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Site Population Factors 

Introduction 

It is stated in NuSAC(2008)P12 that site demographic characteristics should be determined in a 

manner analogous to the derivation of Site Population Factors (SPFs) described by 

Openshaw (1986: 208), Appendix A. 

This Addendum provides more detail on the means by which the expression given by Openshaw 

should be adapted for application to new build nuclear facilities in the United Kingdom. 

Where appropriate, the notation used by Openshaw is retained. 

Radial Distance Bands 

Radial distance bands should be defined in one kilometre intervals over the total range of 

demographic interest 1 d d 30   kilometres, or its equivalent in imperial units (one mile intervals r

over the range 1 d d 20  miles). r

The general form 1 d d n  is used in the narrative below where the choice of either metric or r 

imperial units is at the discretion of the analyst. 

Site Population Factors (SPFs) 

It is proposed that SPFs should be determined as a function of radial distance ) (  over the ranger

1 d d n using the following expression:r 

¦ (w j u 'Pj ) 
SPF ) ( for {( j ,1 r), r ,1 n }r 

_ (1) 

¦ (W j u 'P j ) 

r rwhere ) (  is the outer radius of the largest annulus located a distance ) (  from site.  SPFs should 

be evaluated for each distance band in each of the twelve 30º sectors and also for each distance 

band all around the site. 

The matrix of SPFs which results from the application of Eq.1 has the following dimensions: rows 

equivalent to twelve 30º sectors plus all around site, and columns equivalent to the number of 

distance bands. 

Eq.1 has been adapted from the expression given by Openshaw in Appendix A.  At this juncture, 

it is important to note that distinct population weighting factors w j and W j apply to the 

numerator and denominator respectively. 

'Pj is the actual population of the j th annulus, for either a 30º sector annulus or all around site 

annulus. 
_ 

'P j is the population of the j th annulus for a hypothetical population distribution with a 

uniform population density.  They are specified in Table 1 and discussed in more detail below. 
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Viability Condition 

Site selection based on the matrix of SPFs should such judged against the viability condition: 

rSPF ) ( � 0.1 for {( j ,1 r), r ,1 n } (2) 

The application of Eq.2 will invariably involve the identification of the most densely populated 

30º sector, which should be determined by sector rotation of the zero degree datum in either one 

degree or five degree increments contingent on the required degree of rigour and population 

densities around the site. 

For most applications it is anticipated that five degree increments would suffice. 

Population Weighting Factors 

(W j ) and (w j )  are population weighting factors associated with the j th  radial distance band with 

outer radius (rj ) , and inner radius (rj �1)  from site. 

For both reactor and non-reactor facilities, population factors (W j , w j ) take the general form of an 

inverse power law relationship with downwind distance: 

1 
w factors weighting Population j W and j v (3) 

5.1 r 

It is assumed that this relationship is applicable to all prevailing wind speed, atmospheric stability 

class combinations in the United Kingdom. 

Note that different constants of proportionality apply for (w j ) and (W j ) in Eq.3. 

Generic Evaluation of the Site Demographic Characteristics 

For a generic evaluation of the site demographic characteristics, no distinction is made between 

the population weighting factors (w j ) and (W j ) in Eq.(1) such that: 

w j W j (4) 

For a generic site application, Eq.1 thus reduces to the expression given by Openshaw in 

Appendix A. 

Target 4 of the Safety Assessment Principles for Nuclear Facilities (2006) forms the basis for the 

evaluation of the population weighting factors W j . 

For initiating fault frequencies less than 1 u10� 4  per annum, Target 4 prescribes a Basic Safety 

Limit (BSL) of 100 mSv for any person off-site. The 100 mSv effective dose target is set at a level 
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such that fault sequences within the Design Basis should not require the implementation of 

countermeasures which are disruptive to the public. 
1, 2 

The 100 mSv effective dose target, translates to 56.542 mSv when expressed as an average per 

capita effective dose evaluated at the r 1kilometre boundary of the assumed exclusion zone. 
3 

We have therefore: 

542 56 . 
W j . 

r for mSv (km) (5)5 1 w 
rw 

2 

)( 2 
1 

2 
�� jj 

w 

rr 
r (6) 

Eq.6 defines the area weighted mean radius ( r ) in each distance band. w

The denominator in Eq.1 is thus representative of the limiting value for cumulative collective dose 

as a function of downwind distance consistent with Target 4. The numerator in Eq.1 is 

representative of the site specific cumulative collective dose for the nuclear facility. 

The generic evaluation of SPFs sets the benchmark for the level of ALARP justification required 

on a site specific basis as illustrated schematically below in Figure 1. 

Site Specific Evaluation of the Demographic Site Characteristics 

For a site specific evaluation of the demographic site characteristics, population factors w j are 

defined such that: 

w j v
 W (7)j 

The constant of proportionality in Eq.7 should be determined on ALARP grounds such that: 

§
¨ 
¨


·
w j d
0
 �
 0.1 (8)
¸ 
¹
¸
W j©


§
¨ 
¨


·
w j
The justification for the value ascribed to the quantity  in Eq.8 will involve a consideration ¸ 

¹
¸
W j©


1 Design Basis: The range of conditions and events that should be explicitly taken into account in the design of the facility, 

according to established criteria, such that the facility can withstand them without exceeding authorised limits by the planned 

operation of safety systems. 
2 Emergency Reference Levels: criteria for limiting doses to the public in the event of accidental exposure to radiation, National 

Radiological Protection Board, July 1981, ISBN: 0859511596. 

3 27.695 
W j r for mSv (miles) km 1.609344 factor conversion mile 1 

1.5 w 
rw 
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of the actual overall risk spectrum for the site set against the risk targets prescribed in HSE’s 

Safety Assessment Principles for Nuclear Facilities (2006), and will require assessment by NII 

specialist inspectors. 

Figure 1 

Population Density Constraint Limits 

Population density limits for 30º sector, and all around site constraints for remote, semi-urban and 
1

new build nuclear facilities are specified in Table 1. 

The entries in Table 1, have been derived on the following basis: 

x	 Population densities associated with the all around site population constraint limits are 

based universally on 3 u  30º sector limits for all nuclear facilities.  This allows one 

complete quadrant to be fully populated to the limit of its constraint value over the full 

range of demographic interest. 

x	 Population densities associated with the remote site 30º sector population constraint limit 

are based on 1000 persons per square kilometre. 

x	 Population densities associated with the semi-urban 30º sector population constraint limit 

are based on 5000 persons per square kilometre.  Population densities in excess of the 

semi-urban constraint limit define exclusionary criteria. 

1  Table 1: 	 A conversion factor 1.609344 km = 1 mile has been used to derive the cell entries for persons per square mile. 
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Population densities associated with the 30º sector population population constraint limit 

for new build nuclear facilities are based on one-third of the semi-urban population 

constraint limit, 1667 persons per square kilometre. 

30º Sector Population Density Limits All Around Site Population Density Limits 

 Persons per 

square kilometre 

Persons per 

square mile 

Persons per square 

kilometre 

Persons per square 

mile 

Remote Site 1,000 2,590 250 647 

Semi-Urban Site 5,000 12,950 1,250 3,237 

New Build Site 1,667 4,317 417 1,079 

Table 1 
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APPENDIX A 

Extract from Openshaw (1986: 207-209) 
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