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1. [bookmark: _Toc224546537]Introduction
This Technical Assessment Guide (TAG) is part of a suite of guidance available to ONR inspectors to assist in their application of the Safey Assessment Principles (SAPs) [1] which are used in the technical assessment of the safety cases for nuclear facilities and in the formation of regulatory judgements.
This TAG has been written with due regard for relevant legislation, licence conditions and international guidance. The overarching relationships between the TAGs and these areas of legislation and guidance are discussed further in “An Introduction to ONR's technical assessment and inspection guides” [2]. 
This TAG is part of a suite of guidance available to ONR inspectors to assist in their application of the Safey Assessment Principles (SAPs) [1] which are used in the technical assessment of the safety cases for nuclear facilities and in the formation of regulatory judgements.
This guide explains what ONR considers relevant good practice (RGP) when looking at ageing, degradation and obsolescence (A&D). This RGP may be used to assess dutyholders activities and safety submissions. Examples of these include:
periodic reviews of safety cases
design, construction or installation of new plant
modification or experiment on existing plant
changes to examination, inspection maintenance and testing (EIMT)

[bookmark: _Toc224546538]Purpose and scope 
This purpose of this TAG is to promote consistent inspector judgements on the adequacy of A&D management for structures, systems, and components (SSCs). It also supports considerations for SSCs beyond design life substantiation. It applies to all ONR-regulated sites and plant lifecycle stages, including facilities designed to earlier standards, with Judgements on As Low As Reasonably Practicable (ALARP) applied on a case by case. Further ALARP guidance is available in ONRs TAG  [3].
[bookmark: _Toc224546539]Relationship to licence and other relevant legislation 
The link between the TAGs and the legislation which provides the legal basis for nuclear regulation is laid out in “An introduction to ONR's technical assessment and inspection guides” [2].
Licence Conditions (LCs) require licensees to establish arrangements for compliance. The following LCs are especially relevant to A&D:
LC6 – Documents, Records, Authorities and Certificates: 
This concerns the quality management of safety documents, specifically the arrangements for recording and retrieving all lifetime data for SSC construction, manufacture, testing, inspection, and maintenance;
LC7 – Incidents on the Site: Relates to mitigating ageing effects, taking corrective action, and quality management in A&D management;
LC10 – Training: Personnel should be properly trained to perform operations and maintenance that impact SSC ageing and degradation;
LC12 – Duly authorised and other suitably qualified and experienced persons (SQEP): SQEP shall undertake A&D management activities. Requirements for each A&D roles shall be clearly defined;
LC15 – Periodic Review: A&D management arrangements should be regularly reviewed for suitability, focusing on continuous improvement through OPEX learning and research and development;
LC17 – Management Systems: This covers knowledge and quality management within A&D systems. Loss of A&D knowledge can lead to inadequate mitigation of ageing and premature obsolescence of SSCs. Arrangements should be in place to retain and share A&D knowledge as required;
LC19 – Construction or installation of new plant: 
Activities undertaken can influence SSCs’ A&D and have a long-term impact on their service life behaviour/performance;
LC22 – Modification or Experiment on Existing Plant: Modifications can influence SSCs’ A&D. LC22 also considers acceptance criteria and corrective actions;
LC23 – Operating Rules: Operating rules should be implemented to control service conditions within the safety case limits;
LC25 – Operational Records: This applies to quality manament arrangements related attributes of A&D management;
LC27 – Safety Mechanisms, Devices and Circuits (SMDCs): 
A&D can threaten an SSC’s operational readiness; 
LC28 – Examination, Inspection, Maintenance and Testing (EIMT): This applies to establishing preventative actions to minimise and control ageing effects through:
detection
monitoring and trending
mitigation
evaluation
corrective action
LC34 – Leakage and Escape of Radioactive Material and Radioactive Waste: A&D management should ensure SSCs providing containment of radioactive materials and radioactive wastes can fulfil their safety function throughout life;
LC35 – Decommissioning: A&D management applies to SSCs ensuring safety during decommissioning activities; and
LC36 – Organisational Capability: A&D management requires adequate financial and human resources.

[bookmark: _Toc224546540]Relationship to Safety Assessment Principles, WENRA Reference Levels, and IAEA Safety Standards and Guides. 
0.1. [bookmark: _Toc125529430]Safety Assessment Principles
The SAPs [1] directly addressed by this TAG are:
EAD.1 (Safe Working Life). This relates to considering the safe working life of SSCs at the design stage;
EAD.2 (Lifetime Margins). This relates to SSC margins of safety, which should consider A&D;
EAD.3 (Periodic Measurement of Material Properties). This relates to material properties measurement;
EAD.4 (Periodic measurement of parameters). This relates to parameters measurement; and
EAD.5 (Obsolescence). This relates to SSC obsolescence management.
0.2. [bookmark: _Toc125529431]WENRA
This TAG considers guidance given in the Western European Nuclear Regulators Association (WENRA) Safety Reference Levels for Existing Reactors 2020 [4].
WENRA Reference Level ‘I’ is dedicated to ‘Ageing Management’. This is considered in Section 5 and Appendix 2 of this TAG.
0.3. [bookmark: _Toc125529432]IAEA
This TAG considers A&D International Atomic Energy Agency (IAEA) guidance. These are considered in Section 5 and Appendix 2 of this TAG.
From Appendix 2, the following IAEA documents are considered key RGP sources:
IAEA Safety Standards Series No. SSR-2/1: Safety of Nuclear Power Plants: Design [5]
IAEA Safety Standards Series No. SSR-2/2. Safety of Nuclear Power Plants: Commissioning and Operation [6]
IAEA SSG-48: Ageing Management and Development of a Programme for Long Term Operation of Nuclear Power Plants [7]
[bookmark: _Hlk111036085]IAEA Safety Reports Series No. 109: Regulatory Oversight of Ageing Management and Long Term Operation Programme of Nuclear Power Plants [8]
IAEA Safety Reports Series No. 82: Ageing Management for Nuclear Power Plants: International Generic Ageing Lessons Learned [9]
IAEA NR-T-3.34: Management of Ageing and Obsolescence of Instrumentation and Control Systems and Equipment in Nuclear Power Plants and Related Facilities through Modernization [10]
IAEA SSG-69: Equipment Qualification for Nuclear Installations [11]

[bookmark: _Toc224546541]Advice to inspectors
0.4. [bookmark: _Toc125529434]General
This TAG provides advice within the following subsections: 
general A&D management arrangements
ONR EAD.1-5 SAPs considerations [1]
In line with guidance provided by the IAEA [12], the following definitions are provided:
ageing: general process in which characteristics of an SSC gradually change with time or use;
degradation: physical ageing effects that could impair the ability of an SSC to function within its acceptance criteria; and
obsolescence (non-physical ageing): the process of becoming out of date owing to the evolution of knowledge, technology and associated changes in codes and standards.
Further sub-division of physical ageing processes specific to the civil engineering discipline can be found in Annex 5 of ONR’s Civil Engineering TAG [13].
A&D also affects conventional non-nuclear safety (e.g., nuclear site health and safety security and safeguards). ONR inspectors should refer to those purposes to target interventions.
0.5. [bookmark: _Ref126569865][bookmark: _Ref103343789][bookmark: _Toc125529435]A&D management arrangements 
A&D management should be employed through life to ensure related risk is effectively managed. Inspectors should consider the following attributes when judging the dutyholders A&D management arrangements.
Ageing management key expectations: 
identify and understand the ageing mechanisms impacting the SSC under consideration
understand their associated effects
undertake appropriate monitoring and data trending to identify issues in a timely manner
take appropriate steps to prevent or mitigate them
[bookmark: _Ref106885104]Obsolescence management key expectations:
identify and record details of the equipment on the facility subject to obsolescence
identify the obsolescence status of the equipment
prioritise the obsolescence issues
mitigate the obsolescence issues
Ageing management programme: An ageing management programme should be established to manage SSC ageing. This should consider beyond design life substantiation of SSCs. Applicable refs.: [4], [6] - [11], [14], [15].
SSCs: SSCs important to nuclear, conventional safety, security, safeguards should be included. This includes those whose failure may prevent other SSCs important to safety fulfilling their intended functions.. Applicable refs.: [4] - [11], and [16].
A&D mechanisms: Relevant A&D mechanisms should be identified. 
This should include appropriate acceptance criteria along with suggested corrective actions. Applicable refs.: [4] - [11], and [14]. 
Obsolescence: Arrangements for A&D management should identify all nuclear safety related SSCs potentially subject to obsolescence. 
Strategies to manage obsolescence of SSCs should exist. 
Applicable refs.: [4], [6] - [11], and [14].
Proportionality: A graded A&D management approach should exist. 
This should be commensurate with the SSC’s safety significance. Applicable refs.: [4] - [11], and [14].
Optioneering: Optioneering should be considered at the design phase and included as part of plant modification proposals. Applicable refs.: [3] - [7], [9], and [10]. 
Safety / security / safeguard cases: These cases should explain the A&D requirements and be traceable. Applicable refs.: [3], [4], [6], [7], [8], [10], [11] and [15].
Training: Staff training should highlight the significance of robust A&D management. All relevant staff, including operators, maintainers, supervisors, and supply chain partners, must receive sufficient training and information to identify A&D mechanisms, understand their effects and significance, and act promptly. Training should also stress the risk of damaging SSCs during maintenance or operation and clarify correct equipment handling procedures. Applicable refs.: [4], [6], [7], [8], [10], [11], [16] and [17].

SQEP: A&D management roles should identify qualification and experience requirements. This may include requirements for individuals who design, construct, operate, maintain, modify and decommission SSCs. 
Competency of third-party organisations should also be considered.
Applicable refs.: [4], [6], [7], [8], [10], [11], [16], [14] and [17]. 
EIMT: EIMT requirements supporting A&D should be defined at design and reviewed throughout the asset’s life. EIMT methods and frequency must effectively detect or prevent A&D issues before they affect safety. The EIMT rationale should be documented. Applicable refs.: [4] - [11], [15], [19].
Performance indicators: Leading and lagging A&D performance indicators should be developed. Trending of performance indicators should be considered. Applicable refs.: [4], [6] - [11], [16] and [17].
OPEX: Internal and external OPEX, including research and development, should inform A&D arrangements. OPEX reviews should identify trends to update EIMT practices.. Applicable refs.: [4] - [11], and [20].
Participation: A&D Management should include participation from various dutyholder’s teams. With representatives from (but not limited to):
senior management
engineering
maintenance
operations
design authority 
safety case practitioners
training
procurement / supply chain organisations
finance
work planning
Applicable refs.: [4] - [7], [9] and [10].
Senior management: Dutyholder’s senior management should support A&D implementation. Suitable resources and funding should be identified and allocated. Applicable refs.: [4], [6] - [8], [10], [18], [14], and [19].
Strategies and controls: A&D strategies and controls should be identified, formally implemented, and captured in operational documentation. Applicable refs.: [4] - [11], [16] and [14].
Roles, responsibilities and accountabilities: A&D management roles, responsibilities and accountabilities should be defined. Applicable refs.: [4] - [8], [10], [11] and [16] - [14].
Other programmes: A&D management should integrate with other relevant programmes. These may include:
periodic review
equipment reliability
asset management
risk management
Applicable refs.: [4] - [11], and [20].
Supplementary methods: Supplementary methods should support A&D management. These methods may include (but are not limited to):
parallel manufacture (for destructive testing purposes)
use of decommissioned SSCs
coupons/surveillance specimens
use of test rigs
laboratory testing and other accelerated ageing studies
Applicable refs.: [4] - [8], [10], [11], [16], [14] and [21].
Knowledge management: An A&D management information system should exist. The system should:
consider A&D knowledge management and its retention
enable A&D knowledge transfer to new staff
include sufficient data, including EIMT, to support effective A&D management
Applicable refs.: [4] - [11], [18], [14] and [22].
Supply chain: Supply chain organisations should contribute to A&D management and assist in identification of design requirements. Long term requirements should consider alternative and diverse suppliers of services and equipment. Applicable refs.: [4], [6] - [8], [10], [11], [19], [23] and [24].

Spare parts and consumables: SSCs should be stored in suitable conditions. This may require the provision of dedicated environmental control systems. SSC packaging should be in line with the manufacturer’s recommendations. Original equipment manufacturer recommended shelf-life spare parts EIMT requirements should be followed. 
Applicable refs.: [4] and [6] - [11].
Configuration control: SSC supporting documentation requires configuration control. This ensures compliance with operating and EIMT requirements. Applicable refs.: [4] - [8], [10], [11], [20] and [23].
Design changes and concessions: Concession and design change control is fundamental to successful A&D management. This includes submissions associated with operation of SSCs beyond design life. 
Applicable refs.: [4] - [8], [10], [11], [13], [15], [17] and [25].
Uncertainties: Gaps in historical SSC documentation should be identified, with corrective actions prioritised according to SSC safety classification and associated risks. These uncertainties should inform future A&D management arrangements. Applicable refs.: [4], [5], [7], [8], [10], [11], [16] and [22].
Re-evaluation: A&D management arrangements should be re-evaluated throughout the lifetime of the facility (e.g., during periodic review or a dedicated Ageing Management Review). The revaluation should:
support A&D management arrangements continuous improvement
ensure safety case assumptions remain valid
be undertaken alongside modifications to plant or operational states
Applicable refs.: [4] - [11] and [14].
[bookmark: _Hlk104017263]Human factors: Human factors analyses should be used to support A&D management. This includes optimising implementation of A&D management arrangements and integration with the supply chain. Human factors analysis for SSC access and EIMT should be considered. Applicable refs.: [4] - [7], [10] and [23].
Inaccessible SSCs: SSCs that are inaccessible or impracticable to EIMT in-service should be identified. The use of remote monitoring techniques should be considered. Applicable refs.: [4], [5], [7], [8], [10], [14], [17], [19] and [24].
Plant walkdowns: Plant walkdowns should be undertaken to visually inspect SSCs and support A&D management. A record of the plant walkdown should also be recorded. Applicable refs.: [4], [6] - [8], [10], [11], [16] and [14].

Intelligent Customer: Dutyholders should maintain an Intelligent Customer (IC) capability. This IC capability should ensure that optioneering, design or repair works are undertaken by SQEP. The scope of works, and associated contracts and specifications, should be checked by a SQEP IC function. Applicable refs.: [8], [13], [16] and [25].
Pictorial data: Evidence to support SSCs A&D management should be used. This may include photographs and video recordings of the SSCs condition. Applicable refs.: [10], [14] and [19].
Extreme events: Non-routine inspections should be considered. 
The inspections may follow extreme events or faults that could accelerate ageing and degradation. For example, this may include accidental impacts and extreme weather events. Applicable refs.: [7], [8], [16] and [23].
End users: End users requiring A&D information should be identified. 
The information purpose should be identified. Applicable refs.: [10] and [24].
Unrevealed ageing mechanisms: Revealed and unrevealed ageing mechanisms should be considered. Safety cases which consider the effects of unrevealed A&D mechanisms are encouraged. Applicable refs.: [13].
Facility lifecycle phases: The potential for introduction of new A&D mechanisms between facility lifecycle phases should be considered. 
This should include both pre-inactive and pre-active commissioning. 
The effect of changes to safety functional requirements across facility lifecycle phases should also be considered. Applicable refs.: [10] and [13].
Beyond Design Life Substantiation: A structured evidence-based approach to demonstrating that safety functions of SSCs can be maintained beyond the original design life should be undertaken. This includes identifying and assessing ageing mechanisms, implementing robust monitoring and maintenance strategies, and justifying continued operation using conservative assumptions. The substantiation should be underpinned by an updated safety case, informed by operational experience, inspection data, and predictive modelling. Where uncertainties exist, contingency measures and plans for timely component replacement or plant modifications to sustain safety margins throughout the extended period should be considered. Applicable ref.: [26]
0.6. [bookmark: _Toc125529436]Ageing and degradation safety assessment principles
When using the following EAD SAPs, ONR inspectors should also consider the generic aspects discussed in subsection 5.2. In particular the following aspects should support the substantiation: 
optioneering
the use of OPEX
supplementary methods
periodic re-evaluation to show reduction of risks ALARP throughout life
0.6.1. EAD.1 – Safe working life
For new facilities, evaluation of SSC safe working life should be undertaken during the design phase. The results should inform the development of SSC specification requirements. This includes their: 
manufacture
packaging
transport 
storage 
construction/installation
commissioning/decommissioning
EIMT
associated quality assurance levels
Applicable refs.: [10], [27] and [28].
When determining safe working life, service conditions, A&D mechanisms, and failure modes should be reviewed. Records for existing facilities should be used to assess safe working life and ensure compliance with design specifications. Service conditions should be monitored to confirm operation within design limits. If records are limited, conservative assumptions and analyses should be applied. Analytical models—such as stress, fracture, or fatigue assessments—should account for the actual or expected condition of SSCs, including ageing effects, and must be properly verified and validated. Applicable refs.: [4], [10], [14], [16], [24], [26], [28].
0.6.2. EAD.2 – Lifetime margins
Factors influencing lifetime margins should be systematically identified, including safe working life, A&D mechanisms, and SSC condition. Analytical models used for assessing lifetime margins should be verified, validated, and incorporate conservative assumptions, accounting for uncertainties and reliability of results. Suitable margin should exist between the operating and fault envelope and the conservative failure limit. 

For novel or complex SSCs lacking established standards, additional justification methods may be necessary. EIMT reviews and OPEX data should inform A&D trends and support lifetime margin justification. Use A&D indicators and action levels to maintain margins and consider early SSC replacement where needed. Any gaps in documentation should be addressed according to safety significance. All uncertainties, such as environmental and loading conditions, should be considered. Applicable refs.: [4], [7] - [11], [14], [17], [27], [20], [21], [25], [29] and [30]
0.6.3. EAD.3 – Periodic measurement of material properties
[bookmark: _Ref210996566]The extent and frequency of measurements should be justified at the design stage and aligned with the SSC’s safety classification. These should be periodically reviewed throughout the facility’s life. Measurement uncertainties and their effects on safe working life and lifetime margins should be identified and considered, ensuring procedural changes do not compromise data quality. Applicable refs.: [19] and [25].
Radiation doses (individual and collective) should be assessed and kept ALARP, with techniques evaluated through life and maintenance access minimised by design or remote methods. Human factors, such as layout and accessibility, should be assessed to ensure effective and usable measurement methods, supported by suitable management systems. Applicable refs.: [31] [18], [19] and [23].
Uncertainties in material properties and degradation mechanisms should be addressed through in-service monitoring and adequate safety margins. SSC manufacturing records, including material properties at fabrication and service entry, should be retained, and life-long measurements should consider fabrication flaws and ageing interactions. Applicable refs.: [25] and [30].
[bookmark: _Ref210996591]Long-term trends should be predicted using surveillance research and account for uncertainties. Measurement methods must be suitably sensitive, especially for new techniques, and embedded instrumentation should allow for testing and calibration during operation. Applicable refs.: [19], [25] and [32].
0.6.4. EAD.4 – Periodic measurement of parameters
When using EAD.4, ONR inspectors should consider the aspects discussed against EAD.3 in paragraphs 60 to63. 
Plant parameters should be recorded for trending purposes. This should aid proactive and reactive A&D EIMT. Applicable refs.: [4], [7], [8], [10] and [11].
0.6.5. 
0.6.6. EAD.5 – Obsolescence
Both reactive and proactive strategies should be used to manage obsolescence. If possible, these strategies should form part of the design specification process (e.g., by specifying expected life, lifetime support of spare parts, multiple supplies). Applicable refs.: [30] and [31].
A replacement SSC’s substantiation should be the same as the original SSC’s. Where reasonably practicable, replacement SSCs should: 
be identical to the replaced SSCs
use a proven technology, or
be tested for the specific application
Applicable refs.: [14] and [30].
A&D management arrangements should consider technical obsolescence. 
This may include solutions through:
procurement (including procurement of surplus items on the market)
special manufacturing runs
evaluation of equivalent items
plant engineering including reverse engineering items; 
repair or rebuild of items
utilisation of spares from other components
design (such as design change)
Applicable refs.: [7], [8], [10] and [24].
Licensees / dutyholder’s should consider other factors that relate to obsolescence. These factors include the arrangements for:
last time buy and storage
after market buy
recycled user stock
alternative fit-for-function SSCs
remanufacturing/re-engineering
reverse engineering
sub-system replacement
system replacement 
Applicable refs.: [10].
Obsolescence effects on software security should be considered. This may include:
vulnerability to attack from existing or new cyberthreats
the ability to recover a system using backup on secure compatible equipment
Applicable refs.: [10].

[bookmark: _Toc224546542][bookmark: _Toc89268373]Glossary
	Term
	Definition

	Ageing
	General process in which characteristics of an SCC gradually change with time or use [12].

	Ageing Management
	Engineering, operations and maintenance actions to control within acceptable limits the ageing degradation of SSCs [12].

	Ageing Management Programme
	A set of policies, processes, procedures, arrangements and activities for managing the ageing of SSCs [20].

	Ageing Degradation
	Ageing effects that could impair the ability of a structure, system or component to function within its acceptance criteria [12].

	Design Life
	The period of time during which a facility or component is expected to perform according to the technical specifications to which it was produced [12].

	Dutyholder
	Any organisation or person that holds duties under legislation that ONR regulates. Dutyholders include Licensees, Requesting Parties, Potential Future Licensees, Operational Licence Dutyholders, Decommissioning Site Licensees, New Build Site Licensees, budget holders, vendors and supply chain members [13].

	Intelligent Customer 
	The capability of an organisation to understand where and when work is needed; specify what needs to be done; understand and set suitable standards; supervise and control the work; and review, evaluate and accept the work carried out on its behalf [1].

	Lagging (performance indicators)
	Performance indicators which enable failures to be detected and so highlight incidents and/or deficient performance of assets [14].

	Leading (performance indicators)
	Performance indicators which can be used to predict future performance and so forewarn of non-compliance with performance standards [14].

	Modification
	Any alteration to buildings, plants, operations, processes or safety cases and includes any replacement, refurbishment or repairs to existing buildings, plants or processes and alterations to the design of plants during the period of construction [33].

	Non-Physical Ageing
	The process of becoming out of date (i.e., obsolete) owing to the evolution of knowledge and technology and associated changes in codes and standards [12].

	Physical Ageing
	Ageing of structures, systems and components due to physical, chemical and/or biological processes (ageing mechanisms) [12].

	Revealed Ageing Mechanism
	A process which results in some measurable effect, which can be detected via non-destructive or non-invasive means [13].

	Service Conditions
	Physical conditions prevailing or expected to prevail during the service life of a structure, system or component. Service conditions include environmental conditions and operating conditions and conditions during and after events [12].

	Safety Case
	The totality of a licensee’s (or dutyholder’s) documentation to demonstrate safety [1].

	Structures, Systems and Components (SSCs)
	A general term encompassing all of the elements (items) of a facility or activity that contribute to protection and safety, except human factors [12].

	Unrevealed Ageing Mechanism
	A process which results in effects which will only become apparent via intrusive or destructive testing, or when the SSC is subject to design basis event or accident loading conditions [13].



[bookmark: _Toc224546543]List of acronyms, abbreviations and initialisms
A comprehensive list of regulatory acronyms, abbreviations and initialisms can be accessed via HOW2 Hub [34]. 
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	Issue
	Description of update(s)

	1
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