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CI’s Fukushima Reports Rec. IR-5: SAPs Review: Response Form 
 
From:  SAPs Editor Representing (NTG):  ALARP NTG - Part II Date:  December 2013 
 

2006 
Para 
No. 

2006 SAPs 
Text 

Proposed New SAPs 
Text

1
 

Commentary 

568 

NUMERICAL TARGETS AND LEGAL 
LIMITS 

This section describes the numerical targets and 

legal limits that inspectors should use when 

judging whether the dutyholder is controlling 

radiological hazards adequately and reducing 

risks ALARP. 

NUMERICAL TARGETS  

This section describes the numerical targets that 

inspectors should use as an aid to judgement when 

considering whether dutyholders are controlling 

radiological hazards adequately and reducing 

risks to ALARP. The targets quantify ONR’s risk 

policy, and have been set to assist us in making 

proportionate regulatory decisions and targeting 

our resources to where the risks and hazards are 

greatest.  More specifically, the targets are guides 

to inspectors to indicate where there is the need 

for consideration of additional safety measures 

and, in the case of permissioning decisions, to help 

judge whether risks are tolerable. 

Title changed to simplify the presentation.  These are 

all Numerical Targets.  Some are Legal Limits too. 

 

Previous text implied the NTs were the test for 

ALARP 

 

Final sentence has been moved from para 570 and 

extended 

569 

The structure of the targets and legal limits is 

based on the TOR
2
 framework, which has been 

extended in the more recent R2P2
1
. In assessing 

the safety of nuclear facilities, inspectors should 

examine the safety case to judge the extent to 

which targets are achieved and legal limits met. 

Some of them are in the form of dose levels; others 

are expressed as frequencies or risks. The Basic 

Safety Level (BSL) and the Basic Safety Objective 

(BSO) are used in translating the TOR (R2P2) 

The structure of the targets is based on the TOR
2
 

framework, which was extended in R2P2
1
. In 

assessing the safety of nuclear facilities, inspectors 

should examine the safety case to judge the extent 

to which the targets are achieved, noting that some 

are also legal limits. Some of the targets are in the 

form of dose levels; others are expressed as 

frequencies or risks. Each is set in terms of a Basic 

Safety Level (BSL) and a Basic Safety Objective 

(BSO); these have been used to translate the TOR 

Clearer text.  New Annex cited. 

                                                 
1
 Order the rows of this table according to the para ordering for the new SAPs 
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framework into targets. The BSO marks the start of 

the broadly acceptable level in R2P2. 

(R2P2) risk policy framework as described in 

Annex xx. The BSO marks the start of the broadly 

acceptable level in R2P2. 

570 

The targets and legal limits are defined for normal 

operations, design basis analysis, individual risk 

and societal risk. The targets are not mandatory. 

However, some of the BSLs are legal limits in IRR; 

these are identified below as BSL(LL). The targets 

are guides to inspectors to indicate where there is 

the need for consideration of additional safety 

measures. 

Separate targets are defined for normal 

operations, design basis fault sequences, 

individual risks, accident frequencies and societal 

risk. Most of the targets are not mandatory. 

However, some of the BSLs are legal limits in IRR; 

these are highlighted below as BSL(LL).  

List was not complete and did not align with target 

titles 

 

Final sentence moved to para 268 

571 

Basic safety levels 

It is HSE’s policy that a new facility or activity 

should at least meet the BSLs. However, in 

meeting the BSLs the risks may not be ALARP. The 

application of ALARP may drive risks lower. 

Deciding when the level of risk is ALARP needs to 

be made on a case-by-case basis. A proportionate 

approach should be used so that the higher the 

risk, the greater is the degree of disproportion 

needed before being considered ALARP, and a 

more robust argument would be needed to justify 

not implementing additional safety measures. 

Basic safety levels 

It is ONR’s policy that a new facility or activity 

should at least meet the BSLs. However, even if the 

BSLs are met, the risks may not be ALARP and this 

should then drive risks lower. Deciding when the 

level of risk is ALARP needs to be justified by the 

dutyholder on a case-by-case basis, applying the 

legal requirement of gross disproportion. A graded 

approach should be used so that the higher the risk 

(or hazard), the greater the degree of 

disproportion applied, and the more robust the 

argument needed to justify not implementing 

additional safety measures. 

Improved English 

572 

Some existing facilities may have been designed 

and constructed to different safety standards and 

may have deteriorated with the passage of time. 

Safety analyses of such facilities may show that a 

BSL is exceeded. Provided this BSL is not a legal 

limit, HSE’s policy is that the level of gross 

disproportion in ALARP considerations would be 

very high; inspectors should assume it is highly 

likely that there will be available additional 

improvements to safety that are reasonably 

Existing facilities may have been designed and 

constructed to earlier safety standards, or may 

have deteriorated with the passage of time. Safety 

cases for such facilities may then indicate that a 

BSL is exceeded. If the BSL is a legal limit, 

measures must be taken by the dutyholder to 

restore compliance and appropriate enforcement 

action should be considered. For other BSLs, 

ONR’s policy is that the level of gross 

disproportion in ALARP considerations should be 
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practicable. Inspectors should press dutyholders to 

demonstrate that a robust optioneering process 

has been undertaken, including considering the 

development of new options through research, if 

necessary, to control the radiological hazard. 

Continuing to operate while failing to meet a BSL 

would only be acceptable if this process 

demonstrated that there are no options that are 

reasonably practicable to reduce risks further in 

the short term. However, if operation is to 

continue then inspectors should require a clear 

longer-term plan to manage and reduce the risks 

within a period that is as short as is reasonably 

practicable. If these conditions cannot be met, 

consideration should be given to recommending 

regulatory action to shut down the facility or 

prohibit or curtail the activity, where possible. It 

must be remembered that the TOR2 framework 

does not, in itself, provide inspectors with the basis 

for recommending such action, as it has no legal 

status. But it does help to identify when serious 

consideration should be given to formal 

enforcement action as a means of achieving 

compliance with legal requirements, ie reducing 

risks ALARP, in accordance with HSE’s 

Enforcement Policy Statement (see the HSE 

website). 

very high and so inspectors should assume it is 

highly likely that additional improvements to 

safety will prove reasonably practicable. 

Inspectors should therefore press dutyholders to 

demonstrate that a robust optioneering process 

has been undertaken, including considering the 

development of new options through research, to 

control the radiological hazard. Continuing to 

operate while failing to meet a BSL should only be 

acceptable if the dutyholder can demonstrate that 

there are no options that are reasonably 

practicable to reduce risks further in the short 

term. Moreover, if operation is to continue, then 

inspectors should seek a clear longer-term plan to 

manage and reduce the risks within a period that 

is as short as is reasonably practicable. When a 

BSL is exceeded, consideration should be given to 

regulatory action to shut down the facility or 

prohibit or curtail the activity.  

 

This para has been split in two to aid the flow of the 

text 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 When applying BSLs, it must be remembered that 

the TOR
2 

framework does not in itself, provide 

inspectors with a basis for recommending 

particular actions, as it has no legal status. The 

framework does nevertheless help to identify when 

serious consideration should be given to formal 

enforcement as a means of achieving compliance 

with legal requirements, ie reducing risks to 

New para made from text split from previous para. 
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ALARP, in accordance with HSE’s Enforcement 

Policy Statement (see the HSE website). 

573 

Basic safety objectives 

The BSOs form benchmarks that reflect modern 

nuclear safety standards and expectations. The 

BSOs also recognise that there is a level beyond 

which further consideration of the case would not 

be a reasonable use of NII resources, compared 

with the benefit of applying the effort to other 

tasks. Inspectors need not seek further 

improvements from the dutyholder but can confine 

themselves to assessing the validity of the 

arguments that the dutyholder has presented. The 

dutyholder, however, is not given the option of 

stopping at this level. ALARP considerations may 

be such that the dutyholder is justified in stopping 

before reaching the BSO, but if it is reasonably 

practicable to provide a higher standard of safety, 

then the dutyholder should do so. 

Basic safety objectives 

The BSOs form benchmarks that reflect modern 

safety standards and expectations. The BSOs also 

recognise that there is a level beyond which 

further consideration of the safety case would not 

be a reasonable use of ONR resources, compared 

with the benefit of applying these resources to 

other tasks. Inspectors therefore need not seek 

further improvements from the dutyholder but can 

confine themselves to assessing the validity of the 

arguments that the dutyholder has presented. The 

dutyholder however, is not given the option of 

stopping at this level. ALARP considerations may 

be such that the dutyholder is justified in stopping 

before reaching the BSO, but if it is reasonably 

practicable to provide a higher standard of safety, 

then the dutyholder must do so by law. 

 

NT.3 

(was 

574) 

 

Applying the targets and legal limits 

When comparing dutyholder estimates with 

targets, inspectors should take account of the 

assumptions and limitations of the analysis used. 

Applying the targets 

When comparing dutyholder estimates with the 

targets, inspectors should take account of the 

assumptions and limitations of the analysis used. 

This section has been changed from being scene-

setting (italicised font) to guidance (normal font).  As 

such this para has become a principle. 

575 

The uncertainties in the dutyholder’s safety 

analyses, and claims of accuracy and precision in 

numerical estimates, should be assessed, eg 

through sensitivity analysis, as appropriate. 

Uncertainties in the dutyholder’s safety analyses, 

and claims of accuracy and precision in numerical 

estimates should be assessed, eg through 

sensitivity analyses. 

 

576 

In addition, the inspector should compare the 

assumptions used by dutyholders in determining 

their estimates against the assumptions built into 

the target. 

In addition, the inspector should compare the 

assumptions used by dutyholders in determining 

their estimates against the assumptions built into 

the target (see Annex X). 

 

577 When assessing safety cases against numerical When assessing safety cases against the targets,  
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targets and legal limits, inspectors should guard 

against being drawn into arguments about whether 

the calculation can be amended or the data refined 

to gain a small reduction in a number. This is no 

more than common sense: reducing an estimate by 

a small amount from one side of a target to the 

other does not suddenly make an unsafe situation 

safe – or a safe one unsafe. Additionally, as with 

any calculation, the estimates are subject to a 

degree of uncertainty. 

inspectors should guard against being drawn into 

arguments about whether the calculation can be 

amended, or the data refined, to gain a small 

reduction in a number and so meet a target. This is 

no more than common sense: revising an estimate 

by a small amount to move it from one side of a 

target to the other does not make an unsafe 

situation safe, or a safe one unsafe. Additionally, 

as with any calculation, the risk estimates are 

subject to a degree of uncertainty. The numerical 

targets should thus be applied as approximate 

guidelines, taking a pessimistic view of the 

estimated risks in cases where a target is only just 

met. 

578 

Estimates of risk are often used in a cost benefit 

analysis (CBA) in support of an ALARP 

demonstration. CBA requires the costs of 

implementing further measures to improve safety 

to be compared with the costs from accidents both 

with and without the additional measures. These 

costs should include measures taken following the 

accident to reduce its effects on health and safety. 

ALARP demonstrations are sometimes supported 

by cost benefit analysis (CBA). CBA compares the 

benefits of implementing further measures to 

improve safety, scaled by an appropriate gross 

disproportion factor, with the costs of 

implementing those safety measures. Where CBA 

is used to support the ALARP argument, it should 

follow HSE’s general ALARP guidance (ref).  In 

particular, CBA should not form the whole 

argument justifying an ALARP decision, nor be 

used to undermine existing standards or relevant 

good practice. 

Revised to better align with wider HSE guidance 

579 

The targets and TOR/R2P2 

The individual risk of death levels in R2P21 cover 

risks to workers and to members of the public from 

activities on the site, which are: 

The targets and TOR/R2P2 

The levels for individual risk of death in R2P2
1
 

cover risks to workers and to members of the 

public from activities on the site, these are: 

 

 

• Boundary between the ‘tolerable’ and 

‘unacceptable’ regions for risk entailing fatality:  

Worker:    1 in 1000 pa  

• The boundary between the ‘tolerable’ and 

‘unacceptable’ regions for risk entailing fatality:  

Worker:    1 in 1000 pa  
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Member of the public:  1 in 10 000 pa  

• Boundary between the ‘broadly acceptable’ and 

‘tolerable’ regions for risk entailing fatality:  

Worker:    1 in 1 000 000 pa  

Member of the public:  1 in 1 000 000 pa 

Member of the public:  1 in 10,000 pa  

• The boundary between the ‘broadly acceptable’ 

and ‘tolerable’ regions for risk entailing fatality:  

Worker:    1 in 1,000,000 pa  

Member of the public:  1 in 1,000,000 pa 

580 

Radiation risks arise from normal operational 

doses and from accidents. These contributions are 

treated separately. 

Radiation risks arise from normal operational 

doses and from accidents. These contributions are 

treated separately in the targets below. 

 

581 

TOR
2
 discussed the effects on society of a major 

accident and suggested, based on the findings of 

the Barnes report on Hinkley Point C 
11

, that an 

event leading to one hundred to several hundred 

immediate and eventual deaths should not be more 

frequent than one in a hundred thousand years, 

allowing for the influence on the consequences of 

weather conditions. The TOR
2
 approach is used in 

deriving the societal risk targets in these SAPs. 

TOR
2
 discussed the effects on society of a major 

accident and suggested, based on the findings of 

the 1990 Barnes report on Hinkley Point C 
11

, that 

an event leading to one hundred to several 

hundred immediate and eventual deaths ought not 

be more frequent than one in a hundred thousand 

years, allowing for the influence of weather 

conditions. The TOR
2
 approach was used in 

deriving the societal risk target (Target 9).  

 

582 

More detail on the rationale behind the numerical 

targets is found in an explanatory note
12,

 see the 

HSE website. 

More detail on the rationale behind the numerical 

targets is provided in Annex X.. 

 

NT.1 

Assessment against targets 

A safety case should be assessed against numerical 

targets and legal limits for normal operation, 

design basis faults, and radiological accident risks 

to people on and off the site. 

Assessment against targets 

Safety cases should be assessed against the SAPs 

numerical targets for normal operational, design 

basis fault, and radiological accident risks to 

people on and off the site. 

 

583 

The targets in this section relate directly to the 

effects on people of normal operation and 

accidents. It may be useful to develop intermediate 

targets for potential accident sequences; for 

example many countries have a target for reactors 

based on core damage scenarios. Where such 

targets are proposed by dutyholders, they should 

Inspectors should not expect or require a detailed 

calculation to be provided in the safety case for 

each and every target. However the safety case 

should include sufficient information to be able to 

judge whether the target is likely to be achieved 

and to justify that the overall risks are ALARP. 

Order of paras 583 and 584 reversed 
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be taken into account by inspectors, but it is 

essential that the overarching Principles EKP.1 to 

EKP.5 (paragraph 135 ff.) are not compromised. 

584 

Inspectors should not expect or require a detailed 

calculation for each and every target provided 

there is sufficient information to be able to judge 

that the target is likely to be achieved and the 

overall risk is ALARP. 

Dutyholders may find it useful to develop 

intermediate targets for some potential accident 

sequences; for example many countries have a 

target for reactors based on core damage scenarios. 

Where such targets are proposed by dutyholders, 

they should be taken into account by inspectors, 

though it is essential that the overarching 

Principles EKP.1 to EKP.5 are not compromised 

through such approaches. 

 

585 

Dose targets and legal limits from normal 
operation 

People may be exposed to risks from ionising 

radiation during the normal operation of the 

facility. The radiation doses may arise from direct 

radiation, inhalation and ingestion of radioactive 

material, and through the food chain as a result of 

discharges and disposals of radioactive waste 

liquids and solids. 

Dose targets and legal limits for normal 
operation 

People may be exposed to risks from ionising 

radiation during the normal operation of the 

facility. The radiation doses may arise from direct 

radiation, inhalation or ingestion of radioactive 

material, or through the food chain as a result of 

discharges and disposals of radioactive waste. 

 

Target 1 

Normal operation – any person on the site  

The targets and a legal limit for effective dose in a 

calendar year for any person on the site from 

sources of ionising radiation are:  

Employees working with ionising radiation:  

BSL(LL): 20 mSv  

BSO: 1 mSv  

Other employees on the site:  

BSL: 2 mSv  

BSO: 0.1 mSv  

Note that there are other legal limits on doses for 

Normal operation – any person on the site 

The targets and a legal limit for effective dose in a 

calendar year for any person on the site from 

sources of ionising radiation are:  

Employees working with ionising radiation:  

BSL(LL): 20 mSv  

BSO: 1 mSv  

Other employees on the site:  

BSL: 2 mSv  

BSO: 0.1 mSv  

Note that there are other legal limits on doses for 
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specific groups of people, tissues and parts of the 

body (IRR). 

specific groups of people, tissues and parts of the 

body (IRR). 

Target 2 

Normal operation – any group on the site  

The targets for average effective dose in a calendar 

year to defined groups of employees working with 

ionising radiation are:  

BSL: 10 mSv  

BSO: 0.5 mSv 

Normal operation – any group on the site 

The targets for average effective dose in a calendar 

year to defined groups of employees working with 

ionising radiation are:  

BSL: 10 mSv  

BSO: 0.5 mSv 

 

586 

Dose predictions should make allowance for the 

uncertainties associated with calculations of 

internal and external exposure and make use of 

relevant operational data. Where dose predictions 

depend on dose rates from normal operations and 

those arising from build-up of contamination, the 

maximum values expected to occur during the life 

of the facility should be used. 

Dose predictions should make allowance for the 

uncertainties associated with calculations of 

internal and external exposure and make use of 

relevant operational data. Where dose predictions 

depend on dose rates from normal operations and 

those arising from build-up of contamination, the 

maximum values expected to occur during the life 

of the facility should be used. 

 

587 

The analysis of the predicted doses from normal 

operation of the facility by people working with 

ionising radiations should include:  

a) the specific tasks involved in operating and 

maintaining the facility;  

b) evaluations of the duration, frequency and 

numbers of people involved in each task; and  

c) the highest individual annual dose and the group 

annual average dose. 

The analysis of the predicted doses from normal 

operation to people working with ionising 

radiations should include:  

a) the specific tasks involved in operating and 

maintaining the facility;  

b) evaluations of the duration, frequency and 

numbers of people involved in each task; and  

c) the highest individual annual dose and the group 

annual average dose. 

 

588 

There should be appropriate management controls 

in place for other people who may be in the facility 

or on the site, eg trainees under 18 years of age and 

members of the public visiting the site, to restrict 

their exposures in accordance with IRR. Persons 

under 16 years old should be prevented from 

working with ionising radiations (International 

Labour Organisation (ILO) Convention 115 (1960) 

Article 7.2). 

There should be appropriate management controls 

in place for other people who may be in the facility 

or on the site, eg trainees under 18 years of age 

and members of the public visiting the site, to 

restrict their exposures in accordance with IRR. 

Persons under 16 years old should be prevented 

from working with ionising radiations 

(International Labour Organisation (ILO) 

Convention 115 (1960) Article 7.2). 

 

589 The doses that could be received by people on the The doses that could be received by people on the  
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site not working with ionising radiations may be 

simple bounding estimates. 

site not working with ionising radiations may be 

simple bounding estimates. 

Target 3 

Normal operation – any person off the site  

The target and a legal limit for effective dose in a 

calendar year for any person off the site from 

sources of ionising radiation originating on the site 

are:  

BSL(LL): 1 mSv  

BSO: 0.02 mSv  

Note that there are other legal limits to tissues and 

parts of the body (IRR). 

Normal operation – any person off the site 

The target and a legal limit for effective dose in a 

calendar year for any person off the site from 

sources of ionising radiation originating on the site 

are:  

BSL(LL): 1 mSv  

BSO: 0.02 mSv  

Note that there are other legal limits to tissues and 

parts of the body (IRR). 

 

590 

Where there are multiple sites in close proximity, a 

dose constraint should be applied to each site to 

ensure that the overall dose to a person off the site 

is below the relevant dose limit. The IRR 

Guidance
10

 advises constraining the dose to 

members of the public from each source to less 

than 0.3 mSv pa. HSE’s view is that a single 

source should be interpreted as a site under a 

single dutyholder’s control, in that it is an entity 

for which radiation protection can be optimised as 

a whole. 

Where there are multiple sites in close proximity, a 

dose constraint should be applied to each site to 

ensure that the overall dose to a person off the site 

is below the relevant dose limit. The IRR 

Guidance
10

 advises constraining the dose to 

members of the public from each source to less 

than 0.3 mSv pa. ONR’s view is that a single 

source should be interpreted as a site under a 

single dutyholder’s control, in that it is an entity 

for which radiation protection can be optimised as 

a whole.  

 

591 

HSE is responsible for regulating the off-site doses 

received as a result of direct radiation shine from 

sources on the site. Off-site doses resulting from 

discharges and disposals from civil nuclear sites 

are regulated by the Environment Agency (EA) in 

England and Wales, and by the Scottish 

Environment Protection Agency (SEPA) in 

Scotland by means of authorisations granted under 

RSA. 

ONR is responsible for regulating the off-site 

doses received as a result of direct radiation shine 

from sources on the site. Off-site doses resulting 

from discharges and disposals from civil nuclear 

sites are regulated by the Environment Agency 

(EA) in England, by the Scottish Environment 

Protection Agency (SEPA) in Scotland and by 

Natural Resources Wales (NRW) in Wales, by 

means of permits or authorisations granted under 

EPR10 (in England and Wales) or RSA93 (in 

Scotland). 

 

592 
The respective dose contributions from sources of 

radiation on and off the site will vary from site to 

The respective dose contributions from sources of 

radiation on and off the site will vary from site to 
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site, but the total dose is subject to the legal dose 

limit above and other constraints that may be 

imposed by other regulatory bodies. 

site, but the total dose is subject to the legal dose 

limit above and other constraints that may be 

imposed by the relevant regulatory bodies. 

593 

The predicted doses likely to be received from 

normal operation of the facility by people outside 

the site should be based on calculated doses to the 

relevant reference groups from direct radiation and 

from discharges of activity to air and other media. 

The doses during normal operations predicted for 

people outside the site should be based on 

calculated exposures to the relevant reference 

groups from direct radiation and from discharges 

of activity to air and other media. 

 

594 

Numerical targets for fault analysis 

The Fault analysis section (paragraph 496 ff.) 

describes three forms of analysis used to establish 

the safety case for fault and accident conditions: 

design basis analysis (DBA); probabilistic safety 

analysis (PSA); and severe accident analysis 

(SAA). The results of these analyses should be 

judged against the numerical targets in this 

section. 

Numerical targets for fault analysis 

The Fault analysis section (paragraph 496 ff.) 

describes three forms of analysis used in safety 

cases for fault and accident conditions: design 

basis analysis (DBA); probabilistic safety analysis 

(PSA); and severe accident analysis (SAA). The 

numerical targets in this section have been 

selected to assist when judging the results of these 

analyses. 

 

595 

The design basis analysis (DBA) is focused on the 

key safety measures for those initiating faults that 

are most significant in terms of frequency and 

unmitigated potential consequences. Principle 

FA.7 (paragraph 520 f.) sets out qualitative 

success criteria that the safety measures should 

ideally achieve in a design basis fault sequence (in 

accordance with the conditions specified in 

Principle FA.6 (paragraph 515 ff.)). The BSOs of 

Target 4 express clauses (b) and (c) of paragraph 

521 in the form of mitigated radiological doses 

and have been set at a level comparable with the 

BSOs for operational doses in Targets 1 and 3. 

DBA is focused on the key safety measures for 

those initiating faults that are most significant in 

terms of frequency and unmitigated potential 

consequences. Target 4 (below) has a dual role in 

this context: 

1. It is used within Principle FA.5 as part of the 

determination of whether a particular 

initiating fault should be analysed using DBA. 

This is done by comparing the conservative 

unmitigated consequences of the fault against 

the BSL for the relevant initiating event 

frequency.  

2. It is then used to help judge the effectiveness 

of the safety measures that the DBA has 

claimed provide protection against the fault 

sequence. Paragraph 521 sets out qualitative 

success criteria that these safety measures 

should achieve (see also paragraphs 516 ff.). 

Re-written as part of the general revised presentation 

of Target 4. 
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The BSOs of Target 4 quantify clauses (b) and 

(c) of paragraph 521 in terms of mitigated 

radiological doses. They have been set at a 

level comparable with the BSOs for normal 

operational doses in Targets 1 and 3, 

reflecting the intent of DBA to identify safety 

measures that protect against faults rather 

than mitigate their consequences (see also 

paragraph 504).  Where the safety measures 

only provide mitigation, the BSOs and BSLs 

provide targets for the acceptability of the 

mitigated consequences as set out in 

paragraphs 571ff.  

596 

PSA looks at the full range of fault sequences, 

including those where there are additional failures 

in the safety measures over and above those 

specified in Principle FA.6 (paragraph 515 f.), and 

including initiating faults as set out in Principle 

FA.12 (paragraph 531 f.). It allows full 

incorporation of the reliability and failure 

probability of the safety measures and other 

features of the design and operations, as described 

in paragraph 532. The analyses of fault 

progression leading to the radiological 

consequences of each fault sequence (whether in 

the design basis or not) should be carried out on a 

best estimate basis throughout (paragraph 535). 

The PSA results can be grouped to give estimates 

of the frequency of occurrence of consequences 

within specified ranges of dose, both on site and 

off site. Targets 6 and 8 provide BSOs and BSLs 

for a single facility with which these results may be 

compared to assist judgements on the overall 

adequacy of the safety measures and other plant 

features contributing to safety, and to identify 

areas in which further risk reduction may be 

PSA looks at the full range of fault sequences, 

including those where there are additional failures 

in the safety measures over and above those 

specified in paras 516ff (for DBA), and including 

initiating faults as set out in Principle FA.12. It 

allows full incorporation of the reliability and 

failure probability of the safety measures and 

other features of the design and operations, as 

described in paragraph 532ff. The analyses of 

fault progression leading to the radiological 

consequences of each fault sequence (whether in 

the design basis or not) should be carried out on a 

best estimate basis throughout (paragraph 535). 

The PSA results can then be grouped to give 

estimates of the frequency of occurrence of 

consequences within specified ranges of dose, both 

on site and off site. Targets 6 and 8 provide BSOs 

and BSLs for assessing the overall adequacy of the 

safety measures and other plant features 

contributing to safety, and to assist in identifying 

areas where further risk reduction may be 

reasonably practicable. The overall risk impact 

from all facilities on the site should also be 
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reasonably practicable. The overall risk impact to 

individuals from all the facilities on a site is also 

to be assessed, using Targets 5 and 7. 

assessed against Targets 5 and 7. 

597 

The third element of the fault analysis, severe 

accident analysis (SAA), considers significant but 

unlikely accidents and provides information on 

their progression, both within the facility and also 

beyond the site boundary. This is used, for 

example, to inform emergency measures that may 

be taken to limit doses. SAA is particularly 

important in assessing the overall impact of the 

site in terms of the risks of major accidents that 

could lead to significant off-site consequence. This 

is addressed by Target 9 for societal risk.  

The third form of fault analysis, SAA, considers 

significant but unlikely accidents and provides 

information on their progression, both within the 

facility and also beyond the site boundary. This is 

used, for example, to inform emergency 

preparedness and other measures that may be 

taken to control severe plant conditions (see Levels 

4 and 5 in EKP.3). SAA is particularly important 

in assessing the overall impact of the site in terms 

of the risks of major accidents that could lead to 

significant off-site consequence. These are 

addressed in the highest dose band of Target 8 and 

also by Target 9 for societal risk. 

 

New 
Para 

 Targets 4, 6 and 8 are written in terms of bands 

(staircases) of increasing dose consequence.  

These targets are intended to be applied 

recognising fault analysis is not an exact science. 

Therefore, in line with NT.3, where the estimated 

consequences of a fault or accident lie just outside 

a given band (either in terms of frequency or 

dose), the targets for the higher (more onerous) 

band may be more appropriate, for example once 

allowance for the degree of conservatism and 

uncertainties are taken into account. 

 

598 

Dose targets for design basis fault 
sequences 
The BSOs are set at levels where the consequences 

determined from the analysis of the fault sequences 

are insignificant. Inspectors should expect that 

these levels will normally be met through 

installation of appropriately engineered safety 

measures rather than mitigating systems (see 

Dose targets for design basis fault 
sequences 
The numerical targets for DBA represent criteria 

for assessing the safety of the facility’s design and 

operations for significant faults. They are based on 

initiating fault frequencies and so take no account 

of the reliability of the claimed safety measures. 

Instead, they place the focus on the effectiveness of 

Final sentence is from para 599 
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paragraph 142). the safety measures in addressing the fault’s 

consequences (effective dose). The BSOs are set at 

levels where the consequences will be broadly 

acceptable, given the likelihood of the initiating 

fault. Consequences at these low levels will 

normally only be achievable through installation 

of appropriately engineered safety measures 

rather than mitigating systems (see paragraph 

142). The DBA should demonstrate that adequate 

robust safety measures are in place, including the 

presence of at least one intact barrier at sequence 

termination. 

599 

For ‘frequent’ faults (with an initiating fault 

frequency exceeding 1 x 10
-3

 pa), the BSLs are 

based on the legal limits for normal operation (see 

Targets 1 and 3). Higher potential doses may be 

shown to be ALARP for less frequent initiating 

faults, as indicated by the stepped relationships 

between BSL and frequency in Target 4. Other 

relationships between dose and frequencies can be 

used, but the model adopted should be justified. In 

addition to showing that adequate safety measures 

are in place, DBA should demonstrate that at least 

one physical barrier remains intact and without 

threat to its integrity (see paragraph 521). 

For ‘frequent’ faults (ie those with an initiating 

fault frequency exceeding 1 x 10
-3

 pa) the BSLs are 

set at the legal limits for normal operational 

exposures.  For less frequent faults, higher fault 

consequences are likely to be consistent with 

reducing risk to ALARP, other numerical targets 

notwithstanding, leading to the stepped 

relationship shown schematically in paragraph xx. 

Some text moved to the previous para.  Remainder 

simplified. 

Target 4 

Design basis fault sequences – any person  

The targets for the effective dose received by any 

person arising from a design basis fault sequence 

are:  

On-site 

BSL: 20 mSv for initiating fault frequencies 

exceeding 1 x 10
-3

 pa  

 200 mSv for initiating fault frequencies 

between 1 x 10
-3

 and 1 x 10
-4

 pa  

 500 mSv for initiating fault frequencies 

Design basis fault sequences – any person 

The targets for the effective dose received by any 

person arising from a design basis fault sequence 

are:  

On-site: 

BSL: 20 mSv for initiating fault frequencies 

exceeding 1 x 10
-3

 pa  

 200 mSv for initiating fault frequencies 

between 1 x 10
-3

 and 1 x 10
-4

 pa  

 500 mSv for initiating fault frequencies 
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less than 1 x 10
-4

 pa  

BSO:  0.1 mSv  

 

Off-site  

BSL:  1 mSv for initiating fault frequencies 

exceeding 1 x 10
-3

 pa  

 10 mSv for initiating fault frequencies 

between 1 x 10
-3

 and 1 x 10
-4 

pa  

 100 mSv for initiating fault frequencies 

less than 1 x 10
-4

 pa.  

BSO:  0.01 mSv 

between 1 x 10
-4

 and 1 x 10
-5

 pa. 

BSO:  0.1 mSv  

 

Off-site:  

BSL:  1 mSv for initiating fault frequencies 

exceeding 1 x 10
-3

 pa  

 10 mSv for initiating fault frequencies 

between 1 x 10
-3

 and 1 x 10
-4 

pa  

 100 mSv for initiating fault frequencies 

between 1 x 10
-4

 and 1 x 10
-5

 pa.  

BSO:  0.01 mSv 

New 
para 

 As noted in paragraph 595, the BSLs in Target 4 

are also used as screening criteria to assist when 

identifying which faults should qualify for DBA. 

 

600 

For each design basis fault sequence or bounding 

case leading to a potential dose to any person, the 

radiological analysis to determine the maximum 

dose should be performed on a conservative basis. 

 Deleted.  Made part of para 601 

601 

In addition to the general requirements of Principle 

FA.3 (paragraph 504 f.), it should be assumed for 

off-site releases that:  

a) the person remains at the point of greatest dose 

for the maximum duration, although for extended 

faults a more realistic occupancy may be assumed 

after a suitable interval;  

b) the conditions under which the fault is analysed 

has characteristics which produce the highest dose 

to that person; and  

c) no emergency countermeasures are 

implemented, other than those whose 

implementation is shown to be highly likely. 

The effective doses calculated for comparison with 

Target 4 should be evaluated conservatively.  In 

addition to the general aspects set out in 

paragraphs 505ff, it should be assumed for off-site 

releases that:  

a) the person remains at the point of greatest dose 

for the maximum duration, although for extended 

accidents a more realistic occupancy may be 

assumed after a suitable interval;  

b) the conditions under which the accident is 

analysed has characteristics which produce the 

highest dose to that person; and  

c) no emergency countermeasures are 

implemented, other than those whose 

implementation is shown to be highly likely. 

 

602 
Assessment of individual risk to people on 
the site from accidents 

Assessment of individual risk to people on 
the site from accidents 
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Targets 6 and 8 provide BSOs and BSLs for a 

single facility with which the PSA results may be 

compared to assist judgements on:  

a) the overall adequacy of the safety measures and 

other plant features contributing to safety; and  

b) identifying areas in which further risk reduction 

may be reasonably practicable. 

The principal risk targets set for accidents apply to 

individual nuclear facilities rather than whole 

sites: Target 6 sets out frequency-based BSLs and 

BSOs for a person on the site from a single 

accident. Target 8 is for any person off the site and 

provides BSLs and BSOs that represent the total 

frequency of all the accidents in each dose band.  

PSA results may be compared with these targets to 

assist judgements on:  

a) the overall adequacy of the safety measures and 

other plant features (e.g. safety-related systems) 

contributing to safety; and  

b) identifying areas in which further risk reduction 

may be reasonably practicable. 

603 

The overall risk impact to individuals from all the 

facilities on a site should be assessed using 

Targets 5 and 7. 

Targets 5 and 7 are set in terms of the overall 

(summated) risk impact to individuals from all the 

facilities on a site.  The values used for these 

targets have been taken from R2P2. 

 

604 

The majority of the risk to people on the site is 

associated with normal operation, and hence the 

BSL for accidents in Target 5 is set at 1 x 10
-4 

pa. 

The BSO value is chosen as 1 x 10
-6

 pa as being 

reasonably consistent with the broadly acceptable 

level in R2P2
1
. However, the BSL and BSO risk 

levels in Target 5 are substantially lower than the 

risk levels associated with Target 1 for employees 

working with ionising radiation. In those cases 

where the risk from normal operation is predicted 

to be well below the BSL of Target 1, it may be 

acceptable for a trade-off to be made between the 

normal operation risk and the accident risk, 

provided the dutyholder makes an acceptable case 

for doing so. 

Since the majority of the risk to people on UK 

nuclear sites is associated with normal operations, 

the BSL for accidents in Target 5 is set lower than 

recommended in R2P2, at 1 x 10
-4 

pa rather than 

at 1 x 10
-3

pa. The BSO value is however set in line 

with R2P2, at 1 x 10
-6

 pa. These risk levels are 

substantially lower than the risk levels associated 

with Target 1 for employees working with ionising 

radiation. Dutyholders may therefore propose 

alternative  targets applying a different trade off 

between normal operational risk and accident risk. 

Such alternative targets are acceptable provided 

they are suitably justified. 

 

605 
The estimation of individual risk is subject to 

assumptions regarding occupancy, shift-working 

Estimation of individual risk on site (Target 5) 

often requires assumptions regarding occupancy, 

This para has been clarified, promoting material from 

the Numerical Targets Explanatory Note 
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etc and does not clearly emphasise the importance 

of prevention rather than mitigation. Hence, 

inspectors should also consider, particularly 

where estimated risks are low because of such 

factors, whether the event incidence is ALARP. 

Target 6 sets reasonable expectations for event 

frequency against dose, where it is assumed a 

worker could be present. 

shift-working etc and so the numerical result by 

itself does not clearly emphasise the importance of 

seeking prevention and protection rather than 

mitigation. It is important therefore that any 

occupancy (etc) assumptions are properly 

reflected in formal control measures and are 

clearly set out in the analysis so that the calculated 

risks take proper account of their potential failure. 

Target 6 is helpful in this respect as it sets 

reasonable expectations for the frequency of single 

accidents as a function of dose where a worker is 

assumed to be present. Setting the target in these 

terms means that occupancy effects are removed 

from the calculations; the target thus forces a 

focus on prevention and protection in line with 

EKP.5. 

606 

Care should also be taken when assessing risks 

based on short-term exposure. Provided sufficient 

controls and/or alarms are in place, inspectors 

can take into account countermeasures. This target 

also provides some measure of the safety of groups 

of workers who might be affected in a single 

incident. 

Care needs also to be taken when assessing risk 

results that are based on short-term exposure.  

Provided sufficient controls and/or alarms are in 

place, inspectors can take these into account, 

though the analysis will also need to consider their 

potential failure. 

 

Target 5 

Individual risk of death from on-site accidents – any 
person on the site    

The targets for the individual risk of death to a 

person on the site, from on-site accidents that 

result in exposure to ionising radiation, are:  

BSL: 1 x 10
-4 

pa  

BSO: 1 x 10
-6

 pa 

Individual risk of death from accidents – any person 
on the site    

The targets for the individual risk of death to a 

person on the site, from accidents at the site 

resulting in exposure to ionising radiation, are:  

BSL: 1 x 10
-4 

pa  

BSO: 1 x 10
-6

 pa 

 

Target 6 

Frequency dose targets for any single accident – any 
person on the site   

The targets for the predicted frequency of any 

single accident in the facility, which could give 

doses to a person on the site, are: 

Frequency dose targets for any single accident – any 
person on the site   

The targets for the predicted frequency of any 

single accident in the facility, which could give 

doses to a person on the site, are: 
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Effective dose, mSv Predicted frequency  

   per annum 

   BSL  BSO 
 

2 – 20   1 x 10
-1

  1 x 10
-3

 

20 – 200   1 x 10
-2

  1 x 10
-4

 

200 – 2000  1 x 10
-3

  1 x 10
-5

  

> 2000   1 x 10
-4

  1 x 10
-6 

 

Effective dose, mSv Predicted frequency  

   per annum 

   BSL  BSO 
 

2 – 20   1 x 10
-1

  1 x 10
-3

 

20 – 200   1 x 10
-2

  1 x 10
-4

 

200 – 2000  1 x 10
-3

  1 x 10
-5

  

> 2000   1 x 10
-4

  1 x 10
-6 

607 

For a fault sequence, the maximum effective dose 

is the predicted dose to the worker who could 

potentially be most exposed to ionising radiation 

and may be calculated using a best estimate 

approach. Where this is not practicable, reasonably 

conservative assumptions may be made. Simple 

assumptions about the radiation source(s), the 

location where the maximum potential exposure 

occurs, the exposure pathways and the exposure 

times, should generally be sufficient to give 

reasonable dose estimates. The effects of any 

mitigating action may also be taken into account if 

a satisfactory case has been made for them. For 

each fault sequence, the risk of death can then be 

determined using appropriate dose risk conversion 

factors and by taking account of the probability 

that an employee will be in the location where the 

potential exposure is greatest. 

Ideally, best estimate methods should be used to 

calculate frequencies used for Targets 5 and 6 and 

for the predicted dose to the most exposed person 

on the site. Where this is not practicable, 

reasonably conservative assumptions may be 

made. The effects of any mitigating action may 

also be taken into account if a satisfactory case has 

been made for them.  

Para 607 split 

 

 When applying Target 5, the risk of death for each 

fault sequence should be determined using 

appropriate dose-risk conversion factors and may 

take account of occupancy factors.  Care will 

however be needed to ensure that the appropriate 

combinations of doses and probabilities are 

selected which avoid underestimating the risk. 

 

608 There should be checks to ensure that the overall There should be checks to ensure that the Target 5  
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BSL level of 1 x 10
-4

 pa in Target 5 is not 

exceeded, particularly if there are dose bands 

where the predicted frequencies approach the BSL 

levels. In determining the risk to the most exposed 

worker on site, due account should be taken of risk 

contributions from other facilities, where 

appropriate. Alternative methods and data, 

including different dose and frequency bands, may 

be used by the dutyholder to determine worker 

risks. Where this is done the case should be 

assessed in a similar way to that given above. 

BSL is not exceeded, particularly if there are 

contributing dose bands in Target 6 where the 

predicted frequencies approach its BSLs. In 

determining the risk to the most exposed person on 

site, due account should be taken of risk 

contributions from all facilities on the site, and not 

just the facilities where the person usually works.  

 

 Alternative methods and data, including different 

dose and frequency bands, may be used by the 

dutyholder to determine worker risks. Where this 

is done, the case should nevertheless be assessed 

as described above. 

 

609 

This target is not intended to include the risks 

associated with personnel returning to perform 

recovery actions after a radiation accident or 

emergency. 

Targets 5 and 6 are not intended to include the 

risks associated with personnel returning to 

perform recovery actions after an accident once a 

stable safe state has been reached. 

 

610 

Individual risk to people off the site from 
accidents 
The basis of Target 7 is that the individual risk to 

people off the site from accidents on the site should 

be analysed. This requirement is supported by 

Target 8, which is facility-based, in the form of a 

dose ladder. The facility-based target allows 

consideration of safety cases where the overall 

effect on the risk from the site is small. However, 

should there be a significant change to the risks 

from single facilities or a major new risk is added 

to the site, the individual risk from the site should 

also be considered. 

Assessment of individual risk to people off 
the site from accidents 
The basis of the offsite risk target, Target 7 is that 

the individual risk to people off the site from the 

summation of all potential accidents on the site 

needs to be understood and properly controlled. 

This target is supported by Target 8, which is 

facility-based, in the form of a dose-frequency 

staircase derived from Target 7. The facility-based 

target is usually the principal target applied for 

accident risk assessments on the grounds that most 

safety cases do not change the overall risk from 

the site significantly. However, should there be a 

significant increase in the risks from single 

facilities or a major new risk added to the site, 
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then summated site risk will need to be re-analysed 

and compared with Target 7. 

611 

The individual risk levels in R2P2
1
 include the 

risks arising from normal operational doses. 

Although the legal limit of 1 mSv equates to a risk 

of death of a few times 1 x 10
-5

 pa, in general the 

normal operational doses received are 

significantly lower. Therefore this risk is not 

significant in setting the individual risk for 

accidents. 

The individual risk levels in R2P2
1
 include the 

risks arising from normal operational doses. 

Although the legal limit of 1 mSv (Target 3 BSL) 

equates to a risk of death of a few times 1 x 10
-5

 

pa, in general the normal operational doses 

received are significantly lower. Therefore normal 

operational risks are not a significant factor when 

setting individual risk targets for accidents. 

Moreover, it is very unlikely that the predicted 

risks from normal operation and accidents will 

both be near the BSL for any particular individual. 

As such, the BSL and BSO for Target 7 have been 

set in line with R2P2. 

 

612 

To estimate the individual risk to a person outside 

the site, it is necessary to take account of a wide 

range of parameters such as the probability that a 

hypothetical person will receive the dose given 

that the accident has occurred, allowing for wind 

and weather conditions and the effect of 

countermeasures. A particular issue is the physical 

position of the hypothetical person. 

To estimate the individual risk to a person outside 

the site, it is necessary to take account of a wide 

range of parameters such as the probability that a 

hypothetical person will receive a particular dose 

given that the accident has occurred, allowing for 

wind and weather conditions and the effect of 

countermeasures. The physical position assumed 

for the hypothetical person will also be a critical 

feature of the analysis. 

 

613 

The dose ladder in Target 8 is based on the 

premise that the larger the potential consequences 

of an accident, the smaller should be its frequency. 

The severity of the accident is represented by the 

effective dose that would be received by a 

hypothetical person. The BSL and BSO dose bands 

in Target 8 relate, in an approximate fashion, to 

the off-site actions that could be expected in the 

event of an accident leading to those doses (see 

box after paragraph 621). These demonstrate that 

the dose bands are a suitable surrogate for a 

The dose-frequency staircase in Target 8 is based 

on the premise that the larger the potential 

consequences of an accident, the smaller should be 

its frequency. The severity of the accident is 

represented by the effective dose that would be 

received by a hypothetical person. The BSL and 

BSO dose bands in Target 8 relate, in an 

approximate fashion, to the off-site actions that 

could be expected in the event of an accident 

leading to those doses (see box after paragraph 

621). These suggest that the dose bands are 
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range of events, including risk of death, which 

could affect the individual from different levels of 

accident. 

generally a suitable surrogate for a range of other 

possible alternative measures of risk, including 

risk of death. Additionally, dutyholders may well 

be able to demonstrate broad compliance with 

Target 7 by making use of Target 8 results 

summated facility by facility. 

614 

A single facility which just met the BSLs in the 

dose ladder, allowing for variability of wind 

direction, would give a maximum individual risk of 

death to a person outside the site of about 1 x 10
-5

 

pa, ignoring countermeasures. This is consistent 

with the recommendations in the Barnes Report for 

Hinkley Point C
11

. 

A single facility which just meets all the BSLs in 

Target 8, allowing for variability of wind 

direction, would give a maximum individual risk of 

death to a person outside the site of about 1 x 10
-5

 

pa, ignoring countermeasures. This is consistent 

with the recommendations in the 1990 Barnes 

Report for Hinkley Point C
11

 and an order of 

magnitude less than the BSL for Target 7 (which is 

set in terms of summed site risk and so includes 

contributions to the risk from the individual 

facilities on the site).  

 

615 

A similar estimate can be made for a facility that 

just met the BSO frequencies, giving an individual 

risk of the order of 1 x 10
-7

 pa. These frequencies 

are less than the individual risk target for a site of 

1 x 10
-4

 pa and 1 x 10
-6

 pa, which are in line with 

the levels proposed in TOR
2
 and R2P2

1
 for 

industrial hazards. 

A similar estimate can be made for a facility that 

just meets the BSO frequencies in Target 8, giving 

an individual risk of the order of 1 x 10
-7

 pa. This 

is an order of magnitude below the individual site 

risk BSO of 1 x 10
-6

 pa in Target 7. 

Last sentence not needed as now stated in para 603 

 

 As with the other risk-based numerical targets, 

Targets 7 and 8 have been set to enable 

assessment of safety case risks and frequencies 

evaluated on a best estimate basis. 

From para 620 

Target 7 

Individual risk to people off the site from accidents  

The targets for the individual risk of death to a 

person off the site, from on-site accidents that 

result in exposure to ionising radiation, are:  

BSL: 1 x 10
-4

 pa  

BSO: 1 x 10
-6

 pa 

Individual risk to people off the site from accidents  

The targets for the individual risk of death to a 

person off the site, from accidents at the site 

resulting in exposure to ionising radiation, are:  

BSL: 1 x 10
-4

 pa  

BSO: 1 x 10
-6

 pa 

 

616 In comparing Target 7 with Target 5, the worker As noted in para 611, in comparing Target 7 with  
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on the site is also exposed to the risk from normal 

operational doses which are a more significant 

fraction for persons on-site than persons off-site. 

Target 5, it should be recalled that workers on the 

site are also exposed to risks from normal 

operational doses; these are a more significant 

fraction for persons on-site than persons off-site. 

Taking this factor into account brings these two 

targets into alignment with one another. 

617 

In determining the individual risk from a site that 

contains several facilities that have been assessed 

independently, the inspector should refer to 

Principle ST.6 (paragraph 122 f.). 

The individual risk from a site that contains 

multiple facilities should be determined from an 

appropriate sum of the individual contributions. In 

practice, dutyholders often choose to adopt a risk 

quota approach, facility by facility.  In such cases, 

the quota sums should be compared with the BSOs 

and BSLs in this target. 

 

Target 8 

Frequency dose targets for accidents on an individual 
facility – any person off the site  

The targets for the total predicted frequencies of 

accidents on an individual facility, which could 

give doses to a person off the site are: 

Effective dose, mSv  Total predicted  

   frequency per annum 

   BSL BSO 

0.1 – 1   1           1 x 10
-2

 

1 – 10   1 x 10
-1

 1 x 10
-3

 

10 – 100   1 x 10
-2

 1 x 10
-4

 

100 – 1000  1 x 10
-3

 1 x 10
-5

 

> 1000   1 x 10
-4

 1 x 10
-6

 

Frequency dose targets for accidents on an individual 
facility – any person off the site  

The targets for the total predicted frequencies of 

accidents on an individual facility, which could 

give doses to a person off the site are: 

Effective dose, mSv  Total predicted  

   frequency per annum 

   BSL BSO 

0.1 – 1   1           1 x 10
-2

 

1 – 10   1 x 10
-1

 1 x 10
-3

 

10 – 100   1 x 10
-2

 1 x 10
-4

 

100 – 1000  1 x 10
-3

 1 x 10
-5

 

> 1000   1 x 10
-4

 1 x 10
-6 

 

618 

The facility safety should be balanced, that is, no 

single class of accident should make a 

disproportionate contribution to the overall risk, eg 

of the order of one tenth of the frequency in each 

dose band. 

The risks from the facility should be balanced; that 

is, no single class of accident should make a 

disproportionate contribution to the overall risk, eg 

of the order of one tenth of the frequency targets 

for each dose band. 

 

619 

As doses increase above 1000 mSv, the risk of 

prompt death should be considered and the 

analysis should also be assessed against the 

societal risk levels in Target 9. 

Where estimated doses are above about 1000 mSv, 

the risk of prompt death should also be considered 

and the analysis extended to enable assessment 

against the societal risk levels in Target 9. 
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620 

The risks and frequencies in these numerical 

targets should, as far as possible, be realistic 

estimates for the specified accidents occurring on 

the facility. 

 Text moved above to after para 615 and re-phrased 

621 

Radiological analysis to evaluate maximum 

effective dose in PSA should be carried out for a 

hypothetical person located at the distance of the 

nearest habitation (ie any place with significant 

daily occupancy), or one kilometre from the 

facility, whichever is nearer, or at the point of 

greatest dose if that is further away. The person 

should be assumed to remain directly downwind of 

the release point for the duration of the release. 

The best estimate dose should be calculated as the 

expected value over the possible weather 

conditions. 

Radiological analysis to evaluate the effective dose 

for Target 8 should be carried out for a 

hypothetical person located at the distance of the 

nearest habitation (ie any place with significant 

daily occupancy), or one kilometre from the 

facility, whichever is nearer, or at the point of 

greatest dose if that is further away. The person 

should be assumed to remain directly downwind of 

the release point for the duration of the release. For 

Target 7, the analysis should identify the 

hypothetical person at most risk overall. This will 

normally be one of the hypothetical persons 

selected for one of the facilities on the site.  They 

may however, not be the one closest to the site 

given variations in individual facility risk and 

prevailing wind directions. For both Targets 7 and 

8, the estimated effective dose should be 

calculated as the expected value over the possible 

weather conditions, taking account of prevailing 

wind direction probabilities. 

 

 

The BSL/BSO dose bands in Target 8 can be 

related in an approximate fashion to the off-site 

actions which could be expected following an 

accident, namely:  

 

0.1-1 mSv  

• additional off-site radiation and 

contamination surveys;  

• possibility of advice being given to 

restrict the use of foodstuffs produced 

close to the site;  

The BSL/BSO dose bands in Target 8 can be 

related in an approximate fashion to the off-site 

actions which could be expected following an 

accident, namely:  

 

0.1-1 mSv  

• additional off-site radiation and 

contamination surveys;  

• possibility of advice being given to 

restrict the use of foodstuffs produced 

close to the site;  

This has been made specific to reactors as stable 

iodine would not necessarily be issued in other cases 
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1-10 mSv  

• increased off-site surveys; restrictions 

on the use of foodstuffs likely to be 

implemented;  

• sheltering or issue of stable iodine may 

be considered in areas very close to the 

site;  

10-100 mSv  

• restrictions on foodstuffs likely to be 

implemented many kilometres from the 

site;  

• sheltering or issue of stable iodine likely 

to be implemented;  

• evacuation may be considered in areas 

immediately adjacent to the site;  

100-1000 mSv  

• restrictions on foodstuffs likely to be 

extensive;  

• sheltering or issue of stable iodine likely 

to be implemented to several kilometres 

from the site;  

• evacuation of nearby population likely 

to be implemented. 

1-10 mSv  

• increased off-site surveys; restrictions 

on the use of foodstuffs likely to be 

implemented;  

• sheltering or issue of stable iodine (for 

power reactors) may be considered in 

areas very close to the site;  

10-100 mSv  

• restrictions on foodstuffs likely to be 

implemented many kilometres from the 

site;  

• sheltering or issue of stable iodine (for 

power reactors) likely to be implemented;  

• evacuation may be considered in areas 

immediately adjacent to the site;  

100-1000 mSv  

• restrictions on foodstuffs likely to be 

extensive;  

• sheltering or issue of stable iodine (for 

power reactors) likely to be implemented 

to several kilometres from the site;  

• evacuation of nearby population likely 

to be implemented. 

622 

Societal risk 

Severe accident analysis (SAA) considers major 

but very unlikely accidents and provides 

information on their progression, both within the 

facility and also beyond the site boundary. As the 

SAA forms an input to the PSA, it does not have a 

separate numerical target. However the SAA will 

be important in assessing the overall impact of the 

site in terms of the risks of major accidents that 

could lead to significant off-site consequences The 

nature of radioactive release from a major 

Societal risk 

Severe accident analysis (SAA) considers major 

but very unlikely accidents and provides 

information on their progression, both within the 

facility and also beyond the site boundary. As the 

SAA forms an input to the PSA, it does not have a 

separate numerical target.  

 

Paragraph split in two. 
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accident at a nuclear site will mean that long term, 

large distance stochastic effects are important, and 

the effect of the weather should be considered. 

This is addressed by Target 9 for societal risk. 

 

 The SAA is important in determining the overall 

impact of the site in terms of the risks of major 

accidents with significant off-site consequences. 

The nature of such accidents means that long term, 

large distance stochastic effects will be important, 

though the magnitude of these depends strongly on 

the weather. Such accidents may have significant 

regional or national consequences and so are 

considered to pose a societal risk. Societal risks 

from severe accidents are addressed by Target 9. 

 

623 

As a measure of the societal concerns that would 

result from a major accident, a representative 

target has been defined, It is based on an accident 

leading to an immediate or eventual 100 or more 

fatalities, mainly from very low doses to very large 

populations leading to stochastic deaths. The 

target does not in itself cover all the factors 

related to societal concerns. In making an ALARP 

demonstration the consequences in terms of other 

societal effects must also be considered. 

As a measure of the societal concerns that would 

result from a major accident, a representative 

target has been defined, It is based on an accident 

leading to an immediate or eventual 100 or more 

fatalities, likely to be mainly from very low doses 

to very large populations (ie stochastic deaths). 

The target does not in itself cover directly all the 

factors related to societal concerns (e.g. 

environmental damage, clean-up costs etc) but is 

intended instead to be a surrogate to reflect these 

aspects. In addition, dutyholders’ ALARP 

demonstrations must also include all applicable 

societal effects directly attributable to the 

accident. 

 

Target 9 

Total risk of 100 or more fatalities  

The targets for the total risk of 100 or more 

fatalities, either immediate or eventual, from on-

site accidents that result in exposure to ionising 

radiation, are:  

BSL: 1 x 10
-5

 pa  

Total risk of 100 or more fatalities  

The targets for the total risk of 100 or more 

fatalities, either immediate or eventual, from 

accidents at the site resulting in exposure to 

ionising radiation, are:  

BSL: 1 x 10
-5

 pa  
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BSO: 1 x 10
-7

 pa BSO: 1 x 10
-7

 pa 

624 

The safety case should identify accidents that 

result in source terms that could cause 100 or more 

deaths. The total risk should be calculated taking 

account of the frequency distribution of the source 

terms together with probabilistic weather 

conditions. In estimating the risks fatalities both 

on-site and off-site should be included. 

The safety case should identify accidents with 

source terms that could cause 100 or more deaths. 

The total risk should be calculated taking account 

of the accident frequency distribution of these 

source terms applying probabilistic weather 

condition assumptions. In estimating the risks, 

fatalities both on and off the site should be 

included. 

 

625 

It is expected that a significant proportion of the 

fatalities resulting from these accidents will 

involve stochastic deaths, which are typically 

estimated using collective dose calculations. Based 

on studies carried out by the Health Protection 

Agency (HPA), the integration of these effects 

should be over 100 years and restricted to the UK 

population. These assumptions are implicit in the 

targets. 

It is expected that a significant proportion of the 

fatalities resulting from a severe accident will 

involve stochastic deaths, which are typically 

estimated using collective dose calculations. Based 

on studies carried out by Public Health England 

(formerly the Health Protection Agency, HPA), the 

integration of these effects should be over 100 

years and restricted to the UK population. These 

assumptions are implicit in Target 9. 

 

626 

Weather conditions should be based on 

meteorological data appropriate to the site. 

Population data should be based on current 

demography, but reasonable expectations for 

changes in the future should be considered in a 

sensitivity analysis. 

Weather conditions should be based on 

meteorological data appropriate to the site. 

Population data should be based on current 

demography, but reasonable expectations for 

changes in the future should be considered in a 

sensitivity analysis. 

 

627 

The ability to implement off-site countermeasures 

should be based on current UK and relevant 

international advice and should be demonstrated in 

the safety case. Similarly, assumptions that the on-

site effects will be limited by the implementation 

of accident management and emergency 

preparedness arrangements should be 

demonstrated. 

The ability to implement off-site countermeasures 

should be based on current UK and relevant 

international advice and, where claimed, should be 

justified in the safety case. Similarly, assumptions 

that on-site effects will be limited by the 

implementation of accident management and 

emergency preparedness arrangements should be 

properly justified. 

 

628 
This target should be used as a guide to the extent 

to which more detailed analysis is warranted. 

Accidents where the consequences are less than 

 Para deleted as adds no value: That ALARP applies 

in these circumstances is a matter of basic inspector 

training; Cases where the predicted number of deaths 
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100 deaths should also be considered in the overall 

ALARP demonstration if their frequency is above 

the BSO. If accidents can occur with the potential 

to exceed 100 deaths, ALARP considerations must 

include them. In particular, if the key assumption 

in framing the target - that a significant proportion 

of the fatalities will involve stochastic deaths - is 

not met, inspectors should consider the 

implications when making regulatory decisions. 

falls below 100 is covered by Target 8; The final 

sentence, relating to cases where a significant 

number of deaths are non-stochastic, is too imprecise 

to be of any specific use to inspectors. 

629 

Dealing with time at risk situations 
The risk targets set out above are given as 

frequencies based on annual averages. 

Circumstances will arise where a higher risk will 

exist for shorter periods of time that make the use 

of annualised frequency targets unrealistic. A 

decision has to be made as to whether additional 

safety measures are needed to maintain ALARP. 

Generally, the increased risk exists for periods 

much shorter than a year, but clean-up and 

decommissioning activities may also entail periods 

of elevated risk where arguments related to the 

timescale of the activity may be relevant. 

Dealing with time at risk situations 
Most of the risk targets set out above are given as 

frequencies based on annual averages. 

Circumstances will arise however, where a higher 

risk will exist for shorter periods of time that make 

the use of annualised frequency targets difficult to 

apply. A decision nevertheless has to be made as 

to whether additional safety measures are needed 

to reduce these higher risks to ALARP. Clean-up 

and decommissioning activities may also entail 

periods of elevated risk where arguments related 

to the timescale of the activity may be important. 

 

New 
para 

 There are three main situations where dutyholders 

may argue the acceptability of increased risk for 

relatively short periods in order to justify not 

improving safety to a level that would otherwise be 

reasonably practicable in continuous, long-term 

operation: 

a) Through life – Where a short-term increased 

risk is needed for continued normal operation 

of the facility. Examples here include 

undertaking certain maintenance activities; 

temporary disconnection of safety measures 

to allow completion of essential tasks or 

other intermittent activities that are required 

Para moved from 620 
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to sustain operation. 

b) Residual facility life – Where an ageing 

facility may now have eroded safety margins, 

for example due to ageing effects, or its risks 

may appear high when compared to modern 

standards. These higher risks may be argued 

to be acceptable because the short residual 

operating life of the facility means that 

significant investment is not reasonably 

practicable. 

c) End of life legacy – Where clean-out or 

decommissioning of a facility causes short 

periods of increased risk compared to those 

prior to these activities commencing. 

Dutyholders may argue this is unavoidable if 

remediation of the facility is to be completed 

and that the risks are acceptable when 

balanced against the risk reductions to be 

gained in the longer term. 

New 
para 

 The guidance in this section has been written to 

apply to all three situations described above. 

Moved from para 620 

NT.2 
Time at risk 
There should be sufficient control of radiological 

hazards at all times. 

Time at risk 
There should be sufficient control of radiological 

hazards at all times. 

 

630 

An important factor in assessing short-term risks is 

the degree of independence between the reason for 

the risk being only present for a short period and 

the fault or hazard causing the risk. In particular, 

consideration should be given to:  

a) independence between the initiating event and 

the activity or operation being undertaken;  

b) the degree of control that the dutyholder has 

over the initiating event and the activity or 

operations; and  

c) the degree to which the risk only arises due to 

 Para deleted in favour of re-written guidance below 
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the activity being undertaken (eg lifting 

operations). 

631 

Any period in which the risk is elevated (eg due to 

equipment unavailability or occupancy of 

hazardous areas) must be subject to a specific 

demonstration that risks are controlled ALARP. 

The period of elevated risk should be as short as 

reasonably practicable. 

Any period in which the risk is elevated (eg due to 

any of the reasons a) to c) listed in para XX629+1) 

must be subject to a specific demonstration that 

risks are controlled to ALARP. The period of 

elevated risk should be as short as reasonably 

practicable. The short duration of the increased 

risk should not be used as the sole argument for 

justifying risks are ALARP. 

Final sentence has been moved from para 638 

632 

The safety case should not rely solely on numerical 

risk estimates or on averaging risk over a longer 

period of time. Good engineering and operational 

practices should be prominent in the case. 

The safety case should not rely solely on 

numerical risk estimates or on averaging risk over 

a longer period of time. Instead, sufficient 

protection based on good engineering and 

administrative controls should be available and 

prominent in the safety case. The extent of the 

protection should be commensurate with the 

prevailing level of risk, taking due account of the 

hierarchy of safety measures described in 

paragraph 146 (EKP.5) and considering all levels 

of defence in depth (EKP.3). 

Paras 632 and 633 are now combined 

633 

Sufficient protection based on engineering and 

operational considerations should be retained. If 

this is not reasonably practicable, adequate 

substitution arrangements should be considered. 

The extent of protection should be commensurate 

with the level of risk at the time that it is present. 

 Text moved to para 632 

634 

Any reasonably practicable step that can be taken 

to eliminate or mitigate a radiological hazard 

should normally be taken even though the time at 

risk may be short. 

Any reasonably practicable step that can be taken 

to eliminate, reduce or mitigate increased risks 

should be taken even though the time of higher 

risk may be short 

 

 

 Means of reversing the situation or otherwise 

recovering control should be available in the event 

that a significant deviation from the basis of safety 

or operational intent occurs. Reasonably 

Text moved from paras 635 and 636 and enhanced 
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practicable contingency measures should also be 

identified to manage safety should such a reversal 

or recovery not be possible, including temporarily 

enhanced accident management arrangements. 

635 

During operations which impose a planned short 

term risk, means for monitoring the actual facility 

state should be in place to ensure that the mode of 

operation and the time during which it persists 

meet the assumptions in the safety case. Where 

possible, means to reverse the process should be in 

place in the event that it becomes apparent that the 

safety case is not being met. 

During operations which impose a planned, short 

term, elevated risk, appropriate means for 

monitoring the actual facility state should be in 

place to ensure that the mode of operation and the 

time during which it persists, meet the assumptions 

of the safety case. Increased surveillance may form 

part of the overall argument justifying a short term 

period of increased risk. 

 

 

636 

Where reasonably practicable, contingency 

measures should be identified that could cope if 

the situation deteriorates further, including 

accident management arrangements. 

 Text moved to after para 634 

637 

High risks that would exceed BSLs if evaluated as 

continuous risks should be avoided except in 

special circumstances. These circumstances should 

be justified in advance. They may include 

situations not originally foreseen in the design of 

the facility, or which are unavoidable because of 

the need to increase risks for a short time to reach 

a safer state in the long term. 

Short term high risks that would exceed a BSL if 

they had instead been evaluated as a long term 

continuous risk should be avoided except in 

special circumstances. These circumstances should 

be justified in advance. They may include 

situations not originally foreseen in the design of 

the facility, or which are unavoidable because of 

the need to increase risks for a short time in order 

to reach a safer state in the long term (eg in end of 

life legacy situations highlighted in paragraph 

XX629+1). 

 

638 
The extent of the time for which the risk is 

increased should not be the sole argument for 

acceptability that a situation is ALARP. 

 Text moved to para 631 

 


