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FOREWORD

In the past 25 years, the nuclear energy industry has maintained an excellent
safety record, second to none with regard to public safety. Nuclear facilities are
designed, constructed and operated with exceptional consideration for safety. Their
sophisticated safety systems are designed to protect not only the plant and its
personnel, but also the public and the environment. In the event of a breakdown
or failure within a facility, one or more of these systems will be activated,
each of which is designed to ensure the ultimate integrity of the plant.

Nonetheless, a potential for a serious accident does arise, even though its
probability is minimal. It is therefore necessary to plan in advance for emergency
action to protect both the plant staff and the public.

In such cases, emergency action could be initiated by :
- the operator of the plant as the representative of plant management,
- public authorities that have the task of protecting the public and
the environment.

The plant operator will be concerned mainly with on-site action to control any
emergency situation to protect on-site personnel and to collect data concerning the
accident. The public authorities - principally public health authorities - will
usually be concerned with protection of off-site population and also ihe collecting
of environmental data.

The International Atomic Energy Agency has established a Nuclear Safety
Standards programme to prepare and publish a series of Codes of Practice and Safety
Guides concerned with all aspects of Nuclear Power Plant Safety. One of the guides
under preparation, IAEA Safety Series No. 50-SG-G6, entitled "Preparedness of
Public Authorities for Emergencies at Nuclear Power Plants" will consider some
aspects of emergency planning to be used by groups outside the plant area; however,
this will be primarily directed for the groups under the management of the plant
operator,

The Agency bas also recognized that a manual of guidance is needed for public
health authorities, environmental specialists, emergency advisors, and all of
other persons or groups that have the task of organizing <r implementing off-site
emergency procedures. This guidance must also fit needs of developing countries,
in which locally-available expertise may be vested only in those persons already
entrusted with safety tasks in the nuclear facility. This differs from the
situation in industrialized countries, where a large and independent body of
experts may be available for consultation.



To this end, the Agency convened an Advisory Group comprising
experts nominated Úó ÌåòÚåã States and representatives of interested
international organizations to draft such a document. Meetings were
held in Ankara, 1976 and in Lisbon, 1977» under the chairmanship of
Mr.H.E.Collins of the United States Nuclear Regulatory Commission.
The revised text that resulted from the latter meeting was reviewed
and put into final draft by Mr. Collins in June 1979»

The text, incorporating a few additional comments received sub-
sequently, is now issued in the form of a working document, to enable
interested parties to benefit from the document exped tiously, and to
obtain critical comments from users of the document before proceeding
to formal publication in the Safety Series.

In particular difficulty in drafting such a manual lies in the fact
that there is little experience with nuclear facilities that have had
an uncontrolled release of radioactivity having major environmental
impact. However, some insight into the problems can be gained from
large-scale accidents in non-nuclear industries. As examples of radio-
active accidents, the Windscale incident provided experience in
monitoring and controlling contamination to pasture lands and milk, but
the Three Mile Island incident did not lead to any substantial contamination
of the environment. However, there were many lessons concerning emergency
planning and response to be learned from such cases, and these are incor-
porated in this document.

Readers of this document should be aware that it is neither a collection
of rules nor a list of approved steps and actions. Rather, it is a
discussion of the various philosophies and problems involved in the offsite
response to an accident in a nuclear facility. The readers who are respon-
sible for setting up off-site emergency procedures for a given facility
will have to decide on a philosophy and mode of action that suits the
situation pertaining to their specific site. For instance, actions will
depend not only upon the nature of the facility and its environs, but
also on the resources available to cope with an accident. The Agency
believes that all the important factors and topics have been considered.

Comments from interested parties would be welcome and should be
addressed, to:

(Ref. 1ÀÅÀ_.ÒÂÑ1ÞÑ-225)
Division of Nuclear Safety and Environmental Protection
International Atomic Energy Agency
P.O.Box 100, A-1400 Vienna, Austria



SECTION I INTRODUCTION

PURPOSE

1.01 The purpose of this manual is to give guidance to those
who are responsible for the protection of the public in the
event of an accident occurring at a land-based nuclear facility.
This guidance should assist in the advance preparation of
emergency response plans and implementing procedures. Basic
principles of protective measures along with their advantages
and disadvantages are discussed. Other principles related to
emergency planning and the operational response to an emergency
are outlined. Although the guidance is primarily oriented toward
land-based nuclear power facilities, the guidance does have
general application to other types of nuclear facilities.

SCOPE

The guidance in this manual is based on a consideration of
conditions which may prevail if a land-based nuclear facility
should suffer an accident which has a potential for offsite
consequences arising primarily from a release of radioactive
materials to the environment. Consideration has been given to
a spectrum of accidents bounded at the lower end by events
which have a minimal potential for offsite consequences, and
at the upper end by accidents for which the offsite consequences
dictate that protective measures be considered or implemented»
Neither of these limits is uniquely definable; however, in
Section 7. guidance is provided to assist national or other
responsible authorities in deciding at which level, or under
what circumstances, emergency response plans should be implemented.



1îÎÇ In the event of a nuclear accident9 some of the actions
•taken to protect the public from offsite consequences are
measures taken within the plant by the nuclear facility
operator to control the accident situation,, Other actions
taken to protect the public offsite are primarily the
responsibility of governmental authoritieSe Actions taken
within the nuclear facility are not covered in this manual
since appropriate measures of that type would Úå closely
related to the specific characteristics of the nuclear
facility,, Emergency actions for which the nuclear facility
operating organization and the public authorities are
responsible are discussed in the MUSS publications
IAEa Safety Series Æîâ 50-SG-06 and No. 50-SG-G6.

Siting Considerations
1S04 The main objective in siting nuclear power plants from the

iriewpoint of nuclear safety is the protection of the public
against the radiological impact resulting from accidental
releases of radioactivity! normal radioactive releases from
nuclear power plants have also to be considered.
If a proposed site for a nuclear facility presents particular
difficulties to be overcome in developing and implementing
an emergency response plan9 this could be sufficient reason
for not selecting the site. Thereforef the general feasibility
of emergency response planning should be determined at a very
early stage when the suitability of the site is studied» In
evaluating the suitability of a site, the following aspects
shall be considered
(a) Effects of external events occurring in the region of the

particular feite (these events could be of natural or
man—induced origin)»

(b) Characteristics of the site and its environment which
could influence the transfer of released radioactive
materials to man.

(c) Population density and distribution, in view of the possibility
of implementing contingency measures.



SECTION II ACCIIEHT ANALYSIS. PREDICTION OF CONSBQJDENCES

General

2.01 This Section deals with accident analyses as a basis for the
development of the emergency response plan. Nuclear power
facilities are sited, designed, constructed and operated
according to strict requirements and regulations to ensure
the radiological protection of the plant personnel and the
public. Consideration is given to factors affecting the
likelihood of an accident which could give rise to a release
of radioactive material and the possible onsite and offsite
consequences.

2.02 Nuclear facilities should have emergency response plans in
addition to design and engineered safety features. Augmenting
the facility emergency plan are the emergency plans of what
can be called the "offsite authority or organization" which
is governmental in nature.

Types of Accidents
2.03 Consideration is given in particular to accidents leading to a

nuclear radiation hazard to man and the environment via airborne
radionuclides and ground deposited contamination, the release
of contaminated liquids, the deposition of airborne contamination
in water, and the exposure of man and domestic animals through
contaminated food chains. There is no specific accident sequence

that can be isolated as the one for which to plan, because each
nuclear facility, and the various accidents which can be postulated,
could have different consequences both in nature and degree. Rather,
emergency planning should be based upon the technical assessment
of the potential consequences, time-factors, and release characteristics
of various classes of accidents with different possible radiation
consequences.

Magnitude of Accidents
2.04 A detailed analysis of all foreseeable types of accidents, including

those involving potential releases greater than those under normal
conditions to those with extremely low probabilities of occurence but
with potentially severe offsite consequences, should be included in,
or should be in addition to, the safety analysis report prepared



for the facility» éãîò such detailed analyses a th tiraeseale
range for response action to lainiioise offsite cons quences
ñàï. Úå estitsatedj and the framework for the emergency response
plans established*

2*05 Accident analysis ean aseist th planning organizations in
developing1 a graded emergency response based upon à speetrujm
of: accidents»

2»0á Th& preparation and development of emergency response plans
depend on analyses of the spectrum of potential aeeidentsf
' ick will include an estimation of the off site consequences c
fbese analyses should Ú« specific to tbe type of facility, its
features and tbe sbsraeteristics of tbe site and region in whica
the facility is to Úå located»

2*0f The scope of the emergency plan can Úå Úàâåà in part on the
facility safety analysis report , supplemented bj further analyses
which, assume tbe failorej however iiniikelyf of design and
operational safety features • For a given plant design.9 the
qoantity of radioactive material available for relessef in its
ost deleterious form̂  will be a function of the mode of operation
of the plant. 1Úå point of release and the fraction of the
material inventory released will depend on the nature of the
initiating event and the functioning of the engineered safety
features of the plant and operator actions. When these aspects
are identified, estimates can Úå made of the offsite consequenees
in terms of potential threat to the populace and property» More
than one accident situation



may Úå considered, each of which has a different initial
impact such as direct or indirect exposure pathways; hence a
range of possible offsite scenarios should be identified.

2.08 Accident analysis embraces both the datermin tion of the
size, type, nature and point of release of radioactive
material and a projection of the consequences to offsite
persons and the environment in the absence of any response.
Accident analyses can be specific to an individual facility
and can also be generic for any given type of nuclear facility.
These accident analyses, which should be approved by a competent
authority, provide parameters and data on which the extent of
the most appropriate emergency response plan can be based.

Exposure Pathways
2.09 Information concerning the radiological characteristics of

releases is useful for emergency planning purposes and the
principal radionuclides likely to be involved should be
ascertained as a part of the accident analysis process. The
most important routes of exposure are as follows:
- direct radiation from the facility and from any released

airborne radioactive material;
- inhalation of airborne material (volatiles, aerosols,

particulates)
- direct radiation from ground deposition;
- contamination of skin and clothing; and
- ingestion of contaminated food and water.

2.10 In a continuous release of airborne radioactive materials, the
activity disperses down wind as a plume. The concentration at
ground level at specific distances from the release point will
depend on the quantity released, the height of the release point,
wind spec!, atmospheric stability, heat contained in the release,
precipitation on the terrain, physical and chemical form of the
released material, and other factors.

2.11 In the first or early stage, in addition to possible exposure
to any direct radiation from the facility, the radioactive material
released gives rise to external radiation doses from the activity in the



passing plume àëà deposited on the ground, as well as to
internal radiation doses from inhaled radioactive materials
and skin and clothing surface contamination.

2.12 In a second or later stage, exposure of the population could
Úå caused by inhalation of airborne material resuspended from
contaminated surfaces and by the ingestion of either directly
contaminated water or food or contaminated agricultural products
such as milk or vegetables.

2.13 The total external gamma radiation dose from the radioactive
plume is proportional to the time of passage. It also depends
on the variation of the concentration distribution of the
activity in the vicinity of the location under consideration.
The external radiation exposure does not necessarily cease when
the plume has passed by since the plume may have deposited
radioactive materials on the surfaces of streets, buildings
and open areas and also on surface water systems and agricul-
tural and forest land.

2.14 A person immersed in the plume would inhale an amount of radio-
active material proportional to the time of passage of the plume,
the person's respiration rate, and the concentration of radio-
active material at the person's location. The inhaled material
would then travel from the lungs to the organs of the body, in
a manner depending on the nature and chemical form of the
radioactive material. The material would eventually be removed,
in part by radioactive decay and in part by excretion and other
biological processes. The total radiation dose from inhalation
would thus be received over a period of time that could vary
from a few weeks to many years, depending on the chemical and
physical nature of the radioactive material and other factors
such as the decay scheme of the radionuclides present.

2.15 While the plume spreads, some of its radioactive contents will
be transferred from the atmosphere to the ground. If rain occurs
during passage of the plume, some of the radioactive material
will be washed out and deposited on the ground. The gamma radiation
from the deposited activity will deliver a radiation dose to a
person during the time that he remains within the contaminated



area. The rate will depend on the level of the surface activity
at the position occupied.

2.16 As the ground activity gradually decays, or is removed by other
mechanisms, for example wash-off and seepage, the dose rate
will decrease. In contrast to the external radiation from the
plume, the external radiation from ground-deposited activity also
gives rise to radiation doses after the passage of the plume.
In addition, deposited contamination may give rise to internal
doses through the food chain and from the inhalation of resuspended
material.

Time Factors Associated With Releases
2.17 A planning basis taking account of the time-dependence of a release

can be expressed as a range of time values in which to implement
protective action. Planners should consider the possible different
time periods between the initiating event and arrival of the plume
and possible time periods of releases in relationship to time needed
to implement protective actions. Major releases may begin in the
range of one-half hour to as much as 30 hours after an initiating
event and the duration of the releases may range from one-half hour
to several days with the major portion of the release occurring
well within the first day.
In addition, long plume travel times which are associated with the
most adverse meteorological conditions might result in large
potential exposures far from the site. For example^under poor
dispersion conditions associated with low windspeeds, two hours
or more might be required for the plume to travel a distance of
eight kilometers (five miles). Higher windspeeds would result in
shorter travel times but would provide more dispersion, making
high exposures at long distances much less likely. Therefore, in
most cases, significant advance warning of high concentrations
should be available if early notification of offsite authorities
is required and implemented for major releases of radioactive
material. Warning times could vary for different types of reactors.
Table I. summarizes guidance on time factors which is considered
to be representative.



Guidance os isltiatioa. and Baraiion o ' lelea&e

Time fros the initiating event to 0.5 hou to
start of atmospheric releas® oae day
Tiass period over «bicfe radioactive 0,5 feour to
sat erial èàó be continuously released several days

Time at -which major portion of 0*5 bour to 1 daw-
release àçó occur after start of

release
Travel time for release 8 Ik /5 Æ/-
to exposure point " 0„5 to 2 hours
(tine after release) lg Km /10 Mi/~

1 to 4 hours

Radiological Characteristiĉ  of Releases
2.18 Planners will need information on the characteristics of potential

radioactivity releases to specify the characteristics of monitoring
instrumentation, to develop decisional aids to estimate projected
doses, and to identify critical exposure modes. For atmospheric releases
from nuclear power facilities, three dominant exposure modes have been
identified. These are (l) whole body ("bone marrow) exposure from external
gamma radiation; (2) thyroid exposure froa inhalation or ingestion of
radioiodines; and (3) exposure of other organs (e.g.luag) from inhalation
or ingestion of radioactive aaterials. Any of these exposure modes could
dominate (i.e. result in the largest exposures) depending upon the
relative quantities of various isotopes released.
Radioactive materials produced in the operation of nuclear reactors
include fission products and traneuranias generated within the fuel material
itself and activation products generated by neutron exposure of the struc-
tural and other materials within and immediately around the reactor core.
The fission products consist of a very large number of different kinds
of isotopes (nuclides), almost all of which are radioactive. The amounts
of these fission products and their potential for escape from their normal
places of confinement represent the dominant potential for consequences
to the public. Sadioactive fission products exist in a variety of physical
and chemical forms of varied volatility. Virtually all activation products
and transuranics exist as non—volatile solids. The characteristics of
these materials show quite clearly that, the potential for releases to the
environment decreases dramatically in this orders



(l) Gaseous materials; (2) volatile solids; and (3) non-volatile
solids. For this reason, guidance for source terms representing
hypothetical fission product activity within a nuclear power plant
containment structure emphasizes the development of plans relating
to the release of noble gases and of volatiles such as iodine.
However, consideration of particulate materials should not Úå
completely neglected. For example, capability to determine the
presence or absence of key particulate radionuclides will be needed
to identify requirements for additional resources. The following
Table II provides a list of key radionuclides that might be expected
to be dominant for each exposure pathway. More detailed lists of
reactor core inventories are found in a variety of publications
including the U.S.Reactor Safety Study (Appendix V), NUEEG-75/014
(WASH-1400), October 1975.



Table II.
RADIONUCLIDES WITH SIGNIFICANT CONTRIBUTION TO DOMINANT EXPOSURE MODES

Radionuclides with Significant
Contribution to Thyroid Exposure

Radionuclides with Significant
Contribution to Whole Body Exposure.

Radionuclides with Significant
Contribution to Lung Exposure*
(Lung only controlling when
thyroid dose is reduced by iodine
blocking or there is a long delay
prior to releases)

Radionuclide

1-131
1-132
1-133.
1-134
1-135

Te-132
Kr-88

Half Life
(days)
8.05
0.0858
0.875
0.0366

.028
3.25
0.11?

Radionuclide
1-131

Te-132
Xe-133
1-133

Xe-135
1-135

Cs-134
Kr-88
Cs-137

Half Life
(days)
8.05
3.25
5.28
0.875
0.384

.028
750

0.117
11,000

Radionuclide
.1-131
1-132
1-133
1-134
•1-135

Cs-134
Kr-88
Cs-137
Ru-106
Te-132
Ce-144

Half Life
(days )
8.05
0.0858
0.875
0.0356

,028
750

0.117
11,000

365
3.25

284

"Derived from the more probable U.S. Reactor Safety Study fuel melt categories and from postulated design basis
accident releases.



SECTIOir III. PROTECTIVE J ASURES AND ASSOCIATED RISKS,
DIFFICULTIES AND COSTS.

GJjJiJSftAL

3*01 This Section provides a general discussion of the possible
protective measures that could Úå implemented to protect the
public in the event of an accident at a nuclear facility which
results in a release of radioactive materials to the environment.

3*02 In the event of an accident, the decision-making authorities must
to apply protective measures aimed at reducing the radiological

exposures to the public to a value as low as reasonably achievable*

3.03 When an accident takes place, the resulting exposure can only
Úå limited in a substantial way by implementing protective measures
appropriate to the nature of the risk and by applying them at the
appropriate time. These measures mast be sufficiently flexible to be
adaptable to the actual situation and must take into account the
type of accident and the environment potentially affected by the
release. The protective measures should be selected on the basis of
their effectiveness in reducing the dose, and no effort should be
wasted on measures of only marginal or questionable value in any
given situation. Additionally,the risk or difficulty in implementing
any protective measure in any given situation should be balanced
against the risk from any projected radiological exposure.

3*04 In order to make effective use of certain protective measures, it
is necessary to have a good communication system for giving public
warning of the hazards, and for giving instructions. This is
particularly relevant for sheltering, radioprotective prophylaxis,
evacuation and personal protective measures. An alarm system for
the public in the immediate vicinity of the potential release may
in some situations be desirable.

TYPES OF PROTECTIVE MEASURES
3.05 The possible protective measures can be categorized as follows:

- sheltering
- radioactive prophylaxis
- control of access and egress

11



- evacuation
- personal protective methods*
- decontamination of persons
- medical care
- diversion of food and water supplies
- use of stored animal feed
- decontamination of areas

TIME SCALE CONSHERATIOMS IS SELECTING PROTECTIVE MEASURES
3.06 The selection of one or more of these protective measures must take

into account the nature of the accident and its attendant risks and
in particular the time scale associated with these two factors. Time
scales associated with an accident can generally be classified as
follows:
- the early phase, where the immediate risk from an airborne release

may be the inhalation of radioactive material and/or irradiation
from the radioactive plume. This phase extends for some hours
from the start of the accident,

- the intermediate phase, where the risk may be due to:
i/ external radiation from ground depositions;
ii/ internal radiation from inhalation of resuspended particulate

radioactivity;
iii/ internal radiation from ingestion of contaminated fresh food

(milk, vegetables and fruits) and water. This phase may extend from
days to weeks after the early phase,

- the late phase, where the risk may be due to consumption of contaminated
food in general, and contamination of the environment. This phase may
extend from some weeks to several years after the earlier phases
depending upon the nature of the release.

3.Q7 The possible application of the individual protective measures during
the various phases of the accident is indicated in Table Øbelow.

* NOTE: Measures such as sophisticated respiratory protection and
protective clothing are more appropriate for protecting
emergency teams than for protecting the general public. Simple
respiratory protection for the public can be recommended and
is discussed in this document.

12



TABLE III
APPLICABILITY OF PROTECTIVE MEASURES

Phase
Early Intermediate

Sheltering ** *
Radioprotective prophylaxis ** *
Control of access and egress ** **
Evacuation ** **
Personal protective methods * *
Decontamination of persons * *
Medical care * **
Diversion of food and
water supplies ** **

Use of stored animal feed ** **
Decontamination of areas - *

** applicable and possibly essential
* applicable
- not applicable or of limited application

Late

_
-
#
-
-
*
*

**
**
**

NOTE: Although the protective measure of removing domestic animals in the food
chain from pasture and putting them on stored animal feed is not an immediate
protective measure beneficial to humans, nevertheless, if the situation
warrants, the earlier the animals are put on stored feed the greater may
be the dose savings at a later point when animal products begin to enter
the food chain.

13



SELECTION OP APPROPRIATE PROTECTIVE MEASURES

3.08 The relevance of the protective measures in relation to
particular hazards is illustrated in Table IV.

14



TABLE IV - RELEVANCE OP PROTECTION MASURES TO PARTICULAR HAZARDS

Potential Hazard Routes Time-Scale Applicable Protective Measures for General Public

Direct radiation from facility

1-Direct radiation from plume (and
possibly ground deposition)

2-Inhalation of volatiles (e.g.Iodine)

1
3-Inhalation of aerosols

4-Contamination of skin and clothes

5-Inhalation of resuspended particules

6-Radiation from ground deposition

7-Ingestion of contaminated food and water

H tes 1. Medical care may be required in any of the time-scale
authorities when and if necessary

2. The use of stored animal feeds to limit the uptake of
can be applicable in any of the time-scale phases.

Aë
0>

Ô+>t
ô
Î)
ÑáËë
0)

Evacuation
Control of access
Sheltering
Control of access
Evacuation
Sheltering
Radioprotective prophylaxis
Control of access
Evacuation
Personal protective methods
Sheltering
Control of access
Evacuation
Personal protective methods
Sheltering
Control of access
Evacuation
Decontamination of persons
Evacuation
Control of access
Personal protective methods
Decontamination of are
Evacuation
Control of access
Sheltering
Decontamination of areas
Diversion of food and water

phases, and should be implemented by competent
radionuclides by domestic animals in the food-chain



3.09 As a general principle it will Úå appropriate to implement
protective measures only when their social cost and risk will
be less than those resulting from the radiological exposure
that would Úå avoided.In many cases this is a very difficult decision.

BASIC PRINCIPLES OP PROTECTIVE MEASURES - RISKS, DIFFICULTIES AHD COSTS
Sheltering

3.10 A simple protective measure for mitigating the impact of a
drifting plume of radioactive material is to advise people to
seek shelter indoors, preferably in inner rooms or areas, and
apply ad hoc respiratory protection. They should also be advised
to tune in local radio or television stations for further information.

3.11 For external radiation a reduction of whole body and possibly skin
doses can be achieved by remaining indoors^If windows and outer
doors, as well as ventilation systems and other openings, are closed,
a reduction of the concentration of radioactive material in the
shelter air will result. A substantial reduction of inhalation dose
can be achieved which will be of particular importance for such organs
as the thyroid, the lungs, and the gastrointestinal tract,
(a) Shielding

3.12 The shielding effect against the direct radiation from a passing
plume will depend to a considerable extent on the type of building
being used as a shelter. Attenuation of gamma radiation depends first
on an approximation of the mass of material between the source of
radiation and the person. The shielding effect will thus generally be
greater for a building that is constructed of dense materials and in
which there are a large number of floors between the radiation source
and the occupied area. Sheltering in the basement or in underground
structures willconsequently provide the best protection. Attenuation of
radiation through windows will, however, be only slight. Persons should
be advised to stay in basements or centrally located rooms, if possible
without windows. Where it may be necessary to stay in rooms with larger
windows facing open air, they should be instructed to locate themselves^
if possible, in corners or other placea shaded from direct daylight
through windows.
Because of the great variability of building structures, only
approximate values for shielding factors are available.(Table ÒÏ).
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3.13 It would be desirable for responsible authorities to acquire
information concerning shielding factors for different types
of buildings that could be designated as shelters in the
vicinity of particular nuclear facilities,
(b) Ventilation control

3.14 The rate of ventilation of a building influences the rate at which
the concentration of airborne contaminants from a passing plume
increases within the building. Some estimate of the protective
benefits of remaining indoors and limitating the ventilation rate
can be obtained from Figure I. Ê r using the number of air changes per
hour multiplied by the immersion time in the plume in hours one can
determine the fraction of dose avoided.

Figure I« Effect of ventilation rate and immersion time on
fraction of dose

Q.O o.i /* G 5 1.0 2. *» & & do ã A 6
/Ventilation Rate/ x /Immersion Time/

d loo

3.15 With respect to ventilation control, persons taking shelter should
be requested to close all windows and outer doors and to stay in that
part of the building which does not face the wind and which has a
minimum number of windows and outer doors» Instruction should also be
given to put out any fires, in heaters or fireplaces, and to close
heater and chimney dampers. It is advisable to place radio-sensitive
persons5 such as young children and pregnant women, in rooms with
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greater shielding factors and airtightness. However, it is
important to ensure that adequate air supplies are maintained
in all occupied rooms.

3*16 With appropriate ventilation control, sheltering indoors can be
regarded as a special case of respiratory protection. Where
feasible, the rate of air exchange can Úå reduced still further,

*'Ë
Úó placing layers of moist newspaper or cloths in the chinks of
doors and windows which can Úå opened. An additional reduction
of inhalation doses Úó a protection factor of approximately 10
may possibly Úå obtained in this way.*

3.17 When the airborne radioactive plume has passed, the sheltered
persons should Úå advised to quickly open windows and doors and
to permit a thorough ventilation of the building. Persons should
Úå urged to stay indoors for some time and open only window or
door openings on the down side of the shelter until information
is available concerning the extent of any surface contamination
outside the structure,
c) Hisks, difficulties and costs

3.18 The adverse effects of requiring the public to seek shelter are
relatively small. Most persons are likely to Úå in the proximity
of some kind of building or at their homes, and the possible harm
or risks caused Úó such sheltering are negligible.

3.19 Few social difficulties are associated with temporary sheltering,
since the public will appreciate the reasonableness of this
precaution and will Úå willing to follow simple instructions
concerning sheltering requirements. However, long term sheltering,
that is for more than about 12 hours, may cause both social,
medical and hygienic problems, except in specially designed facilities»
Por a period of 24 hours or longer, food and medical care for shelter
occupants will also need to be considered. The need for long term
sheltering might also imply a relatively long release time for the
radiation with an attendant relatively low dose commitment rate.
For this situation (except for severe inclemant weather) an orderly
evacuation of the area would be more appropriate after an initial
shelter period.

* See IAEA Technical Reports Series No. 152. Table LXVII.
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3«20 In most cases, it will be possible for all potentially affected
persons to find shelter, if the alarm is given early enough»
When it can Úå envisaged that a major city will Úå exposed to
a radioactive plume from a severe accident, sheltering action
for such a large population group may Úå preferable to massive
evacuation because of the potential physical injury and property
loss risks associated with such an operation»

3«21 The overall cost of short term sheltering in any community does
not impose any severe direct financial burdens for planning or
response»

Radieprotectiyejgrophylaxis
(a) Basic principles

3«22 Radioprotective prophylaxis means the intake of specific stable
chemical compounds which have a reducing or blocking effect upon
the uptake of certain radioactive isotopes»

3«23 Examples of such blocking substances are stable iodine compoundSj
for example potassium iodide or potassium iodate. These compounds
are effective in reducing the uptake in the thyroid gland of 1—131
and other iodine radioisotopes which are expected to be present in
a fission product release» However, these drugs will not protect
other possibly more important body organs.

3»24 The uptake of iodine in the thyroid gland is age-dependent and
for metabolic reasons is greater in young children and progressively
decreases with age in older children until they have the same
uptake as adults» The radiation-dose to the thyroid gland after
inhalation of 1-131 and other isotopes of iodine will be large
in newborns. Tue average dose for all children over a range of
ages is about 3 times the dose to adults»
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3«25 After an intake of 1-131, the quantity in the thyroid
reaches a maximum in 1-2 days, and about half of this value is
reached in about 6 hours. Consequently it is imperative that the
prophylactic use of stable iodine compounds should be implemented
before exposure to inhalation of radioactive iodine or as soon as
practicable thereafter.

3.26 If such compounds are administered six hours after intake of
radioactive iodine, a reduction in dose to the thyroid of
approximately 50$ is anticipated. Little reduction in dose is
achieved if they are administered more than 12 hours later.
Their administration after 24 hours is ineffective.

3»27 In principle, the intake of stable iodine compounds may also be
applied to protection against the uptake of I-13I and other radio-
iodines from contaminated milk, foodstuffs and drinking water.
However, since the uptake of radioiodines from such substances is
more of a problem during later phases of the accident, it seems
reasonable to assume that diversion of food and water supplies may
be more effective as a protective measure during these late phases.

3.28 Experience has shown that both potassium iodide (ÊÃ) and potassium
iodate (KIÔ ) are effective prophylactics. However, the latter
may be stored for longer periods without deterioration and is
now the recommended chemical form if manufactured into tablets.
However, tablets may be unsuitable for administration to small
children and infants and procedures should be provided for
administering to that critical group.
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3.29 A publication by the U.S, National Council on Radiological
Protection and Measurements (NCRP)* gives an up-to-date
review on the subject and a comprehensive list of references.
These should Úå consulted Úó persons responsible for emergency
planning.
(Ú) Dosage and administration

3*30 The recommended dosages of these stable iodine compounds that
represent a consensus viewpoint are as follows:
i) All individuals above age of 1̂  year;

130 mg KI or 170 mg ÊÒÎ-, •——during the first 24 hours
(100 mg iodide equivalent)
65 mg KI or 85 KIÔ j —— every day following first 24 hours
(50 mg iodide equivalent)

ii) Infants under age of 1̂  year
65 mg KI •—— every 24 hours.

3*31 The administration of stahle iodine compounds should not be
continued unnecessarily* It is recommended that the maximum total
dose should not exceed one gram. The public health authority should
recommend when these compounds should Úå used and in what quantities*
(o) Risks, difficulties and costs

3*32 Risk caused Úó administration of a radioprotective prophylactic
drug should be lower than the potential risks caused Úó exposure
to the radiation. Undesirable side effects may occur in a limited
number of the population. It is therefore considered that no major

* HCRP Report No. 55

21



risks are associated with the use of this protective measure.
3.33 An important point to keep in mind is that intake of stable

iodine compound tablets specifically protects against irradiation
of the thyroid gland only. This protective measure must therefore
be looked upon as a supplement to other protective measures and
will not necessarily replace them in any given situation.

3*34 The implementation of this protective measure would be more
effective if the stable iodine compounds were distributed
before an accident has occurred. However, difficult problems with
predistribution are encountered and this practice is not recommended.
The effectiveness of the distribution and administration of these
compounds after the accident has occurred will depend on the time-
liness of distribution. To obtain the best results, it is essential
that an efficient organization exists for the rapid distribution
of the drug which of course must be on hand in suitable locations.

3.35 The overall cost of the manufacture, distribution and use of
a radioprotective prophylactic compound is not too expensive
and cost considerations should not preclude its use as a protective
measure.

Control of access and egress
(a) General

3*36 Control of movement to and from the areas affected by a nuclear
accident is a protective measure often mentioned, but usually
left unclarified in emergency plans. Control of entry to a defined
area may be required within a short period of time from the
occurrence of an accident. The area over which control muat be
exercised may vary with time after the accident.

3.37 Some of the reasons envisaged for control of access and egress
as a protective measure are:
- during the initial phase of the accident, to avoid unnecessary

entry of additional persons into the projected danger area;
- during early and intermediate phases of the accident to clear

routes to facilitate evacuation, and to facilitate the access
of emergency teams to the accident site and of radiological
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monitoring teams to the affected areas;
- during later phases of the accident, after the passage of the

radioactive plume, to reduce unnecessary exposure of persons
to ground contamination and to inhalation of resuspended radio-
active material and avoid unnecessary contamination of emergency
equipment and supplies;

- during any post evacuation stage, to prevent unauthorized re-entry
into contaminated areas and to ensure security of property left
behind Úó evacuees;

- during later phases of the accident, to ensure that no unauthorized
transfer of contaminated artciles (foodstuffs, crops, etc.) to
clean areas takes place;

- during all phases of the accident, to permit efficient routing of
essential traffic through affected areas and to avoid the transport
of unnecessary equipment and supplies into the contaminated areas,
(b) f̂ sksiti|d:LfficultiieiBiiiand_costs

3.38 The risks involved are mainly those of accidents due to traffic
congestion. These, however, become negligible if proper team
work is ensured by the responsible authorities.

3.39 The overall cost attributable to this protective measure is
acceptable and involves mainly additional manpower to establish
access control teams with provision for their reliefs. Additional
indirect costs are minimal in terms of team equipage since most of
the equipment should be available from emergency, military,and
police service organizations*

Evacuation
(a) General

3.40 Evacuation is the ultimate protective measure that can be implemented
if suitable conditions exist. As a protective measure related to
radiological releases to the environs, it can be used for the
protection of peoples

- from direct radiation from the nuclear facility
- from inhalation of radioactive materials
- from external exposure due to the passing plume
- from external exposure due to ground contamination
- from inhalation of resuspended radioactive material
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The value of evacuation in relationship to other protective
measures assumes that the hazard is great enough to warrant its
use. Factors influencing the choice of evacuation include the
magnitude and characteristics of the accident, size of population
to be evacuated, available routes away from the area to be evacuated,
modes of transportation, weather conditions and resources. Evacuation
requires time, and in some circumstances it may not be feasible during
the early phase of the accident. During that stage only relatively
small communities can be efficiently evacuated in a timely fashion»

3.41 Evacuation can be effective during the intermediate phase following
sheltering as a means of reducing exposure dose from a highly
contaminated environment. However, the ideal time to implement
evacuation is prior to the plume arrival.

3.42 If evacuation is envisaged during the passage of the plume, it
is possible that higher doses might be received by the evacuees,
as opposed to keeping them in shelter. In addition, it must also
be remembered that the time scale for mobilizing vehicles is long,
and it may prove impossible to evacuate before the plume arrives,
(b) Risks, difficulties and costs

3.43 The risks associated with evacuation have generally been stated
to be relatively small. In most cases no panic or hysteria has been
observed. Evacuation can be performed at relatively low risk if
properly preplanned and efficiently carried out. However, traffic
accidents remain as a possible risk. In addition, other risks may be
associated with the evacuation of special groups (e.g. elderly
persons and invalids), and consideration must be given to this aspect.

3«44 Difficulties during evacuation such as traffic congestion, mass
communications difficulties, confusion and reluctance to evacuate
on the part of some individuals, language barriers and ethnic
considerations have been reported. Time constraints impose additional
problems. The time required for people to prepare to leave after
notification depends on such factors as:
1. Whether family units are together, and their special problems.
2. Type of community involved.
3. Special evacuation considerations for institutions, industries,

hospitals, nursing homes, prisons, etc.
4. Refusal to cooperate with evacuation authorities.
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3»45 The impact of implementing evacuation as a protective measure
on communities varies according to the type of community involved.
A variety of communities may be found surrounding different
nuclear facility sites. These may include residential, urban,
rural or agriculture, industrial or commercial, and recreational
communities.

3«46 The economic considerations associated with evacuation are related
to the type of community involved. For example, the evacuation of
people from an area used for agriculture presents unique problems,
and the costs incurred include those related to the care of domestic
animals. In general, the major cost is the financial cost resulting
from loss of farm products and, on a long-term basis, the withdrawal
of land from use. Similarily, evacuation of personnel from a large
industrial plant could cause great economic loss and damage to
critical plant equipment.

3»47 The financial impact of evacuation on residential, and perhaps
recreational, areas would probably be less severe. This assumes, of
course, that there are adequate relocation centers for evacuees and
adequate private or governmental resources to care for them. It also
assumes that there is adequate law enforcement for the protection of
evacuated properties.

3.48 In summary, the overall costs of evacuation may be very high and they
include the costs of alternate housing, food, transportation, and
other displacement costs.

Personal protective methods
(a.) General

3.49 Two forms of personal protective methods may be applicable in this
context, namely respiratory protection and protective clothing. These
measures offer protection against airborne and deposited radioactivity.
The correct fitting, use, and care of such equipment requires that the
involved individuals be given some formal training in its use. This
is not feasible when dealing with the general public. Consequently,
if any use is to be made of such measures by the public, the simple
equipment and techniques to be employed can only b© of a very
rudimentary nature.
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(b) Simple respiratory protection
3.50 This may be provided Úó the use of handkershiefs, soft absorbant paper

products, clothing and other items which can be used to cover the mouth
and nostrils. The public can be advised to use such simple items
while proceeding to take shelter, and possibly during sheltering.
Similar precautions could be recommended while members of the public
were being evacuated from a contaminated area.
Table >7>...; in this section indicates the relative degree of respiratory
protection provided by several common household and personal use
items against aerosols of 1-3 micron particle size.
(c) Other forms of respiratory protection

3«51 Special groups such as police, ambulance service, firemen, and
radiological monitoring and rescue teams might be required to operate
in contaminated areas. Under such conditions, they would be required
to use more sophisticated respiratory equipment. These include full
face respirators with appropriate filters, or self-contained breathing
apparatus. Such persons must be trained to use this equipment.
(d) Protective clothing

3.52 Any form of clothing will provide a certain degree of protection
against contamination from any source. It is not practicable to
provide members of the public with purpose-designed protective wear.
However, the special emergency teams may require appropriate protective
clothing. These groups should be trained in the proper wearing and
removal of this clothing.
(e) Risks, difficulties and costs

3.53 For work with protective clothing and.respiratory protection, there
are special rules which should be observed in accident situations
because of the burden and risk such devices represent to the wearer.
The capability of specific individuals - assigned to emergency or
rescue team - to wear "supplied air" or other respiratory protection
must be ascertained by periodic medical examination and drills involving
the actual use of the protective clothing and equipment. Periodic
training under simulated accident conditions is of great importance
for ensuring the readiness of both personnel and equipment for operation
in an actual emergency.

3«54 Because this protective measure is generally applicable only to small
specialized groups of the offsite emergency organization, its associated
costs are relatively minimal. Some additional equipment may have to be
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TABLE V.

RESPIRATORY PROTECTION PROVIIED BY COMMON HOUSEHOLD AND PERSONAL ITEMS
AGAINST AEROSOLS OF 1 TO 5u PARTICLE SIZE

Number
Item of Resistance

Thick- „ „ _.mm of H_0nesses 2

Handkerchief ,
man's cotton

Toilet paper
Handkerchief,
man's cotton

16

3

8

36
13

18
Handkerchief,
man's cotton Crumpled -

Bath towel,
turki sh

Bath towel,
turki sh

Bed. sheet, muslin
Bath towel,
turki sh

Shirt , cotton
Shirt, cotton
Handkerchief,

woman1 s cotton
Hand&erchi e f ,
man's cotton

Dress material,
cotton

Handkerchief,
woman's cotton

Slip, rayon
Dress material,
cotton

Shirt, cotton

Handkerchief
man's cotton

2

1
1

1 (wet)
1 (wet)
2

4 (wet)

1 (wet)

1 (wet)

4
1

1
1

1

11

5
22

3
I5oa

7

84a

98a

180a

2
6

5
3

2

a. Resistance obtained when checked immediately
resistance began to decrease after about one
started to dry.

Reference : American

Geometric
Mean

Efficiency,
%

94.2

91.4

88.9

88.1

85.1

73.9
72.0

70.2
65.9
65.5

63.0

62.6

56.3

55.5
50.0

47.6
34.6

27.5

after hand wringing. This
minute when the material

Industrial Hygiene Assn-1963
RESPIRATORY PROTECTIVE DEVICES MANUAL
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acquired for some offsite emergency organizations who normally
are not provided with this specialized protective equipment and
this represents an additional but minor cost factor.
(f) Storage and maintenance

3.55 Storage and maintenance of simple respiratory protection and
protective clothing items present no problems. However, more
elaborate equipment must Úå carefully stored and regularly maintained
in accordance with the manufacturer's instructionse

Decontamination of persons
(a) General

3»56 If decontamination as a protective measure is associated with taking
shelter, then if possible it should be performed before taking shelter
in order to maintain the radiological cleanliness of the shelter»
It is advisable to decontaminate any heavily contaminated persons
as a first priority and if evacuation takes place after taking shelter
there is a need for monitoring and decontamination of persons.

3.57 Usually persons can be decontaminated in ordinary shower facilities.
If adequate facilities do not exist at a fixed location, field
personnel decontamination facilities can be constructed, using
basic equipment readily available to industry and to the armed
forces of most nations» Most clothing can be decontaminated by
simple washing using normal procedures.

3.58 Medical assistance may be required in the case of personnel decon-
tamination, particularly where injuries are involved.

3*59 Adequate respositories for the storage of decontamination wastes are
required when these wastes can be effectively collected.**
(b) Risks, difficulties aM costs

3.60 Risks associated with decontamination are generally acceptable and the
cost involved in its implementation depends on local circumstances.

Medical Care
(a) General

3.61 When an accident results in radiation exposure or other injury limited
to the facility operators, any first aid required should be provided

** NOTE: The collection of waste water from decontamination or personnel
or clothing is, in general, not practical where large scale
contamination already exists in the environment.
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Úó appropriately trained personnels The operating organization
of the facility requires that adequately trained personnel Úå
present on every shift. Medical personnel from suitable off site
medical centres should also Úå readily available according to the
emergency plan of the nuclear facility.

3.62 First aid is primarily directed at preventing traumatic injuries
from threatening life. It may also include some assessment of
contamination and the performance of limited decontamination.
Definitive medical care requires hospitalization, medical
treatment and assessment of the dose that has Úååï received Úó the
accident victims. Medical treatment may Úå required on an outpatient
basis or in a hospital according to the radiation exposure and
injuries involved. In the case of accidents resulting in radiation
exposure to off site populations, the extent to which medical care
will Úå required depends on the size of the accident, the level of
the doses received, and the number of persons affected. If there is
a great number of persons involved, for example more than several
hundreds needing medical treatment, medical care may be difficult and
may be less effective than where only a few persons are affected
who can be treated carefully in special medical facilities.

3.63 The basic principles of first aid and medical treatment where radiation
exposure is involved are generally based on the same methods used
for handling other accidents modified by considerations of radiation
exposure or contamination»

3.64 First aid for members of the public should be performed by personnel
of emergency services organizations, for example Red Cross, police,
Civil Defense, hospitals or other personnel who have been adequately
trained. Medical advice with respect to radiation exposure or injury
should be given by physicians of the public health services or others
with appropriate knowledge or experience» The medical staff should
divide the population of the affected area into three categories:
a) persons believed to be free of injury or radiation exposure;
b) persons with any signs of radiation sickness, who should be sent

for appropriate treatment;
c) persons with any radiation sickness and contaminated injuries9

who have to be transported to special clinics.
The medical staff should administer according to sound medical
judgement, ohelating substances to people who could have ingested
and/or inhaled large quantities of radioactive contaminants.
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(b) Risks, difficulties and costs
3.65 Medical care of persons exposed to radiation does not usually pose

additional risks to other persons. Hadiologically contaminated
persons do pose a risk to others and hence decontamination becomes
important to reduce or eliminate this risk. Difficulties may rise
from a lack of proper training of the personnel available to provide
first aid and medical care.

3.66 In most countries an organization for handling victims of everyday
accidents will already exist in one form or another. Special facilities
for the medical care of radiation injuries are of limited availability
and existing facilities may have to be used for this purpose.
Training programs in radiological matters should be provided to at
minimum a nucleus of medical personnel at existing medical facilities
who may be called upon to cope with any radiation injuries. In some
cases, additional equipment may be required for emergency medical
teams. Planned maximum use of trained radiologists and radiation
medicine resources should minimize the costs of planning in this
area.

Diversion of food and water supplies
(a) General

3,67 Diversion of foodstuffs means control of the distribution of the
contaminated food products, their possible dilution and mixing with
products from clean regions, and their conversion to other products,
to achieve an acceptable,low activity concentration in the resulting
products. Under certain conditions, and if properly accomplished, the
consumption of these end products may not lead to any harm to the
consumer but expert advice will be needed to utilize this technique.
Diversion of water supplies that are contaminated usually means shutting
off normal supply intake to the contaminated source. Diversion can also
imply destruction, and using alternative sources* of foods and water
supplies. Although these are somewhat different actions than diversion,
for simplicity they are contained under the same heading.

*ÃÎÈÇ: Alternative sources means the supply of the public in the affected
area with uncontaminated food and water supplies from other sources,
generally outside of the contaminated area.
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3»68 Destruction of foodstuffs means that the contaminated, products will
not Úå used for human food. When used otherwise, for example as feed
for animals, care should be taken that they do not indirectly affect
human beings. Destruction has no practical applicability to contaminated
water supplies.

3„69 Owing to their interdependence, protective measures involving
the control of food and water supplies, i.e. diversion,
destruction and alternative sources, can be discussed together.
These three protective measures are mainly applicable in the
intermediate and late phases. This means that before ordering
the diversion of foods or water, or destruction of foods, or
the use of foods or water from outside the contaminated area,
the results of special radiological measurements should be
available. Such measurements give information about the main
radionuclides present and their concentrations in the various
foodstuffs and water supplies. Based on this information, the
responsible authority is able to balance the potential risk from
radiation against the social and economic costs of its avoidance,
(b) Risk3[Vi [difficultieiS[ jancl costg_

3.70 The change of diet due to these protective measures may be incon-
venient or even pose a risk to some people, especially older
persons, children and the ill. Ethnic considerations may also
be a factor in some areas.

3.71 In the case of large contaminated areas, social and economic
considerations are very important. The supply of uncontaminated
foods and. water may raise various transportation and supply
difficulties and these must be considered before initiating these
protective measures.

3«?2 The costs associated with implementing the protective measures
are dominated by the value of the food destroyed or diverted.
Decisions will need to be made when considering the destruction
of food stuffs in areas where food may be necessary for consumption
because of the economic conditions of the population. Immediate
removal of grazing dairy animals from possibly contaminated pasture
should minimize costs of protective actions for this exposure pathway.
Monitoring should have an additional objective of providing data to
determine when dairy animals can return to pasture.
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Decontamination in affected areas
(a) General

3*73 Decontamination of areas, equipment, buildings, roads, land, etc., is
a protective measure that applies to the intermediate or late phase*.
This protective measure involves mainly the removal of the radioactivity
from an affected area to another location where it will be less hazardous.
Several actions can be envisaged such as:

washing or vacuum sweeping of roads and the surfaces of buildings.
This can be done with fire fighting or industrial equipment;

- plowing agricultural lands and pastures. This technique does not get rid of
contamination but relocates surface contamination to deeper layers in
the soil;

- removal of surface layers of earth to a storage place;
- washing and cleaning of equipment with water and appropriate detergents;
- fixation of contaminants.

3»74 Adequate repositories for the storage of decontamination wastes are
required. In the case of decontamination of land by large scale surface
earth removal, adequate heavy duty transportation equipment is of special
importance.
(b) Risks, difficulties and costs

3*75 Risks associated with this protective measure arise from the exposure of
the persons performing the action through inhalation, ingestion and external
irradiation. These persons more than likely will require protective clothing
and equipment and radiological exposure control.

3*76 Some difficulties can be encountered with decontamination especially in the
case of massive decontamination of land areas by large scale surface earth
removal. Massive decontamination of structures and other environmental
surfaces such as roads can pose a variety of problems.

3*77 Weather conditions can affect the decontamination feasibility and effective-
ness to a marked degree. In general, decontamination in cold weather would
usually be more difficult than in warm weather.

«ÍÎÒÅ: Por a relatively detailed treatise on decontamination, see the
U.S. Reactor Safety Study.
I UREG-75/014 /WASH-1400/, APPENDIX VI.
Appendix K, October 1975.
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3»78 The overall costs of this protective measure can be high
especially in the case of large scale surface removal and
massive decontamination of structures and of other surfaces
such as roads. Storage or disposal of radioactive wastes
can pose additional problems. Loss of property or loss of
its use, through radioactive contamination, may be a major
factor in the overall financial considerations and this cost
could be quite high.
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SECTION IV - PLANNING FOR RESPONSE TO AN ACCIDENT/ASSESSMENT/PREDICTION/
OPERATIONAL RESPONSE.

General
4.01 This Section provides a general discussion of matters relating to the

handling of accident situations and deals, in particular, with planning
the implementation of protective measures from the point of view of the
offsite organizations involved and with consideration of the role of
the nuclear facility operator. It also discusses the practical organi-
zational aspects and difficulties which may occur in implementing
protective measures. In essence, it is concerned with the actual development
of the emergency response plan through application of the guidance on
accident analysis, protective measures, intervention levels, discussed in
Sections II, III, V and this Section.

4.02 To plan for the important operational aspects of emergency response to
an accident, that is, to determine the actual offsite consequences
and to select and implement appropriate protective measures, it is
necessary to identify the available emergency response resources in terms
of trained manpower, special equipment, facilities, shelters and other
supportive resources. Adapting the response to the accident situations is
very important in terms of conserving available resources and minimizing
disruptions to the surrounding populations, homes, industry and the
environment, while at the same time ensuring that the protective measures
selected are adequate to minimize any risk from exposure.

4.03 Flexible emergency response plans capable of coping with a spectrum of
accidents are complicated for the following reasons
- the relatively wide spectrum of accident situations that may be

envi saged;
- the expected extremely low probability (frequency) of occurrence

of serious accidents;
- the need to identify immediately the accident situation

and to project its offsite consequences which may be subject to the
variation in time factors associated with a radioactive release

- the requirement for a large number of different actions to be taken
both on and offsite which may be interrelated, and may have to be well
coordinated and implemented simultaneously;

- the human and material resources needed for the response;
- the variety of the skills and qualifications of persons and organizations

required to implement these actions.
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4.04 After the emergency response plan is developed, emergency
procedures covering the details of operational response through
implementation of protective measures should be developed for
each part of the response organization identified in the emergency
plan.

CONCEPT OF EMERGEHGY ÐØØØ? ZOHES
4.05 Since the various types of nuclear facilities have different

potentials for accidents, it is necessary to analyze these
potentials in terms of projected offsite consequences. The
offsite areas that might be affected must be identified and
the characteristics of these areas in terms of demography,
environment and land use must be ascertained since these can
be affected by an accidental release of radioactive material
from the facility. The local conditions may vary rather widely
from site to site and it is important to take these variations
into consideration when developing the emergency plan.

4.06 With regard to the area over which planning efforts should be
carried out, the concept of establishing Emergency Planning
Zones (EPZs) around each nuclear facility can be useful to the
organizations charged with defining the scope of emergency
planning efforts to be carried out. These zones can be defined
in terms of roughly circular area with its center at the nuclear
facility appropriately divided into sectors and segments,
(i) Size of the Zones The zones can be selected in terms of

either a site specific or generic distance out from the
facility(for common types of nuclear facilities) based
upon analysis of the accidents considered for planning purposes
in terms of projected radiological doses offsite. The relation-
ship between these projected doses and Intervention, Action,
or Emergency Reference Levels, or Protective Action Guides,
can be established, and either a site specific or generic
distance can be selected within which these levels or guides
might be reached. Thus the purpose of the Emergency Planning
Zones is to facilitate emergency planning in the vicinity
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of nuclear facilities and the objective of establishing
these Bones is to plan for dose savings in the environment.
It is expected that judgement of the planner will be used in
determining the precise size and shape of the EPZs considering
local conditions such as demography, topography and land use
characteristics, access routes, jurisdictional boundaries, and
arrangements with the nuclear facility operator for notification
and response assistance. The exact size and shape of the EPZs
should be determined by the responsible governmental authorities.

(ii)Types of Zones
Emergency Planning Zones can be established for two basic exposure
pathways; (l) the short-term "plume exposure pathway" (thyroid,
whole body and other organ exposures from an airborne radiolo-
gical release) and (2) the "ingestion exposure pathway" (internal
exposure from agricultural, milk and water pathways). Protective
measures which may have to be implemented for the ingestion pathway
may involve geographical areas substantially much larger than the
areas involved in the plume exposure pathway. The concept of
Emergency Planning Zones is illustrated in Figure 3*.

(iii)Emergency Planning Zone (Plume Exposure Pathway)
For the plume exposure pathway (airborne radiological release),
an Emergency Planning Zone can be defined in terms of a generic
distance (for similar nuclear facilities) at which Intervention
Levels for this pathway (such as whole body and thyroid levels
or guides) should not be exceeded outside the zone as a result
of releases postulated for the largest accident considered for
planning purposes.

(iv)Emergency Planning Zone (ingestion Pathway)
For the agricultural, milk and water pathways, an Emergency
Planning Zone can be also defined in terms of a "generic distance"
(for similar nuclear facilities) at which Intervention Levels
for the ingestion pathway should not be exceeded outside the zone
as a result of releases postulated for the largest accident
considered for planning purposes.
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(v)Characteristics of the ̂Emergenp^ Planning Zones
Characteristics of the Emergency Planning Zones surrounding
each nuclear facility should be determined since this
information is directly related to the types of protective
measures which can or should be taken in the surrounding
environment.

vi)Planning within the^Zones.
Emergency Planning Zones can be designated as the areas for
which planning is recommended to assure that prompt and
effective actions can be taken to protect the public in the
event of an accident. Responsible government officials can
apply the applicable planning items listed in this manual
within the selected zones.
The following are example planning elements considered
appropriate for the EPZs!

Identify responsible onsite and offsite emergency response
organizations and the mechanisms for activation of their
services,
Establish effective communication networks to promptly
notify cognizant authorities and the public,

(3) Designate pre-determined actions as appropriate,
(4) Develop procedures for use by emergency response personnel
(5) Identify applicable radiation measurement survey and

monitoring equipment,
Identify Emergency Operations Centers and alternate
locations, assembly points, and radiation monitoring
locations,
Impalement training programs for emergency response personnel
as appropriate, and

(8) Develop procedures for testing emergency response plans,
communications systems and related equipment.

Emergency planning should predetermine appropriate emergency
responses within the EPZ as a function of population groups,
environmental conditions, plant conditions and time available
to respond. For the plume exposure zone, sheltering and/or
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evacuation and/or radioprotective prophylaxis would
likely be the principal immediate protective actions
to be recommended for the general public within this
EPZ. The ability of a protective action to best reduce
the exposure of the population should determine the
appropriate response. The key to effective planning is
good communication to authorities who know what they
are going to do with respect to implementing protective
measures under pre-determined conditions.
Ðîã the ingestion exposure Emergency Planning Zone, the
planning effort involves the identification of the
major pathways for exposure from contaminated food and
water and the associated control points and mechanisms.
In general, the ingestion pathways for exposure would
represent a longer term problem, although some early
protective actions to minimize subsequent contamination
of milk or other natural foods should be initiated (e.g.
put cows on stored feed , isolate agricultural products,
and harvest crops immediately). In this zone, authorities
should have preplanned actions to control or interdict
radiological exposure via the ingestion or food-chain
pathway.

4.0? Relevant Offsite Data
In order to assist in the selection of the most effective
protective measures, the characteristics of the offsite areas
most likely to be affected by the release should be identified.
These offsite regions can be referred to by mapping them in
the Emergency Planning Zones selected for the facility,
appropriately divided into sectors or segments.

4.08 The extent to which such mapping would be useful can be
determined from calculations which show those areas in which
radiation contamination levels may exceed the applicable
intervention levels (see Section V). Information on population
distribution, industry, water sources, etc. relevant to each
zone, will indicate whether there are critical areas, with
respect to potential exposure routes. A knowledge of the
amenities (for example communications, transport) in each zone
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will also indicate which protective measures would Úå more
likely to achieve the desired results, especially where options
exist. On the basis of such information the characteristics of
the zones can be established.

4.09 These characteristics of the zones can be divided into the
following general categories:
- data on organization, facilities, and equipment, of importance

for the emergency response planning and response organization
- data on population, domestic animals in the food chain, agri-

culture industry in the region of the site;
- data on topography and geographical features surrounding the

site.
4.10 In relation to these categories the following information should be

available:
(a) Population statistics

(i) Demographic information for the area surrounding the
nuclear facility.

(ii ) Special population surveys where the available information
is sparse or transient and temporary population distribu-
tions have been identified.

(b) Public institutions and services
(i) Pire, ambulance and other emergency services and police

and military organizations and their availability,
(ii) Locations of recreational, educational, transportation,

hospital and shopping areas.
(c) Public utilities

(i) Rivers, streams, lakes, the locations of water holding
areas, such as reservoirs used for portable water supplies,
industrial purposes and irrigation. Control points for the
water distribution system and demands,

(ii) Storm water and sewage system pumping stations.
( i) Telephone services, communications equipment centers, and

public broadcast radio and television transmitters and their
studios,

(iv) Electric power generation and distribution systems.
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(d) Transport systems
(i) National and sub-national highways, and local

roads around the nuclear facility boundaries
(out to about 20 km). Traffic densities and the
capacity of these highways and roads to carry
vehicular traffic. The capacity of local public
transport systems and transport available from
other sources.

(ii) Rail transport system in the areas of concern.
This should include the passanger and freight
service facilities.

(iii) Commercial airports, and other privately and
government owned landing fields.

(iv) Uavigable water (oceans, lakes, rivers, canals)
traffic and usage.

(e) Agricultural land and domestic animals
Land areas devoted to food crops, animal feed or grazing
along with their principal uses. Animals raised for their
meat, milk, hides, fur or hair to supply human needs.

(f) Industry
Industry in the vicinity of a nuclear facility (e.g.
a chemical or petrochemical plant where shut down of the
plant may require considerable effort and time and involve
safety considerations.

(g) Topography and Geography
Mountain ranges, lakes, oceans, rivers, watershed areas.

ASSESSMENT OF THE ACCIBEM1
The Role of the Nuclear Facility Operator
4.11 As the operator of a nuclear facility is in the best position

to make an initial assessment of the operational conditions at
the time of the accident, including any engineered safety
features which may have been activated or may have failed to
function, it follows that the unecruivocal responsibility for
the initial assessment of the accident situation at the facility
rests with the operator. The initial prediction of any offsite
consequences of an accident is also a responsibility of the
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facility operator since it must be based upon the initial
assessment at the facility if timely protective measures
are to be implemented offsite. Subsequent reassessment
by the facility operator may result in a revised prediction
of offsite consequences which will then be considered or
confirmed by the offsite authorities.

4.12 Section VI describes the role of the nuclear facility operators
in relation to preplanning for the estimation of offsite
consequences arising from accidents at the facility. The operators
have an additional part to play in assessing an actual accident
situation and predicting the offsite conditions that may result.
These offsite conditions may occur immediately after the accident
or they may be delayed for a period of time ranging from minutes
to hours. In any case, the facility operator must use his
personnel, equipment and other resources immediately after the
accident occurs in order to put the plant in as safe a configu-
ration as possible which includes an assessment of the functioning
of engineered safety features. Additionally, he must implement any
desirable onsite personnel protective measures, and assess the
nature and magnitude of the accident, including the nature of
any radioactive release to th environment.
The facility operator must also estimate, as soon as possible,
the direction, height and dispersion of any radioactive plume
into offsite areas. The estimates regarding the plume, predictions
of the potential radiation exposure of the nearby population and
the possibilities for contamination of the offsite environment
must be communicated to the appropriate offsite organizations as
earlyas practicable by the facility operators, since time is required
to activate the local emergency response personnel and facilities.

4.13 These early estimates should be revised when more realistic information
is available from the more detailed assessment of the accident and when
additional radiological and meteorological measurements have been made
onsite and offsite. In response to requests from the responsible offsite
authorities for advice, the facility operator may initially recommend
appropriate protective measures for the protection of the public because
of the time necessary for offsite authorities to mobilize and take
corrective action.
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4.14 In addition to the tasks of the nuclear facility emergency
teams maintained for accident situations which are confined
to the site (for example small fires, industrial accidents),
these teams could also be charged with initial tasks related
to accident assessment covered by offsite emergency response
plans. The availability of facility personnel to conduct initial
assessments offsite will depend on to a great degree on the
size of the facility staff and the arrangements with offsite
authorities.

The Role of Offsite Authorities
4.15 Offsite authorities who have responsibilities for emergency

preparedness may be categorized into those that are immediately
adjacent to the nuclear facility and those that are located at
some distances away.

4.16 The responsibilities of offsite authorities for conducting offsite
assessment and predicting offsite consequences of releases from
the nuclear facility should be clearly defined. In the early phases
of an accident the offsite authorities' assessment and prediction
should be supported by the assessment and prediction made by the
facility operator.

4.17 It is mandatory for offsite authorities to make arrangements with
the facility operator for them to be provided with information concerning
early warning and prediction of offsite consequences and recommen-
dations of the facility operator for protective measures for the
surrounding population which should be implemented immediately.
However, offsite authorities1 assessment teams should conduct an
independent offsite complementary assessment as early as possible
in order to assist in ascertaining the actual impact of the release*
However, the initial need to take protective measures should not
await this assessment but should be based upon recommendations of
the facility operator.*)

4.18 In the later phase of an accident, the definitive and independent
assessment and prediction of radioactive contamination in the
environment surrounding the facility should be controlled by the
offsite authorities.
*)For major accidents, resources recjuired for implementing protective
measures in the immediate environs should not be diluted for
assessment actions, especially in the early time frame.
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Instrumentation for Assessment
Nuclear Facility Operational Instrumentation
4Ë9 Instrumentation specifically designed to monitor and control

plant operating conditions can serve to help assess the type
of accident that has occurred and some of its onsite and offsite
consequences.

4.20 It can be anticipated that some of the following information may
be provided by such operational instrumentation:
- an estimate of the amount of radioactivity that may have been

released to the environment ;
- the point of release,
- the time characteristics of the release (probable beginning and

duration of release),
- the radiological characteristics of the release (e.g. probable

content of gaseous, volatile and non-volatile radionuclides).
- the operational status of engineered safety features of the

facility.
- projection of the future course of events.

4.21 These instruments may include radiological monitors in buildings,
containment and ventilation systems, pressure and temperature
indicators showing the status of ventilation systems and containment
integrity (e.g.doors, piping, etc.) and the air flow in release
stacks. Meteorological instruments should also be located onsite
which will provide useful information.

4.22 In case of an accident it may be advantageous to have remote readings
of some of these instruments. It should be noted that some parameters
under accident conditions may be many orders of magnitude above
those encountered during routine operation. Therefore operational
instrumentation should be capable of giving reliable information
unless they are damaged in the accident.

Nuclear Facility Emergency Instrumentation
4.23 Nuclear facilities should be equipped with fixed and mobile sensors

and instrumentation specifically designed for emergency situations.
4.24 Some of this instrumentation may be the same instrumentation as

that used under normal plant operating conditions, but care should

44



Úå taken to ensure that the instruments are designed to measure
the much higher levels associated with accident conditions and
that they will operate under the pressure, temperature, humidity
and other conditions that may prevail following an accident. This
instrumentation should include the capability to assess the radio-
logical characteristics of the release.

Offsite Emergency Instrumentation
(a) Radiological

(1) Fixed
4.25 Depending upon national laws and regulations, some offsite authorities

may have responsibilities for routinely monitoring the environment
surrounding nuclear facilities on a periodical or continuous basis.
These authorities may not necessarily be the same as those that are
responsible for directing the response to accidents. The data output
of the instruments may be telemetered to a central location (and after
an accident to an emergency center) or periodically read or processed
manually. During the different phases of the accident, instrumentation
of this type, with telemetered outputs could be useful for accident assess-
ment provided the range of the equipment extends to the expected levels.
The fixed stations should provide, as a minimum, measurements of external
radiation dose rate, cumulative external radiation dose, and radioiodine
concentrations in air. If possible, a distinction should be made between
the radiation levels arising from airborne and ground deposited radio-
active material. For very severe accidents in the early time frame, and
in the immediate vicinity of the facility, manpower needs for assessing
the offsite consequences and for implementing protective measures will
be high.

4.26 The offsite fixed instrumentation is often installed in the downwind
direction of prevailing winds or in the direction of population centers,
or both. However, there is no assurance that during an accident the wind
will blow in that particular direction, or that the down-wind distance
of the monitoring station is located to be of some value under emergency
conditions. Thus careful thought must be given to the choice of instruments
and the location of a fixed station if it is to be utilized for emergency
situations. Moreover, fixed stations are usually intended for environmental
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monitoring during normal operations, while for an accident situation
all the above mentioned equipment should have a measuring range
appropriate to emergency situations and the results should be made
readily available to the head of the emergency organization, either
via telemetry or by other rapid communications.
(2) Mobile

4.27 The type of instruments needed will include those capable of reading
gamma exposure rates from the airborne plume or deposited material
and those for determining airborne concentrations of radioiodines and
particulates material. Air samplers may be powered by selfcontained
power units or by power from an electrical system on a vehicle. Portable
equipment may also be included as an integral part of a mobile laboratory
which may be a surface vehicle and/or an aircraft.

4.28 Portable or mobile radiological monitoring instrumentation and equipment
should be available to the responsible offsite organizations. The location
and availability of this instrumentation and equipment relative to the
nuclear facilities, along with the necessary transportation resources
to move it rapidly to the scene of any accident, determines its usefulness
during the initial phases of an accident. The timely availability of
qualified, well-trained personnel to operate it is another factor which
must be taken into consideration. The mobile units should be equipped
with suitable instrumentation for the determination of external radiation
dose rate, cumulative external dose, radioiodine and other radipnuclide
concentration in air, and general contamination on the ground and other
surfaces. In most cases the most effective
and rapid way to acquire qualitative information on the movements of a
gamma-emitting radioactive plume is by the use of suitable radioactive
instrumentation in an aircraft. Aerial surveys are effective for
making measurements of gamma-emitting radioactive contamination on the
ground and on roads and other man made construction. Aerial surveys are
also the quickest way to map ground contamination patterns. However,
severe weather conditions may affect the immediate availability of aircraft
for serial monitoring. In that case it will be necessary to depend upon
mobile teams for ground monitoring and the survey of roads, bridges,
building exterior and other man-made construction. Unless the terrain is
relatively flat,the use of fixed wing aircraft for radioactive survey
purposes may not be practical. However helicopters provide an effective
option.
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(b) Meteorological
4.29 Provision should be made for all relevant meteorological information -

climatological statistics, diffusion studies etc. - to be available
to the Offsite Emergency Response Organizations, Emergency Coordination
Center (EGG). However, if the assessment of meteorological conditions
is to be made outside this center, e.g. at a regional meteorological
forecasting center, this information must be relayed to that location
for the use of the responsible meteorologist. In addition, the fore-
casting center should have all the necessary aids to facilitate the
prediction of plume trajectory and dispersion. These aids can be
either of the manual type or preferably take the form of computer
programs designed for immediate utilization in case of an accident.

4.30 Offsite meteorological information should Úå used to provide
a better estimation of the plume trajectory and to help in
forecasting any change in the weather which may affect the
diffusion and fall-out patterns and may also affect the onsite
and offsite emergency operations. In addition to the information
supplied by onsite meteorological equipment, the data at other
meteorological stations offsite should be available for the
Emergency Co-ordiantion Center. Therefore it should be ascertained
whether any stations belonging to a meteorological forecasting
network can be used for this purpose» If such stations are available their
equipment should be checked to make sure that they could provide
the necessary meteorological infomation.
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4.31 If such stations are not available, and in-particular in the prevailing
down-wind direction, additional fixed stations should be established
to supply, as a minimum standard meteorological data (wind direction
and speed, barometric pressure, temperature humidity) to the Emergency
Coordination Center.*) Mobile meteorological stations can and should
be used where data from fixed stations is inadequate.

PREDICTION OF CONSEQUENCES
The Role of the Nuclear Facility Operator
4.32 Depending upon the available instrumentation or data processing

capability at the facility for assessments, predictions can be made
utilizing previously prepared charts and nomograms. The charts and
nomograms for prediction of offsite consequences can be based on
ðãå-calculated information such as the following:
- information on conceivable release of radioactive material from

the facility for a representative spectrum of postulated accidents;
- information on the dispersion patterns of radioactive material

released to the atmosphere or hydrosphere for various meteorological
and hydrological conditions typically observed at the facility site;

- relationship between concentration distributions of radioactive
material in the environment and projected radiation exposures
of the population;

- information for interpretation of instrument readings.

*) The meteorological network should have enough stations to assure
a sufficient supply of information to the emergency center. In
addition to information from the permanent network, measurements
by mobile units can aid in the prediction of the plume trajectory
and fallout pattern.Visual observations of local weather and wind
direction should be recognized as valid and valuable information.
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4.33 The output of these calculations should be the integrated
projected doses for whole body external exposure and
inhalation exposure from the plume and the whole body
external dose from deposited radionuclides as a function
of the time since the accident. Projections of external
gamma dose rates in space and time following a release
would be most useful for monitoring teams.

4.34 More sophisticated methods can and should be considered.
The offsite conditions can be predicted, for instance,
by a computer which may map information and provide situation
reports. Such computers utilise as input the radiological
and meteorological assessment data, actual and predicted, and
superimpose on it the measurements reported by the instruments
and the monitoring teams. The computer can compare these data
with those predicted for a certain type of accident and print
or display a status report together with the recommended action
to be taken in specified offsite areas.

4.35 In addition to the radiological characteristics for atmospheric
releases, information will be needed regarding predicting the
direction in which the released material will be carried, the
speed at which it will travel and the dilution and depletion
of the plume as a function of distance. Meteorological data
should be available from onsite instrumentation for local
conditions and from general weather service information for
larger areas. Measurements can and should be supplemented by
observations in the field.

4.36 General weather forecast information is necessary to predict
characteristics of the plume travel over long distance and a
prolonged release time. The nuclear facility should have
communications with offsite meteorological stations.

4.37 The necessary onsite measurements include:
- Wind direction and speed, from ground level and tower

instruments;
- General weather observations;
- Precipitation measurements;
- Temperature gradient to predict the atmosphere stability class.
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4.38 Other useful onsite measurements may include
- Inversion-base height
- Upper-air movements;
- Barometric pressure, temperature and humidity.

The Role of Offsite Authorities
Data Acquisition and Processing
4.39 The data which should be available for offsite Emergency

Coordination Centers (ECCs) can be classified into three
categories:

4.40 (a) Information concerning the radioactive source term.
This information should include the estimated inventory
of radionuclides involved in the accident, the physical
form of the release, the release rates and probable changes
in release rate, and those thermodynamic characteristics of
the release that are necessary to estimate the effective
airborne height of the release. It can initially be based
on pre-calculated estimation and later on instrument readings.

4.41 (b) Meteorological information
This information is necessary not only for the preliminary
accident assessment but for the efficient utilization of the
offsite monitoring teams. The meteorological information
should be utilized to give the head of the Emergency Coordination
Center long range radioactive plume trajectories and concentrations,
both predicted and actual. These data should include onsite and
offsite ground level wind data, diffusion parameters, upper-air
wind data, temperature-inversion data, and present and forecast
synoptic charts.
Though subjective methods for meteorological analysis are known,
the fastest way to obtain plume trajectories is by computer
analyses of reported data. It should be recognized that theoretical
predictionsof dispersion would be best for strong wind speeds
and may be very poor for low wind speeds. Further, wind and
weather conditions at locations several kilometers apart may be
quite different, even over flat terrain, but especially in areas
of complex topography.

50



4.42 (ñ) Offsite radiological information
The most urgently required information is the location
and speed of movement of the plume and its approximate
dimensions. This information can be provided by both
fixed and mobile instruments after a period of time.

The following information should be collected in the field:
- external radiation dose rate fields, both gamma and beta-

- external cumulative radiation doses
- periodic measurements of any ground contamination and the

nature of deposited radionuclides
- periodic measurements of the airborne radioactive concentration

and its radionuclide composition.
All the information mentioned above should be displayed on maps
or on a computer display/print out. In addition, the time of data
collection and the last measured values should be displayed. All
results should be recorded for evaluation as the course of the
accident progresses.

4.43 With this input information, the Emergency Coordination Center
should be able to calculate projected radiation doses for guidance
in selecting protective measures. The plotting of data can be done
manually. Computer analysis properly programmed can be completed
faster than manual analysis.

4.44 In addition to the calculations based on real or estimated release
data and the assumed dispersion mechanism, offsite environmental
monitoring data are necessary for:
- more precise dose estimates from plume exposure pathways
- more precise estimates of whole body and inhalation doses

from deposited material
- historical and legal purposes.
To achieve these goals, suitable equipment and qualified personnel
are needed.
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FLAMING FOR THE OPERATIOML RESPONSE
Emergency Response Resources
4.45 The resources for responding to a radiological emergency are

in general much the same as those required for responding to
non-radiological emergencies, with one important and unique
exception. Trained radiological monitoring teams with appropriate
monitoring and sampling equipment and a capability to analyse the
results of radiological surveys, are essential.

Implementation of Appropriate Protective Measures
(a) General

4.46 It is reemphasized that for very severe accidents, initiation of
predetermined protective measures in predetermined areas should
commence upon recommendation of the nuclear facility operator
without the necessity for initial confirmatory radiological
measurement data in the immediate environs. For such accidents
radiological data at longer distances may be most timely and
practical.

4.47 To a great degree, the results of assessment and prediction of
consequences at the time of the accident will guide the selection
of appropriate protective measures. Local restraints, such as the
factors outlined in Section III on Protective measures and in this
Section, together with meteorological or seasonal conditions, may
limit the type of protective- measures which can be effectively
employed. Por example, a severe storm or snow-fall in the area of
a nuclear facility where an accident has occurred may preclude
the employment of evacuation as a protective measure., and the
alternatives of seeking shelter or applying other protective measures
may have to be considered. Weather conditions may also make effective
radiological monitoring very difficult in which case action will
have to be based upon estimates. The type of protective measure,
or combination of protective measures, to be implemented may depend
on the elapsed time since the accident as previously indicated in
Section III. The emergency response plan should relate the selection
of protective measures to the early, intermediate and late phases
of the accident. Clearly it is not possible to differentiate sharply
between these phases and a good deal of judgement may have to be used
in deciding which protective measures should be selected ana. when they
should be commenced and terminated.
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Table VI.

Representative reduction factors for deposited radioactivity

Structure and/or location Reduction factor

1 ni above a hypothetical infinite smooth plane 1.00
1 m above ordinary ground 0.70
1 m above center of 50-ft roadway half way contaminated 0.55
cars, pickups, buses and trucks on 50-ft road

road fully contaminated 0.5
road 50̂  contaminated 0.5
road fully decontaminated 0.25

Trains 0.4
1 & 2-story wood frame homes (no basement) 0.4
1 &. 2-story block or brick homes (no basement) 0.2*
Hone basement — 1 or 2 walls fully exposed 0.1*

- 1-story less than 2 ft of
basement walls exposed 0.05*

- 2-story,less than 2 ft of
basement walls exposed 0.03*

3 or 4-story structures, 5000-10 000 ft per floor
first and second floors 0.05*
b as ement 0.01*

2
multi-story structured 10 000 ft per floor

upper floors 0.01*
basement 0.005*

* Away from doors and windows

Representative reduction factors for cloud source

Structure location Reduction factor

Outside 1.0
Vehicles 1.0
Wood frame house, no basement 0.9
Masonry house, no basement O.6
Basement of wood frame house 0.6
Basement of masonry house 0.4
Large office or industrial-type building 0.2 or less
away from doors and windows

/rHealth Physics Pergamon Press 1977, Vol.33/September/pp.287-298. :/'
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4*48 The relating of the emergency response to the projected or
actual accident conditions is most important in terms of conserving
resources and minimizing disruption of the surrounding population)
industry and environs. The response aimed at protecting urban
populations is obviously quite different from the response aimed
at protecting rural population and, although the same protective
measures might Úå selected for "both in any given situation, the
methods Úó which they are implemented may Úå quite different.
(b) Sheltering

4«49 The prerequisites for a proper choice between sheltering and
other protective measures such as evacuation and radioprotective
prophylaxis are:
- assessment of the availability of buildings (which are

suitable as shelters) within the area in relation to the
number of potentially affected people

- assessment and specification of the shielding effectiveness
of available buildings with respect to reduction of direct
doses from the plume

- assessment and specification of the shielding effectiveness
with respect to reduction of doses from the deposited material
on the ground or on the shelter itself. /Table VI./

- assessment and specification of air changes per hour in buildings
to be used for sheltering, such as business premises and private
homes within the potentially affected area to provide a basis
for selecting those in which the air changes are as low as possible.
When a decision has been made to implement sheltering as a protective
measure, timely communication of the decision to the public is of
great importance.

(c) Administration of radioprotective prophylactic drugs
4»50 Before deciding on this protective measure, it should be

considered whether other measures, such as sheltering, might
be just as effective to reduce the up-take of radioactive
material by inhalation. The evacuation of people from the
exposure area is another protective measure to be taken into
consideration.
The use of stable iodine tablets as protective measure
may be warranted in some situations involving large population groups.
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4»51 I*1 emergency plans, due to the practical difficulties in
using blocking substances, it should not Úå forgotten that
blocking substances can play only a supplementary role in
relation to other protective measures»

(d) Control of access and egress
4*52 Degrees of access control are:

- no access, except for emergency personnel responding
to the accident and approved by the controlling authority;
and

- limited access in which case specific authorization to
enter controlled areas access should be granted and means of
controlling the limited access must be provided by the
responsible authority at the area. The use of special
markings for vehicles and persons authorized to have
access to the area is desirable.
Methods of access control are:

- physical blocking, using such means as construction
materials or vehicles, of access routes with or without
the presence of access control teams at the blocking
points;

- "physical" blocking of access routes by control teams;
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- posting of warning signs containing instructions? and
- publicly announced orders or instructions.
Whenever possible it is advisable to control access at
road junctions so that traffic can Úå detoured or re-
routed without being sent back over the route used to
reach the junctions.
The composition of each access control team should include
at least one uniformed police officer with authority to
enforce laws and impose legitimate orders on civilians.
The team should be mobile. It should, if possible, be
equipped for radiocommunication to a local central control
point or directly to an emergency control center; the team
should also be equipped with rugged, simple to operate,
radiation monitoring instruments and personnel dosimeters
(direct reading plus TLD or other "process type" dosimeter).
These teams should have had some advance training and
exercises in the use of radiation monitoring instruments
and radio communications equipment. If access control is
required for an extended length of time, a plan for period-
ically relieving the teams is necessary. A specific team
for posting warning signs at appropriate points may be
needed. Access control teams should be provided with
written standing orders.
Possible sources of manpower for access control teams
could be: police, fire brigadesf civil defense or military
personnel, health department personnel and possibly a
limited number of persons from the involved nuclear facility,
and from areas close to the nuclear facility site boundary.

Prompt and factual notification of the public is important,
especially when the access control measures affect large
urban areas and need to be imposed for any length of time.
The information given should include delineation of the
area affected, the type of control in effect and its
estimated duration, as well as the reasons for the control
measures.

56



(e) Evacuation
4.53 When evacuation as a protective measure is to be considered,

the following information should already be available at
the Emergency Coordination Center:
1. The number of persons who may have to be evacuated,

including the estimated normal population during working
hours and leisure hours and the number of persons who
are occupants of hospitals, schools, industrial plants,
prisons and other such locations during regular working
hours and off hours where there is a fluctuating pop-
ulation.

2. Transport-capacity (private and public), detailing the
estimated types of transport vehicles, their numbers
and locations;

3. The means available for transmitting the evacuation
notification and information to the public and organ-
izations.

4. Routes and alternative routes of evacuation, which are
determined to be best suited to direct the population
via the fastest way from potentially affected areas;

5. Plans for optimization of traffic conditions.
6. A time schedule to ensure an unrestrained flow of the

evacuation.
7. Provisions for radiological monitoring of evacuees*,

and others, as required, including decontamination, if
needed, and any necessary recording of exposure estimates;

8. Provision of advance arrangements for relocation of
evacuees, including identification of relocation sites,
capacity to handle evacuees and availability of shelter,
water supply and sanitary arrangements;

9. Provision of food supplies and medical care for evacuees;
10. Provision of an information and locator service for

evacuees, if required;
11. Provisions to ensure security and safety, for example

fire and police protection for the evacuated area;
12. Special arrangements for applying protective measures

to hospitals, schools, prisons and other institutions;

* for external and internal contamination
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13» Identification of the persons predesignated to implement
the evacuation plan.

(f) Personal protective equipment (emergency workers)
4»54 PT planning of personal protective equipment it is necessary

to take into consideration the number of groups or persons who
might Úå required to operate at special conditions in contaminated
areas»
(g) Decontamination

4»55 Provisional and adequate facilities should Úå selected and
planned for personnel decontamination on the hasis of
characteristics of the site and its environment.
When persons are advised to seek shelter in Tmil dings
located in a contaminated area they should also Úå advised to
remove their outer clothing hefore entering the shelter if possible and
wash or shower if facilities are availahle.
Used clothes should Úå stored separately in order to prevent
possible spread of contamination.

4.56 In the case of evacuationf decontamination will Úå most
effective if it can Úå done at the checkpoint where persons
leaving the contaminated area are controlled, eans for
decontamination should Úå availahle at the checkpoint such as:
1. Radiation survey instruments;
2. Clean water and facilities for showering or washing

hands, faces, necks, etc;
3. Stocks of clean clothes and foot wear;
4» Additional cleaning facilities for decontamination of

personal helongings and possibly vehicles.



4.57 When persons need prompt medical care, decontamination should
not preclude the necessary medical measures. However, it should
Úå possible to remove contaminated clothing immediately and do
some washing and cleaning during the medical treatment.

4.58 Checkpoints for controlling the spread of contamination by evacuees
may be at selected fixed locations or established by mobile stations.
Mobile stations are preferable since the affected area cannot be
known before the accident and the decontamination of evacuees and
vehicles should be carried out as close to the contaminated area as
possible to minimize the spread of contamination from the contaminated
area.
(h) Medical care

4.59 At the checkpoints for controlling the spread of radioactive contamination
and for decontamination of the involved members of the public, the
medical staff or protection personnel should be in a position to identify
those persons needing treatment for radiation exposure or medical
attention for injuries and initiating the appropriate medical attention.

(Manual on Early Medical Treatment of Possible Radiation Injury,
Safety Series No.47 Vienna 1978).
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4*60 Advance plans are necessary for -the organization and
notification of the medical staff for the checkpoint»
A list of physicians qualified to treat patients for
radiation sickness, and a list of medical support personnel
should Úå available.
The medical staff therefore needs to have:
1. A list of medical facilities situated in their own

country or state and neighboring countries or states*
2. A list of possible centres for specialized treatment;
3. Transport facilities and means of access to them;
4* Stocks of commonly used medicaments and chelating substances.
(i) Division of food and water

4*61 The following resources should Úå provided for dealing
with the contamination of foodstuffs, agricultural products
and drinking water:
- properly equipped sampling vehicles;
- laboratories capable of analyzing large numbers of

samples quickly and in detail;
— maps showing the use of land surrounding each nuclear

facility;
— maps showing the distribution and collection stations

for milk and other agricultural products.
4*62 These maps can assist in planning the diversion of the

contaminated products and in locating the supply of products
outside of contaminated areas.

4,63 The following foodstuffs control should be enforced in a
contaminated agricultural region:
(i) milk

If suitable processing facilities exist, milk from
grazing cows in the contaminated area can be converted to
various other dairy products, such as cheese, or can be
destroyed, depending on the radionuclides present and their
concentrations* Storage of cheese products would permit
radioactive decay to safe levels for some radionuclides
such as the iodine isotopes.
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(ii)agricultural products and animal feed
If contamination is only short-lived radionuclides,
the remedial action can Úå the storage of contaminated
foods and animal feeds in preservable forms. If
longer-lived radionuclides are present in concentrations
above the adopted levels, the agricultural products for
human consumption and animal feed should Úå destroyed.

(iii )domestic grazing animals
If grazing land is contaminated above adopted inter-
vention levels, animals should be placed on stored,
uncontaminated feed,

4.64 Derived intervention levels for radioactivity would be the
criteria for the appropriate protective measures. Milk
having a radioactivity value below the intervention level
would be free for consumption, but milk with a higher
activity level could be distributed to different process-
ing facilities and converted into storable dairy products.
A similar decision would have to be made for agricultural
products and other foods.

(j) Decontamination of areas and equipment
4.65 Decontamination of areas and equipment is a countermeasure

to be used in the later or, possibly, intermediate phase.
Sufficient time will usually be available, therefore, to
choose the appropriate measures and establish the organ-
izational requirements. A brief description of possible
measures may be found in Section III.
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PROCEDURES FOR IMPLEMENTING THE PLANNED OPERATIONAL RESPONSE

4.66 General
In general the characteristics of a given nuclear facility
site will influence significantly the choice of protective
measures. This should Úå taken into account during the planning
stage.

4.6? It should be recognized that the types of protective measures
or combinations of measures to be implemented may vary with
the time that has elapsed since the discovery of the accident.
It is useful in this connection to differentiate the following
phases of the accident: early phase., intermediate phase,
late phase. These phases are defined in Section III.
(a) Organization and responsibility

4.68 In the planning stage, the organizational requirements of
the emergency plan are specified including the assignment of
responsibilities to particular emergency response groups
(see Section VI). The specification of the tasks given to
these groups, in written form, facilitates immediate actions
when required.
(b ) Derived intervention levels

4.69 Taking into account the particular accident conditions,
derived intervention levels should be specified for the
practical application of emergency procedures. The individuals
and/or organization units, responsible for the implementation
of protective measures should apply the appropriate derived
intervention levels /Section V,/
(c) Action by support groups

4.70 The specific actions to be performed by emergency support
groups (fire brigades, police, civil defense, etc.) should be
identified in the procedures dealing with their activities.
If the emergency actions performed by these groups require
coordination with other elements of the emergency organization,
this requirement should be specified in the procedures.
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(d) Procedure format
4.71 A rigid format for implementing procedures is not recommended.

An appropriate format should clearly state the action steps
in order that the individuals or groups involved in following
the procedures can clearly understand their duties. The format
of procedures that specify immediate actions should be brief
and explicit so that the procedures can be followed easily
and quickly.

(i) Conditions and prerequisites
Each procedure should explain the conditions and
prerequisites that should exist before the specified
actions or operations are performed. Some of these
should be in the form of intervention levels,

(ii) Actions and limitations

Procedures should present the required actions in a
succinct and concise manner, in step-by-step order and
logical sequence. Instructions should be sufficiently
detailed for a qualified individual to perform the
required actions without supervision but need not provide
a completely detailed description of the actions,
methods, or processes. Particular attention should be
given to include specific precautions to be taken in
implementing emergency procedures.

(iii) Check-off sheets
Complex or lengthy controlling procedures should have
provision for check-off sheets or lists to document
the fact that required actions have been taken or have
been completed. Examples include notification call
lists and personnel accountability lists.

4«72 There should be a separate procedure for each identified
emergency condition to specify and implement the preplanned
response actions required.
The following paragraphs list examples of specific subjects
that should be included in the procedures. The titles of
specific procedures, as well as their d tails, nay vary to
suit the needs of the offsite organizations, but the actions
or subjects described below should be covered within the group
of procedures that implement the emergency plan.
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4."73 (i) Communications
Communications procedures should require formal
acknowledgements of orders and reports. A system for
giving priority to emergency communications should be
established. Provision for recording all transmissions.

(ii) notifications
Call lists to alert and mobilize the emergency organization
and supporting groups should be specified for each
identified emergency condition. If call lists are not
too lengthy or complex, they should be incorporated
into the notification procedures or included by reference.
A system to authenticate the validity of notifications
should be devised.

(iii) Radiological surveys
Procedures should specify the methods and preplanned
locations, if feasible, for emergency radiological
surveys in the areas surrounding the facility site.
The procedures should include or refer to requirements
for providing the radiological data collected and
information to the individual directing protective
action from the Emergency Coordination Center.

(iv) Personnel monitoring and decontamination
The procedures should require the monitoring of
individuals leaving restricted areas or other areas
known or suspected to be contaminated. The procedures
should specify the contamination levels that call for
decontamination actions. They should also prescribe
or refer to the decontamination procedures for various
types and levels of radioactive contamination.

(v) Evacuation of offsite areas
Procedures for evacuation should include the intervention
levels that require evacuation of persons from offsite
contaminated areas. Primary and secondary evacuation
routes and evacuee assembly areas should be designated.
These procedures should refer to or be related to the
procedures for personnel accountability and, personnel
monitoring.
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(vi) Personnel accountability
A method of accounting for all evacuees and of recording
the areas to which they are relocated should Úå established,

(vii) Assessment of radiological hazards
Procedures should describe the system for gathering
information and data on which to base decisions to
expand or restrict emergency response actions. Procedures
should identify the types,and sources of information
available such as in—plant control room .instrumentation
and other instrumentation for radiological and meteorol-
ogical assessment located elsewhere in the plant and
at the site boundary. There should be procedures
for using onsite and offsite monitoring team surveys
for determining ambient radiation arid contamination
levels. The procedures should specify intervention
levels based on readings from a number of sensors.
The procedures should assign responsibilities for
gathering and using accident assessment data and
information.

(viii) Reentry
Procedures should be developed for reentry to previously
evacuated areas for saving lives, finding missing and
injured persons, or manipulating, repairing or recovering
critical equipment or other articles. Specific guide-
lines on maximum emergency radiation exposures for
reentry and rescue personnel should be included in
these procedures. Guidelines should also be developed
for permitting the voluntary acceptance of higher than
the specified maximum emergency exposure so as to
perform lifesaving actions.
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REMEBIAL AH » RESTORATIVE MEASURES
4.74 General

During the later phase of the accident, the protective
measures which are undertaken may Úå referred to as "remedial"
or "restorative" measures. Section III deals with information
regarding protective measures which are suitable for both the
early and intermediate phases of the accident. In this section,
brief consideration will Úå given to the suitability of the
different procedures that may Úå applicable to the late phase.

4.75 The time period before remedial and restorative measures
should be taken usually permits the collection of sufficient
data to enable a decision to be reached on the most appropriate
techniques to Úå used,. Nevertheless some advance planning is
necessary to assure that such measures can be initiated
promptly with a minimum of delay when needed.
Measures
Control of access and egress

4.76 This is necessary where levels of contamination are such that
unacceptably high radiation doses could be received. Criteria
should be developed for decontrolling areas or zones, and
for re-entry of the public into any previously evacuated areas
and for the resumption of normal activities.
Diversion of food and water, supplies

4.77 This protective measure will be necessary in areas where con-
tamination might enter the food chain, for example, through
the consumption of crops grown on contaminated soil, the
contamination of drinking water supplies, and the use of
agricultural and dairy products from contaminated farmland.
Criteria will have to be developed to serve as a basis for
decisions on the necessary actions regarding the disposition
of such food stuffs.
Decontamination of areas and materials

4.78 The following are some examples of feasible decontamination
measures:
- the washing of vehicles;
- the washing of paired surfaces, roofs of buildings and

external walls of buildings with fire hoses;
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- the mechanized flushing of streets;
- the mowing of lawns and disposal of clippings, for example

Úó putting them in drums followed Úó burial at a radiological
disposal site;

- the re-noval of lawns and grassland by sodcutting and
appropriate disposal of the material removed, followed Úó
reseeding;

- the scraping of radioactively contaminated topsoil and
disposal at a suitable radiological disposal site.

Fixation of remaining radioactivity
4.79 After decontamination has been completed, or in the cases

where complete decontamination cannot be done, it is recommended
that the remaining contaminants be fixed so that they cannot
be spread, more widely over the area or be resuspended into the
air. Such fixation also offers some shielding effect, at
least against alpha and beta-radiation and possibly also
against low energy gamma—radiation.

4-80 Typical examples of methods of fixation are:
- paving or repaving areas with asphalt ;
- painting or repainting houses and equipment;
- ploughing or reploughing fields and other agricultural land;
- covering with sand or soil.
Control of Contamination and Dose

4.8l The magnitude of the offsite radiological consequences will
determine the level of control necessary. Depending upon the
type of areas affected, the responsible authorities should
take the necessary steps to measure the radioactivity of water,
food, soil and biological and botanical samples from the
offsite area and to calculate the resulting potential doses
to persons. The methods of measurement and evaluation should
be the same as those used in the routine radiological surv-
eillance, conducted in the vicinity of nuclear facilities,
but their capacity and range should be related to the mag-
nitude of the problems involved.
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4.82 Depending on the level of contamination^ the types of surfaces
and size of the area affected, continuous monitoring of
radiation dose rates at certain locations, and continuous
monitoring of the radioactivity in water àëà air may Úå necessary
for some time. The cumulative doses to persons present in
areas to which access is controlled can Úå measured by
integrating dosemeters, such as film badges:J or solid state dosimeters.
Intervention levels

4.83 In the late phase of an accident, the dose limits recommended
by the ICRP, in principle, should apply, since the source
of radiation is now under control. To check compliance with
these recommendations, the doses to individuals and possibly
the collective doses to populations should be calculated.

4.84 Depending upon the extent of the affected area and its dem-
ography, decisions have to be made concerning acceptable
values for the levels of contamination of water, milk, crops,
vegetable, meat, fish and other food to be used for general
consumption by the population and by domestic animals in the
food chain. These values should be compatible with the
recommendations of ICRP.

4.85 Criteria should be developed for the normal or restricted
usage of property, equipment, crops, lands, foodstuffs, and
water supplies that have been radiologically contaminated.

4.86 The applicable dose limits for workers should be adopted for
the restarting of essential facilities which may have been
shut down. For the reentry of the general public into any
evacuated area, criteria based on individual dose limits
and also on collective doses should be developed.
Organizational aspects

4.87 A local, and/or national technical group should be established
with responsibilities for the development, direction, and
evaluation of offsite area recovery and reentry operations.
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4.88 The availability of any public or commercial services that
can provide technical assistance to national or local authorities
in recovery or reentry operations should be ascertained in
advance.

PUBLIC IUPORMATION ASPECTS
4.89 If an accident occurs it is very important to ensure that

both individuals and population groups follow the instructions
given Úó the emergency response personnel dealing with the
situation. It is very important to avoid any panic among the
population as the consequences of panic may Úå even more
dangerous than the consequences of the accident itself. It
is well known that, provided they have been informed about
the true situation, people will generally react logically
when faced with potentially dangerous situations.

4.90 In "the event of an accident it is very important to inform
the public as quickly as possible. In the early phase
relatively little information may be available other than
the fact that an accident has occurred and precautionary
protective measures are being implemented. As soon as the
results of radiological surveys are available their sig-
nificance should be explained to the public in simple,
ordinary language. At the same time it should be possible
to explain to the public the means by which they can best
be protected against the possibility of radiation exposure.

4.91 Prepared messages and instructions should be available at
the Emergency Coordination Centers that can Úå
completed by inserting the appropriate factual information
and can be immediately released to the local population,
news media and governmental organizations with the minimum
delay. It is important that all sectors of the community are
kept informed of the situation at frequent intervals.
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4.92 Local radio and television services can be used to advise
and warn the population and plans should be made in advance
for the use of these services. A more direct method of
warning a particular segment of the population is the use
of vehicles equipped with loud speakers (such as police and
civil defense units). Telephones may be useful to warn
people in sparsely populated areas. Sirens or horns may be
used, if available, to alert the general population to danger,
but they should always be followed by voice instructions over
other means of communication. Por example, a siren alert
could be used to indicate to the public that they should listen
to radio and television for emergency instructions. Of course,
if sirens are to be used in a specific area, the public must
be informed in advance what they are expected to do upon
hearing the sirens.

4-93 If ships are moored at docks or in harbors or rivers in
locations that might be affected by an accident, means must
be devised for warning the crews of any hazard from the
accident.

4-94 Special information may be given by telephone to institutions
such as hospitals, -schools, and prisons and to other places
where people may be congregated, such as factories, recreation
areas, and shopping centers. A list of relevant telephone
numbers should be prepared in advance and maintained by the
Emergency Coordination Center.

4.95 There will be numerous enquiries from press, radio and
television reporters. A center dealing with these enquiries
should be established and manned by press liaison officers
or public affairs officers who will obtain any necessary
information from the director of the Emergency Coordination
Center. It is important to instruct all members of the
emergency staff and adjacent local organizations, that messages
to the public are to be given only by the press liaison or
public affairs officer and on the basis of information released
by the director of the Emergency Coordination Center.
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4.96 There will also Úå many enquiries from relatives of persons
who may Úå evacuated from the affected areas. Lists of such
persons should Úå drawn up and a center estaÚlished for
dealing with incoming enquiries. The telephone nurnber of
this center could Úå publicized over the national or local
radio and television services.

4-97 The existence of emergency plans should Úå made known to the
public. A simple information leaflet or brochure should Úå
prepared and distributed to residents close to the facility
(distance to Úå determined Úó Governmental authorities)
outlining some basic aspects of the emergency response plan
and simple straight forward-emergency instructions.

UPDATING THE EMERGENCY RESPONSE PLAN
4.98 The emergency response plans should take account of the special

needs of specific facilities, organizations and activities
while providing for the implementation of generally applicable
principles. As the special needs may change, it is important
to review and update the emergency plans at regular intervals.
The responsibility for updating the emergency response plans
should Úå clearly assigned.

4-99 Several key matters should Úå considered and appropriate
changes in the emergency plans should Úå made as necessary
to ensure that a practical plan in maintained. Examples
of such matters are:
1. Organizational changes such as changes in the

responsiMlities of offsite authorities and organizations.
2. Changes in the use and temporary and permanent occupancy

of all areas adjacent to the facility including those
areas within the Emergency Planning Zones selected for
the facility.

3. Changes in the offsite radiological consequences predicted
Úó the facility operator or Úó the regulatory authority.

4. Changes in the offsite authorities' capabilities for
assessing radiological hazards.
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5. Changes of industry or commerce in the areas around the
nuclear facility site.

6. Changes in roads, bridges and public transport systems.
7. Changes in communication systems for both normal and

emergency use.
8. Changes in names, locations and telephone numbers.

TRAXHUTG AFD EXERCISES
A.100 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 staffs,
including monitoring, and support teams. While most of the
personnel will have the basic knowledge needed for their
specialized emergency assignments, they niay not be familiar
with the different conditions, imposed by the radiological
charactersitics of the accident, under which they must carry
out their assigned duties. The basic instruction should be
aimed at clarifying these differences and should also include,
appropriate information on the emergency organization, plans,
procedures, standards, standing' orders, etc» Periodic
training cowering the necessary basic information and any
changes in the emergency plans, including exercises and drills,
should also be provided.

4.101 Exercises and drills based on realistic simulation of foreseen
emergency conditions should be carried out. While exercises
and drills can be used as training for maintaining the
proficiency level of the teams they can also be used to test
the adequacy of the plansf procedures, equipment, communications,
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 of improving
plans, procedures, and co-ordinated emergency response.

72



4.102 The following categories of personnel are examples of who
should participate in the training program:
1. Supervisory and staff personnel of the nuclear facility

emergency organization
2. Personnel responsible for accident assessment, including

nuclear facility control room shift staff.
3. Radiological monitoring teams.
4. Advisory groups of experts.
5« Fire control teams and fire brigades.
6. Civil Defense or Emergency Services Organizations.
7. First aid and rescue teams.
8. Offsit e emergency services and support personnel.
9. Medical and health support personnel.
10. Nuclear facility headquarters support personnel.
11. Police units.

4.103 Training exercises usually test the functioning of the
Emergency Response organization as a whole. Training
drills usually test specific skills such as the operation
of equipment. Exercises and drills can be conducted on
several levels of participation and complexity such as:
- drills involving single teams in specific procedures and

uses of equipment
- communications drills involving simulated responses by

onsite and offsite personnel.
- exercising of the entire onsite and offsite emergency

response organizations
- offsite organization exercises with or without the

involvement of personnel of the nuclear facility
- exercises involving simulated activity on the part of

the public.
4.104 It is possible to involve members of the public in exercises

but it is not recommended. However, local government organiz-
ations and officials of emergency services can be notified in
advance when exercises are planned, or the exercises can be
unannounced. The public should be notified that unannounced
exercises may be conducted within a certain time period. All
exercise communications should be clearly identified as being an
exercise or drill.
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SECTION V - INTERVENTION IEVELS AND CONSIDERATION'S INFLUENCING THEIR
CHOICE

General
5.01 The International Commission on Radiological Protection (ICRP)

has considered in detail ' the types of criteria appropriate
for regulating exposure from "controllable" and "uncontrolled"
sources of radiation. In normal circumstances, when exposure
can Úå controlled Úó proper operating procedures and by
engineered safety features and design, the ICRP's dose
limitation system for occupational exposure of workers and
for members of the public, apply. However, when the source
is "uncontrolled", as a result of an accident, the exposure
of the public to radiation can be limited only by taking
protective measures that interfere with normal working and
living conditions, such as evacuation, the closing of areas,
the control of food supplies, and others previously mentioned.

5.02 The hazards and social costs of such protective measures must
be justified by the reduction of radiation risk that will
result from them. Since the effectiveness and the risk to
the public associated with these protective measures depends
on geographical, meteorological and other local conditions,
the ICRP has found it inappropriate to recommend any dose
levels above which mandatory protective measures are to be
taken in emergency situations. The responsibility for
decisions on such matters must lie with national authorities.
In emergency planning for a nuclear accident which could
expose the general public to harmful radiation doses, public
officials need criteria for the application of protective measures.

ICRP Publication 26 (1977)
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5 «03 The rate of discharge to the environment of radiomclides
from a nuclear facility may for a short period of time
significantly exceed the authorized release rate limits
without any significant increase in the risk to the population
in the vicinity of the facility because the time integral
concentration of the radionuclides will be small. Studies
have indicated that accidents at nuclear power facilities
which have a. potential for serious offsite effects, would be
initiated by an event recognizable to the facility operators
and, that with early notification, a period of time would
be available for offsite authorities to implement protective
measures prior to the start of a major release to the
environment from the facility.

5.04 In other situations, where the rate of discharge exceeds
the authorized release rate limits for a long period of
time, a decision on whether a significant radiation accident
«
has occured, and more specifically on the necessity to protect
the population, would require information for the determination
of the following parameters:
- the critical radionuclides present in the release|
- the likely ; pathways for radiological exposure;
- the critical population groups;

the estimate of the.quantity of radionuclides likely to
be released.

5.05 For developing this information, data will be required on:
- the radionuclide composition and discharge rate?
- the time integral concentrations of radionuclides in

air, water, etc.;
- rate of intake of radionuclides by population groups.

5.06 This Section provides information intended to guide national
authorities in the selection of the criteria referred to in
para. 5.02. Each such national authority must assign its
own values to the criteria based on the conditions and
policies that prevail in that country and for the particular
facility under consideration.

75



5.07 The decision to initiate protective measures will also have
to take account of the particular circumstances that exist
at the time of the accident. As a general principle, it
will be appropriate to institute protective measures only
when their social cost and risk will be less than the risk
associated with the exposure to be avoided. It must Úå
emphasised that, although protective measures will usually
Úå based on derived intervention levels that are related to
measured or estimated values at the time of the accident, the
basic criteria for setting the intervention levels are the
projected dose or dose commitment to the whole body or to
the tissues at risk for the most sensitive population groups;
together with a consideration of the dose avoided by the
protective measure.

5.08 The appropriate protective measure to be applied after an
accident cannot be selected solely on the basis of the
radiation doses that might be received; it is also necessary
to consider the practicality of implementing protective
measures, the risks the latter might involve, the size of
the population affected, and the dose that may be avoided.
For this purpose, it is convenient to define a range of inter-
vention levels.

5.09 The lower end of the range is the dose level below which
intervention is not likely to be justifiable on a technical
basis. However, those responsible for deciding whether to
implement protective measures may wish to consider actions
below this level for social, psychological or economic reasons.

5.10 The upper end of the range is the dose level at which there
is not doubt as to the need for implementing protective
measures. Responsible officials could specify the intervention
level to be used within the range, taking into consideration
the difficulties, risks, and social costs apparent at the
time of the accident, and the dose that can be avoided by
the protective measures.
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5.11 Three phases of accident response have been defined in
Section III in which decisions will Úå required regarding the
need for protective measures,, These are the early, the
intermediate and the late phases associated with the accident.
The basis on which the intervention levels for the three
phases are selected may Úå different for each phase.

5.12 Owing to the many unknown variables governing individual and
population exposures it is desirable to have separate inter-
vention levels for each of these phases that are independent
of the dose that may have accrued before that period, and of
the dose that may be received in a subsequent period. However,
it may not be desirable, as part of the planning process, to
specify intervention levels for the long term exposure period
because adequate time should be available after the accident
for setting such levels if they are required.

COHSIDERATIOHS REGARDING THE DETRIMEHT CAUSED BY THE PROTECTIVE MEASURE
5.13 All protective measures that can be applied to reduce the

exposure of members of the public carry some detriment to
the persons concerned, whether by some risk to health or some
social disruption. The magnitude of this detriment will
vary with the nature of the protective measures and with the
circumstances in which they are applied; for example, with
the size of the population involved»

5.14 The detriment due to a protective measure can sometimes be
assessed from statistical information on similar situations.
For example, evacuation risks can be assessed from information
about injuries and lethal accidents experienced in evacuation
for different incidents in different circumstances and of
different severity.

5.15 For some type of protective measures, such as the use of
chemical compounds to block the uptake of some radionuclides,
the individual risk of the protective measure is independent
of the number of persons involved. In present practice, the
only relevant case is the use of potassium iodide or iodate
tablets to block the uptake of radioiodines. As discussed
in Section III, the individual risk, in this case, is probably
very small.
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RISK/BENEFIT CONSIDERATIONS Ø SETTING INTERVENTION LEVELS

5.16 A decision to introduce a protective measure should be based
on a balance between the detriment the measure carries and
the benefit resulting from the reduction of the exposure.
Such balances should be considered at the time when the
competent authority establishes the emergency plan, and the
intervention levels selected on the basis of these balances
should appear in that plan. They should be selected for each
possible exposure pathway, should relate to the type of
protective measures envisaged, and should take into consideration
each phase of the response (early, intermediate and late).
These balances would, of course, be very dependent on local
conditions and therefore the intervention levels may be
applicable only to the circumstances for which they have been
established» In addition, as the effectiveness of protective
measures usually depends on the speed with which they can
be introduced, the intervention levels can only give general
guidance and the decision to introduce protective measures
should be taken in the light of the information available at
the time of the accident.

_ __ __ #INTERVENTION LEVELS
5.17 Because of the great variability of circumstances in which

protective measures might be considered, it is not possible
to recommend intervention levels that would be appropriate
for all occasions. Examples of intervention levels are
given in this document in the Appendix.

5.18 To set the values of intervention levels it is necessary to
choose convenient criteria. The basic limits recommended by
the ICRP are intended to apply only to those conditions where
the source of exposure is under control. No specific numerical
limits for emergency exposure of the public have been specified
by the ICRP.

Countries use varying terminology regarding what is referred to as
"intervention levels" in this manual. These include "emergency reference
levels", "action levels", and "protective action guides". In the
great majority of cases these terms correspond to the term "intervention
level" as used here. 78



5.19 In practice, emergency planning is simplified if one can
identify a range or spectrum of protective doses above which
serious consideration should be given to protective measures
because the risks from radiation exposure are likely to be
higher than the risks of the protective measures. Below
this range, plans would not be made to implement protective
measures and any decisions that are made to implement them
would be based on social, psychological or economic considerations
or on uncertainties regarding dose projections; but not on
the basis of risk comparisons. Authorities would be at
liberty to adjust intervention levels within the range selected
on the basis of considerations of risk comparison, social
disruption or ease of completing the protective measures.

5.20 Intervention levels should not be set so low as to cause the
risk associated with the protective measures to exceed the
risk from the radiation dose that would be avoided. If,
on the other hand, the projected dose is undesirable in
terms of its overall consequences, it may be important enough
to require protective measures, even if these involve risk
and considerable costs.

5.21 The intervention levels are given as total doses to the
whole body or to particular organs or tissues. In the case
of the accidents envisaged here, the organs are essentially
the thyroid, bone marrow and the lungs.

DERIVED INTERVENTION LEVELS .
5.22 For each intervention level derived values can Úå calculated

for the vectors that would cause that level of dose. In
this way derived intervention levels can be established for
inhaled air, drinking water, foodstuffs and external irradiation
for the individual radionuclides or radionuclide mixtures
that can be predicted to occur. Summaries of intervention
levels that have been specified by various countries for
their parTicular situations are compiled in the Appendix.
These summaries are provided as information that may be
useful in selecting intervention levels for response planning.
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5.23 After an accident, the radiation hazard might result from
external exposure and/or from internal exposure. The dose
from each such source depends on particular circumstancesf
including the nature and specific activity of the radionuclides
and the meteorological conditions.

5.24 For the assessment of external irradiation of the whole body
and superficial tissues, such as the skin, the dose commitment
is the integral of the dose rate over the exposure time;
for constant dose rates, the dose commitment is simply the
product of dose rate and time of exposure. Ðîã the gamma
radiation that might occur trader accident conditions, the
absorbed dose will not be significantly different from
measured exposures and therefore the derived intervention
level may be expressed in terms of dose or exposure„

5«25 Since the dose commitments from internal exposure have
to be estimated from the concentration of radioactivity in
the direct pathway, derived intervention levels are formulated
which are directly measurable quantities and which correspond
to the intervention levels on the basis of simplified
assumptions concerning the relevant parameters. The steps
involved in such formulations can be summarized as follows:
(a) Identification of critical radionuclides released into

the environment,
(b) Determination of the critical group of the population to

be affected.
(c) Choice of metabolic data and factors pertaining to the

critical pathways of the radionuclides involved.
5.26 In the case of an accident at a nuclear power facility of

the types now operating, the characteristics of radioactive
materials that might escape into the environment, and their
metabolism by man, indicate that isotopes of iodine, strontium
and cesium are usually the critical radionuclides and should
receive the most detailed consideration from the viewpoint
of intake. For other types of nuclear facilities other
radionuclides may be the most critical
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5«27 In some cases, ingesti n of milk or agricultural products
may Úå the predominant route of intake.. In other cases,
inhalation or external exposure from the passing plume is
the critical pathway. In each case? derived intervention
levels will be needed that are related to the media that are
monitored for radioactive contamination» There may also be
a need for derived intervention levels for general contamination
of the environment, including pastures. Since after an
accident preliminary information on the extent of the deposition
will frequently be available before milk itself can be monitored9
it will be useful as a precaution to have an assessment of
the radioactivity deposited on a pasture for comparison with
the intervention levels,

5»28 It is generally recognized that in the great majority of easest
children constitute the critical group of the population for
milk exposure pathways because of their particular sensitivity
to radiation, their higher rate of metabolism,, lower volume
of their critical organs and the increased consumption of
milk. In addition to ages the dietary habitss profession^
sesj status of healths etc. may be used to identify critical
groups of the population*,

5»29 To facilitate deeision-makingj it would be useful to prepare
a summary table containing data on critical pathways, nuclidesj
population groups and derived intervention levels for various
periods following an accident„ An example of such a summary
is given in Table VW,
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TABLE W TOPICS THAT SHOULD BE CONSIDERED WHEN ESTABLISHING DERIVED HJTERVEHTIO T LEVELS.

Early phase (hours) Intermediate phase
(days - weeks )

Late phase
(months, years)

1. Critical
pathways

direct radiation from the facility
whole body irradiation

from the plume
inhalation
consumption of directly
contaminated water and food

consumption of milk
consumption of the first crop
irradiation from ground
deposition

consumption of water
inhalation of resuspended
material

inhalation of resus-
pended material

consumption of the
second and subsequent
crops

irradiation from ground
deposition

2. Critical
nuc ides

00

- noble gases
- iodines

89
particulates (for core-melt
accidents)

90 137f t Cs and other
long lived radio-
nuclides depending on
the source terms

3. Dose concepts only individual doses individual and collective
doses

individual and collect-
ive doses

4. Derived
intervention
levels *

- time integral of concentration
in air

- activity of food
- activity of potable water

activity of surface
contamination

activity in milk
activity of crops, vegetation, etc.
activity of potable water
air activity

activity of cultivates
depth of soil

activity in crop
activity of potable
water

air activity

In the case where the critical radionuclides are the iodines, separate derived intervention levels should be
developed for children and adults.



(ØÌÅÃÑÅ FOR THE SELECTION OP 3MER EIfIO

5»30 Responsible authorities in a particular country will be faced
with the problem of identifying the intervention levels
appropriate for their conditions and policies and taking into
account their particular sites and facilities» It is recommended
that intervention levels be defined as a range of projected
doses and that this range should be specified for at least
the first two post~accident phases that have been identified
in Section III«

5»31 The bases for setting the intervention level ranges may be
different for each phase. Por example, for the early phase
(the period for protection of the population from inhalation
and whole body exposure from the plume and from deposited
material) intervention levels would be based on individual
dose as opposed to collective dose. The ranges for the
other two phases would consider both individual and collective
dose.

5.32 The intermediate phase of exposure may be characterized by
two or more components which would require the consideration
of individual doses for some component and the collective
dose of the exposed population for the other component. For
example, for an airborne release, food products including
milk and water would be the principal exposure pathways.
The intervention level for the limited number of persons in
the nearby contaminated areas would be based on individual
doses, whereas the collective dose might be more appropriate
for the much larger population groups that would consume
the food and the water contaminated to a lower level and
resulting in a much lower dose to the individuals, but a
relatively high collective dose in terms of man-rem.

5.33 For long term exposure there should be adequate time following
the accident to specify appropriate intervention levels
based on the considerations presented in this Section. The
responsible authorities would therefore not need to include
in their emergency response plan specific values for intervention
levels for the late phase. It should be sufficient to
identify in the plan appropriate restorative measures and
their relative costs and benefits in dose reduction as
discussed in Sections III and IV.
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Appendix

BXAMPLES OF INTERVENTION LEVELS ADOPTED BY SOME COUNTRIES

It is recognized that the social and economic conditions, the
types of nuclear facilities installed, and the environmental
characteristics of the nuclear sites vary from country to country.
The assignment of values for intervention levels should take
into account these parameters in addition to technical information
provided in r .guidance, and therefore universally applicable
values cannot Úå recommended.

The following paragraphs provide examples of intervention levels
with definitions and notes on their application.

Responsible officials are encouraged to refer to these data in
developing guidance on intervention levels for their countries.
Several countries other than those referred to in this appendix
have developed similar guidance which may also provide useful
reference material.

These examples were provided by members of the Advisory Groupj
base* on national experience in certain countries. The IGRP Publication 26
provides the basis for further development.
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FEDERAL REPUBLIC OF GERMAHY

Recommended emergency reference levels and action levels,
The Radiation Protection Ordinance dated from 13 October 1976
specifies the following design basis accident levels of dose (dose
commitment ) to apply to members of the general population, which
nowadays are considered as emergency reference levels too:
Table l) Levels of dose

ifhole body, Bone marrow, Gonads, Uterus

Skin, Bone (Endosteal tissue)

Hands and Feet (Skin included)

Fhyroid, any other organ or tissue

5 rem

30 rem

60 rem

15 rem

In case of an incident or accident, which causes these reference
levels of dose or makes them imminent, a disaster alert shall Úå given.
Below these levels there is no need to implement immediate measures
to protect the population itself.
Above the levels there are action levels belonging to certain actions.
It must Úå emphasized, that the appropriate protective actions cannot
Úå decided solely on the basis of fixed action levels; it is also
necessary to consider the situation, the probable^ development of the
situation, the phase of the accident and the practicability and
efficiency of instituting countermeasures at the given circumstances.
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FEDERAL REPUBLIC OP QERMAFT
( Ñ ont inue'd )'

Table II) Recommended action levels based on dose in open air
from external irradiation and inhalation of radio-
nuclides

range
of
risk

A)

I
II
III

B)
I

II

III

expected
dose in
open air
without
shielding
(rem)

Irradi t ic

warning to stay
in house and
close doors and
windows 1 )

m of the Whole bod,
inhaled radionuclides

<25
25-100
>100

Irradi t i ñ
<25

25-500

>500

useful
necessary
necessary (until
evacuation)

n of Thyroid by in
useful
necessary

necessary until
evacuation

intake
of iodide
tablets 2)

y by external

«.

-
—

haled iodines
not
necessary
useful ;
necessary
when
>100 rem
necessary
even when
evacuated

evacuation 3)
(under favour-
able conditions)

radiation and

no
useful
necessary

and Te-132
no
not necessary

useful;
necessary when
> 1.000 rem

l) expected dose reduction at least about a factor of
two in case of inhalation and a factor of 5 in case
of external irradiation

2) expected dose reduction about a factor of five by
intake within 2 hours after inhalation and about
2 Úó intake within 6 hours,,

3) prior dose reduction Úó staying in house or taking
iodide tablets expected

!
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REPUBLIC OF
{ continued )

Table III) Recommended derived, action levels for inhalation
of 1-131

range
of
risk

I

II

III

expected
thryoid-
dose (rem)

<25
25-500

>500

time integral of coi
in air (Ci sm~ )

child

< 0,035

0,035-0,7

>0,7

ncentration of activity

adult

<0,08

0,08-1,5

>1,5

After an accidental escape of 1-131 from an operating reactor there
will always Úå a contribution to dose from other short-lived
isotopes of iodine and Te-132. To allow for this, the value for
the time integral of concentration of activity of 1-131 in air
should Úå reduced Úó a factor of 2 when the reactor has been
operating about 1 month or more or by a factor of 10 for a reactor
at start-up
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FRANCE

In accordance with ICRP Recommendations (Publication 26, p. 242-243)
the policy adopted in Prance is that the intervention levels for
emergencies are so dependent on the respective characteristics of
each site and each situation that it is impossible to specify
reference levels applicable in any case even in the form of a range
of projected dose commitments above which protective measures are
required and below which protective measures should never be needed.
Practically the approach to the problem is different whether the
planning or operational stage is concerned,

1. Itaring the planning stage, when one considers one particular
site with its socioeconomic background it is possible to
get, for each phase following an accident (early and inter-
mediate phase) and for each protective measure, provisional
reference levels suited to the populations
and taking into account the feasibility of the implementation
of protective measures and the reduction of dose commitment
thus gained by the application of protective measure.
Taking into account the actual conditions of possible
accidents (meteorological conditions for example) these
reference levels are then set as a range of projected
dose commitments.
Derived emergency reference levels are related to these
intervention levels concerning projected dose commttaents.

2. During the operational stage the decision of implementation
of one specific protective measure will be taken for one
value of the projected dose commitment within the dose range
resulting from preliminary studies, but selected according
to the actual circumstances of the accident, such as climatic
and m t orologie conditions, day, hour, etc...
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UNITED KINGDOM

Emergency reference levels. (ERL)
*)The emergency reference level of dose ' is the basic standard.

It is briefly defined as the radiation dose below which counter-
measures are unlikely to be justified. When it seats likely that
a radiation dose will exceed the ERL, countermeasures should be
undertaken provided that a substantial reduction of dose is likely
to be achieved and provided that the countermeasures can be carried
out without undue risk to the community. If the doses are only
moderately in excess of the ERLs, the countermeasures should be such
that they do not involve appreciable risk to the community. Counter-
measures involving greater hazard should be applied only if radiation
exposures would otherwise be considerable.
The ERLs are put forward not as firm action levels but as dose levels
at which the responsible authorities should judge whether counter-
measures should be introduced, full account being taken of the
disadvantages and risks these countermeasures might create. In
order that particular situations can be rapidly assessed in practice,
it is necessary to have derived emergency reference levels, either
of exposure or of activity in environmental materials, which correspond
to the ERLs of dose.

' Although the meaning of the term is strictly that of "dose
equivalent", in this report the shorter term "dose" is used for
convenience.
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UNITED KINGDOM
(continued)

Definitions and Specifications

The Emergency Reference Levels of Dose applicable in the United
Kingdom are :-

Whole body 10 rem
Thyroid 30 rem
Lung 30 rem
Bone: Endosteal tissue 30 rem

Marrow 10 rem
Gonads 10 rem
Superficial tissues
irradiated by (3 rays 60 rem
Any other organ or tissue 30 rem

Note: All doses are dose commitments and apply to members of the
general population, and embryos "in utero".
To allow essential duties to be performed, a special category
is envisaged, consisting of a few adult males, or females
above reproductive age, who might receive up to twice the
limits specified above.

* For external gamma radiation, the dose to the whole body specified
above is met sufficiently closely in practice if an exposure of 15R
is not exceeded.
The recommended values of Derived Emergency Reference Levels for
internal radiation, in the United Kingdom are:-

Derived ERL

ERL of time integral
of concentration of
activity in air
(Ci s m"3)
ERL of peak
activity in, milk
(nCi litre -1)
ERL of initial
activity on pasture
with respect to
milk production
(nCi m )

131T
child

0104*

*0.25

2*

adult

0.15

3.5

25

137Cs
child

3.5

*5.5

20*

adult

1.5*

10

35

9°Sr
child

0.05*

0.15

6.5*

adult

0.08

0.55

25

Ŝr
child

0.85*

ËÖ.3.5

200*

adult

6

100

6500
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UNITED ÊÈÒÎÂÎÌ
'(continued)

Note: The values are based on the following ERL*s of dose:-
for isotopes of iodine
for «Tee
for isotopes of strontium

30 rem to the thyroid
10 rem to the whole body
10 rem to the bone marrow

After an accidental escape of 131, from an operating reactor there
will always Úå a contribution to ose from other short lived isotopes
of iodine and 132 Òå. Òî allow for this, the value for the time
integral of concentration of activity of 131T should be reduced by afactor 2 when the reactor has been operating long enough for the
isotopes of iodine to be in equilibrium, or by a factor of 10 for a
reactor at start-up.
* Indicates whether child or adult is most at risk.
Derived Emergency Reference Levels of time integral of concentration
of activity in air for selected radionuclides, as applied in the
United Kingdom, are:-

239 Pu
242 Cm
95Zr+95Nb
106Ru+106Rh
140Ba+140La
144Ce+144Pr

Dose per nCi inhaled
(rem nCi )

adult

280
83

0.17
3.1
0.12
2.6

6 month child

2800
830
1.7
31

1.2
26

ERL of time integral of
concentration of activity
in air (Ci s m )
adult

1áõÞ"4
0.77
0.042
1.1
0.050

6 month child

5* ado'4
0.25
0.014
0.36
0.016

Note: The above values are based on an ERL dose of 30 rem averaged
throughout lung tissue.
Por J3 -emitters which have radioactive daughters, the value
given in terms of dose per uCi inhaled is the dose for 1 uCi
of parent plus 1 jiCi of daughter. It is assumed that they are
in radioactive equilibrium when they are inhaled.
The ERL of time integral of concentration of activity in air
is based on particles of AMD = 1 uni.
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UNITED STATES OF AMERICA

Protective Action Guides
Ðîã purposes of radiological emergency response planning, the United
States recognizes three phases of response; early, intermediate
and long-term. The phases do not represent definite time periods
but each phase has corresponding principal exposure pathways. The
principal exposure pathway for the early phase are whole body
external exposure from the plume and from deposited material and
inhalation dose from the plume; for the intermediate phase, ingestion
of contaminated food and water; for the long term phase, whole body
external, inhalation and ingestion from deposited material. Protective
Action Guides (PAGs) have been developed for the early and intermediate
phases. Ðîã the long term exposure phase, sufficient time should
be available for expert evaluation and guidance following the accident
and no PAGs have been developed for this phase.
It is important to recognize that the PAGs are defined in terms of
projected dose following a contaminating event. Projected dose is
the dose that would be received by individuals in the population if
no protective action were taken.
Except in extreme cases the projected dose does not include dose
that may have been received prior to the time of estimating the
projected dose. PAGs are considered mandatory values for purposes
of planning, but under accident conditions, the values are guidance
subject to unanticipated conditions and constraints such that con-
siderable judgement may be required for their application. However,
for serious accident associated with core melt or precursors thereto,
predetermined protective actions in predetermined areas are planned
to be initiated immediately; such to include evacuation of the
nearby environs barring extreme local constraints such as extremely
severe weather conditions at the time.
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MITED STATES OF AMERICA
(continued)

The following PAG values apply to the early phase of the accident
where the principal exposure pathways would Úå whole body external
gamma dose and iodine inhalation thyroid dose.

PROTECTIVE ÀÑÒÊÆ G IBES POR THE PLUME EXPOSURE PHASE OP THE ACCIDENT

Projected whole Projected thyroid
body external inhalation dose

Population at Risk dose (rem) (rem)

General population
Emergency workers
Lifesaving activities

1 to 5 (a)

25
75

5 to
125
0»)

25 (a)

NOTES;
(a) When ranges are shown, the lowest value should Úå used if

there are no major local constraints in providing protection
at that level, especially to sensitive populations. Local
constraints may make lower values impractical to use, but in
no case should the higher value be exceeded in determining the
need for protective action.

(b ) No specific upper limit is given for thyroid exposure since
in the extreme case complete thyroid loss might be an acceptable
penalty for a life saved. However, this should not be necessary
if respirators and/or thyroid protection for rescue personnel
are available as the result of adequate planning.
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PAGs FOR INGESTION EXPOSURE PATHWAYS *

Exposure Pathways

Ingestion of
milk
1-131 (Thyroid)
Sr-89, Sr-90,
and Cs-137
(whole body or
bone marrow)

Ingestion of
fresh food crops
Sr-89, Sr-90
and Cs-137

PAGs for suitable sample
of the population
First year
dose

10 rads

3,3 rads

2 rads

Total projected
dose

10 rads

5 rads

no value

PAGs for individuals in the
population
First year
dose

30 rads

10 rads

5 rads

Total projected
dose

30 rads

15 rads

no value

U)
î÷

Mî

USA Ingestion Exposure Pathway PAGs are currently being re-evaluated for possible revision



SECTION VI - ORGANIZATION AND RESPONSIBILITIES

General

6.01 The purpose of this section is to define and tie together
the areas of responsibility and the role of the various
organizations involved in the response and assistance that
may be necessary in the event of a nuclear facility accident
in which offsite consequences may Úå expected to occur.
These responsibilities should Úå itemized and well defined
in an emergency response plan and detailed in organizational
plans. This should Úå done in such a manner that no ambiguities
or oversights occur and that wherever there is an interaction
between two or more involved organizations, that is for
example between those onsite and those offsite, the required
liaison must be established. Actions required under the
emergency response plan must Úå efficiently coordinated.

6.02 The scope of the emergency response plan should be determined
by the national competent authorities bearing
in mind the facility to which it will apply. The organizations,
local governmental etc., to be held responsible to organize
and execute the offsite components of the plan in co-operation
with the nuclear facility operator must be identified. The
national licensing or the competent authorities should ensure
that all such organizations are consulted in the initial
establishment and any subsequent alteration or revision of
the emergency response plan. The emergency response plan
when prepared should be reviewed and endorsed by the national
licensing or competent authorities responsible for permitting
the facility to operate. It should contain aspects relating
to the generalities of both the onsite and offsite emergency
organizations and the relationship between them.

6.03 In view of the differences in national practices the content
of this section relating to the assignment of responsibility
should be used as guidance only. However, the duties of the
facility operator can be more precisely established since
they are technical in nature as opposed to governmental
relationships which vary.
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6.04 Authorities, responsibilities and chains of command and
actions for the emergency response organization must be
clearly known to all involved and provisions should be made
to ensure this is so. The provisions are considered in this
section; the responsibilities, chains of command and actions
are also discussed in Section IV, of this manual. Insofar
as possible, normal chains of command and authority should
be used with some modifications if necessary to facilitate
a timely response. Planning should concentrate on provisions
for support and advisory services for the primary emergency
response organization.

ONSITE ORGANIZATION
The Role of the Nuclear Facility Operator
General
6.05 Detailed guidance on the onsite organization is outside the

scope of this manual. However a few general observations
relating it to the offsite organization are of importance.

6.06 The operational status of the nuclear facility must be kept
under continuous surveillance by the operator. Deviations
from normal operating conditions and any automatically
initiated safety functions will be initially observed by the
operating staff. The operator is then in the best position
to make the immediate assessment of any abnormal situation
and to initiate appropriate plant corrective action and
recommend or implement any protective measures that are to
be applied. Depending on the nature and severity of the
situation, such measures include actions to protect facility
personnel, the alerting of the facility emergency organization,
notification and the requesting of external assistance as
previously agreed with the competent authorities.

6.07 It is the duty of the operator of a nuclear facility to
operate the facility in the best possible manner and in
accordance with established procedures so as to minimize
the risk of an accident, to localize and contain the accident
should it occur, to utilize every possible means to reduce
the release should the accident become uncontained and to
take any necessary action - technical, organizational and
informative - to facilitate offsite emergency response operations.
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á»08 The mclear facility operator is responsible for the
organization, maintenance, and execution of the onsite
facility emergency plan, which should Úå reviewed and
endorsed Úó any national licensing authorities or other
governmental authorities responsible for permitting the
facility to operate.

6.09 Onsite plans should Úå sufficiently broad in scope to cover
those emergency circumstances that might arise from any
credible type of emergency situation that can be anticipated
in connection with the operation of the nuclear facility.
Minimum requirements should be established in advance by
the licensing authorities including any obligation by the
operator to organize, maintain and execute initial offsite
actions.

6.10 The operator of a nuclear facility should set up an emergency
response group. This group should be responsible, in the
planning stage, for the approval of all onsite technical
procedures, and organizational plans. Boring the pre-
commissioning stage of the nuclear facility, this group should
supervise the installation of emergency equipment, review and
finalize the onsite emergency plans and procedures and direct
the training of the facility personnel for their various
emergency tasks. During the operation of the facility, the
emergency response group should conduct periodic exercises
of the emergency plan and inspect and test emergency equipment.
It should periodically review the emergency response plans
and revise them, if necessary. The emergency response group
should assume the leading role in the onsite emergency response
organization, particularly with regard to any liaison with
the offsite organization.

6.11 In the event of an accident with probable offsite consequences,
timely implementation of offsite protective measures is
dependent upon prompt assessment by the nucleaf facility
operator and timely notification to the authorities with
information on the accident situation at the facility and a
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prediction of the course of the accident. If possible the
nuclear facility operator should issue a preliminary warning
or "standby alert" to offsite authorities when appropriate.
The responsibility of the nuclear facility operator is
unequivocal in this regard.

OFFSITE ORGANIZATION
General
Emergency Response Organization
6.12 The responsible offsite governmental authority should

provide for an Emergency Response Organization that will
ensure first, that the necessary plans are prepared and
provide for the action to be taken by local public authorities
and any other responsible offsite organizations; and second,
that the responsible authority itself can carry out any
action that devolves upon it. Generally the action to be taken
by the responsible public authority will increase with the
severity of an accident, and will increase with the extent to
which the consequences of an accident extend beyond the
boundaries of the nuclear facility site. Emergency plans
in support of the nuclear facility should be coordinated with
other existing emergency plans (e.g. fire, flood, national
disasters).

6.13 The responsible authority should ensure that all other
appropriate public authorities are brought into the Emergency
Response Organization. Such organizations could include
the licensing authorities, the public health, food and
agriculture authorities, weather forecasting services, civil
defense, police, medical hospital and ambulance services.

6.14 Elements that should be considered in the organization include
the location of emergency assistance personnel that can
respond quickly to a notification of an accident and provide
services for local authorities.

6.15 The organizational plan should clearly define responsibility,
authority and chains of command and any planned transfer of
responsibility and authority if an accident actually occurs.
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Local Organization
6.16 Generally, the local organization emergency response plan

will comprise the most important and difficult task for
the Emergency Response Organization to develop. The
emergency response plan should include among other things,
provision for;
- assessment and projection of offsite consequences (as a

backup to the nuclear facility);
- activation of response and implementation of protective

measures, including their enforcement if necessary;
- surveillance and monitoring of radiological exposure control;
- provision of support services (technical, medical decont-

amination, transport, logistic, social, etc.);
- public information;
- telecommunication;
- control of operational emergency teams.

6.17 The responsibilities and operational procedures must be well
defined and documented for each operational emergency team
or function of the Emergency Response Organization. These
procedures should be set out in the form of standing orders.

6.18. The importance of logistic support for the operational
emergency teams cannot be overemphasized. The resources
needed should be identified in the planning stage and re-
evaluated from time to time during training periods and
exercises. Their continuous availability for emergencies
should be ensured by determining the proper organization
to maintain a supply of the resources and provide for their
storage, maintenance and eventual distribution.

6.19 The material resources needed include, among other things,
access to operational facilities, medical, laboratory,
storage and decontamination facilities, means of transportation,
communication systems, instrumentation, safety protection and
other equipment and materials, radioprotective prophylactic
agents, together with instructions and prepared messages for
the news media, replacement personnel and adequate repair
facilities for instruments, transport and communications.
There are always crucial items under emergency conditions.
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6.20 Ðîã timely initial response in the vicinity of the facility
the Emergency Response Organization should Úå provided with
a local Emergency Coordination Center (E.C.C.). The director
of this center, usually a government official, should have
the task and authority to coordinate, supervise and decide
on the action of all organizations involved locally in
the protection of the population (e.g. police, health authorities,
transportation, civil defence, etc.).

6.21 The director should have with him, in the center, executives
of all the involved organizations and groups, and they, in
turn, should have good means for communication with their
respective staffs and teams.

6.22 The director should have available as a part of his staff
advisors, specialists in health physics, nuclear medicine,
meteorology, agriculture and any other specialists of pertinent
fields which are not covered by the group of executives. It
is the task of these specialists to evaluate the information
arriving from the facility emergency center and from the
accident assessment or from monitoring teams, and to recommend
to the director the protective measures which should be taken.

6.23 The advisory staff could be organized as separate functional
groups working in close contact with the executive part of
the emergency center.

6.24 Through a liaison officer the director should keep the
national authorities well informed of the course of events.
His authority to implement protective measures should be
decided on and defined in advance and should be spelled out
in the emergency plans. He should apply, should he deem it
necessary, and according to predetermined criteria, to the
national authorities for assistance. This assistance can be
in the form of sending re-enforcement personnel, technical
equipment, logistic equipment, etc.

6.25 The director should have on his staff, a public information
officer to assist in the preparation of all public notices
and press releases (This function may be handled on a
national level in some countries).

100



6.26 Since it is the duty of the director to coordinate the work
of many groups he should direct the pre-planning, the
preparation and the routine exercising of the groups in their
various emergency tasks, and the integration of these groups
into one functioning organization. The center, the personnel *
and equipment should Úå organized so that they are readily
available and functional in case of an accident on short notice,

National Authorities
6.27 The national authority constitutes the highest governmental*central authoritative and executive body . The following

aspect of emergency planning and response should be the
responsibility of the national authority:
1. Maintain close contact with the local organization, as

well as liaison with other international organizations.
2. Assume full responsibility for governmental actions and

decision making on the national level on issues of
nationwide impact such as the establishment of action
levels.

3. Develop in advance national level emergency plans and
procedures, along with information, guidance and training
for local authorities on handling of radiation emergency
situations. This should be done and should be made a
requirement before a nuclear facility is placea into
operation.

4. Plan for the mobilization of expert national government
emergency teams and resources, depending on the magnitude
of the situation, for evaluation and assessment of the
accident and the development of any other necessary
emergency procedures. Ensure the adequate performance
of these teams by providing training, emergency drills
of personnel and equipment, and special research and
development to improve the overall emergency response
capabilities.

(• // The national experts can serve as consultants to the emergency
coordination center./
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5. Ensure that there will be continuous assessment of the
situation regarding the public at large and the environment.

6. Assume official and overall responsibility for national
level public information relating to the nature of the
accident, the emergency situation, the actual consequences
and steps being taken "to mitigate the effects of the
accident.

7. Where possible negotiate pre-arranged mutual emergency
assistance agreements with other countries in case of need.

8t Take the leadership to ensure coordination of different
groups with different jurisdictions.

9. Ensure that steps are taken to identify which medical
facilities can care for any radiation accident victims.

10. Decide on the needs of the public for information on
national emergency planning and through which channels
these plans should be made public.

11. Be prepared to assist local authorities in responding
to the emergency, and implementing appropriate protective
measures.

12. National authority should also provide alerting as well
as detailed data, if there is radiological impact beyond
the national boundaries.

ORGANIZATION AT LEVEL OF REGIQKALLY ASSOCIATED COUSTRIES. OR STATES
6.28 The extent of the consequences arising from a nuclear facility

accident might be of such magnitude that the national and
local capabilities of one country or state may not be sufficient
to deal with them. Even when both the national and local cap-
abilities are generally adequate, it is possible that such
capabilities may need to be augmented depending upon the
severity of the accident. In this event, the need for
external assistance becomes a reality and it would indeed be highly

advisable if arrangements for mutual emergency assistance
have been made beforehand.
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6.29 On the basis of geographical considerations, it is desirable
that neighbouring countries or states join in cooperative
agreements concerning coordination of response procedures in
case of an accident, particularly for nuclear facilities
located near common borders,

6.30 Agreements for cooperation and coordination should include:
a. the exchange of information regarding the site, the

technical characteristics of the nuclear facility and
its accident analyses.

b. Provisions for collaboration in the development of
radiological emergency response plans.

c. Arrangements for immediate notification in case of an
accident in order that protective actions may be initiated.

d. Cooperation on the establishment of intervention levels,
criteria for the evaluation of emergency situations,
radiological hazard, monitoring, and decision making
responsibilities on emergency actions that could be of
mutual concern to the countries or states involved.

6.31 The agreement, which should be signed on a ministerial level,
should include
a. Terms of assistance which will define the responsibilities

of both the requesting and the assisting countries or
States.

b. Financial provisions which will define which expenses
incurred during the assistance period will be paid by
the respective parties to the agreement.

c. Liability provisions which will define who shall bear
the costs of damages and losses and legal claims for
personal and property injuries resulting from the assist-
ance operations of the assisting and/or assisted countries
or States.

d. Designation of authorities competent to make emergency
preparedness decisions for and on behalf of their governments.

e. Statements of privileges and immunities relative to the
activities of assisting country or State's citizens while
in areas under the jurisdiction of the country or States
being assisted.
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ORGANIZATION AT INTERNATIONAL LEVEL
6.32 Since 1959 the IAEA had had an action plan by which it will,

upon request, arrange to provide assistance to any member
State, following an accident involving radioactive materials.
There are three major aspects to the current plan.

6.33 ÌåãàÚåã States have been encouraged to analyse and to scope
in advance the various types of radiation related incidents
in which they could be involved. They have been encouraged
to inventory their human and equipment resources to handle
these emergencies. They should build up their own capability
so that, to the maximum extent, they would be able to handle
a radiological emergency independent of the need for outside
assistance. Except perhaps that there may be some specialized
services and facilities that it would not be economical to
provide in every country. Important examples of specialized facilities
would be aerial monitoring capability, a. whole body counter to
determine the presence of radioactive material inside the
human body or specialized hospital rooms to provide an
absolutely sterile environment for the treatment of individuals
with high external exposure involving blood-cell changes.

6.34 Member States have been encouraged by the IAEA to enter into
bilateral or multilateral assistance agreements with neigh-
bouring states with or without the Agency participations.
This is to provide the technical services which they might
need which are beyond their own resources. Terms and conditions
have been prepared to apply to such agreements.

6.35 Preplanning is particularly advantageous since it overcomes
the vexing problems under emergency stress such as determining
appropriate channels of communication, knowing who to contact,
obtaining necessary visas and custom clearances as well as
agreement on reimbursement of costs, liability and other
administrative matters. In October 1963» the Nordic Agreement
(Nordic Mutual Emergency Assistance Agreement in Connection
with Radiation Accidents) was signed by representatives from
Denmark, Finland, Norway, Sweden and the IAEA. This agreement
with appropriate minor changes can be used as a model agreement
between Member States. Similar cooperative regional agreements

exist within the European Atomic Energy Community and there are
bilateral agreements between Switzerland and the Federal Republic
of Germany.



á„3á Through training programs Member States have been encouraged
to develop their own capabilities to handle radiological
emergencies.

6.37 The IAEA is available, following an emergency, to act as the
third party to arrange for specialized assistance or support
between Member States, e.g. medical and radiological support.
Starting in 1963 the IAEA has collected from Member States
information on the type of assistance that might be made
available as well as the individual or office to be contacted
for request for assistance. This information is issued
periodically in report WP-35 "Matual Emergency Assistance
for Radiation Accidents". World Health Organization, Pood
and Agriculture Organization, International Labour Organ-
ization, have participated in the most recent revisions to
this publication. The latest issue was published in 1971
(and presently being up-dated). It is stressed that help
from other nations cannot be expected until more than 24 hours
have elapsed . Local emergency planning response and medical
assistance must cover that initial period.

6.38 The IAEA maintains the capability through a duty officer
roster to have a senior technical person available in the
event of any request for assistance. Usually one of the 20
people involved on the duty officer list can be available
at the IAEA emergency control post within one hour of the
initial request. Also special arrangements have been made
internally as well as with Austrian authorities so that
telex or telephone requests for assistance will receive
immediate attention» The program also includes the capability
for the IAEA to send a small group of observers or consultants
(usually two) to the scene of the emergency. Pour suitcase-
type kits are available with instruments and protective
clothing suitable to provide support to the IAEA group for
any radiological situation.
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6.39 In addition, the facilities of the Agency's laboratory for
radiochemical analysis of environmental samples or for
Moassay and whole body counting are also available.

6.40 Each duty officer has in his possession a copy of the IAEA
Emergency Assistance Handbook which contains approximately
50 pages of detailed instructions or reference material to
assist in handling an emergency request. This handbook
describes the internal arrangements by which the Agency
would render assistance, and also defines the responsibility
of each staff member who would be involved in the response.
In order to achieve rapid and accurate response, simplicity
has been the main concern in preparing the operating procedures.

6.41 Since in the 18-year history of the Emergency Assistance Plan
there have been only two requests for medical assistance;
it is necessary to test the program and train the duty officers
through test exercises. These are done on approximately a
six-months interval.

6.42 In 1977 the Agency entered into an agreement with the United
Nations Disaster Relief Organization (UNDRO) to coordinate
the activities of IAEA and UNDRO more closely with respect
to disaster relief in order to make the most effective
use of the services available in the two organizations for
the benefit of countries in which radiation accidents have
occured. The two organizations will co-operate in the
promotion of disaster prevention and IAEA will provide upon
request from the affected Government or UNDRO relevant
technical and scientific assistance whenever the effects of
a natural disaster threaten or cause damage to a nuclear
installation which might result in a radiation accident.
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