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FOREWORD

The International Atomic Energy Agency has established a Nuclear Safety 
Standards programme, referred to as the NUSS programme, to  prepare and 
publish a series of Codes of Practice and Safety Guides concerned with all 
aspects of nuclear power plant safety. Two o f these Safety Guides, IAEA Safety 
Series No.50-SG-06, “Preparedness of the Operating Organization (Licensee) 
for Emergencies at Nuclear Power Plants” , and Safety Series No.50-SG-G6, 
“Preparedness of Public A uthorities for Emergencies at Nuclear Power Plants” , 
discuss the requirem ents for emergency preparedness and deal briefly with the 
subject of emergency preparedness exercises. They state that additional 
guidance on the subject will be made available in the form of an appendix to 
the two Safety Guides, to  be published as Safety Series No.50-SG-App.l. To 
this end, an Advisory Group m et in Vienna in September 1981 to  prepare a 
draft outline o f the appendix, and this was further developed by a small group 
of consultants which m et in July 1982 and November 1983. The resulting 
docum ent forms the basis o f this publication and has been prepared as part o f 
the Agency’s radiation protection programme and, in particular, its activities 
in the area of response planning and preparedness for radiation emergencies. 
The various facets o f preparing, conducting and evaluating emergency prepared
ness exercises have been considered more comprehensively in producing this 
report than was originally envisaged for the proposed appendix to  the two 
NUSS Safety Guides. The IAEA has therefore decided to  publish it as a 
separate report in the Recommendations category o f its Safety Series rather 
than in the form of an appendix to  the Safety Guides. As a companion to the 
two NUSS Safety Guides, the IAEA also published recommendations on 
“Planning for Off-Site Response to  Radiation Accidents in Nuclear Facilities” 
as Safety Series N o.55 (1981).

The purpose of this publication is to  provide guidance for operating 
organizations and public authorities on planning, organizing and conducting 
exercises, preparing exercise scenarios and evaluating exercises in order to  make 
full use of the experience gained. It also provides guidance for reviewing 
emergency plans, procedures, equipm ent and facilities with a view to main
taining a satisfactory level o f emergency preparedness. Although the publication 
is primarily concerned with evaluating emergency preparedness at nuclear 
facilities, some of the inform ation and recommendations provided may also be 
useful in developing scenarios and conducting exercises for accidents involving 
the transportation of radioactive material. Whenever possible, nuclear emergency 
plans and exercises to  dem onstrate preparedness should be integrated into any
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national plans that have been drawn up for preparedness for industrial and 
natural disasters.

Nuclear facilities are sited, designed, constructed, commissioned, operated 
and decommissioned according to strict requirements and regulations that have 
been developed to  protect the health and ensure the safety of plant personnel 
and the public. Despite these precautions, the possibility of a plant failure or 
accident leading to  a nuclear emergency cannot be excluded entirely, and such 
an emergency might result in the release of radioactive material to  the environ
ment and the exposure o f plant personnel. The release of radioactive material 
might also have potential consequences for the general public and for property 
outside the nuclear facility. It is prudent, therefore, to plan in advance the 
emergency actions that might be necessary, both on and o ff site, to  mitigate 
such consequences.

If a satisfactory level o f emergency preparedness is to be maintained, the 
emergency planning arrangements must be supported by an effective training 
programme, including drills and exercises, for all persons and organizations 
that may be required to respond. Before the facility commences operation, it 
should be assessed w hether this level of preparedness has been achieved, and 
reassessments should be made at regular intervals throughout the lifetime of 
the facility to ensure that an adequate level is being maintained.

The recommendations on training and exercises given in Safety Series No.5 5 
state that:

“To ensure that emergency plans can be effectively implemented when 
needed, provision should be made for basic instruction and periodic 
training of the emergency response personnel, including m onitoring and 
support teams.”

and:

“ Exercises and drills based on realistic simulation o f foreseen emergency 
conditions should be carried out. While exercises and drills can be used 
as training for maintaining the proficiency level o f the teams they can also 
be used to test the adequacy of the plans, procedures, equipm ent, com
munications, etc. The various emergency response teams should be 
specifically trained in their individual assignment and operation of equip
ment and also in their co-ordinated operations as a group. Observers have 
a useful part to  play in evaluating exercises and drills, and critiques are 
valuable as a means o f improving plans, procedures and co-ordinated 
emergency response.”

This publication supports these recommendations and those provided in 
Safety Series No.50-SG-G6 and No.50-SG-06. It contains practical information 
on the various aspects o f developing accident exercise scenarios for conducting, 
observing and evaluating an exercise and for utilizing the results o f such exercises
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to  improve current emergency plans and preparedness. The publication also 
contains illustrative extracts from actual scenarios that have been used to  test 
emergency plans.

The IAEA wishes to  record its gratitude to  the Advisory Group members 
and consultants who participated in the preparation o f this publication, and in 
particular to  A.E. Desrosiers, the Advisory Group chairman, who also assisted 
the Secretariat in preparing the various working drafts.
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1. INTRODUCTION

GENERAL

1.01. Nuclear facilities devoted directly or indirectly to the production of 
energy have been developed on a large industrial scale in many countries, mainly 
over the last two decades. Such facilities include power reactors and fuel repro
cessing plants that contain large quantities o f radioactive materials resulting from 
the fission of nuclear fuels used in the production o f thermal energy. Great care 
is taken to incorporate a high degree o f safety in the design, siting and operation 
o f nuclear facilities, and, to  ensure this, governments have established regulatory 
organizations for their safety assessment, licensing and inspection. Sufficient 
operational experience has now been gained w ith large nuclear installations to  
conclude that the probability o f a major accident involving the release o f large 
quantities o f radioactivity is indeed very small. Nevertheless, the probability can 
never be reduced to  zero, and it is necessary to  concede the existence o f a small 
residual risk. This residual risk is mitigated by adopting appropriate siting criteria 
and implementing suitable emergency planning and preparedness arrangements. 
Siting criteria are considered in other IAEA publications1 and are not discussed here.

1.02. The emergency planning and preparedness arrangements adopted for any 
particular nuclear facility will be governed by the nature o f the facility and site.
The risk characteristics o f the facility may be described in terms o f a range of 
feasible (i.e. physically possible) accidents and their on-site and off-site con
sequences. The emergency preparedness arrangements should have the jo in t 
objectives of preventing the progression of any particular accident sequence and 
o f mitigating its associated on-site and off-site consequences. A broad spectrum 
of accidents, including a range of design basis accidents, together w ith those o f a 
more severe nature (though lower probability), should therefore be considered 
when determining the various emergency measures aimed at mitigating the conse
quences o f plant failures, limiting the progression of accident sequences and 
protecting on-site personnel and the general public. It is essential that these 
measures be included within the framework of emergency plans. Such plans should 
prescribe the integrated action o f the operator’s organization and those govern
mental and other off-site organizations that may be involved in implementing 
relevant protective measures. Guidance on the principles for the establishment of 
intervention levels for the protection o f the public is given in IAEA Safety
Series No.72 (see Bibliography).

1 See, for example, Safety in Nuclear Power Plant Siting, Safety Series No.50-C-S, IAEA, 
Vienna, 1978.

1
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1.03. The necessity for periodic exercises to test the adequacy o f preparedness 
based on these plans is self-evident in view of the importance o f these protective 
measures (such as sheltering, radioprotective prophylaxis, evacuation), the various 
organizations that may be involved, the additional capabilities and specialized 
training required of the response personnel and the variety of non-routine technical 
procedures that may need to be implemented. Such exercises should be based on 
realistic scenarios aimed at verifying the effectiveness of the emergency plans and 
identifying any necessary amendments or improvements.

PURPOSE

1.04. The purpose o f this publication is to provide guidance on the preparation, 
conduct and evaluation o f emergency preparedness exercises. Extracts from a 
num ber of accident scenarios are included to illustrate this guidance and to  provide 
a basis for preparing and conducting exercises at various nuclear facilities. Emer
gency exercises are used to test the emergency plans of the operating organization 
(licensee), the local emergency response organizations (i.e. medical aid, ambulance 
and fire services and police) and the public authorities.

1.05. Considerable effort has been devoted to  safety analyses for most large 
nuclear installations, and especially for large power reactors for the production of 
electrical energy. In particular, the m ost severe accidents conceivable, due to  either 
internal or external causes or events, have been studied, and the radioactive releases 
they could generate have been estimated. These accident descriptions are based
on mechanistic or combined deterministic and probabilistic studies of system 
degradation and failure, taking into consideration detailed features of design and 
operation. The scenarios for testing emergency plans may differ significantly 
from the accident descriptions used for risk-benefit analysis or for safety assess
ments for design or siting purposes.

1.06. In contrast to  the accident event sequence used for such design safety 
assessments, the emergency exercise scenario involves proposing a sequence of 
events to  assess the effectiveness of the emergency planning arrangements and the 
responses of all persons and organizations having responsibilities in an emergency.
To model the sequence of accident events and the resultant radiological impact 
needed for fully testing the emergency arrangements — particularly those concerned 
with the off-site response — it may be necessary for the scenario to postulate an 
event sequence which, on the basis o f a design safety analysis, would be judged 
highly improbable or unrealistic and the effects of which would far exceed those 
associated w ith a design basis accident. Nevertheless, studies to  assess design safety 
that predict the sequence of events and estimated releases associated with various 
levels o f accident severity, particularly those for accidents o f low probability/high

2
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consequence, can be a useful source o f data for developing emergency exercise 
scenarios.

1.07. The extracts from emergency exercise scenarios considered in this publica
tion are of the ‘script’ or ‘dram a’ type, with descriptions o f appropriate event 
sequences for several different types o f accidents. They are indicative o f the 
type o f scenario that can be designed to  test the major com ponents of emergency 
preparedness and the actions required of on-site and off-site organizations.

SCOPE

1.08. The aim of the emergency exercise scenario is to  test not only the main 
com ponents o f the emergency plan but also the level o f emergency preparedness; 
that is, the effectiveness with which the actions or combined actions o f the 
different organizations involved in an emergency can be put into practice. As 
such, it must not be unnecessarily complex. It should be written and presented
in a form which can be readily assimilated, and which allows flexibility of response 
by the participants.

1.09. This publication offers guidance for preparing such scenarios, for organizing 
and conducting exercises, for evaluating their results and for utilizing this informa
tion to improve the emergency plan further. As a necessary adjunct, the training 
aspects associated with achieving an adequate level o f emergency preparedness
are explored.

2. PHILOSOPHY OF EXERCISES AND DRILLS

GENERAL

2.01. Since actual emergencies involving any particular nuclear facility may be 
expected to  occur very infrequently, if at all, drills and exercises provide the only 
realistic opportunities to  test, maintain and improve the effectiveness o f the response 
and to train the staff o f the facility and the off-site organizations in the conduct 
of emergency procedures. Drills normally involve small groups o f persons in a 
learning process designed to  ensure that essential skills and knowledge are available 
for the accomplishment o f non-routine tasks such as emergency radiation measure
m ents or the use o f emergency com m unication procedures. Exercises, either partial 
or integrated, provide experience in collaboration between groups which may not 
normally be required to work together. They can also be used to provide training

3
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and experience in working under conditions similar to  those that might prevail in 
an accident.

2.02. It should be recognized that drills and exercises form an essential part of 
a learning process, having the objective of identifying any actual or potential weak
nesses in equipment, facilities or procedures. A drill or exercise that results in a 
perfect response may be satisfying, but is unlikely to  achieve this objective. In 
particular, a successful exercise identifies where improvements are necessary in the 
plan, assesses the correctness of revised procedures introduced as a result o f a 
previous exercise, and furthers the development o f adequate emergency prepared
ness. The concepts and uses o f drills, partial exercises and integrated exercises are 
discussed in detail in what follows.

PURPOSE OF DRILLS AND EXERCISES

2.03. The purposes o f emergency drills or exercises are:

— to dem onstrate how effectively the relevant sections o f the emergency plan, 
or the plan as a whole, can be brought into action;

— to confirm its adequacy for dealing w ith the various emergency conditions 
that might occur;

— to identify potential improvements;
— to ensure that the appropriate lines of communication are established and 

can be maintained;
— to determine that all parties are familiar with and capable o f performing 

their emergency duties;
— and to  identify potential areas for improvement.

They are an essential part o f the training process o f all persons who may be 
involved in the emergency procedures, reinforcing their basic emergency training 
in order:

(a) to  develop an effective level o f emergency preparedness in the public and 
private emergency response organizations;

(b) to  identify and correct points o f  weakness in plans, emergency response 
procedures, facilities and equipment;

(c) to  dem onstrate to the relevant com petent authorities that the emergency 
procedures can be implemented and maintained in a satisfactory manner 
at all times.

It is recommended that the initial testing o f an emergency response plan 
should proceed through drills, partial exercises and an integrated exercise. There
after, the frequency o f conducting drills, partial exercises and integrated exercises 
depends upon the nature of the facility and the requirements o f the regulatory

4
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authority. For guidance, a tim etable for a typical nuclear power plant is given in 
Annex I.

Drills

2.04. A drill is conducted to  develop and maintain skills in certain basic opera
tions or tasks. A drill can also be used to  assess the adequacy o f personnel training 
and is usually supervised and evaluated by qualified instructors. It normally covers 
a particular com ponent, or group of related components, associated w ith the 
implementation o f the emergency plan. It may also be a subcom ponent of an 
integrated exercise; for example, fire and first aid drills. The following list gives 
examples of basic operations or tasks associated with the im plem entation o f an 
emergency response plan, for which the use o f drills may be relevant:

(1) Communications
— notification (national)
— notification (international authorities, in the event o f  a transboundary 

accident)
— communication procedures.

(2) Initial communication response
— safe evacuation and assembly of plant personnel
— accounting for plant personnel.

(3) Radiological m onitoring
— availability and correct functioning of equipment
— in-plant surveys
— initial rapid environmental m onitoring
— ingestion pathway m onitoring
— sample collection and analysis
— data assessment
— trend monitoring.

(4) Off-site exposure assessment
— source term evaluation
— meteorological data evaluation
— m onitoring data evaluation
— projected dose estimation
— correlation o f in-plant and environmental data.

(5) Personnel dose assessment and control
— dosimeter processing
— dose assessment
— exposure authorization and control
— issuing of work permits
— specific radiation protection measures.

5
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(6) Off-site protective measures
— provision o f advice for decision-making
— control in the public sector
— distribution o f radioprotective prophylactic drugs
— sheltering procedures
— evacuation procedures
— traffic control
— access and egress control
— establishing evacuee reception centres
— agricultural controls.

(7) Medical service
— first aid
— screening o f potentially exposed persons
— treatm ent of contam inated and/or highly exposed persons.

(8) Accident analysis
— status o f main safety systems and fission product barriers
— accident classification
— possible corrective actions
— possible actions to  mitigate release of radioactive materials.

(9) Public inform ation
— prom pt warning o f the public
— activating a public inform ation centre
— maintaining inform ation to the public
— prevention o f public alarm.

(10) Administration
— activating emergency control and co-ordination centres
— record keeping
— im plem entation of special security arrangements
— shift staffing
— logistics support.

(11) On-site recovery measures
— emergency rescue
— fire-fighting
— use of respiratory protection equipm ent
— access control to  affected plant
— damage assessment and repair.

Partial exercises

2.05. A partial exercise is a combination of basic operations or tasks designed 
to develop or test the interaction between tasks and/or organizations. Since 
communication and inform ation flow are vital for an effective emergency response,

6
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a scenario for a partial exercise should normally include testing o f any relevant 
communication links. However, a num ber of on-site and off-site operations and 
tasks require no common interorganizational co-ordination. In such cases, separate 
partial exercises may be conducted on site and off site with little loss o f realism, 
provided that those interfaces that m ust operate are also adequately exercised.

2.06. As an example o f a partial exercise, a com bination o f radiological m onitor
ing and exposure assessment could be considered. In this case, the inform ation 
obtained by field survey teams and by laboratory analysis is provided to an exposure 
assessment team at the Technical Support Centre or the Emergency Operations 
Facility for a decision on the necessary mitigating action. This has the effect of 
checking the operational procedures o f the individual teams and the effectiveness 
with which they communicate their information.

Integrated exercises

2.07. The most demanding and exhaustive test o f emergency response capability 
is an integrated exercise involving full participation by all on-site and off-site 
response organizations. Its major objective should be to  verify that the overall 
co-ordination, control, interaction and performance o f the response organizations 
are adequate to make the best use o f the resources available to  limit the severity of 
an accident, to  return the plant to  a safe condition, to  mitigate releases o f radio
activity and to  protect the health and safety o f on-site and off-site workers and 
the general public. This type o f exercise dem onstrates the co-ordinated emergency 
preparedness o f the major response organizations and verifies the effectiveness of 
the communication and co-ordination between all the response organizations 
included in the emergency plan. It should test the assumption and delegation of 
authority, the com pletion of actions and tasks in a com petent and timely fashion, 
the ability to provide effective notification to  the relevant authorities o f the 
emergency status of the nuclear facility and the resultant environmental conditions, 
and a forecast o f the likely course of events. An integrated exercise requires a 
relatively large resource allocation and should therefore be undertaken only when 
the capabilities o f individual response organizations have each been adequately 
dem onstrated by means o f drills and partial exercises.

2.08. The frequency of integrated exercises should be determined by the necessity 
to change major portions of the emergency plan, the turnover rate o f key personnel 
(e.g. senior off-site services staff, political leaders or senior staff of the operating 
organization), the degree o f normal contact between the major response organiza
tions, the type and frequency of partial exercises, the need to maintain training 
and the degree o f success observed in previous exercises. The interval between 
integrated exercises at major facilities is a m atter to  be determined by the regula
tory  authorities o f the individual Member States. For guidance, this interval is 
unlikely to be less than 12 m onths or more than 36 months.
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2.09. The num ber o f trained and knowledgeable personnel is always limited and 
personnel resources might therefore be severely strained in a serious emergency.
It might be necessary for plant personnel to  assist in off-site radiological surveys, 
particularly during the early phase in the area close to  the plant boundary. Off-site 
personnel such as firemen might have to  assist in fire-fighting or rescue work in the 
plant and would then be unavailable to assist with off-site measures. Furtherm ore, 
in the emergency plans of some Member States, the Plant Shift Supervisor may
be required to  act as the Site Emergency Director until relieved and will therefore 
have emergency responsibilities relating to  off-site as well as on-site actions. An 
integrated exercise with simultaneous on-site and off-site activities is then the 
only way of generating the demands and pressures on human resources which 
would occur in a real emergency, when on-site and off-site responses would have 
to be implemented concurrently.

2.10. The structure and tasks o f major response organizations should be analysed 
to identify positions which require specialist experience, technical competence and 
judgement. The integrated exercise should be designed to  test thoroughly the 
performance o f individuals in such positions. The requirements o f such positions 
in the emergency organization should be included in job descriptions that provide 
criteria for assessing the qualifications of applicants.

2.11. Integrated exercises should allow each person assigned a key role in each 
emergency organization to obtain practical experience. Since there is no guarantee 
that any given individual would indeed be present should an actual emergency 
occur, it is not prudent to rely exclusively on one person to perform a specific 
role. The responsibilities o f key individuals should be rotated,' exchanged or other
wise varied from exercise to  exercise in order to  dem onstrate and develop a depth 
of expertise and experience.

2.12. In the event of an accident, it is im portant to inform the public as quickly 
as possible and to  keep providing inform ation in order to avoid any undue anxiety 
or panic. This applies particularly to  those members o f the public within the 
immediate area of the facility who may consider themselves at risk unless adequate 
reassurance is provided or remedial measures such as sheltering, use of radioprophy
lactics or evacuation are implemented in a calm and efficient manner. The 
integrated exercise should take this into account so that public appreciation of
the nature of any hazard and the recommended protective actions is enhanced. The 
procedures for alerting, notifying and warning the general public should 
therefore be exercised. The public should be aware o f the general provisions and 
criteria o f access control measures within the public sector if these are exercised. 
Provisions for informing the public should be tested as part o f the integrated 
exercises. Measures which involve potential organizational or logistical difficulties, 
such as door-to-door notifications or the distribution of iodine tablets, should
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also be tested; by the distribution of simulated tablets to  a subset o f the popula
tion during an integrated exercise, for example. Public sector workers could also 
take advantage of the exercise to inform residents of its purpose and o f the protec
tive measures that would be taken in the case o f an actual emergency.

DURATION, SCHEDULING AND PRENOTIFICATION OF EXERCISES

2.13. Duration and time-scale are im portant considerations in planning for an 
exercise and preparing the scenarios. Certainly, useful exercises may be conducted 
within one working shift. However, additional experience may be gained in longer 
exercises involving shift changes o f operating personnel, o f the Site Emergency 
Director and o f the senior support staff.

2.14. Scheduling of exercises should include consideration of the response by 
the participating organizations during adverse conditions such as in snowfall or 
heavy rainfall, in extreme tem peratures, during traffic peaks or at night-time.

2.15. Integrated exercises or partial exercises may be announced beforehand or 
may be called w ithout prior warning. In the case o f announced exercises, the 
starting date (and, in some instances, the time) are made known in advance to the 
participants. This has the following advantages and disadvantages.

Advantages:

(a) Participants can arrange their schedules to  be present and thus to benefit 
from the experience o f the exercise;

(b) The exercise can be readily scheduled so as not to  conflict with im portant 
work or tasks that are difficult to interrupt;

(c) It is easier to  communicate the simulated nature of the exercise to all partici
pants, particularly those concerned with the off-site arrangements;

(d) It lessens the probability o f persons mistaking the exercise for an actual 
emergency and taking unnecessary risks.

Disadvantages:

(a) The true state o f  preparedness is not fully tested, either in terms o f availability 
o f personnel or timeliness o f response;

(b) The exercise does not realistically reflect the conditions that would be 
expected during the transition from normal operational duties to an emergency 
organization;

(c) Participants can refresh their memories about their specific tasks, therefore 
presenting a false impression of their preparedness. (It can, however, help 
in ensuring that the exercise as a whole is not impaired by the poor per
formance of key individuals.)
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A compromise between the two approaches may be achieved by announcing 
that an exercise ‘may take place’ between certain dates, or by requesting partici
pants to ‘stand by’ during a preannounced week. Alternatively, a combination of 
announced and unannounced exercises might be considered.

EXERCISE RISKS

2.16. Although the purpose of an emergency preparedness exercise or drill is to 
increase or maintain the level o f safety o f a facility, there are two particular risks 
which must be guarded against. The exercise should not interfere w ith the safe 
operation of the facility and it should not expose individuals to unnecessary risks.

2.17. When exercises are conducted at nuclear facilities the normal rules 
governing control room occupancy, responsibilities o f the operators and their 
visual surveillance or plant controls should not be interrupted. The conduct
o f the exercise should not prevent detection of actual equipment failures or other 
operational problems. A procedure should be incorporated whereby any drill or 
exercise can be term inated in the event o f an actual emergency. All response 
personnel should be rapidly and unambiguously notified of the change in status 
from ‘exercise’ to  actual emergency and the exercise should immediately be 
cancelled.

2.18. Avoidance o f unnecessary risk has two aspects: risk to the individual 
and risk to  the facility. In general:

(a) Drills or exercises should not require exposure to  extreme weather condi
tions, high radiation or contam ination levels, hazardous atmospheres or 
similar hazards not related to  the dem onstration o f necessary skills. Emergency 
response personnel should be instructed not to  take unnecessary risks them 
selves or to put others at risk. This applies particularly to the use of equip
ment such as ambulances, evacuation vehicles or m onitoring vehicles

(b) Unannounced drills or exercises should be conducted with adequate redundant 
safeguards to  ensure that all participants or persons who may be affected are 
aware that it is a simulated emergency. When deciding on the kind o f simula
tions to be adopted, care must be taken to  ensure that the simulated accident 
and conditions are not mistaken for real, particularly where simulated methods 
may be used to  enhance the degree of realism of an exercise, such as the use 
o f smoke generators, made-up (‘moulaged’) casualties and fire-fighting areas. 
When planning such simulations, advance attention must be given to  any 
problems which could cause interference w ith the safe operation o f the 
facility.
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2.19. All comm unication messages in the exercise must include a clear indication 
that they relate to  the exercise and should preferably include a predetermined 
exercise codeword (e.g. exercise ‘fire fox’). Special attention should be given to 
communication procedures for providing plant personnel, public authorities and 
the general public with advance warning o f the exercise. Procedures should be 
implemented for verifying that messages sent have been received and understood.

3. PRACTICAL ASPECTS OF PREPARING AND 
CONDUCTING DRILLS AND EXERCISES

GENERAL

3.01. This section provides practical guidance for conducting drills and exercises, 
which are the logical sequel to  the initial training for those organizations and 
personnel having a role in the emergency response plan. It stresses the need to 
assess both the formal arrangements identified in the plan and the ability to  extend 
these, where necessary, on an ad hoc basis in order to  maintain maximum flexibility of 
response. The potential shift in managerial responsibilities, especially for senior 
facility personnel, when changing from normal operation to  emergency operating 
conditions is considered, with particular regard to  the problems that could be 
created by an emergency occurring outside normal (i.e. day shift) operating hours. 
It is recognized that an integrated emergency exercise can entail a significant 
com m itm ent o f resources, particularly o f skilled personnel, across a range of 
participating organizations. The need for adequate preparation through suitable 
training and associated support drills is emphasized as an essential prerequisite to 
any successful exercising of the emergency plan.

3.02. The scope o f the emergency plan for any particular facility will usually 
be determined by the com petent national authorities. It should be tailored speci
fically to  take account o f the type o f facility to  which it applies and the potential 
on-site and off-site consequences o f any feasible accident that could occur. For 
many nuclear facilities this plan will be a complex structure, designed to integrate 
a wide range o f disciplines and levels of skill into co-ordinated, predeterm ined lines 
of action on a rapid response basis. It will also take into account ability to  extend 
the formal arrangements on an ad hoc basis, should this prove necessary, particu
larly those associated with off-site protective actions. W ithout preplanning, 
including the establishment o f effective lines of communication and response 
function training for all persons and organizations that may be directly involved
in the accident or may be required to  take mitigating action as a result, there can 
be little possibility of achieving the objectives o f  the emergency plan or extending 
it beyond the formal arrangements should the need arise.
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3.03. The main objectives o f the emergency plan are:

(a) To recognize that an emergency exists or is likely to  occur and rapidly to 
assess its potential and make an initial classification;

(b) To activate the emergency plan to  alert all persons and organizations having 
emergency response actions on or off the site;

(c) To restrict the exposure of all persons, on or off the site, as far as is reasonably 
achievable, and, in particular, to avoid exposure in excess o f the relevant dose 
limits;

(d) To implement remedial action to safeguard and regain control o f the plant. 

TIME-SCALE OF EVENTS

3.04. The time sequence of events during an emergency is im portant, particularly 
when assessing the need for and effectiveness o f introducing protective counter
measures. For the purposes o f emergency planning, it is convenient2 to  identify 
three time phases which are generally accepted as being common to all accident 
sequences and within each o f which different considerations apply to decision
making actions. These are termed the early, intermediate and late phases. Although 
these phases cannot be represented by precise time periods and may overlap, they 
provide a useful framework within which to discuss the different considerations 
involved in emergency planning, and m ust therefore be taken into account in the 
preparation o f emergency exercise scenarios.

(a) The early phase is defined by the time period during which there is a threat o f 
a serious release (i.e. from the time when the potential for off-site exposure is 
recognized) and extends into the first few hours after the beginning of a 
release, should one occur. The time interval between the recognition o f an 
accident sequence and the start o f the release can be from less than 30 minutes 
up to about a day and the duration o f the release may be between 30 minutes 
and several days. The immediate risk is from an airborne release which may 
result in the inhalation o f radioactive m aterial and/or irradiation by the 
radioactive plume. Any decisions to  implement protective measures during 
the early phase will be based primarily on plant data analysis and prevailing 
plant conditions.

Some environmental measurements of off-site exposure rates and airborne 
concentrations from the plume may become available during this phase.

2 Accident time phases and the various protective measures associated with them are also 
discussed in: IAEA Safety Series N o.55; IAEA Safety Series No.72; and Publication No.40 
of the International Commission on Radiological Protection (see Bibliography).
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However, because of potential changes in release rate, wind direction and 
o ther unknowns (such as release duration and the degree to which measure
ments represent future plume configurations) such measurements are likely 
to  be of limited value for calculating projected doses. These uncertainties 
should be reflected in the exercise scenario covering this time phase.

(b) The intermediate phase covers that period starting from the first few hours 
after the commencement o f the release and could extend for several days 
or weeks. At the commencement o f this phase it is assumed that most of 
the release will have occurred and, unless the release consisted only of noble 
gases, significant amounts o f  radioactive material may already have been 
deposited on the ground. As previously stated, there is no clear time boundary 
in emergency planning between the first and second phases. The risks during 
the interm ediate phase may be due to external radiation from ground deposi
tion, or due to  internal radiation resulting from the inhalation o f resuspended 
particulate radioactivity or from the ingestion o f contam inated foodstuffs 
and water.

Environmental measurements o f radioactivity in food, water and air as well as 
radiation levels from deposited radioactive materials would be expected to 
become available during the interm ediate phase. From the analysis of these 
data, dose projections would be made for principal exposure pathways. These 
doses would then be compared with pre-established intervention levels for 
the purpose of deciding on the im plem entation o f protective measures.

During the interm ediate phase also, the plant is expected to  be restored to a 
safe condition and protective measures, based on environmental measure
ments, to  be implemented. In the event of a severe or extended off-site 
release, this phase may need to be prolonged while extra measurements are 
made at locations further from the plant. The exercise scenario should provide 
sufficient inform ation to enable the participants to identify the extent of the 
interm ediate phase and, if relevant, for those governmental organizations with 
responsibilities for advising on radiological protection of the public to  exercise 
them in deciding on measures for public protection.

(c) The late phase (also referred to  as the recovery phase) is concerned with the 
return to normal living conditions. In practice it may extend from some 
weeks to  several years after the accident, the duration depending upon the 
nature and magnitude of the release. During this phase, the risk may be due 
to  consum ption o f contam inated foodstuffs or contam ination of the environ
ment. The data obtained from long-term environmental monitoring pro
grammes can be used for making decisions on returning to normal living 
conditions by withdrawing the various protective measures implemented 
during the early and interm ediate phases o f the accident.
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The protracted time-scale for decision-making throughout the late phase 
makes it unlikely that there would be any requirement for a rapid emergency 
response during this period. However, emergency plans should include arrange
ments for the establishment of an expert group representative o f those govern
mental organizations having responsibilities for advising on radiological 
protection o f the public. It may be considered prudent, therefore, as part 
o f any emergency exercise involving an off-site release o f long-term conse
quence, for this group to be convened and to set out their initial 
recommendations.

TYPE AND SCOPE OF EMERGENCY DRILLS AND EXERCISES

3.05. The type and scope o f an emergency drill or exercise will depend on which 
aspects o f the emergency plan, implementing procedures or equipment are to  be 
tested by its execution. This might be, for example, one particular aspect o f plant 
operation under emergency conditions; the overall response of the on-site organi
zation to a simulated accident; the response o f the off-site environmental assess
m ent teams; or the reaction of public authorities and services to an emergency.

When designing drills, and especially when preparing large-scale emergency 
exercises, particular attention should be given to  the num ber o f participating 
organizations (the operating organization, local services, public authorities) and 
the nature and extent of the communication network involved. In the case o f an 
exercise, the scope might, in turn, determine its duration in time (1 hour, 3 hours,
12 hours, 24 hours or even 72 hours). In view o f the obvious limitation on 
the time which can be allocated for an exercise, it may be advisable to  simulate 
certain procedural sequences in order that the exercise may encompass a wider 
range o f procedures and a wider degree of participation than would normally 
occur during the corresponding time period o f an actual emergency.

3.06. The following areas o f emergency response should be considered when 
designing drills and emergency exercises to dem onstrate emergency preparedness. 
The list is by no means exhaustive.

Recognition o f an emergency, its potential and its initial classification

3.07. The emergency is likely to present itself to  the plant operator as the 
culmination o f a sequence o f chronic or acute events or a combination o f such 
events. For example, a small but persistent leakage of coolant over an extended 
period due to a malfunctioning seal on a com ponent associated with the primary 
coolant circuit, followed by rapid deterioration and major failure o f the seal as 
the result o f an unintended step change in operating conditions, may not in itself 
present the plant operator with a situation that would demand the implementa
tion o f the emergency plan. The degree of plant protection and redundancy
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inherent in the plant design should be such that the plant will be adequately 
protected unless several independent events, each o f very low probability, occur 
simultaneously or sequentially. This must be taken into account when deciding 
the initial sequence o f events to establish the starting point o f any emergency 
exercise. The plant operator should not be expected to declare an ‘emergency’ 
condition unless the postulated plant data and the sequence of events designed to 
initiate this emergency are such that, if it were a real emergency, he would make 
the same decision. This can be achieved in several ways, the essential requirement 
being that the plant operator should be presented with sufficient inform ation to 
make a balanced judgem ent on the need to declare an emergency condition, the 
category o f the condition (four categories being ‘emergency standby’, ‘plant 
emergency’, ‘site emergency’ and ‘off-site emergency’) and its immediate 
potential. The successful staging o f the subsequent exercise scenario can depend 
very m uch upon the immediate reactions of the operator to  the initiating events. 
Only if input data to  the operating staff are provided in a realistic manner can an 
adequate assessment be made o f  the plant operator’s response and consequent 
actions. The scenario writer should therefore seek to ensure that observations, 
including instrum ent readings, may readily be made, to  allow rapid and unambiguous 
classification o f any postulated events.

Plant evacuation

3.08. It must be dem onstrated that all personnel on the site, including contractors 
and casual visitors, respond appropriately to the relevant ‘emergency’ warning signals 
and proceed to  their respective predesignated safe assembly areas for personnel 
accounting. Correct evacuation routes must be used unless the postulated incident 
be such as to  make any particular route unacceptably hazardous, in which case it 
should be dem onstrated that an alternative ‘safe’ route was chosen. It should be 
borne in mind that in a real accident, some -  though not all -  o f the hazards 
would be physically manifest, whereas the ‘exercise’ may result in evacuees using 
routes that would naturally be avoided in practice. This must be taken into account 
when considering how the initial events of the exercise should be staged.

Accounting for personnel

3.09. It is essential that all personnel within the operating facility be accounted 
for at the earliest stage practicable after the commencement of an emergency and 
remain accountable for thereafter. When planning an emergency exercise it is 
essential that all procedures for plant evacuation and personnel accounting should 
be included to  check that they function smoothly and adequately. Any failure in 
these procedures can result not only in a waste of the valuable time of senior 
personnel in trying to determine the whereabouts o f persons unaccounted for, but 
also in unnecessary search and rescue operations to  ascertain whether they are
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safe. Although procedures for plant evacuation and accounting for personnel are 
readily assessed by drills, any full-scale facility emergency exercise should include 
a rigorous assessment o f these procedures.

Establishing the Technical Support Centre

3.10. The nature and size o f the nuclear facility will to a large extent determine 
the location and form o f the Technical Support Centre. If it cannot be shown 
that the Technical Support Centre would remain available for all postulated 
emergency conditions, an alternative centre must be provided. The Technical 
Support Centre (and its alternative) may be a purpose-built dedicated facility
or a predesignated room normally used for routine purposes (such as a conference 
room ) but that could be rapidly transformed in an emergency. The ability to 
implement the initial stages o f the Emergency Plan w ithout significant delay will 
depend greatly upon how efficiently the Technical Support Centre can be brought 
into full operation. Its establishment as a viable operational unit should therefore 
be the subject o f training drills and is an essential part o f any full-scale emergency 
exercise. Where an alternative Technical Support Centre is available, its setting up 
should also be exercised, on the basis o f both its initial use in lieu o f the main 
Technical Support Centre and the need to transfer control o f the emergency 
response and recovery operations at the site from the main to the alternative 
centre during the course of the exercise.

Establishing the initial plant access control point

3.11. During the early stages of an emergency and after the nature and location 
of the incident have been determined, access to the incident area is likely to be 
necessary for reconnaissance and initial damage control or repair. Access to other 
affected areas of the plant may also be required for the purpose o f carrying out 
particular emergency procedures such as closing isolating valves or bringing iodine 
or noble gas hold-up plant into operation. All such access must be strictly con
trolled and should be made via a designated access control point where all persons 
(including those concerned with rescue, first aid and fire control) entering or 
leaving any affected area of the plant are properly supervised and recorded. The 
ability to regain control o f the plant can depend greatly on the effectiveness of 
the access control point. Its setting up and maintenance and the adequacy o f its 
operational control should be subject to drills and should be an essential compo
nent of any emergency exercise in which plant damage and associated radiological 
or toxicity hazards are postulated. Emphasis should be placed on the suitability 
o f the area in which the access control point is established with regard to the 
postulated incident, the ability o f those operating the control point to maintain 
adequate control over those persons moving to  and from the affected area (parti
cularly those dependent upon self-contained breathing apparatus) and the effective
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ness of communications with those under their control, the emergency services 
(fire, first aid, etc.) and the Technical Support Centre.

Communication procedures and emergency notification

3.12. Effective co-ordination of the various facets o f the emergency organization 
can only be achieved if there is adequate and effective communication between 
them. It must be recognized that effective communication depends not only on 
the provision o f suitable and adequate communication equipm ent (telephone, 
telex, radio, facsimile, etc.) but also on how the necessary inform ation being 
communicated is presented to the recipient. During an emergency, and particu
larly in the early stages, persons involved could be under considerable stress and 
would have little time for lengthy detailed discussions with those to whom they are 
passing essential information. The emphasis should be on accuracy and brevity, 
and to this end, message forms with standardized phraseology should be used 
whenever possible to maximize the efficiency of transm itting inform ation and to 
minimize the potential for error. The adoption of correct message procedures 
when using communication equipm ent is essential, particularly for intercommunica
tion by radio where a number o f units may be reporting through one control point. 
In the course o f an emergency it is possible that ad hoc arrangements may be 
necessary to establish communication links additional to those set out in the 
operators’ Emergency Plan (e.g. the need for a field telephone line between the 
damage repair unit and the plant control room). All o f these aspects o f communi
cation should be exercised in drills and the procedures should be an essential part 
o f the assessment of any emergency exercise. The following aspects of the notifica
tion and communication system should be addressed in scenario development:

(a) exercising the 24-hour-per-day notification to  and activation of the local 
government emergency response network;

(b) exercising communications w ith contiguous local or national governments 
within the Emergency Planning Zones;

(c) exercising any necessary communications w ith national emergency response 
organizations;

(d) exercising the communications between the nuclear facility and the facility’s 
off-site Emergency Operations Facility, government emergency operations 
centres and radiological m onitoring teams;

(e) exercising the alerting or activation o f emergency personnel in each response 
organization;

(f) exercising the communications between the operator and the headquarters 
and regional emergency operations centre of the regulatory authority.

Rescue and first aid treatment o f casualties

3.13. The initial stages o f an emergency, particularly when explosion or fire
is involved, may result in persons being trapped or injured, necessitating the use of
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rescue and first aid teams. Such teams should not be formed ad hoc but should be 
thoroughly trained as part o f the overall emergency training programme. Members 
of the teams must be capable of working together as isolated units, and there needs 
to be considerable co-ordination between those teams engaged in rescue work and 
those providing first aid and fire-fighting services. Although the individual standard 
o f team training is readily assessed by drills, any emergency exercise involving 
postulated plant damage should include an overall assessment o f the effectiveness 
of the rescue and first aid teams. Such assessment should take into consideration 
the effectiveness o f co-ordination with o ther interacting teams, such as those 
concerned with fire-fighting, radiological survey or damage assessment and repair. 
Team effectiveness should be assessed by someone with specialist knowledge of 
the particular team duty and o f the radiological protection requirements. For 
example, the first aid team should be assessed by a qualified medical practitioner 
who has a knowledge o f the radiological protection problems that may be 
encountered.

Plant operator response

3.14. The exercise should be conducted in such a m anner that it does not have 
an adverse impact on the operation o f the plant. However, the goal o f the scenario 
should be a fair testing o f all participants. The use o f a simulator to  test the 
emergency response of control room operators is encouraged. Drills are an effec
tive means o f assessing emergency response o f individual components o f the overall 
response organization with minimal impact on plant operations.

Damage assessment and repair

3.15. The necessary assessment and repair o f plant damage resulting from an 
accident may be considerably more arduous and hazardous under emergency condi
tions than a similar task would be under normal operating conditions. High and 
inhomogeneous radiation fields or severe contam ination, excessive temperatures, 
steam, a toxic atmosphere and restricted working time are among the most 
commonly encountered difficulties. Drills and exercises should therefore include 
a range of tasks, such as closing damaged valves and repairing safety-related equip
m ent, in which the worker can gain experience o f assessing damage and carrying 
out the necessary repair procedures in full protective clothing and under strict 
entry and work control conditions. At the same time an assessment can also be 
made o f w hether adequate access and working space are available in key plant areas 
that may be vulnerable, taking into account the impediment of protective clothing 
and the need for strict time control.
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Fire-fighting under emergency conditions

3.16. Firemen are practised at carrying out their duties under emergency condi
tions. Nevertheless, if they might be required to  fight fires at a nuclear facility, 
they should be given sufficient basic instruction and training to  apprise them of 
the particular hazards their duties may entail under the types o f  radiological 
conditions that may prevail following an accident at a nuclear facility. Drills 
and exercises should therefore take these requirements into account and assist
in familiarizing those who may be involved with the radiological hazards they 
might encounter and the necessary protective measures that they need to  adopt.

On-site protective response

3.17. To ensure the im plem entation o f a rapid and effective response for 
decision-making and the introduction of any necessary protective actions, the 
operating organization m ust have a round-the-clock capability o f assessing and 
analysing emergency conditions and providing inform ation for the relevant public 
authorities to make recommendations for the protection o f the public. Authority 
for initiating on-site and off-site assessments and for taking initial response decisions 
and actions m ust be assigned to  the senior on-site manager or supervisor. He should 
be able to  implement on-site protective measures and to  recommend timely and 
appropriate off-site protective actions. Initial off-site notifications and any recom
mended protective action should reflect the prevailing in-plant conditions. This 
action, including the initial notification to  the relevant public authorities, should
be reflected in emergency drills and exercises.

Off-site protective response

3.18. The exercise should test whether the line o f responsibility between off-site 
emergency organizations is properly established and understood in order that the 
necessary off-site protective measures (such as alerting the public, establishing 
road blocks, distributing iodine tablets, evacuating affected persons) can be imple
m ented within the appropriate time. Moreover, wherever practicable, these tasks 
should be closely simulated in an exercise to assess w hether sufficient personnel 
and adequate and appropriate equipm ent are available for their completion.

Dose assessment

3.19. The purpose o f dose assessment under accident conditions is to  assess the 
potential off-site consequences o f radiological releases, in terms o f dose projections. 
The results of the dose calculations are used in assessing the need for protective 
actions and specific protective measures. The operating organization should be 
capable o f providing dose projections at the site boundary and in the immediate
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vicinity off site at short intervals. Both the operating organization and the relevant 
national authority  should have procedures established for dose calculations and 
assessment under a wide range o f potential release conditions. These procedures 
should include the identification of the system and sources of information avail
able, such as provided by readings of area and process radiation monitors, m eteor
ological instruments, in-plant and environmental survey teams and plant chemistry. 
The procedures should enable the following to be assessed:

(a) the source term of radioactive material;
(b) the magnitude and potential duration of the release of radioactive materials;
(c) the magnitude of any resulting radiation doses or contam ination, both on site 

and o ff site.

The operating organization must be able to dem onstrate that suitable instru
m entation and procedures exist for assessing the magnitude of the release (or 
potential release) o f radioactive material and for continuously assessing the impact 
o f the release. This must include post-accident sampling capability, radiation 
effluent monitors, in-plant air m onitoring instrum entation and containm ent 
radiation monitoring. It is im portant that the relationship be properly understood 
between the type and location o f the monitors and the significance of their readings 
for the assessment o f the potential dose to  plant personnel and the public.

Appropriate readings for dose assessment should be provided when developing 
accident scenarios.

Access control to  restricted areas

3.20. A more difficult aspect o f emergency preparedness that could be tested 
during an exercise is the isolation o f areas that have been evacuated and the control 
of entry into and out of these areas. Close co-ordination and co-operation between 
the utility and the local or national authorities during the planning stages is 
essential for the successful simulation of this function during an exercise.

Recovery and re-entry

3.21. The operating organization should develop outline plans for in-plant 
recovery and re-entry operations for implementation following an accident.
It should identify those who have responsibility for imposing, and eventually 
relaxing, on-site protective measures and for directing plant re-entry activities.
The exercise should assess the ability of the operator to estimate doses associated 
w ith these recovery or re-entry activities.

Those having responsibilities in the relevant public authorities for off-site 
recovery and re-entry operations should also be identified and their authority 
and responsibilities specified. Although off-site recovery and re-entry activities 
are more likely to be confined to the latter part o f the intermediate phase and
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the late phase of an accident, these activities can none the less be tested in both 
drills and exercises, possibly by adjusting the time mode, as is discussed in 
Section 4.3.1. In particular, this part o f the exercise should test w hether the 
relevant response organizations are kept properly informed o f the progress of 
recovery activity and of any resultant organizational changes that have been 
implemented.

Release of public inform ation

3.22. It is most im portant that interested news media personnel be kept prom ptly 
and accurately informed during the course o f an emergency. The ability o f those 
on-site and off-site staff whose duty it is to provide the public and media representa
tives with inform ation which is accurate and readily understandable by laymen 
should be thoroughly tested during an exercise by use o f a properly prepared 
scenario. The exercise should be o f help in assessing the adequacy o f any off-site 
public inform ation and press briefing centres, and in establishing whether the news 
media might interfere w ith the handling of the emergency in the event o f an actual 
plant accident.

PARTICIPATION IN EMERGENCY PREPAREDNESS TRAINING,
DRILLS AND EXERCISES

3.23. During an emergency, individual members o f the management and plant 
staff may have to perform functions which are an extension of, or even different 
in nature from, their normal tasks. This does not interfere with the ordinary line 
of responsibility leading upwards to  the Plant Superintendent, but it can have 
particular significance for senior personnel. Although their emergency duties are 
largely an extension o f their normal duties, it is necessary to ensure that suitably 
qualified persons are available at all times to fill key positions in the response 
plan, such as Site Emergency Director, Emergency Health Physicist, Emergency 
Reactor Physicist and Damage Controller. It is the responsibility o f the operating 
organization to assign responsibility unambiguously for each of these functional 
areas of on-site emergency activities. Meeting these requirements is likely to entail 
the establishment o f an ‘on call’ duty roster o f several persons allocated to each 
key post in order to  supplement the shift staff and provide round-the-clock cover, 
taking into account absence for business, holidays or sickness. As it is likely that 
such personnel will need to  be drawn from those holding senior positions within 
the site management organization, it follows that in order to provide adequate 
coverage for the emergency duty roster, these persons may need to  be able to 
fill several different emergency positions. For example, the role of Site Emergency 
D irector could be taken by either the Plant Superintendent, the D eputy Plant 
Superintendent, the Operations Superintendent or the Maintenance Superintendent.
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There should be similar flexibility within and across departm ental lines for other 
key emergency posts. The emergency functions that should be addressed include:

(a) emergency response co-ordination
(b) plant system operation
(c) in-plant accident assessment
(d) in-plant and environmental radiological surveys and assessments
(e) first aid and rescue
(f) personnel monitoring
(g) decontam ination
(h) security o f plant and site access control
(i) damage assessment and repair
a) accounting for personnel
(k) on-site and off-site communications
(1) radiation protection
(m) plant chemistry
(n) technical support
(o) public information.

3.24. At the nuclear facility level, the initial stages o f an emergency which occurs 
outside normal staffing hours can be particularly arduous, as roles may have to be 
assumed by the on-site shift staff until they can be relieved by their more senior 
colleagues. A limited num ber of shift staff may have to cope with a damaged and 
deteriorating plant, any resultant fire and casualties, the urgent need to  re-establish 
control and determine the cause o f the accident and, at the same time, may have to 
decide which emergency response procedures should be invoked and to implement 
them. Many o f these response actions may need to be completed before the shift 
staff is augmented by the arrival o f senior facility management and support staff.
It is essential, therefore, that both senior and junior staff are trained and exercised 
so as not only to be adept in their principal emergency role but also to have 
sufficient flexibility to carry out the duties o f any other roles they may be required 
to cover for. Selection criteria should be established before assigning to  individuals 
their relevant emergency response functions. As a minimum, they should have work 
experience related to  their emergency duties. Ideally, individuals should be speci
fically qualified for each task. In addition, the interaction between the on-site 
functional areas should be developed in drills and must be understood by those 
persons assigned to the emergency organization. The exercising of these interfaces 
should be taken into account in preparing scenarios.

3.25. Satisfactory emergency response, particularly under limited staff conditions, 
can only be assured by the im plementation of a formal programme o f routine 
training supported by periodic exercises for all personnel involved. Although 
training should be supported by, and its progress evaluated with, the aid o f routine 
drills, such drills must be regarded as a preparation for and not as a substitute for
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participation in partial or integrated emergency exercises. It is particularly 
im portant that the training provisions for shift personnel are no less stringent 
or frequent than those for day personnel.

3.26. The provision of adequate training, drills and exercises must extend to all 
governmental and other off-site support organizations (fire, ambulance, police, etc.) 
which have a role in the emergency plan. It is particularly im portant that the co
ordinating roles o f local and national governments be fully understood by those 
within these organizations whose duty it would be to take decisions in the event
o f any emergency whose effects might extend beyond the facility boundary and 
involve members of the public. All such organizations should take part in regular 
integrated exercises to  ensure that there is adequate intercom m unication between, 
and appropriate responses from, those who are associated with the decision
making process at the local level and those at the national level. Supporting 
services such as police, fire, ambulance and medical services might need only 
limited special training since their duties in the event o f an emergency are an 
extension of their normal functions. Some services, such as those supplied by 
voluntary emergency and relief organizations having no on-site duties, require 
limited exercising to familiarize personnel with the m anner in which they would 
be integrated into the overall emergency organization.

3.27. As discussed in Paragraph 3.02, the emergency response plan is a complex 
structure which, for its success, must be capable o f integrating a wide variety of 
disciplines and skills across a range o f organizations that are normally independent. 
In order to  conserve available resources, to minimize disruption to the public and 
to ensure adequate protective measures to minimize any risk o f exposure, the 
plan must be sufficiently flexible to  enable the response to  be adapted to the 
actual accident. This need for flexibility should be emphasized in the training 
and exercising o f those required to participate. Those who will be responsible
for making major decisions should be aware of:

(a) The relatively broad spectrum of accidents that might occur, even though the 
probability o f any one particular accident occurring may be extremely low;

(b) The need to classify the accident w ithout delay and to project its off-site 
consequences, bearing in mind that these might be subject to considerable 
variations as the accident sequence progresses;

(c) The requirement for a large num ber o f different actions to be taken, both 
on site and off site, which may be interrelated and may require careful 
co-ordination and simultaneous im plem entation;

(d) The human and material resources required to carry out the necessary 
response and the variety of skills and qualifications of those persons and 
organizations that may be called on to  respond;

(e) The general demographic, meteorological, geographical and topographical 
conditions in the areas likely to be affected by the accident.
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4. SCENARIO DEVELOPMENT

GENERAL

4.01. The process of developing the scenario for an emergency exercise is discussed 
in this section. The basis for defining the particular objectives the exercise is 
intended to achieve and the way in which these are translated into specific functions 
to be tested, instructions how such tests should be introduced or accomplished,
a schedule indicating the sequence of events in the tests, and an overall description 
of the simulated emergency are all considered. These should be supported by 
detailed descriptions o f the current situation, plant and radiological data and 
instructions for use by exercise umpires and evaluators. The sequence o f events 
and the overall emergency description should be sufficiently detailed and realistic 
to convey a genuine appreciation of an actual emergency. Table I gives a 
generalized list of contents for an exercise scenario.

EXTENT OF PARTICIPATION: SETTING THE SCOPE OF THE EXERCISE

4.02. The extent o f participation by organizations, teams or individual specialists 
depends on the objectives o f the exercise. In the case of partial exercises, the 
presence of some organizations may not be essential and others need only be 
observers. A particular organization which plays no active role can be requested 
to evaluate the ability o f the participating organization(s). As a consequence, the

TABLE I. GENERIC SCENARIO CONTENTS

Title

Instructions to umpires and evaluators 

Response description 

Event sequence 

Detailed event description

— Technical data

— Messages

— Maps and plans 

Instructions to umpires and evaluators 

Evaluators’ check-lists
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observers o f the non-participating organizations can obtain a thorough under
standing of the tasks and working conditions of the acting organization(s). The 
major participating organizations include:

(a) the operating organization (licensee)
(b) the public authorities
(c) the regulatory body.

4.03. The operating organization (licensee) plays a major role, particularly in the 
initial phases of the accident when the major activities are conducted within the 
plant. This role includes:

— Identifiying the nature and importance o f the accident;
— Alerting relevant staff o f the operating organization and public authorities;
— Determining and implementing corrective and/or mitigatory actions;
— Assessing the potential development o f the emergency;
— Predicting the quantity, release rate and time sequence of any potential 

radioactive release and assessing its potential off-site impact;
— Taking initial measures to  protect plant personnel (e.g. sheltering, respiratory 

protection, use of potassium iodide);
— Requesting necessary immediate assistance from public or private organiza

tions (e.g. hospital transfers);
— Informing the regulatory body and relevant public authorities of the develop

ment of the accident and providing all necessary inform ation for the intro
duction o f off-site protective measures;

— Conducting, where necessary, the initial radiological surveys in the vicinity 
of the site;

— Returning the plant to  a safe condition.

4.04. The public authorities include:

(a) national or local technical assistance, emergency assistance and public health 
organizations;

(b) national or local authority  services (e.g. fire services, civil protection services, 
police);

(c) specialized medical services at national or local levels (e.g. hospital facilities 
and emergency medical care services);

(d) government authorities.

The participation of these authorities is an essential element in the protection 
o f the public and in mitigating the effects o f an accident. In addition to their 
decision-making responsibilities during an emergency (sheltering, issuing radio- 
protective drugs, evacuation) they may also contribute to  the response action in 
areas such as:
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— field monitoring
— communications
— traffic control
— transportation
— assistance to members of the public
— medical care
— protection of property
— public information.

They can be assisted by other public, semipublic or private organizations in fields 
such as meteorology, water resources, agriculture and public information. National 
defence and government laboratories are often able to  provide much equipment 
and human resources to support the urgent needs of public authorities. These 
aspects should be taken into account when preparing emergency exercise scenarios.

4.05. The role of the regulatory body will include:

— checking w hether the current emergency plan is adequate and that the state 
of emergency preparedness is satisfactory;

— maintaining readiness to  fulfil its role in the event o f an emergency at or 
associated w ith the facility;

— disseminating inform ation reports on the exercise to relevant national 
authorities.

These responsibilities are reflected in the following activities related to 
emergency preparedness exercises:

A t the planning stage:

— Ensuring the necessary liaison with public authorities;
— Evaluating, after due consultation with the relevant public authorities and 

the operating organization, the degree to  which the public should be involved.

During the exercise:

— Reviewing the activities of the operating organization and providing relevant 
advice;

— Acting as the principal advisor to  the public authorities on such topics as:

(a) nuclear plant safety and radioactive releases;
(b) field m onitoring actions;
(c) term ination o f the ‘emergency’;
(d) evaluating the exercise performance of the operating organization.

A fte r  termination:

— Receiving a ‘self-critique’ of the exercise by the participants;
— Discussion of the exercise results with participants and evaluators;
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— Determining any necessary remedial action or improvements in emergency 
preparedness from an analysis o f the results o f the exercise;

— Ensuring that corrections are implemented.

OBJECTIVES

4.06. A successful scenario will reflect and support the various objectives of the 
emergency exercise. In principle, it can be designed to test each o f  the following 
individual elements of emergency preparedness, or a com bination o f these elements:

(a) on-site objectives;
(b) off-site objectives;
(c) jo in t objectives.

4.07. The objectives of the proposed exercise must be established before the 
preparation of the scenario. The achievement of these objectives in practice will 
be a measure of the success o f the exercise and will serve as a basis for evaluating 
the preparedness o f the organizations (licensee, public authorities, etc.) required 
to respond in the event o f an emergency.

4.08. The on-site objectives specifically concern actions to be taken by the 
licensee’s emergency response organization; off-site objectives might be tailored 
to the various off-site emergency response organizations such as the regulatory 
body and public authorities. Jo in t objectives are pursued in scenarios which involve 
co-ordination between all or part o f the on-site and off-site organizations which 
have responsibilities in taking action. Jo in t objectives may include, for example, 
testing the interaction and co-ordination between the nuclear facility’s emergency 
plan and the overall regional or national disaster control plan.

4.09. The scenario may be used to enable the operating organization or the 
regulatory authority  to assess the following on-site objectives:

(a) Verification of the effectiveness o f  the emergency plans and implementing 
procedures at a facility that is not yet operational, by demonstrating that 
the plans are practicable, that emergency response personnel have been 
adequately trained, and that adequate facilities and equipment are available; 
and,

(b) Verification (at routine intervals throughout the operating life of the plant) 
that the operating organization’s emergency organization is capable of:

— recognizing and assessing an emergency;
— taking the appropriate emergency response and corrective actions;
— assessing the potential accident consequences;
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— notifying the relevant regulatory personnel and personnel in the operating 
organization and the public authorities;

— taking the appropriate decisions on protective action;
— undertaking protective actions on site; and
— providing relevant inform ation to assist the public authorities in determining 

the necessary off-site protective measures.

4.10. The scenario should also be used to assess the off-site emergency prepared
ness objectives, including:

(a) Enabling the regulatory authority to ascertain w hether an adequate interface 
has been established between the operator’s organization and the relevant 
off-site response organizations, and w hether those responsible for receiving 
formal notification of the emergency implement the correct response actions;

(b) Verification that the responsibilities o f the various off-site emergency 
organizations at federal, state and local government level are properly 
understood and correctly implemented;

(c) Verification that the duties to be carried out by the various response organiza
tions relating to  the necessary off-site protective measures could be imple
mented in a timely m anner in the event o f  an actual emergency.

4.11. Integrated exercises should seek as a minimum to achieve the following 
specific objectives:

(a) To dem onstrate the ability to evaluate plant conditions, assess the potential 
for radiological releases from the plant and take appropriate actions to 
mitigate the releases;

(b) To dem onstrate the ability to classify the initial emergency condition and 
any changes in the condition as the accident develops;

(c) To dem onstrate the proper execution o f procedures for notifying personnel 
at the site and in the off-site support groups of the emergency plan;

(d) To dem onstrate the ability to  account for all personnel and to  evacuate 
non-essential personnel from the site;

(e) To dem onstrate the ability to  staff and make operational the emergency 
response facilities, including those o f the licensee, off-site support groups 
and public authorities;

(f) To dem onstrate that communication links between the site, off-site support 
groups, public authorities and regulatory bodies are available, operational 
and adequate.

4.12. The exercise scenario might specifically be designed to  test any changes that 
have been made to  the emergency plan, the implementing procedures or the 
training programme, with the objective of determining whether deficiencies 
identified in previous exercises or drills have been remedied.
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4.13. A scenario should be oriented to the specific site and facility at which the 
emergency exercise is being conducted. In tailoring the scenario to the site, unique 
engineering aspects o f the facility and meteorological, demographical and topo
graphical characteristics of the site must be considered, as well as the location of 
the site in relation to  national borders. The need for response actions relevant to 
the prevailing down-wind direction(s) and the critical population in the vicinity 
of the site should be incorporated into scenarios in order to  test emergency 
preparedness where the need for action is most likely or where the action is most 
im portant. However, when designing the scenario, consideration should also be 
given to the ability to respond to less probable wind directions, especially where 
a significant population down-wind could be at risk.

PREPARATION OF THE SCENARIO

4.14. Having determined the type and scope o f the exercise, it is essential for 
one person to be given overall responsibility for its preparation and organization. 
This might be a member of the plant or utility  management, of the relevant local 
authorities, o f the national regulatory body or of an international organization.
One person (not necessarily the same person) should also be responsible for pre
paring the exercise scenario. This person must have a thorough knowledge of the 
nuclear facility, the site and its environs. A technical appreciation of the design, 
construction, operation and safety analysis of the particular nuclear plant is 
essential to the development of a realistic event sequence for the scenario. For 
scenarios which include a release o f radioactive materials on site or off site, a 
knowledge of the characteristics and environs of the site is necessary in order to 
predict the radiological consequences which would follow the postulated event 
sequence, and for determining the appropriate protective measures and when they 
should be implemented. When developing the off-site aspects of the scenario, 
specialist advice may be needed from local authority and governmental organizations. 
In practice, it is likely that the task o f preparing the exercise, and particularly the 
scenario, will be undertaken by a group o f people, with one person having overall 
responsibility. Such persons should not be participants in the exercise; they
may be useful umpires and evaluators, however (see Paragraph 5.02).

4.15. Although the responsibility for the preparation and development of scenarios 
should principally be in the hands o f experts in disciplines relevant to the physical 
plant, the environs and the public sector, there should also be participation by 
those who have specialist knowledge in organizational interactions and human 
factors. These latter experts could assist, for example, in designing the scenario
to test the co-operation o f organizations that would be required to  participate 
in jo in t tasks during an emergency but that normally have little or no day-to-day 
contact with each other.
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4.16. To the extent possible, the scenario should exercise the judgem ent, know
ledge and training o f  the emergency response staff under conditions that would 
apply during an emergency. Those who develop the scenario can best accomplish 
this objective by ensuring that the simulated accident provides the same type, 
form and sequence of inform ation as would actually be available during an 
emergency. Radiological data should be presented in the units of measurement. 
Facility system parameters should be given in normal plant terminology and in 
the form in which they would normally be made available from instrument 
readings or process com puter outputs. Where specialized measurement and 
information systems (e.g. post-accident sampling systems and plant data acquisition 
systems) would normally be available to  the plant operator or Site Emergency 
Director, these should be reflected in the scenario.

4.17. In addition, the simulated accident description should include data from 
instrum ent readings and measurements which are not im portant for the immediate 
understanding o f the accident sequence but which would confront the operator
in an actual accident. In this way, the operator’s ability to  identify the most 
significant parameters from the wide range o f data that would be presented can 
be ascertained.

EVENT SEQUENCE

4.18. The scenario event sequence should reflect the nature and time sequence 
o f the events and conditions that m ust be postulated in order to  exercise the 
relevant sections o f the emergency plan. The simulated condition must be of 
sufficient scope to require appropriate responses from each o f the organizations 
that would be involved. The objectives o f the exercise and the extent of participa
tion by the different parts of the operating organization(s) will determine the 
extent of the response and therefore the nature of the events in the scenario and 
the necessary level o f detail.

4.19. A partial exercise may demand only a very simple event sequence. For 
example, an exercise of the off-site monitoring teams, the off-site radiological 
hazard assessment process and the mobile communications capabilities may 
require only a sequence of effluent m onitor readings or off-site environmental 
radiological readings and meteorological parameters. This simple event sequence 
should be adequate for preparing the detailed scenario description for such a 
partial exercise.

4.20. Unnecessary detail should be avoided. For example, a partial exercise that 
is principally designed to  test the co-ordination of off-site m onitoring responses 
by the operating organization, government agencies and the local and national
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public authorities does not require a detailed description o f  the sequence of 
events relating to the nuclear steam supply system. Annex II provides an example 
of an event sequence that is adequate for such a partial exercise o f off-site response 
capabilities. The inform ation provided in this example by the event sequence is 
sufficient to categorize the quantity  of radioactivity tha t has escaped from confine
ment barriers into the containm ent building and hence to the environment, as 
well as permitting a prognosis of the potential escalation or de-escalation of 
the event.

RESPONSE DESCRIPTION

4.21. The event sequence and the emergency plan should be compared in order 
to draw up a summary description o f the actions that the response organizations 
should initiate. This response description may be used to  orient regulatory officials, 
to brief observers and to inform representatives o f  public inform ation (news) 
services. The response description also provides observable benchmarks which 
may be used in preparing a critique of the exercise. Additional benchmarks may
be derived from the event sequence.

4.22. The response description, event sequence and objectives are obviously 
interrelated. The process of designing the scenario should commence with the 
form ulation of the objectives and these should be used as the basis for the 
development o f a draft event sequence. From this draft event sequence, a 
description o f the expected response to the postulated events can be drawn up; this 
should then be compared with the exercise objectives to  ensure that these are 
achieved. Any deficiencies in the expected response should be remedied by 
relevant changes to the draft event sequence, and the resultant modification to  
the expected response should again be compared with the objectives. This 
process continues in successive iterations until the expected response to  the 
postulated events is capable o f satisfying the requirements stated in the objectives.

4.23. The expected response description should be written to perm it some degree 
of flexibility in decision-making on the part of the various emergency response 
organizations participating. It should not be so prescriptive that it precludes 
initiative or the exercising of best judgem ent on the part of the exercise partici
pants within their areas of expertise and responsibility. However, the response 
description should provide sufficient inform ation to ensure that the  objectives
o f the exercise can be met and that the exercise response should be capable of 
proceeding within the terms o f reference o f the scenario.

4.24. If the objectives o f the exercise include an evaluation o f the preparedness 
o f the operating organization’s plant staff, the event sequence must include
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simulated events which are keyed to specific plant procedures or which describe 
specific conditions or states of the facility’s systems. Annex III gives an example 
of an event sequence that requires the control room operators to simulate the 
initiation o f specific response actions according to the procedures for abnormal 
occurrences. This event would also exercise the technical support capabilities o f 
the facility’s engineering staff.

4.25. The examples presented in Annex II and Annex III illustrate the principle 
of excluding unnecessary complexity from the scenario while devising a sequence 
of events that will allow the tests outlined in the objectives. In general, the 
greater the level o f technical expertise that must be tested, the greater should be 
the com plexity o f the event sequence and the scenario. In the example scenarios 
presented in Annex X, Example 1 typifies an exercise of off-site response and 
contains an event sequence similar to that of Annex II. Example 2 represents
a test o f specific in-plant procedures and off-site and on-site monitoring. The level 
of detail in the event sequence corresponds to that shown in Annex III.

4.26. If the exercise is to  involve a response by the systems engineering staff of 
the operating organization or the government authorities, the level of detail must 
anticipate the demands that may be made by the engineering staff for systems 
data adequate to support engineering analysis. This type o f  event sequence is 
included in the scenario for Example 3 in Annex X. These example scenarios 
illustrate the development o f scenarios that are appropriate to the objectives
of the exercise.

4.27. Detailed scenario descriptions o f plant system faults m£y not be necessary 
if a suitable reactor simulator is available. Some simulators are capable of 
producing detailed descriptions of the full scope of event sequences that would 
be incorporated into emergency preparedness scenarios. If the data stream from 
a full-scope simulator is delivered to the actual or simulated data acquisition 
systems that would be used by operators and plant systems engineers during an 
emergency, the training of these staff will not be limited by the resources required 
to prepare detailed event descriptions or the lack o f realism inherent in bypassing 
actual inform ation systems.

4.28. Where the exercise is to be announced to the participants in advance, those 
having managerial responsibilities in the response organizations involved should be 
notified o f the extent o f involvement so that adequate staffing arrangements.can 
be made to cover the routine operation of the facility and the normal conduct of 
government functions (including emergency preparedness). This can be 
accomplished by providing the objectives and the response description to the 
managers and officials responsible.
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DETAILED EVENT DESCRIPTION

4.29. The simulated emergency condition will usually be assumed to arise from
a sequence of improbable events, occurring together by chance or partially linked 
by cause and effect. These must be described clearly in the detailed event 
description of the scenario. The level o f detail in this description should be 
sufficient to  prom pt the appropriate corrective or protective actions by the 
participants, according to  the objectives o f the exercise and the underlying 
response plan and procedures.

4.30. Sufficient detail to  prom pt the expected corrective or protective actions 
must be included in separate event descriptions that are provided to  specific groups 
of participants such as control room operators, damage control teams or radio
logical survey teams. If one of the objectives of the exercise is to  assess the 
participant’s ability to recognize significant data, these descriptions may also 
include irrelevant or extraneous details which, although possibly misleading, 
would be presented in an actual accident. These event descriptions may be incor
porated into individual messages addressed to the appropriate participant and 
inserted into the exercise at the appropriate time by the umpires. Such messages 
may be independent o f the participants’ actions (e.g. notice o f fire or equipment 
failure alarm) or may be made available on a request for inform ation by partici
pants. Annex IV contains three examples o f data messages taken from detailed 
event descriptions.

4.31. Activities that might be included in detailed event descriptions include:

— nuclear steam supply failure
— decontam ination
— search and rescue team drill
— first aid team drill
— fire brigade drill
— damage repair under accident conditions
— security threat
— communications failure
— health physics surveys under accident conditions
— dose assessment.

SPECIAL CONSIDERATIONS

4.32. Several topics related to  scenario development deserve separate consideration. 
These are considered in Paragraphs 4.33-4.55.
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Time mode

4.33. An exercise is carried out in a real-time m ode  when each activity is con
ducted on the same time-scale as it would be during an actual emergency. The 
time-scale is compressed  when otherwise necessary steps or time lapses are 
simulated or foreshortened during the exercise. An expanded  time-scale may 
result from the provision either o f time additional to that normally required to 
complete a particular event or o f a time period within a sequence o f events for 
convenient management o f the exercise. In general, however, a real-time mode 
is preferable.

4.34. Compression or expansion o f the time-scale of certain sequences in the 
scenario may be advisable in order to  make efficient use o f the time invested in 
the exercise by the participants. Where possible, however, this procedure (and, 
in particular, time expansion) should be avoided during the early stages of an 
integrated exercise as it is essential that participants obtain a genuine appreciation 
of the actual time available for the completion of their own particular tasks, 
especially where these involve co-ordination with other groups. The use o f real 
time also perm its an assessment of whether those persons who may not be fully 
occupied during the initial stages of an emergency can be effectively utilized for 
other duties until required to carry out their major emergency role. As an example 
of time compression, in the early stages o f an emergency, off-site government 
officials may be relatively slow in arriving at the site. For the purpose o f the 
exercise, the time-scale o f this stage may be compressed in order that their 
particular assessment and decision-making activities may be put into practice 
w ithout long delays. Another case where time compression may be appropriate
is a reactor event sequence leading to  a major failure which in reality would take 
many hours. As a guiding rule, the time sequence o f the associated series of events 
in an exercise may be compressed, provided that the objectives of the exercise 
do not include a determ ination o f the timeliness of actions by the operating 
organization staff or those who support them, or an evaluation o f the time required 
to implement corrective actions.

4.35. The time that would normally elapse between an accidental release of radio
activity and the commencement o f milk sampling or monitoring can also be 
shortened in order to make effective use o f the exercise participants’ time.
However, there are cases where time compression is definitely disadvantageous.
A prime example is the compression of the time required for off-site monitoring 
teams to  check equipm ent, travel to a monitoring point, take samples, perform 
measurements and record and communicate results. These time delays are crucial 
to  the understanding by the off-site dose assessment staff o f the time delays that 
would be incurred in data collection and m onitoring procedures under real 
emergency conditions.
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4.36. Expansion o f the time-scale is not generally recommended. Although 
expansion might be necessary, for example, to  permit umpires or observers to  
travel from one place to  another, it is preferable to  obtain enough umpires or 
observers that expansion is unnecessary. Such artificialities are likely to  be more 
feasible in drills or partial exercises that are designed for training purposes. In 
other cases the co-ordination of normally simultaneous tasks may become difficult.

Freeplay versus stimulation

4.37. Two factors, freeplay and stimulation, are at odds in the design and 
conduct o f exercises.

Freeplay means that participants are free to  react to a simulated problem according 
to their perception o f  the most appropriate solution. A scenario that allows 
freeplay is the preferred method of training technical staff members to carry out 
their assigned functions under emergency conditions. Freeplay also allows the 
evaluators to  determine more accurately the adequacy of emergency prepared
ness. However, a scenario incorporating the facility for freeplay requires much 
more effort to  produce and implement owing to the complication of accommodating 
multiple actions by the participants.

Stimulation  refers to actions that umpires may take to correct errors or to  interrupt 
actions by the participants that might otherwise lead them  to depart from the 
scenario and possibly jeopardize the overall objectives o f the exercise. In general, 
however, the umpires should avoid correcting participants’ errors whilst the exercise 
is in progress.

4.38. The participants’ actions can also be interrupted if the umpires wish to 
prevent the participants from proceeding into a situation not covered by the 
scenario. This can occur, for example, if the participants attem pt to  place a major 
plant system into a mode or condition that is not included in the scenario or 
intended for the exercise. In such a case, the umpires must be adept at making
ad hoc changes or additions to the scenario in order to maintain progress toward 
the scenario’s end-point. This type of involvement is necessary in order to  main
tain the realism o f the detailed event descriptions and as such is not strictly 
considered to be stimulation. With the introduction of full-scope reactor simulators 
into emergency preparedness exercises, real-time creation o f detailed event 
descriptions might be possible, thereby obviating much o f the need to  maintain 
a specific scenario end-point.

4.39. This guidance regarding freeplay and stimulation does not apply to  drills, 
where, if anything, the opposite approach should be taken. Freeplay is generally 
less im portant because drills are so relatively short in duration and rigidly structured.
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As drills are largely instructional by nature, there is a need for the immediate 
correction of errors and for repetition o f difficult parts o f the drill. Such require
m ents are part o f the objectives of most drills.

Simulation

4.40. Simulation of the response actions that would be required during an 
emergency is generally not recommended. Exceptions have been discussed in 
Paragraph 4.36 in relation to the adoption o f compressed time-scales in the 
scenario’s event sequence. The extensive use o f simulation could result in an 
unrealistic estimate of the work outpu t of the plant staff because necessary actions 
are not actually performed. The participants should have a clear knowledge, for 
example, o f the time required to obtain and analyse on-site and off-site air samples, 
or to  perform specialized post-accident sampling procedures. Simulation, therefore, 
might result in an essential part o f the training for a particular task being om itted 
and might prevent evaluators from reaching an accurate judgem ent of the adequacy 
of observed resources or the time required to perform procedures.

Use of radioactive samples

4.41. There are two basic m ethods of providing the exercise participants with 
the radiological data needed as input. The simpler m ethod is to  use precalculated 
values o f radioactivity levels or the radioactivity of samples. The second method 
is to use radioactive (including irradiated) samples which may be ‘spiked’ at 
appropriate levels. Depending on the objectives of the exercise, either m ethod, 
or a com bination o f the two, may be used.

4.42. In the simpler m ethod, umpires provide the radiological survey teams with 
gamma or beta-gamma dose rates or other relevant radiological readings at each 
survey point. The umpire concerned will usually be stationed with the survey 
team or at the location from which the surveyors are dispatched. Similarly, 
dosimeters, samples o f water, vegetation, etc., obtained for sending to environ
mental assessment laboratories are assigned precalculated readings which are 
divulged by an umpire at the laboratory, preferably after the actual sample analysis 
has been completed. Alternatively, an appropriate delay could be included to  
take account o f the time taken to dispatch the sample to  the laboratory, the 
work-load at the laboratory and the estimated counting and analysis time. This 
method suffers from the m inor disadvantage that the laboratory staff are not 
fully exercised, although this is largely overcome if some work in sample prepara
tion and analysis is carried out.

4.43. The second m ethod, which entails considerably more work, involves the 
preparation of sources and samples containing radioactive material in appropriate
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am ounts which will give predeterm ined readings on field survey instrum ents or 
in the environmental assessment laboratory. Generally speaking, laboratory staff 
may be adequately exercised in handling radioactive samples during routine 
operations or spills, so that the complication o f  introducing radioactive samples 
into large exercises may be unnecessary. This may not, however, provide 
experience in the handling of large numbers o f active samples and the inherent 
problem of sample segregation to  prevent cross-contamination. However, 
environmental survey laboratories are dependent upon their ability to  maintain 
low background levels o f radiation, and it may not be prudent, as part of an 
exercise, to  introduce large quantities of highly radioactive samples into this 
type of laboratory, w ith the concom itant potential for contam ination and increased 
levels of background radiation. Field survey teams can also be adequately drilled 
using spiked samples in a classroom setting, although it may be desirable to  see 
how they and their instrum ents perform in adverse weather conditions.

4.44. These two basic m ethods may be combined by allowing survey teams and 
laboratories to  perform measurements on samples that may or may not be radio
active and then substituting appropriate values based on the scenario’s detailed 
event description. The use of preirradiated dosimeters to simulate received 
radiation doses should also be considered, as these can easily be prepared in 
advance of the exercise.

Meteorological information

4.45. The exercise scenario of a partial or integrated exercise involving off-site 
participants will normally include a specification o f the meteorological conditions. 
One m ethod is for the scenario to state that actual meteorological conditions 
prevailing at the time should be used throughout the course of the exercise. This 
approach enables data analysis personnel to  consult weather forecasting organiza
tions and to use this inform ation in conjunction with raw or analysed scenario 
data on the release of radioactive materials to  predict the likely development 
over time o f off-site radiological conditions.

4.46. There are, however, at least two serious difficulties in using actual 
meteorological conditions:

(a) The meteorological conditions at the time of the exercise may be such that 
the off-site participants might not be adequately exercised if, for example, 
the wind direction were such as to blow the emission out to  sea.

(b) The scenario writers, not knowing what the meteorological conditions would 
be at the time of the exercise, are unable to  prepare beforehand a self- 
consistent set of radiological readings for input by umpires. One possible way 
around this difficulty would be for the radiological readings to  be generated
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from time to  time during the exercise by means of dispersion modelling 
using the same emission data as assumed for the scenario. In practice, this is 
likely to prove too time consuming and is not generally recommended.

4.47. An alternative approach is for the scenario to  specify the meteorological 
conditions that apply at the commencement o f the exercise and any variations in 
conditions during its course. This permits the scenario writers to prepare in 
advance a detailed off-site radiological scenario which will test the participants’ 
ability to deal with off-site conditions. However, input to  the analysis group 
from real-time meteorological forecasting organizations is not possible unless 
such organizations provide their own simulated predictions based on the scenarios’ 
postulated meteorological forecast.

Public involvement and information

4.48. Extensive public involvement in exercises is generally not practicable. 
However, a limited public involvement to  test the procedures for the implementa
tion of protective measures such as sheltering, distribution of radioprophylactics, 
evacuation and the setting up of relocation centres is valuable for assessing the 
degree and effectiveness o f the emergency preparedness arrangements for the 
public sector.

4.49. Unless the public has been thoroughly informed of expected off-site 
activities during an exercise, it is advisable to  refrain from obvious activities that 
may appear unusual or unfamiliar to  them. The public might not understand the 
reasons for the precautions being taken, and might assume that a nuclear accident 
is expected or is occurring. Radiation is not a visible hazard and the assumption of 
its presence will not be allayed — in some people at least — by an assurance from
an emergency service worker that it is only an exercise in which he or she is engaged.

4.50. In the interest o f maintaining and improving public understanding and 
confidence, it is therefore recommended that the general public be kept informed 
through the news media as follows:

(a) It should be generally made known that exercises will be conducted from 
time to time;

(b) The date o f any exercise involving off-site participants and the type of 
off-site activities should be made known to the public well in advance 
(unless it is o f the ‘unannounced’ type);

(c) The public should be informed again on the day that an exercise involving 
off-site participants is due to  commence;

(d) If public participation is involved, those members o f the general public 
who may be required to take action must be adequately informed.
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4.5 1. Since unusual off-site activities (such as radiological m onitoring) will 
usually a ttract news media interest, whatever provisions exist in the emergency 
plan for dealing w ith the news media should also be activated, to the degree 
necessary, during exercises involving off-site participants.

4.52. Simulated briefings and press conferences with the media should be con
sidered in the exercise so that all parties might benefit from this experience.

4.53. Tests o f the off-site notification, alerting or warning systems should be 
made to ensure that the public receives and understands the appropriate message 
or signal.

Staff and communication resources

4.54. In planning for the necessary staff resources to support the execution of 
the exercise, provision will need to be made by the operating organization for 
umpires, evaluators and spare shifts o f plant operators. Where off-site participants 
are involved, there will need to  be similar provisions by police, health and fire 
services and other local services. Should the exercise extend beyond several 
hours, provision must be made for meal-breaks.

4.55. Communication equipm ent to be used during the exercise and communica
tion procedures to be followed between participants, as well as between the 
director o f the exercise and umpires/evaluators, should be thoroughly reviewed 
and defined well in advance.

TERMINATION

4.56. The term ination of the exercise should be determined by the extent to 
which the exercise objectives have been fulfilled and the scenario completed. 
Not all participants need stop their activities at the same time. Although the 
majority could be told tha t they need not continue, it may be convenient to 
allow some teams to  carry on until the task which they have started is 
accomplished. For example, simulation of laboratory analysis may continue 
after the environmental m onitoring teams have completed their part of the 
exercise.
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5. EVALUATING THE EXERCISE

GENERAL

5.01. Verifying the capability for the correct and adequate handling of a significant 
accident is a prerequisite for confidence in an emergency plan. This requires a 
satisfactory means of evaluating how each o f the various components o f the 
emergency preparedness structure will perform, and this is best verified by means 
of an emergency exercise. In order to  determine whether or not an exercise has 
met its objectives and emergency preparedness has been tested, the exercise must 
be observed and evaluated. An integrated exercise involving all emergency response 
organizations may require a considerable num ber of umpires and evaluators. The 
number o f umpires selected should be sufficient to  perm it the  timely provision
o f exercise data at the various appropriate on-site and off-site locations. The 
number o f evaluators selected should be sufficient to  observe response and 
decision-making activities at major locations such as the Main Control Room of 
the nuclear facility, the on-site Technical Support Centre and the off-site Emergency 
Operations Facility. Evaluators will also be needed at key locations where 
essential procedures such as on-site and off-site radiological monitoring are being 
carried out, protective measures are being implemented, access and egress controls 
are being established and data are being processed and evaluated. Umpires and 
evaluators should have unrestricted movement on site and off site, except for the 
need to  comply with normal radiation protection, industrial safety and plant 
security requirements. This section outlines the role o f  umpires and evaluators, 
the criteria for observing and assessing the effectiveness o f emergency exercises, 
the function and importance of the post-exercise critique and the need for a timely 
and comprehensive exercise report.

DUTIES OF UMPIRES AND EVALUATORS

5.02. Umpires and evaluators can be selected from the operating organization’s 
off-duty site personnel, its corporate or headquarters personnel, governmental 
organizations, contractor and consultant personnel and other qualified personnel 
from research and educational institutions. Guidance for their activities should 
be included in the scenario. This applies to  both on-site and off-site activities. 
Examples o f this form o f guidance are given in Annex X, Example 3, Inform ation 
Sheet 3.6 and Example 6, Inform ation Sheet 6.2.

5.03. Umpires should be designated by the participating organizations. Their 
task is to  follow the course of the exercise and to  ensure that it proceeds in the 
m anner intended in the scenario. They are responsible for providing scenario 
inform ation and data to the exercise participants, usually in response to  a
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completed action, and for directing the exercise progression. One person, usually 
the chief exercise planner, should be responsible for making decisions if questions 
arise concerning the conduct o f the exercise.

5.04. Evaluators should be technically com petent in the area they are evaluating. 
They should be provided with guidance in the scenario and should have no duties 
during the exercise other than to assess the performance of the emergency 
procedures to  be carried out by the participants. All evaluators should be familiar 
with the entire emergency communications scheme which will be used for the 
exercise, as communications will, of necessity, have to  be evaluated by a number 
of different evaluators located at the major and key centres o f response activity. 
An example o f an evaluator’s ‘Assessment Criteria Check Sheet’ is given in 
Annex VII.

CORRECTION OF ERRORS

5.05. The umpires and evaluators should not immediately. Of as a m atter o f 
course, correct erros that participants commit. The rationale for this guidance 
is based on the advantages of freeplay. For example, if a participant incorrectly 
performs a calculation and reports a dose of 10 mGy (1 rad) where 10 /xGy (1 mrad) 
is correct, they should not inform the participant of the error Unless it would 
seriously alter or jeopardize the exercise. Errors are a natural product o f human 
activities and the conditions surrounding emergencies tend to enhance the 
production o f errors. Therefore, the participants must be trained to  review data 
and request repetition o f doubtful calculations or measurements. Premature 
correction o f errors by umpires and evaluators would partially negate the training 
and testing objectives o f exercises since the impact of the error on the participants
is lessened and the participants are denied the opportunity  o f  recognizing their 
error and taking appropriate corrective action. This would result in a reduction 
in the level o f emergency preparedness of the participating organizations.
However, as discussed in Paragraph 4.34, umpires may direct participants in 
order to maintain the sequence of scenario events.

PRE-EXERCISE BRIEFING

5.06. Once an exercise scenario has been developed, a meeting should be held 
prior to  the exercise, attended by all representatives o f participating organizations 
including the observers and umpires. The purpose o f  this meeting is to  brief
the representatives of these organizations on the following aspects of the exercise:

— The overall scope;
— The approxim ate starting time and the possible duration;
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— The initiating events;
— The arrangements for any non-participants at the site;
— The means by which the persons on site having responsibilities in the 

exercise (including the umpires and evaluators) are to  be identified (those 
having no responsibilities or only limited duties should also be identified 
and given instructions);

— The steps to be taken to ensure that the exercise is not mistaken for an 
actual emergency;

— The steps to  be taken to maintain the safety o f the plant during the exercise;
— The steps to  be taken if an actual emergency occurs during the course of 

the exercise;
— The assignment of observers and umpires and arrangements for monitoring 

radio and telephone conversations.

CRITERIA FOR OBSERVING AND EVALUATING EXERCISES

5.07. The evaluation o f performance in an emergency exercise requires 
objective standards; in a complex situation it may not be sufficient to ask the 
single broad question “was the overall performance adequate to be confident 
that the objectives of the emergency plan could be achieved?” Each aspect 
requiring specific expertise or skill may need to  be assessed separately. One 
simple criterion is “would that decision or action have been adequate in a real 
emergency?” O ther criteria related to  the wisdom of specific actions, timeliness 
or fidelity to the emergency plan or procedures may be appropriate.

5.08. An abstract o f the key items o f performance that evaluators are required 
to  observe and umpires to regulate should be compiled from the response 
description, event sequence and detailed event descriptions. These can then be
set down in the form of aide-mSmoires or check-lists to  highlight the major response 
actions o f each functional entity and the basic actions and tasks that should be 
performed by the particular person or group to whom an evaluator or umpire 
is attached. These check-lists should be provided to the evaluators and umpires 
in advance o f the exercise and should be grouped into modules in order to 
facilitate the overall evaluation o f functions that occur simultaneously in different 
locations (e.g. communications, decision-making on protective action, notifica
tion, etc.). Annex V provides an example of an evaluator’s check-list. Evaluators 
and umpires should compile a tim e/action log o f all significant events affecting, 
and actions taken by, the person or group under observation and this should 
form the basis o f their subsequent evaluation report when presenting their 
assessment o f tha t particular aspect o f the exercise. An example of the type of 
tim e/action log that an observer may be expected to compile is given in Annex VI.
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5.09. It is unlikely to  be practicable for evaluators to observe all actions carried 
out in an exercise, particularly during the initial stages. Priority should therefore 
be given to the key response functions upon which the success of corrective and 
protective actions depend, such as the assumption of senior emergency managerial 
roles, evacuation and accounting for plant personnel, and the initial autom atic 
response of radiological assessment, rescue, first aid and fire control groups. The 
rapid establishment and m aintenance of communications w ith all personnel and 
organizations having a significant role in the emergency preparedness structure 
should recieve particular attention as adequacy o f comm unication is the dom inant 
factor in ensuring a successful response.

5.10. For the purpose of evaluation, a simple ‘good’ or ‘bad’ rating for each 
activity would lead to a clear overall assessment if all factors were equally weighted. 
As they are unlikely to be, it is better to  have an indication o f relative strengths 
and weaknesses in the response areas o f each o f the participating organizations.
This can then serve as a basis for changes, additional training or o ther action. For 
example, a four-point scale may be used (except, o f course, in ‘yes/no’ situations):

Excellent:

Satisfactory:
Marginal:

Unsatisfactory:

Faultless performance: the right action at the right time 
and adequate support for the role o f others having 
specialist duties;
Objective achieved with only m inor failings;
Significant shortcomings which could have delayed 
restoration of full control or the taking of vital actions;
Many major failures which would have increased the risks 
to  persons or property, or would have necessitated signifi
cant expenditure of effort by others to mitigate their effects.

An example of an assessment m ethod for exercise evaluation based on this concept 
is given in Annex VII.

5.11. Regulatory authorities whose duty it is to assess the overall acceptability 
of an emergency preparedness dem onstration may wish to  develop independent 
criteria on which to  base their judgem ent for determining w hether a particular 
exercise has adequately dem onstrated that the operator is capable o f carrying out 
his emergency response commitments. However, the basic guidelines set out in 
this paragraph should still be applicable.

5.12. In addition to evaluation by the regulatory authorities, it is essential that 
the operating organization and other participating organizations carry out their 
own assessment and critique o f the exercise performance, particularly in relation 
to their own response functions.
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EXERCISE CRITIQUE

5.13. In order to  maximize the value of the exercise and optimize the learning 
experience, the post-exercise critique should be accorded just as much importance 
as the exercise itself. The critique should serve as a feedback mechanism to 
identify faults and necessary improvements. It should address the performance 
of the participants, the viability of the emergency plan and procedures, the 
effectiveness of communication between the various response organizations and 
the adequacy of equipment, facilities and resources. Deficiencies and improve
ments should be noted and listed. There should be a formal procedure for 
identifying weaknesses and a time schedule for the correction of deficiencies. 
Participant debriefings, umpire comments and findings o f the evaluators should 
all serve as inputs to the critique. In addition to identifying weaknesses, the 
critiques should also provide a positive indication of those procedures and 
activities that were considered adequate and therefore required no additional 
modification.

5.14. To provide for a satisfactory critique and evaluation, a meeting should be 
convened as soon as practicable after the term ination o f an exercise that should 
be attended by the key participants, the umpires, the evaluators and those who 
planned the exercise. Where relevant, senior representatives of the various organi
zations having responsibilities in the emergency plan should also attend. Adequate 
time should be set aside for the meeting and, in the case of a full-scale emergency 
exercise, at least one day should be devoted to it. As only a few of the partici
pants, umpires and evaluators are likely to be in a position to  have an overall 
view o f the exercise, someone, preferably whoever was responsible for planning 
the exercise, should be designated to summarize its major objectives and the way 
in which these were expected to  have been achieved. He should outline the events 
that took place and highlight any significant successes or difficulties in attempting 
to achieve these objectives. He should also com m ent on any major points that 
may require further consideration, additional training or modification o f the 
current emergency preparedness plan or procedures. This review should enable 
those present at the critique to  have a good understanding o f  the relative role o f 
each activity in relation to all o ther activities, so that the comments from each 
individual can be properly based. To avoid misunderstandings, where the actions 
of participants were noted by evaluators as not being in accordance with the 
specified emergency procedures, those responsible for taking such actions should 
be given the opportunity  to  explain the reasons for their decisions.

5.15. All appropriate means should be utilized for producing a tim e/action log 
o f the exercise. This can be compiled from prepared forms, notebooks, telecopy 
messages, tape-recordings, etc.; video tape^-ecorders can be extremely valuable 
recording tools for providing a visual record of actions that were taken.
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5.16. Following the exercise critique, each evaluator and umpire should prepare 
an overall assessment summary. The senior evaluator should then discuss their 
findings with them and receive a w ritten assessment and evaluation from each 
evaluator and umpire.

5.17. On the basis o f the exercise critique and the w ritten assessments and 
evaluations subm itted by evaluators and umpires, the senior evaluator for each 
participating organization should prepare a report o f the  exercise which includes:

— Major findings;
— Evaluation of overall preparedness;
— Recommended improvements to  the emergency plan and associated 

procedures;
— The improvements required in training, facilities or equipment;
— Suggested priorities and schedules;
— Relevance and adequacy o f the exercise scenario.

The major changes that result from the exercise should be taken into account in 
future drills or exercises.

EXERCISE REPORT

5.18. Each participating organization should provide the organization responsible 
for compiling the final report w ith all evaluations and findings in writing soon 
after the critiques have taken place. The final report o f the exercise should be 
produced as soon as possible, preferably within one m onth o f the date o f the 
exercise. This report should include the following information:

(a) The main elements of the emergency plan which were included in the 
exercise;

(b) The conditions under which the exercise was undertaken or simulated 
(e.g. winter, hot summer, night hours, meteorological conditions, etc.);

(c) Details o f the participating organizations and key participants;
(d) Positive findings;
(e) Recommendations for corrective action;
(f) A schedule for im plem entation o f corrective actions.

5.19. Particular attention should be paid to the key decisions and actions which 
indicate whether emergency preparedness is adequate. Such actions include, but 
should not be limited to:

(a) The ability to assess the emergency, make recom m endations and undertake 
timely corrective on-site and off-site actions and protective actions;

(b) The performance o f senior management personnel;
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(c) The accounting for personnel;
(d) The initial response o f radiological, first aid, fire and damage repair and 

control teams and their ability to  cope with an on-going accident;
(e) The rapidity with which communications were established and the effective

ness w ith which they were maintained.

6. UPDATING AND IMPROVING 
EMERGENCY PREPAREDNESS

GENERAL

6.01. Once an Emergency Plan has been prepared, it must be regularly updated 
and maintained, and any improvement shown to be necessary should be 
incorporated w ithout undue delay. Regular updating and maintenance can be 
achieved through a formal procedure o f review and revision at routing intervals, 
and should be subject to an effective programme o f independent audit. Needs 
for improvement o f the Emergency Plan or the implementing procedures may be 
identified during training, drills and exercises. Any such recommendations, 
including those stemming from the exercise critique and exercise report, should 
be assessed and, if relevant, implemented w ithout delay. These updating and 
improvement procedures are considered in this section.

UPDATING THE EMERGENCY PLAN

6.02. The ability to maintain an adequate standard of emergency preparedness 
cannot be achieved w ithout the capability to update and, where necessary, 
improve the Emergency Plan and to ensure that these changes are properly 
reflected in the procedures, equipment and facilities to which the plan relates. 
This is best achieved by ensuring that there is an adequate and formal procedure 
for reviewing and, if necessary, revising the inform ation and com m itm ents con
tained in the plan, its essential implementing procedures and the associated 
facilities and equipment. This will also include maintaining the potential and 
functioning of communications equipment, the availability and competence of 
essential personnel, effective response procedures, the availability and correct 
functioning o f emergency instrum entation, and the availability and adequacy of 
any plans, maps or drawings that may be needed to ascertain the extent and 
potential im pact o f any emergency. It may also be necessary to assimilate new 
or revised radiological protection standards or advice into the Emergency Plan 
and implementing procedures. Typical timetables for updating information 
contained in the emergency plan and its implementing procedures are given
in Annex VIII.
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6.03. To ensure that all these m atters have been adequately considered, the 
Emergency Plan and its supporting procedures, equipm ent and facilities should 
be subject to an auditing programme at regular intervals, preferably by someone 
independent of the emergency planner’s immediate organization. This could be 
done, for example, by the licensee’s headquarters organization or the national 
regulatory body. The audit should also take into account any recommendations 
for modification o f the Emergency Plan or its associated implemented procedures 
as a result of emergency exercises.

RECOMMENDATIONS FOR IMPROVEMENT

6.04. As a result o f training, drills and exercises, areas of weakness or needs for 
modification or improvement may be identified in the Emergency Plan, its 
implementing procedures, the training of personnel, the type o f equipment or 
the emergency response facilities. In particular, the post-exercise critique and 
the exercise report should highlight any shortcomings identified as a result of the 
exercise and provide recommendations how these may be overcome. All 
recommendations for modification or improvement should be considered by those 
responsible for the particular areas o f the Emergency Plan or implementing 
procedures to which they relate. If the recom m endation is considered valid and 
the modification or improvement justified, action should be taken for its early 
implementation. Modifications or improvements should not be introduced in 
isolation, and before implementing any particular recom m endation it is essential 
to assess its potential impact upon other areas of the Emergency Plan or the 
implementing procedures. Management procedures should be established for the 
control o f modification and improvement procedures, and these also should be 
subject to  an effective independent audit.

6.05. The introduction o f  modifications or improvements may involve the 
im plem entation o f new techniques. This, in turn, may result in the introduction 
o f new or improved procedures or technical equipment. It is essential that such 
procedures or equipment be thoroughly tested and evaluated before incorporation 
into the Emergency Plan or procedures.

6.06. The duties of individuals and groups should be reviewed periodically, and 
particularly in the light o f emergency exercise results, to ensure that there is an 
effective use of personnel resources.

6.07. It is essential that the inform ation and procedures contained in the 
Emergency Plan are presented in a readily understandable form and that any 
subsequent modifications to  the plan reflect this approach. Moreover, when 
revising the plan, either as part o f the routine updating procedure or as a result
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of recommendations arising out o f training, drills or exercises, consideration 
should be given to simplifying the current procedures where this can be achieved 
w ithout loss of effectiveness.

7. TRAINING ASPECTS

GENERAL

7.01. Training is an integral com ponent of each drill or exercise. Drills and 
exercises are a means of accomplishing an essential part o f the training that is 
necessary to implement an emergency plan effectively and to  maintain emergency 
preparedness. While m ost of the personnel would have the basic knowledge 
needed for their specialized emergency duties, they might not be familiar with 
the different conditions imposed by the temporal, organizational and radiological 
characteristics of the accident under which these duties might need to be carried 
out. Drills and exercises should provide this im portant experience and should 
also provide practical training on the emergency organizations, plans, procedures, 
equipment and facilities. Periodic instructional training covering the necessary 
basic inform ation and any changes in the emergency plans and procedures should 
also be provided in support of drills and exercises.

NUCLEAR FACILITY ORGANIZATION

7.02. One goal of the training aspects of drills and exercises is the development
of confidence on the part o f each organization’s staff in their ability or competence 
to discharge their assigned tasks. Drills and exercises should also increase the 
sta ff s familiarity w ith procedures, equipment, facilities and the overall function 
of the emergency organization. This familiarity should increase the effectiveness 
o f the staff during a real emergency by reducing the anxiety that is normally 
associated w ith new organizational arrangements, assignments or working 
conditions. In this manner, drills and exercises also assist in the psychological 
screening of staff members to determine whether persons who are assigned to 
vital positions are capable of operating in changing and stressful environments.

TRAINING PROGRAMMES

7.03. It is essential that all persons or groups required to participate in the 
Emergency Plan receive adequate training relevant to their emergency duties. 
Nominated personnel o f  sufficient seniority should be responsible for ensuring
that a satisfactory programme o f training is drawn up and implemented. Nominated
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senior management and specialists should review the training programme at 
regular intervals, taking into account the standard o f performance achieved in 
drills and exercises and any resultant criticism or comments.

7.04. Where appropriate, the training programme should take into account any 
need for co-operation or co-ordination w ith o ther individuals or working groups 
having similar or complementary emergency duties (e.g. between fire, first aid 
and rescue teams). The frequency o f training sessions following the basic training 
course m ust take into account the com plexity of the particular task and the degree 
of additional skill that must be maintained by the participant. For those 
individuals or groups concerned with essential, rapid response duties such as 
fire-fighting, rescue, off-site radiological montioring, etc., it is recommended that 
practice sessions should be held at least m onthly, and such sessions could form 
the basis for either drills or partial exercises. It is recommended that all partici
pants in the Emergency Plan should attend appropriate training or ‘refresher’ 
sessions at least annually. An example o f an emergency training programme for 
various Emergency Plan participants is shown in Annex IX.

7.05. In order to  provide constructive criticism, evaluators must be able to 
follow and understand the actions that are being carried out by the emergency 
team they are evaluating. Therefore, in addition to  the evaluator sheets and the 
exercise event description given to them before the exercise, the evaluators should 
have a thorough understanding of the necessary response and how it should be 
implemented. This requires that the evaluator be an experienced emergency 
response person, or if such a person is not available, adequate training and 
education must be provided in the relevant field for the evaluator selected.

TRAINING FOR PUBLIC SECTOR SERVICES AND NEWS MEDIA PERSONNEL

7.06. Public sector emergency service staff and representatives o f  news media 
organizations may not have received specific training or be familiar with the 
particular needs o f nuclear emergency procedures. It is im portant that those in 
the public sector and those associated with the news media who may be involved 
in dealing with or presenting inform ation to the public should be:

— Familiar with the emergency planning arrangements through periodic 
discussion with the operator and visits to the facility;

— Sufficiently well informed on nuclear m atters relevant to  the aspects in 
which they may be required to  participate in the event o f a nuclear emergency, 
e.g. control o f exposure to  radiation or contam ination, basic principles o f 
radiation protection, operation of measuring instruments.
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The necessary education and familiarization should be initiated either by the 
operator’s organization or by the national regulatory body. Lectures in specialist 
fields (re: treatm ent of radiation casualties, care of contam inated persons in 
the public sector) should be given by experts in these subjects.

7.07. There may be a requirem ent for public sector service teams to assist in an 
emergency on the site; for example, local fire brigades, civil defence groups, 
ambulance teams. Although these teams can be expected to be proficient in 
their own particular skills, they may be unfamiliar with the layout of the nuclear 
facility site and with the conditions which may exist in an emergency, such as 
high radiation levels, escaping steam, toxic atmospheres, etc. These teams should 
therefore be given appropriate training on site to  accustom them to the potential 
adverse environmental conditions under which they may be required to work.

FEEDBACK OF EXERCISE CRITIQUES TO TRAINING PROGRAMMES

7.08. The importance o f using exercise critiques for improving the emergency 
plan, emergency procedures and equipment has been discussed in detail in 
Paragraphs 5.13-5.17. One result o f an exercise may be that, although the 
Emergency Plan, emergency procedures and equipment functioned adequately, 
deficiencies are revealed in the performances o f participating personnel. Any 
deficiencies revealed, whether in procedures, equipment or personnel performance, 
should be fed back into the training programme to be rectified. This, in turn, may 
necessitate modifications to , and expansion of, the training programme for the 
relevant emergency teams. More exacting qualification examinations may also 
need to be considered.

TRAINING INSTRUCTORS

7.09. Instructors for training programmes and drills m ust have a detailed know 
ledge of the particular skill or procedure in which they are providing instruction, 
together with an adequate appreciation of how the duties o f those being 
instructed may need to interface with o ther persons, groups or organizations 
within the Emergency Preparedness Plan. They must be capable of analysing 
the performance during the course o f drills and exercises of those for whom 
they have training responsibility and must have sufficent seniority to  ensure 
that any criticism or recommendation is acted upon.
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Annex I

FREQUENCY OF DRILLS AND EXERCISES

TABLE II. FREQUENCY OF DRILLS AND PARTIALLY OR FULLY 
INTEGRATED EXERCISES FOR A TYPICAL NUCLEAR POWER PLANT

Item Average frequency3

1. Communication drill 4 per year

2. Fire drill 2 per year

3. Medical drill 1 per year

4. Off-site monitoring drill 1 per year

5. Health physics drill 2 per year

6. Partially integrated exercise Variable

7. Integrated exercise 1 or 2 every 3 years

a The interval may be reduced if conditions warrant.
Note: Provisions must be made to ensure that all shift personnel participate in appropriate 
drills and exercises. Drills and partial exercises may therefore need to be scheduled more 
frequently to accomplish this training.
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Annex II

EXAMPLE OBJECTIVES AND EVENT SEQUENCE: 
PARTIAL EXERCISE

OBJECTIVES

(1) To test the source term and dose projection capability of the operating organization.
(2) To train the staff of the emergency co-ordinating centre in procedures for control and

direction of monitoring teams.
(3) To test the joint monitoring capability of the operating organization and government 

agencies.
(4) To verify the adequacy of the revised procedure for trend analysis of environmental data.
(5) To test the response capability and decision-making on protective action of government

authorities.
(6) To test the joint use of the communications network.

EVENT SEQUENCE

01:00 A tornado damages the power plant switch-yard, resulting in loss of off-site AC power 
supply.

02:00 Loss of on-site AC power due to diesel generator malfunction.
03:00 A leak develops in a reactor coolant system loop.
04:00 An obstruction in the loop results in reduced coolant flow and elevated coolant and

fuel rod temperatures.
05:00 The temperature increase results in damage to  fuel cladding and release of radioactivity 

from the fuel element void space into the primary coolant and subsequently into the 
containment building. This radioactivity in the containment is vented to the environs 
as a result of damage to the containment building. It is estimated that there has been
10% fuel pin failure; containment leak rate is 20% by volume per 24 hours.

07:00 Adequate cooling restored.
08:00 Containment integrity restored.

System status at beginning of exercise

970 MW(e) power for past 23 days; equilibrium xenon exists in core; fuel burnup
9500 MW • days/t uranium.
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Annex III

EXAMPLE OBJECTIVES AND EVENT SEQUENCE: 
PARTIAL EXERCISE

OBJECTIVES

(1) To test the capability of shift staff and the Technical Support Centre to diagnose the
severity of an accident, identify its cause, take corrective action, and mitigate or prevent 
core damage and the release of radioactivity.

(2) To test the capability of the fire brigade and the first aid team.
(3) To declare the appropriate emergency category according to emergency action levels in

the emergency operating procedures.

EVENT SEQUENCE

06:30 Air ejection radiation monitor reads 1 X 10s counts/min. The primary coolant leak 
rate is 1.5 gal/min (unidentified). High readings on A steam generator blowdown 
monitor (2 X 10s counts/min).

07:00 Safety injection initiated owing to  very low pressurizer pressure. Air ejector monitor 
rapidly increases to greater than 1 X 1 06 counts/min. Blowdown monitor does the 
same after about five minutes (owing to further tube failures).

07 :45 One of the two running high pressure safety injection (HPSI) pumps seizes; the third
HPSI pump was tagged out for maintenance. Only one HPSI pump is operable. This
results in inability to reduce primary system temperature below 260°C.

08:30 Safety valves lift on A steam generator. High-range radiation monitor for main steam 
line reads 2 X 10“s Gy/h. Subcooling monitor reads —18°C subcooling.

08:45 Fire in charging pump cubicle. Last remaining HPSI pump trips on overload. Fire
brigade member falls in the auxiliary building and breaks a leg (this injury is 
contaminated).

09:45 Fire is put out.
10:00 Thermocouple readings on core are increasing rapidly. Subcooling monitor indicates 

—15 C superheat in core. High-range radiation monitor for main steam line reads 
10"4 Gy/h.

12:00 Tripped HPSI pump is reset and started.
12:30 Tagged out HPSI pump is returned to service and started. Two HPSI pumps are now

running.
13:00 Primary system temperature decreasing.
13:30 Steam generator safety valves reset.
13:40 Core subcooling a t-18°C .
13:45 Core subcooling a t _ 12°C subcooled.
14:00 Core subcooling at 10°C subcooled. Primary system stable at 230°C, 4 X 106 Pa.
14:30 Exercise ends.

Total time elapsed = 8 h. 1 h of exercise time =  8 h actual time.
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Annex IV

EXAMPLES OF SCENARIO DATA MESSAGES

Example no. 1: EXERCISE CONTROL MESSAGE Time: 06:00

Issue to: 

Caution:

Message:

Shift engineer from control room umpire

This is an exercise. Emphasize in communications that this is an exercise. 
DO NOT alter actual unit operation for purposes of the exercise.

Plant Status Update 
Unit no.2: is normal
Unit n o .l : has a primary system leak of 3.5 L/s as indicated by an imbalance 

between charging and letdown flow 
Unit no. 1: plant status is as follows:

(1) Containment radiation level: 10 Gy/h
(2) Containment pressure: Depressurized
(3) Reactor pressure: 1.54 X 107 Pa
(4) Pressurizer level: 33%
(5) Containment temperature: 27°C
(6) Containment humidity: 40%
(7) Raw water storage tank level: normal
(8) Recirculation sump level: 0
(9) Meterological data: Wind from SSE (158°) at 4.4 m/: 

T = -  1°C/100 m

Example no.2: EXERCISE CONTROL DATA Time: 09:00

Issue to: Reactor operator or health physics technician from control room or in-plant
team umpire

Area radiation m onitor

Administration building, entrance to turbine building
Access to control room
Reactor control room
Turbine building operating floor entrance
Laundry and decontamination area
Turbine lubricating oil plant area
Feed pump area
Condensate pump area
Condensate demineralization valve area
Regeneration area
Make-up demineralization area
Air compressor area
Radwaste pump room
Radwaste control room

Dose
(10"s Gy/h)

0
0
8

1
1
5
5
9

11
20

30
0

350
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Radwaste conveyor aisle 60
Radwaste store and ship 8
Tip valve area 6
Personnel lock 1
Reactor operating floor area 5
Reactor equipment drain tank 150
Clean-up system pump area 15
Fuel pool filters 30
Emergency condenser area 11
Shutdown heat exchanger 70
Spent fuel pool area 1
Liquid poison system area 1
Control rod drive module 1
Air ejectors area 50
Fuel pool (low range) 30
Fuel pool (high range) 11
Containment spray Hx A 7
Containment spray Hx B 5
Containment spray Hx C 20
Containment spray Hx D 15
Ventilation manifold radiation monitor channel 1 1
Ventilation manifold radiation monitor channel 2 1
■Condenser vent 1, radiation monitor channel 1 0
Condenser vent 1, radiation monitor channel 2 0
Condenser vent 2, radiation monitor channel 1 0
Condenser vent 2, radiation monitor channel 2 1
Stack gas monitor (high channel) 400 counts/s
Off-gas air ejector monitor (high channel) 8 X 10 3 Gy/h (increasing)
Main steam line monitor (high channel) 100 units (increasing)

Example no.3: CONTROL INFORMATION
Valid time period: 06:00—10:45 and 12:45—16:00

Issue to: In-plant health physics from in-plant team umpire

Provide this information to the health physics teams as they survey the in-plant area.

— Normal radiation fields are in effect.
— Report actual readings in all areas except as noted below.
— During the simulated sampling of reactor coolant and containment air after 09:15, use

the following contact dose rate information:

containment air sample (unshielded): 3 X io -4 Sv/h
containment air sample (shielded): 1 X 10~5 Sv/h
reactor coolant sample (unshielded): 7 X 1 0 '5 Sv/h
reactor coolant sample (shielded): 1 X 1 0 's Sv/h
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EXAMPLE OF AN EVALUATOR’S CHECK LIST 

TABLE III. EXAMPLE OF AN EVALUATOR’S CHECK-LIST

Annex V

Time Location Anticipated actions Comments

06:00 Control room 
to
07:15

Technical Support 
Centre

Health physics 
team

Chemistry

Technicians

— Declare ‘Alert’ level emergency due to 
55 gal/min leakage of primary coolant

— Implement relevant plant emergency operating 
procedures

— Notify regulatory authority within 15 min

— Activate station emergency organization

— Request samples of primary coolant and 
containment atmospheres

— Request health physics surveys of assembly 
areas, operator support centres, and 
Technical Support Centre

— Notify local and regional government

— Initiate operation of centre

— Test communications

— Confirm notifications

— Update by shift engineer

— Evaluate sampling data

— Contact reactor vendor

— Contact station director

— Perform surveys; report data

— Perform sampling

— Analyse data; report data
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Annex VI

EXAMPLE OF A TIME/ACTION LOG

The following is part of a typical time/action log of the operation of the Technical 
Support Centre (TSC) as compiled by an evaluator during the course of an emergency exercise 
for a gas-cooled reactor power station. It illustrates, particularly in the initial stages of the 
exercise, the rapid sequence of events, a number of which are concurrent. Note that personnel 
accountability is particularly important at nuclear power plants where large quantities of 
potentially lethal materials (carbon dioxide, liquid sodium, etc.) may be present.

(1) Check of TSC before the exercise begins.

(a) Contents of the emergency protection equipment cupboard were verified against 
the inventory sheet in the emergency plan.

(b) Wall maps and site plan for plotting health physics data were available.
(c) Wall mounted plan and elevation drawings of the reactor were available.

[Note: These showed the main gas circuit structure, but did not provide the circuit 
section or subsection identification numbers.]

(d) The off-site radiological survey blackboard display was available.
(e) The adjacent communications room used by the radio operator, health physics 

analysts and data plotters did not appear to  contain any emergency protective 
equipment.

(2) Sequence of events in the TSC.

09: IS Siren sounded (I min). Clearly audible in reception hall area of administration buildihg.
09:16 Health physicist plus two health physics assistants and a typist arrive in the TSC.

Potassium iodide tablets issued to incoming TSC staff. Administration officer arrived 
at TSC.

09:17 Site Emergency Director (SED) arrived in TSC. [Note: TSC staff wear no identifica
tion of their duty role. This could be confusing for non-site personnel during liaison 
duties with TSC staff.]

09 :2 1 TSC wind anemometer reading taken.
09:22 SED obtained initial state of plant from Shift Engineer in Plant Control Room (PCR).
to Information included: no.8 gas circuit duct ruptured, no.8 circulator stopped,
09:26 CO2 pressure less than 3.5 X 104 Pa, blowers 5 and 7 at rest, no.8 gas duct valve stuck,

CO2 ring main out of use, reactor shut down, all emergency shutdown devices (16 in 
total) in, Electrical Grid Control and Station Gatekeeper informed of Emergency 
Standby by PCR.

09:22 Inhalation hazard assessment vehicles VEC 52 and 53 sent to  off-site locations 48
and 5 1 respectively.

09:26 SED requested Administration Officer to complete notification of outside organizations. 
Notice sent out of Emergency Alert (Exercise). [Note: Electrical Grid Control not 
notified of change of emergency status.]

09:29 Calculated plume path and 10% isopleths marked on district survey wall maps. TSC 
staff having some difficulty in finding telephone numbers for external notifications. 
[Note: These should be on readily consultable lists.]

09:32 PCR to SED -  PCR is habitable.
09:35 Inhalation hazard assessment vehicle, VEC 54, sent to site 52.
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09:36 Preliminary forecast obtained from meteorological office (simulated).
09:37.5 First roll call indicated two people from A station not accounted for (Jones and 

Brown). One person at B station (Harris) not accounted for.
09:39 Report of a fire outside loading bay. SED seeking information.
09:40 Data being entered on emergency status blackboard.
09:42 Potential plume direction being marked on site plan.
09 :42 SED checking that notifications have been made to outside organizations.

[Note: There are indications of radio problems during the period 09:20 to 09:40 with 
fire attendants using the radio and thus preventing the reception of health physics data.]

09:45 District survey vehicle VEC 51 directed to ring road 1.
09:47 Administration Officer unable to notify Nuclear Regulatory Inspectorate (NRI) owing

to telephone difficulties (number unobtainable, etc.).
09:49 SED notified county council of Emergency Alert (Exercise).
09:50 SED notified nearest nuclear power station (NPS) of Emergency Alert (Exercise).
09:51 Three persons verified missing in PCR roll call.
09:52 Emergency Controller assumes total of three people missing.
09:55 [Note: site survey forms arriving in TSC not always completed with time, date and

serial number.]
09:55 Message to NPS that no immediate assistance required.
10:00 Two missing persons now reported found.
10:02 SED conferred with health physicist re site conditions. Advised that the CO2 is

dispersing. No off-site information yet available.
10:03 Third missing person reported last seen in vicinity of reactor 2 building, cleaning and 

sweeping staircase and landing.
10:05 Reactor Physicist discussed plant assessment with SED. No reactivity problem.
10:10 Gatehouse notified TSC that senior police staff had arrived and were on way to TSC.
10:10 Initial district survey results in. VEC 52 results taken at 09:45 at site 48. No time of

receipt recorded on form. VEC 53 result taken at 09 :55 at site 51.
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Annex VII

EXAMPLE OF AN EVALUATOR’S ASSESSMENT CRITERIA CHECK SHEET

Table IV provides an example of a typical evaluator’s assessment criteria check sheet for 
evaluating the performance of a first aid team. The evaluator should indicate the appropriate 
level of performance for each applicable item. Items that are not applicable to a specific case 
should be so identified. The evaluator should use these criteria as the basis for preparing an 
overall evaluation of the performance of the first aid team.

TABLE IV. ASSESSMENT OF FIRST AID TEAM PERFORMANCE

M ain  a c tio n s  a n d  a s se s sm e n t c r i te r ia  E v a lu a t io n

E x c e l l e n t /M a r g in a l /S a t i s f a c to r y /U n s a t i s f a c to r y

1. P ro m p t  rem o v a l f ro m  r isk  o f  f u r th e r  iry u ry  
an d  r a d ia t io n  e x p o s u re ,  i f  p r a c t ic a b le .

2 . R e a s s u ra n c e  g iv en ; c a lm  m a n n e r  a d o p te d .

3 . M itig a tio n  o f  r isk , i f  im m e d ia te  rem o v a l 
n o t  p r a c t ic a b le .

4 . P r o m p tn e s s  o f  assess in g  c o n d i t io n /  
in ju r ie s : o v e ra ll  a n d  p r io r it ie s .

5 . A m b u la n c e  ca lle d .

6. C le a r  in s t r u c t io n s  g iv en  o n  lo c a t io n  o f  
c a su a ltie s  (se e  15).

7 . K n o w le d g e  o f  a v a ila b il ity  o f  f ir s t  a id  

s u p p lie s  ( b u t  see  9 ) .

8 . O v e rd u e  re l ia n c e  o n  ‘c o r r e c t ’ 

e q u ip m e n t / f a c i l i t i e s  v e rsu s  d e g re e  o f  

im p ro v is a t io n .

9 . A b i l ity  in  use  o f  f ir s t  a id  fa c ili t ie s  p ro v id e d .

10. E v id e n c e  o f  n o t  d o in g  t o o  m u c h .

11. C a re  t o  p r o te c t  n o n -se r io u s  c a su a l ty  f ro m  

in h a la t io n  o r  in g e s t io n  r isk  d u e  to :

(a )  r a d io a c tiv e  m a te ria ls ;

(b )  to x ic  m a te ria ls .

12. C o n s id e ra t io n  o f  p o s s ib i li ty  o f  r a d io a c tiv e  

o r  to x ic  s u b s ta n c e s  o n  sk in .

13. M o n ito r in g  f o r  r a d io a c tiv e / to x ic  m a te r ia ls  
o n  c lo th e s  a n d  e x p o s e d  sk in .

14 . I n fo r m a t io n  o n  se r io u s  c a su a ltie s  

(e .g . a m b u la n c e  c a se s )  p a s se d  to  S E D

15. C are  t a k e n  to  give c le a r  b r ie f in g , b u t  to  

a v o id  a la rm in g  a m b u la n c e  c re w  u n d u ly ,  o n  
ra d io lo g ic a l  a sp e c ts .

A d d i t io n a l  c o m m e n ts

O v e ra ll  e v a lu a t io n
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Annex VIII

TYPICAL TIMETABLES FOR UPDATING INFORMATION

TABLE V. TYPICAL TIMETABLES FOR UPDATING INFORMATION IN THE 
EMERGENCY PLAN AND IMPLEMENTING PROCEDURES

Item Interval

1. Telephone numbers 3 months3

2. Names and titles of personnel 3 months3

3. Changes in persons or organizations to be contacted 3 months3

4. Equipment checking and calibration 6 months

5. Updated ‘on-call’ duty roster 3 months

6. Updated plant drawings, layouts, maps 1 year3

7. Off-site background radiological data reports 1 year

8. Updating to new or revised radiological standards As necessary

9. Review of procedures 1 year3

10. Review of public information programme 1 year

3 The interval may be shortened if conditions warrant. In particular, telephone numbers, 
names and/or titles of persons having key roles in the plan and any organizational changes 
that might have an impact on the smooth and rapid implementation of the plan should be 
kept under constant review and any changes should be notified to all concerned without 
delay.
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Annex IX

EXAMPLE OF A NUCLEAR POWER PLANT 
EMERGENCY TRAINING PROGRAMME

TABLE VI. EXAMPLE OF A NUCLEAR POWER PLANT EMERGENCY 
TRAINING PROGRAMME

Subject Training sessions Review, refresher sessions

Frequency Responsibility Frequency Responsibility

Fire-fighting 
(On-site staff)

Monthly Public fire 
service

Annual Local authority 
Fire Officer

First aid Monthly Plant Nurse or 
certified medical 
practitioner

Annual Operating 
organization’s 
Chief Medical 
Officer

Off-site
radiation
monitoring

Monthly Health physics 
department

Annual Plant Health 
Physicist

Chemical
analysis

Quarterly Plant chemistry 
department

Annual Plant Chemist

Damage
control

Twice
annually

Plant Operations 
and Maintenance 
Superintendents

Biennially3 Deputy Plant 
Manager

Breathing
apparatus

Twice
annually

Health physics 
department/public 
fire service

Biennially3 Local authority 
Fire Officer

Mouth-to-mouth
resuscitation

Annual Plant Nurse or 
certified medical 
practitioner

Biennially8 Operating 
organization’s 
Chief Medical 
Officer

Technical 
support 
centre staff

Twice
annually

Deputy Station 
Superintendent and 
health physics 
department

Annual Deputy Station 
Superintendent

Fire-fighting 
(off-site brigade)

Twice
annually

Local authority 
Fire Officer

In conjunction 
with practice 
sessions

Deputy Station 
Superintendent
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TABLE VI. (cont.)

Police

Hospital

News media

Emergency
monitoring
services

Annual

Annual Plant health Biennially3
physics 
department

-  — Annual

Plant health Annual
physics
department

Nuclear power 
plant Security 
Supervisor and 
health physics 
department

Plant health
physics
department

Operating 
organization’s 
Public Relations 
Officer

Plant Health 
Physicist

8 Review normally carried out as part of emergency exercise assessment.
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Annex X

EXAMPLE SCENARIOS

INTRODUCTION

The following examples draw upon extracts from accident scenarios which have been used 
in some Member States. In order to increase their generality and applicability, however, they 
have been edited to eliminate jargon. The examples cover both on-site and off-site emergency 
responses and, together, they illustrate the majority of the procedures for preparing, conducting 
and assessing the emergency preparedness exercises discussed in the body of this document. 
Although they are intended to provide guidance to those who wish to prepare and conduct 
drills and emergency exercises for assessing the efficacy of their own emergency planning 
arrangements, it must be emphasized that the scenarios for such drills and exercises should be 
specific to the particular plant being assessed, rather than modified copies of what has been 
produced for other plants or organizations. The development of an emergency exercise in 
itself is a valuable part in the overall emergency preparedness training programme.

EXAMPLE 1: TEST OF OFF-SITE RESPONSE

The objectives of this exercise scenario are:

(a) To test the communication links between the nuclear power plant (NPP) and the various 
off-site emergency organizations;

(b) To test the reactions of those organizations;
(c) To call in emergency monitoring teams and to check if these teams are familiar with the

measuring procedures and the instruments;
(d) To check the arrangements of the police and fire brigade concerning traffic diversion and 

control;
(e) To test the siren network;
(f) To familiarize the public with the siren signals and their meaning.

The exercise does not test the on-site emergency organization. The staff of the NPP have
only to  give the necessary information to the exercise participants using the emergency 
communication network.

Table VII shows how, in a simple manner, the event sequence and the response description 
can be combined, how the interplay among on-site and off-site organizations can be stimulated 
and how the public in the environs can be familiarized with the off-site alerting procedures.
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EXAMPLE 2: DROPPED SPENT FUEL ELEMENT

This example deals with a fuel handling accident in which the scenario extract postulates 
the dropping of a PWR spent fuel element during manipulation. Involvement in the exercise is 
confined to  the operating organization’s site personnel whose duties also include off-site 
radiological monitoring. The public authorities do not participate.

Information sheet 2.1.

General information memorandum handed ou t to all participants before the 
exercise

AIM

The quarterly on-site emergency exercise will take place on:

Wednesday 17 June

This exercise makes it possible to verify that the different measures provided for in the 
Site Emergency Plan can be applied without difficulty and that the various participants are 
fully conversant with the procedures.

I t  is o f  value both as a test and as an education drill.

PROCEDURE

The exercise will start in the course of Wednesday 1 7 June.
Each of the Service Chiefs will designate one engineer to act as Chief of the various 

Control Centres. Each Chief will act as umpire within the respective control centre.
Umpires will be assigned to certain assembly points.
The various members of the Equipment Group who are to be placed in charge of the 

assembly points will take the opportunity to provide instruction to personnel who have 
assembled and to supply them with any information they request.

‘Safety’ supervisors will go from one point to another to participate in this function. 
The staff members involved in implementing the exercise will follow their individual 

instructions.
The subject and time of the exercise will be revealed by the umpires at the appropriate

time.
No real messages will be sent to outside bodies such as public authorities. However, 

simulated messages will be recorded in full in the following manner:

Date: Time:
Name of person called:
Telephone no.:
Message which would have been sent:
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Any communication by telephone between two staff members in connection with the 
exercise must begin with the following statement:

“THIS IS AN ON-SITE EMERGENCY PLAN DRILL” .

The sounding of the alarm by the control room concerned will also be preceded by an 
announcement specifying that it is an exercise:

“ THIS IS AN ON-SITE EMERGENCY PLAN DRILL.

It concerns unit no.:
Follow your individual instructions or go to  your assembly point.”

This should be repeated five times in five minutes. The last time the announcement is 
made, it should end with the words: “This is an on-site Emergency Plan drill.”

EXCEPTIONS OR SPECIAL INSTRUCTIONS

Restaurant personnel at the facility will continue to  work as normal; a member of the 
Equipment Group will, however, be assigned to  the restaurant.

Guards will allow private delivery lorries or vehicles (with CO2 or fuel oil, for example) 
to enter.

Emergency telephones may be used during the drill if it is considered necessary.
Upon completion of the drill, the Control Centre Chiefs and the umpires will meet to 

discuss the conclusions which should be drawn from the operation. Each of the Control Centre 
Chiefs will then draw up a report on the drill.

Information sheet 2.2.

Inform ation fo r  off-site evaluators

INFORMATION GIVEN TO EVALUATORS ON OFF-SITE RADIOLOGICAL CONDITIONS 

Time of passage of cloud at various distances from the stack.
Dose rate measurements (mrem/h) [1 mrem/h = 10~s Sv/h] during passage of cloud for 

the off-site area.

See Table VIII and Fig.l.
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FIG. 1. Dose rate measurements during passage o f  cloud.

TABLE VIII. TIMES OF CLOUD PASSAGE IN RELATION TO TIME OF 
START OF ACCIDENT

Distance from stack

400 m 1000 m 2000 m 5000 m 10 000 m

Time elapsed

Start of passage 
of cloud

1 min 20 s 3 min 20 s 6 min 40 s 16 min 40 s 33 min 20 s

End of passage 
of cloud

21 min 20 s 23 min 20 s 26 min 40 s 36 min 40 s 53 min 20 s
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EXAMPLE 3: TEST OF INDIVIDUAL AND ORGANIZATIONAL RESPONSE

This is an example of an emergency preparedness exercise involving the operating 
organization and off-site organizations of the state and local governments. It is designed to 
test the response of individuals and organizations required to respond to the emergency plan. 
The example provides typical information and data required for a full-scale emergency exercise.

Table of contents

Information sheet 3.1.

Information sheet 3.2.

Information sheet 3.3. 

Information sheet 3.4.

Inform ation sheet 3.5.

Information sheet 3.6.

Exercise Objectives and Guidelines: provides a useful example of 
the way in which exercise objectives and guidelines for both the 
operating organization and the off-site organizations should be set out.

Exercise Scenario: is an example of a time sequence scenario and 
includes time compression to provide a more thorough off-site 
ingestion pathway exercise.

Exercise Information: exemplifies a method of injecting information 
into the exercise in order to  influence the sequence of events.

Meteorological and Radiological Information: provides examples of 
tabulated, time-sequenced data on plant, meteorological and radio
logical parameters.

Pictorial Data Presentation: provides examples of graphical and 
pictorial presentation of plant, radiological and personal monitoring 
information.

Evaluators’ Instructions: sets out procedures for evaluating the 
exercise with guidance on aspects to be considered.

Information sheet 3.1.

Exercise objectives and guidelines

Guidelines have been developed for the conduct of the Field Exercise to reflect the various 
participating emergency response organizations’ capabilities of meeting the objectives set forth 
below.

A. EXERCISE OBJECTIVES

(1) For the operating organization’s on-site Emergency Response Organization:

(a) To demonstrate proficiency in classifying the emergency condition;
(b) To demonstrate efficient and effective notification and alerting procedures and 

methods;
(c) To demonstrate precise and clear transfer of responsibilities for off-site response 

from the on-site Emergency Organization to the corporate Emergency Response 
Organization;

(d) To demonstrate the ability of the operator’s Emergency Response Organization to 
maintain continuity of command and control throughout the drill;
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(e) To demonstrate protective measures considered, determined and used to protect 
on-site personnel and the general public;

(f) To demonstrate the reliability of and the effective use of emergency communications 
equipment, communications procedures and methods;

(g) To demonstrate the capability of evaluating and producing public information 
releases in the best interests of all concerned;

(h) To demonstrate the ability to provide adequate medical care for personnel affected 
by the emergency conditions;

(i) To demonstrate the ability to perform radiological monitoring and assessments and 
the off-site dose assessment projections necessary to provide advance warning to 
local, state and federal agencies, and to the general public;

(j) To demonstrate the ability to conduct a post-exercise critique to determine areas
requiring further capability improvements;

(k) To demonstrate the physical adequacy of the various emergency response facilities
for the working space and communication usage of individual members.

(1) To demonstrate the primary functional responsibilities and/or problem-solving
capabilities of the Emergency Response Organization;

(m) To demonstrate recovery techniques and the ability of the Emergency Response 
Organization to de-escalate corporate and site emergency response activities and 
those concerning the general public;

(n) To demonstrate the ability of the Emergency Response Organization to integrate 
its activities with those of the other emergency response organizations participating 
(county, state and federal);

For the various off-site emergency response organizations (operating organizations and 
government agencies):

(a) To demonstrate that participating organizations can alert, notify and mobilize 
emergency response personnel to respond to the emergency in a timely fashion;

(b) To demonstrate that decisions can be made with regard to protective measures for 
the emergency planning zones (EPZs) for both the plume and ingestion exposure 
pathways;

(c) To demonstrate that state and local radiation control staffs can assess the accident 
and make appropriate recommendations to the decision-makers at the county and 
state Emergency Operations Centres (EOC);

(d) To demonstrate that the state and local radiation control staff can respond to  and 
provide analysis of a simulated airborne release;

(e) To demonstrate that local jurisdictions can provide control of access to restricted 
areas and effectively perform a co-ordinated evacuation;

(f) To demonstrate that all participating local jurisdictions can co-ordinate all 
information releases to the media and the general public;

(g) To demonstrate that the various emergency response organizations can co-ordinate 
protective measures and actions with the general public (e.g. warning notices and 
recommendations for protective measures per plume exposure pathway EPZ);

(h) To demonstrate that the participants can carry out freeplay decision-making with 
regard to protective measures for the EPZs for plume and ingestion exposure pathways;

(i) To demonstrate support from responsible elected or appointed public officials with 
plan familiarity, conduct of operations and decision-making;

(j) To demonstrate adequate communications between all designated emergency
response facilities and field activities;

(k) To demonstrate a capability of all off-site emergency response organizations to
execute emergency response plans to protect the general public;
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(1) To demonstrate the existence of adequate emergency response facilities and 
equipment to support the emergency response;

(m) To demonstrate that the various emergency response organizations effectively 
utilize outside support agencies and authorities where local capabilities are 
exceeded.

B. EXERCISE GUIDELINES

The following exercise guidelines have been developed in order to define the ‘extent of 
play’ by the exercise participants and to meet the aforementioned exercise objectives.

(1) The Field Exercise will be conducted on 19 August. Since exercise players will not have 
prior knowledge of the exercise start time, all personnel should follow their normal 
routines for that day.

(2) The exercise will commence with a postulated plant fault necessitating a declaration of 
an abnormal plant condition and will escalate through the emergency action levels to a 
General Emergency.

(3) The postulated accident conditions will result in a simulated radiological release which 
necessitates the consideration of protective actions for the general public. Meteorological 
conditions will be varied throughout the exercise.

(4) This exercise will include an actual evacuation of a sample off-site population to  a 
reception and care facility. The in-processing and monitoring of evacuees will be 
conducted by the Red Cross. Once this is completed, the evacuees will be released. If 
required by the exercise scenario, highway barricades will be deployed in positions in 
accordance with plan directives; however, highways will not be closed.

(5) Exercise participants will perform, as appropriate, radiological monitoring, dose assessment 
and ingestion pathway sampling activities.

(6) Four radiological monitoring field teams (including the Mobile Environmental Monitoring 
Laboratory) will be dispatched for the purpose of testing response time and communications 
and monitoring sampling procedures. The field teams will gather sample media and simulate 
routing such samples to  the appropriate laboratory facilities for analysis.

Each radiological monitoring field team will be accompanied by an umpire/evaluator team 
throughout the exercise. Each field team will rendezvous with its umpire/evaluator team 
at the location where it obtains its emergency kits. The rendezvous locations are as 
follows:

(a) power plant security building (2);
(b) information centre; and
(c) local community service centre.

(7) All on-site and off-site emergency response facilities, including the state and county EOCs, 
will be staffed and will perform their prescribed functions.

(8) Media centres will be staffed and perform their prescribed functions. Members of the press 
in the local area will be identified and invited to participate in the Field Exercise.
However, no press release about the exercise will be made available to  the public.

(9) As appropriate, Emergency Broadcast Station (EBS) announcements should be prepared 
and passed to the appropriate stations, but should n o t be released to the general public.

(10) As appropriate, procedures for the activation of the Early Warning System (EWS) should 
be demonstrated, up to but no t including siren activation.
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(11) Medical facilities and their capabilities will be tested through the evacuation of a power 
plant worker with simulated injuries for treatment and decontamination. In addition, an 
accident involving an injury and potential contamination may occur off site. Monitoring 
and decontamination actions and procedures will be demonstrated at the receiving 
hospital.

(12) The postulated accident conditions may warrant the assembly and evacuation of non- 
essential site personnel. If required by the exercise scenario, the site emergency alarm 
should be sounded and personnel assembled. However, once on-site assembly and 
accountability procedures have been completed, non-participating personnel should be 
allowed to return to their normal work stations. Procedures for the evacuation of non- 
essential site personnel should be simulated.

(13) Participation by on-site personnel directly involved in responding to an emergency shall 
be carried out to the fullest extent possible, including the deployment of radiological 
monitoring teams, emergency maintenance teams and other emergency workers.

(14) Exercise participants will include the following organizations:

(a) The operating organization
(i) The on-site Emergency Organization
(ii) The corporate Emergency Organization

-  Emergency Operations Facility Organization
— General Office Emergency Organization

(b) The county government and all supporting local agencies as identified in the nuclear 
power plant Emergency Response Plan.

(c) The state office of emergency services and all supporting state agencies as identified 
in the nuclear power plant Emergency Response Plan.

(d) Hospitals — local hospital only.

Active participation in the Field Exercise will only be required of the organizations 
listed above. If the exercise scenario requires that any other organizations and/or 
officials be contacted, they shall be contacted for the purpose of checking communications 
only. Any desired federal response to the emergency should be simulated.

(15) The State Department of Forestry (CDF) will be involved in simulated fire-fighting 
assistance at the power plant; however, the CDF will be contacted for the purposes of 
checking communications only and will not be required to mobilize staff or equipment 
in response to  a simulated on-site fire. In addition, the CDF may be asked to provide 
mutual aid fire-fighting resources to respond to simulated fire conditions in other areas of 
the county. This will be a communications check only and no mobilization of manpower 
or equipment will be carried out.

(16) If required by the exercise scenario, alternative means of assessing the plant will be merely 
simulated and not actually implemented. However, on-site security personnel should 
exercise their procedures for restricting normal access to the site without actually 
redirecting personnel entering and leaving.

No other live or simulated events are to be included in the extent of ‘play’ of the exercise.
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Information sheet 3.2.

Exercise scenario (Extract)

A. INITIAL CONDITIONS

The electric power system is in a ‘low voltage schedule’. Demand is extremely high.
The entire systems co-ordinating council network has a very lower power reserve.

Unit 1 has been at full power for 15 days with 290 effective full power days’ utilization 
of the core. All plant parameters are normal and stable. The turbine-driven auxiliary feedwater 
pump is in the second day of an estimated 72-hour outage for maintenance. Recently 
completed normal periodic system testing included the turbine building fire protection system 
and the diesel generator sequencer. Reactor control is in th e ‘autom atic’ mode. Unit 2 is 
awaiting initial fuel load.

A Radiation Protection Monitoring Technician, an Auxiliary Operator and an 
Electrician are working on the motor of containment fan cooler unit 1—2.

B. METEOROLOGICAL CONDITIONS

Winds are from the SSE (155°) at 7 m/s. It is a cool day. Ambient air temperature is 
10°C. Humidity is 54%.

C. DETAILED SCENARIO TIME-SCALE

This scenario extract commences 1 h after the start of the exercise and covers a total 
period of 2 h 45 min, from H+01:00 to H+03:45 (Table IX).

TABLE IX. DETAILED SCENARIO TIME-SCALE

Time Initiating Event summary
message
number

H+01:00 7
(8:00)

A bank D rod cluster control assembly is ejected from the 
reactor core. The reactor trips, followed by the turbine. 
Auxiliary power transfers to  the startup buses. The steam dump 
system activates and functions normally. The safety injection 
system activates as reactor coolant system (RCS) pressure and 
temperature decrease.

Note*: A site area emergency should be declared by the Shift 
Foreman at this point. On-site radiological monitoring teams 
should be dispatched in this time frame.

H+01:01 
(8 :0 1 )

N ote: On-site radiological monitoring teams should commence 
reporting survey results. Umpires will provide the radiological 
monitoring teams with readings from radiation survey instruments 
at each monitoring location upon request.
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TABLE IX. (cont.)

Time Initiating Event summary
message 
number

H +01:10 9
(8 : 10)

H+01:20 
(8:20)

H+01:40 10
(8:40)

H+02:00
(9:00)

11

H+02:10 
(9:10)

12

The motor-driven auxiliary feedwater pumps start normally and 
provide the steam generators with feedwater. Containment high 
radiation and high humidity alarms received.

The Shift Foreman is notified that the Radiation Protection 
Monitoring Technician, Auxiliary Operator and Electrician, who 
were working on containment fan cooler unit 1—2, have been 
contaminated. Upon hearing a loud crash and the sound of 
escaping steam, the men hurriedly attempted to leave the 
containment. The Electrician fell and appears to have broken 
his left leg. All three people were contaminated before leaving 
the containment through the personnel hatch on E l. 140.

N ote: An ambulance should be requested to transport the 
injured Electrician to the hospital. The local hospital should be 
notified that a contaminated injured individual will be arriving 
by ambulance.

N ote: Although a radioactive release has not taken place, the 
county authorities, given that the wind direction is from the 
south, should consider sheltering the population living within 
5 miles of the plant in sectors NNW, N and NNE.

The reactor is in a stable hot shutdown condition. The charging 
pumps have stabilized RCS pressure at 1.54 X 101 Pa and 
continue to make up for coolant lost through the ejection break 
of the rod cluster control assembly. RCS Tavg is 283°C. The 
plant operations staff is analysing all available data and preparing 
to cool down and depressurize the RCS.

As the ambulance carrying the injured and contaminated 
Electrician leaves the access road (immediately outside the gate), 
it collides with a vehicle travelling at high speed. The people in 
the ambulance are knocked unconscious in the collision. 
Personnel arriving at the accident scene are not certain which 
occupants are contaminated.

It is estimated that depressurization of the RCS within the terms 
of technical specifications for RCS pressure-temperature cool
down limits, will take approximately 3—5 h. At that time, the 
residual heat removal system will be brought into operation to 
bring the reactor to a cold shutdown condition.
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TABLE IX. (cont.)

Time Initiating
message
number

Event summary

H+02:20
(9:20)

13 The Control Room receives a continuous indication of high 
activity inside the containment. The integrity of the containment 
has precluded any release of radiation to the environment.

H+02:30
(9:30)

14 Winds have shifted direction and are now from the WSW.

H+02:45
(9:45)

N ote: Although there has been no radioactive release, nor is one 
expected, in view of the shifting winds the county authorities 
should consider protective action in the form of sheltering for 
parts of the city east of the plant site.

H +03:15 
(10:15)

15 Depressurization of the RCS is proceeding in a slow but orderly 
and stable manner.

H+03:30
(10:30)

16 Owing to an electric power system grid disturbance, there is a 
loss of all 230 kV and 500 kV off-site power.

H+03:35 
(10:35)

17 Diesel generators 1 — 1, 1—2 and 1—3 have picked up all vital 
loads. However, the motor-driven auxiliary feedwater pumps 
fail to start.

Note: A general emergency should be declared at this point.

H+03:45
(10:45)

18 The Electric System Dispatcher Shift Supervisor informs the 
Shift Foreman that off-site power will be unavailable for 4 - 6  h.

N ote: A general emergency should be declared at this point if 
this has not already been done.

a These notes are included as guidance for umpires and evaluators on the nature of the response 
that should be prompted by the events.
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Information sheet 3.3.

Exercise information

Drill/Exercise Type: 
Scenario No.: 6

Emergency Response Exercise: 
Message No.: 9

To:
Location:
Time:
Message:

Auxiliary Operator 
Containment
08:10 h (day 1)

THIS IS A DRILL

You, the RPM Technician and the Electrician, who were in the containment to 
check CFCU 1—2, have been contaminated. Upon hearing a loud crash,and the 
sound of escaping steam, you all hurriedly attempted to leave the containment.
The Electrician fell and appears to  have a broken left leg.

All of you were contaminated before leaving the containment through the personnel 
hatch on E l. 140 , where you remain at this time.

THIS IS A DRILL

Information sheet 3.4.

Meteorological and radiological information

See Tables X -X II.
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TABLE XI. PRIMARY COOLANT ACTIVITY BEFORE REACTOR TRIP

Nuclide Concentration
(GBq/m3)

Nuclide Concentration
(GBq/m3)

1-131 8.6 Kr-85m 5.7

1-132 3.1 Kr-87 3.2

1-133 11.8 Kr-88 9.8

1-134 1.6 Te-132 0.9

1-135 6,5 Cs-134 0.6

Xe-133 814 Cs-137 1.1

Xe-133m 9.7 Cs-138 0.2

Xe-135 17.3 Ce-144 0.001

Xe-135m 1.2 La-140 0.004

Xe-138 1.7 Ba-140 0.012

Kr-85 13.2

TABLE XII. OFF-SITE DATA FOR INGESTION MONITORING

Sample station: ESE 10B. Distance: 10.0 km

Isotope Concentration

Soil sample 0.5 L 
(GBq/m3)

Vegetation sample 0.5 L Liquid sample 0.5 L 
(GBq/m3) (GBq/m3)

1-131 236 178 14

1-132 2.4 1.8 0.1

1-133 200 155 12

1-134 0.06 0.04 0.004

1-135 66 52 4.1

Te-132 0.9 0.7 0.06

Cs-134 0.02 0.02 0.001

Cs-137 1.3 1.0 0.08

Cs-138 0.003 0.002 0.0002

Ce-144 0.9 0.7 0.06

La-140 1.2 0.9 0.07

Ba-140 1.2 0.9 0.07
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Pictorial data presentation  

See Figs 2—4.

Information sheet 3.5.

FIG.2. Containment purge flow  rate versus time.

T im e (h)

FIG.3. Containm ent radiation m onitor dose rate versus time.
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FIG.4. Injured and contaminated electrician a t H  +  01:10 (08:10).

Information sheet 3.6.

Evaluators’ instructions

INSTRUCTIONS FOR EXERCISE EVALUATORS

Each evaluator shall take detailed notes concerning the progress of the exercise and the 
responses of the exercise participants at their respective assigned locations. Each evaluator 
should carefully note the arrival and departure times of exercise participants, and the times 
at which major activities or events occur and problems are encountered. As appropriate, 
evaluators should consider the following evaluation elements in their comments.

(1) Notifying, alerting and mobilizing emergency response personnel:

(a) Procedures for communications logging and verification;
(b) Alerting procedures for each emergency action level;
(c) Timely activation and staffing of emergency response facilities;
(d) Utilization of alternative communications systems;
(e) Accurate and timely determination of emergency action levels.
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(2) Notification and alerting of the public:

(a) Co-ordinated and timely decision-making processes for alerting the public;
(b) Activation of sirens and the Emergency Broadcast System (EBS);
(c) Preparation and dissemination of warning messages to the public;
(d) Alerting special population groups (schools, hospitals, etc.).

(3) Communication capabilities between on-site and off-site emergency response facilities:

(a) Adequate communications with field teams;
(b) Use of primary and back-up communications systems;
(c) Message handling and communications logging procedures;
(d) Adequate communications between emergency response facilities.

(4) Emergency Operations Facility (EOF) and Emergency Operations Centre (EOC):

(a) Timely activation;
(b) Staffed by personnel as prescribed in the various plans;
(c) Adequacy of working space and equipment;
(d) Adequacy of internal information systems (displays, status boards, maps, message 

handling, etc.);
(e) Adequacy of security and access control.

(5) Support by responsible appointed and elected officials:

(a) Key officials designated in the county plan are actually in charge of decision-making, 
co-ordination, and emergency response in each jurisdiction.

(6) Direction and control:

(a) Decisions are to be based on correct technical assessments, and to be properly 
co-ordinated and implemented in a timely manner;

(b) State and county authorities to demonstrate that they can manage their personnel 
and equipment in the field to support their instructions to the public;

(c) Co-ordination between local officials and federal, state and utility representatives 
to be demonstrated.

(7) Emergency preparedness plans and procedures:

(a) Assigned personnel to demonstrate familiarity with their plans and procedures;
(b) Plans and procedures to be followed.

(8) Public information:

(a) Capability of providing public information on a continuing basis to be demonstrated;
(b) Timely activation of media centres;
(c) Media centres to be staffed with individuals as prescribed in the various plans and 

procedures;
(d) Communications and display facilities in media centres to  be adequate;
(e) Status of emergency action levels and protective action recommendations to be 

reported;
(f) Ability to  co-ordinate the release of information to the media to be demonstrated;
(g) Interface with the media to be adequate;
(h) Co-ordination of public information releases with other affected jurisdictions to 

be demonstrated.
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(9) Radiological monitoring field teams:

(a) Radiological monitoring equipment and emergency kits to be adequate, readily 
available and properly utilized;

(b) Radiological monitoring teams to be deployed in a timely fashion;
(c) Collection of sample media (water, vegetation, milk, air, etc.) and routing of samples 

to appropriate laboratories to be properly demonstrated;
(e) A central point for receipt of radiological monitoring data to  be designated and 

adequate communications with field teams to be demonstrated;
(f) Use of properly calibrated instruments to be demonstrated by field teams;
(g) Reporting of simulated data through appropriate and prescribed channels to be 

demonstrated.

(10) Accident assessment:

(a) To demonstrate timely interchange of information between federal, state, county 
and operating organization assessment points;

(b) Evidence of use of meteorological data to be provided;
(c) Operating organization’s ability to assess plant conditions, to  classify the incident, 

to develop initial protective action recommendations and to notify off-site 
authorities in an accurate and timely manner to be demonstrated;

(d) State and county radiation control staffs to assess the accident properly and to make 
appropriate recommendations to the decision-makers at the EOC for both plume 
and ingestion exposure pathways;

(e) Ability to control radiological monitoring field teams for plume tracking to  be 
demonstrated;

(f) Ability to control radiological monitoring field teams for ingestion pathway 
monitoring to be demonstrated;

(g) Co-ordination among utility, federal, state and county assessment personnel to be 
demonstrated;

(h) Ability to process field samples at mobile and fixed laboratories so as to  obtain 
results in a timely manner to be demonstrated: this should be demonstrated for 
both plume and ingestion exposure pathway procedures;

(i) Ability to perform dose calculations and dose projections for the general public 
in order to formulate protective action recommendations to be demonstrated;

(j) Ability to develop recommendations for recovery and re-entry field procedures
to be demonstrated.

(11) Protective actions:

(a) Timely and accurate decisions for protective actions for the emergency planning 
zones for both the plume and ingestion exposure pathways to be demonstrated;

(b) Instructions to  the public for sheltering and/or evacuation to be timely, adequate, 
and clearly understood;

(c) Ability to control radiation exposure for emergency workers to be demonstrated;
(d) Actions, if any, to be taken to authorize emergency workers to  incur radiation 

exposures in excess of national guidelines for the public;
(e) Ability of the county to dispatch appropriate personnel and equipment to  all 

appropriate access control points that a simulated evacuation would require and to 
provide security for the evacuated areas to be demonstrated;

(f) Reception and care facilities for the evacuated population to be specifically 
designated and staffing to  be provided at one or more sample reception facilities;
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(g) Provision for the use of potassium iodide (KI) by the public and/or emergency 
workers to be demonstrated;

(h) Time estimates for completion of evacuation to be maintained and updated by the 
decision-makers during the evacuation;

(i) Provisions for dealing with special populations in an evacuation, such as those in 
schools and hospitals, to be demonstrated;

(j) Protective actions for the ingestion exposure pathway to  be demonstrated.'

(12) Medical emergency:

(a) Adequacy of transportation of a person simulated to  be contaminated to a local 
hospital to be demonstrated;

(b) Ability of hospitals to deal with a radiological emergency to be demonstrated.

(13) Re-entry and recovery:

(a) Adequacy of decision-making process for authorizing re-entry into the evacuated 
areas;

(b) Adequacy of the basis for making the re-entry decision.

(14) Overall adequacy of the scenario to  test the various emergency preparedness plans and
procedures;

(15) Benefit of the exercise to the participants;
(16) Capabilities and procedures of observed emergency response organizations for executing

their plans to  protect the public.
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EXAMPLE 4: SIMPLE ENVIRONMENTAL SCENARIO

Information sheet 4.1 provides a brief environmental scenario. The accident consisted of 
a ‘p u ff release followed by a continuous release. This illustrates a concise environmental 
scenario.

Information sheet 4.1.

Scenario

The exercise scenario depicted a series of events which were designed to initiate the 
exercise and to prolong it so that exercise objectives could be met. As the various exercise 
expedients were designed to  practise off-site procedures, there was a degree of artificiality 
inherent in each of the events.

The exercise commenced with the initiating incident (see Table XIII) being reported by 
the nuclear power plant Shift Supervisor at 08:30. The incident consisted of a loss of coolant, 
a stuck valve and the subsequent simulated release of radioactive materials to  the atmosphere.

ENVIRONMENTAL SCENARIO

The accident consisted of a puff release followed by a continuous release (see Table XIII). 

TABLE XIII. DETAILS OF ACCIDENTAL RELEASE

Release type

Puff Continuous

Duration 0.5 h 4 h

1-131 released3 3.70 X 1014 Bq 2.91 X 1013 Bq/h

Noble gases released 1.44 X 1017 Bq Zero

Wind speed 2 m/s 2 m/s

Wind direction (0° is true north) 232° (from south-west) 232° (from south-west)

Weather conditions Pasquil stability category D 
(overcast)

Pasquil stability category F 
(overcast)

8 Together with 1-131 would be the normal proportion of other radioiodines and mixed fission 
products.
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EXAMPLE 5: INTEGRATED EMERGENCY EXERCISE

The material presented here was taken from an integrated exercise which involved full 
participation by the operating organization (licensee), the local (municipal and county) govern
ment and the state government. The exercise was observed and evaluated by personnel of the 
regulatory agency and other federal agencies involved. The objectives of the exercise are listed 
in detail. An excerpt of the detailed reactor event description is presented to indicate the 
method o f combining event data, expected response and instructions for controllers. Examples 
of three specialized drills conducted within the overall framework of the exercise scenario are 
also included. Finally, examples of the detailed scenario data related to the reactor event are 
provided.

Table of contents

Nuclear generating station ‘anticipated transient w ithout scram’ scenario

Information sheet 5.1. Exercise Scope: elements of the licensee’s on-site and off-site response 
organizations that are to be evaluated.

Information sheet 5.2. Exercise Objectives: objectives for the regulatory agency and other 
federal agencies involved which are required to observe the exercise.

Information sheet 5.3. Exercise Scenario: exercise scenario, scope and major initiating events 
with expected responses.

Information sheet 5.4. Exercise Information: examples of the detailed scenario data for 
on-site and off-site participants supplied to the evaluators/umpires 
before the exercise date.

Information sheet 5.1.

Nuclear generating station: 1982 annual radiation emergency exercise

Exercise scope

This exercise will involve full activation and participation of the licensee’s on-site and 
off-site emergency response organizations and facilities and full accountability. Elements that 
will be evaluated during this exercise include:

Post-accident sampling of the reactor coolant system, search and rescue, assembly 
monitoring, on-site and off-site emergency medical assistance to a contaminated and 
injured person and on-site and off-site fire response.

Information sheet 5.2.

Exercise objectives

In order to demonstrate the radiological preparedness of the nuclear power plant, the 
operating organization, the state, the county and a number o f municipalities, an integrated 
radiological emergency exercise will be conducted.
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The on-site and off-site objectives of the exercise are as follows:

A. ACCIDENT ASSESSMENT

(1) To demonstrate the ability of the operating organization personnel to recognize an 
emergency-initiating event and properly to characterize and classify the emergency 
according to the pre-established emergency action levels, and to make proper notifications 
to off-site agencies.

(2) To demonstrate that the state officials and the nuclear power plant personnel can perform 
off-site dose projections and accident assessment quickly and accurately for both radio
active noble gases and radioiodine.

(3) To demonstrate the field monitoring capability of the operating organization, state and 
county for (a) predetermined area radiation levels and (b) air sampling and analysis 
for radioiodine and particulates for plume exposure rate verification in the plume 
exposure Emergency Planning Zone (EPZ); to demonstrate that results can be effectively 
used in determining protective action recommendations.

(4) To demonstrate that appropriate sampling can be done in the ingestion EPZ. Samples 
will be forwarded to a laboratory although no radioactivity analysis will be performed.
The concentration of 1-131 in milk will be predetermined to demonstrate that the results 
of such analyses could be effectively used to determine recommendations for protective 
action relating to ingestion.

(5) To demonstrate that independent accident assessment can be accomplished by the 
Department of Environmental Protection for the state; and that they are capable of 
recommending appropriate protective actions and that information is communicated 
between the licensee and the state accident assessment personnel.

(6) To demonstrate that the field monitoring teams of the operating organization, the state 
and the county can be dispatched and deployed in a timely manner; that communications 
are adequate; that radiological monitoring equipment is functional; and that simulated 
data are accurately obtained and transmitted through their respective channels.

(7) To demonstrate the ability of the operating organization to obtain and analyse a post
accident sample.

B. ACTIVATION OF EMERGENCY FACILITIES

(1) To demonstrate the ability of the operating organization to activate and staff the 
emergency response facilities as appropriate for the existing emergency class and to 
transfer functional responsibilities to the appropriate operations centre when escalating 
or de-escalating to a different emergency class.

(2) To demonstrate the ability of the state, the county and the participating municipalities 
to activate and man the emergency operations centres as appropriate for the existing 
emergency class.

C. NOTIFICATION AND COMMUNICATION

(1) To demonstrate that notification and alerting of officials and staff at the operating 
organization and off site can be accomplished in a timely manner and that all initial 
notification and updating is verified and logged.

(2) To demonstrate that the state and county can establish notification and communication 
links with all municipalities.

(3) To demonstrate the ability of the operating organization to communicate with their 
monitoring teams, rescue parties and other personnel as needed.
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(4) To demonstrate that the state’s decision to notify the public can be accomplished in 
an effective and timely manner.

(5) To demonstrate that the communication systems between the operating organization, 
the Emergency Operations Centres (EOCs), the federal agencies and the contiguous 
states are operable.

(6) To demonstrate that messages are transmitted in an accurate and timely manner; that 
messages are properly logged; that status boards are accurately maintained and updated; 
that appropriate briefings are held and that incoming EOC personnel are briefed and 
updated.

(7) To demonstrate the ability to establish a public information centre; that there are accurate 
and timely press releases and briefings and that designated public information personnel 
are implementing the appropriate procedures.

(8) To demonstrate the Emergency Broadcast System (EBS) procedure by having the standard 
EBS test message transmitted.

D. OPERATING ORGANIZATION, HEALTH PHYSICS AND SECURITY

(1) To demonstrate the ability to account for personnel on site and to provide adequate 
radiation protection services such as dosimetry and personnel monitoring (frisking) and 
the ability to perform area surveys under emergency conditions.

(2) To demonstrate the ability to enter a highly contaminated area for the purpose of 
rescuing casualties.

(3) To demonstrate the ability to provide first aid and transport to  a suitably prepared 
medical facility for an injured individual who has been contaminated or has received 
a high radiation dose.

(4) To demonstrate the ability to perform personnel monitoring and decontamination.

E. DIRECTION AND CONTROL

(1) To demonstrate that elected and appointed state, county and municipal officials and 
local off-site agencies such as first-aid squads, police and fire services would provide 
timely support.

(2) To demonstrate that the designated state, county and municipal officials in each EOC 
are in command; that officials designated in the plan are actually in charge of the 
overall co-ordination of the response; and that designated off-site officials are represented 
in the Emergency Operations Facility (EOF) in accordance with the existing emergency 
plans.

(3) To demonstrate that the operating organization management is in control in accordance 
with the existing emergency plan.

(4) To demonstrate co-ordination between state, county, municipal and federal agencies 
and between those agencies and the operating organization.

(5) To demonstrate that all agencies have 24-hour capability and that all agency representa
tives who are assigned emergency responsibilities can effectively operate from their 
planned location inside or outside the EOC.

F. PROTECTIVE ACTIONS

(1) To demonstrate protective actions (including mock evacuation and sheltering) by pre
paring an exercise scenario which provides for a hypothetical total integrated whole-body 
or thyroid dose exceeding the evacuation protection action guides (PAGs) for at least 
the nearest residents.
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(2) To demonstrate the ability of the operating organization to  assess the accident and 
provide appropriate protective action recommendations.

(3) To demonstrate the ability of the state to evaluate and make decisions to take protective 
actions based on recommendations from the operating organization and other independent 
assessments.

(4) To demonstrate that access control points are established promptly and according to  the 
plan, and that access and traffic control can be effectively implemented with 24-hour 
capabilities.

(5) To demonstrate the capability for a limited evacuation of the general public.

G. PARALLEL AND OTHER ACTIONS

(1) To demonstrate the ability of the designated hospital to treat a patient simulated to be
contaminated and injured and that the ambulance service could effectively transport 
contaminated and injured personnel to the hospital; to  demonstrate that the ambulance 
and associated equipment can be decontaminated and that contaminated clothing and 
disposable materials are properly discarded.

(2) To demonstrate that off-site agencies with on-site support responsibilities such as fire 
and first-aid squad personnel can gain access to the site and proceed to the correct 
location.

(3) To demonstrate that state, county and municipal emergency workers are briefed and
recieve dosimeters, andsimulated supplies of potassium iodide (KI), if necessary, before 
assignments; that permanent records are maintained; and that any decontamination 
centres opened are properly manned and supplied.

(4) To demonstrate the following for at least one congregate care/decontamination centre: 
that it can be opened and staffed on a timely basis; that records can be maintained; 
that adequate provision can be made for the care of the evacuees; and that health and 
sanitation requirements can be met.

(5) To demonstrate that licensee, state and local re-entry procedures such as for health and 
sanitation, safety criteria for acceptable radioactive contamination levels, re-entry access 
control and public information procedures are implemented.

H. MISCELLANEOUS

(1) To demonstrate that each EOC and emergency response facility has adequate access 
control and that adequate security can be maintained.

(2) To demonstrate that each EOC and emergency response facility has adequate space, 
equipment and supplies.

(3) To demonstrate the capability of the state, county and municipal agencies and the licensee 
for making ‘self-critiques’.

Information sheet 5.3.

Exercise scenario

Table XIV sets out the exercise events and indicates which events will be simulated and 
which actually performed.
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TABLE XIV. SIMULATED AND ACTUAL EVENTS IN THE EXERCISE 
SCENARIO

Event Actual Simulation

1. Declaration of emergency X

2. Notification of off-site agencies X

3. Emergency announcements X

4. Activation of on-site organization X

5. Activation of off-site organization X

6. Full accountability X

7. Reactor coolant system (RCS) X
post-accident sample

8. Search and rescue X

9. Full site evacuation of personnel X
(Note: ten persons will be evacuated)

10. Monitoring at assembly area X

11. Decontamination at the remote X
assembly area

12. Emergency medical assistance to X
contaminated and injured person

13. Off-site medical evacuation X

14. Reactor building evacuation X

15. Response to fire X

16. Request for off-site fire-fighting X
assistance

This scenario extract commences 195 min after the commencement of the exercise and 
concerns a total period of 70 min, from 8:30 to 9:40.

t = 195 Off-gas high radiation alarm actuates.
(8* 30)

Off-gas ejector radiation monitor recorders reading 10"1 Gy/h and apparently stable.

Main steam line and stack gas radiation monitor recorders level off.

N ote: off-gas air ejector radiation m onitor reading corresponds to greater than
5.51 X 1010Bq/s.

*** A lert should be declared.***

N ote: Controlled reactor power reduction is expected by this time to attempt 
to reduce off-gas radiation levels. A manual scram of the reactor may be 
considered; however, the Exercise Umpire will include mitigating 
circumstances to discourage scram prior to 9:25.
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t  = 245
(9 :2 0 )

t = 250 
(9:25)

t = 251 
(9:26)

Off-gas high-high radiation alarm actuates.

Off-gas air ejector radiation monitor recorders reading 1.5 X 10-1 Gy/h and 
increasing. Automatic isolation timer started.

Readings of main steam line and stack gas radiation monitor recorders continue 
to increase.

Note: Off-gas system will automatically isolate if level of 1.5 X 10"1 Gy/h persists 
for the duration of the 15 min time delay.

Note: When the accountability completion report comes in (about 9:00 to 9.10), 
two people are unaccounted for in the protected area. Search and rescue 
drill should be initiated.

Off-gas system automatically isolates.

Main steam line high-high radiation alarm actuates and causes a reactor isolation 
scram.

Main steam line radiation monitors indicating just greater than 600 units above 
normal full-power background level.

Reactor isolation valve position indicators indicate closed.

Significant post-scram abnormal conditions are as follows:

Control rod position indicators indicate partial rod insertion with rod positions 
scattered about average position 28.

N ote: Rod position 28 is less than half inserted.

All scram valves are open.
Scram discharge volume (SDV) high level alarm actuates.
SDV north and south bank high level indicating lights and associated SDV monitor 
north and south high level equipment fail alarms have actuated.

Recirculation pumps tripped.

Both emergency isolation condensers have initiated; the isolation condenser area 
radiation monitor alarm actuates and its level is increasing.

Electromatic relief valves open then close.

One set of safety valves (SV) opens then closes.

SV acoustical monitors indicate that at least one SV has not fully closed.

High drywell pressure alarm actuates.

Note: Drywell at 1.38 X 104 Pa and increasing.

Drywell pressure above 1.38 X 104 Pa automatically isolates the reactor 
building ventilation system and initiates the standby gas treatment system 
if not previously initiated.

Average power monitors are variable, averaging about 15%.
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t  = 252
(9 :2 7 )

t = 257 
(9:32)

Drywell pressure: 6.9 X 104 Pa.

(Operators are expected to initiate the containment spray system to depressurize 
the drywell.)

Area radiation monitor (ARM) alarm received from the area of the reactor building 
7 m elevation control rod drive module.

N ote: ARM indicator trip unit reading 1.1 X lO ^G y/h .

A nticipated operator actions and consequences:

Attempts to complete a scram will fail.

(Operators are expected to initiate the standby liquid control system (SLCS).)

SLCS pump starts, explosive isolation valve opens, pump discharge pressure is 
appropriate but no system flow is indicated.

N ote: The SLCS pump inlet is blocked by precipitated boron. Running the SLCS 
pump with no flow causes the pump to seize.

SLCS pump seizes.

N ote: If the operators start the second SLCS pump, the same indications will be 
observed and the second pump will also fail.

Attempts to  scram will continue to fail.

Note: SDV is filled with water at reactor pressure (about 6.9 X 106 Pa).
SDV cannot be drained because the scram-cannot be reset owing to  the 
continued high drywell pressure signal.

A ttempts to drive control rods manually will fail.

Note: Drive water pressure will not be available until the control rod drive (CRD) 
accumulators are charged. As long as the scram is not reset, charging water 
leaks up through the CRD seals to the reactor vessel rather than charging 
the accumulators.

Attempts to isolate the accumulator charging line to restore drive pressure will fail.

N ote: Failure to isolate the charging line is due to the inability to close valve 
V-15-52 fully.

*** Site emergency should be declared.***

Note: Full site evacuation from the emergency assembly area to the remote assembly 
area will be simulated; only ten persons will actually be evacuated.

Personnel monitoring at the remote assembly area will find three persons 
contaminated.

Decontamination processing should be started immediately at the remote 
assembly area.

Both emergency isolation condenser low water level alarms actuate.

(Operators are expected to introduce make-up water to the isolation condensers 
if not previously done.)
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Main steam line high-high radiation alarm clears and main steam line radiation 
monitors indicate radiation levels are decreasing.

Stack gas radiation monitor recorders now indicating decreasing levels.

t = 265 Water levels in both emergency isolation condensers continue to decrease despite
(9:40) make-up flow rates.

Information sheet 5.4.

Exercise information

1. Sim ulated fire drill

A. SCHEDULE

Date: 16 March

Time: t  = 185 (8:20) [t is the time elapsed in minutes since commencement of
exercise.]

Location: Vicinity of a 200 000 L fuel oil storage tank

B. PURPOSE

To simulate a class B fire at the plant and test the ability of the on-site fire brigade and 
off-site fire support agencies to respond effectively.

C. SCENARIO: SIMULATED FIRE (CLASS B) DETAIL

Fuel tanker manoeuvring to fill tank hits wall of moat. Tanker ruptures; friction of 
crash ignites fuel oil leaking from tanker and threatens storage tank.

t = 185 Class B fire at fuel oil storage tank reported.

t = 186 Fire alarm sounded and brigade summoned.

t = 195 Fire brigade arrives at scene. Fire out of control and threatening storage tank. 
Request made for off-site assistance as brigade lays hoses.

t = 200 Water sprayed on fire and storage tank.

t = 205 Fire department arrives.

t = 210 Fire department has deployed equipment and combined fire suppression 
activities with the fire brigade.

t  = 220 Fire under control.

t  = 225 Fire out.

D. PERSONNEL REQUIRED

On-shift fire brigade; local authority fire service.

94

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



2. R em ote assembly area (R A A ) drill

A. SCHEDULE

Date: 16 March

Time: t = 252 (9:27)

Location: Remote assembly are (RAA)

B. PURPOSE

To simulate a site emergency for the purpose of exercising security, radiation control and 
plant personnel response at the nuclear power plant and at the remote assembly area (RAA).
The basic objective is to test the ability of the plant staff to evacuate site personnel effectively 
and to  activate the remote assembly area.

C. SCENARIO

At 9.27 a site evacuation is directed by the Emergency Director. The north evacuation 
route is ordered. Ten persons will be evacuated from the site to the RAA. On arrival at the RAA, 
three of the site personnel will be found by radiation control to be contaminated. (Clothing 
of all three will have readings above 2000 counts/min; one will have contamination on the 
left hand of approximately 350 counts/min.)

D. PERSONNEL REQUIRED

Two radiation control technicians
Two security officers
Ten site personnel with vehicle

E. RADIOLOGICAL CONDITIONS

Site condition: Site emergency

R AA condition: Background

Contaminated personnel:

Clothing:

Skin:

Approx. 2000 counts/min (arm and/or leg) 

Approx. 350 counts/min (left hand of one person)

3. Sim ulated contam inated I injured drill

A. SCHEDULE

Date: 16 March

Time: t =  150 (13:45)

Location: Lower level, north-east corner of turbine building
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B. PURPOSE

To simulate a radiation medical emergency for the purpose of exercising the emergency 
medical response at the nuclear power plant, community hospital and associated ambulance 
squads. The basic objective is to test the ability of the plant staff to respond effectively to a 
radiation medical emergency within the plant and to test the ability of the ambulance units and 
the hospitals to handle an injured and contaminated patient.

C. SCENARIO

Two employees are given the task of drawing a reactor coolant sample from the 15.5 m 
elevation of the reactor building. During transport of a dilute sample from the reactor building, 
one individual slips on the stairs and is injured. The fall causes reactor coolant to spill on the 
injured person and over the immediate area.

The injured person was initially reported to have a broken leg and to be bleeding profusely. 
Also, before losing consciousness, the injured person indicated a head injury.

D. PERSONNEL REQUIRED

One victim with simulated broken leg and head injury.
One co-worker to report injury initially.

E. RADIOLOGICAL CONDITIONS

Area conditions: Radiation field: 3.5 X 10-3Gy/h
(From spill): 4.23 X l(T 3Gy/h

Contaminated victim: Leg wound: as found.
Left arm and shoulder: as found.
Face: as found.

4. Meteorological data 

See Table XV.

5. Radiological data fo r  post-accident stack sample

A. NOBLE GAS SAMPLE (Xe-133)

See Table XVI.

B. IODINE SAMPLE (SILVER ZEOLITE)

See Table XVII.

96

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



TABLE XV. EXERCISE INFORMATION -  METEOROLOGICAL DATA

Wind direction Wind speed Temperature

Time ta From To mile/h m/s difference11 
AT (°C)

05:15 0 22 NNE 202 SSW 0.8 0.36 -1 .7

06:00 45 18 NNE 198 SSW 1.0 0.45 -1 .7

06:30 75 14 NNE 194 SSW 1.8 0.82 -1 .7

07:30 135 12 NNE 192 SSW 2.2 1.00 -1 .7

08:30 195 10N 190 S 2.5 1.10 -1 .7

08:45 210 348 NNW 168 SSE 2.4 1.10 -1 .7

09:00 225 341 NNW 161 SSE 2.7 1.20 -1 .8

09:15 240 332 NNW 152 SSE 2.8 1.30 -1 .8

09:30 255 327 NNW 147 SSE 2.8 1.30 -1 .8

09:45 270 328 NNW 148 SSE 1.9 0.86 -1 .8

10:00 285 330 NNW 150 SSE 2.0 0.91 -1 .8

10:15 300 327 NNW 147 SSE 2.0 0.91 -1 .8

10:30 315 315 NW 135 SE 2.2 1.00 -1 .9

To termination - 315 NW 135 SE 2.2 1.00 -1-9

a t = time in minutes from commencement of exercise. 
b Temperature difference between 10 m and 100 m altitude.

TABLE XVI. RADIOLOGICAL DATA FOR NOBLE GAS SAMPLE (Xe-133)

Time t a
Dose
(TBq)

Gamma dose rate 
(Sv/h)

Beta dose rate 
(Gy/h)

Contact 30 cm Contact 30 cm

11:00 345 370 30 0.21 82.5 0.58

1:00 525 170 13.5 0.095 37.2 0.26
15:00 585 84 0.7 0.0474 18.6 0.13
16:00 645 7.8 0.32 0.0233 9.1 0.06

a t = time in minutes from commencement of exercise.
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TABLE XVII. RADIOLOGICAL DATA FOR IODINE SAMPLE 
(SILVER ZEOLITE)

Time t a
Dose
(TBq)

Gamma dose rate 
(Sv/h)

Beta dose rate 
(Gy/h)

Contact 30 cm Contact 30 cm

11:00 345 0.41 56 0.39 69 0.48
14:00 525 0.18 25 0.18 31 0.22
15:00 585 0.09 12.5 0.09 16 0.11
16:00 645 0.04 6.2 0.04 7.8 0.053

a t = time in minutes from commencement of exercise.

Communicator 

Emergency status 

Emergency director

Declared (time and date) 

Time and date assumed

Electrical status 

Off-site Q ]  

Diesel | |

Drywell press.

Drywell temp.

Torus
temp./level

Power ___________ MW

Yes No

Rods scrammed □  □

Feed flow

1A 16 1C
Steam flow

No.1___ tcg/h No.2____ kg/h

Main cond. vacuum___Hg

(Min. 584 mmHg)

Cond. tank level _____ m

(Max. 13 m; min. 6 m)

Circ. water pumps 

1-1 T T  1-3 1-4

System 1 
Min. flow 
190 L/s

System 2 
Min. flow 
190 L/s

F low Q

Containment spray

F low Q

On Off
b i c Q  □  

bidD  □

On Off 

81 □
B 1 B Q  □

Emergency service water pumps 
(normal 3 amps)

On Off On Off

82 A C ]  □  82 C Q  Q

Amps

B2BQ Q

Amps

Amps

B2DDD

Amps

Liquid poison injection 

On □  Off □

On Off1F/2F shutdown
cooling ,— M— .
________Pa P u m p A Q Q

Pg Pump B □  □

Pump C □  □

Clean-up I 11 1
demineralizer system L-*J  '— 1

A A A

Reactor
pressure

/ f \

Vessel
level

Recirc. 
pump 

y  Suction /

Emergency
condenser

On Off

h e o i -a Q  Q

H E 0 1 - B Q  Q

Core spray 
flow

System 1 
Min. flow 
215 L/s

System 2 
Min. flow 
215 L/s

On Off 

HZ03A □  □

HZ01A □  Q

HZ03C □  Q

HZ01C □  Q

HZ03B □  Q  

HZ01B □  Q  

HZ030 □  Q  

HZ01D □  □

Total
flow

Recirc. system

1 Is

Pump A  Q  □  □  □  □  

Pump B □  □  □  □  □  

Pump C □  □  □  □  □  

Pump D □  □  □  □  □  

Pump & □ □ □ □ □

FIG.5. Example o f  control room data sheet.
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6. Control information message (see also Fig.5)

VALID TIME PERIOD: 06:00-10:45 

Title: Containment integrity

Issue to: Technical Support Centre — Site Emergency Director or Control Room Shift
Engineer

Message: If discussion arises concerning containment integrity, allow it to reach a conclusion.

If decision is that integrity is impaired, inform Site Emergency Director that while 
the decision may be justified, for the progress of the exercise all containment 
isolation systems are currently intact and there are no indications that containment 
integrity is impaired.

7. Control information message

Time: 07:45

Title: Plant status

Issue to: Shift Engineer

Message: Plant status update.
Switchover to recirculation injection phase has been accomplished with no 
difficulties. One motor-driven containment spray pump is taking suction from 
raw water storage tank (RWST).

1. Containment activity: 8 Gy/h
2. Containment pressure: 8.3 X 104 Pa
3. Reactor pressure: 6.9 X 10s Pa
4. Pressurizer level: 0%
5. Containment temperature: 118°C
6. Containment humidity: 100%
7. RWST level: 3 m
8. Recirculation sump level: 2.8 m
9. Meteorological data: Wind from SSE (158°) at 4.5 m/s; AT = -1 C/100 m. 

Report actual temperature and weather conditions.

8. Reactor building radiological data ( t  = 345 to 619) 

See Table XVIII.
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TABLE XVIII. REACTOR BUILDING RADIOLOGICAL DATA

Elevation Dose rate
inside building (mSv/h) outside building (mSv/h)a

7.25 m

North 32 0.032
East 36 0.037
South 130 0.13
West 29 0.029

15.5 m

North 32
East 30
South 14
West 14 0.014

23 m •

North 90
East 36
South 82
West 18 0.018

30 m

North 12
East 150
South 70
West 20

Reactor building air activity 4.9 X 106Bq/m3

Dose rate on filters (contact): 0.69 Sv/h 7
0.84 Sv/h 0 + 7

Dose rate from filters (at one foot): 0.005 Sv/h 7
0.006 Sv/h P + 7

a Where the dose rate is not given, report the background level.
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EXAMPLE 6: INTEGRATED EMERGENCY EXERCISE

This example is drawn from a scenario of an integrated exercise that involved full partici
pation by the operating organization and by local, regional and federal governments. Umpires 
were provided with control messages describing all necessary instrumentation readings and 
associated data for creating the simulated events. The exercise was preannounced and con
ducted in a freeplay mode, with the exception of several contingency messages that were 
designed to stimulate the participants. Although stimulation is not a practice normally 
recommended, it may be necessary to use this method of prompting to ensure that the objectives 
of the scenario will be met. An example o f a stimulation message for dealing with such a 
contingency is reproduced here in order to provide a fuller understanding of the meaning of 
this term.

This scenario incorporated detailed instructions to umpires, observers and participants.
The instructions are included here because they are relatively thorough examples. In this 
exercise, the operating organization’s umpires also filled the roles of evaluators. This is a 
common practice. A copy of the critique instructions, which give separate objectives for 
the critique, is included.

Information sheet 6.1.

Time: Before start

To: All participants o f nuclear power plant Emergency Exercise

Message: Exercise ground rules:

(1) Ensure that all communciations indicate that this is only an exercise. Make 
a positive statement that this is an exercise-related message at the beginning 
and end of all messages or conversations. If communication lines are kept 
open for an extended period, periodically repeat the caution. This is 
especially critical when transmitting messages over communication facilities 
that are monitored by personnel who are not from the nuclear power plant.

(2) Take no actions that affect unit operations or operations not related to 
the exercise.

(3) Take immediate action to restore safe operation if unsafe conditions exist. 
Ignore the exercise if actual safety becomes a concern.

(4) Use only the information provided in accordance with the exercise ground 
rules or derived from the emergency plan or approved procedures. Do not 
improvise information. Provide the actual outside temperature and precipita
tion conditions when applicable.

(a) Umpires will provide appropriate information at the location where 
that information would normally be available (e.g. reactor status at the 
control room, dose rate readings with field teams, meteorological 
information at control room).

(b) Only selected parameters and readings will be provided. The information 
selected will be sufficient to make decisions in accordance with the 
emergency plan and procedures.

(c) Do not become overly concerned with the mechanics of the reactor
or the cause of the accident. This exercise is designed to test emergency 
procedures and is not concerned with brainstorming the probability, 
feasibility or detailed mechanics of the simulated accident.
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(d) There will be an umpire at each important location. They will provide 
information and clarification of which actions are to be simulated or 
are outside the scope of this exercise in order to keep the exercise 
progressing in accordance with the scenario.
Umpires will also observe all aspects of the exercise to prepare an 
in-house evaluation of plans, procedures and training.

(5) Be sure that the umpire is aware of your actions.
(6) Make all required notifications. Umpires will provide information on which 

off-site organizations should be asked to participate. All other notifications 
outside the company will be for information only.

(7) If samples inside or outside the site are deemed necessary, they will actually 
be collected, if possible, and their analysis conducted or simulated, if directed 
by controllers. Umpires will accompany the Health Physics Teams and each 
of the off-site Environmental Monitoring Teams.

(8) Nuclear regulatory authority personnel will also be evaluating the performance 
of the participants at each location.

(9) This exercise is conducted to evaluate our plans and training. The exercise
is also a training vehicle for members of the operating organization to practise 
working together and with outside organizations. Please make note of any 
possible improvements in either area that you notice as a participant and 
submit them to the controller at the conclusion of the exercise.

(10) Plant status: the nuclear power plant (units 1 and 2) consists o f two
pressurized water reactors, each rated at 1040 MW(e). Units 1 and 2 are both 
operating at 100% power with a full complement of employees and all systems 
functioning normally. There were no known operational problems before 
the exercise.

Information sheet 6.2.

Guidance to umpires

Umpires will use the following techniques to control the exercise in accordance with
the scenario.

(1) Control messages: control messages provide information to the participants and/or cause 
the participants to take action needed to keep the exercise moving smoothly. The umpire 
will give a hard copy of the control message to the designated participant at the specified 
time. Simultaneously, the umpire will provide the essential information verbally. The 
umpire will follow through and clarify the message by answering questions to ensure that 
the participants do not read extraneous meaning into the message. Umpires will no t tell 
participants what action they are expected to take.

(2) Contingency messages: contingency messages will be used only if participants fail to take 
the mqjor actions expected on the basis of the control messages by the time designated. 
Umpires will give the contingency message to the designated participant and will explain 
in as much detail as necessary what actions the participant is expected to perform. 
Contingency messages are used to keep the exercise on schedule, though their use may 
indicate inadequate plan implementation.
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(3) Control information: umpires for Health Physics and off-site Environmental Monitoring 
Teams will provide instrument readings and other information to  team members verbally. 
Umpires will refer to their current location on the control map for the applicable time 
period to obtain dose rates.

(4) Control guidance: umpires will provide verbal guidance to participants to keep the 
exercise oriented to the prearranged scope and scenario. Umpires will direct participants 
to simulate certain actions that are outside the immediate scope of the exercise at the 
time participants announce their intention to perform the action. Umpires will note that 
the participants simulated the action. Participants must request information that is not 
automatically provided from participants at other locations. Umpires will steer partici
pants away from types of information outside the scope of the exercise to avoid bogging 
the exercise down in a quest for information that umpires do not possess and have no 
intention of providing.

Controllers will use the following techniques to evaluate the emergency plan, procedures 
and state of training:

(1) General observations/records: umpires will observe and record all significant activities 
of participants. The time of each activity will be recorded in the controller’s journal.
These journals will be used to evaluate the adequacy of the journals prepared by partici
pants and to  assist with other evaluations for the critique.

(2) Observations /evaluations/records o f  responses to control messages: umpires will be
especially observant of participants’ responses to control messages and control information.
The scenario provides anticipated responses for each message to assist in this evaluation. 
Records of these evaluations will be maintained for the critique. Evaluations will be used 
on a real time basis to  decide if a contingency message will be needed.

(3) All participant journals and controller records and evaluations will be used to prepare the
written critique of the exercise. Where appropriate a critique check-list will be used by the 
controllers to record their observations and judgements concerning the actions taken by 
the various exercise participants.

Immediately following the exercise, umpires will conduct a verbal critique of the activities 
they observed. Participants are encouraged to comment and make recommendations during 
the verbal critique.

The principal criterion for both the verbal critique and the written evaluation report is 
the degree to which the published primary and supporting objectives have been accomplished. 
Other observations, comments and recommendations will be included as needed to describe 
how the primary and supporting objectives were accomplished.

Critique comments will be requested from all participants at the conclusion of the exercise.

Information sheet 6.3.

Exercise evaluation critique

At approximately 16:00 the Exercise Director will TERMINATE the exercise using a 
control message. At this time, all exercise participants will be instructed to  report back to their 
individual staging areas. All reports, logs and other pertinent materials will be collected at this 
time and turned in to the Exercise Director.
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A critique will be conducted the evening after the exercise. The general purpose of the 
critique is to obtain an understanding of the exercise events as a basis for improved operations, 
emergency response plans and future exercises. Specific objectives include:

(1) Providing all participants with a general understanding of what occurred by systematically
developing a composite description of the exercise activities, as seen through the eyes of
participants and umpires.

(2) Ascertaining the responses of the operating organization, the government and the private
sector to the simulated emergencies and examining these responses in conjunction with
existing response plans.

(3) Summarizing the main strengths and weaknesses observed and making appropriate remedial 
suggestions designed to improve the preparedness of participating organizations.

After the critique, additional activities will be scheduled, as deemed necessary, in order 
to incorporate new methods and information learned during the exercise. In addition, arrange
ments for updating the existing emergency plan and associated standard operating procedures 
will be made, if necessary.

Participating off-site organizations will criticize their exercise response actions. Based on 
the exercise experience and critique comments, response plans will be modified and appropriate 
training scheduled to improve response capabilities, as required. To this end, in-house field 
exercises to evaluate training and to  test updated plans may be scheduled.

With the critique material and the knowledge gained from the exercise, an exercise report 
will be prepared in order to document all activities and the implications they have for the 
Emergency Plan and the participating organizations. This report will consist of all pertinent 
information, reports, critiques, standard operating procedures and a listing of corrective actions 
to be taken as a result of the exercise.

Information sheet 6.4.

Control information message 

VALID TIME PERIOD: 09:15-13:15

Title: Results of the analysis of containment air and reactor coolant samples.

Issue to: Health physics staff in the high radiation sample building and in laboratory when
simulated analyses have been completed or after 10:10, whichever is later.

N ote: Issue dose rate information immediately upon request.

Message: (1) Containment air analysis.
— Noble gas concentration: 1.44 X 10I2Bq/m3
— Iodine concentration: 9.6 X 10s Bq/m3

Note: This analysis should have priority over all others.

(2) Reactor coolant analysis.
— Undiluted sample:

Noble gas concentration: 2.88 X 10n Bq/m3
Iodine concentration: 3.85 X 1010Bq/m3
Boron concentration: 3000 ppm
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— Diluted (100 to 1) sample:
Noble gas concentration: 2.88 X 109Bq/m3
Iodine concentration: 3.7 X 107Bq/m3
Boron concentration: 3 ppm

(3) Sample dose rates
(a) For the containment air sample:

— Unshielded dose rate (contact): 3 X lO ^Sv/h
-  Shielded dose rate (contact): 1 X 10-5 Sv/h

Note: Background information for umpires.

Note: These background data are primarily to inform the umpires, but 
they may be distributed for clarification if necessary.

— Net free containment volume: 76 880 m 3
— Total liquid volume in containment after

initiation of emergency core cooling system: 1 928 000 L
— Air sample size: 5 cm3
— Reactor coolant sample size: 50 cm3

(diluted 1000 to 1, i.e. 5 X 10~2cm3
undiluted coolant)

— Containment air activities:
Noble gases: 1.1 X 1017Bq
Iodines: 7.4 X 1010Bq

— Reactor coolant activities:
Noble gases: 5.6 X 10ls Bq
Iodines: 7.4 X 1013Bq

Information sheet 6.5.

Control information message (see Fig.6)

VALID TIME PERIOD: 10:45-12:45 

Title: In-plant dose rates.

Issue to: Health Physics Teams making in-plant surveys.

Message: Report actual readings for all in-plant areas except as follows:

(1) Containment purge system room. Post this as a high radiation a rea -  
no admittance.

(2) Roof of containment purge system room (elevation 196 m)
(a) For Area A on the floor plan, which is directly above the purge 

exhaust directing, there are localized ‘hot spots’ of 5 X lO ^Sv/h  to 
5 X 10-3 Sv/h — restrict admittance.

(b) For Area B on the floor plan, which is the probable staging area for a
repair effort, there is an average dose field of about 3 X 10"4 to
4 X 1 O’4 Sv/h due to containment shine with the 4 X 10^*Sv/h value 
occurring at the closest point of approach to the containment.

(c) For Area C on the floor plan, which is the location of the access hatch 
to  the purge exhaust valve area (about 1.5 m above the valve, there is 
a local dose field of 2.4 X 10"2Sv/h).
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FIG.6. Floor plan o f  affected in-plant area.

(3) Vicinity of containment purge exhaust valve (elevation 163 m)
The dose field in the vicinity of the purge exhaust valve can be summarized 
as follows:

Dose rate at 0.3 m: 3.63 X 10"1 Sv/h
Dose rate at 1.5 m: 9.4 X 10_2Sv/h
Dose rate at 3.0 m: 3.3 X 10~2Sv/h

These doses take into account contributions from the purge line itself as 
well as the containment.

Note: There is no airborne iodine in any of these areas.
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GLOSSARY

critique. A critique is a formal meeting held to discuss events and actions which 
took place during a drill, partial exercise or fully integrated exercise. It is 
convened as soon as practical after the event w ith key participants attending. 
Its primary purpose is to identify significant items noted during the exercise 
and to ensure that any deficiencies identified are formally scheduled for 
rectification in a timely manner.

drill. A drill is an activity that develops a skill or capability or tests a single 
emergency procedure or task. The drill may test an individual’s skill, the 
proficiency of a team, or the adequacy of procedures, equipm ent or facilities.

Emergency Director. The Emergency Director has executive authority  for directing 
and co-ordinating the im plem entation of the overall emergency response plan 
for ensuring the protection o f public health and safety. He maintains a close 
liaison w ith the Site Emergency D irector and is normally located in the 
Emergency Operations Facility.

Emergency Operations Facility. The Emergency Operations Facility (EOF) is a 
facility located near the plant, from which the management o f the overall 
emergency response, the co-ordination o f  radiological assessments and the 
management o f recovery operations are implemented. It is designed to pro
vide assistance in the decision-making process to p ro tect public health and 
ensure public safety, and to control radiological monitoring teams and 
facilities on site and off site. To perform these functions it must have radio
logical and meteorological data, adequate plant systems inform ation and an 
integrated com m unication system embracing all relevant organizations 
required to respond under the emergency plan.

evaluator. An evaluator records and evaluates the performance o f participants 
and the adequacy of facilities, equipm ent and supplies, and of the scenario, 
during an emergency exercise or drill.

integrated exercise. An integrated exercise is a simultaneous test of the emergency 
plans and procedures which involves all o f the principal organizations partici
pating in the emergency plan. The integrated exercise tests all the interfaces 
between the operating organization, the government agencies and authorities 
and the principal off-site response agencies. Specific tests o f highly technical 
skills or procedures may be conducted before the integrated exercise if the 
time-scale o f the exercise, safety considerations or a desire for an accurate 
simulation would prevent a thorough test during an integrated exercise.
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partial exercise. A partial exercise is a simultaneous or sequential test o f two or 
more emergency procedures or tasks. The partial exercise is a test o f 
procedures, training, skills or equipment that m ust be tested jointly  in order 
to verify that interfaces are correctly and efficiently planned and implemented.

scenario. A scenario is a description o f simultaneous or sequential events that 
collectively describe a simulated accident or condition associated with the 
operation o f a nuclear facility. The simulated conditions create an environ
ment for staging and evaluating an emergency exercise or drill and may employ 
hypothetical assumptions. The scenario may also include instructions for 
umpires and evaluators.

Site Emergency Director. The Site Emergency D irector has executive authority 
for the overall direction of the on-site response to an emergency and for 
liaison between the site, the headquarters o f the operating organization, the 
regulatory body and, where appropriate, the public authorities. He maintains 
a close liaison with the Emergency Director and is normally located in the 
Technical Support Centre.

task. A task is a single activity that may be performed independently o f other 
activities and may be, but is not necessarily, described by a single emergency 
procedure. Examples of tasks are:

— measurement of field gamma dose rate
— field air sampling
— field iodine measurement
— laboratory measurement
— comm unication with and deploym ent o f  field teams
— data reduction and interpretation
— preparation of protective action recommendations.

Technical Support Centre. The Technical Support Centre (TSC) is a facility located 
on the site, from which plant management and support personnel utilizing 
technical data and displays will direct site emergency and recovery operations, 
including assisting control room personnel during emergency conditions and 
liaison with the off-site Emergency Operations Facility on overall emergency 
response management. The TSC will be provided with plant operations data 
for making detailed evaluations and assessment o f plant conditions and with 
radiological and meteorological data for the evaluation o f  the risks associated 
with radioactive releases. During the early stages o f an emergency the TSC 
will perform the functions o f the Emergency Operations Facility until the 
latter is properly manned and functional.

umpire. An umpire initiates and guides an emergency exercise or drill by providing 
the exercise or drill participants, in a timely fashion, w ith appropriate 
inform ation or data relating to the scenario.
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