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Commentary 

131 

ENGINEERING PRINCIPLES  

These principles comprise the major part of the SAPs. 

Engineering standards need to be high to achieve the 

necessary high level of nuclear safety. Achievement of 

this can then be checked against the fault analysis 

principles in the section on Fault analysis (paragraph 

496 ff.), usually in an iterative manner. 

 Para owned by the ALARP NTG 

132 

The principles in this section are presented in three 

main groups as follows:  

a) key principles;  

b) general principles;  

c) engineering principles for specific areas. 

 Para owned by the ALARP NTG 

133 
Collectively, this section brings together a range of 

engineering topics that should be considered in 

dealing with the assessment of a facility and/or site. 

 Para owned by the ALARP NTG 

134 

The ALARP principle has been discussed in the 

Introduction (paragraph 9 ff.) and applies in 

assessments made against the engineering principles. 

Similarly, the engineering principles apply across a 

wide range of facilities of differing magnitude of 

radiological hazard and the guidance on the 

proportionate approach set out earlier should be 

applied. Applying these principles therefore requires 

judgement in deciding whether in any particular 

instance enough has been done in relation to each of 

the relevant principles. 

 Para owned by the ALARP NTG 

135 In applying these principles, the inspector should  Para owned by the ALARP NTG 

                                                 
1
 Order the rows of this table according to the para ordering for the new SAPs 
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consider their application to all stages of a facility’s 

life-cycle. For example, it should be designed and 

operated so that it may be decommissioned safely, as 

soon as is reasonably practicable, and in accordance 

with radioactive waste management principles. 

EKP.1 

Key engineering principles 

Inherent safety 

The underpinning safety aim for any nuclear facility 

should be an inherently safe design, consistent with 

the operational purposes of the facility. 

Key engineering principles 

Inherent safety 

The underpinning safety aim for any nuclear facility 

should be an inherently safe design, consistent with 

the operational purposes of the facility. 

 

136 

An ‘inherently safe’ design is one that avoids 

radiological hazards rather than controlling them. It 

prevents a specific harm occurring by using an 

approach, design or arrangement that ensures that the 

harm cannot happen, for example a criticality safe 

vessel. Inherent safety is not the same as ‘passive 

safety’. Where inherently safe design is not 

achievable, the design should be fault tolerant. 

An ‘inherently safe’ design is one that avoids 

radiological hazards rather than controlling them. It 

prevents a specific harm occurring by using an 

approach, design or arrangement which ensures that 

the harm cannot happen, for example a criticality safe 

vessel. Inherent safety is not the same as ‘passive 

safety’ (see Glossary). Where inherently safe design is 

not achievable, the design should be fault tolerant. 

 

137 

The achievement of inherently safe design can be 

assisted by:  

a) reducing the inventory of potentially harmful 

substances to the minimum necessary to achieve the 

required function of the facility;  

b) controlling the physical state of harmful substances 

to remove or minimise their potential effects;  

c) minimising the energy potential within the process 

consistent with the required functionality of the 

facility, and of its various components. 

Achieving an inherently safe design can be assisted 

by:  

a) reducing the inventory of potentially harmful 

substances to the minimum necessary to achieve the 

required function of the facility;  

b) controlling the physical state of harmful substances 

to remove or minimise their potential effects;  

c) minimising the energy potential within the process 

consistent with the required purposes of the facility, 

and of its various components. 

 

138 
Application of this principle should minimise the need 

for, and reliance on, safety systems and the challenges 

placed on them. 

Application of this principle should minimise the need 

for, and reliance on, safety systems and the challenges 

placed on them. 

 

EKP.2 

Fault tolerance 

The sensitivity of the facility to potential faults should 

be minimised. 

Fault tolerance 

The sensitivity of the facility to potential faults should 

be minimised. 

 

139 Any failure, process perturbation or mal-operation in 

a facility should produce a change in plant state 

Any failure, process perturbation or mal-operation in 

a facility should produce a change in plant state 
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towards a safer condition, or produce no significant 

response. If the change is to a less safe condition, then 

systems should have long time constants so that key 

parameters deviate only slowly from their desired 

values. 

towards a safer condition, or produce no significant 

response. If the change is however, to a less safe 

condition, then systems should have long time 

constants so that key parameters deviate only slowly 

from their desired values. 

EKP.3 

Defence in depth 

A nuclear facility should be so designed and operated 

that defence in depth against potentially significant 

faults or failures is achieved by the provision of 

several levels of protection. 

Defence in depth 

Nuclear facilities should be designed and operated so 

that defence in depth against potentially significant 

faults or failures is achieved by the provision of 

multiple independent barriers to fault progression. 

The need for independence wasn’t stressed as 
strongly as it probably ought to have been in the 
2006 SAPs.  Fukushima has highlighted the 
importance of independence.  Likewise SSR2/1 
Recommendation 7 stresses its importance.  
IAEA’s term “barriers” now used more 
prominently. 

140 

International consensus is that the appropriate strategy 

for achieving the overall safety objective is through 

the application of the concept of defence in depth. 

This should provide a series of levels of defence 

(inherent features, equipment and procedures) aimed 

at preventing accidents and ensuring appropriate 

protection in the event that prevention fails. 

International consensus is that the appropriate strategy 

for achieving the overall safety objective is through 

the application of the concept of defence in depth. 

This should provide a series of independent barriers 

(inherent features, equipment and procedures) aimed 

at preventing faults in the first instance, and ensuring 

appropriate protection or mitigation of accidents in 

the event that prevention fails. 

 

141 
The levels of protection should prevent faults, or if 

prevention fails should ensure detection, limit the 

potential consequences and prevent escalation. 

These levels of defence in depth should prevent faults, 

or if prevention fails should ensure detection, limit the 

potential consequences and stop escalation. 

 

142 

The concept of defence in depth should be applied so 

that:  

a) deviations from normal operation and failures of 

structures, systems and components important to 

safety are prevented;  

b) any deviations from normal operation are allowed 

for by safety margins that enable detection and action 

that prevents escalation;  

c) inherent safety features of the facility, fail-safe 

design and safety measures are provided to prevent 

fault conditions that occur from progressing to 

accidents;  

d) additional measures are provided to mitigate the 

consequences of severe accidents. 

The concept of defence in depth should be applied so 

that:  

a) deviations from normal operation and failures of 

structures, systems and components are prevented;  

b) any deviations from normal operation are allowed 

for by safety margins that enable timely detection and 

action that prevents escalation;  

c) inherent safety features of the facility, failsafe 

design and safety measures are provided to protect 

against fault conditions progressing into accidents;  

d) additional measures are provided to mitigate the 

consequences of accidents, especially severe 

accidents. 

Consistent use of “prevent”, “protect” and 
“mitigate” language – this para and others in this 
vicinity. 

143 Defence in depth is generally applied in five levels. Defence in depth is generally applied in five levels,  
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The methodology ensures that if one level fails, it will 

be compensated for, or corrected by, the subsequent 

level. The aims for each level of protection are 

described in detail in IAEA Safety Standard NS-R-19, 

on which Table 1 is based. It should be noted that 

Table 1 deals with the application of defence in depth 

in the design of a facility, and does not deal with other 

important contributions such as human performance 

or equipment reliability. These topics are addressed in 

other sections of the SAPs. 

which should be, as far as practicable, independent 

from one another. The methodology should ensure 

that if one level fails, it will be compensated for, or 

corrected by, the subsequent level. The aims for each 

level are described in detail in IAEA Safety 

Requirements (SSR2/1), on which Table 1 is based. It 

should be noted that Table 1 deals with the 

application of defence in depth in the design of a 

facility, and does not deal with other important 

contributions such as human performance or 

equipment reliability. These topics are addressed in 

other sections of the SAPs. 

Table 1 

Level: Objective: Essential Means 

Level 1: Prevention of abnormal operation and 

failures by design: Conservative design, construction, 

maintenance and operation in accordance with 

appropriate safety margins, engineering practices and 

quality levels  

Level 2: Prevention and control of abnormal operation 

and detection of failures: Control, indication, alarm 

systems or other systems and operating procedures to 

prevent or minimise damage from failures  

Level 3: Control of faults within the design basis: 

Engineered safety features, multiple barriers and 

accident or fault control procedures  

Level 4: Control of severe plant conditions in which 

the design basis may be exceeded, including the 

prevention of fault progression and mitigation of the 

consequences of severe accidents: Additional 

measures and procedures to prevent or mitigate fault 

progression and for accident management  

Level 5: Mitigation of radiological consequences of 

significant releases of radioactive substances: 

Emergency control and on- and off-site emergency 

response  

Level: Objective: Defence / Barrier 

Level 1: Prevention of abnormal operation and 

failures by design: Conservative design, construction, 

maintenance and operation in accordance with 

appropriate safety margins, engineering practices and 

quality levels  

Level 2: Prevention and control of abnormal operation 

and detection of failures: Control, indication, alarm 

systems or other systems and operating procedures to 

prevent or minimise damage from failures  

Level 3: Control of faults within the design basis to 

protect against escalation to an accident: Engineered 

safety features, multiple barriers and accident or fault 

control procedures  

Level 4: Control of severe plant conditions in which 

the design basis may be exceeded, including 

protecting against further fault escalation and 

mitigation of the consequences of severe accidents: 

Additional measures and procedures to protect against 

or mitigate fault progression and for accident 

management  

Level 5: Mitigation of radiological consequences of 

significant releases of radioactive material: 

Emergency control and on- and off-site emergency 

response 

 

144 An important aspect of the implementation of defence 

in depth is the provision of multiple, and as far as 

An important aspect of the implementation of defence 

in depth is the provision of multiple, and as far as 
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possible independent, barriers to the release of 

radioactive substances to the environment, and to 

ensure the confinement of radioactive substances at 

specified locations. The number of barriers will 

depend on the magnitude of the radiological hazard 

and the consequences of failure. 

practicable independent, physical barriers to the 

release of radioactive material to the environment, and 

to ensure the confinement of radioactive material at 

specified locations. The number of barriers will 

depend on the magnitude of the radiological hazard 

and the consequences of their failure. 

EKP.4 

Safety function 

The safety function(s) to be delivered within the 

facility should be identified by a structured analysis. 

Safety function 

The safety function(s) to be delivered within the 

facility should be identified by a structured analysis. 

 

145 

The identification of safety functions should be based 

on an analysis of normal operation and all significant 

fault sequences arising from possible initiating faults 

determined by fault analysis (see paragraph 496 ff.). 

The identification of safety functions should be based 

on an analysis of normal operation and all significant 

fault sequences arising from possible initiating faults 

determined by fault analysis (see paragraph 496 ff.) 

and then confirmed by internal hazards analysis (see 

paragraph 208ff). 

 

EKP.5 

Safety measures 

Safety measures should be identified to deliver the 

required safety function(s). 

Safety measures 

Safety measures should be identified to deliver the 

required safety function(s). 

 

146 

Safety should be secured by characteristics as near as 

possible to the top of the list below:  

a) Passive safety measures that do not rely on control 

systems, active safety systems or human intervention.  

b) Automatically initiated active engineered safety 

measures.  

c) Active engineered safety measures that need to be 

manually brought into service in response to the fault.  

d) Administrative safety measures (see paragraph 376 

f.).  

e) Mitigation safety measures (eg filtration or 

scrubbing).  

Note: The hierarchy above should not be interpreted 

to mean that the provision of an item towards the top 

of the list precludes provision of other items where 

they can contribute to defence in depth. 

Safety should be secured by characteristics as near as 

possible to the top of the list below:  

a) Passive safety measures that do not rely on control 

systems, active safety systems or human intervention.  

b) Automatically initiated active engineered safety 

measures.  

c) Active engineered safety measures that need to be 

manually brought into service in response to a fault or 

accident.  

d) Administrative safety measures (see paragraph 376 

f.).  

e) Mitigation safety measures (eg filtration or 

scrubbing).  

Note: The hierarchy above should not be interpreted 

to mean that the provision of an item towards the top 

of the list precludes provision of other items where 

they can contribute to defence in depth. 

 

147 The availability and reliability of the safety measures The availability and reliability of the safety measures 

should be commensurate with the significance of the 
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should be commensurate with the significance of the 

radiological hazards to be controlled. There should 

also be measures in place to mitigate the 

consequences of any accident where radioactivity is 

released from its intended containment, but these 

should not be regarded as a substitute for fault 

prevention but as further defence in depth. 

radiological hazards being controlled and their safety 

functions within the defence in depth hierarchy 

(EKP.3). In particular, mitigating safety measures 

(Level 4) should not be regarded as a substitute for 

fault prevention (Levels 1 and 2) or protection (Level 

3) barriers, but as further defence in depth. More 

generally, priority should be given to providing 

reliable and effective barriers/defences earlier in the 

hierarchy so that later barriers/defences, though in 

place, need not be called upon.  

 

 Where the safety functions might be affected by 

security considerations, the design process should 

seek to treat safety and security in a complementary 

manner (see para 35-3), The process should aim to 

ensure that the measures designed for one will also 

serve the interests of the other. In particular, safety 

and security measures should be designed and 

implemented in such a manner that they do not 

compromise one another. 

Consideration of objectives of nuclear security in 
safety programmes (SSR2/2 Requirement 17) 
 
N.b. This text was originally placed in the Design 
for Reliability Intro, but was moved during Text 
Editing 

166 

Design for reliability 

Engineered structures, systems and components 

should be designed to deliver their required safety 

functions with adequate reliability, according to the 

magnitude and frequency of the radiological hazard, 

to provide confidence in the robustness of the overall 

design. 

Design for reliability 

Engineered structures, systems and components need 

to be designed to deliver their required safety 

functions with adequate reliability, according to the 

magnitude and frequency of the radiological hazard, 

and so provide confidence in the robustness of the 

overall design. 

 

 
 

167 

Ideally, the structures, systems and components 

important to safety should be fail-safe, ie they should 

have no unsafe failure modes. 

Ideally, the structures, systems and components 

should be failsafe, ie they should have no unsafe 

failure modes. 

 

 

168 

The design should incorporate redundancy to avoid 

the effects of random failure, and diversity and 

segregation to avoid the effects of common cause 

failure. Examples of diversity are different operating 

conditions, different working principles or different 

design teams, different sizes of equipment, different 

manufacturers, different components, and types of 

equipment that use different physical methods. The 

The design should incorporate redundancy to avoid 

the effects of random failure, and diversity and 

segregation to avoid the effects of common cause 

failure. Examples of diversity are different operating 

conditions, different working principles,  different 

design teams, different sizes of equipment, different 

manufacturers, different components, and types of 

equipment that use different physical methods. The 
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design should also be tolerant of random failure 

occurring anywhere within the safety systems 

provided to secure each safety function. 

design should also be tolerant of random failure 

occurring anywhere within the safety systems 

provided to secure each safety function. 

169 

The application of the principles in this section may 

vary according to whether the structures, systems and 

components form part of a safety system (which acts 

in response to a plant fault, to prevent or mitigate a 

radiological consequence) or a safety-related system 

(a plant system other than a safety system, on which 

safety may depend). 

The application of the principles in this section may 

vary according to whether the structures, systems and 

components form part of a safety system (which acts 

in response to a plant fault, to protect against or 

mitigate a radiological consequence) or a safety-

related system (a plant system other than a safety 

system, on which safety may depend). 

 

EDR.1 

Failure to safety 

Due account should be taken of the need for 

structures, systems and components important to 

safety to be designed to be inherently safe or to fail in 

a safe manner and potential failure modes should be 

identified, using a formal analysis where appropriate. 

Failure to safety 

Due account should be taken of the need for 

structures, systems and components to be designed to 

be inherently safe, or to fail in a safe manner and 

potential failure modes should be identified, using a 

formal analysis where appropriate. 

 

 

 Consideration should be given to spurious operation, 

unsafe failure modes and how modes of failure can be 

predicted or revealed and then repaired. 

New para to reflect SSR2/1 Requirement 23. 
 
Note this text was in the intro, but is guidance and 
so was moved during text editing. 

 EDR.2 

Redundancy, diversity and segregation 

Redundancy, diversity and segregation should be 

incorporated as appropriate within the designs of 

structures, systems and components important to 

safety. 

Redundancy, diversity and segregation 

Redundancy, diversity and segregation should be 

incorporated as appropriate within the designs of 

structures, systems and components. 

 

170 
It should be demonstrated that the required level of 

reliability for their intended safety function has been 

achieved. 

It should be demonstrated that the required level of 

reliability for their intended safety function has been 

achieved. 

 

EDR.3 

Common cause failure 

Common cause failure (CCF) should be explicitly 

addressed where a structure, system or component 

important to safety employs redundant or diverse 

components, measurements or actions to provide high 

reliability. 

Common cause failure 

Common cause failure (CCF) should be addressed 

explicitly where a structure, system or component 

employs redundant or diverse components, 

measurements or actions to provide high reliability. 

 

171 CCF claims should be substantiated. CCF claims should be substantiated.  

172 In general, claims for CCF should not be better than 

one failure per 100 000 demands. The figure of one 

In general, claims for CCF should not be better than 

one failure per 100 000 demands. The figure of one 
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failure per 100 000 demands represents a judgement 

by NII of the best limit that could reasonably be 

supported for a simple system by currently available 

data and methods of analysis. A worse figure may 

need to be used (say 1 per 10 000 or 1 per 1000) 

according to the complexity and novelty of the 

system, the nature of threat and the capability of the 

equipment. 

failure per 100 000 demands represents a judgement 

by ONR of the best limit that could reasonably be 

supported for a simple system by currently available 

data and methods of analysis. A worse figure may 

need to be used (say 1 per 10 000 or 1 per 1000) 

according to the complexity and novelty of the 

system, the nature of threat and the capability of the 

equipment. 

173 

Nevertheless, it is conceivable that the continuing 

accumulation of good data and advances in its 

analysis could lead, in exceptional circumstances, to a 

situation where a strong case could be made by the 

dutyholder for better figures. Such a case would not 

then be ruled out of consideration. 

Nevertheless, it is conceivable that the continuing 

accumulation of good data and advances in its 

analysis could lead, in exceptional circumstances, to a 

situation where a strong case could be made by the 

dutyholder for better figures. Such a case would not 

then be ruled out of consideration. 

 

174 

Where required reliabilities cannot be achieved due to 

CCF considerations, the required safety function 

should be achieved taking account of the concepts of 

diversity and segregation, and by providing at least 

two independent safety measures. 

Where required reliabilities cannot be achieved due to 

CCF considerations, the safety function should be 

achieved taking account of the concepts of diversity 

and segregation, and by providing at least two 

independent safety measures. 

 

EDR.4 

Single failure criterion 

During any normally permissible state of plant 

availability no single random failure, assumed to 

occur anywhere within the systems provided to secure 

a safety function, should prevent the performance of 

that safety function. 

Single failure criterion 

During any normally permissible state of plant 

availability, no single random failure, assumed to 

occur anywhere within the systems provided to secure 

a safety function, should prevent the performance of 

that safety function. 

 

175 

Consequential failures resulting from the assumed 

single failure should be considered as an integral part 

of the single failure. Further discussion of the single 

failure criterion is given in IAEA Safety Standard NS-

G-1.2.
4
 

Consequential failures resulting from the assumed 

single failure should be considered as an integral part 

of the single failure. Further discussion of the single 

failure criterion is given in IAEA Safety Standard 

SSG-2.
4 

 

 

 A system that is the principal means of fulfilling a 

Category A safety function (see para 149) should, 

other than in exceptional circumstances, always be 

designed to meet the single failure criterion. However, 

other systems which make a contribution to fulfilling 

the same safety function, but are independent of the 

principal system do not necessarily need to meet the 

single failure criterion. 

Clarification of where the SFC should normally be 
applied 
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ERL.1 

Reliability claims 

Form of claims 

The reliability claimed for any structure, system or 

component important to safety should take into 

account its novelty, the experience relevant to its 

proposed environment, and the uncertainties in 

operating and fault conditions, physical data and 

design methods. 

Reliability claims 

Form of claims 

The reliability claimed for any structure, system or 

component should take into account its novelty, 

experience relevant to its proposed environment, and 

uncertainties in operating and fault conditions, 

physical data and design methods. 

 

176 
Adequate reliability and availability should be 

demonstrated by suitable analysis and data. 

Adequate reliability and availability should be 

demonstrated by suitable analysis and data. 

 

177 

Where reliability data is unavailable, the 

demonstration should be based on a case-by-case 

analysis and include:  

a) a comprehensive examination of all the relevant 

scientific and technical issues;  

b) a review of precedents set under comparable 

circumstances in the past;  

c) an independent third-party assessment in addition 

to the normal checks and conventional design;  

d) periodic review of further developments in 

technical information, precedent and best practice. 

Where reliability data is unavailable, the 

demonstration should be based on a case-by-case 

analysis and include:  

a) a comprehensive examination of all the relevant 

scientific and technical issues;  

b) a review of precedents set under comparable 

circumstances in the past;  

c) where warranted, e.g. for complex items, an 

independent third-party assessment; and 

d) periodic review of further developments in 

technical information, precedent and relevant good 

practice. 

We have removed “in addition to the normal checks 

and conventional design” from clause c) to simplify 
the text, noting that this expectation is repeated in 
para 178. 

ERL.2 

Measures to achieve reliability 

The measures whereby the claimed reliability of 

systems and components will be achieved in practice 

should be stated. 

Measures to achieve reliability 

The measures whereby the claimed reliability of 

systems and components will be achieved in practice 

should be stated. 

 

178 

Evidence, including quality assurance, should be 

provided to demonstrate the adequacy of any such 

measures. This should include a reliability analysis of 

both random and systematic failures. Assumptions 

made in the course of the reliability analysis should be 

justified. 

Evidence, including from quality management, should 

be provided to demonstrate the adequacy of these 

measures. This should include a reliability analysis of 

both random and systematic failures. Assumptions 

made in the course of the reliability analysis should be 

justified. 

 

179 

Where data is shown to be inadequate, appropriate 

measures should be taken to ensure that the onset of 

failure can be detected, and that the consequences of 

failure are minimised. This may include replacing the 

Where data is inadequate, appropriate measures 

should be taken to ensure that the onset of failures 

will be detected, and that the consequences of failure 

are minimised. Such measures may for example, 
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component after a fixed lifetime, or dependent on 

inspection results. 

include planned replacement after a fixed lifetime, or 

be achieved through a programme of examination, 

inspection and/or testing. 

ERL.3 

Engineered safety features 

Where reliable and rapid protective action is required, 

automatically initiated engineered safety features 

should be provided. 

Engineered safety measures 

Where reliable and rapid protective action is required, 

automatically initiated, engineered safety systems 

should be provided. 

 

180 

For requirements that are less demanding or on a 

longer timescale, operator actions or administrative 

control may be acceptable to complement the 

engineered systems. The objective should be to 

minimise the dependence on human action to 

maintain a safe state. 

For requirements that are less demanding, or on a 

longer timescale, administrative safety measures, i.e. 

those involving operator actions based on procedures, 

may be acceptable. The choice of the safety measure 

should take into account the hierarchy in para 146 and 

the category of safety function to be delivered (see 

ECS.1 and ECS.2). 

 

ERL.4 

Margins of conservatism 

Where multiple safety-related systems and/or other 

means are claimed to reduce the frequency of a fault 

sequence, the reduction in frequency should have a 

margin of conservatism with allowance for 

uncertainties. 

Margins of conservatism 

Where safety-related systems and/or other means are 

claimed to reduce the frequency of a fault sequence, 

the safety case should include a margin of 

conservatism to allow for uncertainties. 

Text changed because we normally seek best 
estimate frequencies 

181 

Usually, safety-related systems tend to be more 

complex than safety systems and are typically 

designed to less rigorous standards. Hence special 

attention should be devoted to potential common 

cause failures, due pessimism in assigned reliability 

values, availability, and measures to ensure that its 

safety significance will continue to be recognised 

throughout its life. This is particularly important 

where claims are made on combinations of more than 

one safety-related system. 

Usually, safety-related systems tend to be more 

complex than safety systems and are typically 

designed to less rigorous standards. Hence special 

attention should be paid to potential common cause 

failures, uncertainties in assigned reliability values, 

availability, and measures to ensure that the system’s 

safety significance will continue to be recognised 

throughout its life. This is particularly important 

where claims are made on combinations of safety-

related systems. 

 

439 

Reactor core 

The principles described in this sub-section apply to 

the reactor core as an assembly and to its main 

elements (eg the fuel, moderator, coolant, neutron 

absorbers, core restraints/supports and also breeder 

assemblies in fast reactors) individually when in the 

core. Specific principles for graphite cores are in the 

sub-section on Graphite components and structures 

Reactor core 

The principles in this sub-section apply to the reactor 

core as an assembly and to its main elements (eg the 

fuel, moderator, coolant, neutron absorbers, core 

restraints/supports and also breeder assemblies in 

fast reactors) individually when in the core. Specific 

principles for graphite cores are in the sub-section on 

Graphite components and structures (paragraph 303 
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(paragraph 303 ff.). The principles relate to the 

requirements to control reactivity, heat 

generation/removal and other aspects of the design so 

that components within the reactor can be kept within 

specified limits set to ensure an appropriate level of 

safety during operation and in design basis fault 

conditions. 

ff.). The principles relate to the need to control 

reactivity, heat generation/removal and other aspects 

of the design so that components within the reactor 

can be kept within specified limits set to ensure an 

appropriate level of safety during operation and in 

design basis fault conditions. 

ERC.1 

Design and operation of reactors 

The design and operation of the reactor should ensure 

the fundamental safety functions are delivered with an 

appropriate degree of confidence for permitted 

operating modes of the reactor. 

Design and operation of reactors 

The design and operation of the reactor should ensure 

the fundamental safety functions are delivered with an 

appropriate degree of confidence for permitted 

operating modes of the reactor. 

 

440 

The above principle covers normal operation, 

refuelling, testing and shutdown and design basis fault 

conditions. The fundamental safety functions are:  

a) control of reactivity (including re-criticality 

following an event);  

b) removal of heat from the core;  

c) confinement or containment of radioactive 

substances. 

This principle covers normal operation, including 

refuelling, testing and shutdown, and design basis 

fault conditions. The fundamental safety functions 

are:  

a) control of reactivity (including re-criticality 

following an event);  

b) removal of heat from the core;  

c) confinement of radioactive material. 

We have removed “containment” in c) to bring our 
definitions into line with IAEA’s and to reflect that 
containment is the means of achieving 
confinement. 

441 

There should be suitable and sufficient margins 

between the normal operational values of safety-

related parameters and the values at which the 

physical barriers to release of fission products are 

challenged. 

There should be suitable and sufficient margins 

between the normal operational values of safety-

related parameters and the values at which the 

physical barriers to release of fission products are 

challenged. These should be chosen so that safety 

systems (or administrative safety measures) will 

provide robust and reliable protection against any 

such release.  

 

442 

The requirements for loading and unloading of fuel 

and core components, refuelling programmes, core 

monitoring and the criteria and strategy for dealing 

with fuel failures should be specified. 

The requirements for loading and unloading of fuel 

and core components, refuelling programmes, core 

monitoring and the criteria and strategy for dealing 

with fuel failures should be specified. 

 

443 

No single moveable fissile assembly, moderator or 

absorber when added to or removed from the core 

should increase the reactivity by an amount greater 

than the shutdown margin, with an appropriate 

allowance for uncertainty. The uncontrolled 

No single moveable fissile assembly, moderator or 

absorber when added to or removed from the core 

should increase the reactivity by an amount greater 

than the shutdown margin, with an appropriate 

allowance for uncertainty. The uncontrolled 
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movement of reactivity control devices should be 

prevented. 

movement of reactivity control devices should be 

prevented. 

ERC.2 
At least two diverse systems should be provided for 

shutting down a civil reactor. 

At least two diverse systems should be provided for 

shutting down a civil reactor. 

 

444 

Where a shutdown system is also used for the control 

of reactivity, a suitable and sufficient shutdown 

margin should be maintained at all times. 

Where a shutdown system is also used for the control 

of reactivity, a suitable and sufficient shutdown 

margin should be maintained at all times. The margin 

should be chosen to maintain sub-criticality in the 

most reactive conditions permitted by the safety case 

and should include appropriate allowances for 

uncertainties. 

 

445 

Reactor shutdown and subsequent hold-down should 

not be inhibited by mechanical failure, distortion, 

erosion, corrosion etc of plant components, or by the 

physical behaviour of the reactor coolant, under 

normal operation or design basis fault conditions. 

Reactor shutdown and subsequent hold-down should 

not be inhibited by mechanical failure, distortion, 

erosion, corrosion etc of plant components, or by the 

physical behaviour of the reactor coolant, under 

normal operation or design basis fault conditions. 

 

ERC.3 

Stability in normal operation 

The core should be stable in normal operation and 

should not undergo sudden changes of condition when 

operating parameters go outside their specified range. 

Stability in normal operation 

The core should be stable in normal operation and 

should not undergo sudden changes of condition when 

operating parameters go outside their permitted range. 

 

446 

An increase in reactivity or reduction in coolant flow, 

caused by the unplanned:  

a) movement within the core;  

b) loss from the core; or  

c) addition to the core;  

of any component, object or substance should be 

prevented. 

An increase in reactivity or reduction in coolant flow, 

caused by unplanned:  

a) movement within the core;  

b) loss from the core; or  

c) addition to the core;  

of any component, object or substance should be 

prevented. 

 

447 

The geometry of the core should be maintained within 

limits that enable the passage of sufficient coolant to 

remove heat from all parts of the core. Where 

appropriate, means should be provided to prevent any 

obstruction of the coolant flow that could lead to 

damage to the core as a result of overheating. In 

particular the overheating of fuel should be prevented 

where this would give rise to:  

a) fuel geometry changes that have an adverse effect 

The geometry of the core should be maintained within 

limits that enable the passage of sufficient coolant to 

remove heat from all parts of the core. Where 

appropriate, means should be provided to prevent any 

obstruction of the coolant flow that could lead to 

damage to the core as a result of overheating. In 

particular the overheating of fuel should be prevented 

where this would give rise to:  

a) fuel geometry changes that have an adverse effect 
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on heat transport;  

b) failure of the primary coolant circuit.  

Note: Where these mechanisms cannot be prevented 

by design, protective measures should be available to 

maintain the plant in a safe condition. 

on heat transport;  

b) failure of the primary coolant circuit.  

Note: Where these mechanisms cannot be prevented 

by design, protective measures should be available to 

maintain the facility in a safe condition. 

448 

The structural integrity limits for the core structure 

and its components (including the fuel) should ensure 

that their geometry will be suitably maintained. 

The structural integrity limits for the core structure 

and its components (including the fuel) should be 

determined to ensure that their geometry will be 

suitably maintained. 

 

449 

Changes in temperature, coolant voiding, core 

geometry or the nuclear characteristics of components 

that could occur in normal operation or fault 

conditions should not cause uncontrollably large or 

rapid increases in reactivity. 

Changes in temperature, coolant voiding, core 

geometry or the nuclear characteristics of components 

that could occur in normal operation or fault 

conditions should not cause uncontrollably large or 

rapid increases in reactivity. 

 

450 

Effects of changes in coolant condition or 

composition on the reactivity of the reactor core 

should be identified. The consequences of any adverse 

changes should be limited by the provision of 

protective systems or by reactor core design 

parameters. 

The effects of changes in coolant condition or 

composition on the reactivity of the reactor core 

should be identified. The consequences of any adverse 

changes should be limited by the provision of 

protective systems or by reactor core design 

parameters. 

 

451 

There should be suitable and sufficient design 

margins to ensure that any reactivity changes do not 

lead to unacceptable consequences. Limits should be 

set for the maximum degree of positive reactivity. 

There should be suitable and sufficient design 

margins to ensure that any reactivity changes do not 

lead to unacceptable consequences. Limits (operating 

rules) should be set for the maximum degree of 

positive reactivity. 

 

452 

The design of the core and its components should take 

account of any identified safety-related factors, 

including:  

a) irradiation;  

b) chemical and physical processes;  

c) static and dynamic mechanical loads;  

d) thermal distortion;  

e) thermally-induced stress; and  

f) variations in manufacture. 

The design of the core and its components should take 

account of any identified safety-related factors, 

including:  

a) irradiation;  

b) chemical and physical processes;  

c) static and dynamic mechanical loads;  

d) thermal distortion;  

e) thermally-induced stress; and  

f) variations in manufacture. 

 

453 The core should be securely supported and positively 

located with respect to other components in the 

The core should be securely supported and positively 

located with respect to other components in the 

 



 

- 14 - 

reactor to prevent gross unplanned movements of the 

structure of the core or adverse internal movements. 

reactor to prevent gross unplanned movements of the 

structure of the core or adverse internal movements. 

454 
Core components should be mutually compatible and 

compatible with the remainder of the plant. 

Core components should be mutually compatible and 

compatible with the remainder of the plant. 

 

455 
The incorrect location of any core components should 

be physically inhibited. 

The incorrect location of any core components should 

be physically inhibited. 

 

ERC.4 

Monitoring of safety-related parameters 

The core should be designed so that safety-related 

parameters and conditions can be monitored in all 

operational and design basis fault conditions and 

appropriate recovery actions taken in the event of 

adverse conditions being detected. 

Monitoring of parameters important to safety 

The core should be designed so that parameters and 

conditions important to safety can be monitored in all 

operational and design basis fault conditions and 

appropriate recovery actions taken in the event of 

adverse conditions being detected. 

 

456 

Fuel assemblies should be designed to permit suitable 

and sufficient inspection of their structure and parts 

before loading into the core. Provision should be 

made for in-service monitoring and post-irradiation 

inspection to confirm fuel behaviour and 

performance. 

Fuel assemblies should be designed to permit suitable 

and sufficient inspection of their structure and 

components before loading into the core. Provision 

should be made for in-service monitoring and post-

irradiation inspection to confirm fuel behaviour and 

performance. 

 

457 

The design should allow fuel to be removed from the 

reactor, despite any environmentally induced damage 

such as bowing, swelling or from other damage 

occurring in normal operation and in design basis 

fault conditions. 

The design should allow fuel to be removed from the 

reactor, despite any in-service damage such as 

bowing, swelling or from other damage occurring in 

normal operation and design basis fault conditions. 

 

458 

Heat transport systems 

These principles relate to the systems required to 

transport heat within the facility, both in normal 

operation and fault conditions, and cover the full 

range of heat transfer applications in reactors, 

chemical facilities, fuel storage ponds, etc. Where the 

heat transport system serves as a safety system or 

safety-related system, the general principles 

applicable to engineering and safety systems should 

also apply. 

Heat transport systems 

These principles relate to the systems required to 

transport heat within nuclear facilities, both in 

normal operation and fault conditions. They are 

intended to cover the full range of facilities where 

heat transfer is important to safety, for example 

reactors, chemical facilities, fuel storage ponds, etc. 

Where the heat transport system serves as a safety 

system or safety-related system, the general principles 

applicable to engineering and safety systems should 

also be considered. 

Change made so that this SAP covers all 

types of facilities. 

EHT.1 
Design 

Heat transport systems should be designed so that heat 

Design 

Heat transport systems should be designed so that heat 

 



 

- 15 - 

can be removed or added as required. can be removed or added as required. 

459 
Sufficient capacity should be available to do this at an 

adequate rate. 

Sufficient capacity should be available to do this at an 

adequate rate. 

 

EHT.2 

Coolant inventory and flow 

Sufficient coolant inventory and flow should be 

provided to maintain cooling within the safety limits 

for operational states and design basis fault 

conditions. 

Coolant inventory and flow 

Sufficient coolant inventory and flow should be 

provided to maintain cooling within the limits 

(operating rules) derived for normal operational and 

design basis fault conditions. 

 

460 

The various sources of heat to be added to or removed 

from any system and its component parts under 

normal and fault conditions should be quantified, and 

the uncertainties estimated in each case. 

The various sources of heat to be added or removed 

from any system and its component parts under 

normal and fault conditions should be quantified, and 

the uncertainties estimated in each case. 

 

461 

Inherent cooling processes such as natural circulation 

can be taken into account in assessing the 

effectiveness of the heat transport system, providing 

they are shown to be effective in the conditions for 

which they are claimed. 

Inherent cooling processes such as natural circulation 

can be taken into account in assessing the 

effectiveness of the heat transport system, provided 

they are shown to be effective in the conditions for 

which they are claimed. 

 

462 

In the case of liquid heat transport systems, there 

should be a margin against failure of the operating 

heat transfer regime under anticipated normal and 

fault conditions and procedures. The minimum value 

of this margin should be stated and justified with 

reference to the uncertainties in the data and in the 

calculational methods employed. 

In the case of liquid heat transport systems, there 

should be a margin to the failure of the intended heat 

transfer regime under predicted normal operational 

and fault conditions. The minimum value of this 

margin should be stated and justified with reference to 

the uncertainties in the data and in the calculation 

methods employed. 

 

EHT.3 
Heat Sinks 

A suitable and sufficient heat sink should be provided. 

Heat Sinks 

A suitable and sufficient heat sink should be provided. 

 

463 

Provision should be made for removal of heat to an 

adequate heat sink at any time throughout the life of 

the facility, irrespective of the availability or 

otherwise of external resources. Consideration should 

be given to the site-related environmental parameters 

such as variations in air and water temperatures, 

available levels and flow rates of water etc, to ensure 

adequate heat removal capacity at all times. 

Provision should be made for removal of heat to an 

adequate heat sink both in normal operations and 

during faults and accidents.  The safety case should 

consider the potential non-availability of external 

resources and also site-related environmental 

parameters such as variations in air and water 

temperatures, available levels and flow rates of water 

etc. 

This is a post-Fukushima enhancement 

EHT.4 
Failure of heat transport system 

Provisions should be made in the design to prevent 

Failure of heat transport system 

Provisions should be made in the design to prevent 

Simplified as considered over-complicated. 
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failure of the heat transport system that could 

adversely affect the heat transfer process, or 

safeguards should be available to maintain the facility 

in a safe condition and prevent any release in excess 

of safe limits. 

failures of the heat transport system that could 

adversely affect the heat transfer process, and to 

maintain the facility in a safe condition following 

such failures. 

464 

Provision should be made to:  

a) minimise the effects of faults within the facility that 

may propagate through the heat removal and 

ventilation systems. Personnel and structures, systems 

and components important to safety should be 

protected where necessary from the radiation, thermal 

and/or dynamic effects of any fault involving the heat 

transport fluids;  

b) prevent an uncontrolled loss of inventory coolant 

from the coolant pressure boundary. Provision should 

be made for the detection of significant loss of heat 

transport fluid or any diverse change in heat transport 

that might lead to an unsafe state. Provisions should 

be made in the design to minimise leakage of the 

coolant and keep it within specified limits. Isolation 

devices should be provided to limit any loss of 

radioactive fluid;  

c) where appropriate, provide a sufficient and reliable 

supply of reserve heat transfer fluid, separate from the 

normal supply, to be available in sufficient time in the 

event of any significant loss of heat transfer fluid. 

Provision should be made to:  

a) minimise the effects of faults within the facility that 

may propagate through the heat removal or ventilation 

systems. Personnel and structures, systems and 

components should be protected where necessary 

from the radiation, thermal and/or dynamic effects of 

any fault involving the heat transport fluids;  

b) prevent an uncontrolled loss of coolant. Provision 

should be made for the detection of significant losses 

of heat transport fluid or any diverse change in heat 

transport that might lead to an unsafe state. Provisions 

should be made in the design to minimise leakages of 

the coolant and keep it within specified limits 

(operating rules). Isolation devices should be provided 

to limit any loss of radioactive fluid. Bottom 

penetrations and lines that are prone to siphoning 

faults should be minimised in spent fuel ponds;  

c) provide, where appropriate, a sufficient and reliable 

supply of reserve heat transfer fluid, separate from the 

normal supply, to be available in sufficient time in the 

event of any significant loss of heat transfer fluid. 

The additional text in clause b) is a post-
Fukushima enhancement. 

465 

The properties of any heat transport fluid, its 

composition and impurity levels should be so 

specified as to minimise adverse interactions with 

facility components and any degradation of the fluid 

caused by radiation. Appropriate chemical and 

physical parameters should be monitored and 

filtration, processing or other plant provided to ensure 

that the specified limits are maintained. 

The properties of any heat transport fluid, including 

its composition and impurity levels, should be 

specified so as to minimise adverse interactions with 

facility components and any degradation of the fluid 

caused by radiation. Appropriate chemical and 

physical parameters should be monitored and 

filtration, processing or other plant provided to ensure 

that the specified limits (operating rules) are 

maintained. 

 

466 

Where mutually incompatible heat transport fluids are 

used within the facility, provision should be made to 

prevent their mixing and, where appropriate, to 

prevent harm to personnel and safety-related 

Where mutually incompatible heat transport fluids are 

used within the facility, provision should be made to 

prevent their mixing and, where appropriate, to 

protect personnel and structures, systems and 
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structures in the event of such mixing. components from harm in the event of such mixing. 

EHT.5 

Minimisation of radiological doses 

The heat transport system should be designed to 

minimise radiological doses. 

Minimisation of radiological doses 

The heat transport system should be designed to 

minimise radiological doses. 

 

467 

Components subject to neutron irradiation should be 

fabricated from materials that minimise the effects of 

neutron activation. 

Components subject to neutron irradiation should be 

fabricated from materials that minimise the effects of 

neutron activation. 

 

468 

Provision for removing and storing the radioactive 

coolant to allow inspection and repair work should be 

made where appropriate. 

Provision for removing and storing the radioactive 

coolant to allow inspection and repair work should be 

made where appropriate. 

 

469 

The design, construction and operation of the facility 

and the choice of heat transfer fluid should minimise 

the amount of radioactive substances in that fluid. 

Provision should be made to monitor and remove any 

significant build-up of radioactive substances from the 

heat transport fluid and associated containment. 

The design, construction and operation of the facility 

and the choice of heat transfer fluid should minimise 

the amount of radioactive material in the fluid. 

Provision should be made to monitor, control and 

remove any significant build-up of radioactive 

material from the heat transport fluid and associated 

containment. 

 

496 

FAULT ANALYSIS 

The assessment of risks arising from nuclear facilities 

needs to consider those arising both from normal 

operation and from fault conditions. This section 

addresses the latter. 

FAULT ANALYSIS 

The assessment of risks arising from nuclear facilities 

needs to consider those arising both from normal 

operation and from fault and accident conditions. 

This section addresses the latter. 

 

497 

Conservative design, good operational practice, and 

adequate maintenance and testing should minimise 

the likelihood of faults. Nevertheless, faults may still 

occur and so a facility must be capable of tolerating 

them. Nuclear facilities are therefore designed to cope 

with, or are shown to withstand, a wide range of 

faults without unacceptable consequences by virtue of 

the facility’s inherent characteristics or safety 

measures. This is known as the design basis. 

Conservative design, good operational practice, and 

adequate maintenance and testing should minimise 

the likelihood of faults. Nevertheless, faults may still 

occur and so a facility must be capable of tolerating 

them. Nuclear facilities are therefore designed to cope 

with, or are shown to withstand, a wide range of 

faults without unacceptable consequences by virtue of 

the facility’s inherent characteristics or safety 

measures. This is known as the design basis. 

 

498 

Design basis analysis (DBA) is a robust 

demonstration of the fault tolerance of the facility, 

and of the effectiveness of its safety measures. Its 

principal aims are to guide the engineering 

requirements of the design, including modifications, 

and to determine limits to safe operation, so that 

Design basis analysis (DBA) is a robust 

demonstration of the fault tolerance of the facility, 

and of the effectiveness of its safety measures. Its 

principal aims are to guide the engineering 

requirements of the design, including modifications, 

and to determine limits to safe operation (operating 
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safety functions can be delivered reliably during all 

modes of operation and under reasonably foreseeable 

faults. In DBA, any uncertainties in the fault 

progression and consequence analyses are addressed 

by the use of appropriate conservatism. In this 

approach, risk is not quantified, but the adequacy of 

the design and the suitability and sufficiency of the 

safety measures are assessed against deterministic 

targets. However, DBA alone may not be sufficient to 

demonstrate adequate safety of the facility. 

rules), so that safety functions can be delivered 

reliably during all modes of operation and under 

reasonably foreseeable faults. In DBA, any 

uncertainties in the fault progression and 

consequence analyses are addressed by the use of 

appropriate conservatism. In this approach, risk is 

not quantified, but the adequacy of the design and the 

suitability and sufficiency of the safety measures are 

assessed against deterministic rules. However, DBA 

alone may not be sufficient to demonstrate adequate 

safety of the facility. 

499 

Firstly, additional analysis may be needed to address 

the overall risk presented by the facility to allow 

comparisons to be made against the targets set out in 

this document, see the section on Numerical targets 

and legal limits (paragraph 568 ff.). It may also be 

essential for understanding the strengths and 

weaknesses of a design with complex systems and 

interdependencies; as part of evaluating 

modifications to plant; or changes in operating 

conditions; and for many other applications to safety 

decision making. These matters are normally 

addressed in the nuclear industry through 

probabilistic safety analysis (PSA). 

Firstly, additional analysis may be needed to 

understand the overall risk presented by the facility 

and to allow comparisons to be made against the 

SAPs Numerical targets (paragraph 568 ff.). It may 

also be essential for understanding the strengths and 

weaknesses of a design with complex systems and 

interdependencies; as part of evaluating 

modifications to plant; or changes in operating 

conditions; and for many other applications to safety 

decision making. These matters are normally 

addressed in the nuclear industry through 

probabilistic safety analysis (PSA). 

 

500 

Secondly, DBA may not include the full range of 

identified faults because it may not be reasonably 

practicable to make design provision against the more 

unlikely faults. It therefore does not address severe 

but very unlikely faults in which the design safety 

measures may be ineffective. This is addressed by 

severe accident analysis. Robust application of DBA 

should ensure that severe accidents are highly 

unlikely. Nevertheless, the principle of defence in 

depth requires that fault sequences leading to severe 

accidents are analysed and provision made to address 

their consequences. The analysis of severe accidents 

differs from the DBA in that it should be performed 

preferably on a best-estimate basis, since it is 

required primarily to give realistic guidance on the 

actions to be taken in the unlikely event of such an 

Secondly, it will not always be reasonably practicable 

to incorporate the robust, conservatively-designed 

preventative and protective safety measures expected 

for design basis faults when the initiating event is 

highly unlikely or difficult to predict. However, 

planning for how such events would be managed, and 

providing the plant, equipment and procedures that 

would be needed to control or mitigate their 

consequences is often reasonable, Plant states which 

could merit such planning include those arising 

following: 

a) High consequence events of very low 

frequency for which the design safety 

measures may be ineffective; 

b) Design basis events where, conservatively, 

Re-written as part of wider improvements in SAPs 
on severe accidents (Fukushima improvement). 
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accident occurring. Severe accident analysis may also 

identify that providing further plant and equipment 

for accident management is reasonably practicable. 

the safety provisions are assumed to fail; 

c) Malicious acts such as from terrorism or 

sabotage.  

Plant states arising from c) may require safety 

assessment for the reasons set out in paras 35-3ff. 

New para 

 The principle of defence in depth (EKP.3) means that 

these types of “design extension” or “beyond design 

basis” plant states should, where the potential 

consequences are severe, be considered in the safety 

case. Severe accident analysis (SAA) is therefore used 

to complement engineering judgement, DBA and PSA 

to help understand such accidents and determine 

safety measures to mitigate their consequences and/or 

protect against further escalation.  SAA differs from 

the DBA in that it is usually (though not exclusively) 

performed on a best-estimate basis (since it is 

required primarily to give realistic guidance on the 

actions to be taken in the unlikely event of such an 

accident) and its starting point is the degraded plant 

state following an event, rather than the event itself. 

Its main aims are to help plan for potential severe 

accidents and to assist with identifying what further 

plant and equipment beyond what has been identified 

through DBA and PSA is reasonably practicable. 

 

New 

paragraph 

 In line with wider international guidance, the SAA 

should form part of a demonstration that potential 

severe accident states have been “practically 

eliminated”. To demonstrate practical elimination, 

the safety case should show either that it is physically 

impossible for the accident state to occur or that 

design provisions mean that the state  can be 

considered to be extremely unlikely with a high 

degree of confidence. Each instance where practical 

elimination is claimed should be assessed separately, 

taking into account relevant uncertainties, 

particularly those due to limited knowledge of 

extreme physical phenomena (e.g. the behaviour of 

molten reactor cores). Moreover, an accident state 

should not be considered to have been practically 

eliminated simply on the basis of meeting 

This para is intended to show how UK’s SAA links to 

international approaches and terminology.  It has been 

reviewed for consistency with IAEA and WENRA 

guidance. 

 

 



 

- 20 - 

probabilistic criteria. Instead, any claims made on 

SSCs in relation to practical elimination need to be 

substantiated appropriately. 

501 

Criticality safety is important because of the very high 

levels of neutron and gamma radiation fields 

associated with criticality accidents. Unplanned 

criticalities can result in individuals in the immediate 

vicinity receiving high radiation doses, which could 

be fatal. For this reason, an unplanned criticality is a 

major radiological hazard, and suitable and sufficient 

measures should be taken to reduce the risks of such 

events. The fault analysis principles therefore apply to 

criticality safety. 

The fault analysis principles have been written to 

apply to criticality safety.  Criticality safety is 

important because of the very high levels of neutron 

and gamma radiation fields associated with criticality 

accidents. Unplanned criticalities can result in 

individuals in the immediate vicinity receiving high 

radiation doses, which could be fatal. For this reason, 

an unplanned criticality is a major radiological 

hazard, and suitable and sufficient measures should 

be taken to reduce the risks of such events. The 

principles that need to be applied when identifying 

these measures are no different to those needed for 

other applications of fault analysis. 

 

502 

Fault analysis of nuclear facilities is likely to involve 

consideration of many fault sequences and accident 

conditions for which there is limited or no experience. 

There are therefore often significant uncertainties and 

gaps in the physical and statistical data that are 

needed for the analysis. Handling quantifiable 

uncertainties, stemming from imprecision in 

knowledge and data, should be regarded as an 

intrinsic part of the risk assessment under HSE’s 

precautionary approach to decision making. These 

uncertainties may be handled by introducing 

conservatisms, sensitivity analysis, or by a variety of 

explicit uncertainty analysis techniques. In every case, 

a key element of HSE’s assessment will be 

professional judgement on whether the assumptions 

or estimates are supported by appropriate evidence. 

Fault analysis of nuclear facilities often involves 

consideration of fault sequences and accident 

conditions for which there is limited or no experience. 

This may result in significant uncertainties and gaps 

in the physical and statistical data that are needed for 

the analysis. Handling quantifiable uncertainties, 

stemming from imprecision in knowledge and data, 

should be regarded as an intrinsic part of the risk 

assessment under ONR’s precautionary approach to 

decision making. These uncertainties may be handled 

by introducing conservatisms, sensitivity analysis, or 

by a variety of explicit uncertainty analysis 

techniques. In every case, professional judgement on 

whether the assumptions or estimates are supported 

by appropriate evidence will be a key element of the 

assessment. 

 

503 

The fault analysis principles are set out below. First 

there is a set of general principles that apply to the 

assessment of the fault analysis as a whole. Then 

there are more specific principles for assessing DBA, 

PSA and severe accident analysis respectively. 

Finally, there is a set of principles that, like the first, 

apply generally but relate to assuring and 

maintaining the validity of the fault analysis. 

The fault analysis principles are set out below. First 

there is a set of general principles that apply to the 

assessment of the fault analysis as a whole. Then 

there are more specific principles for assessing DBA, 

PSA and SAA respectively.  

Last sentence deleted as this will now be a new 
SAPs section. 
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FA.1 

Design basis analysis, PSA and severe 
accident analysis 

Fault analysis should be carried out comprising design 

basis analysis, suitable and sufficient PSA, and 

suitable and sufficient severe accident analysis. 

Design basis analysis, PSA and severe 
accident analysis 

Fault analysis should be carried out comprising 

suitable and sufficient design basis analysis, PSA, and 

severe accident analysis. 

  

 

 The nature and extent of the fault analysis undertaken 

will depend on the circumstances.  It should be very 

rare for safety submissions in support of 

permissioning decisions not to include DBA, even if 

this is just to demonstrate that there are no qualifying 

design basis faults.  Safety cases for power reactors, 

or where there is significant complexity, or where the 

Numerical Targets may be challenged should include 

PSA.  Where the hazards are high (see para 544), the 

safety case should include SAA. 

 

 

 Figure X illustrates the inter-relationship between the 

three types of fault analysis, DBA, PSA and SAA and 

how, in combination they address the range of 

potential initiating events with nuclear safety 

significance off the site. 

Moved from SAA section – is more appropriate 
here 

 

 Where the fault analysis is in  support of a design 

under development, the analysis should be against a 

well-defined reference point in the design process. 

Where facility-specific or site-specific details have yet 

to be finalised, all the assumptions made in lieu of 

these should be stated explicitly and then used to 

support the later design and construction activities. 

 

FA.2 

Identification of initiation faults 

Fault analysis should identify all initiating faults 

having the potential to lead to any person receiving a 

significant dose of radiation, or to a significant 

quantity of radioactive material escaping from its 

designated place of residence or confinement. 

Identification of initiation faults 

Fault analysis should identify all initiating faults 

having the potential to lead to any person receiving a 

significant dose of radiation, or to a significant 

quantity of radioactive material escaping from its 

designated place of residence or confinement. 

 

504 

The process for identifying faults should be 

systematic, auditable and comprehensive, and should 

include:  

a) significant inventories of radioactive material and 

The process for identifying faults should be 

systematic, auditable and comprehensive, and should 

include:  

a) significant inventories of radioactive material and 
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also radioactive sources that may be lost or damaged;  

b) planned operating modes and configurations, 

including shutdown states, decommissioning 

operations, and any other activities which could 

present a radiological risk; and  

c) chemical and other internal hazards, man-made and 

natural external hazards, internal faults from plant 

failures and human error, and faults resulting from 

interactions with other activities on the site.  

Faults lacking the potential to lead to doses of 0.1 

mSv to workers, or 0.01 mSv to a hypothetical person 

outside the site, are regarded as part of normal 

operation and may be excluded from the fault 

analysis. These are the levels of individual dose above 

which should be regarded as significant in Principle 

FA.2. A significant quantity of radioactive material is 

one which if released could give rise to a significant 

dose. 

also radioactive sources that may be lost or damaged;  

b) planned operating modes and configurations, 

including shutdown states, decommissioning 

operations, and any other activities which could 

present a radiological risk; and  

c) chemical and other internal hazards, man-made and 

natural external hazards, internal faults from plant 

failures and human error, and faults resulting from 

interactions with other activities on the site.  

Faults lacking the potential to lead to doses of 0.1 

mSv to workers, or 0.01 mSv to a hypothetical person 

outside the site, are regarded as part of normal 

operation and may be excluded from the fault 

analysis. These are the levels above which individual 

doses should be regarded as significant in Principle 

FA.2. A significant quantity of radioactive material is 

one which if released could give rise to a significant 

dose. 

FA.3 

Fault sequences 

Fault sequences should be developed from the 

initiating faults and their potential consequences 

analysed. 

Fault sequences 

Fault sequences should be developed from the 

initiating faults and their potential consequences 

analysed. 

 

505 

The scope, content, level of detail and rigour of the 

analysis should be proportionate to the complexity of 

the facility and the hazard potential. 

The scope, content, level of detail and rigour of the 

analysis should be proportionate to the complexity of 

the facility and the hazard potential. 

 

506 

There should be a clear relation between the fault 

sequences used in DBA and severe accident analysis, 

and the fault sequence development of the PSA. 

There should be a clear relation between the fault 

sequences used in the DBA, accident states and 

scenarios used in the SAA, and the fault sequence 

development of the PSA. 

 

507 

Transient analysis or other analyses should be carried 

out as appropriate to provide adequate understanding 

of the behaviour of the facility under fault conditions. 

Transient analysis or other analyses should be carried 

out as appropriate to provide adequate understanding 

of the behaviour of the facility under fault conditions. 

 

508 

For fault sequences that lead to a release of 

radioactive material or to exposure to direct radiation, 

radiological consequence analysis should be 

performed to determine the maximum doses to a 

worker on the site, to a person outside the site, eg 

directly downwind of an airborne release, and to the 

For fault sequences that lead to a release of 

radioactive material or to exposure to direct radiation, 

radiological consequence analysis should be 

performed to determine the maximum doses to a 

worker on the site, to a person outside the site, eg 

directly downwind of an airborne release, and to the 
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reference group for any other off-site release 

pathways. (The detail of this analysis differs 

according to its application, see paragraphs 601, 607 

and 621.) 

reference group for any other off-site release 

pathways. (The detail of this analysis differs 

according to its application, see paragraphs 601, 607 

and 621.) 

509 

The calculated doses should include those arising 

from the potential release of radioactive material, 

direct radiation, and criticality incidents. 

The calculated doses should include those arising 

from the potential release of radioactive material, 

direct radiation, and criticality incidents. The 

calculations should, where relevant, take into account 

local (site) aspects relevant to the dispersion of 

released radioactivity and its potential effects on 

people (see ST.3). 

The last sentence has recycled principles deleted 
from the Siting section. 

510 

Radiological analysis of societal effects from possible 

releases from the site should be carried out to 

determine whether the consequences specified in the 

societal risk target (Target 9 (paragraph 623 f.)) could 

be reached. 

Radiological analysis of severe accidents should be 

carried out to determine whether the consequences 

specified in the societal risk target (Numerical Target 

9) could be reached. 

 

511 

Following the end of operations, a new fault analysis 

is likely to be needed to cover the decommissioning 

phase. 

Following the end of operations, a new fault analysis 

is likely to be needed to cover the decommissioning 

phase. 

 

512 

Design basis analysis 

This sub-section presents established practice in the 

UK for DBA. Other approaches may be considered if 

they clearly achieve the purpose of DBA. 

Design basis analysis 

This sub-section presents established practice in the 

UK for DBA. Other approaches may be considered if 

they clearly achieve the purpose of DBA. 

 

FA.4 

Fault tolerance 

DBA should be carried out to provide a robust 

demonstration of the fault tolerance of the engineering 

design and the effectiveness of the safety measures. 

Fault tolerance 

DBA should be carried out to provide a robust 

demonstration of the fault tolerance of the engineering 

design and the effectiveness of the safety measures. 

 

513 

If possible, DBA should be carried out as part of the 

engineering design. Where this is not possible (eg for 

review of existing facilities), the analysis should be 

developed in line with the engineering analysis to 

demonstrate that the safety function is met. In either 

case, it is important that the analysis fully reflects the 

engineering and iterates with it to engender 

improvements. It should also take account of the key 

principles sub-section (paragraph 135 ff.). 

If possible, DBA should be carried out as part of the 

engineering design. Where this is not possible (eg for 

reviews of existing facilities), the analysis should be 

developed in line with the engineering and human 

factors analysis to demonstrate that safety functions 

are met with suitable levels of confidence. In either 

case, it is important that the analysis fully reflects the 

engineering and iterates with it to engender 

improvements, taking the Key Engineering Principles 

(EKP.1ff) into account. 
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FA.5 

Initiating faults 

The safety case should list all initiating faults that are 

included within the design basis analysis of the 

facility. 

Initiating faults 

The safety case should list all initiating faults that are 

included within the design basis analysis of the 

facility. 

 

514 

Initiating faults identified in Principle FA.2 should be 

considered for inclusion in this list, but the following 

need not be included:  

a) faults in the facility that have an initiating 

frequency lower than about 1 x 10-5 pa;  

b) failures of structures, systems or components for 

which appropriate specific arguments have been 

made;  

c) natural hazards that conservatively have a predicted 

frequency of being exceeded of less than 1 in 10 000 

years;  

d) those faults leading to unmitigated consequences 

which do not exceed the BSL for the respective 

initiating fault frequency in Target 4 (paragraph 599 

f.).  

Note: The risks from initiating faults in d) should be 

shown to be as low as reasonably practicable by 

application of relevant good engineering practice 

supported by deterministic and probabilistic analysis 

as appropriate. 

Initiating faults identified in Principle FA.2 should be 

considered for inclusion in this list, but the following 

need not be included:  

a) faults in the facility that have an initiating 

frequency lower than about 1 x 10
-5

 pa;  

b) failures of structures, systems or components for 

which appropriate specific arguments for preventing 

the initiating fault have been made (see for example, 

EMC.3);  

c) natural hazards that conservatively have a predicted 

frequency of being exceeded of less than 1 in 10 000 

years;  

d) those faults leading to unmitigated consequences 

which do not exceed the BSL for the respective 

initiating fault frequency in Numerical Target 4 

(paragraph 599 f.).  

Note: These criteria have been set to help identify 

those fault sequences where application of DBA is 

likely to be proportionate to the hazard. Where the 

criteria lead to initiating faults being excluded from 

the DBA, the safety case should still demonstrate the 

resultant risks are as low as reasonably practicable, 

but by applying other approaches (e.g. application of 

relevant good engineering practice, PSA, other forms 

of deterministic analysis, etc). 

 

515 

Initiating fault frequencies should be determined on a 

best-estimate basis with the exception of natural 

hazards where a conservative approach should be 

adopted. 

Initiating fault frequencies should be determined on a 

best-estimate basis with the exception of natural 

hazards where a conservative approach should be 

adopted, e.g. to reflect uncertainties in the underlying 

data used when defining the most extreme events. 

 

FA.6 

Fault sequences 

For each initiating fault in the design basis, the 

relevant design basis fault sequences should be 

identified. 

Fault sequences 

For each initiating fault within the design basis, the 

relevant design basis fault sequences should be 

identified. 
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516 

Correct performance of safety-related and non-safety 

equipment should not be assumed where this would 

alleviate the consequences. 

Correct performance of safety-related and non-safety 

equipment should not be assumed where this would 

alleviate the consequences.  Where failures or 

unintended operation of such equipment could 

exacerbate the consequences, or otherwise make the 

fault more severe, this should be assumed within the 

DBA. 

 

517 

Each design basis fault sequence should include as 

appropriate:  

a) failures consequential upon the initiating fault, and 

failures expected to occur in combination with that 

initiating fault arising from a common cause;  

b) single failures in the safety measures in accordance 

with the single failure criterion;  

c) the worst normally permitted configuration of 

equipment outages for maintenance, test or repair;  

d) the most onerous permitted operating state within 

the inherent capacity of the facility; Sequences with 

very low expected frequencies need not be included in 

the DBA. 

Each design basis fault sequence should include as 

appropriate:  

a) failures consequential upon the initiating fault, and 

failures expected to occur in combination with that 

initiating fault arising from a common cause;  

b) single failures in the safety measures in accordance 

with the single failure criterion (see EDR.4);  

c) the worst normally permitted configuration of 

equipment outages for maintenance, test or repair;  

d) the most onerous initial operating state within the 

inherent capacity of the facility permitted by the 

operating rules (see para 526);  

 

Sequences with very low expected frequencies need 

not be included in the DBA. Judgement should be 

exercised in this regard, but for high hazard facilities, 

a fault sequence frequency of 1 x 10
-7

 pa would be a 

typical cut-off when applying design basis techniques. 

 

518 

The analysis should establish that adverse conditions 

that may arise as a consequence of the fault sequence 

will not jeopardise the claimed performance of the 

safety measures. 

The analysis should establish that adverse conditions 

that may arise as a consequence of the fault sequence 

will not jeopardise the claimed performance of the 

safety measures. 

 

519 

Operator actions can be claimed as part of safety 

measures only if sufficient time is available, adequate 

information for fault diagnosis is presented, 

appropriate written procedures exist and compliance 

with them is assured, and suitable training has been 

provided. 

Operator actions can be claimed as part of safety 

measures only if sufficient time is available, adequate 

information for fault diagnosis is presented, 

appropriate written procedures exist and compliance 

with them is assured, and suitable training has been 

provided. Appropriate analysis should be carried out 

on any claimed actions (see EHF.5). 

The aim here is to identify the need for analysis of 
claimed actions and to provide a hook back to the 
HF section.  
 
Other suggestions have been made for earlier 
references to HF as the DBA section wording 
concentrates on engineering. However, the EHF 
SAPs are clear in their own right, and Para 519 is 
the first reference to operator actions and any 
earlier references to HF could be out of 
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sequence.  

520 

Initiating events leading to fault sequences protected 

by the same safety measures may be grouped, and 

their frequencies summed, for the purposes of the 

DBA. Conversely, initiating events leading to similar 

fault sequences should not be subdivided to evade 

requirements for design basis safety measures. 

Initiating events leading to fault sequences protected 

by the same safety measures may be grouped, and 

their frequencies summed, for the purposes of the 

DBA. Conversely, initiating events leading to similar 

fault sequences should not be subdivided to evade 

requirements for design basis safety measures. 

 

FA.7 

Consequences 

Analysis of design basis fault sequences should use 

appropriate tools and techniques, and be performed on 

a conservative basis to demonstrate that consequences 

are ALARP. 

Consequences 

Analysis of design basis fault sequences should use 

appropriate tools and techniques, and be performed on 

a conservative basis to demonstrate that consequences 

are ALARP. 

 

521 

The analysis should demonstrate, so far as is 

reasonably practicable, that:  

a) none of the physical barriers to prevent the escape 

or relocation of a significant quantity of radioactivity 

is breached or, if any are, then at least one barrier 

remains intact and without a threat to its integrity;  

b) there is no release of radioactivity; and  

c) no person receives a significant dose of radiation. 

The fault sequence analysis should demonstrate, so far 

as is reasonably practicable, that the correct 

performance of the claimed passive and active safety 

systems ensures that:  

a) none of the physical barriers to prevent the escape 

or relocation of a significant quantity of radioactive 

material is breached or, if any are, then at least one 

barrier remains intact and without a threat to its 

integrity;  

b) there is no release of radioactivity; and  

c) no person receives a significant dose of radiation.  

The revisions are to help differentiate application 
of Target 4 for the FA.7 role (which is for 
mitigated consequences after claiming the 
operation design basis safety measures) from the 
FA.5 role which is for unmitigated consequences 
by adding specific mention of the function of 
safety systems. 
 
 

522 
Relocation means the material is no longer in its 

designated place of residence or confinement. 

Relocation means the material is no longer in its 

designated place of residence or confinement. 
Rephrased as part of the improved presentation 
of Target 4 aspects. 

523 

Where releases occur, then doses to persons should be 

limited. The numerical targets for doses to persons are 

set out in Target 4 (paragraph 599 f.). 

Where the criteria a) to c) in para 521 cannot be fully 

met within the design, FA.7 nevertheless seeks 

minimal consequences.  This is reflected in Numerical 

Target 4 which defines the Basic Safety Objectives 

for the mitigated consequences of design basis fault 

sequences. 

 

 

 In addition to the inclusion of conservative 

assumptions, it should be demonstrated that a small 

change in a DBA parameter will not lead to a 

disproportionate increase in radiological 

consequences. The severity and frequency of the 

initiating event should be amongst the parameters 

considered. 

This is a post-Fukushima enhancement 
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524 

Design basis analysis may also contribute to accident 

management strategies and emergency plans. 

DBA consequence assessments should also be used, 

where appropriate, to inform accident management 

strategies and emergency plans. This should be done 

however recognising the conservative nature of such 

assessments. 

 

FA.8 

Linking of initiating faults, fault sequences 
and safety measures 

DBA should provide a clear and auditable linking of 

initiating faults, fault sequences and safety measures. 

Linking of initiating faults, fault sequences 
and safety measures 

DBA should provide a clear and auditable linking of 

initiating faults, fault sequences and safety measures 

 

525 

The analysis should demonstrate that:  

a) the design basis initiating faults are addressed;  

b) safety functions have been identified for the design;  

c) the performance requirements for the safety 

measures have been identified; and  

d) suitable and sufficient safety measures are 

provided. 

The analysis should demonstrate that:  

a) all design basis initiating faults are addressed;  

b) appropriate safety functions have been identified 

for the design;  

c) the performance requirements for the safety 

measures have been identified; and  

d) suitable and sufficient safety measures are 

provided. 

 

This demonstration should be summarised on a Fault 

Schedule (see para 346). 

 

 

New 
paragraph 

 The safety measures should be shown to be capable of 

bringing the facility to a stable safe state following 

any design basis fault. Consideration should therefore 

be given to the mission times required of SSCs when 

defining the performance requirements for delivering 

their safety functions.  This should include 

consideration of the time it would take to introduce 

alternative equipment to take over the long term 

provision of safety functions. 

This is a post-Fukushima enhancement. 
 
 

FA.9 

Further use of DBA 

DBA should provide an input into the safety 

classification and the engineering requirements for 

systems, structures and components performing a 

safety function; the limits and conditions for safe 

operation; and the identification of requirements for 

operator actions. 

Further use of DBA 

DBA should provide an input into the safety 

classification and the engineering requirements for 

systems, structures and components performing a 

safety function; the limits and conditions for safe 

operation; and the identification of requirements for 

operator actions. 

 

  The licensee’s DBA procedures should be consistent  
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with and linked explicitly to its safety function 

categorisation and SSC classification methodologies 

(see paras 149ff) so that safety measures claimed in 

the DBA are designed and operated (etc) to 

appropriately high standards.  

526 

DBA should provide the basis for:  

a) safety limits, ie the actuator trip settings and 

performance requirements for safety systems and 

safety-related equipment;  

b) conditions governing permitted plant 

configurations and the availability of safety systems 

and safety-related equipment;  

c) the safe operating envelope defined as operating 

limits and conditions in the operating rules for the 

facility; and 

d) the preparation of the facility operating instructions 

for implementing the safe operating envelope, and 

other operating instructions needed to implement the 

safety measures. 

DBA should provide the main basis for:  

a) performance requirements and safety settings (e.g. 

actuator trip settings) for safety systems and safety-

related equipment;  

b) conditions governing permitted plant 

configurations and the availability of safety systems 

and safety-related equipment; and 

c) the safe operating envelope for the facility. 

These aspects should be defined through explicit 

limits and conditions (operating rules) derived within 

the DBA, or from the results of the DBA.  The DBA 

should also inform the preparation of the operating 

instructions for implementing these limits and 

conditions at the facility. 

 

527 

Probabilistic safety analysis 

PSA provides an integrated, structured, safety 

analysis that combines engineering and operational 

features in a consistent overall framework. This in 

turn enables complex interactions to be identified and 

examined, and provides a logical basis for identifying 

any relative weaknesses. Hence it should be an 

integral part of design development and analysis. PSA 

also provides an input into risk-informed judgements 

both at the design stage and in operation. 

Probabilistic safety analysis 

PSA provides an integrated, structured, safety 

analysis that combines engineering and operational 

features in a consistent overall framework. This in 

turn enables complex interactions to be identified and 

examined, and provides a logical basis for identifying 

any relative weaknesses. Hence it should be an 

integral part of design development and analysis. PSA 

also provides an input into risk-informed judgements 

both at the design stage and in operation. 

 

528 

The scope and depth of PSA may vary depending on 

the magnitude of the radiological hazard and risks, 

the novelty of the design, the complexity of the facility, 

and the nature of the decision that the safety case is 

supporting. For example, for some facilities 

qualitative arguments, application of good practice 

and DBA may be sufficient to demonstrate that the 

risk is ALARP. However, for a complex facility such 

as a power reactor or a reprocessing facility, a 

The scope and depth of PSA may vary depending on 

the magnitude of the radiological hazard and risks, 

the novelty of the design, the complexity of the facility, 

and the nature of the decision that the safety 

submission is supporting. For example, for some 

facilities qualitative arguments, application of good 

practice and DBA may be sufficient to demonstrate 

that the risk is ALARP. However, for a complex 

facility such as a power reactor or a fuel reprocessing 

facility, a comprehensive PSA should be developed. 
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comprehensive PSA should be developed. 

FA.10 

Need for PSA 

Suitable and sufficient PSA should be performed as 

part of the fault analysis and design development and 

analysis. 

Need for PSA 

Suitable and sufficient PSA should be performed as 

part of the fault analysis and design development and 

analysis. 

 

529 

PSA should assist the designers in achieving a 

balanced and optimised design, so that no particular 

class of accident or feature of the facility makes a 

disproportionate contribution to the overall risk, eg of 

the order of one tenth or greater. PSA should enable a 

judgement to be made of the acceptability or 

otherwise of the overall risks against the numerical 

targets and should help to demonstrate that the risks 

are, and remain, ALARP. 

PSA should assist the designers in achieving a 

balanced and optimised design, so that no particular 

class of accident or feature of the facility makes a 

disproportionate contribution to the overall risk, eg of 

the order of one tenth or greater. PSA should enable a 

judgement to be made of the acceptability or 

otherwise of the overall risks against Numerical 

Targets 5 to 9 and should help to demonstrate that the 

risks are, and remain, ALARP. 

Change is to stress the need to use all the 
relevant Numerical Targets rather than a subset 

 

 Where the off site accident consequences are 

potentially significant, such as for an operating power 

reactor, the PSA should be at least to level 2 (i.e. 

provide information on the frequencies and 

characteristics of different fission product releases to 

the environment) and include analysis of all external 

events (including "beyond design basis" events) that 

could realistically lead to a significant off-site release 

(see para 504). 

Makes previous TAG-level expectation explicit in 
light of Fukushima 
 
 

FA.11 

Validity 

PSA should reflect the current design and operation of 

the facility or site. 

Validity 

PSA should reflect the current design and operation of 

the facility or site. 

 

530 

PSA should be directly related to existing facility and 

site information, data and documentation. 

Assumptions used in the absence of such information 

need to be justified and careful consideration taken of 

their impact on the analysis. 

PSA should be directly related to existing facility and 

site information, data and documentation. 

Assumptions used in the absence of such information 

should be justified and careful consideration taken of 

their impact on the analysis. The PSA should be 

updated regularly, which for power reactors should 

mean adopting a “living PSA”. Where the PSA is in 

support of a design under development, the guidance 

set out in para FA.1+3 should be followed.  

 
 
 

FA.12 

Scope and extent 

PSA should cover all significant sources of 

radioactivity and all relevant initiating faults 

Scope and extent 

PSA should cover all significant sources of 

radioactivity, all permitted operating states and all 

Trailing words were superfluous 
 
Addition of “all permitted operating states” to 
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identified at the facility or site. relevant initiating faults. 
 

stress that PSA should be used during 
shutdowns, and other modes of operation 
permitted at the facility 

531 

Low initiating fault frequencies need be included only 

in so far as the PSA results may contribute to design 

or operation of the facility. In particular, the initiating 

frequencies used for naturally occurring external 

hazards should be constrained by Principles EHA.4 

(paragraph 214 f.) and EHA.7 (paragraph 217 f.). 

Faults with low initiating frequencies need be 

included only in so far as the PSA results might 

reasonably affect the design or operation of the 

facility.  Screening criteria used to exclude low 

frequency faults should be justified.  

 

 

 The identification of initiating faults should consider 

the potential for combinations of hazards. At multi 

facility sites, the analysis should also consider the 

potential for specific initiating faults giving rise to 

simultaneous impacts on several facilities. 

This is a Fukushima modification 
 
 

FA.13 

Adequate representation 

The PSA model should provide an adequate 

representation of the site and its facilities. 

Adequate representation 

The PSA model should provide an adequate 

representation of the facility and/or site. 

 

533 

The level of detail of PSA should be sufficient to 

ensure that it is realistic, that dependencies are 

captured, and that the data used is applicable to each 

event in the PSA. Model simplifications (eg 

modelling of bounding sequences) should be clearly 

described and justified. 

The level of detail of PSA should be sufficient to 

ensure that it is realistic, that dependencies are 

captured, and that the data used is applicable to each 

event in the PSA. Model simplifications (eg 

modelling of bounding sequences) should be clearly 

described and justified. 

The order of paras 532 and 533 has been 
reversed to improve the flow 

 

 The sequences used for the PSA should each be 

modelled until a stable safe state (for example on 

reactors, a cold shutdown state) is reached. The 

“mission time” (i.e. the duration over which the PSA 

is applied) for PSA should be justified accordingly.  

Where repair and/or recovery actions are needed to 

achieve a stable safe state, these should be modelled. 

 

This is a Fukushima modification.  Sequences 
(and components’ mission time) should not be cut 
off arbitrarily after e.g. 24 hours.   
 

532 

The PSA should account for contributions to the risk 

including, but not necessarily restricted to:  

a) random individual component failures;  

b) components which are failed as a result of the 

initiating fault; 

c) common cause failures (and, as necessary, other 

The PSA should account for contributions to the risk 

including, but not necessarily restricted to:  

a) random individual component failures;  

b) components which fail as a result of the initiating 

fault; 

c) common cause failures (and, as necessary, other 

Para moved from above to improve the flow 
 
Extra clause in g) is a Fukushima modification 
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dependent and consequential failures);  

d) unavailabilities due to testing and maintenance;  

e) pre-fault human errors (eg misalignments and 

miscalibrations);  

f) human errors that lead to initiating faults;  

g) human errors during the course of the fault 

sequences; and  

h) potential dependencies between separate human 

activities (either by the same or by different 

operators). 

dependent and consequential failures);  

d) unavailabilities due to testing and maintenance;  

e) pre-fault human errors (eg misalignments and 

miscalibrations);  

f) human errors that lead to initiating faults (see 

EHF.3);  

g) human errors during the course of fault sequences, 

including those required for repair or recovery actions 

(see EHF.5); and 

h) potential dependencies between separate human 

activities (either by the same or by different 

operators). 

534 

Where groups are used to represent several initiating 

faults or fault sequences, the group should be assigned 

a frequency equal to the summed frequency of the 

contributors to the group and should be represented by 

the most onerous one. A sufficient number of groups 

should be defined to ensure an adequate 

representation of the facility, while keeping the scope 

of the analysis manageable. 

Where groups are used to represent several initiating 

faults or fault sequences, the group should be assigned 

a frequency equal to the summed frequency of the 

contributors to the group and should be represented by 

the most onerous one. A sufficient number of groups 

should be defined to ensure an adequate 

representation of the facility, while keeping the scope 

of the analysis manageable. 

 

535 

Best-estimate methods and data should be used for 

supporting transient analyses, accident progression 

analyses, source term analyses, and radiological 

analyses. Where this is not practicable, conservative 

assumptions should be made and the sensitivity of the 

risk to these assumptions should be established. 

Best-estimate methods and data should be used as far 

as possible within the PSA and in particular for 

determining initiating event frequencies and in the 

supporting transient, accident progression, source 

term and radiological analyses. Where this is not 

practicable, conservative assumptions should be made 

and the sensitivity of the results to these assumptions 

should be established. Notwithstanding principle 

FA.5, an adequately justified best estimate frequency 

should be used for naturally occurring hazards. 

  
 
 

536 

Facility-specific data should be used as far as possible 

for the calculation of the frequencies and probabilities 

used in PSA. However:  

a) Where facility-specific data is not available, use of 

generic data may be acceptable provided its 

applicability is justified and the data sources selected 

are used in a consistent and systematic manner.  

b) Where facility-specific data is not sufficient, it 

Facility-specific data should be used as far as possible 

for the calculation of the frequencies and probabilities 

used in PSA. However:  

a) Where facility-specific data is not available, use of 

generic data may be acceptable provided its 

applicability is justified and the data sources selected 

are used in a consistent and systematic manner.  

b) Where facility-specific data is not sufficient, it 
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should be combined with applicable generic data 

using a well-established mathematical technique.  

c) Where neither facility-specific nor generic data are 

available, use of expert judgement may be acceptable, 

provided that the basis for the judgement is justified 

and documented, and careful consideration given to 

the impact of these judgements on the PSA results. 

should be combined with applicable generic data 

using a well-established mathematical technique.  

c) Where neither facility-specific nor generic data are 

available, use of expert judgement may be acceptable, 

provided that the basis for the judgement is justified 

and documented, and careful consideration given to 

the impact of these judgements on the PSA results. 

537 

When models are used for the calculations of input 

probabilities, for example, in human errors, or failures 

of computer-based systems (including software 

errors), common cause failures, or the failures of 

structures, then the methodologies used should be 

justified, and should account for key influencing 

factors. 

When models are used for the calculations of input 

probabilities, for example, in human errors or failures 

of computer-based systems (including software 

errors), common cause failures, or the failures of 

structures, then the methodologies used should be 

justified, and should account for all key influencing 

factors. 

Recoveries and repairs have been introduced in 
532i. This modification aim is to emphasise that 
repair or recovery actions (introduced in) should 
be properly justified and substantiated. 

538 

Assumptions made regarding the behaviour of the 

facility or its operators should be justified, and the 

sensitivity to those assumptions should be assessed. 

Assumptions made regarding the behaviour of the 

facility or its operators should be justified, and the 

sensitivity to those assumptions should be analysed. 

 

539 

Due regard should be given to the uncertainties in 

input probability and frequency values used, and their 

impact on the results. 

Due regard should be given to the uncertainties in 

input probability and frequency values used, and their 

impact on the results. 

 

540 

Steps should be taken to reduce significant 

uncertainties, ie those that potentially undermine 

confidence in the PSA results. 

Steps should be taken to reduce significant 

uncertainties, ie those that potentially undermine 

confidence in the PSA results. 

 

FA.14 

Use of PSA 

PSA should be used to inform the design process and 

help ensure the safe operation of the site and its 

facilities. 

Use of PSA 

PSA should be used to inform the design process and 

help ensure the safe operation of the site and its 

facilities. 

 

541 

Appropriate use of PSA should be made in activities 

such as:  

a) designing the facility;  

b) supporting modifications to the design and 

operation during the life of the site and its facilities;  

c) testing, inspection and maintenance planning, and 

management of plant configuration;  

d) investigating significant abnormal occurrences; and  

e) developing and changing operating procedures and 

Appropriate use of PSA should be made in activities 

such as:  

a) designing the facility;  

b) supporting modifications to design or operation;  

c) supporting the demonstration that risks are 

tolerable and ALARP; 

d) informing the selection of safety function 

categories or the safety class of structures, systems 

and components (see paras 150 and 153); 

List was previously incomplete 
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associated training programmes for managing 

incidents and accidents (including severe accidents). 

e) setting operating rules; 

f) informing arrangements for examination, 

maintenance inspection and testing (e.g. the 

frequencies of these activities); 

g) plant configuration control (including maintenance 

planning), which for power reactors is normally 

through the use of risk monitors; 

h) event analysis and investigating significant 

incidents and events;  

i) developing and changing operating procedures and 

associated training programmes for managing faults 

and accidents (including severe accidents); 

j) helping to determine initiating event frequencies for 

DBA; and 

j) providing an input to SAA and to analyses 

performed under REPPIR (Ref). 

542 

PSA studies may be undertaken to support particular 

safety submissions for applications such as those 

noted above. PSA models and data used should be 

suitable for their intended application, and sensitivity 

and uncertainty analyses undertaken as appropriate. In 

any safety submissions where the PSA is not full 

scope, due account should be taken of the impact of 

the safety submissions on aspects of the risk not 

covered in that PSA. 

PSA models and data should be suitable for their 

intended application, and sensitivity and uncertainty 

analyses undertaken as appropriate. In cases where the 

PSA is not full scope, due account should be taken of 

the potential impact of aspects not covered. 

 

543 

Severe accident analysis 

Severe accidents are defined as those fault sequences 

that lead either to consequences exceeding the highest 

radiological doses given in the BSLs of Target 4 

(paragraph 599 f.), or to a substantial unintended 

relocation of radioactive material within the facility 

which places a demand on the integrity of the 

remaining physical barriers. A substantial quantity of 

radioactive material is one which if released could 

result in the consequences specified in the societal 

risk target (Target 9 (paragraph 623 f.)). 

Severe accident analysis 

Rigorous application of DBA and PSA should ensure 

that the predicted risks from fault sequences leading 

to significant radiological consequences are very low. 

Nevertheless, it is important that operators of  

facilities with very large hazard potentials consider 

possibilities such as: 

• The DBA or PSA may be incorrect or 

incomplete; 

• The true severity of an initiating event may 

exceed that considered in the analysis; or 

• A safety measure could be circumvented or 

This whole section has been re-drafted to take 
account of learning from Fukushima. 
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fails in some unpredicted way. 

In considering these matters, further beyond design 

basis improvements may then be identified as 

reasonably practicable for either preventing severe 

accidents, or mitigating their consequences, e.g. by 

preventing further escalation.  The insights gained 

from SAA are also important for planning for the 

possibility of severe accidents and are used to inform 

the response activities that would be needed were 

such an accident to occur.  

544 

Rigorous application of DBA should ensure that 

severe accidents are highly unlikely. Nevertheless 

suitable and sufficient severe accident analysis is still 

required to ensure that risks are reduced so far as is 

reasonably practicable. 

Undertaking SAA is not proportionate for all types of 

facilities, as not all present hazards of sufficient 

magnitude to warrant this.  However, SAA is 

beneficial for facilities presenting the highest hazards, 

such as operating reactors, spent fuel storage 

facilities and facilities storing significant quantities of 

nuclear matter.  In these principles, severe accidents 

are defined as those fault sequences that could lead 

either to consequences exceeding the highest off site 

radiological doses given in the BSLs of Numerical 

Target 4, (i.e. 100mSv, conservatively assessed) or to 

an unintended relocation of a substantial quantity of 

radioactive material within the facility which places a 

demand on the integrity of the remaining physical 

barriers. A substantial quantity of radioactive 

material is one which if released could result in the 

consequences specified in the societal risk Target 9. 

This is a change to 2006 SAPs.  Based on wider 
international consensus, SAA is now limited to 
events with off-site consequences.  SAA has 
been found not to be a particularly useful tool for 
analysing events with only on-site consequences.  
 
 

 

 SAA looks typically at states and scenarios which the 

DBA and PSA have justified as being highly unlikely, 

and then considers questions such as “what more can 

reasonably be done?” or “what would need to be 

done in such an event”. Solutions to these questions 

will vary according to the type and age of facility 

under analysis.  For example, for the most modern 

power reactors, where SAA is used to plan for how to 

contain and cool molten fuel in the aftermath of a 

major event, solutions such as in-vessel retention and 

ex-vessel core catchers have been proposed. At older 

facilities not designed with the insights of SAA, the 

analysis has helped identify improvements such as 

better emergency power supply arrangements capable 
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of catering  for situations where grid supplies might 

be lost for extended periods. 

FA.15 

Fault sequences 

Fault sequences beyond the design basis that have the 

potential to lead to a severe accident should be 

analysed. 

Scope of severe accident analysis 

Fault states, scenarios and sequences beyond the 

design basis that have the potential to lead to a severe 

accident should be analysed. 

 

New para 

 The SAA should, through a systematic approach, 

analyse beyond design basis states and scenarios 

arising from the three circumstances listed in para 

500.  In line with the principle of practical elimination 

(see para 500+2), states and scenarios should not be 

dismissed from the analysis on frequency grounds 

alone. Indeed SAA is not normally concerned with the 

sequences leading to the severe accident (these being 

the province of DBA and PSA), but instead should be 

focussed on how the accident state or scenario will be 

controlled and/or mitigated. 

 

545 

This should include:  

a) determination of the magnitude and characteristics 

of their radiological consequences, including societal 

effects; and  

b) demonstration that there is no sudden escalation of 

consequences just beyond the design basis. 

For each state or scenario, the SAA should:  

a) determine the magnitude and characteristics of the 

predicted source term and its potential radiological 

consequences, including societal effects; and  

b) demonstrate that there is no sudden escalation of 

consequences just beyond the design basis (see 

EHA.7 – cliff edge effects). 

 

546 

The analysis should consider failures that could occur 

in the physical barriers preventing release of 

radioactive material, or in the shielding against direct 

radiation. 

The analysis should include consideration of failures 

that could occur in the physical barriers containing 

radioactive material, or in the shielding against direct 

radiation. 

 

547 

A best estimate approach should normally be 

followed. However, where uncertainties are such that 

a realistic analysis cannot be performed with 

confidence, a conservative or bounding case approach 

should be adopted to avoid optimistic conclusions 

being drawn. 

A best estimate approach should normally be 

followed. However, where uncertainties are such that 

a realistic analysis cannot be performed with 

confidence, a conservative or bounding case approach 

should be adopted to avoid optimistic conclusions 

being drawn.  Where a best estimate approach is not 

followed, the extent to which the analysis could 

nevertheless be used to inform emergency response 

activities (e.g. in regard to the expected timings of 

escalations in the accident sequence) should be 
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considered. 

 

 In addressing para 545 b) and EHA.7, the SAA should 

include a best-estimate margins analysis as described 

in para EHA.7+1. 

 

548 

Where severe accident uncertainties are judged to 

have a significant effect on the assessed risk, research 

aimed at confirming the modelling assumptions 

should be performed. 

The SAA should be based on an adequate 

understanding of the severe accident phenomena and 

accident progression. Where severe accident 

uncertainties are judged to have a significant effect on 

the assessed risk, research aimed at confirming the 

modelling assumptions should be performed. 

 

FA.16 

Use of severe accident analysis 

The severe accident analysis should be used in the 

consideration of further risk-reducing measures. 

Use of severe accident analysis 

Severe accident analysis should be used in the 

consideration of further risk-reducing measures. 

 

549 

The severe accident analysis should provide 

information:  

a) to assist in the identification of any further 

reasonably practicable preventative or mitigating 

measures beyond those derived from the design basis;  

b) to form a suitable basis for accident management 

strategies;  

c) to support the preparation of emergency plans for 

the protection of people; and  

d) to support the PSA of the facility’s design and 

operation. 

The severe accident analysis should provide 

information to:  

a) assist in the identification of any further reasonably 

practicable preventative or mitigating measures 

beyond those derived from engineering analysis, DBA 

and PSA;  

b) form a suitable basis for accident management 

strategies and procedures (see AM.1);  

c) support the preparation of emergency plans for the 

protection of people (see AM.1); and  

d) support the PSA of the facility’s design and 

operation. 

 

550 

Measures identified under a) above need not involve 

the application of conservative engineering practices 

used in the DBA, but rather should be based upon 

realistic or best estimate assumptions, methods and 

analytical criteria. 

Measures identified under a) above need not 

necessarily involve the application of conservative 

engineering practices used in the DBA, but could 

instead be based upon realistic or best estimate 

assumptions, methods and analytical criteria. Such 

approaches have advantages in a severe accident 

context in that they can result in the provision of 

simple and flexible, remotely stored measures well 

suited to the uncertain and degraded environment 

following a major event. The SAA should consider 

the nature of the safety functions to be provided by 

the additional measures, the conditions and 
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circumstances under which they will need to operate 

(see paragraph 163) and the ease with which they 

could be deployed.  Some safety functions will need 

to be fulfilled in situ and in circumstances where the 

design basis provisions will by definition have already 

failed. This will likely dictate the use of robust 

designs and conservative standards.  The 

appropriateness of the engineering standards adopted 

should be justified on a case by case basis. 

New para 

 In order to address b) and c), the severe accident 

analysis should be consistent with the site’s (or 

facility’s) accident management and emergency 

preparedness arrangements.  In particular, consistent 

assumptions should be applied in regard to each of the 

aspects listed in paras 641ff, for example the 

procedures in place, the instrumentation, plant, 

equipment and supplies available, the personnel who 

could be deployed and the timescales assumed (e.g. 

autarky times, see para 642+3). 

 

FA.25 

 Relationship to DBA and PSA 

The severe accident analysis should be performed in a 

manner complementary to the DBA and PSA, so that 

each type of analysis informs the others in a mutually 

consistent manner within the facility’s safety case. 

 

 

 DBA and PSA should be used to identify areas which 

require additional attention from SAA. DBA has the 

potential to identify the bounding magnitude of the 

potential consequences and measures which would 

need to fail for there to be a severe accident. 

 

 

 PSA should be not be constrained by the assumptions 

and Numerical Target 4 (etc) criteria defining DBA 

fault sequences. As a result it should consider the 

consequences of initiating events not considered 

within the design basis and fault sequences where 

design basis measures have failed. For facilities 

capable of suffering a severe accident, the PSA should 

be conducted to at least level 2 (see para 529+1). 

 

  Unlike DBA and PSA, the SAA should not focus  
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particularly on the detail of the fault sequences 

leading to a severe accident.  These aspects of the 

fault analysis should be addressed within the DBA 

and PSA.  Instead the SAA should start by identifying 

potential severe accident states and scenarios which 

could impact the facility by virtue of its inherent 

hazard potential and then analyse these, and in 

particular how they might develop or escalate, to 

inform the applications listed in para 549. The results 

of the SAA should be included within the PSA and 

used to confirm the validity of the DBA, e.g. by 

confirming the absence of cliff edge effects just 

beyond the design basis. 

   Para deleted – adds no value 

   Link to this para moved above 

   Requirement for L2 PSA moved above 

551 

Assurance of validity of data and models 

This sub-section contains further principles governing 

the methods and data for the transient, radiological 

and other analyses that may be used throughout the 

fault analysis. 

ASSURANCE OF VALIDITY OF DATA AND 
MODELS 

This section contains principles governing the 

methods and data used in safety case analyses.  They 

should be applied in the assessment of transient, 

radiological and other analyses forming part of fault 

analysis and also in other areas of the safety case 

underpinned by analysis and/or data, e.g. engineering 

substantiation.  In the 2006 SAPs these principles 

were part of the Fault Analysis section; their previous 

FA numbers have been retained for backwards 

compatibility. 

These principles are recognised as having wider 
relevance than just to Fault Analysis and so have 
been placed in their own standalone section and 
expanded based on comments from other 
technical areas. 

AV.1 

(FA.17) 

Theoretical models 

Theoretical models should adequately represent the 

facility and site. 

Theoretical models 

Theoretical models should adequately represent the 

facility and site. 

 

AV.2 

(FA.18) 

Calculation methods 

Calculational methods used for the analyses should 

adequately represent the physical and chemical 

processes taking place. 

Calculation methods 

Calculation methods used for the analyses should 

adequately represent the physical and chemical 

processes taking place. 

 

552 Where possible, the analytical models should be Where possible, the analytical models should be  
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validated by comparison with actual experience, 

appropriate experiments or tests. 

validated by comparison with actual experience, 

appropriate experiments or tests. 

553 

The model should be validated for each application 

made in the safety analysis. The validation should be 

of the model as a whole or, where this is not 

practicable, on a module basis, against experiments 

that replicate as closely as possible the expected plant 

condition. 

Models should be validated for each application made 

in the safety analysis. The validation should be of the 

model as a whole or, where this is not practicable, on 

a module basis, against experiments that replicate as 

closely as possible the expected plant condition. 

 

554 

Care should be exercised in the interpretation of such 

experiments to take account of uncertainties in 

replicating the range of anticipated plant conditions. 

The limits of applicability of the analytical model 

should be identified. 

Care should be exercised in the interpretation of 

experiments to take account of uncertainties in 

replicating the range of anticipated plant conditions. 

The limits of applicability of analytical models should 

be identified. 

 

555 

Where validation against experiments or tests is not 

possible, a comparison with other, different, 

calculational methods may be acceptable. 

Where validation against experiments or tests is not 

possible, a comparison with other, different, 

calculation methods may be acceptable. 

 

556 

Where possible, independent checks using diverse 

methods or analytical models should be carried out to 

supplement the original analysis. 

Where possible, independent checks using diverse 

methods or analytical models should be carried out to 

supplement the original analysis. 

 

557 

The radiological analysis should include any direct 

radiation and any inhalation, absorption and ingestion 

of radioactive material and should also take account 

of the physical and chemical form of the radioactive 

material released. 

Radiological analyses should include any direct 

radiation and any inhalation, absorption and ingestion 

of radioactive material and should also take account 

of the physical and chemical form of the radioactive 

material released. 

 

AV.3 

(FA.19) 

Use of data 

The data used in the analysis of safety-related aspects 

of plant performance should be shown to be valid for 

the circumstances by reference to established physical 

data, experiment or other appropriate means. 

Use of data 

The data used in the analysis of aspects of plant 

performance with safety significance should be shown 

to be valid for the circumstances by reference to 

established physical data, experiment or other 

appropriate means. 

 

558 
Where uncertainty in the data exists, an appropriate 

safety margin should be provided. 

Where uncertainty in the data exists, an appropriate 

safety margin should be provided. 

 

559 

The limits of applicability of the available data should 

be identified and extrapolation beyond these limits 

should not be used unless justified. 

The limits of applicability of the available data should 

be identified and extrapolation beyond these limits 

should not be used unless justified. 

 

AV.4 Computer models Computer models  
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(FA.20) Computer models and datasets used in support of the 

analysis should be developed, maintained and applied 

in accordance with appropriate quality assurance 

procedures. 

Computer models and datasets used in support of the 

safety analysis should be developed, maintained and 

applied in accordance with quality management 

procedures. 

560 

These procedures should identify measures and 

controls to provide confidence that safety-related 

calculations are undertaken without error, to a level 

commensurate with the importance of the analysis 

being performed. 

These procedures should identify measures and 

controls to provide confidence that calculations are 

undertaken without error, to a level commensurate 

with the importance to safety of the analysis being 

performed. 

 

561 

The procedures should, where appropriate, address 

code and dataset verification, version control, testing, 

documentation, user training, peer review and 

endorsement. 

The procedures should, where appropriate, address 

code and dataset verification, version control, testing, 

documentation, user qualification requirements and 

training, peer review and endorsement. 

 

562 

The procedures should specify independent 

verification of computer codes and datasets to confirm 

consistency with the supporting documentation. 

The procedures should specify independent 

verification of computer codes and datasets to confirm 

consistency with the supporting documentation. 

 

563 
The process of inputting data into a model should be 

independently verified. 

The process of inputting data into a model should be 

independently verified. 

 

AV.5 

(FA.21) 

Documentation 

Documentation should be provided to facilitate review 

of the adequacy of the analytical models and data. 

Documentation 

Documentation should be provided to facilitate review 

of the adequacy of the analytical models and data. 

 

564 

The documentation should include for example:  

a) information showing that models and data are not 

employed outside their range of application;  

b) a description of the uncertainties in the model; and  

c) user guidelines and input description. 

The documentation should include for example:  

a) information showing that models and data are not 

employed outside their range of application;  

b) a description of the uncertainties in the model; and  

c) user guidelines and input description. 

 

AV.6 

(FA.22) 

Sensitivity studies 

Studies should be carried out to determine the 

sensitivity of the fault analysis (and the conclusions 

drawn from it) to the assumptions made, the data used 

and the methods of calculation. 

Sensitivity studies 

Studies should be carried out to determine the 

sensitivity of the analysis (and the conclusions drawn 

from it) to the assumptions made, the data used and 

the methods of calculation. 

 

565 

Where the predictions of the analysis are sensitive to 

the modelling assumptions, they should be supported 

by additional analysis using independent methods and 

computer codes. 

Where the predictions of the analysis are sensitive to 

the modelling assumptions, they should be supported 

by additional analysis using independent methods 

and, where relevant, computer codes. 
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AV.7 

(FA.23) 

Data collection 

Data should be collected throughout the operating life 

of the facility to check or update the fault analysis. 

Data collection 

Data should be collected throughout the operating life 

of the facility to check or update the safety analysis. 

 

566 

This should include, but not be restricted to, plant 

performance and failure data such as statistical data 

on initiating fault frequencies, component failure rates 

and plant unavailability during periods of 

maintenance or test, and data on external hazards. 

This should include, but not be limited to, plant 

performance and failure data such as statistical data 

on initiating fault frequencies, component failure rates 

and plant unavailability during periods of 

maintenance or test, and data on external hazards. 

 

AV.8 

(FA.24) 

Update and review 

The fault analysis should be updated where necessary, 

and reviewed periodically. 

Update and review 

The safety analysis should be updated where 

necessary, and reviewed periodically. 

 

567 

The updates and reviews should take into account:  

a) changes to the facility or its operation since the 

design or construction stage and throughout its 

operating life;  

b) any new relevant technical and scientific 

knowledge, and operational experience, concerning 

plant behaviour and fault potential, including 

incidents occurring at other facilities;  

c) any material property changes and deterioration 

due to ageing not previously taken into account; and  

d) advances in modelling techniques. 

The updates and reviews should take into account:  

a) changes to the facility or its operation since the 

design or construction stage and throughout its 

operating life;  

b) any new relevant technical and scientific 

knowledge, and operational experience, concerning 

plant behaviour and fault potential, including 

incidents occurring at other facilities;  

c) any material property changes and deterioration 

due to ageing not previously taken into account; and  

d) advances in analysis or modelling techniques. 
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Figure X: Schematic showing the general ranges of applicability of the 3 methods of Fault Analysis 

described in paras 496ff  
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