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[bookmark: _Toc227151454]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, license 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]. 
A list key of acronyms / initialisms used in this TAG can be found to the rear of the document.

[bookmark: _Toc227151455]Purpose and scope
This TAG provides general guidance and advice. It aims to support inspectors applying their professional regulatory judgement on safety case submissions and inspections related to Equipment Qualification (EQ). 
This TAG applies to:
new plant throughout the design, manufacture, assembly, construction,  commissioning and operation phases;
existing operating plant (noting paragraph 699 in the SAPs [1] and ONR’s severe accident analysis TAG, paragraph 79 [3]); and
equipment used for post-operation clean out and decommissioning.
This TAG considers EQ fundamentals including how:
design requirements are identified;
EQ verification is achieved for a structure, system or component (SSC); 
EQ is implemented; and
EQ is preserved. 
This TAG does not consider computer based safety systems EQ. This topic is discussed in ONR’s computer-based safety systems TAG [4]. 
[bookmark: _Toc227151456]Relationship to licence conditions and other relevant legislation
[bookmark: _Toc212218131]Licence conditions
The Nuclear Site Licence Conditions (LCs) place legal duties on licensees [5]. There are no explicit EQ LCs. However, the list below summarises key applicable LCs:
Licence Condition 6: Documents, records, authorities and certificates – Any EQ evidence should be adequately recorded, accessible and subject to review. Configuration control of such documents supports adequate EQ.
Licence Condition 15: Periodic review – Periodic safety case reviews should consider EQ programme arrangements and their implementation.
Licence Condition 17: Management systems – Adequate management system arrangements and their application are key enablers for EQ.
Licence Condition 20: Modification to design of plant under construction – Modifications should consider EQ safety case claims.
Licence Condition 21: Commissioning – Commissioning activities should be considered in the SSC EQ activities.
Licence Condition 22: Modification or experiment on existing plant – Modifications should consider EQ safety case claims.
Licence Condition 23: Operating rules – Limits and conditions of safe operations should consider EQ claims.
Licence Condition 27: Safety mechanisms, devices and circuits – EQ can inform what evidence is required to demonstrate that SSCs are in good working order.
Licence Condition 28: Examination, inspection, maintenance and testing (EIMT) - EIMT should consider EQ claims arguments and evidence.
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Relevant legislation
EQ relates to GB legislation. This is because adequate EQ supports demonstration that risks have been reduced As Low As is Reasonably Practicable (ALARP). The Health and Safety at Work etc Act 1974 (HSWA74 [6]) places duties to reduce risks So Far As Is Reasonably Practicable (SFAIRP). For assessment purposes, ONR considers the terms ALARP and SFAIRP are interchangeable (SAPs, paragraph 12 [1]). Regulations applicable to EQ, made under HSWA74 [6] include:
Electromagnetic Compatibility Regulations 2016 [7]
Lifting Operations and Lifting Equipment Regulations 1998 [8]
Management of Health and Safety at Work Regulations 1999 [9]
Pressure Systems Safety Regulations 2000 [10]
Pressure Equipment (Safety) Regulations 2016 (PESR) [11]
Provision and Use of Work Equipment Regulations 1998 [12]
Supply of Machinery Regulations 2008 [13] 
Construction (Design and Management) Regulations 2015 [14]
Electricity at Work Regulations 1989 [15]
Note: Approved codes of practice (ACoPs) provide practical advice on how to comply with associated regulations [16]. 

[bookmark: _Toc227151457]Relationship to Safety Assessment Principles, Technical Assessment Guides, WENRA Reference Levels, and IAEA Safety Standards and Guides
[bookmark: _Toc212218134]Safety Assessment Principles
The key SAPs [1] linked to EQ are:
EKP.4 (Safety function)
EQU.1 (Qualification procedures)
ECM.1 (Commission testing)
EMC.3 (Evidence)
EMC.15 (Control of materials)
EMC.18 (Third-party inspection)
EMC.20 (Records)
EMT.1 (Identification of requirements)
EMT.2 (Frequency)
EMT.3 (Type-testing)
EMT.4 (Validity of equipment qualification)
EAD.1 (Safe working life)
EAD.2 (Lifetime margins)
EMC.30 (Qualification)
ENC.2 (Examination through life)
EES.3 (Capacity, duration, availability, resilience and reliability)
ESR.6 (Power supplies)
[bookmark: _Toc212218135]Technical Assessment Guides
An inspector assessing EQ arrangements may find the following TAGs relevant:
NS-TAST-GD-003 - Safety systems [17]
NS-TAST-GD-005 - Regulating duties to reduce risks ALARP [18]
NS-TAST-GD-006 - Design Basis Analysis [19]
NS-TAST-GD-007 - Severe Accident Analysis (SAA) [3]
NS-TAST-GD-009 - Examination, Inspection, Maintenance and Testing (EIMT) of Items important to safety [20]
NS-TAST-GD-015 - Electromagnetic interference [21]
NS-TAST-GD-016 - Integrity of metal structures, systems and components (SSCs) [22]
NS-TAST-GD-027 - Training and assuring personnel competence [23]
NS-TAST-GD-033 - Management of records [24]
NS-TAST-GD-036 - Redundancy, diversity, segregation and layout of mechanical plant [25]
NS-TAST-GD-046 - Computer-based safety systems [4]
NS-TAST-GD-049 - Licensee Core Safety and Intelligent Customer Capabilities [26]
NS-TAST-GD-057 - Design safety assurance [27]
NS-TAST-GD-058 - Human factors integration (HFI) [28]
NS-TAST-GD-077 - Supply chain management arrangements for the procurement of nuclear safety-related items or service [29]
NS-TAST-GD-094 - Categorisation of safety functions and classifications of SSCs [30]
NS-TAST-GD-096 - Guidance on the mechanics of assessment [31]
NS-TAST-GD-109 - Ageing and degradation management [32]
[bookmark: _Toc212218136]
International Atomic Energy Agency Publications
This TAG considers that the following International Atomic Energy Agency (IAEA) publications are applicable to EQ including:
SSR-2/1 - Safety of Nuclear Power Plants (NPPs): Design [33]
SSR-2/2 - Safety of NPPs: Commissioning and operation [34]
SSG-34 - Design of electrical power systems for NPPs [35]
SSG-39 - Design of instrumentation and control systems for NPPs [36]
SSG-62 - Design of auxiliary systems and supporting systems for NPPs [37]
SSG-67 - Seismic design for nuclear installations [38]
SSG-69 - Equipment qualification for nuclear installations [39]
SSG-71 - Modifications to NPPs [40]
SVS–26 - SALTO Peer review guidelines [41]
TECDOC-2034 - Suitability evaluation of commercial grade products for use in NPP safety systems [42]
[bookmark: _Toc212218137]Western European Nuclear Reactors Association
This TAG considers the Western European Nuclear Regulators Association (WENRA) Reference Levels (RLs) [43]. ONR’s SAPs are applicable to existing and new facilities [1]. The WENRA RLs are intended for existing reactors. WENRA RLs applicable to EQ are:
Issue C: Leadership and Management for Safety (LMfS)
Issue D: Training and Authorisation of NPP Staff (Jobs with Safety Importance)
Issue G: Safety Classification of Structures, Systems and Components
Issue I: Ageing Management
Issue K: Maintenance, In-Service Inspection and Functional Testing
Issue N: Contents and Updating of Safety Analysis Report (SAR)
Issue P: Periodic Safety Review (PSR)
Issue Q: Plant Modifications

[bookmark: _Toc227151458]Advice to inspectors 
Equipment Qualification – Overview 
Equipment Qualification (EQ) is how dutyholders demonstrate that SSCs will function correctly in accordance with its nuclear safety case. ONR consider a safety case to be the totality of documentation that demonstrates safety (SAPs glossary [1]). 
This document supports ONR inspectors’ assessment of dutyholder’s EQ activities and safety submissions. It considers EQ arrangements and their implementation and provides guidance regarding how inspectors assess whether adequate SSC EQ:
Design input requirements are identified.
[bookmark: _Ref215740551]Verification[footnoteRef:2] is achieved. This includes the procedures and methods applied to generate the verification evidence demonstrating that an SSC can deliver its nuclear safety function(s). Typically this is achieved through a combination of testing, analysis and where applicable is supplemented by operating experience (OPEX). [2:  IAEA SSG-69 considers EQ verification and EQ implementation activities within ‘establishing EQ’ [39]. The terms used in this TAG promote consistency in ONR inspector assessment of SSC first article (verification) and site supply (implementation) qualification activities. ] 

Implementation1 is achieved. This includes the application of arrangements to ensure that a verified SSC design is supplied for installation at a nuclear facility.
Preservation is achieved. This includes application of arrangements to maintain an SSC EQ safety case claims throughout its operational life.
[bookmark: _Toc212218140]EQ fundamentals
ONR considers EQ is a fundamental requirement of the UK’s approach to nuclear facility safety assessment. This is because it supports demonstration that risks are reduced SFAIRP. This is a requirement of the HSWA74 [6]. 
Adequate EQ enables dutyholders to demonstrate that SSCs will function correctly on demand and avoid common cause failure vulnerability. Inspectors may consider several aspects of a dutyholder’s arrangements and their implementation to judge whether it has demonstrated that SSCs will function correctly to an adequate level of confidence.
EQ is a wide topic area covering an SSC’s lifecycle. Figure 1 shows a simplified EQ process flow.
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[bookmark: _Ref225172250]Figure 1: High-level EQ process flow.
This guide considers the principal EQ themes including:
Management systems (refer to section ‎5.3) - This includes all personnel and SSC information management that supports EQ safety case claims.
Design inputs (refer to section ‎‎‎5.4). 
EQ verification (refer to section ‎5.5) - These activities demonstrate that an SSC design can deliver its nuclear safety requirements. 
EQ implementation (refer to section ‎5.6) - These activities demonstrate that SSCs have been supplied to a verified specification and can deliver their nuclear safety requirements. 
EQ preservation (refer to section ‎5.7) - These activities maintain an SSC’s claimed performance over its lifetime following EQ implementation. 
[bookmark: _Ref225226534]
Management systems
Management systems should give due priority to safety (LC 17) and therefore support adequate EQ. This is because dutyholders’ management systems provide the governance framework that enables effective control and delivery of EQ activities.
Inspectors may consider whether a dutyholder’s management system adequately supports EQ. This may include assessment of arrangements for:
safety case development and design configuration control;
documentation traceability underpinning SSC performance demonstration (for example, EQ specifications and test records); and
quality control (QC) and quality assurance (QA) processes and their application.
[bookmark: _Ref225227024]Irrespective of how EQ activities are organised, inspectors may consider whether adequate configuration control is applied to ensure continued alignment between the safety case and delivered SSCs (SSG‑69, section 2.26 [39] and SSR‑2/1, Requirement 30 [33]). Some dutyholders achieve this through a formal EQ schedule subject to version control and stakeholder approval following updates.
EQ relevant good practice (RGP) expects dutyholders to periodically review the effectiveness of their EQ arrangements (SSG‑69, section 6 [39]). 
So, inspectors may assess whether dutyholders can demonstrate that EQ arrangements and their implementation are subject to periodic assessment and closure of identified shortfalls.
For existing facilities, activities undertaken under LC 15 provide an opportunity for inspectors to assess the adequacy of EQ management system arrangements. Inspector considerations for EQ within periodic safety reviews (PSRs) are discussed in section ‎5.7.6 of this TAG. EQ management system assessment periodicity is not limited to PSRs. Inspectors should apply ONR’s risk‑informed and targeted engagement (RITE) policy (paragraph 39, [44]) when planning and undertaking EQ management system assessments.
[bookmark: _Ref225226569]
Design
Design activities are a key enabler for adequate EQ. The dark green boxes in Figure 2 show where EQ design activities appear in the EQ process flow.
Inspectors may assess whether a dutyholder’s design process adequately defines EQ requirements. This may include confirmation that the safety case identifies:
SSC classification and applicable codes and standards;
performance requirements linked to safety claims;
normal, fault and accident environmental conditions;
qualified life and mission time;
safety‑critical interactions with other SSCs; and
common cause failure considerations (SSG‑69, paragraph 2.7 [39]).
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[bookmark: _Ref225174068]Figure 2: High-level EQ process flow - Design inputs
Inspectors may also consider whether the safety case justifies the selected qualification methods, which may include physical testing, analysis and, where appropriate, OPEX. OPEX should not be used in isolation to substantiate qualification (SSG‑69, paragraph 4.53 [39]).

The design process should identify when EQ activities are required throughout the SSC lifecycle. Timing should be risk‑informed, recognising that novel or long‑lead SSCs may require early qualification to reduce programme risk. An EQ schedule is recognised as a useful tool to support this (refer to paragraph ‎21 of this TAG).
Design arrangements should also identify the organisations and individuals responsible for specifying, delivering, maintaining and reviewing EQ evidence. Inspectors may assess whether roles, responsibilities and training arrangements support delivery by suitably qualified and experienced persons (SQEP) (refer to ONR’s training and assuring personnel competence TAG, section 5.2.2 [23], and SSG‑69, paragraphs 2.34–2.36 [39]).
EQ design – SSC classification and codes and standards
SSC safety classification underpins a graded approach to EQ. 
Inspectors may assess whether dutyholders have correctly identified SSC classifications and applied appropriate codes and standards commensurate with nuclear safety importance (SAPs, EQU.1 (Qualification procedures) paragraph 174, ECS.3 (Codes and standards [1]), and Appendix A of this TAG).
EQ design – Performance requirements
Identification of SSC nuclear safety performance requirements is fundamental to EQ. Inspectors may assess whether safety cases adequately define design basis functions, including duty, fault, accident and severe accident functions (refer to section 5.2.2.1 of ONR’s categorisation and classification TAG [30]).
EQ design – Operating and environmental conditions
EQ design inputs should identify SSC operating environments for normal, fault, accident and beyond design basis conditions, including seismic demands (SAPs paragraph 610 [1] and SSG‑69, section 3.1 [39]). 
Inspectors may assess whether these conditions are adequately defined and used to inform qualification requirements.
Severe accident analysis (SAA) should be used to identify expected extremes of physical, chemical and radiation conditions along with SSC operational durations in these conditions (ONR’s SAA TAG, section 5.5.8 [3]). This information should inform EQ requirements. Inspectors should be aware that operating environment considerations include:
Harsh environmental conditions. These conditions can relate to design basis, beyond design basis accidents and design extension conditions (SSG-69, section 3.23 – 3.29 [39]). Harsh conditions are likely to include extreme changes in:
ionising radiation;
temperature;
pressure;
mechanical forces;
humidity;
submergence;
non-ionising electromagnetic radiation; and
chemical exposure.
Mild environmental conditions. These conditions do not deteriorate significantly beyond those encountered during duty operations 
(SSG-69, section 3.22 [39]). Mild conditions will include parameters identified for harsh conditions above.
Seismic requirements. These may be commensurate with both mild and harsh environmental conditions.
[bookmark: _Ref182991891]Inspectors may assess whether a dutyholder’s EQ arrangements consider design inputs that adequately identify an SSC’s operating environment.
EQ design – Qualified life and Mission time
Qualified life
In this TAG the term ‘qualified life’ refers to the period for which an SSC has been demonstrated as being capable of delivering its safety function for a specific set of service conditions (SSG-69, section 2.14 [39]). An SSC’s qualified life is its long term capability supported by EIMT. For example:
gearbox oil replacement, after a defined operational period, may be necessary to maintain its performance requirement(s); and
a proximity switch may have a defined replacement periodicity due to its operational radiation field.
Inspectors may assess whether SSC qualified life claims are appropriate. This can include consideration of whether an SSC’s:
EIMT periods are evidentially supported (for example, this may include manufacturers data on EIMT activities, endurance test data or surveillance samples) (ONR SAP EMT.1 (Identification of requirements) [1]);
qualified life reflects how its relevant material properties may change over time (SAPs EAD.3 (Periodic measurement of material properties) and EAD.4 (Periodic measurements of parameters) [1]); and
qualified life evidence (for example, testing, analysis and/or OPEX) is:
· adequate; and
· proportionate for its nuclear safety classification.
Mission time
Mission time relates to performance during accident conditions without intrusive intervention (SSG‑69, Definitions [39]). So, mission times are often associated with aggressive environmental conditions in which an SSC is required to operate. For example:
a Pressurised Water Reactor (PWR) Loss of Cooling Accident (LOCA) may require a safety injection pump to supply primary coolant containing debris, for significant durations in high temperature and pressure environments; and
nuclear safety safeguard control and electrical systems may be required to function at elevated temperatures following a loss of power event. 
Demonstration of adequate mission time performance requires careful consideration. This is because where reasonably practicable, procedures should include a physical demonstration that SSCs can perform their safety function(s) under the conditions and duration identified in the safety case (SAP EQU.1 (Qualification procedures) paragraph 176 [1]). So, inspectors may assess whether safety cases adequately justify the basis for these claims.
EQ design – Static and dynamic SSCs
Both static and dynamic SSCs should be considered within EQ programmes. Inspectors may assess whether dutyholders have adequately considered qualification requirements for static SSCs, recognising that ageing, degradation and accident conditions may challenge their safety functions. Inspectors are reminded that several EQ codes and standards exclude consideration of static SSCs. However, the following are typical static SSCs where EQ may be appropriate based on their safety case claims:
Heat exchangers. Debris generated during accident conditions may foul and degrade a heat exchanger’s thermal performance. 
Transistors. Ionising radiation can degrade a transistor’s performance. 
Electrical wiring insulation. Ionising radiation can embrittle and degrade the insulation.
Concrete structures. Thermal variations can lead to spalling and cracking.
Safety injection system pump strainers. Strainers are required to remove specified debris from the supply while allowing sufficient flow for the pump requirements.
Note: this list is not exhaustive. 
EQ design – Advanced Nuclear Technologies
Where advanced or novel technologies are deployed for advanced nuclear technologies (ANTs), EQ expectations remain consistent with those for established technologies. Inspectors may assess whether additional assurance measures are provided where conventional inspection or testing is constrained (SAP EQU.1 (Qualification procedures) [1]). For example, the use of opaque or toxic materials, may prohibit personnel access for inspection and prevent the use of established optical techniques. 
Hence, dutyholders may be required to introduce additional means of providing adequate assurance regarding an SSC’s condition and therefore its qualification.
EQ design – SSCs identification
Inspectors may assess whether dutyholders have adequately defined SSC identification and marking arrangements to support configuration control and EQ preservation (SSG‑69, section 5.41 [39], BS EN 60780‑323, section 7.2.2, 8.2 [45] and Electrical Power Research Institute (EPRI) qualification guide, sections 6.1.3, 8.4 and 9.6.3 [46]).
[bookmark: _Ref225226582]EQ verification
[bookmark: _Ref225242715]EQ verification is part of the process of establishing an SSC’s qualification. 
It includes the specification and delivery of activities and the generation of evidence that demonstrates that a first article[footnoteRef:3] SSC achieves its design specification.  [3:  ‘First articles’ are the first SSC produced against a design specification.  ] 

The dark green box in Figure 3 illustrates where EQ verification activities appear in the EQ process flow.
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[bookmark: _Ref225174272]Figure 3: High-level EQ process flow - Verification
EQ verification often requires several carefully managed tasks to verify aspects of the SSC design specification including procurement, manufacture and analysis / testing activities. Figure 4 illustrates a verification route with activities and milestones necessary to verify that an SSC meets its safety case requirements.
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AI-generated content may be incorrect.]
Figure 4: SSC verification route illustration
EQ verification - Quality control and quality assurance
EQ verification activities are important because they demonstrate that an SSC produced against a design specification can deliver its safety function on demand. Quality control (QC) and quality assurance (QA) activities provide confidence that an SSC being verified has been supplied in compliance with the design specification. So, inspectors may assess whether dutyholders have produced and applied adequate QC and QA arrangements during procurement, manufacture, assembly and testing.
Inspectors may assess whether QC and QA requirements:
are proportionate to the SSC’s nuclear safety classification;
are identified in SSC documentation;
include SQEP hold points; and
are effectively implemented such that the evidence aligns with safety case claims and relevant standards.
EQ verification - Safety functions
Adequate EQ verification requires consideration of an SSC’s safety functions. ONR expects that a thorough and systematic process is applied to identify safety functions (SAPs, EKP.4 (Safety function) and ECS.1 
(Safety categorisation) [1]). Inspectors may assess whether dutyholders have adequately identified SSC safety functions and associated performance requirements. This may include:
normal (duty) functions;
fault functions;
accident functions;
severe accident functions; and
seismic functions (note: seismic functions are discussed in section ‎5.5.7)
EQ verification - Environmental conditions
An SSC’s performance may be affected by its operating environment. 
So, inspectors may assess whether dutyholder’s SSC EQ verification activities adequately demonstrate qualification in its most onerous operating conditions. Inspectors should note that some SSCs will be subject to mild environments for the whole operational life of the plant and others may be exposed to harsh environments for shorter durations. Inspectors may assess whether safety cases consider the range of SSC operating conditions and identify bounding aspects to inform its verification activities.
EQ verification - Mission time
Inspectors may assess whether mission time claims are clearly identified in the safety case and adequately verified. An SSC’s EQ mission time verification tests should:
Be proportionate to its nuclear safety classification (SAP EQU.1 (Qualification procedures), paragraph 174 [1]). This is because qualification procedures should provide a level of confidence commensurate with an SSC’s nuclear safety classification.
Include a physical demonstration that individual items can perform their safety function(s) under the conditions, and for the duration stipulated in the safety case (SAP EQU.1 (Qualification procedures), paragraph 176 [1]).
Inspectors are reminded that judgements regarding mission time verification test adequacy are often complex. This is because many factors should be considered including the:
SSC start condition: Judgements regarding whether a new SSC should be tested or whether the SSC should be aged to reflect expected through life degradation are required (SSG-69, section 4.13, 4.23 and 4.37 [39]).
SSC design tolerances: Manufactured items are typically produced to tolerances. For example, maximum and minimum material considerations. Inspectors may assess whether the dutyholder has considered the most penalising assembly to verify the bounding SSC configuration that could be supplied against the specification. 
For example, a latch arrangement may be required to release automatically without jamming. Careful consideration of the most penalising latch assembly using components manufactured in accordance with the latch specification would be expected. 
Inspectors may seek assurance that dutyholders have identified and tested bounding design tolerances. 
Environmental conditions to be simulated (SSG-69, section 4.20 [39]).
Mission time test durations: Determining the required test durations can be complex. Accelerated ageing may be proposed in the safety case to reduce test durations. 
SSC failure modes: This is because it may be appropriate to isolate a feature or failure mode and test that aspect, rather than the whole SSC. (SSG-69, section 4.11 [39]).
Appropriate use of scale testing (SSG-69, section 4.15 [39]).
Test pass and fail criteria and basis of acceptance where deviations have been accepted.
A broad framework to support inspectors’ judgements regarding mission time verification adequacy is included in appendix A. This was previously included in ONR’s categorisation and classification TAG [30]. This existing guide shows that a graded EQ approach, based on an SSC’s safety classification, is an established regulatory expectation that seeks to avoid disproportionate verification activities. ONR recognises that similar approaches may be used in dutyholders arrangements (for example the mechanical safety measure design guide [47]) to differentiate SSC testing requirements based on nuclear safety classification.
Further granularity to promote consistency in regulatory judgements is provided in Table 1. This provides starting point guidance for mission time test durations based on SSC safety classification. Dutyholders are expected to justify the adequacy of verification testing, including any reduction or increase relative to this guidance.
	
	SSC Nuclear Safety Classification[footnoteRef:4] [4:  SSCs nuclear safety classification RGP includes SAPs, ECS.1 (Safety categorisation) and ECS.2 (Safety classification of structures, systems and components) [1] and ONR’s categorisation and classification TAG [30].  ] 


	
	Class 1
	Class 2
	Class 3

	Mission time test duration starting point (expressed as a percentage of an SSC’s mission time claimed in its safety case)
	125%
	100%
	25%-100% depending on nuclear safety consequences


[bookmark: _Ref225237560]Table 1: SSC mission time verification test guidance
The mission time test durations in Table 1 are a starting point providing a graded approach to mission time verification. Hence, a reduction or increase in mission time verification testing may be appropriate. For example, in 
Table 1 the nuclear safety class 1 SSC endurance test is 125% of its mission time. Hence, if a nuclear safety class 1 pump’s mission time was 10hrs operation, the starting point for an inspector’s verification testing expectation would be 12.5hrs. This provides an initial margin against its claimed mission time SSC performance as a principal means of fulfilling a category A safety function (SAP ECS.2 (Safety classification of structures, systems and components), paragraph 166 [1]). 
It is recognised that reproducing mission time simulations may be challenging given the aggressive environmental conditions that can be realised in accident conditions. So, factors such as thermal and radiation ageing require careful consideration to ensure that safety case performance claims are adequately demonstrated. For example, demonstrating that an SSC is adequately aged prior to verification activities may require use of age predicting models to inform testing parameters. 

Noting that the information presented in Table 1 is only a starting point to inform inspectors, ONR expects dutyholder safety cases to justify mission time verification testing. Justifications may include: 
OPEX: Dutyholders may use OPEX to justify mission time verification testing requirements. Inspectors may assess whether such claims are appropriate. This is because many site specific factors can affect an SSC’s performance (for example radiation, debris, temperatures and pressures) that may invalidate OPEX applicability. OPEX evidence in isolation is considered an inadequate basis for SSC qualification 
(SSG-69, section 4.53 [39]).
Analysis: Dutyholders may use analysis to justify mission time verification testing requirements. Inspectors may assess whether analysis:
· has been undertaken in accordance with RGP; and
· demonstrates appropriate margins (SAP ERL.4 (Margins of conservatism) [1]).
Reduced testing durations, for example:
· Emergency diesel generator (EDG) testing reduction may be acceptable if the fuel consumption rate is shown to be consistent and thermal risks (i.e. exhaust lagging fire) are mitigated by steady state temperatures being achieved (US NRC EDG case studies, section 13.4 [48]). Where multiple EDGs are required to operate concurrently, care is needed to ensure that the bounding thermal loads from the combined output are considered in the tests.
· Many battery installations have very long autonomy times, which may be burdensome to execute. Lead acid battery autonomy test durations can be shortened through the use of higher discharge currents (BS EN 60896-11 [49] and BS EN 60896-21 [50]).
Reduced scale testing: Dutyholders may use reduced scale testing to verify SSC mission time performance. Reduced scale testing can provide an efficient means of qualification. For example, a reduced length of seal may provide adequate prediction of a complete seal arrangement’s performance. Inspectors may assess whether reduced scale testing:
· is appropriate; and
· has been applied correctly (SSG 26, paragraphs 701.1 – 701.25 [51]).

Appendix A considers qualification of nuclear safety classification 3 SSCs. Appropriate supplier information (for example, vendor drawings, certificates of conformity, operating and EIMT documentation) may adequately demonstrate qualification. However, inspectors should consider Table 1 guidance as a starting point for their adequacy judgements alongside manufacturers data. Inspectors are reminded that manufacturers testing may not be representative of an SSC’s operational environment.
Static SSCs (refer to section ‎5.4.5 of this TAG) may be allocated mission times in dutyholder safety cases. Inspectors may assess static SSC mission time testing adequacy. This is because static SSC performance may degrade through ageing and degradation. For example, a heat exchanger flow capacity may degrade during accident scenarios due to entrained debris leading to greater than anticipated fouling. Hence, inspectors may assess whether static SSC mission time verification testing has been adequately:
specified; and
implemented. 
EQ verification - Severe accident 
Inspectors should note that the term design extension condition (DEC) is used internationally and includes severe accidents. ONR’s design basis analysis TAG  provides an overview of the relationship between ONR’s expectations and the IAEA and WENRA DEC terminology [19]. 
To summarise:
DEC without significant fuel degradation – commonly referred to as DEC-A. 
DEC with core melting – commonly referred to as DEC-B. ONR’s expectations for severe accident analysis are aligned with the IAEA’s expectations for DEC-B analysis (refer to section 4.2 of ONR’s SAA TAG [3]). 
Independent of the terminology, EQ expectations for SSCs with severe accidents (DEC-B) safety function claims are discussed in ONR’s SAA TAG ( [3] section 5.5.8). This expects that a dutyholder’s SSC EQ programme should, where appropriate, address SAA safety case claims. This would demonstrate that SSCs claimed in SAA mitigate the consequences of severe accidents to acceptable levels.
ONR expects mission time verification tests to include a physical demonstration that SSCs can perform their safety function(s) under the conditions and within the time substantiated in the safety case (SAP EQU.1 (Qualification procedures), paragraph 176 [1]). This includes severe accidents.
Severe accidents and plant states should be demonstrated as being very unlikely and have their radiological consequences evaluated, albeit not necessarily with the same level of conservatism as plant states within the design basis (SAA TAG, paragraph 166 [3]). 
ONR recognises that severe accident mission time verification testing requires careful consideration. Typically, SAA SSCs have lower nuclear safety classifications when compared with those delivering design basis safety functions. This is because of the reduced likelihood of a severe accident. Hence, a lower level of qualification evidence, including mission time verification testing, may be appropriate (SAP EQU.1 (Qualification procedures), paragraph 174 [1]).
The adequacy of SAA SSC mission time verification tests will be justified on a case-by-case basis (SAP, paragraph 673 [1] and ONR’s TAG on SAA,  paragraph 100 [3]). Regulatory judgements will be made in accordance with the legal requirement for dutyholders to reduce risks SFAIRP.
EQ verification - Qualified life 
Qualified life RGP (SAPs EAD series [1], SSG-69, section 2.15 – 2.16 [39]) expects dutyholders to:
understand SSC ageing and degradation mechanisms;
consider SSC ageing and degradation uncertainties;
specify SSC’s lifecycle EIMT activities to preserve qualified life safety case claims; and
monitor ageing and degradation rates (or the parameters that govern those rates) to inform ongoing qualified life validity.
So, inspectors may assess whether a dutyholder’s safety case claims for an SSC’s qualified life:
Are adequately defined. This includes expected ageing and degradation rates (SAP EAD.2 (Lifetime margins) [1]).
Are adequately verified. This may include evidence that synergistic ageing factor effects have been considered. For example, concurrent elevated temperatures and dose rates (SSG-69, paragraph 2.6 [39]).   
Identify EIMT activities necessary to maintain SSC qualified life claims.
[bookmark: _Ref225249442]EQ verification - Seismic
Where seismic safety functions are claimed, inspectors may assess whether appropriate verification methods have been applied commensurate with seismic category, recognising the preferred hierarchy of physical testing, analysis and OPEX.
For high seismic category SSCs, the EQ starting point is considered as physical testing. Where active SSC seismic qualification is claimed by analysis, inspectors may assess whether suitable justification is provided (SSG-67, section 6.7 [38]).  
EQ verification - Interdependence
In nuclear facilities, several SSCs often interact when delivering their nuclear safety functions. For example, a valve may require control systems, instrumentation, and electrical supplies to function in accordance with safety case claims. So, careful consideration is required to ensure that the boundaries and interfaces have been adequately considered in SSC verification testing.
Inspectors may assess how dutyholders manage and control SSC interdependencies during EQ verification activities. This may include:
Boundaries and interfaces. These factors should inform an SSC’s verification test activities. For example, do dutyholders adequately define and control the boundaries and interfaces of its SSCs and use these to inform verification tests. 
Technical discipline engagement. For example, inspectors may assess whether dutyholders engage with relevant technical disciplines during EQ verification activities. 
EQ verification – Commercial off the shelf SSCs
Where commercial off‑the‑shelf (COTS) SSCs are used, inspectors may assess whether verification activities are proportionate to nuclear safety classification and adequately address functional, environmental, mission time and ageing considerations (IAEA TECDOC‑2034 [42]).
[bookmark: _Ref225226592]EQ implementation
EQ implementation is part of the process of establishing SSC qualification and provides assurance that SSCs are manufactured and assembled in accordance with a verified specification.
The dark green box in Figure 5 illustrates where EQ implementation activities appear in the EQ process flow.
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Figure 5: High-level EQ process flow - Implementation
Inspectors may assess whether EQ implementation arrangements adequately control procurement, manufacture, assembly, testing, storage, transport and design deviations.
Implementation activities should demonstrate that SSCs:
are manufactured and assembled in accordance with verified specifications; and
retain the capability to deliver their nuclear safety functions (ONR SAP EQU.1 (Qualification procedures) [1]).
EQ implementation - Procurement, obsolescence and counterfeit, fraudulent and suspect items
Dutyholders may procure COTS SSCs[footnoteRef:5]. COTS SSCs require qualification to demonstrate that they can deliver their safety function(s) claims. Inspectors may consider whether dutyholders can adequately demonstrate that COTS SSCs: [5:  IAEA TECDOC-2034 provides guidance regarding COTS safety systems procurement [42].] 

are subject to appropriate quality control during manufacture, assembly and testing;
deliver their required safety function(s); and
have quality assurance records commensurate with their nuclear safety classification
SSC obsolescence is likely during a nuclear facility’s life time and may affect an SSC’s qualification. So, inspectors may assess whether dutyholders adequately identify and manage changes to SSC specifications and supporting records due to obsolescence (SAP EAD.5 (Obsolescence) [1] and ONR’s TAG on supply chain management arrangements, section 5.3.8 [29]). This may include revisions to SSC safety case claims, arguments and evidence including EQ activities.
The use of counterfeit, fraudulent and suspect items (CFSI) is recognised as a risk to the nuclear industry ( [29], section 5.3.8). Incorporating CFSI SSCs into a dutyholders facility may invalidate its safety case qualification claims. So, inspectors may assess whether dutyholder’s EQ arrangements adequately consider CFSI mitigation. ONR’s supply chain guidance 
outlines some mitigations against CFSI and inspector considerations 
( [29], section 5.3.8).
EQ implementation - Manufacturing and assembly
SSCs may have specific manufacturing requirements to achieve their nuclear safety performance requirements. For example, this may include specific:
material property requirements;
dimensions; 
surface conditions (finish, tolerances, engineered surfaces, etc.); 
assembly requirements (for example, bolt torques, switch actuation setting dimensions, clean room conditions, etc); or
materials compatibility (for example, coolants and lubricants).
The manufacturing requirements for first article qualification (discussed in paragraph ‎41 of this TAG) and those for site supply items are equivalent. 
So, inspectors may assess whether EQ implementation manufacturing arrangements adequately:
communicate manufacturing requirements to suppliers;
identify hold points where SQEP provide confirmatory checks;
ensure configuration control is achieved throughout the manufacturing process; and
identify and manage SSC specification non-conformance (i.e. identify, record and manage manufacturing deviation decisions).
SSCs may require assembly prior to site supply. So, inspectors may assess whether an SSC’s assembly has been completed in accordance with the verified specification. For example, an SSC’s:
claimed performance may be functionally dependant upon an assembly setting dimension being achieved; and
assembly process may require SQEP inspection hold points to confirm configuration control with the design specification. 
Inspectors may assess whether assembly processes include appropriate SQEP hold points, configuration control and management of non‑conformances. ONR’s TAG NS-TAST-GD-049 [26] and 
NS-TAST-GD-077 [29] provide guidance on Intelligent Customer (IC) expectations. TAG NS-TAST-GD-058 [28] considers ‘human factors’ good practice integration into dutyholder processes.
EQ implementation - Testing
EQ implementation requires adequate demonstration that an SSC can deliver its nuclear safety performance requirements (ONR SAP EQU.1 (Qualification procedures) paragraph 177 [1]). 
Implementation testing should confirm conformity with the verified design without invalidating qualification claims. Inspectors may assess test scope and acceptance criteria.
EQ implementation – Design deviation and configuration control
Adequate EQ implementation requires configuration control of a dutyholder’s design information (SAP EQU.1 (Qualification procedures) [1], paragraph 177 and SSG-69, paragraph 2.25 [39]). 
Design deviations may occur during EQ implementation activities 
(for example, SSC manufacture, assembly and procurement). ONR expects dutyholders to have adequate SSC design deviations configuration control (SSG-69, section 2.31 [39] and ONR’s supply chain management TAG, section 5.2.6 [29]). Design deviations and loss of configuration control can invalidate safety case claims and hence invalidate SSC qualification (for example, refer to section 4.2 of the Columbia shuttle accident investigation [52]).

Inspectors may assess whether dutyholder arrangements and implementation adequately control design deviations and their effect on EQ claims. This may involve consideration of QC and QA arrangements. 
For example, during SSC manufacture, assembly and testing, TQs or concessions[footnoteRef:6] may be raised. Adequate EQ implementation arrangements require dutyholders to assess the effect of such deviations on an SSC’s EQ safety case claims. This also applies where dutyholders use 3rd party suppliers. So, inspectors may assess whether: [6:  Concessions are deviations to design information during manufacture, assembly or testing. 
For example, deviations to dimensions or material properties.] 

changes to design information are adequately controlled; 
adequate SQEP approval is applied; and
variation aggregation effects are adequately considered. 
Note: individual design variations may be tolerable when considered in isolation but the aggregation of several may invalidate EQ claims. 
Hence, inspectors may consider whether design deviation arrangements ensure aggregation of variations are assessed and receive adequate SQEP authorisation.
Dutyholders may implement design changes during EQ implementation activities. ONR expects that dutyholders ensure SSCs design changes are subject to configuration control (BS EN 60780-323, section 7.4.4 [45] and SSG-69, section 5.7 [39]). 
Hence, inspectors may sample SSC configuration control due to:
Design changes. Design changes may require revisions to EQ manufacture procurement or testing.
EQ implementation activities. Deviations identified during EQ implementation activities may require changes to underpinning design information including: 
· calculations;
· drawings; and
· specifications. 
Inspectors may assess whether SQEP have approved design variations during the EQ implementation phase (SSG-69, section 2.34 [39]). 
ONR recognises that during times of high stress (for example, tight deadlines and commercial or operational pressure), it may be challenging to reject a design variation. For example, where SSC delivery is on the ‘critical path[footnoteRef:7]’, rejecting a design variation may have commercial consequences. 
So, inspectors may assess: [7:  Critical path activities are those which affect the delivery date of a project. Hence, critical path activities are often subject to commercial or operational pressures.] 

Sample design variations on ‘critical path’ SSCs during EQ implementation activities. This is because design variations that are accepted become the baseline design. Hence, inspectors may assess whether adequate justification has been provided and whether the SSC’s qualification claims and design configuration remain valid.
Whether a dutyholder has considered additional measures for the review and approval of critical path design variations (SAP SC.1 (Safety case production process), paragraph 95 [1]).  
Dutyholders may also be responsible for providing oversight of 3rd party SSC inspections or those conducted by internal test laboratories. So, inspectors may assess dutyholder’s 3rd party SSC inspection intelligent customer arrangements. Inspectors are reminded that not all non-destructive testing (NDT) techniques result in a permanent record. Where safety case SSC performance claims are fundamentally reliant upon NDT data, inspectors may consider sampling the dutyholder’s intelligent customer hold points and processes for accepting 3rd party supplied NDT data.
EQ implementation - Storage and transport
Inspectors may assess whether storage and transport arrangements prevent degradation of SSC qualification claims.
Inspectors may assess whether dutyholders can demonstrate adequate:
SSC storage requirements have been identified and achieved. 
This may include identification of SSC ageing and degradation mechanisms.
SSC spares storage. For example, carbon steel SSCs may degrade where the storage environment is not controlled.
Monitoring of SSC storage environmental conditions. 

SSC storage configuration control. This may include arrangements that:
· monitor SSC ‘shelf life’[footnoteRef:8]; and [8:  Shelf life is considered as the maximum SSC storage time. This is because beyond this period, an SSC’s performance will have deteriorated such that the nuclear safety performance claims are invalidated.] 

· quarantine SSCs that have exceeded the specified shelf life or in conditions where environmental controls have failed.
EQ implementation arrangements include SSC transport activities (SSG-69, section 6.5 [39]). This is because SSC qualification claims may be invalidated if transport activities are not adequately considered. 
So, inspectors may assess whether transport activities are adequately considered during EQ implementation activities. 
[bookmark: _Ref225226606]EQ preservation
EQ preservation activities support SSCs deliver their nuclear safety functions during operations. The dark green box in Figure 6 illustrates where EQ preservation activities appear in the EQ process flow.
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[bookmark: _Ref225176932]Figure 6: High Level Equipment Qualification Process Flow - Preservation
Inspectors may assess whether arrangements adequately address transport, installation, commissioning, EIMT, ageing, obsolescence, modification, training, PSR and records management.
EQ preservation - SSC transport to site
ONR expects that SSC transport criteria, including packaging requirements, should be documented (SSG-69, section 6.5 (e) [39]).  Hence, inspectors may assess whether EQ preservation arrangements consider transport activities including:
vulnerable SSC identification;
transport requirements specification;
transport requirements implementation including adequate:
· instructions and SQEP hold points;
· mechanical handling;
· environmental ingress protection; and
· monitoring of applied forces and accelerations.
implementation of pre and post transport checks.
Inspectors may assess demonstration that transport activities have not invalidated an SSC’s EQ. SSG-26 (Appendix IV.1) identifies typical accelerations for various transport modes [51]. Inspectors may assess whether the dutyholder’s safety case confirms that:
’factory set[footnoteRef:9]’ SSCs can withstand forces generated by transport accelerations; and [9:  Factory set SSCs may have some aspects (for example, a critical dimension or limit of travel) that have been finalised before transport to site. ] 

accelerations applied in the SSC’s safety case bound those experienced during transport activities.
EQ preservation – Storage
SSC EQ RGP expects dutyholders to provide adequate SSC storage 
(SSG-69, section 5.42 [39], and EPRI qualification guide, Appendix I [46]).
Inspectors may assess whether SSC storage provisions adequately support EQ. This may include sampling:
material segregation;
foreign material exclusion;
SSC access;
SSC inspection;
environmental condition management that may include parameters including:
· temperature;
· humidity; 
· light; and
· air salinity.
Inspectors may assess whether storage activities preserve SSC qualification when SSC EIMT whilst in storage (SAP EMT.4 (Validity of equipment qualification) [1]). Inspectors may consider SSC storage EIMT requirements to judge whether they are adequately:
identified;
implemented; and
recorded.
Inspectors may assess how maintenance activities have been undertaken. This may include seeking adequate demonstration that SSC replacement parts:
comply with the qualified SSC design specification;
are of adequate quality; 
have been installed by SQEP; and
are recorded in the SSC’s LTQRs.
If life time quality records (LTQRs) are assessed, inspectors may confirm:
unique physical identification of SSCs and its qualification status; and
SSC storage documentation control including:
· goods inwards documentation handover;
· SSC storage requirements identification (this may include manufacturer and duty holder requirements);
· adequate demonstration that storage requirements have been and are being achieved;
· SSC storage activities record management;
· recording where SSC specified storage requirements have not been achieved and remedial action undertaken; and
· SSC stores release.
It may be necessary to unpack an SSC during storage (for example, for EIMT). Where this is required, inspectors may sample whether the SSC storage arrangements ensure an SSC is:
suitably protected whilst unpackaged (for example, from environmental factors or foreign material ingress); and
handled in accordance with instructions (for example, with appropriate mechanical handling equipment); and
appropriately repackaged.
Inspectors may assess dutyholder’s arrangements regarding when SSC storage requirements are not achieved including:
event recording (i.e. within its management system);
review and sentencing by SQEP; and
corrective actions implementation (for example, quarantining / disposal).
EQ preservation - Installation and commissioning
Inspectors may assess whether installation arrangements include adequate:
personnel training requirements; and
instructions including suitable:
· installation method statements with mechanical handling instructions;
· quality hold points; 
· foreign material exclusion (FME) requirements; and
· SQEP authorisation.
Inspectors may assess whether an SSC’s site installation configuration aligns with its verified design.
Inspectors may assess whether adequate commissioning testing is undertaken to demonstrate that SSCs can deliver their safety functions (SSR-2/2, Requirement 25, paragraph 6.1 [34]).
Commissioning activities may degrade an SSC’s performance. Hence, inspectors may assess whether SSC commissioning activities:
are adequately controlled and recorded;
are recognised as contributing to degradation and hence the SSC’s qualified life; and
consider post testing EIMT requirements to preserve qualified life safety case claims.
EQ preservation – EIMT
SSC EIMT activities support EQ preservation. ONR expects that EIMT activities necessary to preserve an SSC’s qualified life claims are included in the safety case (SAP EMT.1 (Identification of requirements) [1], ONR EIMT TAG, section 5.2.4 [20] and SSR-2/2, section 8 [34]). Inspectors may assess whether a dutyholder’s EIMT activities adequately preserve SSC qualified life claims through:
identification of EIMT requirements including:
· what EIMT is required;
· when EIMT is required; and
· how EIMT is delivered.
suitable EIMT documentation;
EIMT implementation by SQEP; and
replacement SSC quality control.
SSC inspection following its removal from service is recognised as providing valuable technical intelligence regarding qualified life assumptions 
(SAP EAD.2 (Lifetime margins) [1] and EPRI EQ reference manual, section 9.5.1, plant-specific feedback [46]). So, inspectors may consider whether EIMT activities are used to inform SSC qualified life re-evaluation.
EQ preservation - Ageing, degradation and obsolescence
Inspectors may assess whether ageing and degradation mechanisms are identified, monitored and managed to preserve qualification. SSC ageing and degradation RGP includes:
IAEA:
· SSR 2/2 (Requirement 14 and paragraphs 4.50 - 4.51 [34]);
· SSG-69 (paragraphs 5.13 – 5.17 [39]); and
· SALTO Peer Review Guidelines [41].
ONR:
· SAPs EAD (Ageing and degradation) series [1]; and
· Ageing and degradation management TAG ( [32], section 5.2).
EQ preservation - Modifications
SSC modifications can invalidate SSC qualification. Inspectors may assess whether SSC modifications are subject to configuration control such that impacts on EQ claims are understood and reflected in the safety case.
EQ preservation - Training
Inspectors may assess whether EQ‑related roles are supported by appropriate training to ensure SQEP delivery (ONR’s TAG on training and assuring personnel competence, section 5.2.1 [23] and SSG-69, paragraph 2.34 [39]).
[bookmark: _Ref225226832]EQ preservation - PSR
Periodic safety reviews (PSRs) are a comprehensive and proportionate assessment of a nuclear facility’s safety case to determine whether it remains valid (SSG-25 [53]). They are undertaken typically every ten years. The adequacy of the EQ claims, arguments and evidence supports a PSR assessment (PSR TAG, Table 1 [54]). Inspectors may assess the adequacy of a nuclear facilities EQ arrangements and their implementation during a PSR. 
Note: ONR recognises that existing facilities may not have been designed and built to modern standards and these matters are considered in inspector judgements regarding risks being reduced SFAIRP (SAPs, paragraph 699 [1] and the SAA TAG, paragraph 79 [3]).
EQ preservation - Records management
Adequate records retention and traceability support EQ preservation. Inspectors may assess whether records are controlled, retrievable and aligned with physical SSC configuration (refer to ONR’s management of records TAG, section 5.1 [24] and the procurement management TAG, section 5.3.5.2 [29]).




[bookmark: _Appendix_A_–][bookmark: _Toc227151459]Appendix A – Expectation guidance of a graded approach to structures, systems and components delivery commensurate with nuclear safety classification
Table 2 was previously presented in ONR’s categorisation and classification TAG (Annex 2) [55]. It provides example considerations, by SSC lifecycle phase, of a graded approach to SSC delivery. This includes EQ activities.
[bookmark: _Ref227141563]Table 2 - Example considerations of a graded approach to SSC delivery.
	SSC Lifecycle Phase
	Safety Classification 1 and 2 - SSCs’ Design Substantiation Evidence Considerations
	Safety Classification 3 - SSCs’ Design Substantiation Evidence Considerations

	Conceptual Design/ Scheme design
(SSC Concept design intent demonstration)
	1. Design process robustness; guidance set out in ONR Guide TAG Design Safety Assurance NS-TAST-GD-057 [27].
2. Safety analysis; undertake appropriate deterministic and probabilistic safety analysis.
3. Optioneering studies; to reduce risks to ALARP; example of activities include: design reviews, risk assessment and FMEA; HAZOP studies etc.
4. Research and development; undertake appropriate R&D activities to validate / substantiate a first of a kind (FOAK) concept.
5. SSC concept qualification tests.  These should confirm an SSC performs its defined safety function(s) for all normal operational, fault and accident conditions identified in the safety case and for the duration of their operational lives. 
6. Concept design justification/acceptance report.  This should set out the concept design audit trail; claims; arguments and evidence.
7. Codes and standards; adoption of:
a. specific nuclear codes and standards, (for example, ASME; NOG etc.) and 
b. specific in-house guidance and quality management excluded from specific nuclear codes and standards. 
8. Asset management; establishment of a commensurate concept asset management regime.  This should set out the concept EIMT; surveillance and condition monitoring regime and considers spatial requirements.
9. Procurement arrangements; guidance set out in TAG Supply chain management arrangements for the procurement of nuclear safety related items or services NS-TAST-GD-077 [29].
	1. Design process robustness; guidance set out in ONR Guide TAG Design Safety Assurance NS-TAST-GD-057 [27].
2. Safety analysis; undertake appropriate deterministic and probabilistic safety analysis.
3. Optioneering studies; to reduce risks SFAIRP; example of activities include: design reviews, risk assessment etc.  Providing the design basis is met output broadly establishes the use of industry proprietary SSCs.
4. Codes and standards; absence of appropriate nuclear industry specific codes or standards, broadly establishes the adoption of appropriate industrial codes or standards. 
5. Asset management; selection of industry proprietary equipment broadly establishes the supplier’s recommended EIMT regime.
6. Procurement arrangements; guidance set out in TAG Supply chain management arrangements for the procurement of nuclear safety related items or services NS-TAST-GD-077 [29].

	Detailed Design/ manufacture
(SSC product design intent demonstration)
	1. Design authority and intelligent customer presence during procurement; guidance set out in TAGs:
a. NS-TAST-GD-079 Licensee Design Authority Capability [56]; and
b. NS-TAST-GD-049 Licensee Core and Intelligent Customer Capabilities [26]
2. Detailed design reviews etc. to reduce risks to ALARP.
3. Asset management; establishment of a commensurate detailed design asset management regime.  This should set out detailed design EIMT; surveillance and condition monitoring regime and considers detailed design spatial requirements.
4. SSC tests; e.g.:
a. product factory acceptance tests; and
b. demonstration of specific FOAK EIMT aspects
· These should confirm an SSC ability to deliver its safety function(s) for all normal operational, fault and accident conditions identified in the safety case and for the duration of their operational lives.
5. Detailed design justification/acceptance report should set out the detailed design audit trail.
6. Life time quality records; examples include:
a. drawings;
b. calculations and FMEA;
c. material traceability records;
d. material certifications including welding consumables;
e. welding , NDT procedures and records;
f. welder qualification records;
g. bending procedures;
h. heat treatment records;
i. certificate of conformity;
j. sub orders;
k. operating and maintenance manual;
l. inspection reports ( including 3rd party independent );
m. concessions; 
n. technical file,
o. recommended spares lists;
p. quality plans etc.
	1. Life time quality records; examples include:
a. vendor drawings;
b. certificate of conformity;
c. declaration of incorporation;
d. operating and maintenance manual etc.

	Site installation Commissioning
(SSCs design intent demonstration)
	1. EIMT demonstrations should confirm the design intent and the requirements of LC 21 “Commissioning”:
a. installation acceptance tests;
b. system tests;
c. safety tests; and
d. active tests and early operations etc. 
2. Life time quality records documentation as required by LC 6 “Documents, records, authorities and certificate”.
3. Design justification/acceptance report should set out the commissioning audit trail and to take account of the requirements of :
a. LC 21 “Commissioning”; and
b. LC 20 “Modification to design of plant under construction”.
	1. EIMT demonstrations should confirm the design intent and the requirements of LC 21 “Commissioning”:
a. installation acceptance tests;
b. system tests;
c. safety tests; and
d. active tests and early operations etc. 
2. Life time quality records documentation as required by:
a.  LC 6 “Documents, records, authorities and certificate”; and
b.  LC 20 “Modification to design of plant under construction”.

	Operations(SSC design intent maintained demonstration) 
	1. Life time quality records documentation as required by LC 25 “Operational records”.
2. Asset management should set out arrangements that includes EIMT arrangements as required by LC 28 “EIMT”, which include a:
a. plant maintenance schedule;
b. commensurate EIMT, surveillance and condition monitoring regime etc.
3. EIMT arrangements should set out the requirements of LC 29 “Duty to carry out tests, inspections and examinations”.
4. Design justification/acceptance report should take account of:
a. LC 22 “Modification or experiment on existing plant”; and
b. LC 15 “Periodic review”.
	1. Life time quality records documentation as required by:
a. LC 25 “Operational records”; and
b. LC22 “Modification or experiment on existing plant”.
2. Asset management should set out arrangements that includes EIMT arrangements as required by LC 28 “EIMT” which include a.:
a. plant maintenance schedule;
b. commensurate EIMT, surveillance and condition monitoring regime etc.
3. EIMT arrangements should set out the requirements of LC 29 “Duty to carry out tests, inspections and examinations”.

	Decommissioning
(SSCs design intent demonstration)
	SSCs’ design intent and substantiation should be reviewed and updated to set out potential changes in the safety case claims.   Asset management throughout care and maintenance period should include arrangements similar to those for operational design intent listed above. 
	SSCs’ design intent and substantiation should be reviewed and updated to set out potential changes in the safety case claims.   Asset management throughout care and maintenance period should include arrangements similar to those for operational design intent listed above.
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[bookmark: _List_of_key][bookmark: _Toc227151461]List of key acronyms, abbreviations and initialisms
ALARP	As low as reasonably practicable
ANT		Advanced nuclear technologies	
BS		British standards
CFSI		Counterfeit fraudulent and suspect items 
COTS		Commercial off the shelf
EDG		Emergency diesel generator
EIMT		Examination, inspection, maintenance and testing
EPRI		Electric power research institute
EQ		Equipment qualification
GB		Great Britain
LC		Licence conditions
HSWA74	The Health and Safety at Work etc Act 1974
IAEA		International atomic energy agency
LTQR		Life time quality records
NDT		Non-destructive testing
NPP		Nuclear power plant
ONR		Office for nuclear regulation
OPEX		Operating experience
PSR(s)	Periodic safety review(s)
QA		Quality assurance
QC		Quality control
RL		Reference levels
RITE		Risk-informed and targeted engagement
SAP		Safety assessment principles
SAR		Safety analysis report
SFAIRP	So far as is reasonably practicable
SQEP		Suitably qualified and experienced person
SSC(s)	Structure, system or component(s)
TAG		Technical assessment guide
TQ		Technical query
US NRC	United states nuclear regulatory commission
WENRA	Western European nuclear regulators’ association
Note: A comprehensive list of regulatory acronyms, etc., can be found in ONR’s “List of regulatory acronyms, abbreviations and initialisms” [57].
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Revision commentary
	Issue
	Description of update(s)

	1
	First issue.

	2
	Major update:
This TAG has been revised with the use of artificial intelligence to simplify ONR published guidance. This is in response to principle 3 in the UK government’s Ways of Working document [58] and ONR’s draft strategy [59] aim to streamline guidance. 
Sections 5.4 to 5.7 have been significantly revised.
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