RVLIS penetrations 

Nozzle-vessel welds (inlet and outlet) 

Nozzle-safe end welds 

Sealing ring leakage monitoring tube 

CRD housing and standby adapter tubes 

Thermocouple housing adapter tube 

In-core instrumentation guide-tubes and seal table 

Flux Thimble guide tubes 

Nuts, bolts and washers 

Pressure boundary welds  

CRD stroke housing 

Pawls housing 

Closure head to vessel flange 

CRD housing adapters flange 

Intermediate/upper shell 

Vessel closure head and weld 

Bottom head 

Vessel head vent line penetration 

Nozzle-vessel welds (inlet and outlet) 

Nozzle-safe end welds 

Sealing ring leakage monitoring tube 

Toroidal sealing gaskets 

Control rod nozzle bolts 

Vessel head instrumentation tube and control rod 
penetrations 

Flux Thimble guide tubes 

Nuts, bolts and washers 

Pressure boundary welds  

CRD housings 

Stub tubes 

Nuclear instrumentation housings 

Vessel shell 

Bottom head 

Vessel upper head 

Closure head and vessel flange 

Nozzle-vessel welds 

Nozzle-safe end welds 

Sealing ring leakage monitoring tube 

Pressure boundary welds 

Nuts, bolts and washers 

 

 

Some of these components are shown in the simplified diagrams included in annex 1 of this report 

Table 05.1
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After the vessel components are determined within the scope of the AMP, the Spanish 

nuclear power plants follow the process established in IS-22 [21] to identify in each case 

the significant ageing effects and mechanisms that might affect compliance with their 

ƛƴǘŜƴŘŜŘ άǇǊŜǎǎǳǊŜ ōƻǳƴŘŀǊȅ ƛƴǘŜƎǊƛǘȅέ ŦǳƴŎǘƛƻƴΣ ŦƻǊ ǿƘƛŎƘ ǘƘŜȅ ǳǎŜ ŘƛŦŦŜǊŜƴǘ 

documentary sources including the existing industry and research experience. The main 

document used is NUREG-1801, along with all the references included in it and relating 

to the ageing management programmes applicable to the vessel. Other documents 

published by EPRI and the IAEA are also used, or the document άaŀǘŜǊƛŀƭ Degradation 

aŀǘǊƛȄέ, drawn up by NEI for the components of the reactor coolant system of LWR 

plants. 

05.1.2. Ageing assessment of RPVs 

Identification of the ageing effects and mechanisms that need to be managed in the case 
of vessel components is accomplished within the Ageing Management Review (AMR) 
process, in accordance with the methodology described in chapter 02 of this report. 
According to that methodology, the materials from which the vessel components 
included within the scope are made are identified, along with the environments to which 
they are typically subjected, from both the inner and outer surfaces. 

The materials most characteristically used in the vessel are as follows: 

ω Carbon steel. 

ω Alloy steel with stainless steel cladding. 

ω Stainless steel. 

ω Nickel-based alloys. 

As regards environments, consideration is given, among other things, to the fluid in 

contact with the surface (e.g., reactor coolant, leaks of borated water), temperature, 

radiation and operating conditions. 

In developing the reactor vessel AMR process, the Spanish nuclear power plants have 

used information taken from the plant Final Safety Analysis Report and from 

documentation relating to the manufacturing and placing in service of the vessel, and in 

addition have taken into account the experience of the industry and the applicable 

results of the R&D programme. Furthermore, as part of this process the Spanish plants 

have carried out an analysis of their plant-specific operating experience in comparison 

to the experience of the US industry in order to ensure that there are no specific ageing 

mechanisms that were not initially considered. 

In conclusion, the process adhered to by the Spanish plants identifies for each of the 

AMR groups (material-environment combination) those potential ageing effects and 

ƳŜŎƘŀƴƛǎƳǎ ǘƘŀǘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άǎƛƎƴƛŦƛŎŀƴǘέΤ ƛΦŜΦΣ ǘƘƻǎŜ ŦƻǊ ǿƘƛŎƘ ǘƘŜ 

consequences of their development without an effective control or mitigation 

programme might compromise the capability of the component to perform its intended 

function. 
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The result of this process for the (PWR, W) and (BWR, GE) type reactor vessels taken as 

an example, in accordance with the provisions of the TPR [1] specification, is shown in 

the tables below. The KWU vessel is not included since its results are considered to be 

very similar to those of Westinghouse vessels.  

a. Reactor vessel, including base metal, cladding and welds 

Shown below are tables 05.2 and 05.3, applicable to PWR-W and BWR-GE plants 

respectively. 

Element  Material Environment Ageing effect Mechanism 

Vessel flange 

Steel with 

stainless 

steel 

cladding 

Air with leakage of 

borated water  

Loss of material  Boric acid 

corrosion 

Reactor coolant  Cracking SCC/IGA/IASCC 

Loss of material Pitting and crevice 

corrosion  

Vessel shell (shell 

plates or forgings; 

shell welds)  

Steel with 

stainless 

steel 

cladding 

Air with leakage of 

reactor coolant  

Loss of material Boric acid 

corrosion  

Reactor coolant and 

neutron flux  

Cracking SCC/IGA/IASCC/ 

Fatigue 

Loss of material Pitting and crevice 

corrosion 

Loss of fracture 

toughness 

Neutron 

Irradiation 

embrittlement  

Table 05.2 PWR, W 

 

Element  Material Environment Ageing effect Mechanism 

Vessel flange Low alloy 

steel 

Reactor coolant  Cracking Fatigue  

 

Loss of material Pitting and 

crevice corrosion 

Vessel shell (shell 

plate)  

Carbon 

steel with 

stainless 

steel 

cladding 

Reactor coolant and 

neutron flux  

Cracking Fatigue 

Loss of fracture 

toughness  

Neutron 

irradiation 

embrittlement  

Loss of material Pitting and 

crevice corrosion 

Table 05.3 BWR, GE 
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b. Vessel closure head and lower head, including penetrations 

Shown below are tables 05.4 and 05.5, applicable to PWR-W and BWR-GE plants 

respectively  

Element Material Environment Ageing effect Mechanism 

Closure head and 

lower head 

Steel alloy 

clad with 

stainless 

steel  

Interior environmental 

air 

Loss of material Boric acid 

corrosion 

Reactor coolant Cracking SCC/IGA/IASCC/  

Fatigue 

Loss of material Pitting and 

crevice corrosion 

Penetrations: 

Head vent pipe, 

RVLIS, in-core 

instrumentation 

and control rod 

guide tubes 

Nickel-

based alloy 

(Inconel, 

Incoloy) 

Air with reactor 

coolant leakage 

Loss of material Boric acid 

corrosion 

 

Reactor coolant Cracking SCC/IGA/IASCC/  

Fatigue 

Loss of material Pitting and 

crevice corrosion 

Flux thimble guide 

tubes  

Stainless 

steel 

Reactor coolant Cracking SCC/IGA/IASCC  

Loss of material Pitting and 

crevice corrosion 

Closure bolts 

 

High 

strength 

alloy steel 

Air with reactor 

coolant leakage 

Cracking Stress corrosion 

cracking, fatigue 

Table 05.4 PWR, W 

Element Material Environment Ageing effect Mechanism 

Bottom head 

 

Steel alloy 

with 

stainless 

steel 

cladding 

Reactor coolant 

 

Cracking Fatigue 

Closure head 

 

Low alloy 

steel 

 

Reactor coolant Cracking Fatigue 

Penetrations: In-

core 

instrumentation; 

control rod drive 

(CRD) housing; 

stub-tube 

Stainless 

steel; nickel 

alloy 

(housings) 

Reactor coolant Cracking Stress corrosion, 

fatigue 
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Element Material Environment Ageing effect Mechanism 

Closure bolts High 

strength 

alloy steel 

Air with reactor water 

leakage 

Cracking Stress corrosion, 

cracking and 

fatigue 

Table 05.5 BWR, GE 

c. Inlet and outlet nozzles 

Shown below are tables 05.6 and 05.7, applicable to PWR-W and BWR-GE plants 

respectively. 

Element Material Environment Ageing effect Mechanism 

Inlet and outlet 

nozzles 

 

Steel alloy 

with 

stainless 

steel 

cladding 

Air with reactor coolant 

leakage 

Loss of material Boric acid 

corrosion 

Reactor coolant and 

neutron flux 

 

Cracking SCC/IGA/IASCC/ 

Fatigue 

Loss of material Pitting and crevice 

corrosion 

Reduction of 

fracture toughness 

Neutron 

Irradiation 

embrittlement 

Table 05.6 PWR,W 

Element  Material Environment Ageing effect Mechanism 

Inlet and outlet 

nozzles 

Low alloy steel 

without 

cladding; 

stainless steel, 

nickel alloy 

Reactor 

coolant and 

neutron flux 

Cracking SCC/IGSCC/Fatigue 

Loss of material Pitting and crevice 

corrosion 

Reduction of fracture 

toughness 

Neutron Irradiation 

embrittlement 

Table 05.7 BWR, GE 

Once the significant ageing mechanisms and effects for the components of the vessel 
have been identified, it is needed to assign to them ageing management activities 
appropriate for their mitigation and management. 

In this respect, the maintenance practices included in the plant programmes (ISI, water 
chemistry, etc.) and applicable to the management of the aforementioned ageing 
effects and mechanisms are assessed and then incorporated in ageing management 
ǇǊƻƎǊŀƳƳŜǎ ό!atΩǎύΦ ¢ƘŜǎŜ !atΩǎ ŀǊŜ ǎǳōǎŜǉǳŜƴǘƭȅ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƳƻŘŜƭ 
programmes (AMP) of NUREG-1801 [25] for the incorporation, where appropriate, of 
the improvements required for correct management of the indicated effects and 
mechanisms. 

The acceptance criteria for the different ageing mechanism detection activities are 
defined on the basis of the standardǎ ƻǊ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ !atΩǎΦ 
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At the Spanish nuclear power plants, the aforementioned vessel components are 

ƳŀƴŀƎŜŘ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ !atΩǎΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻǾƛǎƛƻƴǎ ƻŦ NUREG-1801 [25]:  

ω άLƴ-service inspeŎǘƛƻƴ ƻŦ /ƭŀǎǎ мΣ н ŀƴŘ о ŎƻƳǇƻƴŜƴǘǎέΣ based on the XI.M1 model 

programme included in NUREG-мулм ά!{a9 {ŜŎǘƛƻƴ ·L Lƴ-service Inspection, 

Subsections IWB, IWC and IWD. 

ω ά²ŀǘŜǊ ŎƘŜƳƛǎǘǊȅ ŎƻƴǘǊƻƭέΣ based on the XI.M2 model programme included in 

NUREG-мулм ά²ŀǘŜǊ /ƘŜƳƛǎǘǊȅέΦ 

ω άLƴǎǇŜŎǘƛƻƴ ƻŦ ǾŜǎǎŜƭ ƘŜŀŘ ŎƭƻǎǳǊŜ ōƻƭǘǎέΣ based on XI.M3 model programme 

included in the NUREG-мулм άwŜŀŎǘƻǊ IŜŀŘ /ƭƻǎǳǊŜ {ǘǳŘǎέΦ 

ω ά.ƻǊƛŎ ŀŎƛŘ ŎƻǊǊƻǎƛƻƴ ǇǊƻƎǊŀƳƳŜέΣ based on the XI.M10 model programme included 

in NUREG-мулм ά.ƻǊƛŎ !ŎƛŘ /ƻǊǊƻǎƛƻƴέΦ 

ω άLƴǎǇŜŎǘƛƻƴ ƻŦ ƴƛŎƪŜƭ-alloy components and nearby carbon steel surfaces in the 

ǇǊƛƳŀǊȅ ŎƛǊŎǳƛǘέΣ based on the XI.M11B model programme included in NUREG-1801 

ά/ǊŀŎƪƛƴƎ ƻŦ bƛŎƪŜƭ-Alloy Components and Loss of Material due to Boric Acid-Induced 

/ƻǊǊƻǎƛƻƴ ƛƴ wŜŀŎǘƻǊ /ƻƻƭŀƴǘ tǊŜǎǎǳǊŜ .ƻǳƴŘŀǊȅ /ƻƳǇƻƴŜƴǘǎέΦ 

ω άwŜaŎǘƻǊ ǾŜǎǎŜƭ ǎǳǊǾŜƛƭƭŀƴŎŜέΣ based on the XI.M31 model programme included in 

NUREG-мулм άwŜŀŎǘƻǊ ±ŜǎǎŜƭ {ǳǊǾŜƛƭƭŀƴŎŜέΦ 

ω άLƴǎǇŜŎǘƛƻƴ ƻŦ ǘƘƛƳōƭŜǎϦΣ based on the XI.M37 model programme included in 

NUREG-мулм άCƭǳȄ ¢ƘƛƳōƭŜ ¢ǳōŜ LƴǎǇŜŎǘƛƻƴέΦ 

ω άCŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƎǊŀƳƳŜέΣ based on the X.M1 model programme included 

in NUREG-мулм άCŀǘƛƎǳŜ aƻƴƛǘƻǊƛƴƎέΦ 

ω άLƴǎǇŜŎǘƛƻƴ ƻŦ ŦŜŜŘǿŀǘŜǊ ƴƻȊȊƭŜǎέΣ based on the XI.M05 model programme included 

in NUREG-1801 ά.²w CŜŜŘǿŀǘŜǊ bƻȊȊƭŜέΦ !pplicable to BWR plants. 

ω άLƴǎǇŜŎǘƛƻƴ ƻŦ /w5 ǊŜǘǳǊƴ ƭƛƴŜ ƴƻȊȊƭŜǎέΣ ōŀǎŜŘ ƻƴ ǘƘŜ ƳƻŘŜƭ XI.M06 programme 

included in NUREG-1801 ά.²w /ƻƴǘǊƻƭ wƻŘ 5ǊƛǾŜ wŜǘǳǊƴ [ƛƴŜ bƻȊȊƭŜέΦ !pplicable to 

BWR plants. 

ω ά/ƻƴǘǊƻƭ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ǎǘǊŜǎǎ ŎƻǊǊƻǎƛƻƴ (NUREG 0313/BWRVIP-трύέΣ based on 

the XI.M07 model programme included in NUREG-1801 ά.²w {ǘǊŜǎǎ /ƻǊǊƻǎƛƻƴ 

/ǊŀŎƪƛƴƎέΦ !pplicable only to BWR plants. 

ω άLƴǎǇŜŎǘƛƻƴ ƻŦ ǾŜǎǎŜƭ ǇŜƴŜǘǊŀǘƛƻƴǎ ό.²w±LtύέΣ based on XI.M08 model programme 

included in NUREG-1801 ά.²w tŜƴŜǘǊŀǘƛƻƴǎέΦ !pplicable only to BWR plants. 

Both the plant-specific and industry operating experience applicable to each AMP are 
analysed periodically in accordance with the methodology described in chapter 02 of 
the present report. 

In fact, the process adhered to for the development of the Spanish nuclear power plant 
!atΩǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǘƘŜ ǾŜǎǎŜƭ ǇǊƻŎŜŜŘ ŦǊƻƳ ǘƘŜ ƛƴŘǳǎǘǊȅ ƻǇŜǊŀǘƛƴƎ ŜȄǇŜǊƛŜƴŎŜ ƛƴŎƭǳŘŜŘ 
in NUREG-1801 and is completed with the applicable improvement actions deriving from 
other industry operating experience not referenced in the said document, such as the 
events, recommendations or experiences received from WANO, Significant Operating 
Experience Reports (SOER) and Significant Event Reports (SER), letters from the 
designers and/or suppliers of equipment (technical bulletins, NSAL, 10CFR21) and the 
action plans defined by the regulatory authorities, in particular the NRC. In the specific 
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case of Trillo NPP, and due to its German design, the information issued by GRS and 
AREVA is also contemplated. 

In this respect, it should be pointed out that, the Spanish nuclear power plants have 
ƛƳǇǊƻǾŜŘ ǘƘŜƛǊ !atΩǎΣ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ǎǇŜŎƛŦƛŎ ǎǳǊǾŜƛƭƭŀƴŎŜΣ ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ŎƻƴǘǊƻƭ 
activities, along with others aimed at prevention, as a result of the leakage, cracking and 
corrosion identified in areas of the reactor vessel head, as well as in other cases of 
cracking detected in components containing nickel alloy materials, located in vessel 
nozzles and penetrations. 

The following are especially significant among the aforementioned events: 

ω leakage from a vessel head CRDM penetration detected during hydrostatic testing at 

the Bugey 3 plant in France,  

ω degradation of a large number of vessel head penetrations at the Spanish José 

Cabrera (Zorita) plant, 

ω corrosion of the vessel head at a US plant (Davis-Besse), or 

ω PWSCC of a nozzle-safe end interface at a US plant (VC Summer) and another in 

Sweden (Ringhals). 

ω More recently, quasi-laminar indications due to hydrogen formation, detected in the 

base material of two Belgian vessels, Döel 2 and Tihange 3, and one in Switzerland, 

Beznau 2. 

The following may be pointed out from among the improvements implemented as a 
result of the aforementioned experience: 

ω Inspection programmes additional to those required by ASME XI on vessel heads and 

CRDM penetrations. 

ω Replacement of the vessel head at four out of the five PWR-W plants to other vessel 

head fabricated with other materials less susceptible to degradation mechanisms. 

ω Planned inspection of the base material of the Trillo NPP vessel shell rings as a result 

of the applicability of the Incident Reporting System (IRS) άCƭŀǿ LƴŘƛŎŀǘƛƻƴǎ ƛƴ ǘƘŜ 

wŜŀŎǘƻǊ tǊŜǎǎǳǊŜ ±ŜǎǎŜƭέΦ  

Finally, among the R&D activities relating to the performance of vessel materials, special 
mention may be maŘŜ ǘƻ ǘƘŜ /{bΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŀƴŘ ǇǊƻƳƻǘƛƻƴ ƻŦ ǘƘŜ ƳŀŎǊƻ ǇǊƻƧŜŎǘ 
led by EPRI on the performance of Inconel 690 materials under reactor primary water 
conditions. The work carried out within the framework of this project, ά9PRI Alloy 
690/52/152 Primary WaǘŜǊ {ǘǊŜǎǎ /ƻǊǊƻǎƛƻƴ /ǊŀŎƪƛƴƎ wŜǎŜŀǊŎƘ /ƻƭƭŀōƻǊŀǘƛǾŜ tǊƻƧŜŎǘέΣ 
in which a large number of international organisations have taken part, has been 
completed recently and has served for the drawing up of two EPRI documents: MRP-368 
and MRP-420.  

05.1.3. Monitoring, testing, sampling and inspection activities for RPVs 

Activities relating to the inspection and monitoring of the aforementioned vessel 

components are performed in accordance with the requirements of the ageing 
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management programmes in which they are included. Described below are the different 

!atΩǎ ŜǎǘŀōƭƛǎƘŜŘΣ ƛƴŘƛŎŀǘƛƴƎ ƛƴ ŜŀŎƘ ŎŀǎŜ ǘƘŜ ǘȅǇŜ ƻŦ ǾŜǎǎŜƭ ǘƻ ǿƘƛŎƘ ǘƘŜȅ ŀǇǇƭȅΦ 

In-service inspection of class 1, 2 and 3 components 

The Spanish plants develop their in-service inspection programmes in accordance 

with the requirements of section XI of the ASME Code, as established in CSN 

Instruction IS-23 [43]. These programmes define the periodic visual, surface and 

volumetric examinations, as well as the pressure tests for all the pressure-retaining 

components, which are to be carried out every 10 years in compliance with the 

requirements of the code mentioned. Table 05.8 includes a summary of the areas to 

be examined in each ten-year period, the scope and ASME denomination and the 

examination method. 

*  All the plants have accepted the use of the ASME N-648-1 Code case, which allows the volumetric 

examination to be replaced with a visual VT-1 examination of the inner surface. Cofrentes NPP 

maintains UT inspection. 

Table 05.8 Vessel inspection programme (ASME XI) 

Regarding to the vessel cladding, although it does not perform any intended function 
and is not, therefore, included in the AMR groups, it is visually inspected within the 
framework of the activities associated with category B-N-1 of the in-service 
inspection programme, as well as within the activities performed in the AMP for 
monitoring of the reactor vessel internals in accordance with the applicable EPRI 
guidelines, for example MRP-227-1, BWRVIP-49, etc.  

Component 
ASME XI 

Inspection 

ASME 

Category 

ASME 

item 

Examination 

method 

Shell-welds (circumferential-longitudinal) 100%  B-A B1.10 Volumetric 

Head welds (circumferential-meridional) 100% B-A B1.20 Volumetric 

Shell-to-flange weld 100% B-A B1.30 Volumetric 

Head-to flange weld 100% 
B-A B1.40 

Volumetric & 

surface 

Inner radius of the vessel nozzles 100% 
B-D B3.100 

Volumetric or 

Visual*  

Nozzle-vessel welds 100% B-D B3.90 Volumetric 

Accessible vessel interior areas Accessible 

areas every 3 

years 

B-N-1 B13.10 

Visual 

CRD housing welds (dissimilar weld) 10% 

peripheral 

CRDs 

B-O 
B14.10/B1

4.20 

Volumetric or 

surface 
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Likewise, the plants have established a mitigation process that makes it possible to 
reduce the susceptibility of stainless steel to degradation, by controlling the 
chemistry of the reactor coolant. 

As regards pressure testing, all the Spanish plants perform VT-2 visual examinations 
on class 1 components, including therefore the reactor vessel, under the pressure 
and temperature conditions corresponding to normal operation, at the end of each 
refuelling outage in accordance with the requirements of ASME XI, with the exception 
of Trillo plant, which performs this test at the pressure and temperature defined in 
the RSK guidelines and the KTA-3201.4 standard. 

The acceptance criteria applicable are specific to each inspection or test performed 
and in accordance with the requirements established by the ASME XI code or other 
standards used. 

Inspection of vessel closure head bolting 

The programme for the surveillance of the sealing elements of the vessel closure 
head is based on the in-service inspection activities defined for these areas in the 
ASME XI code and on the preventive measures for the mitigation of cracking. 

The programme consists of performing visual examinations on closing nuts 
measuring more than нέ in diameter and their washers, and volumetric examinations 
of closure bolts and threaded areas measuring more than нέ in diameter. 

The programme also follows the recommendations established in NUREG-1339 and 
NRC Regulatory Guide 1.65, for the management of reactor vessel closure bolts. 

Inspections shall be carried out on all sealing items every 10 years. 

The applicable acceptance criteria are those established in article IWB-3000 of ASME 
XI. 

Boric acid corrosion programme 

This programme is specific to PWR plants and is based on the recommendations of 
NRC generic letter 88-05, drawn up for the management of corrosion caused by 
leakage of boric acid across the reactor coolant pressure boundary. 

The programme contains periodic inspection activities performed during each 
refuelling outage to visually locate and identify leakage points and their propagation 
paths, which may cause the degradation of carbon or low alloy steel items and 
components at the source of the leakage or in structures and components close to 
the point of leakage due to boric acid-induced corrosion. 

In the area applicable to the vessel, these activities focus on the analysis of any 
indication of leakage in the closure head or lower head and their penetrations. If any 
remains of boric acid are detected, the origin of the leak causing this is determined 
and the corrective actions needed to confirm or restore the intended functions of the 
affected structures and components are carried out. 

As regards frequency, and as has been pointed out above, a VT-1 visual examination 
is to be carried out every refuelling outage. 
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In relation to acceptance criteria, components whose visual examination confirms 
the absence of relevant conditions are considered acceptable for continued service. 
Relevant conditions are considered to be the existence of areas of corrosion, boric 
acid deposits, colouring, decolouring or other indication of leakage. 

Inspection of nickel alloy components and nearby carbon steel surfaces in the 

primary circuit 

Through this additional programme, included among in-service inspection activities, 

the PWR plants manage the effects of Primary water stress corrosion cracking 

(PWSCC) in all susceptible nickel-based alloy components involved in the reactor 

coolant pressure boundary, including welds. The activities consist of periodic 

examinations (visual, surface and/or volumetric) of components susceptible to 

PWSCC in accordance with the requirements of the ASME Code cases N-729-1, N-

722-1 and N-770-1. 

In addition to the inspection activities, the reactor coolant leakage detection system 
provides the capability to detect the presence of significant leakage from the reactor 
coolant circuits to the containment during normal operation. 

Table 05.9, shown below, indicates the inspection activities and their frequency, 
while table 05.10 shows the acceptance criteria applied to the different nickel-based 
components. 

Table 05.9 Activities and frequencies in nickel-based areas 

Component Code Case Examination method Frequency 

Vessel head 

penetrations 
N-729-1 

Visual examination (VE) of 100% 

bare metal on the outer surface 

 

Every three (3) refuelling 

outages or every five (5) 

years 

Ultrasonic test (UT) and eddy 

current (EC) inspection from the 

inside of each penetration 

At least once during the 

ten-year (10) interval 

Vessel bottom 

instrumentation 

penetrations 

N-722-1 

Visual examination (VE) of bare 

metal 
Every two (2) refuelling 

outages 

Hot and cold leg 

nozzle welds 

N-722-1 and  

N-770-1 

Visual examination (VE) of bare 

metal  

Hot legs: every refuelling 

outage 

Cold legs: every 10-year 

interval 

Ultrasonic test (UT) Hot legs: every five (5) 

years 

Cold legs: every two (2) 

periods without exceeding 

seven (7) years 
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The acceptance criteria for each activity are as follows: 

Component Examination Acceptance criteria 
Corrective 

actions 

Vessel head 

penetrations 

Visual 

examination (VE) 

Confirmation of absence of 

relevant conditions (presence of 

leakage or leak deposits at the 

intersection between the 

penetration and the surface of the 

head) unacceptable Extension of scope, 

determining the 

source of the leakage 

and the extent of 

degradation 

 Additional NDT 

examinations 

Repair/replacement 

activities 

 

Ultrasonic test 

(UT) 

UT inspection confirms the absence 

of defects 

Vessel bottom 

instrumentation 

penetrations 

Visual 

examination (VE) 

Acceptance criteria established in 

article IWB-3522 of ASME Code XI, 

as required in Table 1 of Code Case 

N-722-1 

Hot and cold leg 

nozzle welds  

Visual 

examination (VE) 

Acceptance criteria established in 

article IBW-3522, as required in 

Code Case N-722-1 and article 3140 

of Code Case N-770-1 

Ultrasonic test 

(UT) 

In accordance with Table 1 of Code 

Case N-770-1, the acceptance 

criteria are established in section -

3130 of the said Code Case. 

Table 05.10 Acceptance criteria for nickel-based areas 

Any leakage of boric acid detected within the scope of this programme shall be 

managed using the specific AMP for surveillance the boric acid corrosion. 

Inspection of thimbles 

This programme is specific to PWR plants and is aimed at verifying the thimbles 

integrity, detecting any reductions in thickness due to vibrations induced by internal 

currents of water in the reactor at locations where there are structural 

discontinuities, such as the support plates. This programme is implemented in 

compliance with the recommendations of Bulletin Nº 88-09. Inspection of the thimble 

for detecting loss of thickness is performed examining each one with the eddy current 

technique.. 

In general, the frequency of inspection of the thimbles is set at three years (2 

operating cycles). This frequency is obtained by forecasting fretting wear (expected 

depths of wear) in future thimble inspections, which is calculated using an 

exponential curve based on the values of wear of the current inspection and the 

accumulated time that will elapse up to the date for which the forecast is made. 

As an acceptance criterion it is established that values of wear of less than eighty per 

cent (80%) loss of thickness are acceptable. 
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Nozzle-vessel inspection (BWR) 

As a result of the operating experience relating to the vessel nozzles in BWR type 

plants, and in accordance with the recommendations of the NUREG-1801 model 

programmes, the only BWR plant currently in operation in Spain has developed two 

specific programmes, one relating to the feedwater nozzles and the other to the 

nozzle of the CRD return line. 

The scope of inspection of both nozzles includes the nozzle-vessel weld and the inner 

radius, by means of volumetric examination, in accordance with ASME category B-D. 

As regards surveillance of the potential effect of intergranular stress corrosion 

cracking (IGSCC) in the nozzle-safe-end welds and closure cap, this is accomplished in 

accordance with the provisions of EPRI guideline BWRVIP-75A. This nozzle is 

examined every 10 years using UT techniques in accordance with ASME XI, which also 

includes the applicable acceptance criteria. 

Vessel penetrations 

This programme manages the effects of crack initiation and growth in the vessel 

instrumentation penetrations, the vessel drainage penetration and the core 

differential pressure penetrations due to cyclic loads, stress corrosion or 

intergranular stress corrosion. 

The type of inspection performed comprises from the ultrasonic examination of 

certain of the nozzles to VT-2 visual examination (for leak detection) during pressure 

testing. This methods is conducted to detect evidence of leakage from pressure 

retaining components. 

The inspection is performed once every 10 years and the acceptance criteria applied 

are those applicable to nuclear class 1 components in ASME Code XI (IWB-3000). 

Control and mitigation of stress corrosion (NUREG-0313 / BWRVIP-75) 

This programme is applied specifically at Cofrentes NPP. The objective of the 

programme is the monitoring of the appearance and evolution of cracking due to 

IGSCC in stainless steel welds susceptible to this phenomenon, in both items of 

equipment and piping and without any distinction regarding nuclear class. In the case 

of the components included within the scope of the present chapter, this AMP is 

applicable only to the nozzle welds in recirculation loops, two (2) loop suction nozzles 

and ten (10) loop discharge nozzles. 

The programme consists of the periodic performance of nozzle inspections by 

volumetric examination, as well as pressure testing. The nozzles are inspected and 

tested in accordance with the examination and inspection requirements specified in 

NUREG-0313. This document describes the scope and frequency requirements for 

this type of welds depending on their susceptibility to IGSCC, as in the case of 

document BWRVIP-75A. As regards the acceptance criteria of the programme, these 

are the same as for ASME XI category B-F.  
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Reactor vessel surveillance (irradiation embrittlement) 

The objective of the programme is to monitor the evolution of the properties of the 

materials making up the reactor vessel on the basis of the neutron flux received 

throughout the service lifetime of the component, by means of tests performed on 

the surveillance capsules located inside the vessel and made of the same materials 

as this component, both prior to irradiation and following increasingly prolonged 

periods of exposure. The standards used for this purpose are ASTM E-185 and ASTM 

E-482. 

The methods used to assess the degree of embrittlement of the vessels are those set 

out in appendices G and H of 10 CFR 50.  

The ageing mechanism controlled by the programme is embrittlement due to 

irradiation of the vessel. In this respect, as the results of testing of the different 

surveillance capsules are analysed, the values of the critical parameters used to 

assess the integrity of the vessel are reviewed in accordance with the methodology 

described in RG 1.99. The objective of this methodology is to estimate the evolution 

of the RTNDT (reference temperature for nil ductility transition) and USE (upper shelf 

energy, Charpy test) parameters with irradiation, in order to allow the future 

embrittlement status of the vessel to be predicted. Determination, in accordance 

with these tests, of the change in the adjusted reference temperature (ART) makes it 

possible to obtain the safe operating ranges of the reactor (P-T curves). 

The analyses and tests carried out on the specimens tested to date indicate that the 

mechanical properties of the vessel materials at the operating plants have undergone 

variations included within the limits established by the standards, the materials 

consequently maintaining adequate levels of toughness. 

Following removal of all the surveillance capsules, the plants have setup an ex-vessel 

neutron dosimetry programme (EVND) that allows for the monitoring of neutron 

exposure up to the end of lifetime, by installing dosimeters outside the vessel. The 

EVND programme is designed to provide verification of the distributions of exposure 

to fast neutrons inside the vessel beltline zone and to establish a mechanism allowing 

for the long-term surveillance of this part of the vessel regarding the evolution of the 

RTNDT due to the effects of significant exposure to neutron radiation during reactor 

operation. The dosimeters are checked every 3 refuelling cycles. 

As has been pointed out above, the acceptance criteria of these programmes are 

established on the basis of the requirements indicated in 10CFR50.61 and appendix 

G of 10CFR50. 

According to CSN Instruction IS-22 [21], the calculations relating to neutron 

ŜƳōǊƛǘǘƭŜƳŜƴǘ ƻŦ ǘƘŜ ǾŜǎǎŜƭ ŦǳƭŦƛƭ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ά¢ƛƳŜ-ƭƛƳƛǘŜŘ !ƎŜƛƴƎ !ƴŀƭȅǎƛǎέ 

(TLAA), for which reason they must be reviewed in the event of long-term operation 

(LTO). At the date of editing this chapter, the calculations depending on an estimation 
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of creep over time have been solved for the Vandellós II and Almaraz plants, the 

fundamental conclusions being as follows: 

ω The new materials of the vessel beltline have been identified, including the upper 

shell, the nozzles and the associated welds. 

ω Compliance with the limits established in the reference standards has been 

verified for all the beltline materials (traditional and extended) up to the end of 

the LTO (54 EFPY). 

For the rest of the plants the analysis is currently on-going, since it is associated with 

LTO. 

Fatigue management programme 

Fatigue is an ageing mechanism that affects nuclear reactor vessels and is taken into 

account in the ASME Section III construction code used in the manufacturing of these 

components. 

This programme includes a preventive activity against the effect of thermal fatigue in 

the components making up the vessel pressure boundary. This activity consists of 

monitoring the conditions (pressure, temperature and flow) of the reactor coolant 

system in all plant operating situations; i.e., stable operating conditions and 

transients, and comparing these to those foreseen in the design in order to assess 

consumption of the fatigue usage factor, which in accordance with design 

requirements is determined for Class 1 components. 

The Spanish plants have developed a programme that fulfils the requirements 

indicated in the X.M1 model programme included in NUREG-1801 [5], this being used 

for the monitoring of transients in preselected Class 1 components. Transient 

monitoring is performed on two levels: 

ω Monitoring of operating transients in accordance with the requirements 

established in the technical specifications (TS). The plant establishes a control of 

the transient situations that happen under different operating conditions and that 

affect the reactor coolant system and verifies that these do not occur on a greater 

number of occasions than those that are foreseen by design and controlled by the 

mentioned technical specifications. 

ω Monitoring of consumption of usage factor by certain Class 1 components. In 

relation to the components identified in design with high usage factors; i.e., with 

a lower margin or greater susceptibility to cracking as a result of fatigue, the plant 

performs accurate monitoring of the operational parameters of the reactor 

coolant system and associated systems in order to calculate usage factor 

consumptions. In the case of Cofrentes plant, for example, the components 

subject to monitoring of the usage factor are the reactor vessel feedwater nozzles. 

This monitoring is performed by means of a code known as FatONE. 
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As has been pointed out above, in relation to neutron irradiation embrittlement, the 

fatigue calculations and analyses meet the conditions needed for them to be defined 

as being TLAA, for which reason the wear due to fatigue must be determined for a 

foreseeable LTO and the needed forecasts to the end of the new period considered 

must be performed. 

The PWR plant components that have been determined to have the greatest 

accumulated usage factor with respect to fatigue are as follows: 

ω Vessel bottom and transition zone. 

ω Inlet nozzles. 

ω Outlet nozzles. 

ω Core support. 

ω Instrumentation tubes. 

¢ƘŜ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ƛƴǎǇŜŎǘƛƻƴǎ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ !atΩǎ ƛǎ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ 
reports describing the results of the different activities. This information is used to 
schedule future inspections taking into account previously detected defects. Likewise, 
the results history is analysed for each AMP by means of the corresponding monitoring 
process, for which a specific periodic report is issued. 

If the AMP applied to manage the effects of ageing requires the formal tracking of 
trends, this shall be performed in accordance with the requirements of the specific 
programme. 

As has been commented in chapter 02, the periodically performed process of AMP 
monitoring and the assignment of indicators make it possible to detect trends in the 
occurrence of degradations, these being used to assess whether the programme is being 
effective or whether, on the contrary, it requires improvement. If during the inspections 
any type of degradation is detected, it shall be reported. If the degradation detected has 
not previously been identified in the AMR process, it shall be evaluated in order to 
determine whether it is a new ageing effect and, if this is the case, shall be included in 
the corresponding AMP for management. 

¢ƘŜ ƛƴǎǇŜŎǘƛƻƴΣ ǎǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ !atΩǎ ŀǇǇƭƛŎŀōƭŜ 
to the reactor vessel components, as well as other plant activities, are subject to the 
plant Quality Assurance Manual and, as a part of the OAMP, to internal audits and 
inspection by the technical staff of the regulatory authority. The participation of other 
certification organisations is not required, except in those cases in which this is 
established by other licensing requirements associated with the activities (e.g., 
certification of inspectors in accordance with ASME levels). 

05.1.4. Preventive and remedial actions for RPVs 

The water chemistry control programme in place at the plants is particularly outstanding 
among the preventive and mitigating measures, against ageing effects on the 
components of the vessel pressure boundary, is. 

The objective of this programme is to minimise the loss of material due to corrosion and 
stress corrosion cracking and to maintain levels of contaminants below the thresholds 
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accepted by the industry. The programmes are based on the recommendations included 
in EPRI guideline 1014986, as established in the model programme XI.M2 NUREG-1801 
[5], ά²ŀǘŜǊ /ƘŜƳƛǎǘǊȅέΦ Other types of documents are also taken as references, such as 
the technical specifications, other EPRI guidelines applicable to BWR plants, the Siemens 
guidelines applicable to German design plants and the plant-specific experience. 

Chemistry control is carried out using plant-specific procedures to periodically monitor 
and control physical-chemical and radiochemical parameters and impurities, in order to 
ensure that their concentration in water remains below those thresholds that might 
cause any of the aforementioned ageing effects in the primary circuit, both during 
normal operation and outages and reactor scrams. The acceptance criteria are 
established depending on the established water chemistry, but in all cases in accordance 
with the indications of the applicable EPRI guidelines, the technical specifications and 
the plant operating conditions. 

As regards the applicable acceptance criteria, it may be pointed out that when a 
parameter is outside the limits accepted by the industry the corresponding corrective 
actions are applied to return it to its acceptable range. 

Other preventive actions undertaken at the Spanish nuclear have been the replacement 
of the vessel head at both units of Almaraz, unit 2 of Ascó and at Vandellós II. The new 
vessel heads are designed and fabricated with materials that reduce the susceptibility 
to stress corrosion in the environment of the primary water that characterised the 
previous model, made of Inconel 600/82/182. This material has been replaced with 
Inconel 690/52/152, which according to industry experience is more resistant to IGSCC. 
In certain cases other modifications have also been introduced, such as reduction of the 
number of penetrations, elimination of the thermal housings, elimination of the head-
flange weld or a new design for the seals of the thermocouple columns penetrations to 
reduce the risk of leakage across the cannoseal gaskets and canopy welds. 

Particularly significant among the processes of mitigation of ageing effects performed 
on the BWR type reactor vessel, Cofrentes plant, has been the injection of hydrogen in 
the feedwater, since 1997, in order to mitigate intergranular stress corrosion cracking in 
stainless steel components in contact with the reactor coolant. Furthermore, Cofrentes 
NPP has been applying a more advanced mitigation method, since 2010, based on the 
addition of noble metals with the injection of low concentrations of hydrogen in the 
feedwater. 

Another process carried out at this plant has been the application of the MSIP 
(Mechanical Stress Improvement Process) technique on vessel nozzles with dissimilar 
welds. This technique is a process of improving stresses recommended by NUREG-0313, 
for preventing or mitigating the stress corrosion cracking in pipe weldments.The process 
works by removing tensile residual stress and generating a favorable compressive stress 
pattern in its place. This process was performed during the 6th refuelling outage on a 
total 42 dissimilar nozzle-safe end and safe end-extension welds. 

05.2. [ƛŎŜƴǎŜŜΩǎ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ !atΩǎ ŦƻǊ wt±ǎ 

As has been pointed out in chapter 02 of this report, the analysis of the operating 
experience of vessel components is included in the tracking reports of each of the 
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ŀǇǇƭƛŎŀōƭŜ !atΩǎΦ ¢ƘŜǎŜ ǊŜǇƻǊǘǎ ŀǎǎŜǎǎ ǿƘŜǘƘŜǊ ǘƘŜ ŀƎŜƛƴƎ ŜŦŦŜŎǘǎ ŘŜǘŜŎǘŜŘ ŎƻǊǊŜǎǇƻƴŘ 
to those postulated during the AMR process. 

From the analysis performed by the Spanish plants on the tracking reports ƻŦ ǘƘŜ !atΩǎ 
applicable to the reactor vessel components identified in the TPR specification it may be 
concluded that no ageing effects not identified during the ageing management review 
process have been detected. Significant operating experiences have, however, been 
detected, some of which are dealt with below. 

Almaraz NPP 

ω In 2010, indications associated with a loss of thickness due to wear were detected on 
the outer surface of a thimble. These indications exceeded the wear limit established 
in the thimbles surveillance programme (80%), as a result of which the Almaraz plant 
decided to leave the affected item out of service as a corrective measure. 

ω During the 2010 refuelling outage at unit 2 of the Almaraz plant, accumulations of 
boric acid were detected on the thermal insulation of the vessel head, resulting from 
leakage across the cono-seals. Following the removal of these traces and the cleaning 
of the surfaces for the performance of inspections and the removal of the thermal 
insulation to facilitate examination of the outer surface of the head, Almaraz found 
no degradations due to boric acid. 

Vandellós II NPP 

ω The in-service inspection programme applicable to the vessel according to the 
requirements of ASME Code XI, along with the alternative requirements based on the 
code cases applicable to Inconel areas, are considered to be effective for the 
management of ageing effects in vessel pressure-retaining components. 

These programmes have allowed for the following: 

o Prompt detection of boric acid leakage and sediments, which are assessed and 
managed in accordance with the plant corrective actions programme, with the 
implementation of appropriate corrective actions when needed. In no case the 
leaks have been considered unacceptable. 

o Confirmation of the absence of relevant indications associated with PWSCC in 
dissimilar welds. In certain cases indications have been detected in the area 
between the weld and the buttering ς in no case open to the surface ς these being 
considered as being due to the process of welding and depositing of the buttering 
during the construction phase. 

ω As regards the thimbles surveillance programme, this has proven to be effective for 
the prompt detection and management of wear of the instrumentation tubes, 
through activities relating to the replacement and withdrawal of the affected 
thimbles. The experience of the application of this programme underlines certain of 
the preventive actions performed: 

o During refuelling outage R11 a thimbles replacement campaign was carried out, 
this consisting of replacing 15 of the 50 thimbles as a preventive measure. A 
historic analysis of thimble wear at this plant shows that the evolution of the 
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indications is gradual, since neither the surrounding flow conditions nor the 
configuration of the core are excessively aggressive for them. 

o During refuelling outage 21 (October 2016), and despite the rejection criterion not 
having been exceeded, thimble N-12 was plugged as a preventive measure. 

Ascó NPP  

ω The in-service inspection programme applicable to the vessel in accordance with the 
requirements of ASME Code XI, along with the alternative requirements based on the 
code cases applicable to Inconel areas, is considered to be effective for the 
management of ageing effects in vessel pressure-retaining components. 

These programmes have allowed for the following: 

o The detection of boron deposits on the vessel head, which have required inclusion 
in the corrective actions programme, for example: 

® Traces of boron in vessel head penetrations following visual inspection. 

® Leakage across a CRDM vent plug. 

All the boric acid deposits and leakage identified at the plant have been assessed and 

subsequently appropriate corrective actions and prompt measures have been 

applied where necessary. 

o Surveillance of the phenomenon of PWSCC in vessel head and bottom 
penetrations, which has determined the absence of relevant indications in the 
material. 

o The performance of dissimilar welds of nozzle-to safe end connections has 
provided satisfactory results, no type of degradation having been encountered. 

ω As regards the preventive controls associated with the chemistry of the primary 
circuit, it should be pointed out that in addition to the habitual treatments of 
chemistry control programmes, this plant also includes the injection of zinc. 
According to the experience of the plant, this treatment has proven to be beneficial 
in reducing the appearance of stress corrosion in vessel materials susceptible to this 
mechanism, in particular Inconel 600. 

ω The thimbles surveillance programme has proven to be effective for the prompt 
detection and management of instrumentation tube wear, through replacement and 
withdrawal of the affected thimbles. The tracking of trends and the predictive 
calculations have proven to be effective in preventing the loss of component 
functions. 

Historically, tubes whose forecast wear indicates that they are close to exceeding the 
rejection criteria are plugged and withdrawn, until a significant number of them are 
in a condition to be replaced. In this way, Ascó plant optimises thimble replacement 
interventions. 

Trillo NPP 

A significant experience worthy of mention is the fact that in 1992 Trillo plant detected 
a corrosion-induced loss of material in the grooves that hold the inner and outer O-rings 
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of the vessel closure head flange, as a result of which the following corrective actions 
were established: 

ω Ultrasonic measurement of pore depth. 

ω Creation of metallographic replicas and putty-based plastic impressions. 

ω Sketch of the vessel head sealing surface showing the approximate location of the 

existing indications, with a view to controlling the evolution of the process of 

corrosion in subsequent refuelling outages. No significant changes have been 

detected till current date. 

ω In-depth cleaning of the seals and sealing surface. 

Cofrentes NPP 

The inspection programmes for surveillance of the pressure retaining part of the reactor 
vessel are based on compliance with the applicable requirements of ASME Code XI, in 
accordance with the in-service inspection programmes, and in other specific standards 
such as NUREG 313, and have been in place since the beginning of operation of the plant. 
To date no degradation effects that might affect the integrity of the vessel have been 
detected. 

From the analysis of the industry operating experience performed in each AMP 
applicable to the components of the vessel pressure boundary it may be concluded that 
it has not been necessary to include any modifications as a result of the appearance of 
ageing effects other than those contemplated in these programmes. 

Particularly significant among the industry operating experience assessments 
performed has been the issuing in July 2012 of report IRS-8244 by the Belgian Döel 3 
Ǉƭŀƴǘ Ǿƛŀ ǘƘŜ L!9!Ωǎ Ŝvents reporting system. This document reports on the finding of 
laminar indications in the base material of one of the three forged rings that go to make 
up the reactor vessel. These laminar defects are parallel to the inner and outer surfaces 
of the vessel and have initially been attributed to a possible defect in manufacturing. 

As a result of the above, Cofrentes NPP reviewed the documentation associated with 
the manufacturing of the rings of its reactor vessel, paying special attention to those 
processes that might have generated manufacturing defects in the base material, and 
to the inspections that might have detected these defects prior to the placing in service 
of the vessel. 

The result of the aforementioned review suggests that it is highly unlikely that the cause 
of the manufacturing defects in the vessels of Döel 3/Tihange2 has existed during the 
process of manufacturing the vessel for Cofrentes NPP. 

05.3. wŜƎǳƭŀǘƻǊΩǎ ŀǎǎŜǎǎƳŜƴǘ ŀnd conclusion on ageing management of RPVs 

In relation to the process of managing the ageing of reactor vessel components 
considered in the specification, the CSN considers the ageing management programmes 
applied by the Spanish nuclear power plants to be adequate. The scope and main 
activities of these programmes have been presented in this chapter. 
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It should be pointed out that all the surveillance, control and mitigation activities have 
been defined and implemented since the beginning of commercial operation, since 
these are required by the applicable licensing bases. In this respect, the following may 
be underlined: 

ω The programme for the inspection of the areas of the reactor vessel head, closure 

bolts, vessel shell, nozzles and penetrations is developed in accordance with the 

requirements of ASME Code XI, and is include in the In-Service Inspection Manuals 

(ISIM) of each facility. Performance of the programme is completed every 10 years. 

ω The reactor vessel material irradiation surveillance programme is defined in the 

technical specifications and described in the final safety analysis report. In 

compliance with the technical specifications, the surveillance capsules must be 

removed and examined in order to determine changes in the properties of the 

materials in accordance with intervals defined therein. 

ω The chemistry programme is monitored and controlled by the technical 

specifications. 

Furthermore, and as a result of international operating experience, the Spanish plants 
have incorporated additional vessel inspection programmes, such as the application of 
ASME code cases N-729-1, N-722-1 and N-770-1 and, in other cases deriving from 
experiences such as the inspection of the in-core instrumentation tubes (thimbles). All 
of these programmes are also included in the In-service Inspection Manual (ISIM) of 
each plant, in accordance with the requirement of CSN Instruction IS-23 [43], which 
states: άinclusion of those deriving from the temporary application of any standard, from 
the conditions for the operating authorisation in force, licensee commitments or other 
requirements defined through instructions or requirements issued by the CSN as a result 
of in-ƘƻǳǎŜ ƻǊ ƴǳŎƭŜŀǊ ƛƴŘǳǎǘǊȅ ƻǇŜǊŀǘƛƴƎ ŜȄǇŜǊƛŜƴŎŜΣ ǊŜǉǳƛǊƛƴƎ ǎȅǎǘŜƳŀǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜΦέ 

Consequently, in view of the far-reaching regulations applicable, on the one hand 
Instruction IS-22 [21], applicable to lifetime management and long-term operation, and, 
on the other, the aforementioned IS-23 [43], applicable to in-service inspection 
activities, the CSN considers that the regulations guarantee that the AMtΩǎ Ƴŀƛƴǘŀƛƴ 
homogeneity as regards scope, inspections and acceptance criteria and that they are 
performed in accordance with established conditions. 

As regards the tracking of these programmes, the CSN carries out two-yearly inspections 
of the lifetime management plans of all the plants in accordance with the basic 
inspection plan established. These inspections, performed on site and in accordance 
with CSN internal procedure PT.IV.223 [41], include supervision of the ageing 
management programmes applicable to the reactor vessel at both documentary and 
implementation level. This supervision is complemented with the information 
submitted annually by the Spanish nuclear power plants to the CSN in compliance with 
the requirements of Instruction IS-22 [21]. 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀƴŘ ŀǎ Ƙŀǎ ōŜŜƴ ǇƻƛƴǘŜŘ ƻǳǘ ŀōƻǾŜΣ Ƴƻǎǘ ƻŦ ǘƘŜ !atΩǎ ŀǇǇƭƛŜŘ ǘƻ 
the vessel are included within the scope of Instruction IS-23 [43], for which reason they 
have also been reviewed by the CSN by way of the basic inspection plan in place. In this 
respect, CSN internal procedure PT.IV.207 [44] has been adhered to, this being used to 
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ensure that the scheduling and performance aspects of the in-service inspection 
programme meet the requirements of the applicable standards, that the requirements 
of new standards or recommendations based on operating experience are applied and 
that they provide a capacity adequate for the surveillance of any degradation 
phenomenon that might jeopardise the structural integrity of the component. 

The verifications performed by the CSN on the ageing management processes applied 
to the components of the reactor vessel confirm the conclusions reached by the 
licensees regarding the effectiveness of these processes. 

[ƛƪŜǿƛǎŜΣ ƛǘ Ƴŀȅ ōŜ ǇƻƛƴǘŜŘ ƻǳǘ ǘƘŀǘ ǘƘŜ !atΩǎ ƛƴŘƛŎŀǘŜŘ ƳŀƪŜ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘŜŎǘ ǘƘŜ 
expected degradations and act accordingly, maintaining the intended functions of the 
equipment, components and systems. The experience available as of the date of this 
ǊŜǇƻǊǘ ƛǎ ǘƘŀǘ ŀƭƭ ǘƘŜ !atΩǎ ƘŀǾŜ ōŜŜƴ Ŧǳƭƭȅ ƛƳǇƭŜƳŜƴǘŜŘ ŀƴŘ ǘƘŀǘ ǘƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ 
no expected or not previously identified degradations that might compromise the 
integrity of the structures included within the scope of the AMP have been observed. 

Regarding to the volumetric examinations performed according to the RPV inspections 
programme, it should be pointed out that all of them have been performed with 
qualified procedures according to the UNESA-CEX-120 methodology, and have also 
taken into account the methodology based on the harmonisation process within the 
άEuropean Network for Inspection Qualificationέ ό9bLvύ ŀƴŘ ǘƘŜ bǳŎƭŜŀǊ wŜƎǳƭŀǘƻǊǎ 
Working Group (NRWG). 

As has been indicated in the first section of this chapter, the reactor vessel is a basic 
component of a lifetime management programme. Indeed, the applicable regulations 
specifically indicate that the ageing management of the reactor vessel and its welds shall 
take into account all relevant factors, including at least embrittlement, thermal ageing 
and fatigue, in order to compare their performance with respect to the analytical 
predictions made throughout the lifetime of the component. The CSN considers the 
assessment of these aspects to be crucial for requests for license extension from 40 to 
60 years of operation, especially when for certain of these aspects, for example fatigue, 
no methodology is initially available to assess the impact of environmental fatigue. 
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PWR-W TYPE VESSEL 
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PWR-KWU TYPE VESSEL 
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