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ABSTRACT 
 
Nuclear power plants are designed and built with systems dedicated to provide a high degree of protection to its 
workers, the population living in their neighborhoods and the environment. Among the requirements for 
ensuring safety there are the existence of the nuclear emergency plan. Due to the relationship between the 
actions contemplated in the emergency plan and the nuclear emergency exercise, it becomes possible to assess 
the quality of the nuclear emergency plan, by means of emergency exercise evaluation, The techniques used in 
this work aim at improving the evaluation method of a nuclear emergency exercise through the use of 
performance indicators in the evaluation of the structures, actions and procedures involved. The proposed model 
enables comparisons between different moments of an emergency plan directed to a nuclear power plant as well 
as comparisons between plans dedicated to different facilities. 
 

1.  
2. INTRODUCTION 

 
The safe use of nuclear energy involves public policies aimed at ensuring the safety of 
nuclear installations, workers, population and of the environment [1]. Among the 
requirements for ensuring nuclear safety, there is the existence of a plan for response to 
nuclear emergencies. This plan establishes a protocol dedicated to events of nuclear 
emergency response and involves the structures, actions and procedures to control and 
minimize the effects of a nuclear emergency [2]. The response protocol involves public and 
private organizations, military and civilian activities of management, execution of single and 
combined actions,   all operating under strict control [3]. 
 
The Fire Department of the State of Rio de Janeiro is responsible for coordinating and 
implementing the emergency response related to the only existing nuclear power plant  in 
Brazil, the Central Nuclear Almirante Alvaro Alberto. In partnership with the Laboratory for 
Process Monitoring of Nuclear Engineering Program of the Federal University of Rio de 
Janeiro, it is being developing since 2008 an evaluation model of the quality of nuclear 
emergency response, based on performance evaluation of exercises the nuclear emergency 
plan. This work represents the first publication of this joint effort and introduces an 
evaluation protocol of a nuclear emergency plan . The protocol is conceived on the basis of 
implementation of the nuclear emergency plan nuclear as nuclear emergency exercises. The 
plan is evaluated based on the assessing the structures foreseen in the plan. The structures are 
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assessed from actions that constitute them.  The actions are assessed from activities that 
compose them. Each activity, in turn, is evaluated using specific performance indicators. 
 
 

3. NUCLEAR EMERGENCY PLAN 
 

The nuclear accident scenarios considered in the elaboration of plans for response to nuclear 
emergencies are mainly based on technical tests at the factory and in the study of accidents 
occurred in similar nuclear plants [4]. Nuclear accidents considered in planning the response 
to a nuclear emergency, range from the project base accidents (small consequences for the 
public and the environment), to even those very severe, regarded as a low probability of 
occurrence (accidents beyond the project base) [5]. In the event of a nuclear accident, its 
characteristics and local conditions shall guide the implementation of protective measures. 
Decisions concerning the adoption of urgent measures to protect the population are based on 
the conditions of the reactor, the integrity of the structures of defense in depth, the probability 
of releases of radioactive materials into the environment, environmental conditions (weather, 
etc.), and the relation between doses and risks associated with the application of urgent 
protective measures [6]. 
 
Among the requirements for the organization of the nuclear emergency response mechanisms 
there are the necessity of prompt assessment and projection of the probable evolution of the 
accident, the operation of emergency protective measures, promotion of strategies to control 
panic, mechanisms of rescue and decontamination of people in areas classified, as well as the 
definition of actions to be taken in long-term at the post-accident [7]. Among the actions to 
respond quickly to nuclear emergency can be highlighted the classification of the accident, 
the containment of the spill, as well as the prevention of deterministic and stochastic effects 
to health [8]. The reduction of deterministic health effects can be achieved through actions to 
minimize the contact of people with radio nuclides and the limitation of exposure of doses 
that produce immediate consequences to public health and emergency workers [9. The 
reduction of stochastic effects (tumors, genetic mutation and embryonic malformations) can 
be done through long-term protective actions and / or control of doses exposure of emergency 
workers [10]. According to the International Atomic Energy Agency, one way of establishing 
structure of response to a nuclear emergency is through the organization on coordinating 
functional structures related to the actions, in order to perform the functional evaluation of 
the accident, analysis of the conditions of the plant, defining the criteria for radiological 
protection and of protective actions, environmental monitoring and analysis of environmental 
samples. 
 
The adequacy of all the necessary preparations for a emergency response should be evaluated 
continuously in order to support the review of plans, procedures and infrastructure 
established. Among the ways to evaluate this preparation, the most accepted form is through 
nuclear emergency exercises [11]. 
 

4. NUCLEAR EMERGENCY EXERCISE 
 

An exercise in response to a nuclear emergency is the practical implementation of plans and 
procedures for response to nuclear emergencies in a simulated simulated. Nuclear emergency 
exercises allow identify problems, weaknesses or gaps in preparedness and response plans 
[12]. A nuclear emergency exercise allows identify where improvements are needed in 
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planning, verify that correct procedures are reviewed (introduced as a result of previous 
years) as well as facilitate the development of adequate emergency preparedness [13].  
 
In this work, the nuclear emergency exercise is used as a means of evaluating the plan to 
respond to nuclear emergencies. The proposed strategy for performance evaluation of the 
nuclear emergency exercise was based on performance indicators [7]. 
 

5. EVALUATION OF THE NUCLEAR EMERGENCY PLAN 
 

4.1 Organization of the evaluation system for nuclear emergency exercise 
 
The actions, necessary for the organization of an exercise, involve the establishment of a 
management committee for the exercise, a team of script development and exercise data, 
team logistics, public relations team, a group of actions and developing a team international 
connection [15]. The management committee of the nuclear emergency exercise is 
responsible by the development the specifications of the exercise, development of criteria for 
assessing performance, developing the screenplay for controllers and evaluators, the script 
development for participants, team selection and assignment of main functional 
responsibilities of organizations in preparation of the exercise. The team of control and 
evaluation of the exercise is responsible for conducting and assessing the exercise. It is 
important that controllers and assessors be appropriately selected and be familiar with their 
functions and the steps involved in conducting the exercise. It is essential that the assessment 
team of the exercise has an excellent understanding of the plan, procedures and of 
distribution of responsibilities within the organization of emergency. 
 
4.2 Performance indicators of a nuclear emergency plan 
 
Indicators are parameters that measure the difference between the desired situation and the 
actual situation, indicating a problem, allowing a quantification process. An indicator is a 
sign that shows concrete and representative aspects of reality that are often not easily 
perceived by people or by a system [16]. One advantage of the indicator-based assessment of 
performance in a nuclear emergency exercise is that this approach facilitates the 
concentration of the evaluator in the objectives of the emergency response, in which the 
meaning of the observations is determined by its impact on specific targets to be achieved. As 
a result, the evaluation becomes objective and easily defensible. 
 

5. MODEL OF INDICATORS OF A NUCLEAR EMERGENCY PLAN 
 
5.1 Selection 
 
In selecting performance indicators for the plan of nuclear emergency response it was 
observed consistency between the goals and dimensions of central monitoring, knowledge of 
reality in which they will intervene, the possibility of capturing attributable effects to the 
actions, products and services generated by its own monitoring, accuracy and 
representativeness of the central aspects of the strategy of monitoring, vision-guidance-
oriented indicators for learning, among other parameters [17]. Additionally it was considered 
in the selection of indicators, attributes that would make the indicators more easily 
observable, highlighting the adaptability, representativeness, simplicity, traceability, 
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availability, economy, practicality, stability, reliability, clarity, objectivity, reproducibility 
and repeatability [18]. 
 
The selected performance indicators in the evaluation of a nuclear emergency plan are related 
to the key actions foreseen in the various phases of the emergency plan. The use of these 
indicators in the evaluation of a simulated nuclear emergency exercise indirectly points to the 
degree of functionality and robustness of this plan. The macro actions proposed for the 
evaluation of a nuclear emergency exercise, are the actions of activation of response 
structures, implementation of urgent protective measures, protection of emergency workers, 
health care, information management for population, promoting actions of long-term 
protection and recovery of affected areas, in line with the recommendations of the IAEA [15]. 
 
5.2 Modeling of indicators 
 
The model for the evaluation of the emergency response plan was based on the performance 
analysis of the structures needed in a response plan, observed by conducting a nuclear 
emergency exercise. Each structure performs specific actions in the emergency response plan. 
Individual structures are linked to macro actions, activities and performance indicators 
(Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Hierarchy model used to evaluate the performance plan. 
 

The criteria for evaluation of performance indicators guides the way the assessors should 
check that the right actions are being executed and if the answer reaches the goal defined for 
the exercise. The list of actions, also called macro actions int this work, for each of the 
structures, considered  the activation, execution of urgent measures of protection, protection 
of emergency workers, health care, information management for the population, promoting 
actions of long-term protection and recovery of affected areas. The performance evaluation 
criteria were considered in accordance with the goals and the activities that comprise each 
action. 
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5.3 Proposed model 
 
The proposed model is based on the evaluation of the emergency response plan from its 
simulated execution (nuclear emergency exercise). The exercise is evaluated by teams 
observing the indicators and performance criteria. The proposed performance indicators can 
be applied both to evaluate larger structures of the plan, as in the public information center, 
emergency centers, local, regional and national levels (illustrated in Table 1), 
 

Table 1. Larger structures capable of evaluation in planning and weight/pondered 
values. 

 
Code Description Weight 
CCCEL Local Emergency Control Center  1 
CCCER Regional Emergency Control Center 1 
CCCEN National Emergency Control Center 1 
CIP Information Center for Population 1 

 
Table 2 shows the activities and performance indicators, with their weight values, for the 
macro action Activation of the response system, characterizing the activities of notification 
and communication. In the notification activity is assessed whether all authorities of the 
Preventive Zone and Environmental Control Zone are reported to enable an effective 
response. The performance indicators assessed in this activity involve the criteria of calling 
time and physical presence of the coordinators of emergency in the Emergency Center 
Operator and the Incident Command Post, after the declaration of emergency, and the 
execution time of the initial warning sent to the population of the area of preventive and 
Environmental Control zone. In the communication activity is assessed whether all necessary 
information and data are shared between the relevant response organizations, to enable 
effective decisions and implementation of protective actions. 
 

Table 2. Macro action Activation , activities, indicators and weights in the various 
structures. 

 
Code Description Weight 

A1 Activation 4 
A11 Notification Activity 1 
A111 The emergency operations facility is composed on time 1 
A112 All agencies are notified of the need to appear in the structure of response, on time. 1 
A113 All agencies are present in the structure of response, on time. 1 
A114 The information actions of urgent protective measures, aimed at the population of the 

Preventive Actions Zone (APE and ZPE-3) and Urgent Protection Zone (ZPE-5) were 
made on time. 

1 

A12 Communication Activity 1 
A121 The communications sent and / or received by the structure of emergency are 

understood. 
1 

A122 There is sharing of information on priorities, issues and actions, between the structure 
being evaluated and other structures to respond. 

1 

 
Table 3 shows the  activities and performance indicators, with their weight values, for the 
macro action of Urgent Protective Actions made urgent by the decision-making activities, the 
public warning, evacuation, sheltering, administration of stable iodine and contamination 
control population.  
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Table 3.  Macro action Urgent Protective Actions, activities, indicators and weights in 
the various structures. 

 
Code Description Weight 

A2 Urgent Protective Actions 4 
A21 Assessment and decisions 2 
A211 The emergency structure indicates the urgent protective actions on time. 1 
A212 The emergency structure fits the urgent protective measures as will receiving 

information. 
1 

A213 The emergency structure destined to radiological monitoring site is set up on time. 1 
A214 The environmental monitoring within the Preventive Actions Zone is conducted on time.  1 
A215 The environmental monitoring within the Preventive Actions Zone is conducted on time. 1 
A216 Measures dose rate within the environment(s) area(s) affected(s) are updated on time. 1 
A22 Alerting the public 1 
A221 The public area of Preventive Actions is alerted to the emergency at the nuclear plant, so 

that urgent protective actions can be implemented on time. 
1 

A222 The public inside the Urgent Protection Zone is alerted to the emergency at the nuclear 
plant so that urgent protective actions can be implemented on time. 

1 

A23 Evacuation 1 
A231 The public in the Preventive Actions Zone (APE and ZPE-3) is evacuated on time. 1 
A232 The public in the Preventive Actions Zone (ZPE-5) is evacuated on time. 1 
A233 The control input / output of the areas of protective action is operating on time after an 

order to evacuate. 
1 

A234 The traffic control measures in areas outside the Protection Urgent Zone (ZPE5) are 
operating on time after an order to evacuate. 

1 

A235 The centers of reception / evacuation with sufficient capacity and services (including 
monitoring of radiation) is operating on time after order 

1 

A24 Sheltering 1 
A241 A substantial shelter is provided for the public of the Zone if Preventive Actions for a 

full term, case the evacuation is not possible 
1 

A242 The activity of shelters and conducted throughout the period for sheltering. 1 
A243 The sheltered population is informed of the expected duration of sheltering. 1 
A25 Stable iodine  
A251 Stable iodine prophylaxis is given to the population of the Preventive Actions Zone on 

time. 
 

A252 Stable iodine prophylaxis is provided to the population of Urgent Protection Zone on 
time. 

 

A26 Contamination control for the population 1 
A261 Evacuees and sheltered populations affected by a release are provided with instructions 

on how to self-decontaminate within (expected time) hours. 
1 

A262 When an evacuation takes place during or after an atmospheric release, all evacuees are 
monitored for radioactive contamination. 

1 

A263 Contaminated persons are decontaminated. 1 
 
Table 4 shows the  activities and performance indicators, with their weight values, for the 
macro action of Protection of Emergency Workers, characterizing the activities to control the 
dose during response to emergency and general control of contamination. 
  

Table 4. Macro action Protection of Emergency Workers, activities, indicators and 
weights in the various structures. 

 
Code Description Weight 

A3 Protection of Emergency Workers 4 
A31 Dose control during emergency response  
A311 The framework of emergency evaluates the tabs of monitoring of workers 1 
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A312 The structure of emergency control personal doses of emergency workers who operate 
outside the installation site of the installation. 

1 

A313 The structure of emergency creates an dose accounting system of emergency workers on 
time 

1 

A314 The structure of emergency accounts for dose of emergency workers within the allotted 
time interval '; 

1 

A315 The structure of emergency records the dosimeter readings of all emergency workers 
who leave the protective action zone 

1 

A316 The structure of emergency informs the self-reading dosimeter alarms to the structures 
for coordination of emergency on time 

1 

A32 General contamination control 1 
A321 Emergency equipment, vehicles and facilities are monitored and, if appropriate, 

decontaminated before leaving the emergency zone. 
1 

A322 Emergency workers are monitored and decontaminated, as required before leaving the 
emergency zone. 

1 

 
Table 5 shows the  activities and performance indicators, with their weight values, for the 
macro action Medical and Emergency Services, characterizing the activities of medical and 
emergency services. 
 

Table 5. Macro action Medical and Emergency Services, activities, indicators and 
weights in the various structures. 

  
Code Description Weight 

A4 Medical and Emergency Services 4 
A41 Medical care 1 
A411 Emergency workers and members of the public injured receive initial treatment 1 
A412 The injured were transported to a medical facility quickly 1 
A413 Medical treatment for serious injuries is not delayed due to actual or potential 

contamination 
1 

A414 Screening criteria are applied to the injured 1 
A415 People with over-exposure are identified on time 1 
A416 People with over-exposure are sent to an appropriate facility for treatment 1 
A417 Public Health Authorities keeps track of each person who received doses above the 

predetermined criteria for long-term monitoring. 
1 

A418 Public Health Authorities keeps track of every of emergency worker who received doses 
above the predetermined criterion. 

1 

A42 Emergency services 1 
A421 Emergency Services respond within the time periods specified in its Guidelines for 

Response Time. 
1 

A422 The screening and reception centers of emergency and security are operating in 
emergency facilities 

1 

A423 Emergency services are kept in the emergency zone. 1 
A424 The ways to facilitate the entrance of emergency medical services in the emergency 

zone are maintained so as not to prejudice ongoing evacuations. 
1 

 
Table 6 shows the  activities and performance indicators, with their weight values, for the 
macro action Public Information Management, characterizing the activities of information to 
the population and of control of rumors. 
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Table 6. Macro action Public Information Management, activities, indicators and 
weights in the various structures. 

 
Code Description Weight 

A5 Public Information 4 
A51 Informing the public 1 
A511 Accurate and timely information is provided to the public during any emergency. 1 
A512 The Public Information Center is activated on time. 1 
A513 The Public Information Center provides briefings coordinated (the official installation 

and external) are delivered on time 
1 

A514 The response organizations provide information to the Public Information Center 1 
A515 All emergency information is provided to the public through the Center for Population 

Information 
1 

A516 Each response organization is represented by a single spokesman 1 
A517 The activities of the spokesman of the response organizations are coordinated by the 

Public Information Center 
1 

A518 Media briefings and press conferences are scheduled, organized and conducted by the 
Public Information Center 

1 

A52 Rumour control 1 
A521 The Population Information Center monitors the transmission and publication of rumors, 

misinformation and public concern 
1 

A522 The Public Information Center communicate the emergency structures external of the 
nuclear installation of the existence of rumors 

1 

A523 Information to correct the rumors is provided to the Public Information Center 1 
A524 The Public Information Center transmits the correct information every time rumors 

arise, in order to correct the misinformation touted. 
1 

 
 
Table 7 shows the  activities and performance indicators, with their weight values, for the 
Longer Term Protective Actions, characterizing the activities of decision-making, food 
control, relocation and resettlement, and minimization of psychological impact.  
 

Table 7. Longer Term Protective Actions, activities, indicators and weights in the 
various structures. 

 
Code Description Weight 

A6 Longer Term Protective Actions 1 
A61 Assessment 1 
A611 Are established dose rate levels that are required for long-term protective actions 1 
A612 Are established levels of dose rate in which sampling is required 1 
A613 It established the density of contamination that is necessary protective actions 1 
A614 Are prescribed generic action levels for contamination of food, milk and water 1 
A615 Are prescribed generic action levels for animal feed 1 
A616 Surveys of contamination of the ground surface are conducted 1 
A617 Isotopic analysis and soil samples are held on time 1 
A618 Each affected area where protective actions may be needed long-term is defined, 

mapped and reported to all response structures 
1 

A62 Food control  
A621 Agricultural countermeasures are implemented, in accordance with established reference 

levels area. 
 

A622 Measures are put in place to prevent the egress of contaminated food from the affected  
A623 Verification of agricultural countermeasures is conducted throughout the 

implementation period. 
 

A63 Temporary relocation and resettlement  
A631 The outside emergency organization determines the guidelines for permanent  
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resettlement in conjunction with the national government. 
A632 Appropriate consultations with people potentially affected are made before initiating 

programmer of permanent resettlement. 
 

A633 Suitable temporary or permanent areas and accommodations are provided.  
A64 Psychological impact  
A641 Evacuees are kept informed of the likely time to return to their homes and/or work 

places and about the measures taken to safeguard their property. 
 

A642 Evacuees and persons in affected areas are kept informed about the potential short-term 
and long-term health impacts. 

 

A643 Emergency workers and their families are kept informed about the potential short-term 
and long-term health impacts. 

 

 
Table 8 shows the  activities and performance indicators, with their weight values, for the 
recovery action of affected areas, characterizing the activities of decision making and the 
activity of transition.  
 
 

Table 8. Macro action Recovery, activities, indicators and weights in the various 
structures. 

 
Code Description Weight 

A7 Recovery 1 
A71 Assessment 1 
A711 Operational intervention levels are below which can be raised instructions protective 

actions are set out clearly in position to recover 
1 

A712 The organization of the external emergency when determining the end of the 
emergency evaluates if the conditions of the accident are under control and stable, the 
measurements are below the levels of intervention to raise operating instructions. 

1 

A713 The protective actions are terminated at the appropriate time 1 
A72 Transition 1 
A721 The framework of the external emergency establishes an recovery plan. 1 
A722 The recovery plan takes into account the need to continue operation in the affected 

area, the safety of emergency workers and relations with the media. 
1 

A723 The organization of the external emergency informs to the response organizations the 
end of the emergency and recovery measures to be taken. 

1 

A724 The relevant documents and other evidence are kept aside for research and post-
emergence. 

1 

 
 

Table 9. Criteria for assessing the macro action Activation (Table 2). 
 

Code Maximum (Grade 10) Minimum (Grade 0) 
A111 Complete structure within 5 minutes of zero 

hour. 
Structure complete in time less than 15 minutes 
of zero hour. 

A112  All agencies are notified within 60 minutes of 
time zero 

All agencies are notified in time equal to or 
greater than 180 minutes of zero hour. 

A113  
 

All agencies present in three hours of time 
zero. 

All agencies present in time less than 9 hours of 
time zero. 

A114  All actions and information protection 
measures urgently complete within 5 min. of 
the hour zero. 

All actions and information of urgent measures 
to protect complete in time less than 15min. of 
the hour zero. 

A121 All communications sent or received are 
understood. 

None of the communications sent or received 
have been understood. 

A122 All communications sent or received are None of the communications sent or received 
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understood. have been understood. 
A121 There was a total and permanent sharing of 

information 
There was at no time information sharing 

A122 There was a total and permanent 
sharing of information 

There was at no time information 
sharing 

 
 

Table 10. Criteria for assessing the macro action Urgent Protective Actions (Table3). 
 

Code Maximum (Grade 10) Minimum (Grade 0) 
A211 The protective actions were indicated in 30 

minutes of zero hour. 
The protective actions were indicated in time 
equal to or exceeding 90 minutes of zero hour. 

A212 The set of the new protective measures is 
carried out within 10 minutes of time zero. 

The set of the new protective measures is done 
in time equal to or exceeding 30 minutes  

A213 The local workstation is fully operational 
within 24 hours of time zero. 

The local workstation is operating full in time 
equal to or exceeding 72 hours of time zero. 

A214 The environmental monitoring is conducted 
within 4 hours of time zero. 

The environmental monitoring is conducted in a 
period equal to or exceeding 12 hours  

A215 The environmental monitoring is conducted 
within 8 hours of time zero. 

The environmental monitoring is conducted in a 
period equal to or exceeding 24 hours  

A216 The measures of environment dose rate are 
updated every fifteen minutes. 

The measures of environment dose rate  is 
updated at intervals exceeding 45 minutes. 

A221 The public is alerted within 1 hour of time 
zero. 

The public is alerted in time equal to or 
exceeding 3 hours of time zero. 

A222 The public is alerted within 1 hour of time 
zero. 

The public is alerted in time equal to or 
exceeding 3 hours of time zero. 

A231 The public is evacuated within 4 hours of time 
zero. 

The public is evacuated in time equal to or 
exceeding 12 hours of time zero. 

A232 The public is evacuated within 4 hours of time 
zero. 

The public is evacuated in time equal to or 
exceeding 12 hours of time zero. 

A233 The control input / output is operating within 1 
hour after the order to evacuate. 

The control input / output is operating time is 
equal to or exceeding 3 hours after the order to 
evacuate. 

A234 The traffic control is operating within 1 hour 
after the order to evacuate. 

The traffic control is operating time equal to or 
higher 3 hours after the order to evacuate. 

A235 The control of reception / evacuation is 
operating within 1 hour after the order to 
evacuate. 

The control of reception / evacuation is running 
in time equal to or higher than 3 hours after the 
order to evacuate 

A241 The public can be housed for a time equal to or 
higher than 24 hours of time zero. 

There is no substantial housing to the public in 
the preventive actions Zone if evacuation is not 
possible. 

A242 Fully during the period of sheltering. Is not implemented during the period of 
sheltering. 

A243 All shelters keep public informed of its 
expected duration of the sheltering. 

None of the shelters keep their people informed 
about the expected duration of the sheltering. 

A251 Stable iodine prophylaxis is provided in 2 
hours of the time zero. 

Stable iodine prophylaxis is provided in time 
equal to or greater than 6 hours of the time zero. 

A252 Stable iodine prophylaxis is provided in 4 
hours of the time zero. 

Stable iodine prophylaxis is provided in time 
equal to or greater than 12 hours of the time 
zero. 

A261 All affected people are instructed up to 1 hour 
of time zero 

The affected people are instructed in time equal 
or greater than 3 hours of time zero. 

A262 All affected populations are monitored within 
one hour of time zero. 

The affected populations are monitored on a 
time equal to or greater than 3 hours of time 
zero. 
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The evaluator shall evaluate the list of performance indicators at tables 2, 3, 4, 5, 6, 7, 8 
considering the criteria proposed tables 9, 10, 11, 12, 13, 14, 15. These indicators are 
assigned weights based on the importance of the concepts of activities, actions, structures and 
of the plan. 
 
 

Table 11. Criteria for assessing the macro action emergency protection of the 
Emergency Workers (table 4). 

 
Code Maximum (Grade 10) Minimum (Grade 0) 

A311 The guides are evaluated periodically monitor 
observing the exposure levels and keeping 
them below the limit determined 

Monitoring guides are not evaluated. 

A312 At least one person from the designated plant 
to control doses 

There is no person of the designated plant to 
control doses 

A313 The system is running in 15 minutes of zero 
hour. 

The system is running in 45 minutes of zero 
hour. 

A314 Periodically throughout the emergency. Are not evaluated. 
A315 always Never 
A316 Structures receive the information 10 minutes 

after detection. 
The structures receive information in time equal 
or greater than 30 minutes after detection. 

A321 always Never 
A322 always Never 

 
Table 12. Criteria for assessing the macro action Medical and Emergency Services 

(Table 5). 
 

Code Maximum (Grade 10) Minimum (Grade 0) 
A411 Always Never 
A412 Always Never 
A413 Always Never 
A414 Always Never 
A415 The identification is done in 5 minutes after the 

start of the event. 
The identification is done in 15 minutes or more 
after the start of the event. 

A416 Always Never 
A417 Always Never 
A418 Always Never 
A421 Always Never 
A422 Always Never 
A423 Always Never 
A424 Always Never 

 
 
Table 13. Criteria for assessing the macro action Public Information Center (Table 6). 

 
Code Maximum (Grade 10) Minimum (Grade 0) 

A511 Always Never 
A512 The CIP is activated within 1 hour of time 

zero. 
The CIP is activated in time equal or greater 
than 1 hour of time zero. 

A513 CIP provides coordinated briefings to the 
media every 4 hours 

CIP provides coordinated briefings to the 
media in time equal or greater than 12 hours 

A514 Every 1 hour or immediately if an event rated 
as the greatest impact 

Every 3 hours or more 

A515 Always Never 
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A516 Always Never 
A517 Always Never 
A518 Always Never 
A521 Always Never 
A522 Always Never 
A523 Always Never 
A524 Always Never 

 
 

Table 14. Criteria for assessing the macro action Longer Term Protective Actions 
(Table 7). 

 
Code Maximum (Grade 10) Minimum (Grade 0) 

A611 Are established levels of dose rate for each of 
the affected areas. 

Are not established levels of dose rate for any 
affected area. 

A612 Are established levels of dose rate in which 
sampling is required for each of the affected 
areas. 

Are not established levels of dose rate in which 
sampling is required for each of the affected 
areas. 

A613 It is established the density of contamination 
that are necessary protective actions for each of 
the affected areas. 

It is not established the density of contamination 
that are necessary protective actions for each of 
the affected areas. 

A614 Are prescribed generic action levels for 
contamination of food, milk and water. 

Are not established generic action levels for 
contamination 

A615 Are prescribed generic action levels for animal 
feed for each of the affected areas. 

Are not prescribed generic action levels for 
animal feed for each of the affected areas. 

A616 Measurements are carried out to a distance 48 
km (30 miles) 

Measurements are made up less than 16 km 
away (10 miles) 

A617 Analysis concluded after 2 hours of collection Analysis completed on time equal or greater than 
6 hours of collection 

A618 The affected area where protective actions may 
be necessary is informed after 5 minutes of 
their classification. 

The affected area where necessary protective 
actions may be informed in time is equal or 
greater than 15 minutes of its classification 

A621 Are established reference levels of 
contamination and agricultural counter 
measures specific for each of the affected 
areas. 

There are not established reference levels of 
contamination and agricultural countermeasures 
specific to any area affected. 

A622 Food coming from affected areas are subjected 
to sanitary barriers 

There are no barriers to health food coming from 
affected areas. 

A623 Reference level of contamination and 
agricultural countermeasures is evaluated every 
6 hours. 

The reference levels of contamination and 
agricultural countermeasures are re-evaluated in 
time equal or greater than 18 hours 

A631 Are established criteria for classifying areas 
unsuitable for housing due to the levels of 
contamination and the destination of the 
resident population 

There are not established criteria for classifying 
areas unsuitable for housing. 

A632 For all the potentially affected population Public consultations are not done to the 
population potentially affected 

A633 For all the potentially affected population Areas are not provided temporary or permanent, 
suitable for accommodation. 

A641 Information is updated every 24 hours Information is updated in a period equal or 
greater than 72 hours of the before information 

A642 Information is updated every 24 hours Information is updated in a period equal or 
greater than 72 hours of the before information 

A643 Always Never 
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Table 15. Criteria for assessing the macro action for Recovery (Table 8). 
 

Code Maximum (Grade 10) Minimum (Grade 0) 
A711 Operational intervention levels are below and 

there is a safety margin of twenty percent 
Operational levels of intervention are not below. 

A712 If all the conditions for determining of the end 
of the emergency described in this indicator 
have been met 

If none of the conditions for determining of the 
end of the emergency described in this indicator 
have been met. 

A713 If the order to terminate all the protective 
actions is obeyed within 1 hour of issue 

If the order to terminate all the protective actions 
is followed in 3 hours or more of issue 

A721 The Plan includes actions in the short medium 
and long term 

The Plan does not provide for shares to short, 
medium and long term 

A722 The plan considers all the requirements 
described in the performance indicator 

The plan does not consider any of the 
requirements described in the performance 
indicator 

A723 Organizations involved in the emergency are 
informed by external emergency organization 
of the condition at the end of emergency and 
recovery measures to be taken within 15 
minutes of zero hour 

Organisations involved in the emergency are 
informed by external emergencyorganization of 
the condition at the end of emergency and 
recovery measures to be taken in time equal or 
greater than 45 minutes of zero hour 

A724 All documents are carefully stored and 
preserved the evidence 

None of the documents is stored or evidence is 
preserved. 

 
6. RESULTS AND CONCLUSIONS 

 
The expansion of nuclear programs in Brazil and in the world brings a need for design and 
construction of nuclear power plants with a high degree of protection to its workers, to the 
population living in their neighborhoods and the environment. The strategy of defense in 
depth is one of the basics of nuclear power plant security. In order to minimize or eliminate 
potential faults, the concept of defense in depth of a nuclear facility is implemented according 
to the design of multiple barriers, where the last barrier is the nuclear emergency plan. Thus, 
the creation of a more objective evaluation methodology to assess the emergency response 
planning for nuclear power facilities contributes to the increase on the level of nuclear safety. 
 
The model proposed in this paper finds itself in validation phase as part of a plan for 
evaluation by the emergency agencies to respond to nuclear emergencies in Rio Janeiro state. 
After this phase, we intend to substitute the evaluation model that uses weight values, to 
express the results of the evaluation plan for responding to nuclear emergencies, by a rule 
based model that uses artificial intelligence in the formulation of knowledge rule base for the 
evaluation process. To this end, it is being developed at the Laboratory of Monitoring Process 
of the Nuclear Engineering Program at the Federal University of Rio de Janeiro, a system that 
uses artificial intelligence tools to capture the way the experts of nuclear emergency plan 
conduce the evaluation of the performance indicators proposed in this article. 
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