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Summary 

This report deals with interventions after a 
nuclear accident, and it also deals with steps 
towards a Nordic - and international - har
monization. 

Differences in the response to an acci
dent, if not well motivated, will give rise to 
confusion and unnecessary concern. In order 
to avoid unnecessary differences in the 
actions, all factors that influence the deci
sion should be analyzed and compared be
tween the Nordic countries in advance. A 
protective action following a nuclear acci
dent may consist of sheltering of the popu
lation, distributing stable iodine tablets, 
evacuation of a contaminated area - later 
followed of by relocation, or eventually by 
re-population of that area. Each of these 
actions brings along certain negative conse
quences. 

From the viewpoint of radiological 
protection, the central issue is whether the 
protective action can avert radiation doses 
sufficiently to offset the negative effects that 
are inevitable as a consequence of the pro
tective action under consideration. Thus, 
from a radiological point of view, the intro
duction of a particular protective action 
should be judged, on the one hand in the 
light of the doses that can be averted, con
sidering all possible exposure pathways, and 
on the other hand by its cost. The term cost 
is used here to cover all negative conse
quences of the action, not only the direct 
monetary cost. 

A joint set of intervention levels, sup
plemented by joint rules on how to apply 
these intervention levels, are central ele
ments in a harmonized policy for interven
tion. 

The aim of the BER-3 project within the 

Nordic Emergency Preparedness Program is 
to present to the Nordic authorities back
ground material for common decisions on 
the most likely protective actions in the case 
of large nuclear accidents. 

In this report sheltering, evacuation and 
relocation are treated in detail. Iodine pro
phylaxis and foodstuff restrictions are brief
ly commented on. 
The basis for this work is the internationally 
accepted basic principles for interventions 
(ICRP and IAEA) 

Shel ter ing 

Sheltering refers to staying or moving into 
dwellings or other buildings, closing door: 
and windows, and turning off any ventila
tion systems in order to prevent the inhala
tion of radioactive material from the outside 
air, as well as to reduce the direct exposure 
from the cloud and from deposits of short
lived surface activity. Sheltering is assumed 
to last a few hours. In this project, a period 
of 6 hours was chosen. 

In the calculation of the avertable effec
tive dose by sheltering, it seems reasonable 
to assume that the introduction of sheltering 
will cause all people oudoors to get indoors 
and that people already indoors will stay 
indoors. For indoor doses the following 
reductions have to be taken into account: 
closing the doors, the windows and the 
ventilation. 

For a person being sheltered the avert
able dose can thus be calculated as 
the sum of the doses when sheltering is not 
performed minus the sum of doses (from all 
pathways) when sheltered. 

The national monetary cost per person of 
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sheltering for 6 hours was found to be in the 
national currencies of 4 Nordic countries: 
DKK:125; FIM:85; NOK:110; SEK:120 
or expressed in ECU with the current rates 
of exchange for Denmark, Finland, Norway 
and Sweden, respetively: 
16.S; 13.4; 13.1; 13.2. 

Evacuation 

Evacuation is the urgent moving of people 
from their normal place of residence, or 
from places at work or recreation, for a 
limited period of time (less than a week), 
primarily in order to avoid deterministic 
(acute) effects and high risks for stochastic 
(late) effects that would otherwise arise in 
the short term. 

By undertaking an evacuation, doses 
could be avoided from inhalation of radioac
tive material and from external exposure 
from the passage of a cloud containing 
radionuclides and from surfaces where ra
dioactive materials with short half-lives have 
been deposited. The dose from inhalation 
will usually be much larger than that from 
external radiation from the cloud. For the 
calculations a period of one week was cho
sen. 

If it is assumed that the dose is zero 
while people are evacuated to a "clean" 
area, the avertable doses can be expressed 
by the sum of the doses that would other
wise have been received. 

Evacuation is a protective action which 
would be implemented to avoid short term 
exposures. The intervention level at which 
evacuation should be introduced can be 
determined in two different ways, namely 
based on the avoidance of deterministic 
effects and on optimization. 

If the doses anticipated to be received 
might enter the deterministic region, evac
uation is justified and should be introduced, 
even if the release is not certain to occur but 
has a fairly high probability of occurence. 

If the doses anticipated to be received 
are expected to be lower than the threshold 

dose for deterministic effects, evacuation 
might still be introduced if it is cost-effec
tive, i.e. if the benefit thanks to the doses 
that can be avoided will more than outweigh 
the cost of evacuation. The intervention 
level determined from optimization will 
probably always be lower than the one 
based on avoidance of deterministic effects. 

The monetary costs of evacuation, as 
shown below, are calculated from the relo
cation costs per month by correcting for the 
relevant time. 

The monetary cost per person of: 
a) evacuation for one week from resi-

dental areas is found to be: 
DKK:875; F1M:630; NOK:863; SEK:816 
(In ECU resp.: 115; 99; 103; 90) 

b) evacuation for one week from industri
al areas is found to be: 
DKK:3.523; FIM:2.403; NOK:3.127; 
SEK:3.477 
(In ECU resp.: 465; 378; 373; 383) 

Relocation 

Temporary relocation and/or permanent 
relocation are two of the more extreme 
protective measures available to limit radia
tion exposures to the public in the event of a 
major nuclear accident. 

Temporary relocation is the term used to 
indicate the organized - voluntary or im
posed - removal of people from the area 
affected by an accident for an extended but 
limited period of time (e.g. several months) 
to avert exposures principally from radioac
tive material deposited on the ground and 
from inhalation of resuspended material. It 
is important not to confuse temporary relo
cation with evacuation, which refers to the 
urgent removal of people from an area to 
avert or reduce their exposure from an air
borne plume or from short-lived deposited 
radioactive materials. The decision on the 
need for temporary relocation is usually less 
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urgent than that for evacuation. 
Permanent relocation is the term to indi

cate the complete removal of people from 
the area with no expectation of return within 
their life-time. This will typically involve 
construction of new accomodation and infra
structure in an area remote from the con
taminated zone. 

By relocation, the avertable doses are 
the external gamma dose that would other
wise be received from activity deposited on 
ground and structure surfaces, and the inha
lation dose from resuspended material, dur
ing continued stay in the area. Avertable 
doses from food consumption should be 
considered separately. 

The monetary costs per person if relocation 
starts at time zero are summarized below: 

a) During one month, from residental 
areas: DKK:3.750; FIM:2.700; 
NOK:3.700; SEK:3.500 
(In ECU resp.: 495; 425; 441; 386) 

b) During one month from industrial 
areas: DKK:15.100; HM:10.300; 
NOK:13.400; SEK.:14.900 
(In ECU resp.: 1,990; 1,620; 1,600; 1,640) 

Re-population 

After a recovery period, the relocated popu
lation will not necessarily want to return, 
but an economic benefit can nevertheless be 
calculated if the abandonned area is sup
posed to be repopulated. In this case the 
benefit is only the capital services that can 
be saved. On this basis repopulation could 
be warranted when the saved capital service 
per year exceeds the value of the dose re
ceived per year after repopulation has taken 
place. 

Repopulation after 5 years, 
capital services saved per person: 
DKK:76.323; FIM: 63.366; NOK:75.503; 
SEK:82.166 

(In ECU resp.: 10,070; 9,960; 9,000; 
9,060) 

However, care should be taken that the 
dose from residual contamination would not 
become unacceptably high after return to the 
area. 

Argument for Nordic harmoni
zation 

When the costs above are seen in rela
tion to the income per capita in the four 
Nordic countries - as well as in relation to 
the currency exchange rates of febr. 1994 -
there are by and large no arguments to 
find for different action levels in any of 
the four countries with respect to the 
monetary costs of the three protective 
actions mentioned above: sheltering, 
evacuation and relocation. 

Iodine prophylaxis 

Taking stable iodine may reduce the uptake 
of inhaled (and ingested) radioiodine into 
the thyroid. This protective action should be 
considered in particular in the early phases 
when inhalation of radioiodine is a major 
exposure pathway. In situations where un-
contaminated food supplies are readily avail
able, it is more appropriate to reduce doses 
that would otherwise be received through 
ingestion of radioiodine by imposing restric
tions on the production and consumption of 
foodstuffs. 

In the Nordic countries, policies con
cerning iodine prophylaxis are established 
jointly by die radiation protection and 
health authorities. If Nordic harmonization 
is desired, the iodine question requires re-
evaluation by these authorities in the respec
tive countries. The policies seem to vary in 
two respects: 

- The availability/distribution of iodine 
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tablets varies from an obligation to have 4 
tablets/person in each house with more than 
4 appartments - through having central 
stores from which tablets are distributed in 
the event of an accident - to the possibility 
of purchasing tablets if desired. 

- The implementation of iodine prophylax
is varies from being ordered by the authori
ties at fairly low levels of external dose rate 
to not being likely to be ordered at all. 

In this document iodine prophylaxis is 
not dealt with like the other early protective 
actions, except that the intervention level 
can be derived on a risk-to-risk basis. Thus 
internationally recommended values should 
be used except when the risk for adverse 
health effects from stable iodine is consid
ered to differ significantly from internation
ally used values. 

Alpha-value considerations 
(the estimated monetary cost of a 
manSievert) 

When the optimization principle was intro
duced in radiation protection, a value was 
assigned to the harm caused by irradiation, 
the alpha-value. This is die monetary value 
of collective dose reduction, usually given 
as a sum of money per manSievert (manSv). 
This value was based on the estimated years 
of life lost per manSv and is thus dependent 
on the estimated risk for serious late effects 
as well as the value assigned to a year of 
life. 

Alpha values are found within a range 
from 600 USD to 300,000 USD per manSv. 
The lowest is derived in Sweden from pre
vention of lung cancer by reducing radon 
levels in homes. A similar value of less than 
1,000 USD is found in Finland for reduc
tion of high radon levels in homes. The 
highest value is used by the Swedish power 
companies in their planning of radiation 

protection work. 
Within the range we find Swedish diag

nostic radiology with 6,000 USD and also 
the value of 100,000 USD recommended by 
the Nordic radiation protection authorities 
for general use. 

In this report a mid-range value of 
10,000 USDImanSv was found in a pilot 
study. This value is used as a basis for the 
intervention levels presented in the table, 
shown below. 

The intervention levels in this table can 
readily be transformed to correspond to 
other values of alpha. A doubling of the 
alpha value will half the intervention levels 
and vice versa. 

Only health detriments due to radiation 
exposure and the monetary costs of the 
protective action are taken into account. The 
effect of other factors, of a psychological or 
social nature - such as anxiety, reassurance, 
public relations considerations etc.- that 
decision makers may judge appropriate to 
take into account, should be evaluated sepa
rately before final decisions are taken. 
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Intervention levels proposed by the BBR-3 project compared to interna
tional recommendations 

In this table the generic intervention levels in terms of averted dose derived in this study 
are summarized together with those developed by IAEA and ICRP (see chapter 7 - 9). 

Protective 
| action 

BER-3 IAEA ICRP 

| Sheltering 2 mSv/6h 10 mSv/<2d 5 0 - 5 m S v / < l d 

1 Evacuation 
deterministic: 

1 stochastic: 
1 residential 

industrial 

500 mSv/1 day 

10 mSv/I week 

50 mSv/1 week 

50 mSv/<l week 

5 0 0 m S v / < l d ') 

500-50 mSv/<l 
week 

Iodine 100 mSv ! ) 100 mGy ') > 50 mSv') 

Relocation 

residential 

industrial 

50 mSv/lst month 

200 mSv/lst month 

30 mSv/lst 
month 

10 mSv/month 
thereafter 

1 Sv long time 

15 - 5 mSv/ 
month, prol. J 

1 Sv total ! 

Food 

beta + gamma 
beta 
alpha 

to be supplied 
Bq/kg: 
1 000 (I 000) 3) 

100 (100) 3) 
10 ( l ) 3 ) 

10 mSv/a J 
Bq/kg: 
1 000- 10 000 

10- 100 

') Projected dose 
: ) Equivalent dose to thyroid 
! ) The latter figure for infants and milk 
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Comments on the differ
ent protective actions 

Sheltering. 
A 6 hour period is used in this report while 
IAEA gives a value for up to two days and 
ICRP for less than one day. 
The intervention levels seem consistent. 

Evacuation 
Due to the treshold for deterministic effects, 
the same value of 500 mSv was adopted as 
internationally recommended. Regarding the 
derivation of the intervention levels based 
on optimization, two types of areas were 
considered: residential and industrial. For 
residential areas the value of this project is 
lower than the international values. For the 
same time period the value for industrial 
areas is the same. 

Relocation 
For relocation the same two types of areas 
were considered. For the first month, the 
value found for residential areas is some
what higher than the international values. 

Repopulation 
The calculations in this report are based on 
economic benefit by return (in the 6th year) 
and show fairly high dose rates of 35 mSv 
/month for residential areas and 50 mSv 
/month for industrial areas. If the effective 
half-life for removal of radionuclides is 
greater than about 6 years, the residual 
lifetime dose corresponding to a return 
criterion of, say, 10 mSv/month will be 
greater than one Sv. This means that repop
ulation would result in unacceptably high 
residual doses. 

Foodstuffs 
To be supplied. 

Other factors influencing 
the intervention levels and 
the implementation of 
protective actions 

The importance of psychological factors, 
social factors from an individual's viewpoint 
and possibly risk perception in deriving 
intervention levels is recognized in this 
study. However they are discussed qualita
tively only, and the methodology was intro
duced to include them in the decisions on 
intervention levels. Further studies are 
recommended on these questions, but even 
presently the Nordic authorities can over
come the difficulties with such factors by 
applying modern decision aiding techniques 
in their deliberations on developing a har
monized Nordic Intervention strategy, in
cluding intervention levels. 

The wider social and political factors 
still have to be left to the final political 
decision makers. 

Conclusions and recommendations 

Intervening in the normal life of society is a 
very complex issue and the consequences of 
such intervention should be studied carefully 
while planning emergency measures. 

The possible quantification of psycho
logical impact is studied in several Nordic 
countries. The results should be compiled 
and analyzed in a Nordic perspective. 

The range of suggested alpha-values in 
the Nordic countries is very wide. A 
"willingness-to-pay" pilot interview project 
in this project indicates a mid-range level of 
10,000 USD/manSv. The methodological 
approach in this pilot project appears prom
ising. 

A similar or slightly simplified study 
should be made in each of the other Nordic 
countries, since there are reasons to expect 
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national differences in how people react to 
the notions of increased safety and dimin
ished risk. However, it should be noted that 
the assessment of trade-offs using separate 
studies is not necessary in carefully per
formed decision analyses. This kind of 
judgemental inputs related to a specific 
problem could be created during the elicita-
tion process. 

The present international attitude (ICRP 
and IAEA) to the range-system (having an 
upper intervention level above which a 
protective action should always be imple
mented, and a lower level below which 
nothing need to be done) is, that only one 
intervention level per protective action 
should be given. We recommend similarly, 
that only one intervention level be given for 
each protective action. 

Regarding the numerical values for 
intervention levels, we can conclude that the 
very small differences in the monetary costs 
of the protective actions found in this study 
do not justify different intervention levels in 
the Nordic countries. If different numerical 
values are used, the reasons must be due to 
other factors. 

An area which needs more investiga
tions is the economic consequences of pro
tective actions under different accident con
ditions. Various case studies will probably 
bring more realism and insight in handling 
of the many problems created during emer
gencies. 

It is difficult to see that the psychologi
cal factors can differ sufficiently between 
me Nordic countries to justify different 
intervention levels. 

Social factors - from an individual's 
viewpoint or wider from the societal view
point - have not been studied here, but some 
of them may vary much even within a coun
try. Therefore we recommend a systematic 

study of possible social impacts caused by 
protective actions in the Nordic countries. 

Flexibility in applying the intervention 
levels is still necessary because of local and 
accident specific conditions. Such conditions 
could be described in an intervention strate
gy to be developed by the relevant authori
ties. 

Political factors can hardly be considered 
at the planning stage and they will vary with 
time. 


