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ABSTRACT 

The optimisation of protective actions is a process which requires previous planning. 
The optimisation might not be performed in all the cases, but, at least, justification of the 
protective action is required. Striving for ideal solution could lead that the action is delayed 
and protective action becomes inappropriate. The process of decision making must be simple 
and transparent due to time constraints, and the sources of important information shall be 
reliable and identified in advance in order to save time and avoid stress. 

  

1 INTRODUCTION 

The final decision in case of a nuclear accident is, in principle, simple: »To take or not 
to take the protective action?«. However, the process of decision making, which leads from 
the initial information of the event to the final decision, is not easy. The paper focuses on the 
analysis of important information, which may facilitate decision making rather than to analyse 
various methods and tools, which are used to find out the optimal decision. 

The analysis will be split into three categories of expertise:  
- nuclear technology issues, 
- radiation protection issues, 
- optimisation of all factors. 
The first two categories are more technical, the third category belongs to the real 

decision maker, usually not an expert but a politician. 
The postulates which should be always kept in mind at all stages of decision making in 

an early phase of a nuclear accident: 
1. This is an early stage of the accident (the first 24 or 48 hours) – therefore time is 

important, therefore do not lose time thinking about longer term actions!. 
2. Avoid deterministic health effects and high risks of stochastic health effects should be 

minimised [1]. 
3. Make it simple! Do not get bogged down with too many details (although they might seem 

important) in order to keep clear scheme of thinking. 
4. Anticipate that decision should be made with incomplete information, if needed. 
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2 FACTORS INFLUENCING THE DECISION 

2.1 Nuclear Technology Issues 

Nuclear technology issues cover areas as design basis accidents, severe accidents 
phenomenology, probabilistic safety analyses, reactor engineering, reactor physics, thermal 
hydraulics, etc. The experts in these areas should provide the answer to the following 
question: »When the release is going to happen and what the source term would be?«. At the 
onset of an event and at a first glance one would say: »Only  a small fraction of initiating 
events lead to a core melt and even a smaller fraction would be associated with radioactive 
release to the environment and even less events could lead to a large release to the 
environment.« Considering the probability of a nuclear accident with a serious consequences 
for the population the following results were obtained [2]: 

- once the core melt has happened, the containment in 93% of the cases can withstand 
the pressure and prevent substantial radioactive release to the atmosphere, 

- in the remaining 7% of the cases, when the releases to the atmosphere are substantial, 
there is almost 99% probability that there are conditions (weather and population 
distribution) which would exclude occurrence of deterministic effects. 

From the above one can not automatically relate the core melt with the substantial 
radioactive release. 

If the initiator of a real event is known, one could check if the initiator is a large 
contributor to the core damage frequency, then the parameters to watch (before the core melt 
or serious degradation of fuel cladding) are: inventory of the primary coolant, capability to 
maintain this inventory, its temperature and pressure. First derivatives of these parameters, if 
available,  might give the indication about the speed of the processes. If the core melt has 
happened, then the pressure in the containment and the hydrogen/water ratio in the 
containment atmosphere may give the indication, if the containment would fail to withstand 
the pressure. The data about the inventory of radionuclides released to the containment 
atmosphere could be deduced from the samples of containment atmosphere, the indicators of 
the extent of the core damage are readings of high range radiation monitors in the 
containment or the time which the core was uncovered.  

It should be noted that before the release, the role of nuclear technology experts is very 
important. After the release has started, their role is slightly less important, because one can 
rely on radiation monitor readings to try to estimate the release. In the case of breach of 
containment the assessment of the termination of release is straightforward, it will go empty 
until the pressure drops to external pressure.  

 
2.2 Radiation Protection Issues 

The radiation protection specialist (RP specialist) needs to work closely with the nuclear 
technology expert. The rate of release to the environment is very difficult to assess if it is not 
just the design leakage of the containment. In case the inventory of radioactive material in the 
containment is known, the RP specialist could calculate what would be the opening in the 
containment to produce such a release, which can cause the intervention level (e.g. for 
evacuation) to be exceeded in the downwind sector and compare it to the actual penetration 
size (assuming failed penetration pipe).  
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The RP specialist deals with weather in close co-operation with the meteorologist. It is 
particularly important not to just assume the weather parameters (wind speed, wind direction, 
Pasquill-Gifford stability class) at the time of calculation, but to forecast the change of these 
parameters in a short time period, i.e hours. In calm weather, when the wind speed is low (less 
than 1 m/s) the wind frequently changes the direction, which is difficult to forecast. In such 
cases the area, where the countermeasures should be considered, should be closer to the 
nuclear power plant and might cover more sectors. It could be even a circle because the wind 
direction is not a reliable parameter. For short time period, and if there is no local forecast, 
one can assume persistence of the actual meteorological parameters for about 4-6 hours. For 
local scale (e.g. 50 km x 50 km) it is useful to calculate the meteorological parameters by 
dynamical adaptation of larger scale models. The analyst should be aware that these models 
usually overestimate the wind speed. The determination of stability class is defined with 
different methods, which do not lead to the same final result [3], therefore new concepts using 
SODAR were proposed. Before using SODAR measurements it is advisable to verify 
accuracy and reliability of its measurements with an independent method (e.g. compare its 
measurements with mast measurements, if available).  

The strategy of radiation monitoring teams how to perform plume tracking should be 
known in advance. The important stage for RP specialists is when the measured results from 
the environment start coming to the office. Emphasis should be given to the critical group, 
therefore the measurements in the vicinity of the settlements which are in the downwind 
sector should be provided as soon as possible. If the radioactive plume is in progress one of 
the radiation monitoring team should make some measurements to try to locate the “edge” of 
the plume and to confirm the predictions. After initial 5-10 readings are received the dose 
assessment experts compare the measured data with the intervention levels and they should 
produce as quickly as possible the first proposal about the protective actions, which is based 
on the measurements in the environment. 

After there are enough measurements and they are checked for accuracy, one should try 
to visualise the plume with drawing the contours on the map. Using the plume dispersion 
models the parameters could be adapted, including the source term, to match the measured 
data with the calculated results.  

3 DECISION MAKING 

3.1 Protective Actions 

The people in the chain of decision makers should be aware of the advantages and 
disadvantages about the protective actions [4].    

Sheltering may be a very effective protective action depending upon the type of 
building available and the distance from the site of an accident. There is little financial cost 
involved except when important societal activities are disrupted.  

Preventive evacuation is the most effective, if taken before the release, but on the other 
hand it is the most disruptive of all early protective actions. The physical risk associated with 
evacuation in some cases may be low, but the authorities should also consider the aspects of 
self-evacuation in case the population receives the news about the seriousness of the situation. 

The maximum benefit from administration of stable iodine is obtained taking tablets 
before exposure to radioiodine, administration of KI a few hours after the intake reduces the 
benefit to 50%. Because of short time available the distribution of stable iodine presents a 
practical problem. This protective action should be considered when inhalation of radioiodine 
is a major inhalation pathway. The administration of stable iodine is not a stand-alone 
protective action but could be combined with sheltering or evacuation. 
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3.2 Decision Making Process (Justification and Optimisation of all Factors) 

The final decision maker, who performs the optimisation or, at least, evaluates it, should 
consider all significant factors not just the radiation protection principles. The persons at this 
stage are not specialists, but they are rather politicians or experienced civil servants, whom 
should be given proper advice from radiological and also non-radiological specialists. At  
optimisation stage, the protective action from a RP specialist is just one of the inputs. The 
factors in decision making on the intervention level for an early countermeasure are divided 
into directly quantifiable factors and those which are not directly quantifiable (e.g. social 
disruption, physical risk) [5]. In an early phase of the accident one must quickly make 
decisions, therefore the complicated decision making techniques are not suitable because of 
large number of criteria, relations between them, and determination of corresponding 
weighting factors. It would be more appropriate to use a set of rules (e.g. do not perform 
evacuation during the release) or simple aiding techniques.  

A sort of grid analysis is proposed to be used as a decision making tool, when decision 
maker needs to save time. For a given set of parameters, e.g. traffic conditions, economical 
impact (industrial, agricultural, services), emergency training, etc., one can develop success 
criteria (evacuation duration, lost daily profit for an important branch in the region, harvesting 
period, time since the last brochure was issued to population). If the answer to success 
criterion is yes, this means the situation is  “in favour” of the protective action. The grid is 
depicted in Table 1, which consists of  the grid and the remarks, which have to be considered 
before the final decision. The sum of the scores for each parameter is the result. The positive 
result is in favour of protective action, the negative result is against it. But, before the decision 
is made, it is necessary to verify the decision with some additional questions and obtain 
clarifications for unreliable data. 

To describe the process of decision making one should start from the decision maker. 
Due to the fact that the early phase is considered, the decision maker should always bear in 
mind that the time is running – i.e. there is simply not enough time for studying all 
information available. Furthermore the decision should be based on important facts which 
should be verified for consistency.  The practical rules the decision maker should be aware of 
are: 

- it is not likely to obtain the detailed and exact picture about the course of the accident, 

- there is no room for a perfect (ideal) decision. 

In principle the decision maker should know at least which type of information is 
needed and from whom it can be obtained. The decision maker usually receives the proposal 
for protective actions. He/she should be aware that behind this proposal there is a complex 
process which should be overseen by the experts who are familiar with the subject and can 
correlate different facts, can verify and reject “facts” which are not consistent, and have 
knowledge about the possible uncertainties. The decision maker should have at his/her 
disposal one or two experts, which can be consulted in the optimisation process. These 
experts should provide the information about the reliability of the assumptions made, about 
the inconsistencies in the description of the event.  If there are circumstances which require 
prompt decision to be made,  the experts should provide on request of a decision maker an 
updated proposal for more conservative protective actions.  

Comparing just the protective action costs and the averted dose is a poor example of 
optimisation. 
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In an early phase decision maker performs more justification than optimisation, 
especially if the time constraint is putting pressure on him/her. Briefly, the protective action 
will be justified if its benefits will be greater than its detriments. 

The intervention levels that are normally appropriate might sometimes be unreasonable 
(e.g. hazardous weather conditions, poor transport system, difficulties for specific groups such 
as  patients, prisoners).  

Although the stress may narrow the focus of attention, this is not always a negative 
consequence in decision making. Individuals adopt a simpler mode of information processing, 
which helps in focusing on critical issues [6]. Decisions can only be based on information 
available, and, on many occasions, decisions are made with incomplete information. 
Successful teams communicate among themselves and, as the emergency intensifies, a flatter 
communication hierarchy develops with more information coming from the field to the 
command centre. The issue of training plays a part in stress and decision making. A common 
approach by emergency managers is to minimise stress for the responders by pre-event 
training.  

Table 1: Decision makers aiding technique (e.g. for evacuation): set of parameters, 
success criteria; assessment of circumstances, weighting factor and score; reminder is under 

the grid 

Parameter Success Criterion Success 
criterion is 
met? (yes/ 
no /no data)
(1/-1/0) 

Weighting 
factor  
(1-3) 

Score 
(third column x 
fourth column) 

Traffic 
conditions 

Evacuation of necessary 
area in < 1 hr 

 3  

Industry 
losses in 
revenues 

Less than 2 days income  2  

Losses in 
transport  

Transport stopped for less 
than 5 days 

 1  

Loss in 
services 

Shops, banks, restaurants, 
etc. closed less than 4 days 

 2  

Harvesting 
period 

Harvesting was finished or 
there is more than two 
months to harvesting 

 1  

Information 
to the 
population 

Last brochure issued less 
than 3 yrs ago 

 1  

Last full scale 
exercise  

Less than 1 year ago  1  

 
Reminder:  
1. Assessment of severity of the consequences and timing of protective actions: 
1a. Intervention levels: Likely to be exceeded? Yes / No 
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1b. Likelihood of deterministic effects? Yes / No 
If a and b are yes then: Is it a fast developing scenario? Is prompt action needed? 
If both answers yes: TIMING IS IMPORTANT! 
 
2. Evacuation during release is not recommended: 
2a. What is the estimated time when the protective action will be finished (all 

people evacuated) ?  
2b. When is the release expected?  

If 2b(i.e. release) is before 2a (i.e. end of evacuation) then: There is not enough 
time available, consider sheltering. 

 

3.  Contacts with counterparts: 
3a. Obtain opinion of a Nuclear Technology Expert: Data are/are not consistent. 

Prediction of time of a release reliable? Source term reliable? 
3b. Obtain opinion of a Radiation Protection Expert: Data are/are not consistent 

Weather predictable/not predictable. Doses reliable/ not reliable? 
Uncertainty? Do we have measured data? Do measured data match with the 
predicted (forecasted) data? 

 
4. Have the non-quantifiable factors (anxiety/social disruption) been addressed?  
 
5. Should special groups of population (children, elderly people, patients) be 

considered in a different manner in order to facilitate the evacuation? 
 
Protective actions are almost always justified for emergency situations where the 

projected dose from a specific pathway or their combination may approach thresholds for 
serious deterministic effects [5]. 

Sometimes the decision about the action should be prompt and the thinking about 
introducing further actions should follow the prompt decision. For instance, the following 
case is considered [7], if the general emergency class involves a loss of containment, then the 
immediate action for this class is sheltering (staying inside) rather than evacuation until an 
assessment can be made that: 

- an evacuation is indicated, 

- an evacuation, if indicated, can be completed prior to significant release of radioactive 
material.  
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4 CONCLUSIONS 

The main characteristics of the decision making during an early phase of an accident 
are: 

- have a good network between decision maker and experts for exchanging different 
types of information, 

- the complete reliance on the automatic systems could easily lead to the situation, that 
there will be no information, when it will be needed, 

- substantial uncertainty in the information received should be assumed in advance, 
therefore verification mechanisms should be established, 

- the decisions should be reasonably conservative and should not be delayed, 

- since the decision maker in most cases is not a technical expert, but rather acts as a 
manager, he/she should know who are the key experts who provide the information, 
and he/she should maintain regular contact with them to check their conclusions and 
obtain directly the opinion about unclear issues. 

In an early phase some details which might be of interest during late phase should 
simply be neglected, e.g. the differences in threshold levels for deterministic or stochastic 
effects considering the dose rate, or questions about banning some agricultural products. If 
there is not reliable evaluation of anxiety and social disruption caused by protective actions, 
the decision maker should not delay the decision because this evaluation should be done in 
advance and not during an accident. Some interesting issues such as rejection of collective 
dose concept [8] and activation of repair mechanisms in cells are not of an interest during an 
early phase.   

The optimisation of decision making process should take into account the manpower 
involved, which is related to capability to process the information. To minimise the chance for 
non-deliberate errors, i.e. robustness of the system, is much more important than the detailed 
assessment of the situation and search for the best solution.  

The decision maker must be aware that in an early phase of a nuclear accident time is 
the most important parameter and a decision is, simply, function of time. Therefore, making a 
sub-optimal decision in an early stage of an accident can be much more efficient than 
delaying a decision and taking the optimal decision at some later stage of the accident. 
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