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ABSTRACT

The paper deals with the basic terms which are within scope of activities of the expert group
for risk analysis and assessment of potential consequences of a nuclear accident. The expert
group is a part of the Technical Support Center which is going to be established within a new
Croatian national emergency response plan as the Lead Technical Agency in case of a nuclear
emergency. Terms such as protective measures (urgent and long-term), intervention levels
(generic and operational), projected and avertable doses are considered. Potential accident in
the Krsko NPP, as an example for implementation of mentioned terms, is analyzed and a rapid
approach for assessment of protective measures which would be taken is applied. It is
emphasized that rapid methods are characterized by a high degree of uncertainty. It is
concluded that the time factor remains the most critical one in the entire accident response
process. In order to optimize the time necessary for decision making, implementation and
surveillance of protective measures, a set of requirements are pointed out.

INTRODUCTION

In recent years a number of accidents involving radioactive materials have occurred which had,
or could have had, consequences for health of the general public. Responses to these accidents
differed between countries. It subsequently became apparent that some protective measures
were taken that, in the most extreme cases, may have worsened rather than improved the well-
being of the populations involved. This indicates that it would be desirable to use a common
basis for national decisions to protect the health of the public and, where reasonable, to employ
the same numerical criteria for such decisions.

The new structure of a national emergency response plan in the event of a nuclear accident is in
the process of development in Croatia, in compliance with international recommendations
(ENCONET, 1997). Within that structure the Technical Support Center is to be given the role
of the Lead Technical Agency. The basic task of Technical Support Center is collecting data
and information on a nuclear accident, analyzing and estimating development of an accident,
and preparing proposals for taking protective measures and for informing the public. It is also
envisaged that within the Technical Support Center an expert group for risk analysis and
assessment of potential consequences of a nuclear accident will be established. The article deals
with the terms which are within the scope of activities of the expert group explaining shortly
the basic principles and their implementation in case of a potential accident in Krsko NPP.
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EXPOSURE PATHWAYS AND PROTECTIVE MEASURES

In case of a nuclear accident accidental releases may occur to air, water or land. However,
those most likely to require urgent protective action, and the ones the paper will focus on, are
major releases to air. After such a release has taken place, people may be exposed to radiation
from the airborne radioactive cloud and through inhalation of radioactive dust and gases
contained in the cloud. As cloud disperses, particles will slowly settle on the surface or be
deposited rapidly by rainfall. People then may be exposed to radiation from these deposits,
from inhaling resuspended dust, or from consuming contaminated food and water.

Major options available to protect the public following an accident are few in number and
limited in scope. The purpose of introducing protective measures is to avert radiation doses
from the affected population. The most important protective measures for the early or urgent
response are (IAEA, 1993):

1) sheltering, by advising people to remain indoors and to close doors and windows,
usually for less than a day or so,

2) evacuation, the urgent removal of people from a specified area for a period not
exceeding one week, and

3) prophylaxic administration of iodine, if high intakes of radioactive iodine have
occurred or are expected to occur.

Major protective measures available for later phases of the response are:

1) temporary relocation, usually for no longer than one to two years,

2) permanent resettlement into new or existing settlements for the foreseeable
future, and

3) control of food and water contaminated over specified levels.

BASIC PRINCIPLES FOR INTERVENTION

Decisions to apply protective measures cannot be taken lightly, since all of these measures
restrict people's freedom of action or choice, impose costs on society and may cause direct
harm and disruption of life to some people.

The three principles have been agreed upon internationally as a general basis for making
decisions on intervention in case of a nuclear accident. The principles can be expressed as
follows (OECD/NEA, 1990):

1) Limitation principle - All possible efforts should be made to prevent serious
health effects. Serious effects can be prevented if doses to which members of the
public are exposed are kept below the thresholds for these effects. A margin of
error will by all means be introduced to ensure that wherever possible no-one
receives doses above these thresholds.

2) Justification principle - The intervention should be justified, in the sense that
introduction of a protective measure should achieve more good than harm.
Intervention is justified when there is a net benefit in taking an action. Since for
sufficiently low doses, the disadvantages of intervention may, for some protective
measures, outweigh the advantages achieved by avoiding the exposure, it is
important to carefully consider the benefits and harmful effects of intervention.
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3) Optimization principle - The levels at which the intervention is introduced and at
which it is later withdrawn should be optimized, so that a protective measure will
produce a maximum direct benefit. Intervention is optimized when the net benefit
from a protective measure is the maximum possible. An intervention level can be
chosen for each protective action, above which the action is normally taken and
below which the action is not normally taken. The values of the intervention levels
for all the protective actions should then be derived in such a way as to produce
the maximum net benefit.

A variety of decision aiding techniques are available to help in solving issues related to social
risk management. If the problem of making decisions in the event of a nuclear accident is
conceptualized in cost-benefit terms, the net benefit of a proposed protective action compared
with taking no action can be expressed as:

B = Yo - (Y + R + X + A; + As - Bc)

where B is the net benefit associated with any course of action, Yo is an expression of the
radiation detriment (both stochastic and deterministic) associated with taking no action, Y is an
expression of the residual radiation detriment (both stochastic and deterministic) when the
action is taken, R is an expression of the physical risk of any protective measure itself, X is an
expression of the resources and effort needed to implement the protective measure, A; is an
expression of individual anxiety and disruption caused by the protective measure, As is an
expression of social disruption caused by the protective measure and Bc is an expression of the
reassurance benefit from the protective measure.

INTERVENTION LEVELS

The need for protective measures is determined by comparing the doses avertable by
introducing a protective measure to the relevant intervention level. Intervention level is the
level of avertable dose at which a specific protective or remedial action should be taken in an
emergency or a chronic exposure situation.

From the experience of the Chernobyl accident recovery it became clear that there is a need for
a simple set of internationally consistent intervention levels that could have some generic
application, i.e. could be generally applicable to a wide range of accident situations in the
absence of more specifically derived values. This is the exact reason for which a large number
of significant international institutions (e.g. ICRP, IAEA, OECD/NEA, WHO/FAO)
recommends the so-called generic intervention levels. As an example, the Table 1 gives an
overview of the generic intervention levels and corresponding protective actions which are
recommended by IAEA (IAEA, 1994). Levels are based upon the previously mentioned basic
principles and the following premises:

• national authorities will spend the same resources on radiation health risks as on
other similar health risks,

• physical risks from the action are taken into account,

• disruption to individuals, such as to livelihood or to resources is considered,
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• "benefit" and "harm" of psychological nature are excluded (although unpredictable,
these are taken here to result in a null net benefit) and

• political, cultural, and other social factors (such as societal disruption) are excluded
because they are belong to the sphere of the decision maker.

Table 1 Generic intervention levels recommended by IAEA (IAEA, 1994)

Protective measure

Sheltering

Evacuation

Iodine prophylaxis

Temporary relocation

Return from relocation

Permanent resettlement

Foodstuff

counter-

measures

Nuclide

Sr-89, Cs, Ru

1-131

Sr-90

Pu-239, Am-241

Intervention level

lOmSv

50mSv

100 mSv (to thyroid)

30 mSv in the first month

10 mSv in a month

1 Sv in a lifetime

General consumption

1 kBq/kg

1 kBq/kg

0,1 kBq/kg

0,01 kBq/kg

Milk and infant foods

1 kBq/kg

0,1 kBq/kg

0,1 kBq/kg

0,001 kBq/kg

Generic intervention levels (GILs) are not designed for use during an emergency situation
because they cannot be measured quickly and they do not consider specific plant conditions.
But they can be used as the basis for developing operation intervention levels (OILs),
calculated values (i.e., ambient dose rate or radionuclide concentration) measured by
instruments or determined by laboratory analysis that correspond to a generic intervention
levels.

AN EXAMPLE FOR INTERVENTION LEVELS IMPLEMENTATION

The method of implementation of intervention levels in decision making on carrying out
protective measures in the event of a nuclear accident will be presented on the example of an
imagined nuclear accident in Krsko NPP1. In compliance with the defined scenario, a dry
containment leakage takes place as a result of core melting. The release goes on uninterrupted
for 4 hours. At the supposed time of release, the speed of wind at the NPP site is 2 m/s,
atmospheric stability class is C, mixing layer height is supposed to be 300 m and there is no
precipitation.

1 Krsko NPP is the nearest nuclear power plant to the territory of the Republic of Croatia. It is situated in the
neighbouring state of Siovenia at a distance of cca 10 km from the state border and cca 35 km from the
Croatian capital Zagreb. It is a PWR type plant with net output of 632 MWe.
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Figure 1 - Early doses at 25 km from the point of release

On the basis of essential data on NPP status and meteorologic conditions it is possible to, by
applying methods for rapid assessment of consequences, assess the radiological doses for
population in immediate vicinity and wider surrounding of the NPP. Figure 1 shows projected
radiological doses related to the described scenario in dependence of the time passed from the
beginning of the release. The doses have been calculated with the aid of the ST-DOSE
computer program, which is a constituent part of the program package InterRAS2 (IAEA,
1997). Doses in question are the so-called early doses, and are a sum of the contributions of
direct radiation from the radioactive cloud and radionuclides deposited on the ground, and
radiation of inhaled radionuclides. These doses relate to an individual who is 25 km away from
the NPP in the pathway of the radioactive cloud (this is just the distance from Krsko NPP to
the first major population centers in Croatia). The shown curve of a projected dose can be
divided into three parts. The first part relates to duration of atmospheric transport of
radioactive cloud to the point of exposure and in that period the dose equals zero. The second
part relates to radioactive cloud activity at the point of exposure and in that period the exposed
person absorbs the greatest part of a radiological dose. The third part relates to the period after
the radioactive cloud has passed.

2 The INTERnational Radiological Assessment System (InterRAS) is a set of personal computer based tools.
InterRAS contains tools to estimate the distance that urgent protective actions may be needed based on nuclear
power plant conditions or release rates (ST-DOSE), to estimate early and longer term doses from field
measurements of radionuclide concentrations (FM-DOSE) and to compute decay of radionuclides (DECAY).
InterRAS was developed to use by personnel who conduct an independent assessment of protective actions.
InterRAS Version 1.1 is based on the U.S. NRC's RASCAL Version 2.1 code but was modified to allow
assessment of a greater range of accidents and to conform to the guidance in the IAEA Basic Safety Standards.
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The Figure also shows time dependence of an avertable dose, i.e. a dose which can be avoided
if the protective measure, in this case sheltering, is taken at a certain moment in time (the
assumed efficiency of sheltering is 0,75). In accordance with everything said in previous
chapters, an avertable dose must be higher than the corresponding intervention level in order to
justify sheltering. Figure 1 shows that this condition is being satisfied up to 5,5 hours after the
beginning of release. Sheltering carried out after that time would not be justified because the
harm caused by such an intervention would outdo the benefits.

Total available time far intervention
(approx. 5,5 hours)

.. ... .. w Eariy doses w Decision w Protective measure
Notification • ; . • . •

estimation making implementation

Figure 2 - Actions to be taken within available time period

Figure 2 gives a simplified overview of activities that would need to be taken within the given
period of time. According to the national emergency response plan in the event of a nuclear
accident (which is presently being prepared), collecting information on the accident,
assessment of potential consequences and elaboration of proposals for taking protective
measures would be within the scope of work of the Technical Support Center, while evaluation
of proposals, decision making on implementation and surveillance of protective measures
would be the responsibility of the Civil Defence Headquarters. However, regardless of
organizational structure, it is clear that a large number of activities needs to be realized in a
relatively short period of time.

CONCLUSION

One of major disadvantages of the elaborated approach is uncertainty. Since there will be many
sources of uncertainties in the input data (i.e. in the amount and rate at which radioactive
material is being released and in the meteorological situation) and because of the need to use
simple mathematical models to obtain results soon enough to be useful, there will be a high
degree of uncertainty in early dose estimates. Decision makers must be aware of this situation
and ensure that their expert advisors provide estimates of uncertainties in early assessments of
doses.

However, regardless of uncertainty immanent to rapid calculations, the time factor remains the
most critical parameter in the entire process. Efforts aiming at optimizing the time factor
requires a high level of reliability of communication lines and computer and other equipment,
on one side, and a high level of standardization of all procedures as well as sound training of
members of the Technical Support Center, on the other. A high level of standardization of
procedures implies, among other things, that terms such as generic intervention levels and
operational intervention levels be transparently defined in advance.
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