
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Emergency preparedness 
and response

Module XVI 
 



 

International Atomic Energy Agency, June 2015 
 

V1.0 
 

 

 

 

 

 

 

 

 

 

 

 
Background   

  

In 1991, the General Conference (GC) in its resolution RES/552 requested the Director General to prepare 'a 

comprehensive proposal for education and training in both radiation protection and in nuclear safety' for 

consideration by the following GC in 1992. In 1992, the proposal was made by the Secretariat and after 

considering this proposal the General Conference requested the Director General to prepare a report on a 

possible programme of activities on education and training in radiological protection and nuclear safety in its 

resolution RES1584.  
  

In response to this request and as a first step, the Secretariat prepared a Standard Syllabus for the Post-

graduate Educational Course in Radiation Protection. Subsequently, planning of specialised training courses 

and workshops in different areas of Standard Syllabus were also made. A similar approach was taken to develop 

basic professional training in nuclear safety. In January 1997, Programme Performance Assessment System 

(PPAS) recommended the preparation of a standard syllabus for nuclear safety based on Agency Safely 

Standard Series Documents and any other internationally accepted practices. A draft Standard Syllabus for 

Basic Professional Training Course in Nuclear Safety (BPTC) was prepared by a group of consultants in 

November 1997 and the syllabus was finalised in July 1998 in the second consultants meeting.  

  

The Basic Professional Training Course on Nuclear Safety was offered for the first time at the end of 1999, in 
English, in Saclay, France, in cooperation with Institut National des Sciences et Techniques 

Nucleaires/Commissariat a l'Energie Atomique (INSTN/CEA). In 2000, the course was offered in Spanish, in 

Brazil to Latin American countries and, in English, as a national training course in Romania, with six and four 

weeks duration, respectively. In 2001, the course was offered at Argonne National Laboratory in the USA for 

participants from Asian countries. In 2001 and 2002, the course was offered in Saclay, France for participants 

from Europe. Since then the BPTC has been used all over the world and part of it has been translated into 

various languages. In particular, it is held on a regular basis in Korea for the Asian region and in Argentina for 

the Latin American region. 

  

In 2015 the Basic Professional Training Course was updated to the current IAEA nuclear safety standards.  The 

update includes a BPTC text book, BPTC e-book and 2 “train the trainers” packages, one package for a three 

month course and one package is for a one month course.  The” train the trainers” packages include 
transparencies, questions and case studies to complement the BPTC.  

  

This material was prepared by the IAEA and co-funded by the European Union. 

 

Editorial Note 

  

The update and the review of the BPTC was completed with the collaboration of the ICJT Nuclear Training 

Centre, Jožef Stefan Institute, Slovenia and IAEA technical experts. 

 
 



 Module XVI: Emergency preparedness and response 

 Page 3 of 87 

CONTENTS 

 

1 INTRODUCTION ................................................................. 5 

2 BASIC CONCEPTS ............................................................ 8 

2.1 Emergency response .................................................... 8 

2.2 Goals of an emergency response ............................... 10 

2.3 Goal of emergency preparedness ............................... 10 

2.4 Doses and protective actions ...................................... 11 

2.5 Exposure pathways ..................................................... 13 

2.6 Source term ................................................................ 15 

2.7 Dose calculations and Field Monitoring ...................... 16 

2.8 Questions .................................................................... 18 

3 PREVIOUS NUCLEAR ACCIDENTS ............................... 20 

3.1 The Three Mile Island accident ................................... 20 

3.2 The Chernobyl accident .............................................. 21 

3.3 The Fukushima Daiichi accident ................................. 22 

3.4 Questions .................................................................... 23 

4 ESTABLISHING RESPONSE CAPABILITY .................... 24 

4.1 Assessment of hazards ............................................... 24 

4.2 Protection strategies ................................................... 28 

Operational criteria .......................................................... 29 

Emergency Action Levels (EALs) .................................... 30 

Operational Intervention Levels (OILs) ............................ 30 

4.3 Concept of operations ................................................. 31 

4.4 Allocation of responsibilities ........................................ 33 

4.5 Developing emergency plans and a response capability35 

4.6 Questions .................................................................... 37 

5 FUNCTIONAL ELEMENTS .............................................. 38 

5.1 Managing emergency response operations ................ 38 

5.2 Identifying, notifying and activating ............................. 39 

Emergency classification ................................................. 39 

5.3 Taking mitigatory actions ............................................ 41 

5.4 Taking protective actions and other response actions 42 

Iodine thyroid blocking (ITB) ............................................ 43 

Evacuation ...................................................................... 44 

Sheltering ........................................................................ 45 

Relocation ....................................................................... 46 

Closing off the area ......................................................... 47 

Prevention of inadvertent ingestion .................................. 47 

Personal decontamination ............................................... 48 

Restrictions on food, milk, drinking water and other 
commodities .................................................................... 49 

5.5 Instructions and warnings to affected population ........ 50 

5.6 Protecting emergency workers and helpers ................ 51 

5.7 Facility status and emergency radiation monitoring .... 54 

5.8 Managing the medical response ................................. 57 

Triage .............................................................................. 58 

Dealing with contaminated individuals ............................. 59 

5.9 Public communication during a nuclear emergency .... 59 



 Module XVI: Emergency preparedness and response 

 Page: 4 of 87 

Addressing public concerns ............................................. 60 

5.10 Managing radioactive waste ........................................ 61 

5.11 Mitigating the non-radiological consequences ............. 62 

5.12 Terminating the emergency and the transition to 
recovery ...................................................................... 63 

5.13 Questions .................................................................... 64 

6 INFRASTRUCTURAL ELEMENTS ................................... 66 

6.1 Authority ...................................................................... 66 

6.2 Organization and staffing ............................................ 67 

6.3 Coordination ................................................................ 67 

6.4 Plans and procedures ................................................. 69 

6.5 Facilities and equipment.............................................. 69 

Emergency response facilities and locations .................... 69 

Emergency tools, equipment and supplies ....................... 71 

Communications .............................................................. 72 

6.6 Training, drills and exercises ....................................... 72 

6.7 Quality management programme ................................ 73 

6.8 Questions .................................................................... 74 

7 THE ROLE OF THE IAEA IN EMERGENCY 
PREPAREDNESS AND RESPONSE ............................... 75 

7.1 IAEA safety standards and other publications in EPR . 77 

7.2 Questions .................................................................... 83 

8 APPENDIX ........................................................................ 84 

8.1 Criteria for use in emergency preparedness and 
response ..................................................................... 84 

9 REFERENCES .................................................................. 86 

   



 Module XVI: Emergency preparedness and response 

 Page 5 of 87 

1 INTRODUCTION 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Realise that no nuclear power plant is 100% safe. 

2. Understand the need for an emergency preparedness process to 

support an effective emergency response. 

3. Become familiar with the basic terminology such as nuclear 

emergency, on-site and off-site areas.  

4. Distinguish on-site and off-site emergency preparedness and 

response. 

5. Get to know how this module is organised. 

 

Electricity is essential in our everyday lives, and there is no indication 

that this will change in the future. However, there are different types 

of power plants for generating electricity and they all have their 

benefits and drawbacks. Nuclear power plants, which generate 13% of 

the world’s electricity, have great benefits, but they have drawbacks as 

well. The possibility of severe nuclear emergency is, without doubt, 

considered their biggest drawback. 

 

A lot of effort has been put into improving nuclear safety in recent 

decades. New nuclear power plant (NPP) designs with passive 

systems claim a reduced probability of severe emergencies. However 

we can never be 100% sure that nothing will happen. Therefore, we 

still need to be prepared, with practical limits, to respond to nuclear 

emergencies.  

 

There have been a number of nuclear emergencies, as listed in Chapter 

3 of this Module, and they provide an excellent source of the lessons 

that have been learned. We will take a closer look at the most 

significant and well-known accidents, such as Three Mile Island 

(1979), Chernobyl (1986) and Fukushima Daiichi (2011). 

 

As the title of this module suggests, first, there is the preparedness 

and, second, there is the response. The process of preparing for a 

response to emergencies should be sufficient to enable an effective 

response. It is, of course, difficult to draw a line that represents 

sufficient preparation. In practice, this largely depends on the 

available resources, even though emergency preparedness and the 

response to a nuclear emergency are not proportional to the country’s 

size! This means that small nuclear countries should have the same 

emergency response capabilities as the large countries.  

 

The response to emergencies similar to the ones mentioned above 

rarely happens, because emergencies on such a scale rarely happen. 

Therefore, the response to such emergencies is not everyday work for 

most responding organizations. This is why we need to have a 

preparedness process, so that we have training, testing and exercises to 
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simulate emergency situations on a regular basis, and so that 

personnel are ready to respond at any given moment. We are 

preparing to respond to an emergency that we all hope will never 

happen, and in fact it rarely does. But the probability that it will 

happen is definitely not zero. Therefore, there is no doubt that, as 

history has shown, we have to remain prepared and have the 

capabilities to respond.  

 

The focus of this Module are emergencies at a nuclear power plant. A 

nuclear emergency is one in which there is a hazard due to an energy 

release from a nuclear chain reaction or from the decay of the products 

of a chain reaction. The Module is based on current good practices 

and international standards, mainly the International Atomic Energy 

Agency (IAEA) safety standards relating to emergency preparedness 

and response [1], [2], [3]. 

 

An emergency at a nuclear power plant can affect the facility and its 

workers within the site area of that facility, called on-site. In the case 

of a severe emergency with significant releases of radioactive material 

to the environment, the broader area outside the facility, called off-

site, and people living there can be affected. 

 

It is necessary to differentiate between the two terms: 

� The on-site area is the area surrounding the facility within the 

security perimeter, fence or other designated property marker. It 

is the area under the immediate control of the facility or the 

operator.  

� The off-site area is the area beyond that which is under the 

control of the facility or operator.  

 

This Module describes the preparedness for and the response to a 

nuclear emergency, i.e., of local, regional
1
 and national response 

organizations and the operating organization.  

 

This Module is linked to Module XV “In-Plant Accident 

Management”, which relates to aspects of coping with the accidents 

within a nuclear power plant. These aspects deal with bringing the 

plant under control, maintaining nuclear safety barriers and mitigating 

the consequences.  

 

In the next chapter the basic concepts and phenomena that are 

associated with nuclear emergencies are presented for a better 

understanding of the subsequent chapters. 

 

To provide practical reasoning for emergency preparedness and an 

emergency response, in general, an overview of the previous major 

nuclear accidents, with the emphasis on emergency preparedness and 

response, is given in the next chapter. 

                                                
1 i.e. region within a State. 
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The chapter on establishing response capabilities describes what is 

needed for emergency preparedness and the response to set it up, how 

to start, what are the hazards, which documents to consider, about the  

responsibilities and coordination of different responding organizations 

at all levels, and how to describe this whole process in the plan. This 

gives a basic overall picture about the emergency preparedness and 

response.  

 

In the main chapters 5 and 6, all the elements of emergency 

preparedness and response are considered one by one. While the 

functional elements describe the functions that need to be performed 

in an emergency response, the infrastructural elements describe the 

infrastructure that needs to be put in place for support in order to 

perform those functions. The infrastructural elements are more 

tangible than the functional elements. Infrastructural elements include 

plans, procedures, staff, facilities and equipment, among others, as 

well as essential preparedness activities, such as training, exercises 

and quality management. 

 

The IAEA gives high priority to emergency preparedness and 

response. Throughout this document we will be referencing the IAEA 

publications in the area of emergency preparedness and response. In 

addition, an overview of the IAEA safety standards, technical 

guidance and other tools is given in the last chapter. 

 

A selected advanced topic on the criteria for use in emergency 

preparedness and response is provided in the Appendix of this 

module. 
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2 BASIC CONCEPTS  

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. List the special characteristics of a nuclear emergency. 

2. List the primary goals of an emergency response. 

3. Explain the primary goals of emergency preparedness. 

4. List the radiation exposure pathways. 

5. Explain the different radiation exposure pathways. 

6. Explain the term “Source Term”. 

7. Understand the differences between a controlled and an 

uncontrolled release. 

8. Become familiar with the background of dose calculations. 

9. Understand the limitations of dose calculations. 

10. Get to know radiation exposure in relation to protective actions. 

 

2.1 Emergency response 

 

Earthquakes and flooding are two examples of natural disasters. They 

are brought about by a change in natural phenomena over which 

mankind has no influence.  

 

On the other hand, there are also man-made disasters. They are the 

system failure, human or organizational failure or intentional acts. As 

such, they can, in principle be prevented. A nuclear emergency is an 

example of a man-made disaster, although it can be triggered by a 

natural disaster, as was the case with the Fukushima Daiichi accident.  

 

 
 

Figure 2.1: The radioactivity warning sign in Chernobyl today  

(© AFP). 
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There are some relevant particularities of a nuclear emergency: 

� The danger is coming from a highly complex, man-made 

machine. 

� The danger is coming in the form of exposure to ionizing 

radiation, which is commonly less known to the population and 

the general rescue services and therefore induces fear, above all, 

as well as other psychological effects. 

� The consequences to the population and the environment can be 

prevented if the accident is contained within the NPP safety 

barriers. 

� The consequences can be devastating to the population, the 

environment and the nation’s economy. While a high death toll 

is not expected if proper and prompt actions are taken, rendering 

large territories uninhabitable for decades, together with 

enormous clean-up efforts makes a serious impact on people’s 

lives. 

 

In short, it is clear that a nuclear emergency is quite different from 

natural disasters. Therefore, even though the probability of one 

occurring is very low, we need to prepare thoroughly for nuclear 

emergencies and maintain adequate emergency arrangements in order 

to effectively respond when needed. 

 

The main challenge of responding to a nuclear emergency is the fact 

that only a limited number of people understand ionizing radiation and 

nuclear technology. However, besides the operator of the nuclear 

power plant and its competent employees, every State has some 

government authority that is competent and responsible for nuclear 

and radiation safety.  

 

In addition, States also assign a specific government authority to be 

responsible for the response within their territories to all types of 

emergencies, such as natural disasters, chemical emergencies and 

nuclear or radiological emergencies. They provide the rescue and 

relief services, commonly referred to as civil protection. Other 

organizations on the local, regional or national levels, e.g., local 

communities, public health authorities, etc. have responsibilities that 

are related to responding to such emergencies and providing 

protection for the public and the environment under an all-hazards 

approach.  

 

Because there are many organizations with specific roles and 

responsibilities in an emergency situation, it is crucial that there is 

good cooperation and coordination established between them. And 

this goes for both the preparedness process and the response. 

Achieving this under an all-hazards approach will result in the optimal 

use of resources and will prevent there being any duplication of 

efforts. 
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2.2 Goals of an emergency response 

 

It is important to always be aware and to visualize the three primary 

emergency response goals: 

� Take control of the situation and mitigate the potential 

consequences, 

� Prevent severe deterministic effects, 

� Reduce the risk of stochastic effects to a reasonable extent. 

 

The first goal is to take actions at the source of the emergency to 

mitigate or reduce the potential consequences. This objective is met 

by the nuclear power plant operators’ actions, which may be 

supported by off-site response organizations, if needed, to prevent or 

reduce the release of radioactive material, as well as to delay the 

release, in order to allow for protective actions to be taken effectively.  

 

The second goal is to take protective actions on-site and off-site to 

ensure that people will not receive doses that are high enough to result 

in sickness or death within weeks or months of the emergency 

(deterministic, early or acute health effects, see Table 8.2). 

 

The third goal is to take protective actions on-site and off-site to 

reduce the chance of people developing radiation-induced cancer in 

the years after the emergency (stochastic or late health effects, see 

Table 8.3).  

 

Based on experience from previous emergencies, the IAEA derives 

additional goals, as follows: rendering first aid, providing critical 

medical treatment and managing the treatment of radiation injuries; 

keeping the public informed and maintaining the public’s trust; 

mitigating, to the extent practicable, the non-radiological 

consequences; protecting, to the extent practicable, property and the 

environment; and preparing, to the extent practicable, for the 

resumption of normal social and economic activity. 

 

2.3 Goal of emergency preparedness 

 

If the ultimate goal of an emergency response is to reduce the risk and 

prevent adverse consequences of radiation exposure resulting from an 

emergency, then emergency preparedness makes sure that an adequate 

response capability exists at all times in order to achieve this. 

 

The IAEA specifies that the overall goal of emergency preparedness is 

to ensure that an adequate capability exists at all levels for an effective 

response, which relates to: documented authority and responsibilities; 

organization and staffing; coordination; plans and procedures; tools, 

equipment and facilities; training, drills and exercises; and a 

management system. 
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There is one important difference between preparedness and response. 

The emergency preparedness is a process. It is a continuous activity 

with rolling programmes for training, testing and exercising and with 

a system that aims at continuously improving the quality and 

readiness. On the other hand, an emergency response is a set of 

actions implemented when a situation warranting such actions occurs 

and with a definite end in mind when certain conditions are achieved.  

 

We will cover the preparedness in detail in the next chapters. In short, 

emergency preparedness in practice consists of, but is not limited to, 

the following:  

 

Documents 

A State needs to have a legal framework established, including a 

national nuclear emergency plan, and participating organizations need 

to have operational documents, etc. These documents need to set out 

and document the exact authorities, roles and responsibilities for all 

the parties involved in emergency preparedness and response under an 

effective emergency-management system. 

 

People 

There must be a sufficient number of people, who are qualified, 

trained and fit for duty, to: 

� Run the preparedness process, 

� Take positions during an emergency response. 

 

Communication & Equipment 

There must be reliable, secure and redundant communication systems 

and other equipment in place to support the emergency response. 

 

Training, testing, exercising 

A process needs to be set up to regularly: 

� Train people for their positions, applying the Systematic 

Approach to Training (SAT), 

� Test all communication and other equipment to ensure their 

continuous operability, 

� Exercise a response to a nuclear emergency in order to train the 

staff and test the response. 

 

All the above must be set out on all levels for all the involved 

organizations – from the national level down to the local level and the 

operator. 

 

2.4 Doses and protective actions  

 

The radiological consequences of emergencies on human health are 

evaluated in terms of dose. But doses can be a calculated or a 

measured quantity, and associating them with expected health effects 
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is only meaningful if it is known how the doses are measured and 

calculated, i.e. what type of dose it is, in addition to knowing the exact 

exposure pathway, who is the exposed individual and the 

radionuclides involved. 

 

For the evaluation of deterministic effects (early or acute health 

effects), the doses are expressed in terms of the relative biological 

effectiveness (RBE) weighted absorbed dose to an organ or tissue. In 

this case the unit is the gray (Gy).  

 

For evaluating stochastic effects (late health effects) induced as a 

result of radiation exposure, the equivalent dose to an organ or tissue 

is used. In this case the unit is the sievert (Sv).  

 

The detriment associated with the occurrence of stochastic effects in 

an exposed population is evaluated in terms of the effective dose. In 

this case the unit is also the sievert (Sv). 

 

It is important to keep in mind that the effective dose concept is not 

applicable to high doses. It is also important to consider the rate at 

which the dose is received – over a short or a long period of time as 

the thresholds for deterministic effects vary with the exposure rate 

(acute or chronic exposure).  

 

Based on the expected radiation induced health effects with respect to 

associated dose quantities, criteria in terms of the projected or 

received dose can be developed to indicate when protective actions or 

other response actions are needed. So, when doses are projected to 

exceed those at which the radiation induced health effects can be 

expected, protective actions need to be taken, for example, to prevent 

severe deterministic effects and to reduce the risk of stochastic effects. 

Such actions include:  

� Iodine thyroid blocking, 

� Evacuation,  

� Sheltering,  

� Restrictions on contaminated food, milk, drinking water and 

other commodities, 

� Relocation.  

 

However, protective actions may also be implemented at doses below 

those at which radiation induced health effects can be expected if a 

State decides so, but only after a thorough justification and 

optimization that ensure these actions will do more good than harm. 

Any protective action needs to be discontinued when it is no longer 

justified. 

 

In addition to protective actions, other response actions are warranted 

in response to a nuclear emergency. They include those for providing 

support to the affected population and for public reassurance, such as 

the provision of public information, medical examinations and 
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psychological counselling, as well as those actions aimed at mitigating 

the economic impact of the nuclear emergency. These actions need to 

be considered along with the protective actions. 

 

2.5 Exposure pathways 

 

To understand an appropriate response to a nuclear emergency we 

need to explain all the possible exposure pathways, i.e., how 

individuals can be exposed to radiation. 

 

An emergency at a nuclear power plant can result in a significant 

amount of radioactive material being released. There are two types of 

releases: 

� Airborne that goes into the atmosphere, forming a plume, 

which consists of radioactive gases, aerosol particles and water 

vapour. This was the main release in the Chernobyl emergency 

for example.  

� Liquid is discharged into water bodies (ground water, rivers, 

lakes, and the sea). The Fukushima Daiichi NPP emergency can 

serve as an example involving such a release. 

 

Usually, the main concern is the airborne release due to the exposure 

of the population to the plume, with possible serious consequences. 

For the most severe releases the deterministic effects can only be 

prevented by taking protective actions before or shortly after the 

beginning of the release. The contamination due to liquid discharges is 

considered almost negligible compared to the airborne release in this 

respect. 

 

Radionuclides are released to the environment as: 

� Gases (Xe, Kr, I2), 

� Aerosol particles in the air, 

� Water-soluble particles (caesium iodide (CsI), caesium 

hydroxide (CsOH), strontium hydroxide (Sr(OH)2), 

� Slightly soluble oxides of tellurium, ruthenium and lanthanum.  

 

As the plume travels, radioactive material is deposited on the ground, 

buildings, roads, playgrounds, gardens, parks, etc. This is called 

ground contamination or deposition. The deposition of radioactive 

material can be increased by precipitation (e.g., rain), which washes 

the radionuclides from the air down to the ground, where, in addition, 

hot spots are formed along the rainwater path. These are areas with 

higher radiation or contamination levels.  

 

Deposition from severe releases may occur at a considerable distance. 

The plume will travel downwind and the concentration of radioactive 

materials will tend to decrease as it travels further from the facility. As 

the concentration of radioactive materials in the plume decreases, the 

dose rate to the affected population will also decrease. Thus, those who 
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are further away from the plant will generally be at less risk, i.e. 

stochastic effects not warranting immediate evacuation, but requiring 

relocation or restrictions on food consumption. 

 

The plume itself and the deposited radioactive material are the 

primary sources of the dose to the public in the event of a large 

atmospheric release. 

 

Figure 2.2 shows the exposure pathways following a large 

atmospheric release. The dose comes from the following pathways: 

� inhaling radioactive material in the plume; 

� external gamma radiation from the plume, called cloud shine; 

� external beta and gamma radiation from radioactive material 

deposited on the skin and clothes; 

� external gamma radiation from radioactive material deposited on 

the ground, called ground shine;  

� internal exposure due to the ingestion of contaminated food, 

milk and drinking water; 

� internal exposure due to the inadvertent ingestion from eating 

with dirty hands or smoking or children playing on the 

contaminated ground. 

 

In addition, there is the possibility that radioactive material will enter 

the body through open wounds, resulting in an internal contamination, 

even though this pathway is not a major concern in a nuclear 

emergency. 

 

 
 

Figure 2.2: Major pathways of exposure following a large  

atmospheric release. 
 

inadvertent 

ingestion 
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How much each pathway will contribute to the overall dose incurred 

by an individual is dependent on the phase of the emergency: 

� During a release, the dose from cloud shine, ground shine, 

inhalation and skin contamination is predominant.  

� After the plume has passed, the dose from ground shine and 

the intake of contaminated food, milk and drinking water, as 

well as inadvertent ingestion, becomes predominant. 

 

The actual doses received by individuals off-site as a result of an 

accidental release depend on three factors: 

� The release itself, the composition and released quantities of 

radionuclides (i.e., the source term), 

� The weather during and after the release (wind, rain etc.), 

which would determine the concentration of radionuclides in the 

air and also the ground contamination, 

� The protective actions taken. 

 

2.6 Source term 

 

As stated in the previous chapter, the composition and magnitude of 

the release itself, which is called the source term, is one of three 

factors that directly determine the negative consequences of radiation 

on the population and the environment in the case of an emergency 

with significant releases of radioactive material to the environment.  

 

The source term is defined by the quantity or magnitude, the timing, 

the chemical species and the physical forms of the radioactive material 

released from a degrading reactor core into the environment. 

 

It is important to recognize that other characteristics of the release, 

besides its magnitude, have an effect on the off-site doses. For 

instance, if the plume is hot, buoyancy can lift the plume high into the 

air, thus reducing the dose received by the nearby population. If the 

release rate is slow (i.e., it takes a long time), shifts in the wind 

direction may disperse the radionuclides over many populated areas 

and no single group of the population would be exposed to the entire 

plume.  

 

The chemical and physical form of the released materials will also 

affect the off-site doses. For example, in the case of noble gases, 

which are chemically inert and remain in the air because they do not 

combine with other materials to form solid or liquid compounds, the 

release deposition to the ground and ingestion via the food chain will 

not take place. Conversely, if the release material is in the form of 

water-insoluble particles that are too large to be inhaled, then lung 

exposure will not occur. 

 

The magnitude of the source term varies depending on whether or not 

the containment fails, when it fails and the effectiveness of the 
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engineered safety features in mitigating the release. Therefore, the 

source term is always subject to great uncertainty.  

 

Early in an emergency (before or during the initial release) there will 

be very little known with certainty. The operators should be able to 

determine if there is core damage, based on the plant parameters, but 

they cannot know the size or the timing of a release. If there is a 

release, the behaviour of the released material will be very complex 

and unpredictable. Therefore, the only information early on in an 

emergency that can be used confidently to make protective action 

decisions is the plant parameters.  

 

The radiation monitors installed in routinely monitored pathways 

(e.g., stacks) can be of little or no use if a release is via an 

unmonitored pathway to the atmosphere. Such a release can be fast, 

direct and unfiltered. Thus, by their very nature, releases resulting in 

an off-site dose, high enough to cause deterministic health effects, 

most likely cannot be characterized by effluent monitors. That said, 

there can be two different types of releases, i.e., controlled and 

uncontrolled, as illustrated in Figure 2.3. 

 
 

Figure 2.3: Different modes of containment release (above: 

uncontrolled, below: controlled). 
 

More information about the processes inside containment, which 

influence radioactive releases, is given in Module XV, including 

examples of the source terms for various emergency scenarios.  

 

2.7 Dose calculations and Field Monitoring 

 

To make real time dose projections during a nuclear emergency 

requires: 

� Assessing the current and projected status of the core, 

� Predicting the occurrence, type and timing of the release, 

� Predicting the source term, including the radionuclide release 
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fractions, the energy of the release and its duration, 

� Predicting the atmospheric dispersion, the ground contamination 

and the resulting exposure pathways for individuals. 

 

 
 

But only the first out of the four steps listed above can be performed 

with considerable certainty in time to initiate effective protective 

actions, while protective actions must be initiated before or shortly 

after a major release to the atmosphere in order to be fully effective. 

This conclusion stems from the relatively high probability of a major 

release given core damage, the relative ease with which the plant staff 

can detect major core damage, the large uncertainties associated with 

projecting containment failure and the great difficulties in making 

accurate dose calculations. Urgent protective action decisions should, 

therefore, be based on the actual indications of core damage, rather 

than real time dose calculations in order to be effective. 

 

However, real time dose calculation software (such as InterRAS or 

RODOS, to name just two) is quite a common tool used by emergency 

teams today, despite the fact that it is difficult to make the above-listed 

predictions with sufficient accuracy to use them for real time dose 

calculations to support urgent decision-making. These are computer-

based tools that can assist with the technical assessment of nuclear 

emergencies for the purpose of determining the protective actions for 

planning purposes during the preparedness process. Still, one must not 

forget that a decision about urgent protective actions and other 

response actions in a nuclear emergency cannot be based on dose 

calculation models. 

 

After the urgent protective actions have been implemented, the next step 

is to assess the areas that may warrant the implementation of early 

protective and other response actions, i.e., feedback should be provided 

regarding the magnitude and the composition of a release based on the 

analysis of off-site samples and field monitoring results. 

 

After the release, dose calculation models may be useful in initially 

directing the resources for off-site monitoring and sampling; however, 

they are not substituting the need to carry out field monitoring in all 

directions close to the nuclear power plant, rather than just in those 

areas indicated by the models.  

 

It is important to be sensitive enough to the differences between the 

actual plume behaviour and that simulated by the models. Even if the 

model projections are “correct”, the actual field monitoring results can 

differ considerably from the calculations because the calculations show 

averages, e.g., they do not show hot spots (areas with high levels of 

contamination). Even under the best circumstances it would be quite 

Protective actions should be based on actual indications 
of the core damage and not on dose calculations. 
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optimistic to expect field monitoring results to agree with the model 

calculations.  

 

Early, limited, field monitoring results should be used with great care. 

Even if the monitoring team is in the path of the release, the plume could 

meander or loop around the team. It is difficult to obtain representative 

measurements of the release at its onset. Figure 2.4 represents the real 

ground deposition of 
137

Cs measured after the Chernobyl accident. 

People were relocated from hot spots that were more than 300 km from 

the plant. Clearly, extensive environmental monitoring is needed to 

characterize the contamination resulting from such a release. In this 

regard, dose calculation models can support an assessment of the 

environmental monitoring data in order to develop deposition and dose 

maps. 

 

 
 

Figure 2.4: Map of the 
137

Cs deposition from the Chernobyl accident. 

 

Irrespective of the purpose for which the models are used, their 

integration into the overall emergency arrangements and into the 

decision-making systems is necessary so that their use will not delay 

the implementation of urgent protective actions. 

 

2.8 Questions 

 

1. List some of the particularities associated with nuclear 

emergencies. 

2. What are the three primary goals of an emergency response? 
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3. Briefly describe what emergency preparedness actually means in 

practice. 

4. What is the difference between emergency preparedness and 

emergency response? 

5. List the protective actions that can be taken to prevent severe 

deterministic effects and to reduce the risk of stochastic effects. 

6. List the radiation exposure pathways for a member of the public 

following a large atmospheric release in a nuclear emergency. 

7. What is the source term? 

8. Name a few radionuclides that are released into the environment 

during a severe nuclear emergency. 

9. Why should protective actions not be based on dose 

calculations? 

10. How can dose projections be used along with field monitoring? 
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3 PREVIOUS NUCLEAR ACCIDENTS 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Understand the reasoning for nuclear emergency preparedness 

and response based on a brief overview of the most well-known 

nuclear accidents. 

 

Despite having better and better nuclear technology, we can never be 

100% sure that nothing will go wrong. Previous nuclear emergencies 

are there to remind us about the potential for emergencies, on the 

impact they may have and on the necessity to be prepared to respond 

to them. They also provide an excellent source of lessons identified 

and, hopefully, learned.  

 

Here we will discuss, from the perspective of emergency preparedness 

and response, the three examples of nuclear emergencies at nuclear 

power plants that are the most severe and well known: the Three Mile 

Island accident [4], the Chernobyl accident [5] and the Fukushima 

Daiichi [6] accident. The discussions focus on some specific aspects 

relevant to the emergency preparedness and the response to a 

particular accident, rather than an attempt to cover them 

comprehensively. 

 

3.1 The Three Mile Island accident 

 

 
 

Figure 3.1: Jimmy Carter leaving the Three Mile Island station on 1 

April, 1979 (source: Wikipedia.org, © Public domain). 

 

The Three Mile Island accident happened on 28 March 1979 in 

Pennsylvania, United States. A series of equipment malfunctions and 

human errors resulted in a loss of reactor coolant and, consequently, a 
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partial core meltdown. The radioactive impact on the environment was 

not significant; it was limited to small quantities of radioactive gases. 

But the non-radiological impact was immense. It is rated as a level-5 

accident on the International Nuclear and Radiological Events Scale
2
 

(INES). 

 

“What went wrong at TMI — really, really wrong? The 

communication.” [7] As we will emphasize in the subsequent 

chapters, communicating with the public is, alongside protective 

actions, the most important role of the authorities during a nuclear 

emergency. 

 

The operator was unable to correctly diagnose the event and did not 

understand the situation. But messages to the public and the 

authorities were too reassuring, right from the beginning. So, with 

subsequent communications, when the situation was clearly worse, the 

operator had to keep going back to the public and the authorities 

saying “it is worse than we thought”. This contributed to a loss of trust 

by the public and the authorities, which is always difficult to regain.  

 

3.2 The Chernobyl accident 

 

The Chernobyl nuclear power plant accident happened on 26 April 

1986 in Ukraine, formerly the Soviet Union. It released significant 

amounts of radioactive material into the environment. The release was 

carried high into the atmosphere by the heat generated as a result of 

the accident and carried by the wind away from populated areas. This 

prevented hundreds of early deaths or injuries off-site. As the release 

moved away from the reactor site, radioactive particles were deposited 

(on the ground, trees, people, etc.), exposing people at greater 

distances to significant ground deposition. The drinking of 

contaminated milk and the eating of contaminated food from family 

gardens resulted in a significant increase in the rates of thyroid cancer 

among children more than 350 km from the site. The contamination 

levels in agricultural products more than a 1000 km away exceeded 

national restriction standards. It is rated as a level-7 accident on the 

INES. 

 

The Chernobyl accident demonstrated the difficulties that authorities 

can face in terms of emergency response in the absence of an adequate 

level of preparedness. Very little was prepared in advance. The 

authorities ordered protective actions, but not on time. It took them 

two days to order an evacuation. No iodine pills were prepared and no 

pills were administered. On the other hand, Poland, which was 

affected by the plume as well, was prepared. They distributed 17 

million stable iodine doses, of which 10 million went to children.  

 

                                                
2 See Chapter 5.2 of this Module. 
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Figure 3.2: The Chernobyl reactor after the disaster  

(source: Wikipedia.org, © Fair use). 

 

The nuclear world was never the same after the Chernobyl accident. 

Not only did new NPP builds stop, there were many lessons learned in 

terms of emergency preparedness and response. For example, 

countries were building national radiation-monitoring networks to 

detect radiation danger as soon as possible.  

 

The Soviet authorities did not notify the international community 

about the emergency. It was not until elevated radiation levels were 

detected at Swedish NPPs that the news broke. As a result of this, 

within a few months following the accident, the Conventions on Early 

Notification and on Assistance [8, 9] were adopted.  

 

3.3 The Fukushima Daiichi accident 

 

The Fukushima Daiichi accident happened on 11 March 2011 in Japan 

as a consequence of an extreme natural disaster, i.e., a strong 
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earthquake followed by a tsunami, which left the NPP without any 

electrical power to maintain the cooling of the core. Realizing the 

potential for core damage and for significant releases of radioactive 

material into the environment, the authorities ordered protective 

actions, such as evacuation and relocation, for the population up to 20 

km and 30 km, respectively. Iodine pills were distributed as well, but 

their administration was not ordered. 

 

The world was again shocked that a nuclear accident on such a scale 

was even possible in 2011 and in such a developed country. It is rated 

as a level-7 accident on the INES, i.e., the same as the Chernobyl 

accident. A specific feature of this emergency was that there were 

multiple core meltdowns and multiple releases over a couple of weeks 

to the atmosphere and for months to the ocean. This accident again 

emphasized the need to be prepared for the worst.  

 

We will be referring to the Fukushima Daiichi accident in the 

subsequent chapters, as well as to the Chernobyl accident. 

 

 
 

Figure 3.3: Hydrogen explosion at unit 2 of the Fukushima Daiichi 

nuclear power plant  

(© Reuters/NTV via Reuters TV). 

 

3.4 Questions 

 

1. The owners of the latest generation of NPPs come to the 

regulatory body and tells it that they will have ultra-passive 

safety equipment installed and that there is no need for any kind 

of emergency preparedness and that everyone will save money 

and time. What should be the response of the regulator? 

2. What is the main lesson from the TMI accident, from the 

perspective of emergency preparedness? 

3. What are the global consequences of the Chernobyl accident? 

4. Why was the Fukushima accident such a surprise?  
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4 ESTABLISHING RESPONSE CAPABILITY 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Describe the planning basis for establishing a response capability. 

2. Explain the importance of a hazard assessment. 

3. Get to know the concept of a protection strategy. 

4. Distinguish between reference levels and generic criteria. 

5. Understand the concept of EALs and OILs. 

6. Describe the IAEA emergency planning zones and distances. 

7. Understand the need for introducing emergency planning zones 

and distances. 

8. Get to know the concept of an operation during a general 

emergency at a NPP. 

9. Describe the three levels of responsibilities in an emergency 

response. 

10. Describe developing emergency plans and procedures. 

 

4.1 Assessment of hazards 

 

Establishing an emergency response capability should be based on a 

sound understanding of the potential hazards and the associated 

consequences.  

 

 
 

The probabilistic safety analysis (PSA) for nuclear facilities (covered 

in Module VII) provides essential information for a probability 

estimation of accidents and their potential consequences.  

 

In addition, the safety analysis report (SAR), as the facility licensing 

document, contains a description of the site, as well as a detailed 

description of design basis accidents and design extension conditions. 

However, for emergency preparedness and response purposes, there is 

a need to perform and document a dedicated comprehensive hazard 

assessment
3
, which identifies where and for whom the protective 

actions and other response actions may be required and which 

supports the identification of those actions that are most effective in 

mitigating the consequences and protecting individuals. In this regard, 

the hazard assessment allows the application of a graded approach 

when preparing for and responding to any emergency. The previously 

mentioned documents, the PSA and the SAR, provide important 

inputs to the overall hazard assessment associated with NPPs for 

emergency preparedness and response. The IAEA Safety Standards [1, 

                                                
3 This is a new term used since 2011 that replaced the term Threat Assessment. 

A hazard assessment provides basis for establishing 
emergency preparedness and response arrangements. 
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2] introduce five emergency preparedness categories to group the 

hazards associated with facilities, activities and sources of which three 

categories are associate with emergencies at NPPs.  

 

The hazard assessment associated with NPPs should result in 

identifying areas where planning efforts should be made for taking 

effective protective actions and other response actions. Such areas are 

referred to as emergency planning zones and distances. They simply 

represent the areas where arrangements are made at the preparedness 

stage protective actions and other response actions have been planned 

in advance. It does not mean that the emergency will stop at the 

planning zone boundary. 

 

The IAEA [10] has adopted the following nomenclature for these 

areas:  

� Precautionary action zone (PAZ),  

� Urgent protective action planning zone (UPZ),  

� Extended planning distance (EPD),  

� Ingestion and commodities planning distance (ICPD).  

 

The PAZ is a designated area around a NPP in which urgent 

protective actions are pre-planned to be taken before the release of 

radioactive material. The goal is to start implementing protective 

actions, such as evacuation and iodine thyroid blocking, upon the 

declaration of a general emergency (see 5.2) on the basis of plant 

conditions in order to avoid or to minimize severe deterministic 

effects.  

 

The UPZ is a designated area around a NPP in which urgent 

protective actions are pre-planned to be taken before, or shortly after, 

a release of radioactive material in a way that they would not delay the 

implementation of urgent protective actions within the PAZ. The goal 

is to implement protective actions and other response actions, such as 

evacuation, sheltering and iodine thyroid blocking, effectively upon 

the declaration of a general emergency in order to reduce the risk of 

stochastic effects. 

 

The EPD is the area beyond the UPZ in which arrangements are made 

to carry out the monitoring and assessment of a radiological situation 

following a significant release of radioactive material. The goal is to 

locate areas within a day to a week and a month following the release 

where protective actions and other response actions, such as 

relocation, need to be taken to reduce the risk of stochastic effects.  

 

The ICPD is the area beyond the EPD in which arrangements are 

made to take effective response actions in relation to the distribution, 

sale and consumption of food, milk and drinking water and the use of 

commodities other than food that may be contaminated following a 

significant release of radioactive material in order to reduce the risk of 

stochastic effects and to mitigate the non-radiological consequences 
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(e.g., economic impact).  

 

Within the PAZ and UPZ, special attention needs to be given to 

prepare for the protection of personnel staffing special facilities such 

as hospitals, nursing homes and prisons. In addition, the evacuation of 

these facilities and those requiring specialized care has to be located 

outside the EPD, so that further evacuation is not needed. 

 

These zones should be roughly circular areas around the facility, their 

boundaries defined by local landmarks (e.g., roads or rivers, 

administrative boundaries) to allow for easy identification during a 

response. It is important to note that the zones do not stop at national 

borders (see Figure 4.1). The zones should be harmonized across the 

border. 

 

 
Figure 4.1: Emergency planning zones and distances [10]. 

 

 
 

The sizes of the emergency planning zones and distances, as 

recommended by the IAEA, are given in Table 4.1. 

 

Table 4.1: Suggested sizes for emergency planning zones and 

distances [10]. 

 

 

Emergency planning zones and distances 

Suggested maximum radius (km) 

100 to 1000 

MW(th) 

≥ 1000 MW(th) 

Precautionary action zone (PAZ) 3 to 5 

Urgent protective action planning zone 

(UPZ) 

 

15 to 30 

Extended planning distance (EPD)  50 100 

Emergency planning zones warrant comprehensive 
emergency planning geographically. 
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Ingestion and commodities planning 

distance (ICPD)  

100 300 
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4.2 Protection strategies 

 

In order to achieve emergency response goals, protection strategies 

need to be developed to guide the overall development of emergency 

arrangements at the preparedness stage and to guide the overall 

emergency response operations. They are basically a justified and 

optimized set of protective and other response actions that need to be 

taken in an emergency response that are developed on the basis of the 

results from the hazard assessment. The protection strategies are 

implemented during the response through the implementation of 

emergency arrangements.  

 

The process of the justification and optimization of the protection 

strategy needs to consider other attributes as well, rather than being 

limited to radiation protection alone. The process also needs to 

account for various social, economic, environmental and 

psychological factors. The impact of each protective action on the 

economy, society, public welfare, etc. is an important factor in 

ensuring that actions taken do more good than harm. 

 

During an emergency it is necessary to assess the effectiveness of the 

actions taken in the light of any relevant information that becomes 

available as the emergency evolves and to revise the protection 

strategy as needed to match the circumstances. Care needs to be taken 

to discontinue any protective action on time, when it is no longer 

justified.  

 

Protection strategies are developed by considering two dosimetric 

concepts: first, using the reference level in terms of residual dose and, 

second, using generic criteria in terms of the projected dose and the 

dose that has been received.  

 

The reference level represents the level of dose or the level of risk 

above which it is inappropriate to plan to allow exposures to occur and 

below which optimization takes place. It is expressed in terms of the 

residual dose, which is the dose expected to be incurred after 

protective actions have been terminated or a decision has been taken 

not to implement protective actions. As such, this dosimetric concept 

is to be used in the development of a protection strategy as a tool for 

optimization and for assessing the effectiveness of actions to be taken. 

The reference level for an emergency is set typically for an effective 

dose in the range 20–100 mSv acute or annually with dose 

contributions via all the exposure pathways. The actual national 

value(s) within this band needs to be chosen on the basis of the 

prevailing conditions of the emergency situation and on national 

particularities.  

 

The generic criteria
4
 represent the dosimetric concept to be used for 

                                                
4 The generic criteria replaced generic intervention levels (GILs) and generic action 
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implementing protective actions and other response actions, either 

individually or in combination, for use within the process of 

developing the protection strategy and its implementation during an 

emergency response. They are expressed in terms of the dose that 

would be expected if the planned protective actions were not taken, 

i.e., the projected dose, and the received dose. The generic criteria are 

given for the RBE-weighted absorbed dose in an organ or tissue, the 

equivalent dose in an organ and tissue as well as for the effective dose 

(see 8.1 of this Module).  

 

When establishing or revising the protection strategy, the reference 

level and the generic criteria are to be decided in such a way that the 

protection strategy at the end does not result in doses incurred by 

individuals exceeding the set reference level.  

Operational criteria 

Let us go back to the generic criteria, which are really generic, as the 

name suggests. An example of a generic criterion is a projected dose 

exceeding 100 mSv in the first 7 days at which urgent protective 

actions, e.g., evacuation, are warranted (see Table 8.3 in the 

Appendix). But it is impossible for a decision maker and its experts to 

use this criterion directly, because the projected dose cannot be 

measured. And it is nearly impossible to calculate it accurately and 

timely during an emergency in order to allow for an effective 

emergency response. Therefore, there is a need for criteria that can be 

used directly during an emergency without any need for a further 

assessment. They are called the operational criteria. 

 

 
 

Figure 4.2: System of generic and operational criteria [3]. 
 

In the first stage of a nuclear emergency, i.e., before or shortly after 

the release(s), protective and other response actions are decided upon 

on the basis of the conditions at the facility. The operational criteria 

associated with the conditions at the plant are called Emergency 

                                                                                                              
levels (GALs) from previous standards [11]. 
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Action Levels (EALs). 

 

In the later stage of a nuclear emergency, protective and other 

response actions are decided upon on the basis of monitoring and 

assessment. For this purpose Operational Interventional Levels 

(OILs) are used. 

 

EALs together with OILs and observables at the scene make a system 

of operational criteria for use within the protection strategy, satisfying 

the generic criteria and ultimately the reference level (Figure 4.2).  

Emergency Action Levels (EALs) 

EALs are predetermined, site specific, observable criteria. They can 

be observed by control room staff and include instrument readings, 

status indications, observable events, etc. The purpose of EALs is an 

early detection of the initiating condition of an emergency so that an 

appropriate level of emergency response is initiated to mitigate its 

consequences effectively, even before any release occurs. 

 

EALs serve the purpose of triggering protective actions when OILs 

may not yet be an appropriate indicator for doing so. EALs form the 

basis of an emergency classification system (see 5.2). 

Operational Intervention Levels (OILs) 

After the release of radioactive material occurs and the monitoring 

teams can be deployed at the field, OILs can be used to identify and 

determine when and for whom the protective actions and other 

response actions are necessary. OILs are measured with instruments in 

the field or in the laboratory. They can be dose rates, ground or 

surface concentrations of radioactive material, or activity 

concentrations of radionuclides in environmental, food or water 

samples.  

 

OILs are derived from generic criteria. They are calculated and agreed 

upon in the preparedness stage as part of the overall protection 

strategy. They are derived on the basis of certain assumptions with 

respect to the emergency, the affected population and the other 

conditions. This may or may not correspond to the emergency in 

question. Therefore, arrangements need to be in place to revise OILs if 

needed as the emergency evolves.  

 

If we go back to our example of a generic criterion, an operational 

intervention level for the dose rate of 1000 µSv/h at 1 m above ground 

level will indicate that a dose projected at 100 mSv in 7 days may be 

exceeded. Therefore, should the measured dose rates within a certain 

affected area indicate that this value is exceeded, an evacuation in 

combination with iodine thyroid blocking (along with other response 

actions too) may be an appropriate strategy to be considered for those 

individuals living in this area. So, when a decision maker gets a report 

from the field indicating these high dose rates being measured, there 
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would be no need for him/her to require further assessments of what 

would be the projected dose and he/she can decide about 

implementing the agreed protection strategy in a timely manner. 

 

4.3 Concept of operations  

 

The concept of operations is a brief description of the ideal response 

to a postulated emergency. It is used to illustrate how the response 

will be carried out in order to be efficient, so that all those involved in 

the EPR share a common understanding. Here, we will be looking at 

the concept of operations for a General Emergency (see 5.2) at the 

NPP with the light water reactor described in [10]. Further details 

about the respective functions that are expected to be performed in an 

emergency response are given in Chapter 5 and a description of the 

protective actions in Subchapter 5.4. 

 

An emergency at a nuclear power plant starts with an event that will 

result in conditions indicative of a release or uncontrolled criticality 

warranting protective actions and other response actions. Within about 

15 min of the detection of the event, the operator declares a General 

Emergency on the basis of predetermined conditions and instrument 

readings in the nuclear power plant (EALs).  

 

The operator notifies the off-site authorities within 15 min of the 

declaration of the emergency (within 30 min of event detection) and 

thus triggers a coordinated and pre-planned off-site response. The 

operator takes all possible actions on-site to prevent or mitigate the 

release and perform all other immediate actions to protect the 

individuals present at the site. Support from off-site authorities is 

provided to the site if requested.  

 

Within 45 min of the detection of the event the off-site authorities start 

implementing the predetermined urgent protective actions: 

� Warn the PAZ and UPZ population (e.g., with sirens) and 

inform them (e.g., via radio or TV) of the actions to take,  

� Instruct people to immediately take stable iodine pills, 

� Instruct people within the EPD to reduce inadvertent ingestion, 

if release is on-going or imminent,  

� People within the PAZ are instructed to immediately evacuate to 

beyond the UPZ and those within the UPZ to shelter until 

evacuation,  

� Instruct transportation systems (air, land, the sea) to avoid the 

PAZ and UPZ, 

� Instruct people within the ICPD to protect the food chain and 

stop the use of potentially contaminated foods and commodities: 

o Place animals on protected feed,  

o Protect food and drinking-water sources,  

o Stop the distribution and consumption of non-

essential local produce and wild-grown products,  
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o Stop the distribution of commodities until they 

have been assessed. 

 

Within 1 hour of the detection of the event, the public, being informed 

in advance, promptly take the recommended actions.  

 

Within hours of the detection of the event, the general public is 

provided with information about the emergency and an officially 

designated spokesperson briefs the media. Joint press conferences are 

given regularly, with the participation of the operator, and local and 

national officials. Means to monitor the actions of the public and the 

media are put in place to identify any unwarranted actions being 

taken. 

  

Within hours the national authorities notify the IAEA. In addition, the 

national authorities may request international assistance through the 

IAEA.   

 

Within hours of the event’s detection, a full emergency response, 

including all the local and national response organizations, is 

activated, operating under a single emergency command system.  

 

Following a release, areas that are not evacuated are to be monitored 

as soon as possible so as to identify where additional actions are 

needed, e.g., areas that require:  

� Evacuation within a day, 

� Relocation within a week to a month,  

� Restrictions on the consumption of local produce, milk from 

grazing animals, rainwater and animal feed. 

 

The operator ensures that people on the site are adequately protected 

against all hazards. Those who are contaminated, exposed or 

evacuated, warranting medical attention, are taken to pre-designated 

hospitals and receive the appropriate medical care. Physicians treating 

exposed individuals receive advice from doctors with experience in 

dealing with severe overexposures. The national authorities assist in 

obtaining specialized treatment, through the IAEA if necessary.  

 

Within hours of the detection of the event, triage centres are 

established outside the evacuated area (i.e., the UPZ) to register, 

monitor and screen evacuees and to determine who needs medical 

treatment or who needs to be registered for a long-term medical 

follow-up.  

 

Within a day of the detection of the event, controls are implemented to 

monitor and approve the goods coming from the affected areas and 

intended for international trade.  

 

Within a week of the detection of the event, a programme for the 

analysis of food, milk and drinking water and commodities sampling 
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is implemented to clarify whether further restrictions are needed or to 

remove restrictions, as appropriate.  

 

The personal data of people in the population with exposures 

sufficient to result in a detectable excess cancer incidence among the 

exposed population will be placed on a registry. Those on the registry 

will receive information about their individual risks and long-term 

medical follow-ups to detect and effectively treat any excess cancers 

should they occur.  

 

4.4 Allocation of responsibilities 

 

The concept of operations described in the previous chapter is a 

general description of how actions should be taken after a severe 

nuclear emergency. Responsible organizations used in this description 

are limited to the operator and local and national authorities. In reality, 

these three have actual names and people behind them, which is 

country specific of course. Developing the concept of operations at the 

national level, early at preparedness stage, facilitates a common 

understanding by all about the expected response and helps 

participating organizations to recognize their roles and 

responsibilities. 

 

One of the most important parts of emergency preparedness is to have 

roles and responsibilities clearly assigned and well understood by 

everyone involved. This means that each action in the emergency 

preparedness and response is allocated to a particular organization and 

this is well known and recognized by all the other organizations.  

 

It is crucial that the roles and responsibilities are assigned officially 

and documented, preferably set in legislation and documented in 

plans. In addition, organizations involved have to integrate their roles 

into their internal rules and procedures. Their employees or members 

need to embrace their roles, to be aware of them and be trained to play 

them. And this has to be maintained, regardless of employee changes.  

 

For the initial assignment of the roles and responsibilities, 

coordinators should be designated for each facility operator, 

organization, department and ministry that may have a role to play in 

the emergency preparedness and response. The allocation of 

responsibilities is an interactive process and should be carried out in 

consultation with each relevant group, according to the realistic 

capabilities of that group.  

 

There are three levels of responsibilities. The responsibilities of the 

operator (1) and the national off-site authorities (2) are outlined in 

general terms in the description of the concept of operations. This 

needs to be done in great detail at the national level. But as we have 

learned from past emergencies, such events are by no means limited to 
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national borders. The Chernobyl accident and the Fukushima Daiichi 

NPP accident both had global impacts. Therefore, there is the 

international level (3) as well. A summary of all three levels and the 

basic responsibilities are given in Table 4.2. 

 

 

 

 

 

Table 4.2:  Levels of responsibilities during an emergency response. 

 

OPERATOR  
(facility staff) 

OFF-SITE 
(local and national 
authorities) 

INTERNATIONAL 
(IAEA,) 

� mitigate the 

emergency, 

� protect people 

on-site, 

� notify and keep 

off-site 

authorities 

informed, 

including the 

international 

community,  

� provide initial 

radiological 

monitoring, etc. 

� implement 

protective actions 

off-site, 

� provide support to 

the facility, 

� public 

communications, 

� provide medical 

treatment, 

� notify IAEA, etc. 

� Notify and exchange 

official information 

among the international 

community, 

� Provide advice and 

assistance, if requested, 

� Perform an assessment 

of the situation and a 

prognosis about its 

development, 

� Provide information to 
the general public and 

media, 

� Coordinate the inter-

agency response.  

 

Local authorities differ from country to country. They may include the 

local municipality, the mayor, local civil protection, first responders 

(fire fighters, police and paramedics), etc. 

 

National authorities may include the government or ministries and 

governmental agencies. They may also include regional authorities 

(province or state). 
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4.5 Developing emergency plans and a response 
capability 

 

Emergency response planning is done on paper, while its 

implementation can involve all kinds of hardware installations, 

communication set-ups, personnel trainings, testing, etc. All the 

agreed arrangements are put into documents. Top-level documents are 

called plans. These can be national, local, operator or some other 

participating organization’s plans. They are generic in nature and 

usually do not provide enough details to be used operationally. 

Subordinate documents are produced for this purpose, e.g., 

procedures, checklists, etc. These contain detailed instructions and 

step-by-step actions for the individual emergency team positions. All 

of them need to be coordinated and integrated to provide for an 

efficient and effective response. 

 

The national radiation emergency response plan (NREP), which 

usually covers nuclear and radiological emergencies, should 

preferably be a part of an “all-hazards” plan, which is the national 

emergency plan or set of plans for an integrated response to any type 

or combination of hazards or disasters. If there is no national “all-

hazards” plan, the NREP must address in detail the integration with 

the response of other organizations during the emergencies involving 

a combination of actual or perceived hazards. 

 

The NREP is an overall umbrella plan for all the responding 

organizations and their relationships. In particular, the NREP should 

provide sufficient detail to ensure that functional areas covered by the 

emergency teams from different ministries or organizations can 

function effectively. The NREP is a summary of more detailed 

implementation plans and ensures that all the other planning is 

integrated and compatible.  

 

At the next level down, there are plans developed by individual 

participating organizations, i.e., agencies, governmental institutions, 

and facilities or operators, as illustrated in Figure 4.3.  

 

The final level represents the procedures, checklists, etc. that will be 

used during an emergency to carry out the plans. 

 

The development of the national nuclear emergency response 

capability is usually carried out using a top-down approach – from 

national down to the local and the operator level, from overall 

strategic concepts down to operational details. In this way it all starts 

with developing the national plan, which is a project that should 

include representatives from all the key organizations involved in a 

response to a nuclear emergency. However, the development of 

different plans can also be carried out simultaneously.  

 

There can be different approaches to develop a NREP and other 
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respective plans, depending on the country and on the national 

circumstances. For example, a high-level working group can be 

established with a mandate to draft a NREP. Different topics can be 

covered in separate working-group sessions with additional experts 

invited as needed. Similarly, local and other subordinate plans and 

documents can be developed in the same manner. For the effective 

implementation of the plans it is useful to list the missing resources at 

the time of drafting and produce action plans for hardware 

installations, communication setups, personnel trainings, etc. 

 

For developing the capability the IAEA proposes a modular 

methodology, which is explained in detail in the EPR-Method 

publication [12]. The idea is to divide the project into self-contained 

tasks. In addition, the methodology requires extensive consultations 

between all the relevant organizations with a dynamic drafting of the 

plans and procedures. 

 

 
 

Figure 4.3: Hierarchy of the radiation emergency plans. 

 

Once the emergency plans and response capability are established it is 

crucial to maintain them using the preparedness process with regular 

testing, training and exercises to simulate emergency situations (see 

Chapter 6). This process provides a lot of opportunities to identify 

problems, gaps and possible improvements in order to maintain the 

overall response capability as well as possible. Of course, these 

improvements need to be reflected in the plans and other documents. 

 

Emergency plans, procedures, etc. should provide for all the functions 

necessary to be performed in the emergency response, such as: 

� Initial assessment and classification, 

� Notification and activation, 

� Emergency mitigation, 

� Public communication, 

� Public protective actions and other response actions, 

� Protection of emergency workers,  

� Non-radiological consequences mitigation. 

 

We will be covering all the emergency functions in detail in the next 
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chapter.  

 

4.6 Questions 

 

1. What is the planning basis for emergency preparedness and 

response? 

2. What is a protection strategy? 

3. Describe the system of generic and operational criteria. 

4. What is the reference level used for? 

5. What are OILs? Give an example. 

6. What are EALs? Give an example. 

7. Describe the IAEA emergency planning zones and distances. 

8. Why is the PAZ called precautionary? 

9. What is the suggested size for a UPZ? 

10. Describe the responsibilities of an operator in an emergency 

response. 

11. Describe the process of developing a national radiation 

emergency plan. 

12. What is the hierarchy of emergency plans? 
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5 FUNCTIONAL ELEMENTS 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Describe emergency management. 

2. Explain the need for emergency classification. 

3. Describe the purpose of mitigatory actions in a nuclear 

emergency. 

4. Distinguish between urgent and early protective actions. 

5. List urgent protective actions. 

6. List early protective actions. 

7. Describe the mechanism of iodine thyroid blocking. 

8. Explain the difference between evacuation and relocation. 

9. Distinguish between informing the general public and giving 

instruction to the affected public during an emergency.   

10. Explain what the arrangements for protecting emergency workers 

encompass. 

11. Describe the purpose and importance of field monitoring in 

emergency response. 

12. List three levels of medical response. 

13. Explain the importance of triage. 

14. Understand the reasons for public concerns. 

15. Describe the particularities of radioactive waste management 

following a nuclear emergency. 

16. Explain the importance of mitigating the non-radiological 

consequences. 

17. Understand the need for adjusting protective actions and 

implementing recovery operations. 

 

5.1 Managing emergency response operations   

 

The operator has full authority over the response actions within the 

facility itself, i.e., on-site, including actions that aim to mitigate the 

accident at the source and to prevent or reduce potential radioactive 

releases to the environment. The operator must have the ability to 

transition smoothly from normal operations to an emergency response 

without impairing the safe and secure operation of the facility itself. 

 

The operator has the most up-to-date status of the facility at all times. 

This information needs to be used in such a way that when the 

conditions or indications are identified, leading to an emergency, the 

emergency response is promptly initiated on-site. The operator is 

required to notify the off-site authorities, who then activate the off-site 

emergency response. However, the operator is sometimes given the 

authority to trigger the off-site response directly, e.g., by setting off 

sirens, in order to make it as quick as possible. The operator is also 

required to provide sufficient information to the off-site authorities 

throughout the emergency. The off-site authorities, however, usually 
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have command and control over the implementation of public 

protective actions and other response actions off-site. So, if these 

authorities and responsibilities are not properly executed, and on-site 

and off-site protective actions and other response actions are not 

properly coordinated under a unified command and control system, 

there is potential for the effectiveness of the emergency response to be 

jeopardized. Therefore, it is important that the decision-making 

process and the overall emergency response are well coordinated on-

site and off-site and to be properly documented and understood by all 

the response organizations. 

 

Depending on the scale and the dynamics of the emergency, the off-

site authority in charge may vary. For example, in the case of 

emergencies causing a limited geographical impact, the local 

emergency management organization may have full authority over the 

entire response. If the severity was to increase, however, and several 

local areas were affected, the regional (provincial) or national 

emergency management organization may need to take over. Such 

cases should be anticipated and the process for the transfer of 

authority should be well documented.  

 

5.2 Identifying, notifying and activating 

 

There should be a clear and effective way for the key response 

organisations (operator and off-site response organizations) to be 

alerted of an emergency and to activate the required, for that type of 

emergency, personnel and resources, 24 hours a day, 7 days a week. 

An emergency class is the simplest and the shortest message the 

operator can issue on-site and send to the off-site authorities to alert 

them about an emergency and to trigger an appropriate level of 

emergency response.  

 

It is very important that the classification of the emergency is made 

correctly and that the off-site authorities are promptly notified in order 

to trigger the off-site emergency response as soon as possible. The 

timing requirement for the notification and activation varies 

depending on the type of facility and the emergency class. The 

notification must be prompt enough to enable the response 

organizations to perform their required functions effectively.  

 

The notification arrangements need to extend to notifying the 

potentially affected population within the areas of neighbouring 

countries, to allow for a prompt activation and an effective emergency 

response on their territories. 

Emergency classification 

The operator needs to have an easy-to-use classification procedure to 

promptly identify emergency conditions and to determine the 

emergency class. Upon the declaration of an emergency class, the 
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operator and each response organization should take, without further 

assessment, their assigned actions for that emergency class. The 

meaning of each emergency class in terms of the required actions and 

the level of emergency response needs to be identical for both the 

operator and the off-site response organizations.  

 

The IAEA recommended emergency classification system is described 

in Table 5.1. 

 

Table 5.1: The IAEA Emergency Classification System. 

 

Class Description 

General 

emergency 
Emergencies at facilities in emergency preparedness 

category I or II for an emergency that warrants taking 
precautionary urgent protective actions, urgent protective 

actions and other response actions on the site and off the 

site. 

Site area 

emergency 
Emergencies at facilities in category I or II for an 

emergency that warrants taking protective actions and other 

response actions on the site and in the vicinity of the site. 

Facility 

emergency  
Emergencies at facilities in category I, II or III for an 

emergency that warrants taking protective actions and other 

response actions at the facility and on the site but does 

not warrant taking protective actions off the site.  

Alert Emergencies at facilities in category I, II or III for an event 

that warrants taking actions to assess and to mitigate the 

consequences at the facility. 

 

The declaration of the emergency class is based on Emergency Action 

Levels (EALs) as discussed in the preceding chapter. Typically, the 

control room operators follow procedures on emergency classification, 

which guide the operators to check the status of important plant 

parameters that trigger a declaration of an appropriate emergency 

class, if warranted. 

 
Examples of EALs and the corresponding Emergency Classes: 
 

� Core exit thermocouples > 650°C � General Emergency, 

� Containment monitor RM-09 > 10 Gy/h � Site Emergency, 

� Spent fuel pool water level ≤ 10 m � Alert, 

� Loss of RCS inventory control � Site Emergency, 

� Containment pressure greater than 3.09 bar � General Emergency. 

 

Care must be taken to ensure that the classification procedures are 

useable under emergency conditions when the workload, distractions 

and stress are very high. The site-specific EALs must use the units on 

the instruments and the terminology that is used at the plant.  

 

The emergency classification should not be confused with the 

International Nuclear and Radiological Events Scale (INES). The 

INES is designed to promptly communicate the safety significance of 
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an event. Purpose of the INES is to facilitate communications and 

understanding between the technical community, the media and the 

public. It is not the basis for the response, which the emergency 

classification is.  

 

5.3 Taking mitigatory actions 

 

Mitigatory actions for a nuclear emergency refer to immediate actions 

to be taken on-site: 

� To prevent severe damage to the fuel in the reactor core or the 

spent fuel pool and thus prevent a large release of radioactive 

material, 

� To reduce the size of any release following damage to the fuel, 

� To delay a large release of radioactive material following 

damage to the fuel to allow protective actions to be taken most 

effectively on-site and off-site. 

 

During a nuclear emergency the plant can fall within the plant states 

of a design basis accident (DBA) and design extension conditions 

(DEC). 

 

Design basis accidents are accidents that the NPP is designed to 

withstand without loss to the systems, structures, and components that 

are necessary to ensure public health and safety. The operator is 

expected to manage these kinds of emergencies, so that they have no, 

or only minor, radiological impacts, on or off-site, and do not 

necessitate any off-site protective actions. 

 

Design extension conditions include accidents with a significant 

degradation of the reactor core and the core melt. DECs are derived on 

the basis of engineering judgment, deterministic assessments and 

probabilistic assessments to further improve the safety of a NPP by 

enhancing the plant’s capabilities to withstand, without unacceptable 

radiological consequences, accidents that are either more severe than 

design basis accidents or that involve additional failures.  

 

The operator has to be able to manage the DBA and DEC. There have 

to be procedures and guidelines in place (e.g., emergency operating 

procedures (EOPs), severe management guidelines (SAMGs)) and 

personnel have to be trained to cope with such conditions and mitigate 

the emergency. 

 

Appropriate preparedness should consider accidents that are beyond 

those discussed above and considered in a design that may result in 

off-site consequences warranting emergency response actions. This is 

also recognized as the last (i.e., the fifth) level of defence in depth for 

a NPP, requiring off-site emergency plans and procedures.  

 

This element “Taking mitigatory action” is extensively discussed in 
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Module XV. 

5.4 Taking protective actions and other response actions 

 

There are two categories of protective actions for the public in 

response to a severe nuclear emergency:  

� Urgent protective actions, 

� Early protective actions. 

 

These protective actions are usually accompanied by other response 

actions that aim to provide support to the affected population through 

undertaking public-information activities, the provision of necessary 

medical care, psychological support and similar. 

 

Sometimes, the term precautionary urgent protective actions is used, 

which is not another category of protective actions, but just to point 

out that urgent protective actions are to be taken on the basis of plant 

conditions, before or shortly after a release.  

 

Urgent protective actions are primarily intended to prevent 

deterministic effects. They must be taken promptly (within hours) to 

be effective and therefore require quick decision-making. They are 

used over a relatively short period of time (days/weeks).  

 

While early protective actions are intended to reduce the risk of 

stochastic effects as far as is reasonably possible. They can be 

implemented within days to weeks and they will still be effective. 

They can be long lasting. 

 

Major urgent protective actions are: 

� Iodine thyroid blocking (ITB), 

� Evacuating, 

� Sheltering.  

 

A major early protective action is: 

� Relocation. 

 

In addition, there are actions that are used as both urgent and early 

protective actions: 

� Closing off the area, 

� Actions to prevent inadvertent ingestion, 

� Personal decontamination, 

� Restrictions on food, milk and drinking water and on 

commodities,  

� Medical treatment (see 5.8).  

 

There are two possibilities to initiate protective actions. They can be 

ordered within the predetermined emergency planning zones and 

distances (see 4.1), upon the declaration of a General Emergency, and 

therefore based on EALs. In addition, they can be ordered after the 
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release as a result of monitoring and sampling, and therefore based on 

OILs. 

 

As the name urgent protective actions itself suggests, there is an 

urgency and time constraint when they are to be implemented in order 

to be effective. If the decision-making and planning processes for the 

emergency response only begins when the emergency has already 

started, urgent protective actions may not be taken effectively and 

many lives may be in danger. Therefore, arrangements must be made 

at the preparedness stage to effectively and safely take urgent 

protective actions when needed. Factors such as the availability of 

transport and the effectiveness of shelters and other local 

characteristics and infrastructure must be considered. 

Iodine thyroid blocking (ITB) 

Large amounts of radioactive iodine can be released during a severe 

nuclear emergency. Radioactive iodine can accumulate in the human 

thyroid gland and damage it, leading to a greatly increased chance of 

developing radiation-induced thyroid cancer. Young children and 

foetuses are the most vulnerable.  

 

The dose to the thyroid can be prevented or reduced by taking stable 

(non-radioactive) iodine before exposure. The stable iodine will 

saturate the thyroid and prevent the uptake of radioactive iodine. This 

protective action is called iodine thyroid blocking (ITB) or iodine 

prophylaxis or stable iodine administration.  

 

ITB is a very effective protective action if taken in time. It is best to 

take a pill of stable iodine before or shortly after intake, i.e., within 2 

hours of inhalation or ingestion of the radioactive iodine. During 

implementing ITB, the public should be given clear instructions when 

to take the iodine pills and in what dosages. The World Health 

Organisation provides recommendations on the forms of stable iodine 

to be used and on the correct dosages for different population groups.  

 

Radioactive iodine can enter the human body by inhalation and 

ingestion. ITB prevents the intake of radioactive iodine from both 

pathways. While the inhalation of radioactive iodine may be a short-

term issue, ingestion can be the main pathway for internal exposure to 

radioactive iodine that affects the larger population. This is 

particularly true for children as a result of the consumption of milk 

from grazing animals contaminated with radioactive iodine. 

 

ITB is not suitable for long-term protection or a universal protection 

against radiation. It is only used for the protection of the thyroid 

against radioactive iodine and radioactive iodine alone. Therefore, the 

implementation of ITB needs to be considered in parallel with other 

protective actions (such as evacuation as well as food, milk and 

drinking-water restrictions).  
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Figure 5.1: Children in Kawamata, Japan, take stable iodine pills after 

being evacuated from the vicinity of the Fukushima Daiichi NPP (© 

Asahi Shimbun). 

 

The dose from the inhalation of radioactive iodine by those in the PAZ 

and UPZ can be sufficient to result in severe deterministic effects in 

the thyroid and foetus. But sheltering or evacuation performed after 

the start of a release may not provide sufficient protection to prevent 

these effects. Therefore, these protective actions are best combined 

with ITB. However, care must be taken to ensure that the 

implementation of ITB will not delay the evacuation within 

emergency planning zones.  

 

For severe nuclear accidents, depending on the circumstances, the 

thyroid dose from inhalation may be high enough to warrant ITB more 

than a few 100 km from the accident. While there may be enough time 

to locally distribute iodine pills in areas so far away, the pre-

distribution is necessary in the vicinity of the facility (PAZ and UPZ). 

People should have them stored in homes, schools, workplaces, 

hospitals and other special facilities. If iodine pills are not pre-

distributed, they may not be distributed on time during an emergency, 

especially in the PAZ. 

 

The ITB protection mechanism and the ITB implementation need to 

be well explained to the public at the preparedness stage in order to 

support the effective implementation of ITB, to prevent unwarranted 

actions taken by the public and to reduce fear.  

Evacuation 

Prompt evacuation is the most effective public protective action - if it 

can be carried out safely. If taken before a release, it can prevent 

exposure from all possible pathways. 

 

Evacuations are common in the sense that people know what to do. 

Evacuations are to be carried out in an organized and safe manner. 

Evacuations occur quite frequently in response to conventional 
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emergencies. During evacuation, people usually do not panic. Traffic 

during an evacuation is slow and in one direction.  

 

Evacuation after a release, after the passing of the plume, is still an 

effective countermeasure. It protects against ground shine, which can 

be an important source of exposure.  

 

Evacuation is effective even during a release. The IAEA states [10] 

that it is more effective than sheltering, even if evacuation takes place 

in the plume, provided that the speed is at least 5 km/h, which is the 

average human walking speed.     

 

 
 

Figure 5.2: Residents of Futaba, Fukushima Prefecture, arrive in 

Saitama on 19 March 2011 for evacuation from the Fukushima 

nuclear accident. (© Asahi Shimbun). 

 

If evacuation is initiated during or after a release, special precautions 

must be in place to monitor the evacuees for contamination and, if 

required, to decontaminate them prior to directing them to evacuation 

centres or other emergency shelters. This reveals one of the many 

challenges associated with an evacuation during a nuclear emergency: 

a potentially large number of people and vehicles may need to be 

monitored and decontaminated. In addition to effective traffic-control 

plans, measures and equipment capabilities should be established to 

handle the large number of people who may need to be processed, and 

to prevent bottlenecks during the evacuation. 

 

If evacuation is not possible right away, the public needs to shelter (as 

discussed below), if possible, until safe evacuation. In both cases ITB 

is needed for protection against radioactive iodine.  

Sheltering 

Sheltering is a very simple protective action to implement. People are 
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instructed to stay indoors with windows and doors closed and 

ventilation turned off. By doing so, they reduce their exposure mainly 

to the radioactive plum (inhalation and cloud shine pathways) and 

from ground contamination as well. 

 

Of course, how effective this action is depends largely on the shelter. 

A large building with sealed windows and central air conditioning that 

is turned off is much better than a wooden family house. With this in 

mind the IAEA [10] discusses two types of sheltering: 

� Sheltering ‘in place’,  
� Sheltering in large buildings, also called a substantial shelter.  

 

The main problem with sheltering is time. People cannot be kept 

inside for extended periods of time. So, this is essentially a short-term 

measure (a few days at most). Sheltering should only be used when 

immediate and safe evacuation is not possible (e.g., for special 

facilities or in the case of adverse conditions).  

 

The other problem associated with sheltering is supplies. People 

usually do not keep extensive supplies of food at home. Therefore, in 

the case that sheltering is instructed for more than a day, authorities 

need to take care of food, water, sanitation, power, medical support, 

etc. In addition, it is vital to keep people informed about the situation 

and to respond to their concerns. 

 

Another reason for sheltering being a short-term measure is that there 

will be a gradual air exchange between the inside and the outside. In 

any case, it is necessary to monitor doses during sheltering to ensure 

its effectiveness. 

 

In the case of a release during a severe nuclear emergency, sheltering 

will need to be combined with ITB. Considering that ITB does not 

provide long-term protection and the repeated administration of stable 

iodine is limited, sheltering cannot be a long-term protective action 

too. This needs to be accounted for in the protection strategy to be 

implemented in a severe nuclear emergency. 

 

Sheltering may not provide adequate protection from a significant 

release. But large-building sheltering can prevent lethal doses. It also 

substantially reduces doses.  

Relocation 

After there are no more releases, and the plume has passed, field 

monitoring and sampling are performed to identify the areas where 

radiation levels warrant protective actions to reduce the risk of 

stochastic effects, e.g., areas where levels are too high for people to 

live in.  

 

Relocated areas can extend beyond the initially evacuated area. There 

can be isolated areas far away as well, where hot spots are found. But 
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on the other hand, parts of evacuated areas can be found to be safe for 

people to live in, making it possible for people to return. In addition, 

relocation is also warranted for areas where essential food, milk and 

drinking water are contaminated above certain national or 

international standards and their replacements are not available. 

 

While evacuation is rapid, the temporary removal of people primarily 

based on EALs within predetermined emergency planning zones, 

relocation is the non-urgent removal of people for a longer period of 

time based on field monitoring and OILs.  

 

As a non-urgent protective action, relocation can be carried out in a 

week to a month and still be effective. Therefore, people can be given 

enough time to prepare properly to relocate, while the authorities 

prepare for their relocation. But special attention is needed for 

evacuees who cannot return to their homes. They left in a hurry and 

deserve a chance to go back to their homes to collect personal items, 

even though this may not always be possible for safety reasons. 

Closing off the area 

It is very important that the areas for which evacuation or relocation is 

ordered are closed to the public. Authorities must have complete 

control over the closed areas. 

 

Closing off has to be publicly announced, but even more importantly, 

the areas have to be physically closed, e.g., with roadblocks in order to 

be effective. 

 

Control points are set up to facilitate secure exiting and entering the 

closed off area. This is where contamination control is set up so that 

the spreading of the contamination is prevented. Vehicles and 

individuals exiting the area are monitored for contamination levels 

and decontaminated if needed. The control points serve as entry points 

for emergency workers as well. 

Prevention of inadvertent ingestion 

Radioactive material released during a severe nuclear emergency is 

deposited on the ground and other surfaces, e.g., vehicles. And people, 

unaware of this, can inadvertently ingest the radioactive material, 

which can be a significant source of exposure, particularly in the first 

few days following a release.  

 

Examples of activities that may lead to inadvertent ingestion include:  

� Eating, drinking and smoking with contaminated hands, 

� Children playing on the ground,  

� Working in the garden, sweeping the yard, 

� Other outdoor activities, either for work or recreation. 

 

Therefore, it is important that people are promptly informed about 

how to prevent inadvertent ingestion and instructed appropriately: 
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� Avoid unnecessary outdoor activities, 

� Keep your hands away from your mouth (do not smoke, eat and 

drink),  

� Decontaminate as soon as possible after being exposed to 

contamination (wash hands and face, shower, change clothes). 

Personal decontamination  

People are afraid of being contaminated. This is normal and to be 

expected. But they can become contaminated if they do not leave the 

area before release. Radioactive material can deposit on their clothes 

and skin. Instructing them to simply remove outer clothes and wash 

hands and face or shower will greatly reduce the amount of 

contamination. In emergencies with many people involved, initial 

decontamination can be limited to these basic actions.  

 

Depending on the level of contamination, people may have to handle 

their clothes properly so as not to contaminate the premises. 

Contaminated clothes may have to be carefully removed and 

discarded in well-marked plastic bags. When showering, it is 

advisable to use mild soap to wash off the contamination. Harsh 

scrubbing is not recommended as it may injure the skin and lead to 

internal contamination.  

 

Skin contamination that is sufficient to cause severe deterministic 

effects (e.g., burns) is only possible on the site. This is because at 

greater distances from the site, the radioactive material gets more 

dispersed. Therefore, the population far away from the site could 

receive significant exposure on account of being contaminated only 

from inadvertent ingestion. 

 

The contamination of individuals can also have psychological and 

economic effects. Large numbers of people can show up for personal 

monitoring. This emphasizes the importance of effective public 

communications that address the need for decontamination too. 

 

When an evacuation is implemented after the release, screening of the 

evacuees may need to be implemented, as discussed above in the 

evacuation section. 

 

When evacuating, people will also take their pets, which can become 

contaminated as well. However, the decontamination of animals is 

straightforward. They need to be washed once.  
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Figure 5.3: A woman undergoes screening at an evacuation centre in 

Koriyama City, Fukushima prefecture, Japan, March 31, 2011.  

(© Kiyoshi Ota/Bloomberg). 

Restrictions on food, milk, drinking water and other 
commodities 

Restrictions on food, milk and drinking water refer to protection 

against the ingestion of contaminated food, milk, drinking water and 

other drinks that are produced from it. They are sometimes called 

agricultural countermeasures. These restrictions are applied to:  

� The source - the food chain and water supply system,  

� The consumption - use and distribution of food, milk and 

drinking water.  

 

The Chernobyl accident showed that the consumption of vegetables 

grown in an open space, including wild-grown products and wild 

animals, milk from animals fed by contaminated feedstuff, and 

rainwater consumption can be one of the largest contributors to the 

received dose. 

 

Rainwater and local produce are affected directly by the plume, so 

they are contaminated within hours of a release. And there is no 

measure to prevent this from happening. For milk it takes a couple of 

days to become contaminated, but this can be prevented if the animals 

are sheltered and fed with protected feedstuff on time. 

 

Restrictions on commodities refer to protecting the public from the 

use of local products other than food that can be contaminated. 

Instructions are given to the public to protect their valuable assets 

from becoming contaminated in the first place. In addition, trade and 

the use of contaminated commodities are controlled by monitoring for 

contamination levels before they are placed on the market. This can be 

organized locally, nationally and as well internationally, as the 

Fukushima Daichi NPP accident showed. 

 

Both the Chernobyl accident and the Fukushima Daiichi NPP accident 
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also showed the importance of communicating and explaining 

imposed restrictions to ensure their implementation and reassure the 

public and others, e.g., other States.  

 

5.5 Instructions and warnings to affected population  

 

There are two kinds of instructions or warnings for the potentially or 

actually affected population, especially in the PAZ and UPZ: 

� Informing the public periodically, during the preparedness, 

� Providing warnings and instructions during an emergency, i.e., 

during the response phase. 

 

The information should be provided to all groups of the population: 

� The permanent population (residents),  

� The transient population (people residing for a short period of 

time, days to weeks), 

� Special population groups (people with disabilities, minors, and 

the elderly; special populations often require special attention 

for physical, mental or emotional differences) and those 

responsible for them,  

� Special facilities within the emergency planning zones (schools, 

kindergartens, hospitals, retirement and nursing homes, prisons 

and such).  

 

Information provided periodically usually contains the nature of the 

hazard, how people will be warned or notified, and details about the 

actions to be taken in the case of an emergency. This information can 

be disseminated as brochures, leaflets, thematic calendars and 

television or radio information programmes. It is advisable to assess 

the effectiveness of this public-information programme.  

 

When an accident with the potential for an off-site impact occurs, the 

affected public must be warned promptly and be provided with 

instructions on appropriate protective actions. The warning system 

used within the emergency planning zones must be capable of 

providing a warning signal for the population within minutes of a 

decision to implement protective actions. Fixed sirens are a common 

solution. Instructions can be broadcast on the local radio or TV. There 

can also be other means of notification, such as loudspeakers operated 

from police or firefighting vehicles and door-to-door notification. 
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Figure 5.4: Tepco employees in charge of public relations explain the 

situation at the Fukushima Daiichi NPP (© Eugene Hoshiko/AP). 

 

If protective actions are not required, the public still needs information 

in order to reduce their concern and prevent them from taking 

inappropriate actions when an emergency situation is announced, 

reported by the media or when friends tell them. Therefore, providing 

timely and accurate information to the affected population is vital in 

any response to an emergency. 

 

5.6 Protecting emergency workers and helpers 

 

In an emergency response, personnel from the facility, either 

employees who are directly employed or through a contractor, and 

also from response organizations such as firefighters, police officers, 

medical personnel and the drivers and crews of evacuation vehicles, 

may be involved and have specific duties/tasks in support to 

mitigating the consequences of the emergency.  

 

For example, some operating personnel supported by firefighters may 

be tasked with taking mitigatory actions to prevent the conditions 

leading to a core melt. Others, such as police officers, local and 

national rescue and monitoring teams, may be engaged to implement 

public protective actions, such as evacuation, and to carry out 

monitoring activities.  

 

They are all emergency workers and they need to be protected 

appropriately.  

 

The first step in doing so is ensuring that they are all recognized as 

emergency workers prior to any emergency. This will help in better 

preparing them and ensuring their protection when needed, and is 

commensurate with the duties expected from them. 
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However, although efforts need to be made to ensure all emergency 

workers are designated as such at the preparedness stage, there is still 

a possibility that some emergency workers may not have been seen as 

such earlier, but may be required during an actual emergency. The 

first consideration for these emergency workers should be focused on 

their registration and their integration within the overall emergency 

response organization. Considering this at the preparedness stage, and 

identifying an organization that will be responsible for their protection 

in an emergency, will facilitate the smooth and effective 

implementation of the necessary steps. 

 

 
 

Figure 5.5: The Fukushima emergency workers (© Reuters). 
 

On the basis of solidarity, members of the public may be willing to 

support response activities as well, on a voluntary basis, irrespective 

of the fact that they may be exposed to radiation. This is regularly 

seen during natural disasters, but it is not excluded during a nuclear 

emergency either. They are referred to as helpers in an emergency. 

 

While most of the response actions may be carried out within dose 

limits for occupational exposure, many of the most critical actions 

may lead to incurring much higher doses, and as such, they are to be 

taken by emergency workers on a voluntarily basis. Such actions 

include: 

� Lifesaving actions or actions to prevent serious injury,  

� Actions to prevent severe deterministic effects,  

� Actions to prevent the development of catastrophic conditions 

that could significantly affect people and the environment,   

� Actions to avert a large collective dose. 

 

The international standards [13] provide guidance values for 

restricting the exposure of emergency workers when undertaking such 

specific actions (see Table 5.2). They are in general limited to 500 
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mSv for life-saving actions, although this value may be exceeded 

under circumstances in which the expected benefits to others clearly 

outweigh the emergency worker’s own health risks.  

 

Table 5.2: Guidance for restricting the exposure of 

emergency workers [13]. 

 

Tasks Guidance value 

Lifesaving actions Hp(10) < 500 mSv 

This value may be exceeded under  

circumstances in which the expected 

benefits to others clearly outweigh the 

emergency worker’s own health risks, 

and the emergency worker volunteers to 

take the action and understands and 

accepts this health risk 

Actions to prevent severe deterministic 

effects and actions to prevent the 
development of catastrophic conditions 

that could significantly affect people 

and the environment 

Hp(10) < 500 mSv 

 

Actions to avert a large collective dose Hp(10) < 100 mSv 

Note: Hp(10)  is the personal dose equivalent Hp(d) where d = 10 mm. 

 

All efforts need to be made to keep the doses of emergency workers as 

low as reasonable achievable, taking into account the guidance values 

discussed above. This imposes the need for managing and controlling 

the doses received by emergency workers and helpers in an 

emergency. Records must be kept in this regard. 

 

 
 

Figure 5.6: A photograph of “liquidators” on the roof of the damaged 

Chernobyl reactor. The white streaks at the bottom of the photo were 

due to the high levels of radiation emanating from below  

(© Igor Kostin). 
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The work performed in contaminated areas must be planned. This 

allows for better management and control of the doses recived by 

emergency workers and helpers, irrespective of whether they are 

responding on the site or off the site.  

 

All emergency workers need to be fit for duty and covered by a 

health-surveillance programme. They need to recognize their rights 

and duties with regard to occupational radiation protection. In 

addition, the operating organization and the response organizations 

need to ensure practical arrangements so that all the emergency 

workers and the helpers in an emergency are: 

� Appropriately qualified for the intended tasks and trained prior 

to the emergency. This includes the provision of just-in-time 

training for emergency workers not designated as such in 

advance and for helpers in an emergency prior to taking any task 

in an emergency response, 

� Provided with the appropriate, specialized, protective and 

monitoring equipment, 

� Provided with an iodine thyroid blocking agent, when 

appropriate, 

� Informed about the associated health risks and subject to 

informed consent to perform the specified duties, when 

appropriate, 

� Provided with a medical examination, medical follow-up and 

psychological counselling, as appropriate. 

 

Note that in addition to external gamma radiation and inhalation, skin 

contamination can also be a major source of dose and can lead to 

deterministic health effects for workers in highly contaminated areas, 

if they are not provided with appropriate protective clothing. 

 

As soon as possible, the total dose received by the emergency workers 

or the helpers needs to be assessed and communicated to them. 

Further exposure in an emergency response needs to be restricted, as 

appropriate, in accordance with the above-discussed guidance values. 

For radiation workers, doses incurred in an emergency response 

should not form a basis to preclude them from further occupational 

exposure. Any such decision needs to be based on qualified medical 

advice.  

 

The participation of emergency workers in emergency drills and 

exercises needs to be encouraged on a regular basis. This will 

contribute to the better training of emergency workers and will allow 

for the testing of specific emergency arrangements to ensure their 

protection. 

 

5.7 Facility status and emergency radiation monitoring 

 

The assessment of the facility’s status involves a wide range of 
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activities. It starts with the classification of the emergency on the basis 

of the Emergency Action Levels (see 0), leading on to the 

determination of a more detailed plant status using the plant's 

emergency procedures and emergency management procedures.  

 

The instrumentation must be in place to provide the data for such an 

assessment, i.e., the instrumentation must be capable of withstanding 

emergency conditions, such as high radiation, humidity, high 

temperature, and the measuring range of the instrumentation must 

extend well beyond the range of normal operation, i.e., high range 

radiation monitors. The emergency arrangements should account for 

the limitations of the instrumentation in emergency conditions. 

 

 
 

Figure 5.7: Taking measurements at Fukushima (© Reuters). 

 

The systems must be capable of sampling highly radioactive samples 

from the reactor coolant and from the containment atmosphere after 

the containment has been isolated. These are issues that are mainly 

covered in Module XV. In this chapter we will review the objectives 

and the characteristics of environmental radiation monitoring, which 

provides the primary input for the decision making after a radioactive 

release to the environment has occurred. 

 

Following a release from the reactor core or the spent fuel pool 

decisions about protective actions are taken based on environmental 

measurements that can be obtained through field monitoring and 

sampling teams.  

 

 
 

As soon as the environmental measurements are available, monitoring 

data guide the decision-makers to take protective actions on the basis 

of the operational intervention levels (OILs), which are discussed in 

After release additional protective actions are needed 

based on environmental measurements 
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Chapter 0.  

 

After the implementation of urgent protective actions, the 

environmental monitoring data allows technical and decision-making 

staff to more accurately assess the level and the degree of the hazards, 

as well as their nature, extent and duration. Based on the monitoring 

data, additional decisions on early protective and other response 

actions may need to be made or the ones already in place may need to 

bo adjusted.  

 

The actual measurements to be made in an emergency may include: 

� Ambient dose rate and dose,  

� Airborne radionuclide concentration,  

� Environmental deposition,  

� Food, water, and environmental contamination, 

� Individual dose,  

� Object-surface contamination measurements. 

 

Measurements of airborne aerosols and gases are generally made to 

provide an early warning of releases from unmonitored or as-yet-

unreported sources. 

 

Table 5.3: Generic Guidance on Emergency Monitoring. 

 

Nuclear Emergency 

phase 

Type of Radiation 

Measurements 

Objectives 

After declaration of 

General Emergency 
Gamma/beta dose-rate 

measurements 

To detect major release from the facility and 

to locate plume direction 

During a release � Gamma/beta dose-rate 

measurements (from 
plume and ground 

deposition) 

� Airborne radionuclide 

concentration 

measurements 

� To identify where gamma dose rates 

indicate urgent protective actions are 
warranted 

� To determine radionuclide mix and 

measure radionuclide concentrations 

in the air 

After the release has 

ended or after the 

passage of the 

plume  

� Environmental deposition 

measurements 

� Gamma dose 

measurements in the 

environment 

� Food, water, and 

environmental 

contamination 

measurements 

� Individual dose 
measurements 

� To implement protective actions 

� To determine deposition maps for 

131I and 137Cs and other important 

radionuclides 

� To identify the radionuclide mix in 

the deposition 

� To control personal exposure and 

contamination 

� To determine food and drinking 

water contamination 

� To assess doses to the public 

� To plan follow-up actions and early 

protective actions 

 

Environmental deposition measurements refer to the amount of 

radioactive material that has been deposited on the ground or surfaces. 

These measurements are performed to characterize the deposition, to 

determine the physical composition of the deposition, to support the 
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dose calculations and protective action decisions, and for public-

information purposes. These measurements may also refer to the 

specific activity of the soil, water, or plants. In this case, sampling of 

the rain, run-off water, soil, grass, crops, etc., is required. Such results 

can be used to guide the initial food-sampling efforts, for example, by 

concentrating in areas where the ground contamination exceeds pre-

set limits. 

 

When measuring food, water and environmental contamination, 

sampling and, in many cases, sample preparation is required. This is 

performed in fixed laboratories, although some measurements could 

be performed in mobile laboratories. 

 

Environmental radiation monitoring is usually performed by highly 

specialized individuals or groups. The IAEA has developed specific 

guidance on this subject [14]. Table 5.3 summarizes the generic 

guidance on the type of radiation measurements during different 

phases of a nuclear emergency and what are the objectives of such 

measurements. 

 

5.8 Managing the medical response 

 

An effective medical response is a necessary element of an overall 

response to nuclear emergencies. The basic principles of the medical 

handling of exposed individuals are based, to a large degree, on the 

methods used for handling other types of accidents, taking into 

account the specifics of the possible health effects of radiation and 

problems with contamination. 

 

The medical response in an emergency can be for the workers on-site 

and for the workers and the population off-site. To organize the 

medical response, it is recommended that a system of medical support 

for nuclear emergencies is set up under the supervision of the health 

authorities, e.g., the Ministry for Health.  

 

The Ministry for Health is usually responsible for providing advice to 

other governmental offices on the health implications of any exposure 

to radiation. It is also responsible for ensuring that the plans exist to 

provide treatment, monitoring and health advice to the public and to 

individuals, who have been contaminated or exposed to radiation, or 

those who fear they may have been. 

 

In general, there are three levels of response, according to the degree 

of complexity, with respect to the necessary resources for support and 

the severity of the consequences: 

� First aid provided on the spot, 

� Initial medical examination and treatment in a general hospital,  

� Complete examination and treatment in a specialized medical 

centre for the treatment of radiation injuries. 
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In the case of serious injury, personnel from suitable medical centres 

should be available to respond and give first aid. In the case of high 

doses, exceeding the threshold for deterministic effects, immediate 

transport to a specialized medical centre is recommended.  

 

The IAEA has developed generic guidance on the medical 

preparedness and response with respect to nuclear or radiological 

emergencies [15]. 

Triage  

For situations involving a large number of exposed people, e.g., 

evacuation during a release, one of the initial procedures is the triage 

of people. These are actions to sort them into predetermined classes, 

on the basis of their injury or symptoms, to expedite treatment and 

maximize the use of available resources. The basic principle is that the 

treatment of serious or life-threatening injuries must take priority over 

other actions. The following is a simple example of a classification 

system that can be used in triage: 

 

Individuals with symptoms of radiation exposure 

Patients should be transported urgently to a specialized medical centre 

after the appropriate treatment. 

 

Individuals with radiation plus conventional trauma 

Patients are given first aid on the spot. Their treatment is based upon 

the nature and severity of the combined injury. Usually, a combination 

of radiation exposure with mechanical, thermal, or chemical injuries 

may worsen the trauma. 

 

Individuals with external and/or internal contamination 

These patients are monitored for contamination. Contamination alone, 

without physical injury or a significant dose from external radiation, 

may be sufficient to cause an acute effect to the patient, but not to 

medical personnel. Decontamination is required to prevent or reduce 

any further exposure, to reduce the risk of inhalation or ingestion of 

the contaminating material, and to reduce the spreading of the 

contamination. 

 

Individuals with potential radiation symptoms 

Patients do not require immediate treatment but require urgent 

evaluation of the levels of dose. Because of this, medical personnel 

should have sufficient knowledge, developed procedures, equipment, 

and supplies to perform the first biological, medical examinations and 

analyses that necessary. 

 

Unexposed individuals with conventional trauma 

Patients are taken to a general hospital where the treatment is based on 

their symptoms. 
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Individuals believed to be uninjured and unexposed 

Patients are normally sent home. Sometimes a medical follow-up is 

provided to ensure that the first assessment was correct and to 

evaluate the dose more accurately. 

Dealing with contaminated individuals 

Any individual who is externally contaminated or who is suspected of 

being contaminated should be handled accordingly. Medical personnel 

dealing with contaminated individuals should use personal protective 

equipment (PPE): overalls, masks, plastic gloves, and overshoes, as 

required. It is important that the medical personnel are aware that 

conventional means for protection against infection (masks, gloves, 

etc.) provide sufficient protection when treating and handling a 

contaminated individual. 

 

In addition, medical staff should wear personal dosimeters and be 

monitored for possible contamination. They must be recognized as 

emergency workers prior to an emergency and provided with the 

appropriate training and protection. 

 

When handling a contaminated individual, care is needed not to 

spread the contamination. For example, if a patient is transported, the 

interior of a vehicle can be protected with a plastic cover.  

 

A contaminated individual has to be decontaminated as soon as 

possible. However, decontamination should not interfere with medical 

procedures. 

 

Provisions for changing clothes, necessary stocks of clothes, and 

places for washing should be made in advance. Contaminated clothing 

should be carefully removed and discarded in well-marked plastic 

bags. Contaminated individuals should shower, using mild soap to 

wash off the contamination. Harsh scrubbing is not recommended as it 

may injure the skin and lead to internal contamination. Dry 

decontamination using a soft towel may be a practical way to 

decontaminate a person, but only if no showers are available. 

 

5.9 Public communication during a nuclear emergency 

 

This section covers providing information to the general public during 

a nuclear emergency. The affected population is given instructions 

telling them how to act, and not just general information, which is 

covered in Section 5.5. 

 

Public communication during an emergency is one of the important 

activities in an emergency response. And often it can be the major 

activity, if there is no need for protective actions to be taken such as in 

case of small incidents. 
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The public is very sensitive to any “nuclear” news. In general, all 

nuclear emergencies are perceived as dangerous and they receive an 

immense amount of media, public and political attention. It is not the 

actual risk that attracts this attention, but the perceived risk. The 

media will learn of an emergency immediately and with cellular 

phones, internet and social media, information will spread quickly, 

shaping the public perception of what is occurring. 

 

Therefore, authorities need to provide official information about the 

emergency as soon as possible after the emergency, even though not 

much information may be known at that time.  

 

Communication with the public is best if all the key, involved 

stakeholders speak in a coordinated and consistent manner, i.e., in 

“one voice”. One way of achieving this is assigning a single 

spokesperson and holding joint press conferences with the 

involvement of all the key stakeholders. If this is not feasible, an 

effective mechanism to coordinate and harmonize messages coming 

from different key stakeholders is essential. Key stakeholders in this 

regard may include: the operator, the utility, the regulatory body, and 

the local and national authorities.  

 

Attempting to provide information to the public and media that is 

inconsistent, contradictory or secretive may result in a loss of public 

trust. Moreover, in turn, it may result in considerable economic and 

psychological harm.  

 

Messages to the public must be timely, clear and accurate. This may 

require preparing public information material in advance, so that press 

releases can be issued in a timely fashion should an emergency occur. 

These can range from templates for press releases, to answers to 

frequently asked questions.  

Addressing public concerns 

During emergencies the public is always concerned. Nuclear 

emergencies raise even greater concerns, owing to the fact that 

ionizing radiation is almost completely unknown to the general public. 

In addition, messages from the authorities may be confusing and too 

complicated to be understood by the general public. Moreover, there 

are "experts" appearing in the media with their own explanations and 

detailed technical information, making it even more confusing. It is no 

wonder that many people often have doubts about their safety.  

 

There will be questions from individuals, and there will be questions 

from non-governmental organizations and others. In addition, there 

may be unwarranted actions being taken by the public. Some of these 

actions, which are not justified by the radiation hazard and are not 

warranted, may do more harm than good. They can occur even if there 

is no release. People take such actions based on their own good faith. 

They just want to protect themselves to the best of their ability, based 
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on the information they have, understand and trust. 

 

Examples of such unwarranted actions include: 

� Shadow evacuations, 

� Unsubstantiated abortions, 

� Not accepting products from affected areas although they have 

been officially cleared, 

� Unwarranted closing schools, embassies and other public 

buildings, 

� Unwarranted medical examinations, etc. 

 

Therefore, authorities must address public concerns by giving prompt 

and clear communications in a plain, simple and understandable 

language. The public needs a simple explanation of the risks and 

actions that they can take, or are taken by the authorities for them and 

their families to be safe.  

 

Some of the public-relations staff should have a dedicated role to 

monitor media information and to promptly respond to misleading, 

inaccurate or confusing information. This will also help to identify 

unwarranted reactions by the public during an emergency. 

 

The IAEA publication [10] suggests tools that the authorities may use 

to prepare to address public concerns, placing health hazards in 

perspective in an emergency.  

 

5.10 Managing radioactive waste 

 

Radioactive waste is a normal side product of regular activities 

involving nuclear or radioactive material. It ranges from the spent 

nuclear fuel of NPPs (high level waste) to contaminated personal 

protective equipment (low level waste). Such waste and its 

management are under strict regulatory control, from “the cradle to 

the grave” (see Module 19 for more details). 

 

During a severe nuclear emergency radioactive material spreads into 

the environment, contaminating individuals, fields, forests, roads, 

houses, playgrounds, cars, other surfaces, etc. As a result, major 

recovery and decontamination activities may be warranted in order to 

protect people and the environment. These activities will inevitably 

result in radioactive waste that needs to be properly managed, taking 

account of the fact that this is to be done in a manner that does not 

compromise the overall protection strategy.  

 

The radioactive waste following a severe nuclear emergency may 

come in very large volumes that can easily overwhelm national 

capabilities for its management and thus, may require new 

arrangements at the national level. Appropriate preparedness needs to 

take account of the challenges and issues that can be faced in 
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radioactive waste management following an emergency. 

 

The waste generated in a nuclear emergency will have diverse 

characteristics in terms of the radioactivity and the radionuclides 

involved as well as its physical, chemical and biological 

characteristics. Thus, its characterization and categorization need to be 

carefully organized and planned, following existing practices as far as 

possible. Additionally, the mixing of radioactive waste needs to be 

prevented whenever this is possible and practicable. 

 

It may seem to be the easiest option to declare any waste coming from 

the emergency site as being radioactive waste. However, the tendency 

to declare any waste generated in the emergency as radioactive waste 

should be avoided. Setting clear criteria of what is to be considered as 

radioactive waste and an appropriate characterization will make sure 

that an immense volume of radioactive waste is not produced 

unnecessarily.  

 

Considering the options for volume reduction, including possible 

reuse and recycling, may be beneficial. Some national guidance 

covering these aspects as part of the overall emergency preparedness 

can support the waste management efforts once the emergency 

happens, as well as supporting the development of the protection 

strategy. 

 

5.11 Mitigating the non-radiological consequences 

 

The previous emergencies demonstrated that the psychosocial 

impacts, economic impacts and other non-radiological consequences 

often outweigh the actual radiation-induced health effects. These 

consequences are, to great extent, associated with the perceived risk. 

 

Both on and off-site emergency plans should explicitly recognize the 

significance of the psychosocial dimension and make provisions to 

reduce the detrimental effects it can create. Measures that should be 

considered include: 

� Informing the affected population accurately and promptly of 

the emergency’s progression, the associated health hazards, and 

the protective actions being taken, 

� Keeping sheltered, evacuated, or relocated people informed of 

the expected time at which they may return to normal activities 

and/or return to their homes, 

� Ensuring that the public trusts the response organizations and is 

kept aware that measures are indeed being taken to protect them, 

� Providing the means to reassure people who believe that they 

themselves, their dwellings, and/or their properties may have 

been exposed or contaminated,  

� Ensuring that goods coming from the affected region are not 

contaminated in order to reassure the public, 
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� Counselling for emergency workers and their families 

 

During an emergency the public, political and media pressure will be 

immense to implement long-term programmes based on the perceived 

radiological risk rather than on the actual radiological risk. This 

pressure can be substantially reduced by establishing, in advance, the 

process and the criteria, based on international standards, for making 

long-term decisions and by ensuring that all the parties involved in the 

decision-making process, including the media and the public, are 

aware of the actual radiation risks.  

 

The system of compensation for emergency workers and the public 

after an emergency needs to be at least outlined in the planning 

documents. This system should consider the benefits and long-term 

social, psychological and economic effects. It should also address the 

tangible losses resulting from the emergency, such as the 

implementation of protective actions (e.g., evacuation costs, or the 

replacement of potentially contaminated food); compensation for 

demonstrated losses or costs directly related to the emergency (e.g., 

replacing lost incomes or contaminated property). 

 

5.12 Terminating the emergency and the transition to 
recovery 

 

At some point, sooner or later, the emergency stops. There are no on-

going uncontrolled releases and no new ones are expected. The 

facility is under control and the decision makers need to consider 

when and under what conditions to terminate the emergency in order 

to start transition to long term recovery operations (i.e. existing 

exposure situation) and to return to planned exposure situation. This 

largely depends on the consequences in the environment because of 

the emergency and is heavily supported by a detailed characterization 

and mapping of the radiological situation within the site and the 

affected areas. Arrangements for terminating and transitioning from 

emergency-phase operations are an important element of the overall 

emergency planning. 

 

It is impossible to prepare a detailed plan in advance for the recovery 

and for the transition to long-term recovery operations, but an outline 

of a plan or a strategy can be prepared that identifies the differences in 

the authority, management and coordination between the emergency 

and recovery responsibilities, how the transition would be made and 

what objectives are expected to be met for this transition to occur.  

 

The strategy to terminate the emergency and to subsequently transit to 

long-term recovery operations should address at least: 

� The objectives to be met for the termination of the emergency 

and the subsequent transition, 

� Responsibilities of the involved organisations during the 
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transition and beyond and the decision-making processes,  

� The means of securing resources,  

� Methods to justify and optimize the strategy, 

� Mechanisms to be used for the consultation of the public and 

other relevant interested parties, 

� Monitoring and health-surveillance programmes, 

� Principles and criteria for adjusting the protective actions 

implemented early in the response; 

� Means for the controls of the restrictions to remain following the 

transition; 

� Arrangements to protect workers and helpers to be engaged 

during the transition. 

 

The effectiveness of the transition to long-term recovery operations 

will, to a great extent, depend on the acceptance by the affected 

population and other interested parties. Therefore, their involvement 

and consultation at the preparedness stage in the development on the 

above strategy and agreeing on the objectives that are expected to be 

met should not be underestimated. 

 

For small-scale nuclear emergencies that do not result in off-site 

radioactive releases, a transition to long-term recovery operations may 

not be appropriate in terms of ending the emergency. In these cases, 

the operator will need to prepare, in general terms, to develop and 

implement a much simpler recovery strategy at the site so that it can 

reduce hazards and comply with the regulatory requirements. Once 

this is done, a transition to normal operations may be feasible. 

 

After the emergency is terminated, all workers undertaking relevant 

work shall be subject to the relevant requirements for occupational 

exposure in planned exposure situations, and individual monitoring, 

environmental monitoring and health surveillance shall be conducted 

subject to the requirements for planned exposure situation or existing 

exposure situation, as appropriate. 

 

After the emergency is terminated, strategy to return to planned 

exposure situation for all involved workers need to address at least: 

� Corrective actions to be implemented on the basis of analysis 

carried out following the emergency, and 

� Fulfilment of national legislative and regulatory requirements to 

carry on with normal operation, clean-up or decommissioning, 

as appropriate. 

 

5.13 Questions 

 

1. What do the mitigatory actions that the operator should take on-

site in an emergency response aim to achieve? 

2. What is the purpose of the emergency classification? 

3. Describe the five emergency classes proposed by the IAEA. 
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4. What types of accidents should be considered in emergency 

planning? 

5. List the urgent protective actions. 

6. In what time frame are urgent protective actions taken? 

7. List other response actions. 

8. List early protective actions. 

9. In what time frame are the early protective actions taken? 

10. Why does iodine thyroid blocking only protect against 

radioactive iodine? 

11. Why is its advisable to have iodine pills pre-distributed around 

NPPs? 

12. What are the actions taken to prevent inadvertent ingestion? 

13. What are the simple measures that individuals can take to 

decontaminate themselves? 

14. Explain the difference between sheltering in a small place and 

sheltering in large buildings. 

15. What is the purpose of closing off the areas and how is this 

done? 

16. What are the mechanisms to prevent the ingestion of 

contaminated food and drinking water in an emergency 

17. Explain the goals of informing the potentially affected public 

periodically during the preparedness stage and giving them 

instructions during an emergency? 

18. What is the dose above which an emergency worker should 

volunteer for work? 

19. When do field measurements become important with respect to 

the release? 

20. What are the three levels of medical response? 

21. Name some of the categories of patients used during a nuclear-

emergency triage. 

22. What are the main concerns of the members of the public during 

a nuclear emergency? 

23. What are the basic characteristics of radioactive waste? 

24. List a few arrangements to mitigate non-radiological 

consequences. 
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6 INFRASTRUCTURAL ELEMENTS 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Explain the importance of assigning authorities, roles and 

responsibilities. 

2. Understands the staffing of response organizations. 

3. Describe the coordination of an emergency response. 

4. Describe the system of plans and procedures. 

5. Describe the facilities and equipment. 

6. Explain the importance of training and exercises. 

7. Explain what quality management in preparedness is in practice. 

 

While functional elements describe functions that need to be 

performed, infrastructural elements describe the infrastructure that 

needs to be put in place in support to perform those functions. 

Infrastructural elements are more tangible than functional elements. 

Infrastructural elements are plans, procedures, staff, facilities and 

equipment, among others, as well as essential preparedness activities, 

such as training, exercises and quality management. 

 

6.1 Authority  

 

The authorities, roles and responsibilities of all the response 

organizations should be allocated for all the phases of the emergency 

response. Typically, this is documented as part of the appropriate 

national and local emergency response plans. Conflicting roles and 

responsibilities need to be resolved beforehand as part of the planning 

process.  

 

The development of a workable concept of operations for emergency 

preparedness and response arrangements should not await the 

resolution of deficiencies in the legal or regulatory basis, which could 

require years. Problems should be resolved, with the help of the 

national coordinating body, by developing agreements based on the 

practical concepts of operations. 

 

For each response organization a single position must have the 

authority and responsibility to direct its response actions. The 

responsibility for the co-ordination of the entire response must be 

clearly assigned to a single position, i.e., the commander or head of 

the lead institution for the emergency response within a clearly 

defined command-and-control system. 
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6.2 Organization and staffing 

 

The same basic response organization should be used for all 

emergencies, thus allowing the rapid integration, coordination and 

expansion of the response. The same structure may be used to 

organize a response involving a few people in a transportation 

accident or hundreds of people in a major natural disaster. 

 

The concept described in this section is the single and unified 

Emergency Command and Control system (ECS), covering all 

emergencies (e.g., nuclear and conventional). This system is built 

around five major components:  

� Command,  

� Planning,  

� Operation,  

� Logistics,  

� Finance/administration.  

 

In small-scale emergencies, one person, the emergency commander, 

may manage or perform all of the components. Large-scale 

emergencies usually require that each component, or section, is set up 

separately. Each of the primary components of the command-and-

control system may be divided into smaller functions, as needed. As 

the emergency operation expands the emergency commander may also 

change, this would typically pass from the operator or first responders 

to a local official and finally to a national official supported by a 

command group for events involving several jurisdictions or 

ministries. The command group is composed of representatives of the 

operator and other principal response organizations. The responsibility 

for being an emergency commander should only be transferred to an 

individual who has been fully trained and briefed. 

 

For each participating organization an emergency team composition 

should be defined, with all the team positions and their roles and 

responsibilities identified. In addition, there should be an appropriate 

number of people trained and fit to take these positions in all shifts, as 

necessary. This is called staffing of an emergency team. The fitness 

for duty of the emergency staff is assessed based on health 

surveillance that is usually carried out on a regular basis. 

 

An emergency team can have a minimum number of positions defined 

for non-full-mode activations, which can happen in smaller-scale 

emergencies. 

 

6.3 Coordination  

 

Effective and practical preparedness and response coordination 

mechanisms must be established for any type of emergency, and 
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coordination arrangements must be formalized within each major 

emergency response organization, at each major jurisdictional level 

involved in the response, and between organizations and jurisdictional 

levels. 

 

Within the facility itself, particularly those with large staff and 

compartmentalized departments, coordination mechanisms should be 

developed between all the individuals and departments with a major 

role to play during the response. 

 

Quite often, decisions need to involve more than one government 

department, ministry, or agency. When dealing with large-scale 

operations, resources from more than one organization or jurisdiction 

may be required. Therefore, it is important that the roles and the 

responsibilities of all the organizations are clearly defined and 

understood, and that the appropriate functional coordination 

mechanisms are established. 

 

Coordination agreements between the facility and the off-site 

authorities should also be developed. These will usually address the 

levels at which notification must occur, the type and format of the 

information that needs to be provided by the facility, the 

communication mechanisms, and the assistance that will be provided 

by the facility staff and organizations to support the off-site planning 

and response efforts. These agreements should also address the need 

for the off-site authorities to handle the exit of the facility staff in the 

case of a site evacuation of non-essential personnel. 

 

At the operational level, coordination activities during the 

preparedness process should address the need for using: 

� Common units,  

� Equipment,   

� Communication networks.  

 

For instance, when several organizations are involved in field 

measurements, they should use pre-established and coordinated 

methods. These methods should consider measurement techniques, 

equipment types, sensitivity and detection effectiveness and the 

interpretation of the data.  

 

Communications represent yet another challenge. When several 

organizations must coordinate their efforts during major operations, 

communicating effectively becomes paramount. This means 

establishing common communication frequencies or central dispatch 

systems. 

 

When local plans may have an impact on other municipalities or 

jurisdictions, e.g., for hosting a potentially large number of evacuees, 

mutual aid agreements should be established as part of the planning 

effort. These agreements must take into account possible differences 
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in the intervention levels adopted by the different jurisdictions.  

 

When the emergency planning zone includes another country, the 

arrangements in place for notifying the population in the area that is 

outside of the accident country should afford the same level of 

readiness as for those in place within the accident country. 

 

6.4 Plans and procedures 

 

All response organizations should have emergency response plans and 

procedures in place. This is of paramount importance since the 

emergency response for a large proportion of the involved 

organizations is not their daily work. People do not know by heart 

exactly what has to be done. Therefore, there needs to be an effective 

system of procedures with outlines, checklists and reminders.   

 

The particular challenge of a nuclear emergency is the large number 

of organizations that are required to be involved in the response. This 

introduces the need for coordinating their plans to make sure they are 

in line with the national emergency response plan. Complications also 

arise when carrying out and tracking changes and ensuring that all 

organizations are working from the same set of plans. 

 

It is common that operational procedures are revised annually, 

national plans on a cycle of a few years, usually after larger national 

exercises, and other middle plans fall somewhere in between (see 4.5 

for more on developing plans). 

 

Ensuring that all organizations work from the same version of the 

plans requires a well-structured and maintained configuration 

management system. Such a system should not delay the introduction 

of critical changes and modifications to the plans and procedures. 

 

6.5 Facilities and equipment 

 

All response organizations should have suitable premises, 

communication systems, equipment, supplies, and similar in order to 

support their functional role.  

Emergency response facilities and locations 

Emergency teams, decision-making bodies, support teams, etc., they 

all need some sort of facilities or locations, where they are stationed, 

where there are the necessary means of communication, equipment, 

supplies and similar. 

 

Emergency response facilities, as they are referred to, can range from 

simple regular offices, which are turned into emergency centres as 

needed, to special emergency centres with dedicated floor plans, 
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equipment and communications. Usually, the larger the role during an 

emergency, the better and more specialized the emergency centres are. 

 

Facilities located within a potentially contaminated zone need to 

house premises for their emergency personnel, where they are 

appropriately protected from external radiation and airborne 

contamination. This means that rooms or buildings provided for 

emergency personnel must be shielded and equipped with an isolated 

air intake, a filtered air intake, or autonomous air-supply systems.  

 

In addition to emergency facilities, there are also emergency locations, 

which are established at the time of an emergency, an example of such 

a location could be a field-monitoring base. 

 

Exit points from closed areas have to be equipped for dose control, 

contamination monitoring, and decontamination in order to manage 

the emergency workers entering or leaving the zone. 

 

People who are evacuated from the contaminated zone must be 

monitored for contamination and assessed for potential over-exposure 

to radiation. Because of the potentially large number of people 

involved, this generally requires that pre-positioned reception centres 

are established outside the urgent protective action zone. These 

reception centres should be designed to process a sufficient percentage 

of the population within that zone. 

 

During an emergency, laboratory analyses of radioactive samples 

must be made. Because the site itself may be contaminated, laboratory 

facilities for such analyses must be established outside the potentially 

contaminated zone. 

 

For the majority of the off-site response organizations, common 

emergency centres are normally used, i.e., the same as for flooding, 

earthquakes and similar situations. However, the NPP operator has 

dedicated emergency facilities. In fact, at the beginning of an 

emergency at a NPP, the staff at the main control room, operating the 

plant, has all the authority for actions on-site. Let us look at the typical 

emergency facilities of a NPP operator. 

 

Control Room: The authority to take action in the event of an 

emergency must reside in the plant control room until the Technical 

Support Centre or the Emergency Operations Facility is activated. 

This authority includes the declaration of the emergency, notifying 

off-site officials and deciding on and taking the necessary mitigatory 

actions. Upon an emergency being declared, it is quite common to 

appoint an on-site Emergency Director. During the night and at the 

weekend this may be the Shift Supervisor. Once the appropriate 

augmentation staff arrive, following the declaration of an emergency, 

this responsibility normally transfers to the Technical Support Centre 

and then to the Emergency Operations Facility. 
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Technical Support Centre (TSC): One of the lessons learned from 

Three Mile Island was that the numerous personnel in the control 

room congested and confused the reactor’s control room activities. 

Thus, additional staff gathers in the Technical Support Centre on-site, 

where the access to plant technical information must be made 

available. The Technical Support Centre assists the control room to 

diagnose and mitigate the event using severe emergency management 

guidelines (SAMGs), if needed. This centre is usually located close to 

the control room, inside a protected and shielded area, to allow fast 

access for personal discussion. Until the Emergency Operations 

Facility is activated, the Technical Support Centre performs its 

functions.   

 

Emergency Operations Facility (EOF): Personnel with primary 

responsibility for the overall emergency response are located at the 

Emergency Operations Facility. This facility is an off-site facility, 

located outside the potentially contaminated zone. If the EOF is 

located within the UPZ, then it should be provided with sufficient 

protection to remain habitable and operable during an emergency or 

provided with a backup. The Emergency Director is located within the 

Emergency Operations Facility. This facility enables the effective 

coordination of on-site actions with those off-site, and provides a 

central location from where all the off-site actions by the operator are 

directed, e.g., monitoring, sampling, dose assessment, coordination 

with off-site authorities. 

 

Operations Support Centre (OSC): The OSC is introduced to 

relieve the influx of technical, e.g., operational, maintenance, radiation 

monitoring, and support personnel in the plant. This is the place where 

the personnel rests and waits for the instructions from the active 

operations staff. 

Emergency tools, equipment and supplies 

All response organizations should maintain suitable tools, equipment 

and supplies that they need to carry out their designated functions and 

other tasks during an emergency. Lists of required items may vary 

considerably between organizations depending on their role. The list 

can be e.g. very long for an operator of NPP or quite short for a 

government communications office. 

 

Emergency tools, equipment and supplies include: 

� Regular office equipment and supplies, 

� Dedicated computers, printers, scanners, screen projectors, 

� Special applications for dose calculations, source term 

estimation … 

� Internal network and intranet, 

� GIS
5
 applications to map emergency data, 

                                                
5 GIS – Geographic Information System. 
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� Monitoring equipment (measurement instruments, stations, 

vehicle kits …), 

� Decontamination equipment, 

� Personal protective equipment, 

� Supplies for evacuees (e.g. water, food, beds and blankets), 

� Emergency vehicles, and 

� Communication equipment (phones, radios, faxes), 

� … 

Communications 

Because there are a number of organizations involved in a response, 

there must be good communication systems available. They need to 

be: 

� Dedicated, 

� Reliable, 

� Robust, 

� Simple to use, 

� With redundant back-ups, 

� Tested regularly. 

 

In a large-scale nuclear emergency, it is generally anticipated that 

common communication systems will be vulnerable to failures due to 

overloads. This applies to both landlines and cellular systems. Hence, 

provisions should be made to provide key players with robust and 

reliable communication channels. This may include protected or direct 

lines between the facility and off-site authorities and between the off-

site response organizations. While satellite telephones are now being 

used for such communications, initial trials have revealed limitations 

with their directional sensitivity. Microwave links are an effective 

alternative where applicable. All the main communication systems 

should be tested periodically and the contact numbers should be 

updated on a quarterly basis. 

 

6.6 Training, drills and exercises 

 

Training, drills and exercises are an essential part of an effective 

emergency preparedness programme. In general, it is recommended 

that training and exercises for facility personnel be held several times 

a year. For off-site organizations, this constitutes a substantial 

investment in finances and human resources. The training and exercise 

programme for off-site organizations should take into account the role 

of each organization, its critical needs for responding to nuclear 

emergencies, and the value of the training and the exercises. For 

example, police forces may not need to obtain special training in 

traffic control related to nuclear emergencies if their normal duties 

already involve this type of activity. They should, however, undergo 

specific radiological hazard-awareness training. 

 

For training and exercises to be effective they have to be carried out 
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systematically. It all starts by identifying the duties for all positions 

and competences with respect to all the parties involved. According to 

these, training and exercises can be designed to be carried out through 

a continuous programme. A system needs to be in place to track the 

participation of the individual team members in trainings and 

exercises, e.g., a learning-management tool, so that everyone receives 

the same amount of trainings, on average, corresponding to their 

duties. 

 

Emergency response exercises can provide a unique insight into the 

state of preparedness for the emergency response organizations. They 

can also be the basis for a continuous improvement of the emergency 

preparedness and response. However, to be most useful, an emergency 

response exercise needs to be well organized, professionally 

conducted and its evaluation must focus on the constructive 

improvement potential. The IAEA EPR-Exercise publication [16] 

provides comprehensive practical guidance on response exercises for 

all types of nuclear or radiological emergencies. 

 

In general, a nuclear facility such as a power plant should hold one 

annual, large-scale coordination exercise involving off-site authorities. 

The training and exercises should take into account the needs of the 

public living close to the facility as well. 

 

6.7 Quality management programme 

 

The IAEA Safety Requirements for EPR [1] require that the response 

organizations, including the operator, establish a comprehensive 

quality management programme, covering: 

� Availability and reliability of all the supplies, equipment, 

communication systems and facilities necessary to perform 

specified functions in an emergency, 

� Inventories, resupply, tests and calibrations, 

� Maintenance, review and updating of emergency plans, 

procedures and other arrangements, 

� Incorporation of lessons learned from research, operating 

experience, such as response to emergencies, and emergency 

drills and exercises. 

 

In practice, this means that procedures should be made and sufficient 

resources should be allocated to regularly test and/or review, as 

appropriate, all the above. Testing and reviewing, in order to be 

effective, have to be carried out systematically with a continuous 

programme in place. Exercise and training programmes can also be 

used to serve this purpose too. 

 

All significant emergencies and the response to them need to be 

carefully investigated, analysed and the quality management system 

has to ensure that the deficiencies are identified and corrective actions 
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implemented. Lessons learned that may have international 

significance should be reported to the IAEA, and vice versa, the IAEA 

reports and other reports of international emergencies should be 

reviewed to identify relevant lessons to be learned. The internal and 

external auditing process must be established to regularly verify the 

functioning of the quality management system.  

 

In addition, the IAEA offers to member states an independent 

appraisal of their emergency preparedness and response arrangements, 

called EPREV – Emergency Preparedness Review. This EPREV can 

cover all aspects, from the appraisal of the emergency arrangements at 

a specific installation to a full appraisal of all the arrangements in a 

requesting member state, including on-site, off-site and national 

arrangements. 

 

6.8 Questions 

 

1. Why should the same organizations be used in response to a 

nuclear emergency as for a conventional emergency? 

2. Describe the concept of staffing of an emergency team. Why is 

it important? 

3. What is included in the coordination at the operational level? 

4. Why is it important that all response organizations have plans 

and procedures in place? 

5. What characteristics should the communications equipment 

have? 

6. Explain the difference between a Technical Support Centre and 

an Emergency Operations Facility. 

7. Is equipment testing part of the quality management as referred 

to in the IAEA safety standards? 

8. Explain the systematic approach to training and exercising. 
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7 THE ROLE OF THE IAEA IN EMERGENCY 
PREPAREDNESS AND RESPONSE 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Describe the role of the IAEA related to emergency preparedness 

and response. 

2. Describe the main functions of the IAEA/IEC. 

3. Explain the obligations under the Early Notification and 

Assistance Conventions.  

4. Explain the mechanism of notification under the Early Notification 

Convention. 

5. List IAEA safety standards on emergency preparedness and 

response. 

 

While the responsibility for the emergency preparedness and response, 

for the protection of the public, workers, property and the environment 

remains with the individual State, the International Atomic Energy 

Agency has some statutory responsibilities that are complemented 

with specific roles and responsibilities in emergency preparedness and 

response deriving from international legal instruments, such as the 

Early Notification and Assistance Conventions [8, 9] (hereinafter 

referred to as the Emergency Conventions) and the IAEA Safety 

Standards.  

 

The responsibilities entrusted to the IAEA for the purpose of 

implementing the two conventions have necessitated the establishment 

of a focal point within the IAEA Secretariat to which the Member 

States, Parties to the two Conventions, and the relevant International 

Organizations can promptly and effectively direct their notification in 

the case of an emergency or event reports, requests for emergency 

assistance, requests for information, etc. 

 

For many years, the IAEA has been providing assistance to Member 

States related to developing adequate preparedness to respond 

effectively in the case of nuclear or radiological emergencies with due 

consideration of the relevant IAEA Safety Standards, as well as 

assistance in responding to such emergencies. 

 

The roles of the IAEA in emergency response: 

� Notification and official exchange of information, 

� Provision of advice and assistance, if requested, 

� Provision of assessment and prognosis, 

� Provision of public information,  

� Coordination of inter-agency response. 

 

The roles of the IAEA in emergency preparedness are:  

� Developing EPR-related safety standards, technical guidance 

and practical tools and providing for their implementation, 
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� Assisting Member States in establishing, enhancing their EPR 

and capacity building,  

� Providing peer-review services, such as the Emergency 

Preparedness Review (EPREV) mission,  

� Maintaining and strengthening the IAEA’s in-house and inter-

agency preparedness.  

 

The IAEA has setup an Incident and Emergency System (IES) to fulfil 

its roles in emergency preparedness and response. The Incident and 

Emergency Centre (IEC) of the Department of Nuclear Safety and 

Security is a custodian of the IES and a global focal point for 

emergency preparedness and response and for the coordination of the 

provision of international assistance. The IEC is reporting directly to 

the Deputy Director General of the Department of Nuclear Safety and 

Security.   

 

The interfaces between the Member States and the State Parties to the 

Emergency Conventions and the IAEA will be activated on either a 

notification of a nuclear or radiological emergency or on a request for 

assistance as well as on rumours about nuclear or radiological 

emergencies.  

 

The IAEA has a 24-hour contact point for notification and requests for 

assistance. During non-working hours, an on-call Emergency 

Response Manager and relevant on-call officers will respond quickly 

and activate the IAEA’s response. The IEC’s telecommunications 

systems allow the IAEA to fulfil its communications-related 

obligations, responsibilities and functions under the provisions of the 

Emergency Conventions. Using communication carriers, the IEC can 

rapidly communicate with more than 300 contact points worldwide.   

 

The Early Notification Convention requires that countries that signed 

the convention, state parties, provide relevant information about 

nuclear accidents as early as possible in order to minimized trans-

boundary radiological consequences. The IAEA in turn promptly 

informs member states or other states that may be physically affected 

and relevant international organizations of a notification received.  

 

Each State Party and the IAEA should identify 24-hour national 

warning points (NWPs) to which a notification can be directed, as 

well as national competent authorities (NCAs) who are authorized to 

send notifications and verify the information provided. The IAEA 

maintains an up-to-date list of such authorities and warning points and 

provides it to States Parties, Member States and relevant international 

organizations. 

 

A request for the IAEA’s assistance under the terms of the Assistance 

Convention has to be in the form of written communication, sent by 

facsimile, e-mail or the web-based system USIE (Unified System for 

Incidents and Emergencies). Under the terms of the Assistance 
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Convention the IEC expects to receive a request for assistance from 

the Member States. If the situation requires, however, the IEC may 

receive in the same format or by any other means of communication, a 

request for emergency assistance from a Non-Member State.  

 

Upon receiving a request for assistance, the IAEA can either conduct 

an initial assessment of the event itself in the field or it can contact 

other State Parties to the Convention to determine if they are in a 

position to offer the requested assistance. In the latter case the IAEA 

will coordinate the provision of assistance. For this purpose the IEC 

manages the global Response Assistance Network (RANET), which 

facilitates assistance in a timely and effective manner. It is an 

integrated system for the provision of international assistance to 

minimize the actual or potential radiological consequences for health, 

environment and property. 

 

In response to a nuclear or radiological emergency the IAEA regularly 

issues press releases; responds to media questions; keeps staff 

informed; coordinates the provision of information to public/media 

with State(s) and other international organizations; and identifies and 

corrects false information.  

 

In addition, the IEC performs an assessment of the situation and a 

prognosis on possible developments during a nuclear or radiological 

emergency, which is a new function assigned to IAEA under the 

Nuclear Safety Action Plan adopted following the Fukushima Daiichi 

NPP accident. 

 

7.1 IAEA safety standards and other publications in EPR 

 

A general description of the IAEA safety standards is given in Module 

III. In this chapter the focus is given to current relevant safety 

standards and other documents related to the emergency preparedness 

and response published by the IAEA. 
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Figure 7.1 illustrates the long-term structure of the IAEA safety 

standards. It is good to know that the IAEA constantly works on 

improving safety standards; therefore, before using one it is best to 

check on-line for the most current standard. 

 

IAEA Safety Requirements No. GSR Part 7 (a publication that 

supersedes No. GS-R-2 issued in 2002) is part of the General Safety 

Requirements that apply to all facilities and activities. This publication 

establishes the requirements for an adequate level of preparedness and 

response for a nuclear or radiological emergency, irrespective of the 

cause. This is a requirement document and uses ‘shall’ statements, 

indicating what needs to be done.  

 

 
 

Figure 7.1: The structure of the IAEA Safety Standards Series. 

 

Hierarchy of the IAEA standards 
 

Safety Fundamentals 
Presenting the objectives, concepts and principles of 

protection and safety and providing the basis for the safety 
requirements. 

 
Safety Requirements 

Establishing the requirements that must be met to ensure the 
protection of people and the environment, both now and in 

the future.  
 

Safety Guides 
Providing recommendations and guidance about how to 

comply with the Safety Requirements. 
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The document sets out common goals of emergency preparedness and 

response to be achieved and the common concepts and approaches to 

be taken for an appropriate preparedness to effectively respond to a 

nuclear or radiological emergency. The requirements in this 

publication are divided into three groups: general, functional and 

infrastructural requirements. General requirements are those that need 

to be implemented before any emergency planning can start, 

functional requirements elaborate on the functions to be performed in 

an emergency response for the goals of the emergency response to be 

achieved, and the requirements for infrastructure are describing the 

necessary infrastructural elements that provide the capability needed 

to support the emergency response. This book that you are reading is 

organized in this way, covering all aspects of emergency preparedness 

and response. 

 

In addition to GSR Part 7, Part 3 of the General Safety Requirements 

within the IAEA Safety Standards Series (see fig. 7.1) briefly 

addresses the emergency preparedness and response among the overall 

requirements for the protection of people and the environment from 

the harmful effects of ionizing radiation. This is done in a consistent 

manner with the EPR-related Safety Standards. 

 

The Safety Guides as presented in fig. 7.1 are also part of the IAEA 

Safety Standards. Recommendations are provided in the Safety 

Guides and are expressed as ‘should’ statements, indicating an 

international consensus on how to apply the specific safety 

requirements set out in the Safety Requirements publications.  

 

The Safety Requirements in emergency preparedness and response are 

supported by two Safety Guides, GS-G-2.1 [2] and GSG-2 [3].  

 

The Safety Guide on “Arrangements for Preparedness for a Nuclear or 

Radiological Emergency” (GS-G-2.1) provides guidance to assist 

Member States in the application of selected safety requirements.   

 

The Safety Guide on “Criteria for Use in Preparedness and Response 

for a Nuclear or Radiological Emergency” (GSG-2) provides the 

criteria for implementing protective actions and other response actions 

in a nuclear or radiological emergency (see the Appendix for more 

details). This Safety Guide gives a new, comprehensive and coherent 

basis in terms of the criteria for taking protective actions and other 

response actions during an emergency. 
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Figure 7.2: Covers of GS-R-2, GS-G-2.1 and GSG-2. 

 

The IAEA has published many documents that provide best practices, 

technical guidance and tools in emergency preparedness and response 

in order to facilitate the implementation of the EPR-related Safety 

Standards in specific areas as well as many operational arrangements. 

These are called the EPR series publications, and they are 

informational in nature. They describe good practices, giving practical 

examples and detailed methods that can be used to meet safety 

standards. They do not establish requirements or make 

recommendations; they give suggestions on meeting the requirements 

and recommendations or elaborate on practical arrangements. 

 

The EPR series publications are based on the above-listed standards 

and guides. Their purpose is to assist Member States with establishing 

the emergency preparedness and response arrangements. They provide 

more operational and detailed instructions, including numerous 

examples of actual documents and other arrangements for Member 

States to use directly in their own emergency preparedness and 

response systems. They are usually given a short title and the year of 

publication to make them easier to use, e.g., EPR-MEDICAL 2005. 
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The most notable among these is the EPR-METHOD 2003 [12]. This 

is the book for establishing emergency preparedness and response 

from the ground up. It can also be used to check for gaps or establish 

missing elements. This is also the book to assist the writing of the 

emergency response plans, because it gives very useful guidance, 

including templates for specific emergency plans. 

 

The EPR series publication EPR-NPP PUBLIC PROTECTIVE 

ACTIONS 2013 [10] as published in 2013. It was developed after the 

Fukushima Daiichi NPP accident as a tool to facilitate easier decision 

making and a more effective implementation of public protective 

actions. In addition, it gives examples of the effective communicating 

of radiation health hazards to the public, otherwise initially set out in 

the GSG-2 safety guide. This book that you are reading considers the 

proposed strategy from this publication. 

 

The EPR-MEDICAL 2005 [15] provides practical guidance to the 

medical community for medical emergency preparedness and 

response. It gives generic response procedures for medical personnel 

responding to different types of nuclear or radiological emergencies. 

 

    
 

    
 

Figure 7.3: Covers of some publications in the EPR series. 

 

For everyone preparing, conducting and evaluating exercises, the 

EPR-EXERCISE 2005 [16] is an essential publication giving 

extensive guidance on the topic. 

 

For countries preparing to embark on a nuclear power programme, 

i.e., building their first nuclear power plant, EPR- EMBARKING 

2012 [17] is the book assist them in developing emergency 

preparedness and response arrangements while building their first 

NPP. 
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The EPR-Public Communications 2012 [18] publication covers 

arrangements for communication with the public by providing 

valuable action guides and information sheets. Its users are mainly 

public-information officers. 

 

The EPR IEComm 2012 [19] publication is a manual for 

communication protocols for Contact Points identified under the Early 

Notification and Assistance Conventions, as well as under the 

International Nuclear and Radiological Event Scale (INES). 

Therefore, it is intended for designated contact points under the Early 

Notification and Assistance Conventions and INES National Officers. 

 

The EPR RANET 2013 [20] publication is an operational tool for the 

implementation of the Assistance Convention aimed at facilitating the 

provision of international assistance in the event of a radiation 

incident or emergency; cooperation between States, their Competent 

Authorities designated under the Assistance Convention and the 

IAEA; and harmonization of the response capabilities of States 

offering assistance under the Response and Assistance Network 

(RANET). 

 

Besides the publications presented here, the IAEA publishes other 

related material, such as different emergency kits, containing a 

collection of guides and other publications for a selected audience, 

training material packages, etc. One example is the charts shown in 

Figure 7.4 to place the radiological health hazard in perspective in a 

simple and understandable format, originally issued in the EPR-NPP 

Public Protective Actions [10] publication, and then published as a 

separate tool. 

 

 
 

Figure 7.4: Charts to place radiological health hazards  

in perspective. 

 

The last, but certainly not the least, is the IAEA Safety Glossary [21], 

the primary purpose of which is to harmonize terminology and usage 
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in the IAEA Safety Standards and other publications. For users and 

readers it is good to know where to look for unknown terminology.  

 

         
 

Figure 7.5: IAEA Safety Glossary. 

 

This short description of the IAEA publications on EPR is certainly 

not comprehensive. The latest information is available on the IAEA 

website (www.iaea.org), especially on the IEC website on Technical 

Tools
6
.  

 

7.2 Questions 

 

1. What are the overall functions of the IAEA in emergency 

response? 

2. List a few functions of the IAEA in emergency preparedness. 

3. What is the role of the IAEA following a notification of a 

nuclear accident? 

4. What is the difference between NWPs and NCAs? 

5. What is RANET and what is its purpose? 

6. Describe briefly the hierarchy of the IAEA safety standards. 

7. Name the most relevant IAEA requirement document for 

emergency preparedness and response. 

8. The EPR series documents do not establish requirements or 

make recommendations. What do they provide?  

 

 
  

                                                
6 http://www-ns.iaea.org/tech-areas/emergency/technicalproducts.asp?s=1 
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8 APPENDIX 

8.1 Criteria for use in emergency preparedness and 
response 

 

The basis for implementing protective and other response actions is 

provided in terms of the dose that can be projected or the dose that has 

already been received with respect to deterministic and stochastic 

effects (Table 8.1). The generic criteria to avoid severe deterministic 

effects are given in Table 8.2 and to reduce the risk of stochastic 

effects in Table 8.3. 

 

Table 8.1: Summary of the basis for protective actions for different 

types of health consequences of exposure [3]. 
 

 Types of  

possible health  

consequences of 

exposure 

Protective and other actions 

Based on  

Projected dose 

Based on  

Dose received 

Severe deterministic 

effects 

Implementation of 

precautionary urgent 

protective actions, even  

under adverse conditions,  to 

prevent severe deterministic 
effects 

Other response actions 

for the treatment and 

management of severe 

deterministic  

effects 

Increase in stochastic 

effects 

Implementation of urgent 

protective actions and the 

initiation of early protective 

actions to reduce the risk of 

stochastic effects as far as 

reasonably possible  

Other response actions 

for the early detection 

and effective 

management of 

stochastic effects 

 

Table 8.2: Generic criteria for implementing precautionary urgent 

protective actions to avoid severe deterministic effects [3]. 
 

Generic criteria Examples of protective 

and other response actions 

External acute exposure  

(<10 hours) 

If the dose is projected: 

� Take precautionary urgent protective 

actions immediately (even under 

difficult conditions) to keep doses 

below the generic criteria 
� Provide public information and 

warnings 
� Carry out urgent decontamination 
 

If the dose has been received: 

� Perform an immediate medical 

examination, consultation and indicated 
medical treatment 

� Carry out contamination control 

� Carry out immediate decontamination  

� Carry out registration for long term 

health monitoring (medical follow-up) 

� Provide comprehensive psychological 

counselling 

ADRed marrow  

ADFoetus  

ADTissue  

ADSkin  
 

1 Gy 

0.1 Gy 

25 Gy at 0.5 cm 

10 Gy to 100 cm2 
 

Internal exposure from acute intake  
(∆= 30 days, ∆′ = the period of in utero 

development of the embryo and fetus) 

AD(∆)Red marrow  

 

 

 

AD(∆)Thyroid 

AD(∆)Lung 

AD(∆)Colon  

AD(∆′)Foetus 

0.2 Gy for nuclides 

with Z ≥ 90 

2 Gy for nuclides  

with Z ≥ 89 

2 Gy 

30 Gy 

20 Gy 

0.1 Gy 
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Table 8.3: Generic criteria for implementing urgent and early 

protective actions and other response actions to reduce the risk of 

stochastic effects [3]. 

 

Generic criteria Examples of protective 

and other response actions 

Projected dose that exceeds the following generic criteria: Take urgent protective 

actions and other response actions  

HThyroid 50 mSv in the first 7 days Iodine thyroid blocking 

E 100 mSv in the first 7 days Sheltering; evacuation; 

decontamination; restriction of 

consumption of food, milk and  

water; contamination control; public 

reassurance 

HFoetus 100 mSv in the first 7 days 

Projected dose that exceeds the following generic criteria: Take protective 

actions and other response actions early in the response 

E 100 mSv per annum Temporary relocation; 

decontamination;  

replacement of food, milk and water; 

public reassurance 

HFoetus 100 mSv for the full period 

of in utero development 

Dose that has been received and that exceeds the following generic criteria: 
Take longer-term medical actions to detect and to effectively treat radiation-induced 
health effects 

E 100 mSv in a mont Screening based on equivalent doses 

to specific radiosensitive organs (as 

a basis for medical follow-up); 

counselling. 

 

Counselling to allow informed 

decisions to be made in individual 

circumstances. 

HFoetus 100 mSv for the full period 
of in utero development 

Note: HT — equivalent dose in an organ or tissue T; E — effective dose. 
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