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CI’s Fukushima Reports Rec. IR-5: SAPs Review: Response Form 
 
From:  SAPs Text Editor Representing (NTG):  Structural Integrity Date:  May 2014 
 
 

2006 
Para 
No. 

2006 SAPs 
Text 

Proposed New SAPs 
Text

1
 

Commentary 

 

 Ageing and degradation 

Effective management of ageing is needed so that 

the safety functions of structures, systems and 

components are delivered throughout the period 

needed, which may be the full lifetime of the 

facility. This may be achieved through a specific 

ageing management programme or through other 

arrangements appropriate to the structure, system 

or component. 

SSR2/2 Requirement 14 and to address action 
6.01 – (To consider whether the concept of 
asset management is adequately addressed in 
SAPs) 

EAD.1 

Ageing and degradation 

Safe working life 

The safe working life of structures, systems and 

components that are important to safety should be 

evaluated and defined at the design stage. 

Safe working life 

The safe working life of structures, systems and 

components that are important to safety should be 

evaluated and defined at the design stage. 

 

194 
Particular attention should be given to the 

evaluation of those components that are judged to 

be difficult or impracticable to replace. 

Particular attention should be given to the 

evaluation of those components that are judged to 

be difficult or impracticable to replace. 

 

195 

There should be an adequate margin between the 

intended operational life and the predicted safe 

working life of such structures, systems and 

components. 

There should be an adequate margin between the 

intended operational life and the predicted safe 

working life of such structures, systems and 

components. 

 

                                                 
1
 Order the rows of this table according to the para ordering for the new SAPs 
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EAD.2 

Lifetime margins 

Adequate margins should exist throughout the life 

of a facility to allow for the effects of materials 

ageing and degradation processes on structures, 

systems and components that are important to 

safety. 

Lifetime margins 

Adequate margins should exist throughout the life 

of a facility to allow for the effects of materials 

ageing and degradation processes on structures, 

systems and components. 

Removal of superfluous words as per Project 
Board advice. 

196 

The design process and periodic reviews should 

allow for any uncertainties in determining the 

initial state of components and the rate of ageing 

and degradation. 

The design process and periodic reviews should 

allow for any uncertainties in determining the 

initial state of components and the rate of ageing 

and degradation. 

 

197 

Programmes for monitoring, inspection, sampling, 

surveillance and testing, to detect and monitor 

ageing and degradation processes, should be used 

to verify assumptions and assess whether the 

margins will be adequate for the remaining life of 

the structure, system or component. 

Programmes for monitoring, inspection, sampling, 

surveillance and testing, to detect and monitor 

ageing and degradation processes, should be used 

to verify assumptions and assess whether the 

margins will be adequate for the remaining life of 

the structure, system or component. 

 

198 

Appropriate testing of material aged under 

representative conditions should be undertaken and 

the results reviewed against the safety case 

expectations for such changes. 

Appropriate testing of material aged under 

representative conditions should be undertaken and 

the results reviewed against the safety case 

expectations for such changes. 

 

199 

The effects of and interactions between the 

mechanical, thermal, chemical, physical, biological 

and radiation environment on materials properties, 

materials ageing and degradation processes should 

be considered. 

The effects of, and interactions between the 

mechanical, thermal, chemical, physical, biological 

and radiation environment on materials properties, 

materials ageing and degradation processes should 

be considered. 

 

200 
Timely mitigation of ageing and its effects should 

be undertaken to ensure that the required safety 

margins are maintained. 

Timely mitigation of ageing and its effects should 

be undertaken to ensure that adequate safety 

margins are maintained. 

To align with EAD.2 and to remove “required” 
(as there may not be an explicit requirement for 
this). 

EAD.3 
Periodic measurement of material 
properties 

Where material properties could change with time 

Periodic measurement of material 
properties 

Where material properties could change with time 
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and affect safety, provision should be made for 

periodic measurement of the properties. 

and affect safety, provision should be made for 

periodic measurement of the properties. 

201 

The properties should be obtained from fully 

representative samples of material especially when 

the component or structure forms a principal means 

of ensuring nuclear safety. 

The properties should be obtained from fully 

representative samples of the material especially 

when the component or structure performs a 

principal role in ensuring nuclear safety. 

To align with the wording in para 149 

EAD.4 

Periodic measurement of parameters 

Where parameters relevant to the design of plant 

could change with time and affect safety, provision 

should be made for their periodic measurement. 

Periodic measurement of parameters 

Where parameters relevant to the design of plant 

could change with time and affect safety, provision 

should be made for their periodic measurement. 

 

EAD.5 

Obsolescence 

A process for reviewing the obsolescence of 

structures, systems and components important to 

safety should be in place. 

Obsolescence 

A process for reviewing the obsolescence of 

structures, systems and components important to 

safety should be in place. 

 

202 

This principle is more likely to be applicable to 

systems and components rather than the main 

structural elements of a facility. The process should 

identify threats from obsolescence and ensure that 

an adequate supply of spare parts is available until 

a solution to any obsolescence issues can be found. 

The solution will depend on the particular 

circumstances, but may involve providing 

alternative components or items of equipment that 

can carry out the same safety duty, or it may 

involve redesigning the plant to remove the need 

for the obsolescent system or components. 

This principle is more likely to be applicable to 

systems and components rather than the main 

structural elements of a facility. The process should 

identify threats from obsolescence and ensure that 

an adequate supply of spare parts is available until 

a solution to any obsolescence issues can be found. 

The solution will depend on the particular 

circumstances, but may involve providing 

alternative components or items of equipment that 

can carry out the same safety duty, or it may 

involve redesigning the plant to remove the need 

for the obsolescent system or components. 

 

 

EPS.1 

Pressure systems 

Removable closures 

The failure of a removable closure to a pressurised 

component or system that could lead to a major 

Pressure systems 

Removable closures 

The failure of a removable closure to a pressurised 

component or system that could lead to a 

For consistency with FA.2 
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release of radioactivity should be prevented. significant release of radioactivity should be 

prevented. 

234 

In such situations:  

a) adequate redundancy and where appropriate, 

diversity of closure method should be provided; 

and  

b) provision should be made to ensure closures 

cannot be removed when it is unsafe to do so. 

In such situations:  

a) adequate redundancy and where appropriate, 

diversity of the closure method should be provided; 

and  

b) provision should be made to ensure closures 

cannot be removed when it is unsafe to do so. 

 

EPS.2 

Flow limitation 

Flow limiting devices should be provided to piping 

systems that are connected to or form branches 

from a main pressure circuit, to minimise the 

consequences of postulated breaches. 

Flow limitation 

Flow limiting devices should be provided to piping 

systems that are connected to, or form branches 

from a main pressure circuit, to minimise the 

consequences of postulated breaches. 

 

235 

The flow limiting devices should be as close to the 

main circuit as practicable. There should be 

redundancy and diversity of such devices. Closure 

times of valves and the flow conditions under 

which they can close should be consistent with the 

protection they are claimed to provide. Dynamic 

loadings due to valve closure should be considered. 

The flow limiting devices should be as close to the 

main circuit as practicable. Where appropriate, 

there should be redundancy and diversity of such 

devices. Closure times of valves and the flow 

conditions under which they can close should be 

consistent with the protection they need to provide. 

Dynamic loadings due to valve closure should be 

considered. 

Previous text suggests there should always be 
such redundancy and diversity, which is not the 
case. 

EPS.3 

Pressure relief 

Adequate pressure relief systems should be 

provided for pressurised systems and provision 

should be made for periodic testing. 

Pressure relief 

Adequate pressure relief systems should be 

provided for pressurised systems and provision 

should be made for periodic testing. 

 

EPS.4 

Overpressure protection 

Overpressure protection should be consistent with 

any pressure-temperature limits of operation. 

Overpressure protection 

Overpressure protection should be consistent with 

any pressure-temperature limits of operation. 

 

236 

Basic characteristics of pressure relief are the 

pressure at which the relief actuates and the flow 

capacity of the relief route. The differences 

between the pressures for first actuation, full relief 

Basic characteristics of pressure relief are the 

pressure at which the relief actuates and the flow 

capacity of the relief route. The differences 

between the pressures for first actuation, full relief 
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flow and termination of relief need to be 

considered. If the pressure relief system is a 

combination of relief valves and an active 

protection system to terminate generation of energy 

or mass input (eg reactor trip), the case for the 

system as a whole needs to be made. 

flow and termination of relief need to be 

considered. If the pressure relief system is a 

combination of relief valves and an active 

protection system to terminate generation of energy 

or mass input (eg reactor trip), the case for the 

system as a whole needs to be made. 

237 

In some circumstances the safe operating pressure 

of a system may vary with temperature (eg a 

ferritic reactor vessel moving from cold shutdown 

to normal operation). The overpressure protection 

system should provide protection for all operating 

temperatures. This may require the provision of 

programmable safety relief valves that can be reset 

as the pressure vessel temperature changes. 

In some circumstances the safe operating pressure 

of a system may vary with temperature (eg a 

ferritic reactor vessel moving from cold shutdown 

to normal operation). The overpressure protection 

system should provide protection for all operating 

temperatures. This may necessitate the provision of 

programmable safety relief valves that can be reset 

as the pressure vessel temperature changes. 

 

EPS.5 

Discharge routes 

Pressure discharge routes should be provided with 

suitable means to ensure that any release of 

radioactivity from the facility to the environment is 

minimised. 

Discharge routes 

Pressure discharge routes should be provided with 

suitable means to ensure that any release of 

radioactivity or toxic material from the facility to 

the environment is minimised.  The potential to 

create an explosive atmosphere from the discharge 

should also be considered. 

 

The revision is linked to Chief Inspector 
Recommendation IR-21 

 

 The design should consider potential faults in the 

pressure discharge route which could prevent it 

delivering its safety functions.  These might 

include blocking of or bypassing of filters, leakages 

and escapes and the reliability of the system in 

fault or accident conditions. 

This has been added partly from assessment 
experience and partly as learning from 
Fukushima. 

 

238 

Integrity of metal components and 
structures 

This sub-section is concerned with the engineering 

assessment of the integrity of metallic components 

Integrity of metal components and 
structures 

This sub-section is concerned with the engineering 

assessment of the integrity of metallic components 
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and structures such as pressure vessels, boilers, 

pressure parts, coolant circuits, pipework, core 

support, pumps, valves, storage tanks and the 

freestanding metal shell of pressure retaining 

containment structures. It includes metal pressure 

boundary penetrations, metal linings of concrete 

containments and pressure vessels but not the 

concrete structures as a whole*. 

and structures such as pressure vessels, boilers, 

pressure parts, coolant circuits, pipework, core 

support, pumps, valves, storage tanks and the 

freestanding metal shell of pressure retaining 

containment structures. It includes metal pressure 

boundary penetrations, metal linings of concrete 

containments and pressure vessels but not the 

concrete structures as a whole. Guidance on 

assessing the safety of concrete structures and of 

non-metallic components and structures is 

provided in paras 280ff and in paras ENCpara1ff 

respectively.  

238  
Foot 
note 

* Note that should non-metallic components and 

structures be used, the principles in this sub-section 

should be interpreted appropriately. 

 A new section has been added to these 
principles addressing non-metallic components. 

239 

Any structural integrity safety case should be based 

on sound engineering practice and take account of 

safety functional requirements. Taken together, the 

various elements of sound engineering practice 

provide defence in depth against a structural 

integrity failure occurring. Novel approaches and 

features may be acceptable provided they are 

supported by appropriate research and 

development and are tested to show they meet the 

requirements before coming into service, and 

monitored during service. 

Structural integrity aspects of the safety case 

should be based on sound engineering practice and 

take account of the safety functions that need to be 

delivered. Taken together, the various elements of 

sound engineering practice provide defence in 

depth against a structural integrity failure 

occurring. Novel approaches and features may be 

acceptable provided they are supported by 

appropriate research and development, are tested 

before coming into service to demonstrate the 

delivery of safety functions and are then monitored 

during service. 

For consistency with the Glossary and LC23 

New 
para 

 The guidance caters for two types of situation 

commonly encountered in structural integrity 

assessments.  Paragraph 243ff describes the 

approach that should be followed for highest 

reliability components or structures and where the 

safety case argues that gross failures can be 

discounted. The approach for other components 

Added to clarify for non-specialists 
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and structures is described in paragraph 254ff, 

whilst para 256 emphasises the importance of 

robust consequence arguments in situations where 

gross failure cannot be discounted. In either 

situation, the principles described in para 258ff 

should also be applied. 

240 

Throughout this sub-section, unless specified 

otherwise, the term ‘defect’ means any significant 

deviation from nominal. So, in general, the term 

‘defect’ covers for example, crack-like defects, wall 

thinning, creep damage and dimensional deviations 

(eg those affecting buckling). 

Throughout the EMC principles section, unless 

specified otherwise, the term ‘defect’ means any 

significant deviation from nominal. So, in general, 

the term ‘defect’ covers for example, crack-like 

defects, wall thinning, creep damage and 

dimensional deviations (eg those affecting 

buckling). 

 

241 

The general lack of adequate reliability data for 

the disruptive failure of metal components and 

structures leads to assessment being based 

primarily on established engineering practice. As a 

result, although the radiological consequences of 

failure of a component or structure may be 

significant (into the range where societal risk is 

relevant), it is not possible to calculate a plausible 

failure frequency for inclusion in a fault analysis. 

At best it might be possible to adopt a 

representative failure rate that would allow the 

effect of the component or structure failure to be 

included in a fault analysis in a nominal way or as 

a sensitivity study. If the safety case is sensitive to 

the failure frequency, then the estimate will need 

substantial support from engineering analyses and 

engineering judgement. At the least, an engineering 

judgement would be needed to confirm the 

component or structure in question has 

characteristics similar to those in the database 

used to determine reliability values. If lines of 

The general lack of adequate reliability data for 

the disruptive failure of metal components and 

structures leads to assessments being based 

primarily on established engineering practice. As a 

result, although the radiological consequences of 

the failure of some components or structures may 

be significant (into the range where there are 

societal risks), it is not possible to calculate a 

plausible failure frequency for inclusion in a fault 

analysis. At best it might be possible to adopt a 

representative failure rate that would allow the 

effects of the component or structure failure to be 

included in a fault analysis in a nominal way or as 

a sensitivity study. If the safety case is sensitive to 

the failure frequency, then the estimate will need 

substantial support from engineering analyses and 

engineering judgement. At the least, an engineering 

judgement would be needed to confirm the 

component or structure in question has 

characteristics similar to those in the database 

used to determine reliability values. If lines of 
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protection exist to cope with the effects of the 

initiating component or structure failure, the 

overall case may not demand high confidence in 

the structural integrity claim. 

protection exist to cope with the effects of the 

initiating component or structure failure, the 

overall case may not demand high confidence in 

the structural integrity claim. 

242 

Reliability statements for components or structures 

of interest here might be used to:  

a) judge whether an initiating event needs to be 

included within the design basis. In particular, 

whether for faults internal to a facility, the 

expected frequency is greater than 1 x 10-5 per 

annum (pa) (see Principle FA.5 (paragraph 513 

f.));  

b) provide initiating frequency input to fault 

analyses. This may require consideration of 

initiating events with claimed frequencies rather 

less than 1 x 10-5 pa. As claimed failure 

frequencies for components and structures 

decrease (and certainly for claims notably less 

frequent than 1 x 10-5 pa) it becomes more difficult 

to have confidence in the values claimed. Direct 

actuarial data are absent and models inevitably 

lack validation against actual occurrences. In such 

cases a considered judgement is required;  

c) give an indication of the level of reliability that 

is expected from the deterministic integrity 

arguments of the safety case and so provide a 

context for judging the adequacy of the 

deterministic arguments. 

Reliability estimates for components or structures 

of interest here might be used to:  

a) judge whether an initiating event needs to be 

included within the design basis. In particular, 

whether for faults internal to a facility, the 

expected frequency is greater than 1 x 10-5 per 

annum (pa) (see Principle FA.5 (paragraph 513 

f.));  

b) provide initiating event frequency input to fault 

analyses. Where the unmitigated consequences are 

large, consideration of initiating events with 

claimed frequencies rather less than 1 x 10-5 pa 

may be needed. As claimed failure frequencies for 

components and structures decrease (and certainly 

for claims notably less frequent than 1 x 10-5 pa) it 

becomes more difficult to have confidence in the 

values claimed. Direct actuarial data are absent 

and models inevitably lack validation against 

actual occurrences. In such cases a considered 

judgement will be made on a case by case basis;  

c) give an indication of the level of reliability that 

is expected from the deterministic integrity 

arguments of the safety case and so provide a 

context for judging these. 

 
 
 
 
 
 

243 

Highest reliability components and 
structures 

Discounting gross failure of a component or 

structure is an onerous route to constructing a 

safety case. Such a case should provide in-depth 

Highest reliability components and 
structures 

Discounting gross failure of a component or 

structure is an onerous approach to constructing 

an adequate safety case. Cases following this 
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explanation of the measures over and above 

normal practice that support and justify the claim. 

If discounting gross failure cannot be justified, it 

may be possible to consider a case based on 

consequences (see paragraph 246). 

approach should provide an in-depth explanation 

of the measures over and above normal practice 

that support and justify the claim that gross 

failures can be discounted. If this cannot be 

justified, it may be possible to instead consider a 

case based on consequences (see paragraph 246). 

244 

A rule of thumb, generally accepted in the UK for 

many years, is that it is difficult to substantiate a 

claim of much less than about 1 x 10-7 per vessel 

year for gross failure of a reasonable sized 

pressure vessel. Therefore a claim that gross 

failure of a pressure vessel can be discounted 

cannot plausibly be associated with a failure rate 

much better than 1x 10-7 to 1 x 10-8 per vessel 

year. There is no generally accepted lowest 

plausible failure frequency for individual welds, for 

instance individual pipe welds. As a general guide, 

claims for pipework weld failure rates for gross 

failure (eg guillotine failure) much better than 1 x 

10-8 to 1 x 10-9 per weld year should not be 

considered plausible. This implies that a facility 

safety case should not rely on claims that gross 

failure can be discounted for large numbers of 

pipework and similar welds. 

As a rule of thumb, generally accepted in the UK 

for many years, is that it is difficult to substantiate 

a claim of much less than about 1 x 10-7 per vessel 

year for the gross failure of a reasonable sized 

pressure vessel. Therefore a claim that gross 

failure of a pressure vessel can be discounted is not 

plausible for failure rates much better than 1x 10-7 

to 1 x 10-8 per vessel year. There is no generally 

accepted lowest plausible failure frequency for 

individual welds, for instance individual pipe 

welds. As a general guide, claims for pipework 

weld failure rates for gross failure (eg guillotine 

failure) much better than 1 x 10-8 to 1 x 10-9 per 

weld year should not be considered plausible. This 

implies that a facility safety case should not rely on 

claims that gross failure can be discounted for 

large numbers of pipework and similar welds. 

 

245 

A general aim is that no single class of accident 

should dominate overall facility risk. This general 

aim should be borne in mind when considering a 

structural integrity safety case for a particular type 

of component or system. 

A general aim for safety cases is that no single 

class of fault should dominate the overall facility 

risk. This should be borne in mind when 

considering the structural integrity safety case. 

 

246 

Where:  

a) the case cannot meet the level needed for a 

claim that the likelihood of a failure event can be 

discounted, and  

Where:  

a) the case cannot meet the level needed for a 

claim that the likelihood of an initiating event can 

be discounted, and  
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b) all practical avenues to improve the structural 

integrity case have been exhausted;  

the basis of the safety case needs to be revisited 

and the consequences of gross failure of 

components or structures explicitly considered. 

This would potentially involve a site-specific 

evaluation of short and long-term off-site 

consequences and would still require some 

estimate of the reliability of the components or 

structures in question. This broadening of the basis 

of the safety case would clearly require 

involvement of disciplines in addition to structural 

integrity. 

b) all practical avenues to improve the structural 

integrity case have been exhausted;  

the basis of the safety case needs to be revisited 

and the consequences of gross failure of 

components or structures considered explicitly. 

This could involve a site-specific evaluation of 

short and long-term off-site consequences and 

would still need some estimate of the reliability of 

the components or structures in question. This 

broadening of the basis of the safety case would 

clearly need the involvement of specialisms in 

addition to structural integrity. 

247 

Principles EMC.1 to EMC.3 should be invoked 

where:  

a) a metal component or structure forms a 

principal means of ensuring nuclear safety; and  

b) the estimated likelihood of gross failure needs to 

be very low or the safety case claims gross failure 

can be discounted.  

Note: These principles are supplemented by the 

other principles for metal components that also 

need to be met in these situations (see Principles 

ECS.3 (paragraph 156 f.) and EMC.4 to EMC.34). 

Principles EMC.1 to EMC.3 should be invoked 

where:  

a) a metal component or structure performs a 

principal role in ensuring nuclear safety; and  

b) the estimated likelihood of gross failure needs to 

be very low or the safety case claims gross failures 

can be discounted.  

Note: These principles are supplemented by the 

other principles for metal components that also 

ought to be met in these situations (see Principles 

ECS.3 (paragraph 156 f.) and EMC.4 to EMC.34). 

 

248 

An example of the need to apply Principles EMC.1 

to EMC.3 would be considering the safety case for 

a steel reactor pressure vessel (RPV) containing a 

large core. The RPV is required to have a very low 

frequency of gross failure. However such low 

frequencies cannot be demonstrated using 

actuarial statistics because of a lack of data, and 

cannot be plausibly or confidently estimated using 

theoretical modelling. Instead the approach is one 

An example of the need to apply Principles EMC.1 

to EMC.3 would be when considering the safety 

case for a steel reactor pressure vessel (RPV) 

containing a large core. The RPV will need to have 

a very low frequency of gross failure. However 

such low frequencies cannot be demonstrated using 

actuarial statistics because of a lack of data, and 

cannot be plausibly or confidently estimated using 

theoretical modelling. Instead the approach is one 
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of sound engineering practice that gives a high 

level of confidence in the ability of the vessel to 

deliver its required safety function throughout its 

life. 

of sound engineering practice that gives a high 

level of confidence in the ability of the vessel to 

deliver its safety functions throughout its life. 

EMC.1 

Safety case and assessment 

The safety case should be especially robust and the 

corresponding assessment suitably demanding, in 

order that an engineering judgement can be made 

for two key requirements:  

a) the metal component or structure should be as 

defect-free as possible;  

b) the metal component or structure should be 

tolerant of defects. 

Safety case and assessment 

The safety case should be especially robust and the 

corresponding assessment suitably demanding, in 

order that a properly-informed engineering 

judgement can be made that:  

a) the metal component or structure is as defect-

free as possible;  

b) the metal component or structure is tolerant of 

defects. 

Re-worded to remove the word “requirements” 

249 

In the first instance the safety case development 

process should identify situations that fall under 

Principle EMC.1. For non-redundant items (eg 

pressure boundary), the emphasis will be on 

avoiding defects; for redundant items (eg some 

support structures) the emphasis might lie more in 

the redundancy argument than avoidance of 

defects. 

In the first instance the safety case development 

process should identify situations that fall under 

Principle EMC.1. For non-redundant items (eg a 

pressure boundary), the emphasis will be on 

avoiding defects; for redundant items (eg some 

support structures) the emphasis might lie more in 

the redundancy argument than in the avoidance of 

defects. 

 

EMC.2 

Use of scientific and technical issues 

The safety case and its assessment should include a 

comprehensive examination of relevant scientific 

and technical issues, taking account of precedent 

when available. 

Use of scientific and technical issues 

The safety case and its assessment should include a 

comprehensive examination of relevant scientific 

and technical issues, taking account of precedent 

when available. 

 

250 
Wherever possible, safety cases should not rely on 

claims of extremely high structural integrity. 

Wherever possible, safety cases should not rely on 

claims of extremely high structural integrity. 

 

251 
A minor failure in a component or structure that 

forms a principal means of ensuring nuclear safety 

should not lead to significant radiological hazard. 

A minor failure in a component or structure that 

performs a principal role in ensuring nuclear safety 

should not lead to significant radiological 

As above – aligning with Categorisation 
wording.  Use of hazard in former text was not 
correct. 
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consequences. 

EMC.3 

Evidence 

Evidence should be provided to demonstrate that 

the necessary level of integrity has been achieved 

for the most demanding situations. 

Evidence 

Evidence should be provided to demonstrate that 

the necessary level of integrity has been achieved 

for the most demanding situations identified in the 

safety case. 

 

252 

To meet Principles EMC.1 and EMC.2, the 

structural integrity safety case should include 

appropriate evidence of the following:  

a) the use of sound design concepts and proven 

design features;  

b) a detailed design loading specification covering 

normal operation, plant transients, faults and 

internal and external hazards;  

c) consideration of potential in-service degradation 

mechanisms;  

d) analysis of the potential failure modes for all 

conditions arising from design specification 

loadings;  

e) use of proven materials;  

f) application of high standards of manufacture, 

including manufacturing inspection and 

examination;  

g) high standards of quality assurance throughout 

all stages of design, procurement, manufacture, 

installation and operation; 

h) pre-service and in-service examination to detect 

and characterise defects at a stage before they 

could develop to cause gross failure;  

i) defined limits of operation to ensure the facility 

is operated within the limits of the safety case. 

Where appropriate, limits of operation should be 

To meet Principles EMC.1 and EMC.2, the safety 

case should include appropriate evidence of the 

following:  

a) the use of sound design concepts and proven 

design features;  

b) a detailed design loading specification covering 

normal operation, faults and accident conditions.  

This should include plant transients and internal 

and external hazards;  

c) consideration of potential in-service degradation 

mechanisms;  

d) analysis of the potential failure modes for all 

conditions arising from design specification 

loadings;  

e) use of proven materials;  

f)  confirmatory testing to demonstrate that the 

parent materials and welds have the appropriate 

material properties, especially strength and the 

necessary resistance to fracture; 

g) application of high standards of manufacture, 

including manufacturing inspection and 

examination;  

h) high standards of quality management 

throughout all stages of design, procurement, 

manufacture, installation and operation (see also 

para EMT.4+1 on excluding foreign material); 

An additional bullet has been added to account 
for the need for confirmatory toughness testing.  
This was an omission identified during the GDA 
process. 
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supported by protection systems, for instance 

overpressure protection;  

j) in-service monitoring of facility operational 

parameters;  

k) in-service materials monitoring schemes;  

l) a process for review of facility operation to 

ensure the facility is operated and materials 

performance is within the assumptions of the safety 

case;  

m) a process for review of and response to 

deviations;  

n) a process for review of experience from other 

facilities, developments in design and analysis 

methodologies and the understanding of 

degradation mechanisms for applicability to the 

component or structure in question;  

o) a process for control of in-service repairs or 

modifications to similar codes, specifications and 

standards as for original manufacture, taking 

account of developments since manufacture. 

i) pre-service and in-service examination to detect 

and characterise defects at a stage before they 

could develop to cause gross failure;  

j) defined limits of operation (operating rules), 

supported as necessary by safety measures (eg 

overpressure protection);  

k) in-service monitoring of facility operational 

parameters;  

l) in-service materials monitoring schemes;  

m) a process for review of facility operation to 

ensure the facility is operated and materials 

performance is within the assumptions of the safety 

case;  

n) a process for review of and response to 

deviations;  

o) a process for review of experience from other 

facilities, developments in design and analysis 

methodologies and the understanding of 

degradation mechanisms for applicability to the 

component or structure in question;  

p) a process for control of in-service repairs or 

modifications to similar codes, specifications and 

standards as for original manufacture, taking 

account of developments since manufacture. 

253 

The strength and extent of the evidence that is 

provided to support the safety case should be 

balanced against the importance of any particular 

leg that the evidence is supporting. 

The strength and extent of the evidence provided 

here should be commensurate with its importance 

to the overall safety case. 

The Board has asked us to minimise use of the 
word “balance” 

254 

Other components and structures 

For components and structures that are not of such 

major safety significance as to fall under Principle 

EMC.1 above, the guidance under Principle 

EMC.3 is still relevant, as are Principles ECS.3 

Other components and structures 

For components and structures that are not of such 

major safety significance as to fall under Principle 

EMC.1 above, the guidance under Principle 

EMC.3 is still relevant, as are Principles ECS.3 
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(paragraph 156 f.) and EMC.4 to EMC.34 below 

that expand on the requirements of Principle 

EMC.3. 

(paragraph 156 f.) and EMC.4 to EMC.34 below 

that expand on Principle EMC.3. 

255 

The stringency of their application and 

corresponding depth of assessment should reflect 

the nuclear safety importance of the item. The 

structural integrity safety case should clearly set 

out its position within the wider context of the 

overall safety case. 

The stringency of their application and 

corresponding depth of assessment should reflect 

the safety significance of the item. The structural 

integrity safety case should clearly set out its 

position within the wider context of the overall 

safety case. 

 

256 

Where there is a robust consequences argument 

that shows there are features to mitigate the effects 

of a component or structure failure, the demands 

on the structural integrity safety case may be 

reduced. 

Where there is a robust consequences argument 

that shows there are features to mitigate the effects 

of a component or structure failure, the demands 

on the structural integrity safety case may be 

reduced. 

 

257 

If there are parallel and independent features to 

mitigate the effects of component or structure 

failure and each parallel route contains 

redundancy, then the reliance on the structural 

integrity reliability in the overall case may be 

reduced. 

If there are parallel and independent features to 

mitigate the effects of component or structure 

failure and each parallel route contains 

redundancy, then the reliance on the structural 

integrity reliability in the overall case may be 

reduced. 

 

258 

General 

Components and structures important to safety 

should be designed, manufactured, installed, 

examined and inspected using codes, specifications 

and standards commensurate with their safety 

classification in accordance with Principle ECS.3 

(paragraph 156 f.). 

General 

Components and structures important to safety 

should be designed, manufactured, installed, 

examined and inspected using codes, specifications 

and standards commensurate with their safety 

classification in accordance with Principle ECS.3 

(paragraph 156 f.). 

 

EMC.4 

Procedural control 

Design, manufacture and installation activities 

should be subject to procedural control. 

Procedural control 

Design, manufacture and installation activities 

should be subject to procedural control. 

 

259 Changes in design, manufacture and installation 

should be carefully controlled through a formal 

Changes in design, manufacture and installation 

should be carefully controlled through a formal 
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procedure for change. Communication and control 

of the effects of change across organisation or 

technical interfaces warrant particular attention. 

procedure for change. Communication and control 

of the effects of change across organisation or 

technical interfaces warrant particular attention. 

EMC.5 

Defects 

It should be demonstrated that safety-related 

components and structures are both free from 

significant defects and are tolerant of defects. 

Defects 

It should be demonstrated that components and 

structures important to safety are both free from 

significant defects and are tolerant of defects. 

Incorrect use of “safety-related” 

260 

The requirements to provide defect-free structures 

under Principle EMC.5 are expected to be less than 

for the structures covered by the demanding 

situations under Principle EMC.1. The precise 

requirements will depend on the safety significance 

of the component or structure. 

The demonstration under Principle EMC.5 is 

expected to be less demanding than for the 

structures and components covered by the 

demanding situations under Principle EMC.1. The 

level of demonstration will depend on the safety 

significance of the component or structure. 

Remove “requirements” 

EMC.6 

Defects 

During manufacture and throughout the operational 

life the existence of defects of concern should be 

able to be established by appropriate means. 

Defects 

During manufacture and throughout operational 

life, there should be means to establish the 

existence of defects of concern. 

 

261 

For redundant components and structures, the 

argument may rely more on the redundancy claim, 

combined with suitable arguments for avoidance of 

defects. 

For redundant components and structures, the 

argument may rely more on the redundancy claim, 

combined with suitable arguments for avoidance of 

defects. 

 

EMC.7 

Design 

Loadings 

For safety-related components and structures, the 

schedule of design loadings (including 

combinations of loadings), together with 

conservative estimates of their frequency of 

occurrence should be used as the basis for design 

against normal operating, plant transient, testing, 

fault and internal or external hazard conditions. 

Design 

Loadings 

The schedule of design loadings (including 

combinations of loadings) for components and 

structures, together with conservative estimates of 

their frequency of occurrence should be used as the 

basis for design against normal operation, fault and 

accident conditions. This should include plant 

transients and tests together with internal and 

external hazards. 

Incorrect use of “safety-related” 
 
 



             

- 16 - 

EMC.8 

Requirements for examination 

Geometry and access arrangements should have 

regard to the requirements for examination. 

Providing for examination 

Geometry and access arrangements should have 

regard to the need for examination. 

 

EMC.9 

Product form 

The choice of product form of metal components or 

their constituent parts should have regard to 

enabling examination and to minimising the 

number and length of welds in the component. 

Product form 

The choice of product form of metal components or 

their constituent parts should have regard to 

enabling examination and to minimising the 

number and length of welds in the component. 

 

EMC.10 

Weld positions 

The positioning of welds should have regard to 

high-stress locations and adverse environments. 

Weld positions 

The positioning of welds should have regard to 

high-stress locations and adverse environments. 

 

262 

For example, other factors being equal:  

a) forged austenitic stainless steel is preferred over 

cast stainless steel because of the better ultrasound 

transmission in the forged form (aid to volumetric 

examination);  

b) welds and other features that require 

examination should not be placed within civil 

structures or so close to other features that 

inspection is prevented;  

c) designs should consider avoiding welds in high 

neutron radiation locations. 

For example, other factors being equal:  

a) forged austenitic stainless steel is preferred over 

cast stainless steel because of the better ultrasound 

transmission in the forged form (an aid to 

volumetric examination);  

b) welds and other features that will need 

examination should not be placed within civil 

structures or so close to other features that 

inspection is prevented;  

c) designs should consider avoiding welds in high 

neutron radiation locations. 

 

EMC.11 
Failure modes 

Failure modes should be gradual and predictable. 

Failure modes 

Failure modes should be gradual and predictable. 

 

EMC.12 

Brittle behaviour 

Designs in which components of a metal pressure 

boundary could exhibit brittle behaviour should be 

avoided. 

Brittle behaviour 

Designs in which components of a metal pressure 

boundary could exhibit brittle behaviour should be 

avoided. 

 

264 
Manufacture and installation 

Manufacture and installation should achieve the 

Manufacture and installation 

Manufacture and installation should achieve the 
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design intent and provide a sound basis for pre- 

and in-service inspections, operation and 

maintenance. Manufacture and installation should 

also be consistent with the claims and assumptions 

that are contained in the safety case. 

design intent and provide a sound basis for pre- 

and in-service inspections, operation and 

maintenance. Manufacture and installation should 

also be consistent with the claims and assumptions 

that are contained in the safety case. 

EMC.13 

Materials 

Materials employed in manufacture and installation 

should be shown to be suitable for the purpose of 

enabling an adequate design to be manufactured, 

operated, examined and maintained throughout the 

life of the facility. 

Materials 

Materials employed in manufacture and installation 

should be shown to be suitable for the purpose of 

enabling an adequate design to be manufactured, 

operated, examined and maintained throughout the 

life of the facility. 

 

EMC.14 

Techniques and procedures 

Manufacture and installation should use proven 

techniques and approved procedures to minimise 

the occurrence of defects that might affect the 

required integrity of components or structures. 

Techniques and procedures 

Manufacture and installation should use proven 

techniques and approved procedures to minimise 

the occurrence of defects that might affect the 

integrity of components or structures. 

 

EMC.15 

Control of materials 

Materials identification, storage and issue should 

be closely controlled. 

Control of materials 

Materials identification, storage and issue should 

be closely controlled. 

 

EMC.16 

Contamination 

The potential for contamination of materials during 

manufacture and installation should be controlled 

to ensure the integrity of components and 

structures is not compromised. 

Contamination 

The potential for contamination of materials during 

manufacture and installation should be controlled 

to ensure the integrity of components and 

structures is not compromised. 

 

EMC.17 

Examination during manufacture 

Provision should be made for examination during 

manufacture and installation to demonstrate the 

required standard of workmanship has been 

achieved. 

Former Principle EMC.17 has been subsumed into 

Principles EMC.27 to EMC.30. 

EMC.17 is no longer used as the principle is 
now addressed through EMC.27-EMC.30. 

 
Principles EMC.27 through to EMC.30 are 
extended to include manufacturing inspection 
as well as pre- and in-service inspection.  This 
omission was identified during the GDA 
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process  
 
This then gives overlap with EMC.17, and 
EMC.17 can be deleted. 
 

EMC.18 

Third-party inspection 

Manufacture and installation operations should be 

subject to appropriate third-party independent 

inspection to check that processes and procedures 

are being carried out as required. 

Third-party inspection 

Manufacture and installation should be subject to 

appropriate third-party independent inspection to 

confirm that processes and procedures are being 

followed. 

 

EMC.19 

Non-conformities 

Where non-conformities with the procedures are 

judged to have a detrimental effect on integrity or 

significant defects are found and remedial work is 

necessary, the remedial work should be carried out 

to an approved procedure and should be subject to 

the same requirements as the original. 

Non-conformities 

Where non-conformities with procedures are 

judged to have a detrimental effect on integrity or 

significant defects are found and remedial work is 

necessary, the remedial work should be carried out 

to an approved procedure and should apply the 

same standards as originally intended. 

 

EMC.20 

Records 

Detailed records of manufacturing, installation and 

testing activities should be made and be retained in 

such a way as to allow review at any time during 

subsequent operation. 

Records 

Detailed records of manufacturing, installation and 

testing activities should be made and be retained in 

such a way as to allow review at any time during 

subsequent operation. 

 

266 

Pressure vessels, pipework and systems require a 

pressure test at completion of manufacture and 

after installation. This is an important test of the 

strength properties of the materials and section 

thicknesses. It should not be relied upon as a 

significant argument for the absence of crack-like 

defects. 

Pressure vessels, pipework and systems require a 

pressure test at completion of manufacture and 

after installation. This is an important test of the 

strength of the materials and section thicknesses. It 

should not however be relied upon as a significant 

argument for the absence of crack-like defects. 

 

 

 Manufacturing, pre- and in-service 
examination and testing 

EMC.27 Examination 

EMC.27 **EMC 27 – 30 and paragraphs 271 and 

272 have been moved ‘en-bloc’ to between 

paragraph 266 (Manufacturing and Installation) and 
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Provision should be made for examination that is 

capable of demonstrating with suitable reliability 

that the component or structure has been 

manufactured to an appropriate standard and will 

be fit for purpose at all times during future 

operations. 

EMC.21 (Operation)** 
 
Principles EMC.27 through to EMC.30 and 
paragraph 271 are extended to apply to 
manufacturing inspection as well as pre- and 
in-service inspection and have been moved to 
a more logical position in the EMC SAPs.   

 

 This principle and the subsequent principles 

EMC.28 to EMC.30 apply to the examination and 

testing during manufacturing, pre-service 

inspection and in-service inspection. 

 

 

Moved from 271 (see EMC.27). 

 

 **Subsequent paragraph numbers will need 

adjusting through to para 273** 

 

**EMC 27 – 30 and paragraphs 271 and 272 have 

been moved ‘en-bloc’ to between paragraph 266 

(Manufacturing and Installation) and EMC.21 

(Operation)** 

 

 EMC.28 Margins 

An adequate margin should exist between the 

nature of defects of concern and the capability of 

the examination to detect and characterise a defect. 

 

 

Moved from EMC.28 (see EMC.27).  
 

Existing EMC numbers should be retained 
even though they are no longer in order to 
retain constancy. 

 

**EMC 27 – 30 and paragraphs 271 and 272 have 

been moved ‘en-bloc’ to between paragraph 266 

(Manufacturing and Installation) and EMC.21 

(Operation)** 

 

 EMC.29 Redundancy and diversity 

Methods of examination of components and 

structures should be sufficiently redundant and 

diverse. 

 

 

Moved from EMC.29 (see EMC.27).  
 

Existing EMC numbers should be retained 
even though they are no longer in order to 
retain constancy. 

 

**EMC 27 – 30 and paragraphs 271 and 272 have 
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been moved ‘en-bloc’ to between paragraph 266 

(Manufacturing and Installation) and EMC.21 

(Operation)** 

 

 EMC.30 Qualification 

Personnel, equipment and procedures should be 

qualified to an extent consistent with the overall 

safety case and the contribution of examination to 

structural integrity aspects of the safety case. 

 

 

Moved from EMC.30 (see EMC.27).  
 

Existing EMC numbers should be retained 
even though they are no longer in order to 
retain constancy. 

 

**EMC 27 – 30 and paragraphs 271 and 272 have 

been moved ‘en-bloc’ to between paragraph 266 

(Manufacturing and Installation) and EMC.21 

(Operation)** 

 

 The classification of the component or structure 

should be taken into account when determining the 

appropriate extent of the redundancy, diversity and 

qualification needed. 

 

 

Moved from 272 (see EMC.27).  

 

**Subsequent paragraph numbers will need 

adjusting through to para 273** 

 

**EMC 27 – 30 and paragraphs 271 and 272 have 

been moved ‘en-bloc’ to between paragraph 266 

(Manufacturing and Installation) and EMC.21 

(Operation)** 

 

EMC.21 

Operation 

Safe operating envelope 

Throughout their operating life, safety-related 

components and structures should be operated and 

controlled within defined limits consistent with the 

safe operating envelope defined in the safety case. 

Operation 

Safe operating envelope  

Throughout their operating life, components and 

structures should be operated and controlled within 

defined limits and conditions (operating rules) 

derived from the safety case. 

 

EMC.22 
Material compatibility 

Materials compatibility for components should be 

Material compatibility 

Materials compatibility for components should be 
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considered for any operational or maintenance 

activities. 

considered for any operational or maintenance 

activity. 

EMC.23 

Ductile behaviour 

For metal pressure vessels and circuits, particularly 

ferritic steel items, the operating regime should 

ensure that they display ductile behaviour when 

significantly stressed. 

Ductile behaviour 

For metal pressure vessels and circuits, particularly 

ferritic steel items, the operating regime should 

ensure that they display ductile behaviour when 

significantly stressed. 

 

268 

In particular, for ferritic steel nuclear reactor 

pressure vessels:  

a) clear safety benefits derive from operating on the 

upper shelf of the toughness transition curve to 

ensure ductile behaviour;  

b) RPVs must, for normal steady-state operation, 

operate on the upper shelf.  

Note: For other conditions, the RPVs should be on 

the upper shelf. However, where upper shelf 

conditions cannot be achieved – eg during 

shutdown, start-up or limited duration transients – 

it is important that all uncertainties and conditions 

are considered and that adequate margins on 

toughness are shown. 

In particular, for ferritic steel nuclear reactor 

pressure vessels (RPVs):  

a) clear safety benefits derive from operating on the 

upper shelf of the toughness transition curve to 

ensure ductile behaviour;  

b) RPVs must, for normal steady-state operation, 

operate on the upper shelf.  

Note: For other conditions, the RPVs should also 

be on the upper shelf. However, where upper shelf 

conditions cannot be achieved – eg during 

shutdown, start-up or limited duration transients – 

it is important that all relevant uncertainties and 

conditions are considered so that adequate margins 

on toughness are shown. 

 

269 

Monitoring 

Monitoring aspects of ageing and degradation are 

dealt with in Principles EAD.2 (paragraph 195 f.), 

EAD.3 (paragraph 200 f.) and EAD.4 (paragraph 

201 f.). 

Monitoring 

Monitoring aspects of ageing and degradation are 

dealt with in Principles EAD.2 to EAD.4 

(paragraph 195 ff.). 

 

EMC.24 

Operation 

Facility operations should be monitored and 

recorded to demonstrate compliance with the 

operating limits and to allow review against the 

safe operating envelope defined in the safety case. 

Operation 

Facility operations should be monitored and 

recorded to demonstrate compliance with, and to 

allow review against, the safe operating envelope 

defined in the safety case (operating rules). 
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EMC.25 

Leakage 

Means should be available to detect, locate, 

monitor and manage leakage that could indicate the 

potential for an unsafe condition to develop or give 

rise to a significant radiological effect. 

Leakage 

Means should be available to detect, locate, 

monitor and manage leakages that could indicate 

the potential for an unsafe condition to develop or 

give rise to significant radiological consequences. 

 

EMC.26 

Forewarning of failure 

Detailed assessment should be carried out where 

monitoring is claimed to provide forewarning of 

significant failure. 

Forewarning of failure 

Detailed assessment should be carried out where 

monitoring is claimed to provide forewarning of 

significant failure. 

 

270 

Assessment should show that the:  

a) means of monitoring;  

b) frequency of monitoring; and  

c) actions to be taken in response to monitoring 

results;  

are consistent with the degradation mechanism in 

question, the anticipated rate of degradation and the 

estimated time from detection of degradation to an 

unsafe state arising. Potential unsafe states to be 

considered include the consequential effects on 

structures, systems and components of any leakage, 

not just the degradation causing the leakage. 

These assessments should show that the:  

a) means of monitoring;  

b) frequency of monitoring; and  

c) actions to be taken in response to monitoring 

results;  

are consistent with the degradation mechanism in 

question, the anticipated rate of degradation and the 

estimated time from detection of degradation to an 

unsafe state arising. Potential unsafe states to be 

considered include the consequential effects on 

structures, systems and components of any leakage, 

not just the degradation causing the leakage. 

 

EMC.27 

Pre- and in-service examination and testing 

Examination 

Provision should be made for examination that is 

reliably capable of demonstrating that the 

component or structure is manufactured to the 

required standard and is fit for purpose at all times 

during service. 

  
Examination and testing (EMC.27-EMC.30) 
 

EMC.27-EMC.30 and paragraphs 271 and 272 
need to be extended to include Manufacturing 
inspection and moved as a complete block to 
be inserted between paragraph 266 
(Manufacturing and Installation) and EMC.21 
(Operation) for a logical flow.  Existing EMC 
numbers should be retained even though they 
are no longer in order to retain constancy. 
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The mauve title becomes: ’Manufacturing, pre- 
and in-service examination and testing’ and 
existing EMC.17 would be deleted due to 
overlap. 

271 
This principle applies to both pre-service and in-

service inspection and so does not preclude 

ongoing confirmation by in-service inspection. 

 Moved (see EMC.27).  

EMC.28 

Margins 

An adequate margin should exist between the 

nature of defects of concern and the capability of 

the examination to detect and characterise a defect. 

 Moved (see EMC.27). 

EMC.29 

Redundancy and diversity 

Examination of components and structures should 

be sufficiently redundant and diverse. 

 Moved (see EMC.27). 

EMC.30 

Control 

Personnel, equipment and procedures should be 

qualified to an extent consistent with the overall 

safety case and the contribution of examination to 

the structural integrity aspect of the safety case. 

 Moved (see EMC.27). 

272 

The nuclear safety classification should be taken 

into account when determining the appropriate 

extent of the redundancy, diversity and 

qualification requirements.  

 Moved (see EMC.27). 

EMC.31 

In-service repairs and modifications 

Repairs and modifications 

In-service repairs and modifications should be 

carefully controlled through a formal procedure for 

change. 

In-service repairs and modifications 

Repairs and modifications 

In-service repairs and modifications should be 

carefully controlled through a formal procedure for 

change. 

 

273 For physical changes to plant, the principles of 

design, manufacture and installation should be 

For physical changes to plant, the principles of 

design, manufacture and installation should be 
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used. Changes to defined limits of operation, 

monitoring, examination, testing and maintenance 

should be dealt with as modifications. Incidental 

consequences of a change should be considered for 

their significance, not just the direct purpose of the 

change. 

used. Changes to defined limits of operation, 

monitoring, examination, testing and maintenance 

should be dealt with as modifications. Incidental 

consequences of a change should be considered for 

their overall significance, not just the direct 

consequences of the change. 

EMC.32 

Analysis 

Stress analysis 

Stress analysis (including when displacements are 

the limiting parameter) should be carried out as 

necessary to support substantiation of the design 

and should demonstrate the component has an 

adequate life, taking into account time-dependent 

degradation processes. 

Analysis 

Stress analysis 

Stress analysis (including when displacements are 

the limiting parameter) should be carried out as 

necessary to support substantiation of the design 

and should demonstrate the component has an 

adequate life, taking into account time-dependent 

degradation processes. 

 

274 

The stress analysis itself should use methods that 

have been validated and their application should be 

verified. Where the stress analysis depends on, for 

instance, thermal or thermal-hydraulic analysis 

results, those supporting analyses should use 

methods that are validated with verified 

application. 

The stress analysis should use methods that have 

been validated and their application should be 

verified. Where the stress analysis depends on, for 

instance, thermal or thermal-hydraulic analysis 

results, those supporting analyses should use 

methods that are validated with verified 

application. 

 

EMC.33 

Use of data 

The data used in analyses and acceptance criteria 

should be clearly conservative, taking account of 

uncertainties in the data and the contribution to the 

safety case. 

Use of data 

The data used in analyses and acceptance criteria 

should be clearly conservative, taking account of 

uncertainties in the data and their contribution to 

the safety case. 

 

275 
In particular, the uncertainties associated with 

material properties affected by degradation should 

be taken into account. 

In particular, the uncertainties associated with 

material properties affected by degradation should 

be taken into account. 

 

276 
Where appropriate, studies should be carried out to 

determine the sensitivity of analytical results to the 

assumptions made, the data used, and the methods 

Where appropriate, studies should be carried out to 

determine the sensitivity of analytical results to the 

assumptions made, the data used, and the methods 
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of calculation. of calculation. 

EMC.34 

Defect sizes 

Where high reliability is required for components 

and structures and where otherwise appropriate, the 

sizes of crack-like defects of structural concern 

should be calculated using verified and validated 

fracture mechanics methods with verified 

application. 

Defect sizes 

Where high reliability is needed for components 

and structures and where otherwise appropriate, the 

sizes of crack-like defects of structural concern 

should be calculated using verified and validated 

fracture mechanics methods with verified 

application. 

 

277 
The calculated crack sizes of concern should be 

compared with the results of the manufacturing, 

pre-service and in-service examinations. 

The calculated crack sizes of concern should be 

compared with the results of the manufacturing, 

pre-service and in-service examinations. 

 

278 

Initiation fracture toughness should be the basis for 

analysis of frequent loading conditions. For 

fracture analyses of infrequent fault or hazard 

loading conditions, results using initiation fracture 

toughness may be supplemented with results using 

fracture toughness based on limited amounts of 

stable tearing. In this case, there must be valid 

materials fracture toughness data up to at least the 

limited extent of tearing used. In all cases 

toughness values used in analyses should be 

appropriate lower bounds. Thermal and residual 

stresses should be considered in fracture analyses 

and the nature of the residual stresses (primary or 

secondary) appropriately included. 

Initiation fracture toughness should be the basis for 

analysis of normal loading conditions. For fracture 

analyses of extreme fault or hazard loading 

conditions, results using initiation fracture 

toughness may be supplemented with results using 

fracture toughness based on limited amounts of 

stable tearing. In this case, there must be valid 

materials fracture toughness data up to at least the 

limited extent of tearing used. In all cases 

toughness values used in analyses should be 

appropriate lower bounds. Thermal and residual 

stresses should be considered in fracture analyses 

and the nature of the residual stresses (primary or 

secondary) appropriately included. 

 

279 

Where analysis is conducted for dynamic loading 

events (where the component or structure mass and 

stiffness are both required to characterise the 

response to a loading, often a fault or hazard 

condition), the time-domain, frequency-domain or 

other methods used and modelling assumptions 

should be appropriate. Where necessary, materials 

data used should take account of rate effects and 

Where analysis is conducted for dynamic loading 

events (where the component or structure mass and 

stiffness are both needed to characterise the 

response to a loading, eg in a fault condition), the 

time-domain, frequency-domain or other methods 

used and modelling assumptions should be 

appropriate. Where necessary, materials data used 

should take account of rate effects and any 

 



             

- 26 - 

any simplifications should be conservative and 

justified. Where dynamic load effects are evaluated 

by correlation with test results (eg impact tests), the 

adequacy of the tests, the limit criteria and any 

statistical treatment should be validated and 

verified as appropriate. 

simplifications should be conservative and 

justified. Where dynamic load effects are evaluated 

by correlation with test results (eg impact tests), the 

adequacy of the tests, the limit criteria and any 

statistical treatment should be validated and 

verified as appropriate. 

    

303 

Graphite components and structures 

Due to differences in design and safety functions, 

graphite core structures in some instances may be 

defect tolerant, although in others safety functions 

may exhibit low defect tolerance. Therefore the 

principles need to cater for a spectrum of safety 

performance. 

Graphite reactor cores 

Due to differences in design and safety functions, 

graphite reactor cores may in some instances be 

defect tolerant, while in others, safety functions 

may exhibit low defect tolerance. Therefore the 

application of these principles needs to cater for a 

spectrum of safety performance. 

 

304 

Safety cases for graphite components and 

structures are expected to present a multi-legged 

approach, based upon independent and diverse 

arguments. The rigour of application and 

robustness of the supporting data and information 

should be based upon the safety classification of 

the graphite components and structures. The multi-

legged arguments, when taken together with the 

various elements of established engineering 

practice, should provide defence in depth. 

Safety cases for reactor cores usually need to adopt 

a multi-legged approach, based on independent 

and diverse arguments. The rigour of application 

and robustness of the supporting data and 

information should be based upon the classification 

of the graphite components and structures. The 

multi-legged arguments, when taken together with 

the various elements of established engineering 

practice, should provide a robust, multi-layered 

justification against the risks, in which weaknesses 

in individual layers of the argument are offset by 

strengths in others. 

Last sentence was ambiguous: it was unclear 
whether “should” meant “would normally” or 
“ought to be adequate” 

305 

Novel approaches may be acceptable provided they 

are supported by appropriate research and 

development, and the novel features are tested to 

show they meet design requirements before coming 

into service, and are monitored during service. 

Novel approaches may be acceptable provided they 

are supported by appropriate research and 

development, are tested before coming into service 

to demonstrate the delivery of safety functions and 

are then monitored during service. 

Reworded to align with para 239 

306 Safety cases for graphite components or structures  This para added no guidance 



             

- 27 - 

are expected to fall into one or more of the 

following four categories:  

a) those that form a principal means of ensuring 

nuclear safety;  

b) those where there is inadequate reliability data;  

c) those where the design basis analysis discounts 

failure of the graphite component or structure to 

perform its safety function because the assumed 

initiating fault frequency is lower than about 1 x 

10-5 pa (see Principle FA.5 (paragraph 513 f.));  

d) those that do not form a principal means of 

ensuring nuclear safety. 

EGR.1 

Safety cases 

The safety case should demonstrate that either:  

a) the graphite component or structure is free of 

defects that could impair its safety functions; OR  

b) the safety functions of the graphite components 

or structure are tolerant of those defects that might 

be present. 

Safety cases 

The safety case should demonstrate that either:  

a) the graphite reactor core is free of defects that 

could impair its safety functions; OR  

b) the safety functions of the graphite reactor core 

are tolerant of those defects that might be present. 

 

307 

The safety case should:  

a) include a comprehensive examination of all 

relevant scientific, technological and engineering 

issues;  

b) incorporate a rigorous analysis of the effect of 

uncertainty and data scatter on any predictions; and 

c) take due account of relevant precedent; and 

include, where appropriate, independent expert 

peer review. 

The safety case should:  

a) include a comprehensive examination of all 

relevant scientific, technological and engineering 

issues;  

b) incorporate a rigorous analysis of the effects of 

uncertainty and data scatter on any predictions; and 

c) take due account of relevant precedent; and 

include, where appropriate, independent expert 

peer review. 

 

308 
To demonstrate achievement of Principle EGR.1 

the safety case should develop multi-legged 

arguments based upon the following:  

To meet Principle EGR.1, the safety case should 

include the following aspects, normally as part of a 

multi-legged argument:  
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a) design;  

b) manufacture, construction and commissioning;  

c) component and structure condition assessment 

(CSCA);  

d) defect tolerance assessment;  

e) analysis of radiological consequences of 

defectiveness;  

f) monitoring; and  

g) examination, inspection, surveillance, sampling 

and testing. 

a) design;  

b) manufacture, construction and commissioning;  

c) component and core condition assessment 

(CCCA);  

d) defect tolerance assessment;  

e) analysis of radiological consequences of 

defectiveness;  

f) monitoring; and  

g) examination, inspection, surveillance, sampling 

and testing. 

309 

Principles expanding on paragraph 308 are 

presented below; these should be applied having 

due regard for the importance of the safety case for 

graphite components and structures within the 

overall safety case. 

Principles expanding on paragraph 308 are 

presented below; these should be applied having 

due regard for the importance of graphite aspects to 

the wider safety case. 

 

310 

For graphite components and structures that do not 

form a principal means of ensuring nuclear safety, 

the list of requirements presented below is still 

relevant, however the stringency of its application 

and corresponding depth of assessment should 

reflect the nuclear safety importance of the item. 

The safety case for such graphite components or 

structures should clearly set out its position within 

the wider context of the overall safety case. Where 

there is a robust consequences argument that shows 

there are facility design features to mitigate the 

effects of a component or structure failure, the 

demands on the graphite safety case may be 

reduced. If there are parallel and independent 

design features to mitigate the effects of 

component or structure failure and each parallel 

route contains redundancy, then the reliance on the 

graphite safety case may be reduced. 

Where known or reasonably foreseeable graphite 

defects might prejudice delivery of a safety 

function, the safety case should substantiate how 

the function will be delivered and identify the 

demands this places on graphite integrity. The 

substantiation should be proportionate to the 

function’s safety category (see para 149), but may 

result in a lower safety function category being 

assigned for the graphite component or structure.  

For example, a Category A safety function to 

control reactivity might lead to lower category 

safety functions being assigned for graphite 

components if there are multiple, independent and 

robust means to control the reactivity and these do 

not rely significantly on the integrity of the 

graphite to deliver their safety functions. 
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311 

A defect in a graphite component is a deviation 

from design specification in a component or 

structure. Not all defects pose a threat to safety. A 

defect that could call into question the safety 

function of a component or structure is termed a 

‘significant deviation from design specification’. 

A defect in a graphite component is a deviation 

from the design specification. However, not all 

defects pose a threat to safety.  

The phrase “a significant deviation from design 
specification” was never used. 

312 

General 

The metal component principles referred to in the 

paragraphs below are relevant to graphite 

components but the word ‘installation’ should be 

read as ‘construction’. 

General 

 

Para moved to the end of para 313 

313 

Principles EMC.3 (paragraph 251 f.), EMC.4 

(paragraph 258 f.), EMC.21 (paragraph 266 f.), 

EMC.32 to EMC.34 (paragraph 273 ff.) and 

Principles EDR.1 (paragraph 169 f.), EAD.1 and 

EAD.4 (paragraph 193 ff.), EKP.1 (paragraph 135 

f.), and ECS.2 to ECS.5 (paragraph 152 ff.) are 

relevant to graphite components and structures and 

should be considered. 

Principles EMC.3 (paragraph 251 f.), EMC.4 

(paragraph 258 f.), EMC.21 (paragraph 266 f.), 

EMC.32 to EMC.34 (paragraph 273 ff.) and 

Principles EDR.1 (paragraph 169 f.), EAD.1 to 

EAD.4 (paragraph 193 ff.), EKP.1 (paragraph 135 

f.), and ECS.2 to ECS.5 (paragraph 152 ff.) are 

relevant to graphite reactor cores and should be 

considered in assessments. 

 

314 

A general requirement throughout is that analytical 

models should use methods that have been verified 

and validated. This applies equally well to both 

component condition assessment and defect 

tolerance assessment. 

A general assumption throughout is that analytical 

models will have used methods that have been 

verified and validated. This applies equally well to 

both component condition assessment and defect 

tolerance assessment. Principles AV.1 to AV.8 

provide general principles for assessing the 

verification and validation of models and their 

data.  

 

315 

Design 

Principles EMC.7 and EMC.8 (paragraph 261 ff.) 

are relevant to graphite components and structures 

and should be considered. 

Design 

Principles EMC.7 and EMC.8 (paragraph 261 ff.) 

are relevant to graphite components and structures 

and should be considered. 

 

EGR.2 Demonstration of tolerance Demonstration of tolerance An explanatory paragraph is added to make it 



             

- 30 - 

The design should demonstrate tolerance of 

graphite component and structure safety functions 

to: 

a) ageing processes; 

b) the schedule of design loadings; and 

c) potential mechanisms of formation of and 

defects arising from design specification loadings. 

The design should demonstrate tolerance of 

graphite component and structure safety functions 

to: 

a) ageing processes; 

b) the schedule of design loadings (including 

combinations of loadings); and 

c) potential mechanisms of formation of, and 

defects caused by design specification loadings. 

explicit that internal and external hazard 
conditions should be included in the schedule 
broadly in line with EMC.7 for the integrity of 
metal components. 
 

 

 The schedule of design loadings should include 

normal operation, fault and accident conditions, 

including plant transients and tests,and internal and 

external hazards. 

 

EGR.3 

Monitoring 

There should be appropriate monitoring systems to 

enable the graphite structure to be maintained 

within its safe-operating envelope for the duration 

of the life of the installation. 

Monitoring 

There should be appropriate monitoring systems to 

confirm the graphite structures are within their safe 

operating envelope (operating rules) and will 

remain so for the duration of the life of the facility. 

Language is wrong – the monitoring systems 
do not enable this 

EGR.4 

Inspection and surveillance 

Features should be provided to: 

a) facilitate inspection during manufacture and 

service; and 

b) permit the inclusion of surveillance samples for 

monitoring of materials behaviour. 

Inspection and surveillance 

Features should be provided to: 

a) facilitate inspection during manufacture and 

service; and 

b) permit the inclusion of surveillance samples for 

monitoring of materials behaviour. 

 

316 

Manufacture, construction and 
commissioning 

Principles EMC.13 to EMC.20 (paragraph 264 ff.) 

are relevant to graphite component and structures 

and should be considered. 

Manufacture, construction and 
commissioning 

Principles EMC.13 to EMC.20 (paragraph 264 ff.) 

are relevant to graphite component and structures 

and should be considered. 

 

EGR.5 
Manufacturing records 

A record should be made of the manufacturing case 

Manufacturing records 

A record should be made of the manufacturing case 
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histories. histories. 

EGR.6 

Location records 

A record should be made of the position of 

individual components in the structure during 

construction. 

Location records 

A record should be made of the position of 

individual components in the structure during 

construction. 

 

317 
Records should be maintained to enable traceability 

of individual components to manufacturing batch, 

test certificate and component inspection results. 

Records should be maintained to enable traceability 

of individual components to manufacturing batch, 

test certificate and component inspection results. 

 

318 

Component and structure condition 
assessment (CSCA) 

Some graphite components may fail during the 

lifetime of gas-cooled reactors. The mode of failure 

and the spatial and temporal distribution need to 

be estimated to demonstrate that the cores will 

continue to perform their safety functions. The 

CSCA leg of a safety case should present the 

results of analyses to predict the condition of 

components and structures. 

Component and core condition 
assessment (CCCA) 

Some graphite components may fail during the 

lifetime of gas-cooled reactors. The mode of failure 

and the spatial and temporal distribution need to 

be estimated to determine whether the cores will 

continue to perform their safety functions. The 

CCCA leg of a safety case should present the 

results of analyses to predict the condition of 

components and structures. 

 

EGR.7 

Materials properties 

Analytical models should be developed to enable 

the prediction of graphite component (and structure 

as applicable) material properties, displacements, 

stresses, loads and condition. 

Materials properties 

Analytical models should be developed to enable 

the prediction of graphite component (and structure 

as applicable) material properties, displacements, 

stresses, loads and condition. 

 

319 

Such models should consider interactions between 

graphite components and with other components 

and structures such as fuel assemblies, control rods, 

and core support structures. Models should initially 

give best estimate predictions. An understanding of 

the effect of uncertainty, and data scatter, should be 

investigated by either sensitivity studies or 

probabilistic approaches, particularly in relation to 

identification of any potential cliff-edge effects. 

Such models should consider interactions between 

graphite components and with other components 

and structures such as fuel assemblies, control rods, 

and core support structures. Models should initially 

give best estimate predictions. An understanding of 

the effects of uncertainty, and data scatter, should 

be investigated by either sensitivity studies or 

probabilistic approaches, particularly in relation to 

identification of any potential cliff-edge effects. 
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320 

For components or structures important for safety, 

and where it is not possible to directly qualify them 

under the most onerous conditions, reference data 

from commissioning, model, rig or experimental 

tests should be established to justify extrapolations 

from in-service test results. 

For components or structures that cannot be 

qualified directly under the most onerous 

conditions, additional analysis should carried out 

which utilises available test results and justifies the 

item’s performance and reliability. Reference data 

should be taken from commissioning, model, rig or 

experimental tests for use in such analyses. 

 

EGR.8 

Predictive models 

Predictive models should be shown to be valid for 

the particular application and circumstances by 

reference to established physical data, experiment 

or other means. 

Predictive models 

Predictive models should be shown to be valid for 

the particular application and circumstances by 

reference to established physical data, experiment 

or other means. 

 

EGR.9 

Materials property data 

Extrapolation and interpolation from available 

materials properties data should be undertaken with 

care, and data and model validity beyond the limits 

of current knowledge should be robustly justified. 

Materials property data 

Extrapolation and interpolation from available 

materials properties data should be undertaken with 

care, and data and model validity beyond the limits 

of current knowledge should be robustly justified. 

 

321 
Materials data should be available that bounds 

graphite component operational exposure 

conditions by an adequate margin. 

Materials data should be available that bounds 

graphite component operational exposure 

conditions by an adequate margin. 

 

EGR.10 

Defect tolerance assessment 

Effect of defects 

An assessment of the effect of defects in graphite 

components and structures should be undertaken to 

establish the tolerance of their safety function 

during normal operation, plant transients, faults and 

hazards. 

Defect tolerance assessment 

Effect of defects 

An assessment of the effects of defects in graphite 

cores should be undertaken to establish the 

tolerance of their safety functions during normal 

operation, faults and accidents. The assessment 

should include plant transients and tests, together 

with internal and external hazards. 

 

322 

Possible degradation and failure mechanisms 

should be taken into account and local and global 

effects of component and structural defectiveness 

Possible degradation and failure mechanisms 

should be taken into account and local and global 

effects of component and structural defectiveness 

should be considered. 
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should be considered. 

323 

It may be necessary to consider a consequences 

case (taking into account the effect of graphite 

component and structure defectiveness on the fault 

analysis) if the defect tolerance assessment is 

unable to clearly demonstrate that safety 

functionality will be achieved under reasonably 

foreseeable conditions. 

It may be necessary to consider a consequences 

case (taking into account the effect of graphite 

component and structure defectiveness on the fault 

analysis) if the defect tolerance assessment is 

unable to demonstrate clearly that the safety 

functions will be achieved under reasonably 

foreseeable conditions. 

 

EGR.11 

Safe working life 

The safe working life of graphite components and 

structures should be evaluated. 

Safe working life 

The safe working life of graphite cores should be 

evaluated. 

 

324 

There should be an adequate margin between the 

intended operational life and the predicted safe 

working life of graphite components and structures. 

Safety margins should take due account of 

uncertainty in life predictions. 

There should be an adequate margin between the 

intended operational life and the predicted safe 

working life of graphite components and structures. 

Safety margins should take due account of 

uncertainty in life predictions. 

 

New 
para 

 Graphite weight loss and reductions in graphite 

density affect the neutron moderation properties of 

the core. In particular, they make reactor core 

behaviour more sensitive during steam ingress 

faults and erode margins for shutdown and post 

shutdown reactivity control. These effects should 

be analysed and taken into account in the safety 

case. 

 

EGR.12 

Margins 

There should be an adequate margin between the 

operating and fault envelope and any assumed 

condition over the full, intended lifetime with 

allowance for uncertainty. 

Operational Limits 

Operational limits (operating rules) should be 

established on the degree of graphite brick ageing, 

including the amounts of cracking, dimensional 

change and weight loss. To take account of 

uncertainties in measurement and analysis, there 

should be an adequate margin between these 

operational limits and the maximum tolerable 

The intent of this SAP was previously unclear 
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amount of any calculated brick ageing. 

 

 

325 

If component or structure defectiveness is shown, 

or predicted to occur, effects on safety functions 

should be shown to be progressive with the 

possibility of disruptive failures, without adequate 

forewarning, being remote. 

If component or structure defectiveness is shown, 

or predicted to occur, effects on safety functions 

should be shown to be progressive with the 

possibility of disruptive failures, without adequate 

forewarning, being remote. 

 

EGR.13 

Use of data 

Data used in the analysis should be soundly based 

and demonstrably conservative. Studies should be 

undertaken to establish the sensitivity to analysis 

parameters. 

Use of data 

Data used in the analysis should be soundly based 

and demonstrably conservative. Studies should be 

undertaken to establish the sensitivity to analysis 

parameters. 

 

326 

Monitoring 

Principles EMC.24 and EMC.26 (paragraph 269 

ff.) are relevant to monitoring of the safety 

functions of graphite components and structures 

and should be considered. 

Monitoring 

Principles EMC.24 and EMC.26 (paragraph 269 

ff.) are relevant to monitoring of the safety 

functions of graphite components and structures 

and should be considered. 

 

EGR.14 

Monitoring systems 

The design, manufacture, operation, maintenance, 

inspection and testing of monitoring systems 

should be commensurate with the required duty 

and reliability claimed in the safety case. 

Monitoring systems 

The design, manufacture, operation, maintenance, 

inspection and testing of monitoring systems 

should be commensurate with the duties and 

reliabilities claimed in the safety case. 

 

327 
Monitoring should be performed continuously or at 

appropriate intervals, to ensure the timely 

identification of degradation. 

Monitoring should be performed continuously or at 

appropriate intervals, to ensure the timely 

identification of degradation. 

 

328 
Results of monitoring should be evaluated and 

reviews undertaken periodically. 

Results of monitoring should be evaluated and 

reviews undertaken periodically. 

 

329 
Monitoring systems should enable trending and 

evaluation of behaviour with time and the 

development of suitable and sufficient warning and 

Monitoring systems should enable trending and 

evaluation of behaviour with time and the 

development of suitable and sufficient warning and 
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investigation criteria. investigation criteria. 

330 
Arrangements should enable timely response to 

mitigate untoward trends in monitoring parameters 

before safety functions are impaired. 

Arrangements should enable timely response to 

mitigate untoward trends in monitoring parameters 

before safety functions are impaired. 

 

331 

Examination, inspection, surveillance, 
sampling and testing 

Principles EMC.25 to EMC.30 (paragraph 269 ff.) 

and EMT.1 to EMT.8 (paragraph 186 ff.) are also 

relevant and should be considered. 

Examination, inspection, surveillance, 
sampling and testing 

Principles EMC.25 to EMC.30 (paragraph 269 ff.) 

and EMT.1 to EMT.8 (paragraph 186 ff.) are also 

relevant and should be considered. 

 

EGR.15 

Extent and frequency 

In-service examination, inspection, surveillance, 

and sampling should be of sufficient extent and 

frequency to give sufficient confidence that 

degradation of graphite components and structures 

will be detected well in advance of any defects 

affecting safety function. 

Extent and frequency 

In-service examination, inspection, surveillance, 

and sampling should be of sufficient extent and 

frequency to give confidence that degradation of 

graphite components and structures will be 

detected well in advance of any defects affecting a 

safety function. 

 

332 

Testing undertaken, either during a periodic 

shutdown or of samples removed from the reactor, 

should be in accordance with appropriate national 

or international standards. Where no such standards 

exist, adequate arrangements should be developed 

to ensure the consistency of testing procedures and 

the validity of the tests. 

Testing undertaken, either during a periodic 

shutdown or of samples removed from the reactor, 

should be in accordance with appropriate national 

or international standards. Where no such standards 

exist, adequate arrangements should be developed 

to ensure the consistency of testing procedures and 

the validity of the tests. 

 

 


