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1. INTRODUCTION
BACKGROUND

1.1.  Under Article 5(a)(ii) of the Convention on Assistance in the Case of a Nuclear Accident or
Radiological Emergency (the ‘Assistance Convention’) [1], one function of the IAEA is to collect and
disseminate to States Parties and Member States information concerning methodologies, techniques
and available results of research relating to response to such accidents or emergencies.

1.2.  In March 2015, the IAEA’s Board of Governors approved a Safety Requirements publication,
Preparedness and Response for a Nuclear or Radiological Emergency, issued in-theas IAEA Safety
Standards Series No. GSR as-Part 7 of-the-General-Safety Requirements—{hereinafterreferred-to-as
GSR-Part-A-[2], which was jointly sponsored by thirteen international organizations. GSR Part 7_[2]
establishes requirements for an adequate level of preparedness and response for a nuclear or
radiological emergency, irrespective of the initiator of the emergency; it is a revised and updated
version of the-IAEA Safety Standards Series No. GS-R-2" issued in 2002.

1.3.  Requirement 18 of GSR Part 7 [2] requires the governments to ensure that arrangements are
made for the termination of a nuclear or radiological emergency, taking-intewith account taken of the

need for a-resumption of social and economic activity. Most States pay particular attention to ensuring

adequate preparedness to respond effectively to a nuclear or radiological emergency in order to protect
human life, health, property and the environment early in the response. However, less attention has
been devoted, at the preparedness stage, to practical arrangements for dealing with the challenges
associated with the termination of an emergency and the transition to the ‘new normality’?. Past
experience has clearly demonstrated the importance of being prepared to address these challenges. Fhe
presentTo assist Member States in addressing these challenges, this Safety Guide addresses-the-tack-of
guidance—that—exists—in—this—area—by—providesing guidance and recommendations on emergency

arrangements for the termination of am nuclear or radiological emergency® and the subsequent

transition to either a planned exposure situation or an existing exposure situation for meeting the

relevant safety requirements established in GSR Part 7 [2].

1.4.  The term nuclear or radiological emergency and the three situations of exposure-situations
mentioned in paras 1.2 and 1.3 are defined in GSR Part 7 [2] and in the-Radiation Protection and

Safety of Radiation Sources: International Basic Safety Standards, IAEA Safety Standards Series No.

! FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, INTERNATIONAL ATOMIC ENERGY
AGENCY, INTERNATIONAL LABOUR ORGANIZATION, OECD NUCLEAR ENERGY AGENCY, PAN AMERICAN
HEALTH ORGANIZATION, UNITED NATIONS OFFICE FOR THE COORDINATION OF HUMANITARIAN
AFFAIRS, WORLD HEALTH ORGANIZATION, Preparedness and Response for a Nuclear or Radiological Emergency,
IAEA Safety Standards Series No. GS-R-2, IAEA, Vienna (2002).

| 2 The ‘new normality’ is Aa new situation compared with the situation prior to the emergency. In the context of this Safety

Guide, the new normality represents either an existing exposure situation or a planned exposure situation.




GSR Part 3 [3] {hereinafterreferredto-as—GSR-Part-3)-and for clarity are reproduced below-in the
followingfer-clarity:

— Emergency: A non-routine situation or event that necessitates prompt action, primarily to

mitigate a hazard or adverse consequences for human life, health, property or the environment.

® This includes nuclear and radiological emergencies and conventional emergencies
such as fires, release of hazardous chemicals, storms or earthquakes.
® This includes situations for which prompt action is warranted to mitigate the effects of
a perceived hazard.
—  Nuclear or radiological emergency4: An emergency in which there is, or is perceived to be, a

hazard due to:

(a) The energy resulting from a nuclear chain reaction or from the decay of the products of a
chain reaction; or

(b) Radiation exposure.

— Planned exposure situation: The situation of exposure that arises from the planned operation of

a source or from a planned activity that results in an exposure due to a source.

— Emergency exposure situation®: A situation of exposure that arises as a result of an accident, a
malicious act or other unexpected event, and requires prompt action in order to avoid or

reduce adverse consequences.

- Existing exposure situation: A situation of exposure that already exists when a decision on the

need for control has to be taken.

® Existing exposure situations include exposure to natural background radiation that is
amenable to control; exposure due to residual radioactive material that derives from past
practices that were never subject to regulatory control or exposure due to residual
radioactive material deriving from a nuclear or radiological emergency after an emergency

has been declared to be ended.

1.5.  Requirement 46 of GSR Part 3 [3] addresses the arrangements to be in place, as part of overall
emergency preparedness, and to be implemented as appropriate for the transition from an emergency
exposure situation to an existing exposure situation. Fhe-presentThis Safety Guide provides guidance
and recommendations on arrangements to be made at the preparedness stage for such a transition, in
the context of a broader discussion of the arrangements necessary for the termination of a nuclear or

radiological emergency.

* However, and notwithstanding the definitions of these terms, for reasons of brevity, the term ‘emergency’ as used in this
Safety Guide is intended to mean a nuclear or radiological emergency, unless otherwise specified.

5 From the definitions, it is obvious that each emergency exposure situation is-takes place within a nuclear or radiological
emergency; however, in aeach nuclear or radiological emergency is-het-necessariy-an emergency exposure situation_might
not apply for any individual. There may be situations in which the-conditions indicative te—of a nuclear or radiological
emergency have been identified at a site and the appropriate emergency class has been declared (i.e. an adequate level of
emergency response has been activated) before any exposures are-te-occur as a result of these conditions.
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OBJECTIVE

1.6.  The objective of this Safety Guide is to provide guidance and recommendations to States on
developing arrangements, at the preparedness stage as part of overall emergency preparedness efforts,
for responding to a nuclear or radiological emergency for the transition to either an existing exposure
situation or a planned exposure situation, as appropriate, and the termination of the emergency. This
Safety Guide also provides guidance and recommendations on the primary objective and the general
and specific prerequisites that are to be met in order to enable the termination of the emergency and to

support the development of the arrangements for achieving this objective and prerequisites.

1.7.  This Safety Guide should be used in conjunction with GSR Part 7 [2], with due account to be
taken of the recommendations provided in the—Arrangements for Preparedness for a Nuclear or
Radiological Emergency, IAEA Safety Standards Series No. GS-G-2.1 [4] {hereinafterreferred-to-as
GS-G-2-1H-and the-Criteria for Use in Preparedness and Response for a Nuclear or Radiological

Emergency, IAEA Safety Standards Series No. GSG-2 [5]-(hereinafterreferred-to-as-GSG-2). This
Safety Guide provides guidance for meeting the-Requirement 18 of GSR Part 7 [2] and Requirement

46 of GSR Part 3 [3] on the termination of a nuclear or radiological emergency and the transition from

an emergency exposure situation to an existing exposure situation, respectively.

1.8.  The guidance and recommendations provided in this Safety Guide form the basis for achieving
the goals of emergency response outlined in para. 3.2 of GSR Part 7 [2], particularly the goal of

preparing for the resumption of normal social and economic activity.

SCOPE

1.9.  The guidance and recommendations provided in this Safety Guide are applicable to any
nuclear or radiological emergency, irrespective of its cause, in relation to the transition to either a
planned exposure situation or an existing exposure situation and the termination of the emergency.
Considering the full range of potential nuclear or radiological emergencies ®-they—cover, these

recommendations necessitate the application of a graded approach’ in their implementation.

1.10. The guidance and recommendations provided in this Safety Guide have been developed on the
basis of objective_considerations of radiation-radielogical protection-censiderations, including factors

such as the health risks associated with exposure levels and relevant attributes of various

characteristics of the exposure situation. In addition, this Safety Guide also recognizes the influence

of, and diseussesaddresses, social, economic and political attributes, as well as national, local and site-

6 Examples of such emergencies include, but are not limited to: a general emergency at a nuclear power plant, an emergency
involving a lost dangerous source, an emergency arising from an accidental overexposure of patients, an emergency
involving dispersal-a release (irrespective whether intentional or not) of radioactive material into the environment or an
emergency arising from a transport accident involving nuclear or radioactive material.

7 “(1) For a system of control, such as a regulatory system or a safety system, a process or method in which the stringency of
the control measures and conditions to be applied is commensurate, to the extent practicable, with the likelihood and possible
consequences of, and the level of risk associated with, a loss of control. (2) An application of safety requirements that is
commensurate with the characteristics of the facilities and activities or the source and with the magnitude and likelihood of
the exposures” [2].
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specific characteristics. Fhese—Such attributes and characteristics are generally unrelated to
radiclogical-radiation protection; however, they usually influence the final decision on the termination

of a nuclear or radiological emergency.

1.11. This Safety Guide is intended to help in decision making_that is based on scientific
considerations regarding radiation radielegical—protection, lessons learned from experience and
established best practices. Howeverilt is also intended to serve as an input into a comprehensive
decision making process concerning the termination of a nuclear or radiological emergency. As a
nuclear or radiological emergencyies may lead to long term exposures due—owing to residual

radioactivity in the human habitat and in the overall environment-as-wel, it is anticipated in this Safety

Guide anticipates—that the decision making processes will not only include emergency planners,
decision makers at various governmental levels and radiation radielegical-protection specialists, but
will also involve consultation with the public and other interested parties®.

1.12. The guidance and recommendations provided in this Safety Guide take into account the
lessons learned from past experience, including the Fukushima Daiichi accident (2011) [6, 7], the
radiological accident in Nueva Aldea (2005) [8], the fuel damage incident at the Paks nuclear power
plant {NPP)-(2003) [9], the radiological accident in Lia (2001) [10], the radiotherapy accident in
Panama (2000/2001) [11], the radiological accident in Goiania (1987) [12], the accident at the
Chernobyl NPP- nuclear power plant (1986) [13, 14], and the accident at the Three Mile Island NPP
nuclear power plant (1979) [15]. Annex | of this Safety Guide provides case studies for several past

emergencies.

As a-the full range of potential nuclear or radiological emergencies is considered in this Safety Guide,
the following distinctions have to be made in relation to the way in which the emergency will be

terminated and the situation to which the emergency will transition:

(a) An _Eemergencyies that does not involve a significant releases of radioactive material to the
environment, and thus does not result in exposures of the public in the longer term due to residual

radioactive material (e.g. the Paks-NPP-fuel damage_incident at Paks nuclear power plant, the

accidental overexposures in Panama_and; the radiological accident in Nueva Aldea), may-might
not necessarily result in an emergency exposure situation. Such emergencies can be terminated in
a way in which the facility, the activity and the source can ultimately be managed as a planned
exposure situation. The planned exposure situation may be associated with-either with a-normal
operation or a clean-up, decommissioning or ending of the operational life of the source. In terms
of public exposures, such emergencies are not expected to result in an exposure situation that is
different from the one that existed prior to the emergency. The decision to terminate the-an

emergency of this type delineates also the beginning of a planned exposure situation. In such

8 An linterested party=_is Aa person, company, etc. with a concern or interest in the activities and performance of an
organization, business, system, etc. [2].



cases, within the context of this Safety Guide, the phrase “transition to a planned exposure

situation” is used.

(b) An Eemergencyies involving a significant releases of radioactive material nto the environment

(such as the Chernobyl nuclear power plant NRPP-accident, the Fukushima Daiichi accident and the

Goiania radiological accident) will result in an emergency exposure situations. In such
emergencies, the public may be exposed in the longer term due to the presence of residual
radioactive material in the environment. Such situations are eventually managed as existing
exposure situations. The termination of such emergencies is possible after a period of time that
allows for the transitioning to an existing exposure situation_to take place. The decision to
terminate the-an emergency expesure-situation-of this type also means entering into the-an existing
exposure situation. In such cases, within the context of this Safety Guide, the phrase “transition to

an existing exposure situation” is used.
1.13. The guidance and recommendations provided in this Safety Guide are not to be applied to:

(a) The termination of an exposure situations in which contamination has occurred due to a human
activity but which that-is not an emergency exposure situation. This would include, for example,
situations arising from planned discharges of radioactive material into the environment or legacy

sites.

(b) Arrangements for managing existing exposure situations and long term remediation, as well as
arrangements for the decommissioning of accident damaged facilities warranting permanent
shutdown; relevant guidance can be found in Refs [16—-19]. However, the basic concepts and
approaches contained in this Safety Guide will support, within the context of overall emergency
preparedness, the planning for the management of the existing exposure situation following the

termination of the nuclear or radiological emergency.

1.14. This Safety Guide does not provide guidance or recommendations on meeting the
requirements set forth in GSR Part 7 [2] in relation to ensuring that arrangements are made for taking

urgent protective actions,and early protective actions and other response actions during the emergency

response phase; relevant guidance can be found in GS-G-2.1 [4] and GSG-2 [5]. However, this Safety

Guide provides guidance for the integration and coordination of activities from the declaration of the

emergency deelaration-until its termination.

1.15. This Safety Guide does not provide recommendations on communication with the public in

preparedness for and response to a nuclear or radiological emergency in relation to the termination of

the emergency including the transition phase.;+elevant-guidance-is-provided-in-Ref[20}°-

9 A Safety Guide on Arrangements for Public Communication in Preparedness and Response for a Nuclear or Radiological
Emergency is in preparation. Further practical guidance on public communications in emergency preparedness and response
can also be found in INTERNATIONAL ATOMIC ENERGY AGENCY, Communication with the Public in a Nuclear or
Radiological Emergency, EPR-Public Communications, IAEA, Vienna (2012) and INTERNATIONAL ATOMIC ENERGY
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1.16. This Safety Guide does not provide guidance concerning nuclear security considerations in
relation to the termination of a nuclear or radiological emergencyies, irrespective of whether the
emergency was initiated by a nuclear security event. However, relevant authorities may need to give
considerations to nuclear security implications, as appropriate, prior to the termination of the
emergency. Relevant information relatinged to nuclear security can be found in the IAEA Nuclear
Security Series [21 —23].

1.17. Terms are used in this Safety Guide as defined in GSR Part 7 [2] and the IAEA Safety

Glossary [23]. The use-efterminology for the various phases of a nuclear or radiological emergency in

the context of this Safety Guide is clarified in Section 2.

STRUCTURE

1.18. Fhis-Safety-Guide-is-comprised-of foursections—Section 2 describes the various phases of a

nuclear or radiological emergency. It focusses on the concept of the ‘transition phase’ and diseusses
the meaning of the termination of a nuclear or radiological emergency and the beginning of either a
planned exposure situation or an existing exposure situation. Section 3 provides the primary objective
for terminating a nuclear or radiological emergency and elaborates on the general and specific
prerequisites that need to be met in order to terminate an emergency. Section 3 also provides generic
guidance on the timeframes in which a nuclear or radiological emergency is to be terminated. Section
4 describes the arrangements to be made at the preparedness stage, as part of the overall emergency
preparedness, in order to facilitate the implementation of activities in the transition phase that will

enable the termination of the emergency—during—the—transition—phase. The Appendix provides
considerations for adjusting or lifting protective actions and other response actions during the

transition phase. Annex | provides case studies of several past nuclear or radiological emergencies that
support the guidance and recommendations provided in this Safety Guide. Annex Il presents factors

that need to be considered when justifying and optimizing the protection strategy at the national level.

AGENCY, Method for Developing a Communication Strategy and Plan for a Nuclear or Radiological Emergency, EPR-
Public Communication Plan, IAEA, Vienna (2015).



2. PHASES OF A NUCLEAR OR RADIOLOGICAL EMERGENCY

GENERAL

2.1.  This section elaberates-endescribes the various phases of a nuclear or radiological emergency,
with-a-speeific-foeus-onand explainsing the concept of the ‘transition phase’. This concept refers to the
process and the time period during which there is a progression to the point at which an emergency
can be terminated. During this period, the relevant prerequisites (elaberated-set out in Section 3) that
should be fulfilled before the termination of the emergency can be declared are gradually addressed. In
this context it is generally assumed that the transition phase commences as early as possible when the
source has been brought under control and the situation is stable'®; it ends when all the necessary
prerequisites te—for terminatinge the emergency have been met. The termination of a nuclear or
radiological emergency marks the end of the emergency and therefore, the emergency exposure

situation, and the beginning of either an existing exposure situation or a planned exposure situation.

2.2.  The various phases of a nuclear or radiological emergency are distinguished on the basis of the
different timescales in which specific protective actions and other response actions are to be
undertaken in order to achieve the goals of emergency response (see para. 3.2 of GSR Part 7 [2]) and
to fulfil the prerequisites that would allow the declaration of the end of the emergency. The transition
phase may last from a day to a few weeks for a small scale emergencyies (e.g. a lost or stolen
dangerous source) but could take months to a year for a large scale emergencyies (e.g._an

emergencyies at a nuclear installations resulting in significant off-site contamination).

2.3. In this Safety Guide, the distinction among the various phases of a nuclear or radiological
emergency is intended to support the planning efforts fer—the—respectivefor each phases at the
preparedness stage as well as to facilitate communication and a common understanding among those
involved in the planning. These efforts depend on the characteristics of each phase, including the

information available and the specific activities to be carried out.

2.4.  sheould-berecognized—thattThe response to a nuclear or radiological emergency is a

continuous effort; thustherefore, during the response, it is not intended that a distinction be made
between the use—of-different-various phases_of the emergency—er—distinguishing—ameng—them—at
differenttimeperiods-is-netintended (see para. 2.13).

2.5.  The period covering the management of the-an existing exposure situation and the long term

recovery operations after the emergency is declared to have ended is excluded from eensideration

nthe scope of this Safety Guide and is covered in Refs [16, 17].

19 This means_that the source is-has been brought under control, no further significant accidental releases or exposures
resulting from the event are expected and the future development of the situation is well understood. See-para—3-+




EMERGENCY RESPONSE PHASE

2.6. Sheuld-If conditions be-are detected in relation to a facility, an activity or a source indicating
the-oceurrence-of-an actual or potential nuclear or radiological emergency and-warranting protective

actions and other emergeney-response actions, the emergency class is required to be declared and pre-

planned response actions are required to be initiated on_the -site and, as necessary, off_the -site that
correspond to the emergency class and the level of emergency response warranted (see Requirement 7
of GSR Part 7 [2]).

2.7.  Early in the emergency, the response organizations focus their response actions on mitigating
the potential consequences of the emergency so that undesirable conditions are either prevented from
developing, or their development is delayed, making it possible to take effective protective actions on
the site and, as necessary, off the site. Such mitigatory actions are accompanied by protective actions
and other response actions that are aimed at the potentially or actually affected individuals. Most of
these actions are taken as a matter of urgency (i.e. precautionary urgent protective actions, urgent
protective actions and other response actions); however, some actions allow for more detailed
assessments, primarily on the basis of monitoring, and can be taken within days or weeks and still be

effective (i.e. early protective actions and other response actions).

2.8.  Protective actions and other response actions mentioned-r-para—2-7-are defined in GSR Part 7
[2] and arereproduced-below-for clarity are reproduced in the following:

— Protective action: An action for the purposes of avoiding or reducing doses that might

otherwise be received in an emergency exposure situation or an existing exposure situation.
— Mitigatory action: Immediate action by the operator or other party:

(a) To reduce the potential for conditions to develop that would result in exposure or a release
of radioactive material requiring emergency response actions on the site or off the site; or
(b) To mitigate source conditions that may result in exposure or a release of radioactive

material requiring emergency response actions on the site or off the site.

— Urgent protective action: A protective action in the event of an emergency which must be
taken promptly in the event of an emergency (usually within hours to a day) in order to be

effective, and the effectiveness of which will be markedly reduced if it is delayed.

® Urgent protective actions include iodine thyroid blocking, evacuation, short term
sheltering, actions to reduce inadvertent ingestion, decontamination of individuals and
prevention of ingestion of food, milk or water possibly with possible contamination.
® A precautionary urgent protective action is an urgent protective action taken before or
shortly after a release of radioactive material, or before an exposure, on the basis of the
prevailing conditions to avoid or to minimize severe deterministic effects.
— Early protective action: A protective action in the event of a nuclear or radiological emergency

that can be implemented within days to weeks and still be effective.



® The most common early protective actions are relocation and longer term restriction of the

consumption of food potentially affected by contamination.
— Other response action: An emergency response action other than a protective action.

® The most common other response actions are: medical examination, consultation and
treatment; registration and longer term medical follow-up; providing psychological
counselling; and public information and other actions for mitigating non-radiological

consequences and for public reassurance.

29— The Ssafety requirements established in GSR Part 7 [2] and its supporting guidance and
recommendations (GS-G-2.1 [4] and GSG-2 [5]) address emergency arrangements to be established
made-and implemented fer-in the period following the identification of the conditions leading to the
declaration of a nuclear or radiological emergency, until the time the situation is brought under control
|.1l

and radiological conditions are characterized sufficiently wel
response phase’ and is defined in-Reff24}-as:

= This period is called the ‘emergency

220—tThe period of time from the detection of conditions warranting an emergency response until
the completion of all the actions taken in anticipation of or in response to the radiological conditions
expected in the first few months of the emergency.

24129, Theis_emergency response phase typically ends when the situation is under control,

the off-site radiological conditions have been characterized sufficiently well to identify whether and
where food restrictions and temporary relocation are required, and all required food restrictions and
temporary relocations have been implementedput into effect (see Ref. [24]).2

242.2.10. For the purposes of this Safety Guide, the emergency response phase is divided into an

urgent response phase and an early response phase (see Fig. 2:1) as follows:

(a) Urgent response phase: The period of time, within the emergency response phase, from the
detection of conditions warranting emergency response actions that must be taken promptly in
order to be effective until the completion of all such actions. Such emergency response actions
include mitigatory actions by the operator and urgent protective actions on the site and off the site.

Fhis-The urgent response phase may last from hours to days depending on the nature and scale of

the nuclear or radiological emergency."

(b) Early response phase: The period of time, within the emergency response phase, from when-which

a radiological situation is-beingis already -characterized sufficiently well te-tdentifythat a need for

taking early protective actions and other response actions can be identified, until the completion of

11 They-This includes arrangements for the implementation of urgent protective actions, early protective actions and other
response actions.

12 .For example, the urgent response phase may last just hours in the case of a small scale emergencyies such as a radiological
emergency during transport or a radiological emergencyies involving a sealed dangerous sources.

9



all such actions. Fhis-The early response phase may last from days to weeks depending on the

nature and scale of the nuclear or radiological emergency.™-
TRANSITION PHASE

243.2.11. For the purposes of this Safety Guide, the transition phase is the period of time after
the emergency response phase', when (a) the situation is under control (see footnote 10-para—2.9), (b)
detailed characterization of radiological situation has been carried out and (c) activities are planned
and implemented to enable the emergency to be declared terminated. The activities carried out during
this-the transition phase aim at achieving the primary objective and the prerequisites elaborated in
Section 3. Fhis-The transition phase may last from days to months; notwithstanding that for a small
scale emergencyies (for example, a radiological emergency during transport or a radiological
emergencyies involving a sealed dangerous sources) it may last not more than a day. The termination
of the nuclear or radiological emergency marks the end of the transition phase #n-for a particular area
or a site and the beginning of either an existing exposure situation or a planned exposure situation (see
Fig. 2.1).

PREPAREDNESS NUCLEAR OR RADIOLOGICAL EMERGENCY/
STAGE EMERGENCY EXPOSURE SITUATION

PLANNED OR EXISTING
EXPOSURE SITUATION

EMERGENCY RESPONSE PHASE \

URGENT EARLY
RESPONSE PHASE RESPONSE PHASE

TRANSITION PHASE

Declaration of the emergency class

<< Termination of the nucl. or rad. emergency

T T L] >
Hours to days Days to weeks Days to a year
Fig. 2:1. Temporal sequence of the different-various phases and exposure situations ef-for a nuclear or radiological
emergency within ene-a single geographical area_or a single fone site
244212, In-eComparedisen to the urgent response phase and, to some extent, the early response

phase, the transition phase is not driven by urgency and allows for planningadapting, justifying and

optimizing future-protection strategies as the emergency evolves and for consultation with interested

parties. Depending on the nature of the nuclear or radiological emergency, these processes may
continue in the longer term after the emergency has been declared terminated. Buring-In the transition
phase and in the longer term, the implementation of remedial actions might be more efficient than

carrying out further disruptive public protective actions.

245.2.13. While the distinction between various phases of a nuclear or radiological emergency

may be helpful for planning purposes, it can be difficult to clearly define a line between the different

13 For example, the early response phase may last hours to a day in the case of a small scale emergencyies such as a
radiological emergency during transport or a radiological emergencyies involving a sealed dangerous sources.

14 The exposure situation in the transition phase is still an emergency exposure situation although after-the emergency
response phase_is over, as presented on Figs- 2:1 and Fig—2:2.
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various phases of an emergency during the emergency response (see paras 2.3 and 2.4), as the
emergency response actions are implemented on a continuous basis (see Fig. 2:2). This is particularly
true for the early response phase and the transition phase, when the activities that are carried out may
support the implementation of specific actions and activities associated with both phases. For example,
a monitoring strategy implemented during the early response phase may support both decision making
on early protective actions and the assessment of the radiological situation, which may in turn help to

determine how protection strategies are to be further adapted.

PREPAREDNESS NUCLEAR OR RADIOLOGICAL EMERGENCY/ é‘ PLANNED OR EXISTING
STAGE ﬁ EMERGENCY EXPOSURE SITUATION 2 | EXPOSURE SITUATION
X @
> §
3 E
£ 5
& | Precautionary ) Recovery <
£ and urgent Early protective operations to enable 2
S | protective actions actions transitioning 2
S =
‘{_ﬁl c
3
8 £
a £
@
&
T T T T »
Hours to days Days to weeks Days to a year

Fig. 2:2. Temporal sequence of various types of protective actions and recovery operations forin a nuclear or radiological
emergency within ene-a single geographical areafone or a single site

216:2.14. In the case of a large scale emergencyies, the complexity of the radiological situation
may vary greatly within an affected area and may be transient in nature. It is therefore likely that the
different phases and different exposure situations may coexist geographically and temporally. This
challenges both the management of the situation and the communication with the-interested parties.
The transitionirg from the emergency exposure situation will occur gradually in specific areas within
the whole affected area. In this case, the transition phase will end when the final area that is-was in an
emergency exposure situation wil-has transited to an existing exposure situation.™- At-the-same

time; The transition of this final area to an existing exposure situation -this will also denote the overall

termination of the emergency.

15 See also paragraphs-paras 3.20, 3.22 and 4.98 with regard to delineation of areas.
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3. PRIMARY OBJECTIVE AND PREREQUISITES FO-FOR TERMINATINGE THE
EMERGENCY

GENERAL

3.1 This section elaborates on the primary objective and the prerequisites to be considered in
planning and decision making regarding the termination of a nuclear or radiological emergency. It
provides general guidance on a broad spectrum of aspects that authorities should consider in relation
to the termination of the emergency wunder—in accordance with an all-hazards approach, *° ;

notwithstanding the need to use a graded approach in application of the prerequisites te-for each
specific postulated nuclear or radiological emergency and to consider national, local and site-specific

circumstances.

3.2 The primary objective and the prerequisites given-stated in this sSection should guide the
development and implementation of the protection strategy for the transition phase. They should,

therefore, also guide the arrangements that need to be put in place during the preparedness stage to

ensure that the protection strategy is implemented the-strategy-in an efficient and coordinated manner

objective and these prerequisites should also serve as intermediate enessteps for any objectives that

need to be attained in the longer term for an existing exposure situation, as applicable.

3.3 The emergency should be terminated if the prerequisites set forth in this section are-have been
fulfilled; en-the-basis-ofthe decision to terminate the emergency should be a formal decision thatisand

should be made public. The new exposure situation should then be managed as either a planned
exposure situation or an existing exposure situation (see Fig. 2:1), as appropriate, in line with national
legal and regulatory frameworks as required in Refs [2, 3, 25].

3.4 It should be recognized that:

— The decision-to-terminatetransition from the emergency exposure situation will likely take
place at different geographical areas or at different parts of the site at different points in time.
The situation in some geographical areas or some parts of the site may—might therefore
continue to be managed as a nuclear or radiological emergency, while the situation in other

areass mightmay— be managed as a planned exposure situation or an existing exposure

situation, as appropriate; and

16 States usually have arrangements in place for returning to normal social and economic activity after any type of
emergency. Fhese-Such arrangements would also be expected to support the preparations for the transitioning to either an
existing exposure situation or a planned exposure situation after a nuclear or radiological emergency-as-well. To this end,
integration-of-all the arrangements necessary to be put in place in accordance with this Safety Guide need to be integrated
with one another under-in accordance with an all-hazards approach-is-essential.
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— Some of the prerequisites elaberated-set out in this sSection are to be fulfilled by the operating
organizations in addition to responsible off-site response organizations. To great extent,

termination-the transition fromef- the emergency exposure situation in areas off the site will be

subject to confirmation by the operating organization that the respective prerequisites’’ are

have been fulfilled on the site.
PRIMARY OBJECTIVE

3.5 The primary objective of the termination of the emergency is to facilitate the timely

resumption of social and economic activity.
GENERAL PREREQUISITES

3.6 A nuclear or radiological emergency should not be terminated until the necessary urgent

protective actions and early protective actions have been implemented. -

3.7 Prior to the termination of the emergency, the exposure situation should be well understood
and confirmed to be stable. This means that the source has been brought under control, no further
significant accidental releases or exposures resulting from the event are expected {2} and the likely
future development of the situation is well understood.

3.8 Prior to the termination of the emergency, the radiological situation should be well
characterized, exposure pathways should be identified and doses®® should be assessed for affected

populations® (including those population groups most vulnerable to radiation exposure, such as

pregnant women and children). This characterization should consider the impact of lifting and
adapting the protective actions implemented earlier in the emergency response and, where applicable,
possible options for the future use of land and water surfaces-bodies (e.g. imposing restrictions or

identifying alternative ways in which they can be exploited).

3.9 Before any decision to terminate the emergency is made, a thorough hazard assessment should
be performed ef-in respect of the situation and its future development-shoutd-be-performed, consistent
with Requirement 4 of GSR Part 7 [2]. The hazard assessment should provide a basis for te
preparedness and response for dealing—with-any future-hazards —asseciated-with-a—new emergency

situation-that may occur_in the future-inrelation-to-the-faciity—activity-or-the-seurce-invelved-in-the

7 Such prerequisites may include, as appropriate, those elaberated-stated in paras 3.6, 3.7, 3.9 — 3.12, 3.19 and bullets 5-7(e),
(f) and (g) of para. 3.20 of this sSection.

18 At the time of deciding on the termination of a nuclear or radiological emergency, some of these-the urgent protective
actions and early protective actions may be already under consideration to be adapted or lifted (e.g. evacuation). Other
actions may remain in place in the longer term after the termination of the emergency (e.g. restrictions on food, milk and
drinking water), while some actions such as iodine thyroid blocking may already have been implemented and require no
further consideration during-in the transition phase. For more details see sub-section-on-Adapting—and-tHfting-protective
actions{paras 4.70—4.101) in Section 4.

19 Effective dose, equivalent dose to an-ergan-ora tissue or organ, and-or relative biological effectiveness (RBE) weighted
absorbed dose in-to an-ergan-era tissue_or organ, as appropriate. See GSG-2 [5] for further details.

2 This includes the public, workers (including emergency workers), helpers and patients, as appropriate.
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3.10  On the basis of the hazard assessment, those events and associated areas that may warrant

protective actions and other response actions_should be identified, including the actions that may be

effective in mitigating the consequences_of any future emergency-sheuld-be-identified, and the existing

emergency arrangements should be reviewed.”: The review should determine i-whether there is a

need to revise the existing emergency arrangements and/or to establish new arrangements.

3.11  The emergency should not be terminated until revised or new emergency arrangements have
been formulated and have been coordinated among the relevant response organizations. However, in

some cases, the formal establishment of revised or new emergency these-arrangements may be a

lengthy process. Therefore, the establishment of an interim response capability®® in-relation—to—the
facility—activity—or-the-source—involved-in-the-emergency—during-in the transition phase should be

considered to prevent unnecessary delay ef-in the termination of the emergency.

3.12  Prior to the termination of the emergency, it should be confirmed that the requirements for
occupational exposure—as-stipulated- in for-a-planned exposure situations® established in Section 3 of
GSR Part 3 [3]; can be applied te—for all workers that—who will be engaged in recovery
activitiesoperations (see para. 5.101 of GSR Part 7 [2]) and that the source is secured in a manner that
is consistent with Refs [201-232].

3.13  The radiological situation should be assessed, as appropriate, against reference levels, generic
criteria, ang-operational criteria and dose limits, to determine #-whether the relevant prerequisite for
the transition to the respective exposure situation has been achieved (see Specific-Prerequisites—paras
3.19-3.22).

3.14  Non-radiological consequences (e.g. psychosocial_and; economic_conseguences) and other
factors (e.g. technology, land use options, availability of resources, community resilience®; and the
availability of social services) relevant to the termination of the emergency should be identified and

actions to address them should be considered.

22 Eor _example, the hazards associated with a nuclear power plant in normal operation and its associated emergency

arrangements will differ from the hazards associated with an accident damaged nuclear power plant and its associated
emergency arrangements.

2 The purpose of the-such an interim response capability is to provide an improved response to any future emergencyies,
postulated based on the hazard assessment, before the full emergency arrangements are put in place. This interim capability
may-might not be optimal and would needs to make use of all available means and resources with only minimal additional
arrangements (e.g. training, a few revised procedures).

24 Regardiess-of the-exposure-situation—Paragraph- 5.26 of GSR Part 3 [3] requires that employers “ensure that the exposure
of workers undertaking remedial actions is controlled in accordance with the relevant requirements on occupational exposure
in planned exposure situations,—"=

% That Community resilience is the capacity of the-a_community to be able to recover quickly erand easily from the
consequences of a nuclear or radiological emergency.
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3.15 A registry of those individuals® who have been identified, at-by the time the emergency is to

be terminated, as requiring further—longer term medical follow-—up (see Refs [2, 5]) should be

established prior to the termination of the emergency.

3.16  Consideration should be given to the management of any radioactive waste arising from the

emergency, when-as appropriate, prior to the termination of the emergency.

3.17  Consultation with interested parties is required prior to the termination of the emergency [2].
This process should not unduly impede the timely and effective decision making by the responsible

authority te-in respect of terminatione of the emergency.

3.18  Prior to the termination of the emergency, the following should be communicated to the public

and other interested parties, as appropriate:

(a) The basis for the termination of the emergency, which-includinges_the rationale en-of why it is
safe to end the emergency and an overview of the actions taken and the restrictions imposed;
(b) The need for adjusting imposed restrictions, for continuing protective actions or for introducing
new protective actions, enes-as well as the expected duration of these actions and restrictions-te
inin-place:

(c) Any necessary modification in people’s personal behaviours and habits;

(d) Possible options for the implementation of self-help actions®’;

(e) The need for continued environmental monitoring and source monitoring following the
termination of the emergency;

(f) The need for continued efforts to restore services and workplaces;

(9) Radiological health hazards associated with the new exposure situation.
SPECIFIC PREREQUISITES
Transition to a planned exposure situation

3.19 In addition to the general prerequisites (see paras 3.6-3.18), the following prerequisites should
be met in order to be able to declare the termination of an emergency and to move to a planned

exposure situation:

(a) The cCircumstances surrounding-that led to the emergency have been analysed, corrective actions
have been identified and an action plan has been developed for the implementation of corrective
actions by the respective authorities, as applicable, in relation to the facility, activity or the-source
involved in the emergency. However, in some cases, the formal analysis and development of the

action plan may be a lengthy process. Therefore, consideration should be given to establishing

administrative procedures that limit or prevent the use or handling of the source until the
circumstances surreunding-that led to the emergency situatien-have been better understood sheuld

26 This includes the public, workers (including emergency workers), helpers and patients, as appropriate.
27 Examples of self-help actions include, but are not limited to, avoiding prolonged visits to certain areas, changing farming
practices and land use, er-and reducing the consumption of certain foods.
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be-considered-with the aim te-preventof preventing the-unnecessary delays of-in the termination of
the emergency.
(b) Conditions have been assessed to ensure compliance with the safe and secure handling of the

sources involved in the emergency® in accordance with the national requirements set forth for the

respective planned exposure situation®.

(c) Compliance has been confirmed with the reguirements—for-dose limits for public exposures in
planned exposure situations and with the requirements for medical exposure setforthestablished in
Section 3 of GSR Part 3 [3].

Transition to an existing exposure situation
3.20 In addition to the general prerequisites (see paras 3.6—3.18), the following prerequisites should

be met in order to be able to declare the end-ef-antermination of an emergency expesure-situation-and

to move to an existing exposure situation:

(a) Justified and optimized actions have been taken to reach-meet the national generic criteria

established to enable the transitioning to an existing exposure situation, takirg-intewith account
taken of the generic criteria given-provided in Appendix Il of GSR Part 7 [2], and it has been

verified that the assessed residual doses® approach the lower bane-bound of the reference level for

an emergency exposure situation (see paras 4.52—4.69).
(b) Areas have been delineated which-maythat are- not_permitted to be inhabited and where it is not

feasible to carry out social and economic activity. This delineation relates to areas whichthat,
earlier in the emergency response, were subject to evacuation and/or relocation, and/or where
specific restrictions were imposed that will continue to be implemented following the termination

of the emergency.

(c) For these delineated areas, administrative and other provisions have been established to monitor
compliance with any the-restrictions imposed.

(d) Prior to the termination of the emergency, a strategy has been developed for the restoration of

infrastructure, workplaces and public services (e.g. public transportation, shops and markets,

schools, kindergartens, health care facilities and; police and firefighting services;-ete:) necessary to

support normal living conditions in the affected areas, such as those areas where—in which

evacuations or relocations were implementedcarried out;-has-been-developed.

28 A sSource_is -Aanything that may cause radiation exposure — such as by emitting ionizing radiation or by releasing
radioactive substances or radioactive material — and can be treated as a single entity for purposes of protection and safety-
[23].

% Depending on the type of the emergency, the planned exposure situation can be associated with normal operation_of the
facility or activity, with clean-up and decommissioning, or with the end of the operational life of the source involved in the
emergency.

% The residual dose is the dose expected to be incurred after protective actions have been terminated (or after a decision has
been taken not to take protective actions)- [2].
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(e) A mechanism and the means for continued communication and consultation with all interested
parties, including local communities, have been put in place.

(f) Prior to the termination of the emergency, any change or transfer of authority and responsibilities
from the emergency response organization to organizations responsible for the long term recovery
operations has been completed.

(9) The sharing of any information and data gathered during the emergency exposure situation that are
relevant for the long term planning has been organized among the relevant organizations and
authorities.

(h) Development of a long term monitoring strategy in relation to residual contamination has been
initiated.

(i) A programme for longer term medical follow-up for the registered individuals (see para. 3.15) has
been developed.

(j) A strategy for mental health and psychosocial support effor the affected population in+elation-te
psyehosocial-health-consequences-has been developed.

(k) Consideration has been given to the compensation of the-victims for damage resulting-fromdue to
the emergency so as to provide for public reassurance, notwithstanding the fact that the processes

for compensation precesses-will extend even-after the emergency is terminated.
() Administrative arrangements, legistative-legal provisions and regulatory provisions are-have been
put in place andfor underway-are being put in place for the management of the existing exposure

situation, including provisions for the allocation of the necessary financial, technical and human

resources.

3.21  Following the termination of the emergency, individual monitoring® of members of the public
should in general no longer be reguired-necessary for radiation protection purposes. This does not rule
out the fact that doses ef-incurred by individuals may differ considerably depending on people’s
individual habits, that they will need to be assessed, and that they may still need to be addressed in the

long term protection strategy.

3.22  There may be exceptional circumstances in which it has not been feasible, within a reasonable

time, to reach-meet the national generic criteria for enabling a transition to an existing exposure

situation (see first-bullet (a) of para. 3.20). In such cases, a decision to terminate the emergency may
still be taken, as long as it has been determined that no further justified and optimized actions are
feasible, and the generic criteria for taking early protective actions and other response actions defined

provided in Appendix Il of GSR Part 7 [2] are not exceeded.

31 Individual monitoring is Mmonitoring using measurements by equipment worn by individuals,; or measurements of
quantities of radioactive substances in;_or on or taken into the bodies of individuals,; or measurements of quantities of
radioactive substances excreted from the body by individuals_ [23].
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TIMEFRAMES FOR THE TERMINATION_OF AN EMERGENCY

3.23 At the preparedness stage, the timeframes anticipated in which te-terminate-thean emergency
will be terminated should be assessed for a range of postulated nuclear or radiological emergencies on

the basis of a hazard assessment. There may be unforeseen circumstances that would be difficult to

factor in during—the—decision—making—process—with respect to determining the timeframes for the
termination of a specific nuclear or radiological emergencyies. However, this-sheuld-not-be-considered

an-obstacle-to-deeiding-en-a strategy should nevertheless be determined te-for copinge with specific
aspects of the termination within a reasonable timeframe.

3.24  Based on past experience, a timeframes in the range of several weeks to one year; can be
proposed for terminating a large scale emergencyies (for example, an emergencyies at a nuclear
installations resulting in significant off-site contamination); however, a timeframes in the range of a
day to a few weeks may be adequate for terminating a small scale emergencyies (for example, a
radiological emergency during transport or a radiological emergencyies involving a sealed dangerous

sources).
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4. ARRANGEMENTS FOR THE TRANSITION PHASE

GENERAL

4.1.

This section provides detailed guidance on various aspects to be considered at the

preparedness stage (see Fig. 2:1) when establishing arrangements for the transition phase of a nuclear

or radiological emergency. Their implementation is intended to support meeting the prerequisites for

terminating the emergency te-be-declared-terminated-given-stated in Section 3.

4.2.

Reguirements-2,-4-6-and-20-6FGSR Part 7 [2] require-states that:

“The Ggovernments_shall make adequate preparations to anticipate, prepare for, respond to and
recover from a nuclear or radiological emergency at the operating organization, local, regional
and national levels, and also, as appropriate, at the international level. These preparations shall
include adopting legislation and establishing regulations for effectively governing the
preparedness and response for a nuclear or radiological emergency at all levels” (para. 4.5 of
GSR Part 7 [2]).

“The eEmergency arrangements shall include clear aHeeation—assignment of responsibilities
andef authorities, and—responsibilities-and shall provide for coordination in all phases of the
response” (para. 6.5 of GSR Part 7 [2])-to-a-huclearorradiological-emergency.

“The government shall ensure that Aall roles and responsibilities for preparedness and response

for a nuclear or radiological emergency are clearly allocated in advance among operating

organizations, the regulatory body and response organizations” (para. 4.7 of GSR Part 7 [2]).

“The government shall ensure that Rresponse organizations, operating organizations and the

regulatory body have the necessary human, financial and other resources, in view of their
expected roles and responsibilities and the assessed hazards, to prepare for and to deal with both
radiological and non-radiological consequences of a nuclear or radiological emergency, whether

the emergency occurs within or beyond national borders” (para. 4.8 of GSR Part 7 [2]).

‘The gGovernments_shall ensure that a hazard assessment is performed to provide a basis for a

graded approach

preparedness and response for a nuclear or radiological emergency” (Requirement 4 of GSR

Part 7 [2]).

he gGovernments shall ensure that arrangements are in place for operations in response to a

nuclear or radiological emergency to be appropriately managed” (Requirement 6 of GSR Part 7

I2D).

“The Aarrangements for delegation and/or transfer of authority shall be specified in the relevant

emergency plans, together with arrangements for notifying all appropriate parties of the transfer”
(para. 6.6 of GSR Part 7 [2]).
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4.3. In consideration of the prerequisites given-stated in Section 3, the governments should review

and revise at the preparedness stage, as appropriate:

(@) The legislative-legal and regulatory framework fergoverning the-preparedness and response for
in respect of the transition phase of a nuclear or radiological emergency;

(b) The framework for radiation protection and safety regarding longer term issues associated with
an existing exposure situation in order to ensure a smooth transitioning and to avoid

unnecessary delays due to legal and regulatory issues.

4.4.  As part of the review referred to in para. 4.3, the need for the following should be identified:

(a) The various positions to be staffed to -implement the necessary activities during-in the transition

phase and; in the longer term grader-in an existing exposure situation, as appropriate;

(b) The provision of ‘just-in-time’ training to emergency workers and helpers; and

(c) reseuree-The mobilization of resources among relevant organizations-should-be-identified.and

-Aarrangements_should be established to ensure that -te-Hmplement-them-such positions, training and
resource will be in place when they are needed-should-be-pre-planned.

Authority, role and responsibilities

4-4:4.5. In the urgent response phase, the discharge of authority and the assumption of responsibilities
in the emergency response ishave to be, to the extent possible, straightforward and based on pre-
planned arrangements. This will allows for effective implementation of precautionary urgent
protective actions and urgent protective actions. Thus, the input from different-other organizations
reguired-into the decision making process regarding the emergency response actions warranted during
the urgent response phase wit-is expected to be limited.

4.5.4.6. As the emergency evolves, the focus of the emergency response will shift from bringing the
situation under control and taking public protective actions to allowing the timely resumption of social
and economic activity. At this time, radiological considerations will be only one of the many factors to

be evaluated in the decision making processes. Fhis-Decision making at this time will require the

involvement of additional organizations, with relevant responsibilities at different levels, which may
might not necessarily have been directly engaged during the urgent response phase. These
organizations, in order to discharge their allocated roles and responsibilities, should gradually be
involved, when appropriate, ir—the—respense—to—the—emergency—within the emergency response
organization. This should be done in a way that enables on-going response efforts to continue without
interruption, on a routine basis in the longer term, after the emergency response organization has been

relieved of its duties.

4-6:4.7. The authority, roles and responsibilities of all organizations with regard to preparation,
response and recovery in during-the transition phase, including for oversight over the implementation

of provisions within ef-the legistative-legal and regulatory framework-setforth-in-tne-with-para—4-3,
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as well as the necessary resources (human, technical and financial_resources)-reguired, should be
identified at the preparedness stage. This should be undertaken on the basis of activities that are
expected to be carried out during this-the transition phase to fulfil the prerequisites elaborated-set out
in Section 3. As part of these arrangements, the authority and responsibility for making a formal
decision on the termination of a nuclear or radiological emergency should be clearly allocated, well
understood and documented in the respective emergency plans and procedures. Consideration should

be given to the fact that the authority and responsibility for making-theformal-decision-deciding on the
transition from an emergency exposure situation to an existing exposure situation or a planned

exposure situation may differ between the on-site areas and off-site areas (see also para. 3.4).

4-7-4.8. A mechanism should be put in place at the preparedness stage that would allow for the
mobilization and coordination of different organizations at different levels,; provide for any necessary
change in the authorities and discharge of responsibilities during the transition phase,; and make
enable the prompt resolution of any conflicting responsibilitiespessible. This mechanism should take
into account that, in during—the transition phase, there will be a need for multi-disciplinary
contributions, including those from the operating organization, which must-will need to be channelled
efficiently and effectively.

4.8.4.9.In_Puring—the transition phase, the necessary transfer of responsibilities to different
jurisdictions or different authorities (or to different units within an organization) should be carried out
in a formal, coordinated and fully transparent manner, and should be communicated to all interested

parties.

Management and organization

4.9:4.10. The differences in management reguired-necessary for the various phases of a nuclear
or radiological emergency should be identified at the preparedness stage. During the transition phase,
the emergency response organization that was established during-in the emergency response phase
should gradually return to routine (non-emergency) duties, so that the organizations with the
respective authority, roles and responsibilities can take over the activities on a routine basis within the

planned exposure situation or existing exposure situation.

410:4.11. With the formal termination of the emergency, the structure of the emergency
response organization should be deactivated. At that stage, the management structure of the various
response organizations should revert to what it had been prior to the emergency to allow for an
effective response to any emergency that might occur in the future; however, some of these
organizations may need to assume additional responsibilities. There may also be a need for new

coordination and consultation mechanisms for those organizations dealing with the consequences of

the emergency in the longer term under—as an existing exposure situation or a planned exposure

situation.
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411412,

Ceonsideration should be given to the need for the simultaneous existence of different administrative

management structures in different geographical areas, owing to the gradual change in management

during the transition phase.

Transfer of information and data

412.4.13. The respective organizations assuming responsibility for the activities in the transition
phase, and in the longer term within an existing exposure situation, as appropriate, should quickly
develop an understanding of the situation. Arrangements should be established that would allow for
the relevant information and data on the nuclear or radiological emergency to be made available to
these organizations, including, for example, the protection strategy implemented during—in the

emergency response phase and the rationale supporting the decisions made dufing-in theis emergency
response phase.

413:4.14. As part of the arrangements referred to in para. 4.13:

(a) The type of information and data from the emergency response phase that may be of relevance for
the transition phase as well as in_the longer term should be clearly identified.

(b) Relevant organizations that will need access to such respeetive-information and data should be
identified.

(c) A mechanism should be established to record this-such information and data during the emergency
response phase and to exchange it efficiently among the relevant organizations, taking into
account the need for continued data collection and sharing during-in the transition phase as well as

in the longer term.

414.4.15. Consideration should be given to ensuring an overlap of management and technical
personnel involved in the emergency response phase and those to be involved during-in the transition
phase for an agreed period to ensure continuity between the two phases.

Hazard assessment

4.15:4.16. Requirement 4 of GSR Part 7 [2] requires the government to ensure that a hazard

assessment is performed to provide a basis for a graded approach in-developing-genericatlyjustified

and-optimized-arrangements-in preparedness and response for a nuclear or radiological emergency.
Five emergency preparedness categories are used to group the assessed hazards in relation to facilities,

activities and sources and their potential consequences_and to establish a basis for developing

generically justified and optimized arrangements for emergency preparedness and response. On the
basis of the hazard assessment, Reguirement—7para. 5.14 of GSR Part 7 [2] requires the establishment

of a system for promptly classifying a nuclear or radiological emergency warranting protective actions

and other response actions. Declaration of an emergency class initiates a coordinated and pre-planned
level of emergency response on_the -site and, where appropriate, off the -site, in accordance with the

protection strategy. GS-G-2.1 [4] provides further guidance in this regard.
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416:4.17. With account taken of the uncertainties in, and the limitations of, the information
available at the preparedness stage, the hazard assessment identifies facilities and activities, on-site
areas, off-site areas and locations for which a nuclear or radiological emergency might warrant
implementation of protective actions and other response actions. This includes those facilities and
activities, on-site areas, off-site areas and locations for which actions aimed at allowing-enabling the

termination of the emergency may also be warranted.

417.4.18. The government, the response organizations and the operating organizations should
use the hazard assessment and the postulated nuclear or radiological emergencies within each
emergency class to anticipate what the transition phase might encompass; -they should also be-ableaim
to foresee the level of response warranted in relation to the transition phase for a range of postulated
nuclear or radiological emergencies and thus provide a basis for applying a graded approach as
follows:

@) For a Ggeneral emergency at a facility in emergency preparedness category | or Il (e.g. the
Fukushima Daiichi accident in 2011, for which a case study is given in Annex I) leading to a
significant release of radioactive material into the environment, withwarrant-termination of the
emergency will take place through transitioning to an existing exposure situation.

(b) For aA site area emergency at a facility in emergency preparedness category | or 1l and for a
facility emergency at a facility in emergency preparedness category |, 11, or 1, ~willwarrant

termination of the emergency will take place through transitioning to a planned exposure

situation (e.g. the RAKS-Paks fuel damage incident in 2003, for which a case study is given in
Annex ). In this context, the planned exposure situation may be associated with a

continuation of normal operation, or with clean-up and decommissioning aetivities-or end of

operational life of the source involved in the emergency, as applicable. However, postulated

nuclear or radiological emergencies within this-these classes are not expected to result in a

different exposure situation te-for the public as compared to the situation that existed prior to
the emergency.

(c) An aAlert at a facility efin emergency preparedness category I, 11, or 111 will be followed by
the resumption of normal operations underin a planned exposure situation.

(d) Other nuclear or radiological emergency covers a broad spectrum of emergencies involving
activities or acts in emergency preparedness category 1V and which may occur at any location

[2]. In this class, depending on the type of emergency, termination of the emergency is

envisaged by transitioning to either an existing exposure situation or a planned exposure
. For example:
— Postulated-eAn emergencyies without a release dispersien- of radioactive material #ato the

environment are-is to be terminated simultaneoushywithby returning-transition to the same
exposure situation for the affected public as-that existed prior to the emergency (e.g. the

radiological incident in Mexico 2013, for which a case study is given in Annex I). The

recovered source may be brought back to normal operation, or its operational life may be
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ended. In the latter case, #-the source may be managed as radioactive waste under the
requirements for a planned exposure situation.

— Postulated-An emergencyies with dispersion—a release of radioactive material into the
environment resulting in significant residual radioactivity in the environment are-is to be
terminated with-by shmultanesus-transitioning to an existing exposure situation (e.g. the
Goiania accident of 1987 [12], for which a case study is given in Annex I).

418:4.19. The insights gained through the hazard assessment should be used for the
identification of options and limitations of specific emergency arrangements to be made for the
transition phase, including for estimationg of the timeframes in which the prerequisites in Section 3
might be fulfilled, in-consideratienwith account taken of:

@) An-The likely inability to aceurately—predict accurately when, where and what the actual
impact of a-range-of postulatedthe nuclear or radiological emergencyies might be;

(b) The complexity of potential recovery efforts;

(c) The potential impact of non-radiological factors, such as public concerns and the political

situation, on decision making at the time of the emergency. *

4:19:4.20. An emergency may result in changes in the hazards applicable te—for the State as
compared to hazards prior to the emergency. This may warrant—necessitate adjustment of the
emergency arrangements in—place—(i.e. revision of existing emergency arrangements and/or
introduction of new arrangements to manage the new hazards) in line with paragraphs-paras 4.26 and
4.27 of GSR Part 7 [2]. As a result, before a decision to terminate the emergency and-transition-to-a
different-exposure-situation-can be made, a thorough hazard assessment of the situation and its future
development should be performed eensistenthin accordance with Requirement 4 of GSR Part 7 [2].
Hs-The implications_of this hazard assessment on the existing emergency arrangements should also
need-to-be identified and addressed (see paras 3.9—-3.11 of Section 3).

PROTECTION OF THE PUBLIC
Protection strategy

General

4.20:4.21. Fhe-concept-of-a-A protection strategy, as the concept is used in this Safety Guide,
describes in a comprehensive manner what needs to be achieved in response to a nuclear or

radiological emergency during-in all its phases and how this will be achieved through implementation

32 For example, more detailed planning can be made for a general emergency at a facility in emergency preparedness
category | (e.g. a nuclear power plant), particularly for the urgent response phase and the early response phase. In this case,
aspects such as the potentially affected areas, the habits and customs of the potentially affected population_and; land use-ete-
can be identified at the preparedness stage as part of the hazard assessment. A radiological emergency involving a dangerous
source may-can occur at any location and, therefore, a more generic approach towards preparedness would need to be
adopted.
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of a justified and optimized set of protective actions and other response actions. In this Safety Guide,

Pparticular attention-emphasis is giventoplaced on the protection strategy in the transition phase.

421422, The guidance in this sub-section focuses on considerations concerning the protection

of the public and society in general, while the protection of emergency workers and helpers is

addressed in a separate-sub-seetion{see-paras 4.102—4.141).

Development of protection strategies at the preparedness stage

4.22.4.23. Reguirement 5-0F GSR Part 7 [2] reguires-states that:

- “The government shall ensure that, on the basis of the hazards identified and the potential

consequences of a nuclear or radiological emergency, Pprotection strategies are developed,

justified and optimized at the preparedness stage for taking protective actions and other

response actions effectively in a nuclear or radiological emergency” (para. 4.27 of GSR Part 7

- “The government shall ensure that Fthe protection strategy is safely—and—effectively
implemented safely and effectively in an emergency response through execution—the
implementation of pre-established-emergency arrangements” (para. 4.30 of GSR Part 7 [2]).

- “The government shall ensure that ilnterested parties are involved and are consulted, as

appropriate, in the development—justification-and-optimization of the protection strategy” (para.
4.30 of GSR Part 7 [2]).

423.4.24. The Pprotection strategyies should cover, at least, the period from the declaration of
the emergency until the termination of the emergency to alew-fersupport achieving all the goals of
emergency response given-stated in para. 3.2 of GSR Part 7 [2]. The primary objective and the
prerequisites for the termination of the emergency elaberated-stated in Section 3 of this Safety Guide

should be the main drivers ef-for development of the protection strategyies for the transition phase.

4.24.4.25. For a large scale emergencyies, the implementation of a protection strategy could
extend in the longer term within the framework of an existing exposure situation (see Refs [16, 17]).
The Ecomprehensive protection strategyies developed at the preparedness stage should extend beyond

the termination of an-the emergency, alewing-forin order to support all the necessary activities for

achieving any long term objectives.

4.25.4.26. The protection strategyies developed at the preparedness stage for the transition phase

may-might not be as detailed as these-the protection strategy for the emergency response phase. This is

often due to large uncertainties in the prediction of the long term development of the radiological
situation for postulated nuclear or radiological emergencies. Other uncertainties are related to the
social, economic, political and other aspects prevailing at the time of the emergency and the increasing
importance of these non-radiological factors later in the response. Thus, the—partof-the protection
strategyies for the transition phase should be further elaborated and adapted during the transition phase

itself, as relevant information becomes increasingly available. The process for adapting the protection
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strategy during the emergency response should be agreed, at the preparedness stage, with all relevant

authorities and interested parties and should be included in the protection strategy.

4.26.4.27. As part of the protection strategyies, the processes forof justification and optimization
to cope with the prevailing conditions as the emergency evolves should be agreed upon. In general,

this should include the following elements:

(@)  Processes and methodologies to be used during-in the transition phase, including the designation
of any particular decision aiding tools as necessary.

(b) The lidentification of parties that will need to be consulted on the specific inputs necessary te
for _the process, and clearly defined roles and responsibilities for the justification and

optimization processes.

4.27.4.28. As part of the processes of justification and optimization, the protection strategyies

should examine—take into account the impact that emergency response actions taken during the

emergency response phase may have on the actions warranted in durirg-the transition phase and in the
longer term. This should be done along with an examination and considerations of the impact that
emergency response actions may have on achieving the prerequisites for the termination of the
emergency.® However, such considerations should not compromise the effectiveness of the protection
strategy for the emergency response phase.

4.28-4.29. Each protection strategy should include a national reference level, expressed in terms
of residual dose from all exposure pathways, to be used as a benchmark for optimization of the
protection and safety; generic criteria for taking protective actions and other response actions; and pre-
established national operational criteria for initiating the different emergency response actions in line
with Requirement 5 of GSR Part 7 [2], takihrg—intewith account taken of the guidance
givenrecommendations provided in this Safety Guide and in GSG-2 [5].

4.29:4.30. Public self-help actions aimed at supporting the implementation of the protection
strategy should be an integral element of each protection strategyies, particularly for the transition

phase of a large scale emergency involving a substantial radieactive-release of radioactive material

into the environment.

4.36:4.31. The development of the protection strategyies should involve all response
organizations at all levels, as well as relevant interested parties (see paras 4.197-4.207) in order to
allow for a common understanding and to enhance the acceptability, feasibility and any associated

practicalities of the proposed protection strategy.

% For example, if two options within the protection strategy provide the same level of protection of the public during the
emergency response phase, the one that is less disruptive to society shwould be the preferred option, as it will support the
later efforts associated with the termination of the emergency and the overall recovery.
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4.31.4.32. When significant radiological consequences could extend beyond national borders,
every effort should be made to develop the protection strategyies in consultation with neighbouring

States that may be directly impacted by the emergency to ensure consistent and coordinated responses.

4.32:4.33. The develeped-protection strategies should be used at the preparedness stage as a
framework to guide the establishment of adequate emergency arrangements by all response

organizations.

Implementation of the protection strategy in duriag-the transition phase

4.33:4.34. As soon as the emergency has been declared, the prompt implementation of the
protection strategy is paramount to provide the best level of protection under the circumstances, even
if very little information is available, as may be the case during the urgent response phase. As the
emergency evolves and particularly during the transition phase, more information on the
circumstances surrodunding-that led to the emergency and its consequences becomes available. At-this
poeint—tThe implementation of the protection strategy should be continuously reassessed, and the

protection strategy should be adapted based on the prevailing conditions [5].

4.34.4.35. The effectiveness of the protection strategy during-in the transition phase should be
assessed against the pre-established prerequisites for the termination of the emergency (see Section 3),
which includes consideration of the residual doses among affected populations against the chosen

reference level.

4.35:4.36. The process of reassessment and adaptation of the protection strategy during the
transition phase should allow for iterative application of the processes of justification and optimization
(see paras 4.39-4.51 and Fig. 443).

4.36:4.37. The rationale for the-adaptinged the protection strategy should be transparent with

respect to the criteria and conditions considered (including radiological factors and other factors),

documented and communicated with-to relevant authorities and relevant interested parties—{see-alse
Ref. [20]).

4.37.4.38. In Fthe transition phase_there is likely to have-be a gradual increase in both the need to
engage with interested parties (see paras 4.197-4.207) and their interest in the decision making
processes. While relevant interested parties are required to be engaged with and consulted, the process
should be such that the responsibility for timely decision making clearly remains with the relevant
authorities. In Buring-the transition phase, consideration should be given to the time allocated for such
engagement and consultation and to the need for timely and effective implementation of the protection

strategy.

Justification and optimization

General
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4.38:4.39. Fhe—nNon-radiological factors become an increasingly important input into the
decision making in the transition phase as the doses tend to decrease with the effective implementation
of the protection strategy. Notwithstanding the need to consider both radiological and non-radiological
factors in the justification and optimization of the protection strategy, for those situations involving

higher doses (approaching or exceeding an effective dose of 100 mSviy—effective-dese per year),

protective actions are almost always justified, *; and the radiation radielegical—protection

considerations generally outweigh the non-radiological impacts.

4.39:4.40. The processes of justification and optimization should consider a variety of factors,
examples of which are given in Table 1l--1 of Annex Il. In order to_take into account fer-this range of
factors, the processes of justification and optimization of the protection strategy should be such that

input can be alew-for obtaineding-irputs from relevant authorities and etherrelevant interested parties.

4.40:4.41. While some of the different factors to be considered in the processes of justification
and optimization can be known or estimated during-at the preparedness stage, some of them cannot be
known, or may be known without sufficient accuracy. Examples of such factors include seasonal and
weather conditions, the occurrence of simultaneous events that may have caused a major loss of
eritical-essential infrastructure (such as a conventional emergency), exact-the actual radionuclides
involved er—and the different lifestyles and dietary habits of the population. The processes of
justification and optimization should recognize and allow for such uncertainties and limitations of the

information available at the preparedness stage to ensure that they—aresuch uncertainties are

appropriately considered during the response.

441442, During-In all phases of an emergency, and especially during-in the transition phase,

the processes of justification and optimization of the protection strategy should be conducted to

continuously assess the impact of the protection strategy on the overall radiological situation,
including assessing the residual doses incurred by people compared to the reference levels, the impact
on society and other non-radiological impacts. This should be done in order to account for the state of
achieving the prerequisites for terminating the emergency. Fhis-Such continuous reassessment should
lead to an adaptation of the protection strategy when necessary to allow for achieving the relevant

prerequisites given-stated in Section 3 (see Fig. 4-13).

% Examples of unjustified actions at this level of doses would include the unsafe evacuation of patients (that is, for example,
the evacuation of seriously ill eritical-patients without ensuring the provision of continuous medical care-they-need) from
hospitals in areas where evacuation has been ordered.
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EMERGENCY
RESPONSE PHASE

Situation at the end of
the emergency response phase after
the pre-planned protection strategy
has been implemented

TRANSITION PHASE

Estimate residual doses and
compare with the reference level

Assess:

o the radiological situation
¢ the non-radiololgical situation
o the effectiveness of actions taken

Implement the adapted
protection strategy

Optimize the adapted
protection strategy

Assess what prerequisites (of
Section 3) need to be met

s the adapted protection
strategy justified?

Are relevant
prerequisites (of Section
3) fulfilled?

PLANNED OR EXISTING
EXPOSURE SITUATION

TERMINATE THE

dentify possible adaptations of the
protection strategy

Justify the adapted
protection strategy

Fig. 4-13. The iterative process of assessment of the implementation and adaptation of the protection strategy during-in the transition phase.
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Justification

4-42.4.43. Paragraph- 4.29 of GSR Part 7 [2] requires-states thatapplication-ef-the-justification
prineiple-for “eEach protective action, in the context of the protection strategy, and fer-the protection

strategy itself shall be demonstrated to be justified”. Fhis-Application of the principle_of justification

allows the respective authorities to determineation—of “whether a proposed protective action or
remedial action is likely, overall, to be beneficial; i.e. whether the expected benefits to individuals and
to society (including the reduction in radiation detriment) from introducing or continuing the

protective action or remedial action outweigh the cost of such action and any harm or damage caused

by the action” [3]-by-respective-autherities.

4:43.4.44, In determining H#-whether the proposed actions and the protection strategy are justified,

the reduction in radiation detriment should be weighed against the ether-impacts te-in other areas such

as public health, social and economic disruption, ethical considerations_and the; environmental
impaets;—ete. Examples of such impacts include: a) possible reduced life expectancy due-owing to
stress associated with resettlement; b) costs associated with the loss of eritical-essential infrastructures;
c) loss of productivity of industrial facilities; d) the need for compensation payments to those impacted;
e) societal impact owing to the loss of places of great cultural or historical importance; and f) the costs

to society and its economy associated with the management of the radioactive waste
producedgenerated.

444445, A Jjustified protection strategy and justified actions within a-the protection strategy
should be determined-developed during the preparedness stage, with account taken of the uncertainties
in and limitations of the information available. Protective actions and other response actions
implemented solely on the basis of political pressure or public concerns that do not have any scientific
and technical merit; should be avoided, as they may lead-tenecessitate later remediation activities that
are not justified eensidering-in terms of their associated harm and costs they-may-cadse, particularly in
the longer term. In addition, taking such unjustified actions may give the impression to the public that
the risk associated with the emergency is much greater than the actual risk, and may causeiqg

unnecessary anxiety and adverse psychological harmconsequences.

4.45.4.46. A—periodic—reassessment—oftheThe protective actions and the protection strategy
should be undertaken-periodically reassessed in during-the transition phase to ensure they continue to

do more good than harm, with account taken of-eensidering any new information that becomes

available.

4.46:4.47. Paragraph- 4.31(h) of GSR Part 7 [2] requires that protective actions and other

response actions be discontinued when they are no longer justified.

Optimization
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4.47.4.48. The process of optimization of protection and safety should be applied to protective
actions and the protection strategy that have been demonstrated to be justified in line-accordance with
paras 4.39-4.47.

4.48:4.49. Optimization of protection and safety is defined as “the process of determining what
level of protection and safety would result in the magnitude of individual doses, the number of

individuals_(workers and members of the public) subject to exposure and the likelihood of exposure

being “as low as reasonably achievable, economic and social factors being taken into account” [3].
This means that the level of protection would be the best possible under the prevailing circumstances
and will thus not necessarily be the option with the lowest dose.

4:49.4.50. The process for optimization should allow for all relevant factors (see Table 11-:1 of
Annex |l for examples) to be considered in making the decisions. Optimization of protection and
safety should be a forward looking, iterative process that examines the available options for protection
and adjusts the actions to be taken to obtain the best outcome;-as-deseribed-in-para—4-42.

4.50:4.51. Implementation of the-an optimized protection strategy should result in exposure
levels below the reference level, and as low as reasonably achievable, as long as these reductions are
justified, taking-ntewith account taken of the aspects indicated in para. 4.44. Optimization should be

applied even if the initially projected doses are below the defined reference level, but only if actions

which-that are justified are available to reduce exposures.

Reference levels

451452, For emergency exposure situations, Refs [2, 3, 26] recommend-require that the typical
reference level be-selected-forexpressed in terms of residual doses be set, typically as an effective dose

in the band-ofrange 20 to 100 mSv, acute or annual-dese, that includes dose contributions via all
exposure pathways. Above this level, it is judged to be inappropriate to allow exposures to occur as a
result of the exposure situation (i.e. an upper constraint on optimization). The residual dose expresses
the accumulated exposure from the initiation of the event through a specified period of time, taking

intewith account taken of the implementation of the protection strategy, if any.*>-

4.52.4.53. Fhe+Reference levels are intredueced-used as a tool for optimization of the protection
strategy so that any optimization of protection gives priority to reducing exposures that are above the
reference level; at the same time, -the optimization of protection may continue to be implemented
applied below the reference level as long as this is justified, i.e. it does more good than harm.

Exposures above 100 mSv are justified under some circumstances, either because the exposure is

% For emergency exposure situations which-that may result in doses during-over a period of less than one year, the residual
dose to-be-caleulated-will be the total dose from all exposure pathways for the whele-entire duration of the emergency. For a
large scale emergencyies resulting in longer term exposures due to residual radioactive material in the environment, the
residual dose will encompass the total dose from all exposure pathways over one year since-from the onset of the emergency
onset. For residual doses to be used during the response, the total residual dose includes the doses received from all exposure
pathways (received dose) and the doses expected to be received in future_(projected residual dose), with account taken of the
implementation of the protection strategy-#mplemented, if any.
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unavoidable or in exceptional situations in which the expected benefits clearly outweigh the health
risks. This would apply, for example, to eritically—seriously ill patients when their removal-or
evacuation would present a higher risk to their health than the dose they are likely to incur by

remaining in place until a-their safe evacuation can be arranged.

4.53:4.54. The reference level; during—the-respense—should also serve as a benchmark for a
retrospective assessment of the effectiveness of the actions and the protection strategy taken-applied in
an—emergeneythe response (see Refs [2, 26, 27]). This comparison should be used to—assess—the

effectiveness-of-the-implemented-protection-strategyand-to identify the need for its-adaptation of the

protection strategy in addressing the prevailing conditions. In this process, further protective actions

should be determined and implemented so that they are focussed, as a priority, on those groups_or
findividuals whose doses exceed the reference level. The available resources should then be allocated

accordingly.

4.54.4 .55, The decision to select specific numerical values for the national reference level taking
into—aceount—theproposed—band—of-thereference—level-remains the responsibility of the relevant
national authority. Such selection will depend on a range of circumstances-surrounding-the-emergency,
including national and local conditions (e.g. prevailing economic and societal circumstances, and
available national, regional and local resources and capabilities), the phase of the emergency under
consideration, the practicality of reducing or preventing exposures and the availability of options to do
so. The process of selecting specific numerical values for the national reference level taking—inte
account-the-propesed-band-should be based on the results of the hazard assessment and consideration

of the urgent protective actions, and early protective actions and other response actions implemented,

as well as the projected long term development of the exposures. When selecting the values for

reference levels, it should be considered that selecting a value close to the lower tevels-bound will not

necessarily provide for better protection when also-censidering-other factors (see Annex Il) are also

considered in the overall processes of justification and optimization.

4.55:4.56. The following two examples may-aim help-to clarify the process for the application of

the concept of the reference level for the-residual doses in during-the transition phase for a large scale

emergency and for a small scale emergencyies:

(@) An Eemergencyies involving large scale contamination resulting in exposures of the public due
to long lasting residual radioactive material in the environment weuld-will result in longer term
exposures, which are expected to decrease with time. The time_-dependence of the reduction of

the residual doses will depend on various circumstances, including the effectiveness and the

efficiency of the implementation of the protection strategy. Appreaching-an-effective-dose-of 20
mSv-per-yearresidual-dese-due-to-Ssuccessful implementation of the protective strategy will

lead to residual doses approaching an effective dose of 20 mSv per year, which is thus-expected

to facilitate efforts aimed te-at enablinge the transition to an existing exposure situation.
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(b)  An eEmergencyies involving a dangerous source that does not result in long lasting residual
radioactive material in the environment will not result in nrecessity-a need for a-gradual-decrease
in-the residual doses_to be gradually reduced, as in the above-example_in bullet (a). As such,

while the reference level for the emergency exposure situation may be selected from the band

range proposed (see para. 4.52) for the purpose of the emergeney-response, once the dangerous

source that-has-net-been-dispersed-is recovered safely, the concept of the reference level will no
longer apply, as the situation will returns to a planned exposure situation.

4.56:4.57. In general, a reference level of the magnitude used in an emergency exposure situation

will not be acceptable as a long term benchmark _for an existing exposure situation (see paras 4.29 and

4.54). FhetTermination of the-an emergency should not be considered if the annual effective dose

(residual_dose) for-to the affected population who remain te-twveliving in an area in which they are
wnder-in an emergency exposure situation is-expected-to-be-approaching-thewould be close to higher

upper end of the band-range of the reference level for the emergency exposure situation.

4.57.4.58. In exceptional cases, however, when no justified and optimized actions can be taken to

further minimize the residual doses, a values for the reference level exceeding the lower fevel-end of
the range of the reference level typical for an emergency exposure situation (which iser the upper level
bound for an existing exposure situation) can be selected to terminate the emergency after consultation
with all parties concerned. In this case, efforts should be continued to investigate the possible options
and to further assess and minimize, as far as practicable and reasonable, the exposures te-of the people
affected. This may include efforts to provide advice and support to individuals for minimizing their

exposures (for example, advising on self-help actions).

4.58:4.59. Approaching-A residual dose that is approaching the lower end of the band-range for

the reference level for the emergency exposure situation; (oin the order of 20 mSv effective dose in a

year (see Table 4-1)); should be acceptedable for the termination of the emergency, while continued

efforts will likely be necessary to progressively reduce doses further in the longer term.

4.59.4.60. After terminationg_of the emergency and entering inte—the—an existing exposure
situation, the reference level for the residual dose in an existing exposure situation should be applied
in the band-range of 1-20 mSv per year, as required in GSR Part 3 [3] (see Table 4:1). The
International Commission on Radiological Protection (ICRP) recommends that the reference level for
the optimization of the protection strategy is selected from the lower part-end of the reference-band
range of 1-20 mSv per year as a long term objective for existing exposure situations (see Refs [27]).
Further guidance in this regard can be found in Refs-WS-G-3.1 [16];.and GSG-8 [17].

TABLE 4-1. OVERVIEW OF THE APPLICABILITY OF REFERENCE LEVELS FOR DIFFERENT
EXPOSURE SITUATIONS

RANGE FOR THE
REFERENCE LEVELS APPLICABILITY
FOR THE RESIDUAL DOSE
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20-100 mSv? Emergency exposure situation

~20mSv® Transition from an emergency exposure situation to an existing exposure situation

1-20 mSv ° Existing exposure situation

Acute or annual effective dose

Annual effective dose

4-60:4.61. What is feasible to achieve in a given timeframe may differ from area to area. Fhe
applicationlt _may be necessary to apply—ef different reference levels as benchmarks for the

optimization process and for enabling the transition to an existing exposure situation may-be-recessary
in different geographical areas at the same time. Interested parties, including the public from the areas
affected, should be informed about the rationale for such differences.

Generic criteria and operational criteria

4.61.4.62. Generic criteria and operational criteria are concepts within the protection strategy that
are to be used to implement protective actions and other response actions in a nuclear or radiological
emergency, as described in Refs-GSR Part 7 [2;] and GSG-2 [5]. Sheuld-If the doses-projected dose or

the dose that has been received® in an emergency exceed the generic criteria, protective actions and

other response actions, either individually or in combination, are required to be implemented.

4.62.4.63. Reguirement-5Paragraph 4.28 of GSR Part 7 [2] requires that-governments-develop

national generic criteria to be developed for the full-range—of-protective actions and other response

actions to be taken in an emergency response. Appendix Il of GSR Part 7 [2] provides a
comprehensive set of generic criteria to be considered when developing the-a justified and optimized
protection strategy at the national level, including when establishing the national generic criteria. The
generic criteria given in Appendix Il of GSR Part 7 [2] are considered to be generically justified and

optimized and are for taking protective actions and other response actions to prevent-avoid or

minimize severe deterministic effects, to reasonably reduce the risk of stochastic effects_and; to

mitigate the economic impact of an emergency by providing a basis for the resumption of international

trade, and te—guidefor guiding the actions aimed at enabling the transition to an existing exposure

situation.

4.64. Appendix Il of GSR Part 7 [2] in-its-Appendix-H-establishes the-generic criteria for enabling

the transition to an existing exposure situation to be the following projected doses:

(a) An effective dose of 20 mSv effective-dese-per year;

(b) An equivalent dose to a fetus of-and 20 mSv egquivalent-dose-to-afoetus-for the full period of in

utero development.

% For further details see GSG-2 [5].
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4.63:4.65. Should-If an emergency occurs, prompt decision making is essential to allow the
necessary emergency response actions to be implemented effectively. To facilitate this implementation,
operational criteria should be developed on the basis of the generic criteria to trigger specific
emergency response actions, without the need for further assessments against the generic criteria and
before substantial information on the situation is available. The operational criteria used in the
emergency response phase include observable conditions on the site, emergency action levels (EALS),
and operational intervention levels (OILs). Further guidance on the criteria to be implemented in

emergency preparedness and response can be found in GSG-2 [5].

4.64-4.66. During-In the transition phase, OlLs based on the generic criteria for taking specific
protective actions and other response actions and OILs based on the generic criteria (see para. 4.64)
for enabling the transitioning to an existing exposure situation (here-in-after referred to as; —OILy),
should be used as a tool to support:

(a) Decision making on lifting or adapting protective actions, including the determination of what
protective actions may need to be lifted, when this might happen and to whom it-the decision
may apply.

(b) Implementation of activities to enable the transitionirg from an emergency exposure situation to
an existing exposure situation by providing a basis to guide simple activities aimed at reducing
the residual dose-reduction-activities.

4.65:4.67. The Appendix of this Safety Guide provides OILs that should be taken into account
when establishing the national OILs to be applied eensistenthy-in accordance with para. 4.66. The
Appendix also provides considerations as well as a methodology for deriving the OIL+ to support the
implementation of generic criteria for enabling the transitioniag to an existing exposure situation-given
4.66-4.68. As for any-other default OILs, default OIL; values are-teshould be developed on the

basis of conservative assumptions regarding the emergency, the affected population and the prevailing

conditions. However, if the characteristics of the emergency differ from those assumed in the
calculations of default OlL; valuesOdks, the OlL values should be recalculated using the same
methodology under the new available information. Censeguenthy—Regquirement-5Paragraph 4.28 of
GSR Part 7 [2] requires that arrangementsa—precess be established to revise the default OILs in the
course of an emergency, withte-take-irte account taken of the prevailing emergeney-conditions_as they

evolve. A Mmethodology and processes for the recalculation of the OIL+ values in these-the course of
an emergencyeieumstances to address the prevailing conditions should constitute an integral part of

the protection strategies.

4.67.4.69. Fhe-In revising the default OILs during an emergency, it should be revised-ifensured

that the situation is well understood and there are compelling reasons to do so. The public and other

interested parties should be informed of the reasons for any change in the OILs applied in an actual

emergency.
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Adaptationing and lifting of the protective actions
General

4.68:4.70. The most commonly considered urgent protective actions within a protection strategy
are: a) evacuation; b) sheltering; c) iodine thyroid blocking; d) restrictions on local produce, milk from
grazing animals, rain water or other open sources of drinking water; e) restrictions on the use of
commodities that have the potential of resulting in significant exposures; f) decontamination of
individuals when appropriate; and g) actions to prevent inadvertent ingestion. Many of these urgent
protective actions may be implemented as a precaution on the basis of observable conditions or plant
conditions, prior to a release of radioactive material or prior to the occurrence of radiation exposures

(precautionary urgent protective actions). Fhe-A decision on taking these-urgent protective actions is

often based on limited information about the emergency skuatien—and is guided by conservative
assumptions on the potential development and impacts of the exposure situation.

4.69:4.71. The most commonly considered early protective actions within a protection strategy
are: a) relocation; b) long_-term restrictions on the consumption of food, milk and drinking water; c)
restrictions on the use of commodities that have the potential to result in significant exposures; d)
actions to prevent inadvertent ingestion and to control the spread of contamination (including access
controls for areas where evacuation or relocation is implemented); and e) decontamination of areas or
commodities to further reduce the individual doses. Decisions on the adaptation of urgent protective
actions and the implementation of early protective actions are taken on the basis of increasingly more
detailed information and impreved-better knowledge of the radiolegical-exposure situation.

4.70:4.72. The transition phase is characterized by a change in approach, from a strategy
predominantly driven by urgency to a strategy based on more comprehensive assessments aimed both
at reducing longer term exposures and improving living conditions. The protection strategy already in

place will probably need to be adjusted in order to identify where and for whom new protective

actions are needednecessary; those protective actions that are no longer needed-necessary are then
lifted or medifiedadapted. For example, some of the urgent protective actions implemented as a
precaution might be lifted if further assessment indicates that these actions are no longer justified. This
might be the result of the positive evolution of the situation and the return to safe conditions, or it may
be due to evidence that the protective action was not necessary because ef-limited-depesition-or-the

impact_of the emergency was limited.

473473, Adaptationing and/or lifting of protective actions in the transition phase should be
justified and optimized based-on the basis of the prevailing conditions, taking-trtewith account taken
of the results from-of the detailed characterization of the exposure situation and exposure pathways

(see paras 4.142-4.157) and a range of radiological and non-radiological considerations.
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412:4.74. Decisions on the adaptationing and/or lifting of protective actions (such as lifting
orders for evacuation, relocation or restrictions on certain foods for consumption) should be made

after their impact on the residual doses among the affected population has been assessed.

4.43:4.75. To initiate discussions, in order for decisions to be made on the adaptation and/oring;
including lifting_of; protective actions in the transition phase, OILs should be established at the
preparedness stage, taking-irte-with account taken of the default OlLsthese provided in the Appendix
of this Safety Guide. The pre-established OILs should be used to consider what specific protective

actions may need to be lifted, and when and for whom-what-kinds-of-specific-protective-actionsmay
need-to-be-lifted. Following this preliminary screening, the final decision on adaptation and/or lifting

of protective actions—ineluding-the-Hfting-ofrelevant-enes; should be based on an assessment of the

residual dose (see para. 4.74) from all exposure pathways against the pre-set reference level for

enabling the transition (see para. 4.57).

4.74.4.76. As the prevailing conditions may vary within an affected area, consideration should be
given to the fact that adaptationing and/or lifting of the protective actions may vary-take place at
different times in different locations. Overly frequent changes in the protective actions applied should

be avoided, unless they-such changes would provide significant benefits, as this could risk losing

public trust in the decisions of the authorities.

445:4.77. Prior to the adaptation and/or lifting of protective actions, the public and other
interested parties should be informed about the protective actions that are to be adapted or lifted; they
should be told why, when and where the protective actions will be adapted or lifted; and they should

be advised on how this adaptation or lifting will affect them.

Considerations for Hfting-or-the adaptationing or lifting of specific protective actions

lodine thyroid blocking

4.76:4.78. lodine thyroid blocking is a short term urgent protective action that provides
protection for the thyroid against radioactive iodine; it may be implemented as a precaution, although
it is not usually retas-a stand-alone action but rather is combined with other protective actions such as
sheltering. Bue—Owing to its nature, iodine thyroid blocking is not a protective action to be
implemented for prolonged periods although, under some circumstances, repeated administration of
stable iodine might be considered. However, whenever there is a need to implement this-actioniodine

thyroid blocking for a longer duration (e.g. for several days), consideration should be given to

implementing evacuation or relocation. lodine thyroid blocking is suitable for use in the urgent

response phase and is not appropriate for implementation;-adaptation-ertfting during-in the transition
phase._lodine thyroid blocking is adapted or lifted in the emergency response phase.

Sheltering
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41474.79. Sheltering is also an urgent protective action that is relatively easy to implement in an
emergency-situation, either as a precautionary-action or as an transitional-urgent protective action to be

taken for a short time befere-until more effective but more disruptive actions (such as evacuation) can

be safely implemented. Sheltering should not be carried out for long periods (more than approximately
two days). Bue-Owing to its nature, sheltering is not appropriate for implementation during-in the

transition phase but may be lifted or adapted during this phase.

4.78:4.80. Aspects to be considered in the decision to adapt or lift sheltering imposed during the

emergency response phase should include:

(a) The level of protection offered by the type of buildings used for sheltering (shielding factor and
tightness against diffusion of outside atmosphere);

(b) The Nneed for continued simultaneous implementation of iodine thyroid blocking when
appropriate;

(c) The medical care and hygiene-other needs of those sheltered (e.g. the availability of medicines,
food supplies, clean clothing and sanitation;-ete:);

(d) Any necessity to gradually increase the time recommended for members of the public to spend
outdoors until sheltering is fully lifted, whietaking-intewith account taken of the need for any
instructions to be given for areas to be avoided while outdoors;

(e) The nNeed for further protective actions based on generic criteria and OILs to replace sheltering

(e.g. evacuation or relocation).

Evacuation

4.79.4.81. Evacuation may be taken as a precautionary action based on observable conditions or
plant conditions (i.e. EALS), or an urgent protective action based on EALs-andler-OlLs. Bue-Owing to
its temporary nature, priority should be given to lifting evacuation, with-in consideration ef-given to
the following (see the Appendix):

(@) Inan evacuated areas where the monitoring results indicate that the projected doses may exceed
the generic criteria for relocation; (i.e. the measurement results are-exceeding OIL2 of GSG-2
[5]), evacuation should be substituted by relocation to provide better living conditions te-for
evacuees.

(b) In an evacuated areas where the monitoring results indicate that the projected doses do not
exceed the generic criteria for relocation; (i.e. the measurement results are-do not exceeding
OIL2 of GSG-2 [5]), evacuation should be lifted if no or only limited restrictions (e.g.
restriction on locally produced food or limited access to certain recreational areas) would
continue to be necessary for those people living normally in the area and if the pre-conditions in
para. 4.101 are fulfilled.

(¢) In an evacuated areas where the monitoring results indicate that the projected doses do not
exceed the generic criteria for relocation; (i.e. the measurement results are-do not exceeding

OIL2 of GSG-2 [5]), but limited restrictions are not sufficient for the protection of the people
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returning to live normally in the area, or the pre-conditions in para. 4.101 are not fulfilled,
evacuation should not be lifted until this area can be managed as an existing exposure situation,

following fulfilment of the prerequisites in Section 3 and of the preconditions in para. 4.101.%"-

4.80:4.82. In areas with circumstances such as those referred to in the-last-buHetin-para. 4.81(c),
OlL+, as provided in the Appendix, should be applied to guide remedial actions for preparing these
areas so that people may live normally with limited restrictions. In deciding whether to allow people to
return to these areas, the residual doses from all exposure pathways received based on the actual
circumstances should be considered, taking—intewith account taken of the limited restrictions

continuing to be in place.

4.81.4.83. When substituting evacuation with relocation, the people evacuated should be granted

short-access to the evacuated areas for short periods of time and in a controlled manner, in order to

allow fer-them tothe prepareation ef-for longer term relocation.

Relocation

4.82.4.84. Relocation is an early protective action intended for longer duration (months). Its
adaptation or lifting is less urgent in comparison to evacuation, and it allows more time for planning.
This action should be lifted under the same conditions as those applicable for lifting evacuation
outlined in paras 4.81(b) and (c);second-and-third-bullets; and 4.82.

Restrictions on food, milk and drinking water

4.83:4.85. Restrictions imposed on food, milk and drinking water taken as a precaution in the
emergency response phase on the basis of estimates (e.g. on the basis of EALs or OIL3 of GSG-2 [5]
and thereafter adjusted based on OIL5 and OIL6 of GSG-2 [5] or OIL7 of Ref. [28]) should be
characterized in detail in during-the transition phase. The purpose is to identify food production areas
and foodstuffs that are justified to remain under restriction even in the longer term and to identify
those restrictions that need to be lifted. OILs for restrictions of food, milk and drinking water derived
on the basis of sampling and analysis, i.e. OIL6 in GSG-2 [5], should be used when considering

whether to adapt or lift this protective action.

4.84-4.86. OIL6 in GSG-2 [5] has been derived on the basis of the generic criterion of a

projected effective dose of 10 mSvAr—projected—effective—dose per year and uses en—extremely
conservative assumptions (see GSG-2 [5] for more details). Buring-In the transition phase, the actual

doses received from the ingestion pathway and their contribution to the residual dose should be

estimated based on actual conditions to aid in decision making on the adaptation or lifting of this

% In cases when the responsible authorities eaule-netcannot fulfil some of relevant prerequisites in Section 3 or the pre-
conditions in para. 4.102 for such-evacuated areas, these-such areas should be delineated and relocation shewld-can be
considered te-substitute-theinstead of evacuation for these areas in order to allow for timely termination of the emergency-for
thase-araas.
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protective action. Under actual conditions, the contribution of actual doses_from the ingestion pathway

to the total residual dose is expected to be significantly less than 10 mSvy per year.

4.85.4.87. For consideration-underan-existing exposure situations, Rrequirement 51 of GSR Part
3 [3] requires that specific reference levels be established for exposure due to radionuclides in

commodities including food and drinking water, each of which is required typically to be typically

expressed as, or based on, an annual effective dose to the representative person generally that does not
exceed a value of about 1 mSvAy. In addition, the World Health Organization (WHO) has issued
guidelines for drinking water quality [29] that provide guidance levels for radionuclides in drinking
water for prolonged situations of exposure situations-resulting from past emergencies. Thus, further
restrictions on food, milk and drinking water extending into the longer term in an existing exposure
situation might be implemented subject-to-a—gradual-dose—reduction-in order to eventually achieve
these levels._However, this discussion goes beyond considerations concerning the termination of the
emergency and is therefore beyond the scope of this Safety Guide.*-

4.86-4.88. The implementation or adaptation or lifting of restrictions on the international trade of
food, milk and drinking water should take into account established national criteria for this purpose
taking-tato-aceountwith account taken of the gGuideline l&evels contained in Ref. [30], while ensuring
consistency with GSR Part 7 [2] and GSR Part 3 [3].

4.87.4.89. In order to reassure the public of the radielegical-radiation safety of food, milk and
drinking water during-in the transition phase, the relevant authorities should provide evidence for
compliance with applicable national regulations. Such evidence should include publishing of
monitoring results including information that places the radiological health hazards in perspective and,

where appropriate, certification.

Restriction on non-food commodities

4.88-4.90. Decisions on the Lifting-oradapting-adaptation or lifting of restrictions on non-food

commodities implemented during the emergency response phase as a precaution or based on estimates

(e.g. on the basis of EALs or OIL3 of GSG-2 [5]) should be based on mere—comprehensive
information and actual monitoring results. The purpose is to identify non-food commodities that are
justified to remain under restriction even in the longer term and to identify those restrictions that need
to be lifted. OILs for non-food commodities derived on the basis of sampling and analysis, i.e. OlLc,

should be used for this purpose. A methodology to derive default OILc valuesis given in the Appendix.

4.89:4.91. During-In the transition phase, the actual doses received from the use of non-food

commodities and their contribution to the residual dose should be estimated based on the actual

38 Further information in this regard can be found in: INTERNATIONAL ATOMIC ENERGY AGENCY, JOINT FOOD
AND AGRICULTURE ORGANIZATION / INTERNATIONAL ATOMIC ENERGY AGENCY PROGRAMME
NUCLEAR TECHNIQUES IN FOOD AND AGRICULTURE, WORLD HEALTH ORGANIZATION, Criteria for
Radionuclide Activity Concentrations for Food and Drinking Water, IAEA-TECDOC-1788, IAEA, Vienna (2016).
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circumstances to inform the decision making on the adaptationg or lifting_of this—pretective

actienrestrictions on the use of non-food commodities.

4.90:4.92. Requirement 51 of GSR Part 3 [3] establishes the specific reference level for
commodities in the longer term in an existing exposure situation ats an annual effective dose of about
1 mSvhAreffective-dose. Further Rrestrictions on non-food commodities extending in the longer term in

an existing exposure situation might be subject-to-a—gradual-dosereduction—on-the-basis—of actual

dosesimplemented in order to achieve this reference level. However, this discussion goes beyond

considerations concerning the termination of the emergency and is thus beyond the scope of this
Safety Guide.

4.91.4.93. The implementation, adaptation or lifting of restrictions on the international trade of
non-food commodities should be determined on the basis of OILs derived from the respective generic
criterion given in the Appendix Il of GSR Part 7 [2]. The methodology given in the Appendix of this
Safety Guide can also be used for-this-purpeseto derive OIL ¢ values.

4.92.4.94. In order to reassure the public of the radiclogical-radiation safety of non-food
commodities in during—the transition phase, certification—bytherelevant—autherities—should—be

considered-the relevant authorities should provide evidence for compliance with applicable national

requlations. Such evidence should include publishing of monitoring results including information that

places the radiological health hazards in perspective and, where appropriate, certification.

Dose reduction considerations in during-the transition phase
Prevention of inadvertent ingestion and inhalation

4.93:4.95. Actions to prevent inadvertent ingestion (such as limitations regarding playing on the
ground, working in gardens or washing hands) could be advised during the urgent response phase.
However, as a protective action, advice on preventing inadvertent ingestion and the inhalation of re-
suspended material should also be implemented in during-the transition phase, on the basis of actual

conditions;-aleng-with-Hfting-evacuation-orreloeation, to alHew-forreduce the residual dose reduction

among those returning to live in an affected area_if evacuation or relocation is lifted.

Decontamination, control of access and other actions

4.94.4.96. Long term remediation may be needed after a large scale emergencyies with
significant releases of radioactive material into the environment (fer—ahich—further guidance on
remediation is provided in Ref. [16]). However, control of access, decontamination of the area or
commodities and other simple dose reduction techniques should be used in during-the transition phase

to aHow-forenable the progressive lifting of protective actions_such as evacuation and relocation.

These actions should be considered for apphieation-implementation beyond the areas where evacuation

and relocation were implemented during the emergency response phase and for areas to which people

are returning.
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4.95.4.97. OIL+ provided in the Appendix should be used as a benchmark for screening where

the actions in para. 4.96 may be warranted. Any decision on implementation of such actions should

give consideration to the actual residual doses against the pre-set reference level in line with the

protection strategy.

Delineation of areas

4-96-4.98. Those areas identified in during—the transition phase that cannot be secially—and
econemicaly—inhabited, and where social and economic activity cannot be resumed, should be

delineated. Fhese-Such areas should normally not be opened for people to return to live in, and
administrative measures should be put in place to control access (see the respective prerequisite in
Section 3). Subject to these measures for access control, the delineation of an area as unsuitable for

inhabitation should not constitute an obstacle to terminating the emergency.

4.97.4.99. Information about delineated areas and measures put in place to control access should

be clearly communicated to all interested parties.

4.98:4.100. Delineation of areas as unsuitable for inhabitation should consider radiological aspects;
along with the other prerequisites mentioned in Section 3; in addition, social factors, such as public
acceptance te-of their return to the area, should also be taken into account. Fhe-eEXisting geographic
or jurisdictional boundaries may also be considered fer—socialreasens—when deciding on the

delineation.

Additional preconditions for }ftingprotective-actions-that-includeallowing people to returning to an

area

4.99.4.101. Fheln allowing people to return to an area,s-to-which-people-arereturning sheuld-not
endanger-their well-being should not be endangered and erable-it should be possible for them to carry
out their routine social and economic activities. H-sheuld—be—recognized—hHowever, that-limited
restrictions on normal living habits may still need to be observed and might possibly extend into the

longer term. The following preconditions should be fulfilled before allowing people to return to the-an

area that was evacuated or from which people were relocated:

(@) Infrastructure and public services are in place (e.g. public transportation, shops and markets,
schools, nurseries, health care facilities, police and firefighting services, water services,
sanitation, energy supplies_and; telecommunication networks-ete:).

(b)  Clear instructions and advice on the restrictions still in place and the recommended changes to
behaviours and habits, including land use, have been provided to those returning.

(c) Public support centrer(s) and informational material (e.g. leaflets, posters) for public
reassurance and psychosocial eare-support are available for those returning-te-an-area.

(d) A strategy has been established for the restoration of workplaces and for the provision of social

support for individuals working in the area.
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(e) Information on the likely evolution of the exposure situation and associated health hazards has

been provided to those returning.
PROTECTION OF EMERGENCY WORKERS AND HELPERS
General

4.106.4.102.  GSR Part 7 [2] and GSR Part 3 [3] define an ‘emergency worker> as “a person having
specified duties as a worker in response to an emergency”. Thus, any person engaged as a worker in
response to a nuclear or radiological emergency at any time between the onset of the emergency and

its termination is referred to as an emergency worker in the IAEA safety standards.
4-401-4.103.  Emergency workers may include:

(@) Relevant employees of operating organizations (those employed directly by the operating
organization and also those engaged indirectly through a contractor) engaged in an emergency
response on the site, including in the activities aimed at enabling the termination of the
emergency.

(b)  Relevant personnel from other response organizations and services, such as response managers,
rescuers, firefighters, drivers and crews of evacuation vehicles, medical personnel, law
enforcement personnel, members of monitoring teams, members of decontamination teams,
workers engaged in various activities on the site and off the site, including the restoration of
eritieal-essential infrastructure and the management of waste generated in the emergency.

(¢) Relevant personnel engaged in providing medical-support and care to the affected population

(e.q. in reception centres).

4-102.4.104.  Reguirement-tiParagraph 5.49 of GSR Part 7 [2] requires that emergency workers be,
to the extent practicable, designated priorto—an—emergencyin advance and that the—involvement

efarrangements be made to register and integrate into operations those emergency workers who were

not designated as such prior to the emergency—betimited—to—the—extentpossible. Desighated

eEmergency workers designated in advance are required to be assessed for their fitness for the

intended duties prior to their engagement as-in an emergency response workers-and on a regular basis

thereafter.

4.103.4.105.  GSR Part 7 [2] defines a “helper in an emergency> as a “member of the public who
willingly and voluntarily helps in the response to a nuclear or radiological emergency” even though
{syhehe or she is aware that {syhehe or she can be exposed to tenizing-radiation while doing so. While

the engagement of helpers during-in the urgent response phase of an emergency is less expected—as
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seen—in—the—emergency—response—to—theFukushima—Datichi—aceident, helpers can be increasingly

engaged as the emergency evolves, particularly durirg-in the transition phase.*

4-104.4.106.  The IAEA safety standards [2, 3, 5, 32] establish the safety requirements for, and
provide further recommendations and guidance on, the protection of emergency workers. GSR Part 7
[2] establishes the safety requirements for the protection of helpers in an emergency. The guidance
provided in this Safety Guide addresses the specifics of protection of emergency workers and helpers

in during-the transition phase and complements these standards.

4-105.4.107.  Paragraph- 5.101 of GSR Part 7 [2] reguires-states that; “eOnce the emergency has

beenis terminated, all workers are—shall be subject to the relevant requirements for occupational

exposure in a-planned exposure situations” given-established in Section 3 of GSR Part 3 [3]. This
requirement draws on past experience, showing that the long term aspects can be subject to detailed
planning that will allow for workers engaged-in-differentundertaking relevant works to be protected in
accordance with the requirementsin-the—framework for occupational exposure in planned exposure

situations. Reference- [31] provides further recommendations and guidance on occupational radiation

protection in planned exposure situations and existing exposure situations.

4-106.4.108.  Any decision to terminate a nuclear or radiological emergency and to transitior-move

to a planned exposure situation or an existing exposure situation should consider the feasibility of

compliance with the requirements for occupational exposure in as—-wewd-fora-planned exposure

situations for all workers engaged in recovery operations (see Section 3).

Identification and designation
Emergency workers

4-107-4.109.  Emergency workers that will be engaged during-in the transition phase should be
identified, to the extent possible, and designated as such at the preparedness stage by all relevant
organizations. The relevant organizations, in this context, include response organizations, as well as
other organizations*® at the national, regional and local levels. These organizations may-might not
necessarily be recognized as emergency response organizations, but, during the transition phase, they

may gradually take over a role and assume responsibilities during-the-transition—phase-for long term
recovery, when applicable.

4-108.4.110.  Relevant organizations should use the process of designation of emergency workers
that will be engaged in during-the transition phase:

(@) To inform emergency workers of their rights, duties and responsibilities with regard to

occupational radiation protection; and

% Helpers in an emergency are ceming-from-ameng-themembers of the public and thus, they do not have a status of workers
(for an employer) as defined in GSR Part 3 [3]. However, once registered and integrated into the emergency response
operations, they should-are required to be protected in accordance with Requirement 11 of GSR Part 7 [2].

0 Jrrespective of the sector{public-orprivate)-they-Such organizations may come from_either the public sector or private
sector and may provide differentthe services-they-are-providing-for.
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(b) To recognize their responsibilities, commitments and duties as employers in occupational
radiation protection, so that they can be effectively discharged at the preparedness stage and
during-in the transition phase.

4-409.4.111.  The relevant organizations that may assume—take over a role and assume
responsibilities in during—the transition phase may—might not have the necessary expertise and
capabilities to provide for radiation protection of their employees (i.e. emergency workers). Examples

of such organizations may include these—ecepingorganizations carrying out—with the restoration of

infrastructure or dealing with conventional waste within an affected area. Thus, these—such

organizations may need to call on an relevant institution* to provide such services and should make

arrangements for this.

41104112,  Regardless—Irrespective of the arrangements referred to in para. 4.111, the
responsibilities, commitments and duties in occupational radiation protection should remain with the

relevant organization and may-cannot be transferred to the institution providing the services.

Helpers

4-1411.4.113. Reguirement—t1Paragraph 5.50 of GSR Part 7 [2] requires that the response
organization(s) responsible for the registration and integration of helpers into the overall response

following—in an emergency be designated at the preparedness stage. The designated response
organization should be assigned the relevant responsibilities, commitments and duties in occupational

radiation protection for helpers as for emergency workers.

44424114, As part of the emergency arrangements,_such designated response organizations

should determine:

(@) What type of work helpers may-are permitted to be engaged in during-in the transition phase

and the type of training they will need to be provided in order to safely and effectively carry out
this work;

(b) A mechanism for their engagement (e.g.; where and how volunteers from the public may
express their interest and willingness to help, how the veluntariness-willingness to help will be
documented, information and instructions with which helpers will be provided, and the
organization(s) or tasks to which they will be assigned;-ete:);

(c)  The process ef-for informing and-trairing-helpers about and training them in their rights, duties

and responsibilities.

41 Depending on the national legal and regulatory framework, technical service providers as specified in Ref. [31], for

example, may be identified as relevant institutionsand-used-for-this-purpese.
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Specific considerations for the transition phase

4113.4.115.  For an_emergencyies involving significant long lasting contamination of the

environment that would require transition to an existing exposure situation, the protection of

emergency workers and helpers durirg-in the transition phase will be challenged by:

(a) Large variations in the radiological conditions expected within the affected area wnder—in an
emergency exposure situation warranting the simultaneous application of different measures for
the protection of emergency workers and helpers;

(b) Severe radiological conditions being-having been present at the site for a longer period and,

thus, challenging the on-site response efforts;

(c) Different exposure situations existing simultaneously in different areas, warranting workers

undertaking the same work to be subject to different dose restrictions;

(d) The large number of emergency workers involved from different organizations and services

with diverse backgrounds, knowledge and expertise, some of which-whom may-might not

necessarily have been identified and designated as emergency workers prior to the emergency;

()  Numerous members of the public volunteering to help-in—activities-taken-during-the-transition
shose,

4114.4.116.  The need-foradeguate-arrangements to protect emergency workers and helpers should

take into account the need to implement simultaneously aceeunt-for-the-simultanecus-implementation

of-different schemes for the protection of emergency workers and helpers-as-necessary. However, a

consistent approach should be applied for the protection of emergency workers and helpers, to the
extent possible, taking-inte—aceountwith account taken of the requirements established and guidance
given-provided for this purpose in Refs [2, 3, 5, 32].

4415.4.117.  The application of different measures and dose restrictions to protect emergency
workers and helpers durirg-in the transition phase could be a source of confusion among all concerned
parties. Thus, any inconsistency in dose restrictions and measures to be applied for the protection of

emergency workers and helpers, and its basis, should be clearly communicated to all concerned parties.

Justification and optimization
ficati

4-116.4.118.  The detriment associated with doses received during the implementation of the
protection strategy by the emergency workers and helpers should be taken into account when
justifying the protection strategy and the specific protective actions within the strategy. This
consideration should be undertaken at the preparedness stage, as well as during-in the transition phase

when justifying and optimizing the protection strategy to meet the actual circumstances.
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4417.4.119. At the preparedness stage, the process of optimization should be applied to the
protection of emergency workers and helpers and should be driven by pre-set dose restrictions
(eliseussed-belowsee paras 4.120 to 4.129). When implementing the protection strategy during-in the
transition phase, the optimization process should be applied te—for the protection of emergency

workers and helpers in the same way as te-for workers in planned exposure situations.

Dose restrictions for emergency workers and helpers

4.118.4.120.  Paragraphs 5.54 and 5.55 of GSR Part 7 [2] stipulate that the relevant requirements for
occupational exposure in planned exposure situations established in GSR Part 3 [3] are required to be

applied, on the basis of a graded approach, for emergency workers, except for the following tasks: a)
saving human life or preventing serious injury; b) actions to prevent severe deterministic effects or
prevent the development of catastrophic conditions that could significantly affect people and the
environment; and c) actions to avert a large collective dose. For these tasks, national guidance values
are required to be established for restricting the exposures of emergency workers, taking—into
aceountwith account taken of those given in Appendix | of GSR Part 7 [2].

4-419.4.121.  Actions to save lives, prevent severe deterministic effects or avert the development of
catastrophic conditions that could significantly affect people and the environment are typical for the
urgent response phase of a nuclear or radiological emergency. Although the implementation of these
actions should be pre-planned, it is expected that they would be driven by the prevailing conditions as
the emergency situation-evolves. They would be carried out early in the emergency response when
there is a scarcity of information regarding the radiological situation where the emergeney-workaction
is to be performed. Bue-Owing to the urgency associated with implementing these actions and #s-their
importance, detailed planning of the work of emergency workers may-might not be possible; thus,
exposures exceeding the dose limits for occupational radiation protection in planned exposure

situations are justified to ensure the net benefit of the overall response efforts.

4-120.4.122.  Actions to avert a large collective dose may extend through the early response phase
and in to the transition phase of an emergency owing to the range of activities that are warranted to be
taken to allow the timely resumption of social and economic activity. During the transition phase, the
knowledge and understanding of the situation where work needs to be carried out increases, and there
is no need to take urgent decisions on the deployment of workers. Thus, any work in this-the transition
phase should be undertaken_only after detailed planning. As a result, a-mere-stringentthe protection of

emergency workers in during-the transition phase should be applied stringently, byfeHewingin
accordance with the requirements for occupational radiation protection reguirements—for planned

exposure situations, including the application of dose limits for occupational exposure in line with
GSR Part 7 [2] and GSR Part 3 [3].

4-421.4.123.  Paragraph- 5.57 of GSR Part 7 [2] limits the exposure of helpers in an emergency to

an effective dose of 50 mSv for the full duration of the emergency work.
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4422.4.124.  Protection and safety of emergency workers and helpers during-in the transition phase
should be optimized, taking-inte-aceeuntwith account taken of the characteristics and the necessity of
the work to be carried out. andtThe abevementioned-dose restrictions_described in paras 4.120 to
4.123 are {summarized in Table 4:2).

Dose restrictions for female emergency workers

4423.4.125.  The IAEA safety standards [2, 5, 32] do not limit the involvement of female
emergency workers in an emergency response. However, these standards provide—establish
requirements and provide guidance for protecting the foetusfetus in case of a possible pregnancy of the

a female emergency worker.

4-1424.4.126.  In the circumstance of para. 4.125, the tAEA-safety standardsGSR Part 7 [2] setstates

that reguirements-and-guidelinesfor-female workers are required to be informed of the risk of severe
deterministic effects to a foeetusfetus following exposure greater than 100 mSv equivalent dose to the

foetusfetus. Therefore, any pregnant female worker is_required to be excluded from taking actions to
avert a large collective dose, if this may result in an equivalent dose to the embryo and feetusfetus
exceeding 50 mSv for the full period of in utero development. Situations in which a female worker
may receive doses at these levels are primarily expected early in the emergency response (i.e. during

in the urgent response phase).

41254.127.  For those activities to be carried out withir-in accordance with the requirements for

occupational radiation protection reguirements—for a planned exposure situation given-established in
Section 3 of GSR Part 3 [3], working conditions need to be ensured for a pregrant-orpetentially

pregrant-female workers who is pregnant or suspects that she is pregnant or who is breast-feeding that

afford the same broad level of protection to the embryo or feetusfetus or the breastfed infant as that

required for members of the public in a planned exposure situation.

4.126.4.128.  To alew-forthe-ensure adequate protection of the foetusfetus, a female emergency
workers who are-is aware that they-she isare, or who might be, pregnant should notify theirher
employer prior to undertaking the—relevant work. Following notification, the employer has the
responsibility to inform the female emergency worker of the associated health risks to the feetusfetus
and to ensure adequate working conditions and protective measures to ensure compliance with the
dose restrictions mentioned-described in paras 4.126 and 4.127.

48



TABLE 4.2. DOSE RESTRICTIONS FOR WORKERS AND HELPERS INBURING-THE TRANSITION

PHASE
Guidance value®
Tasks — T d
Hp(10) E AD;
Emergency workers
Actions to avert a large collective dose, such as:
- Actions to keep the affected facility_or /source L
stable <100mSv = <100 mSv < —ADT Tapie 111"
- Monitoring (environmental, source_and; individual
monitoring)

Other activities, such as:

Remedial actions including decontamination on the
site and off the site

Repairing the affected facility and restoring the
relevant eritical-essential infrastructure
Management of\Waste—and radioactive waste
managementand conventional waste

Monitoring (environmental, source_and; individual
monitoring)

Medical management of contaminated patients
Implementatioing of corrective actions

Dose limits for occupational exposure in planned
exposure situations given-established in Schedule 111 of
GSR Part 3 [3]

Helpers

ldentified—Specified activities in the national arrangements
such as:

Restoring eritical—essential _infrastructure (e.g.
roads, public transportation networks)

Management of Sconventional waste-management

EC

<50 mSv

These values apply tefor:

(a) The dose from external exposure to strongly penetrating radiation for Hy(10). Doses from external exposure to

weakly penetrating radiation and from intake or skin contamination need to be prevented by all possible means. If
this is not feasible, the effective dose and the RBE (relative biological effectiveness) weighted absorbed dose to a
tissue or organ have to be limited to minimize the health risk to the individual in line with the risk associated with

the guidance values given here.; and

(b) The total effective dose E and the RBE weighted absorbed dose to a tissue or organ ADy via all exposure
pathways (i.e. both dose from external exposure and committed dose from intakes), which are to be estimated as

early as possible in order to make it possible for any further exposure to be restricted as appropriate.

Personal dose equivalent H,(d) where d = 10 mm.
Effective dose.
RBE weighted absorbed dose to a tissue or organ.

Values of RBE weighted absorbed dose to a tissue or organ given in Table I1.1 of Appendix Il of GSR Part 7 [2].
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4-427-4.129.  In order to protect female-workers-who-are-aware-that-they-are-preghantthe embryo or

fetus, all relevant organizations should make adequate arrangements for:

(@) Notification of an actual or suspected pregnancy;

(b) Informing the female worker of the associated health risks prior to her undertaking the assigned
work;

(c)  Assessing and monitoring the conditions in which the female emergency worker may need to
undertake the assigned work;

(d) Ensuring that adequate protective equipment is provided to the female emergency worker and
that she is trained in its use;

(e)  Assessing the equivalent dose to the embryo or feetusfetus following the emergency work as a
basis for determining i#-whether the further involvement of the female emergency worker needs
to be restricted and whether medical consultation is warranted.

Dose management and measures to protect emergency workers and helpers

4-128.4.130.  The dese—adequate management of doses tofer emergency workers and helpers
warrants the establishment of a comprehensive system for monitoring and controlling the-doses, that
includinges the use of individual dosimeters or other appropriate methods. Ref~GSG-7 [31] provides
guidance regarding monitoring for the assessment of internal and external exposures relevant to

occupational radiation protection.

4-129.4.131.  To ensure that doses ef-to designated-emergency workers and helpers are adequately
managed durirg—in the transition phase, all relevant organizations should make emergeney

arrangements-te:

(a)  To Rregister the emergency workers and helpers engaged in the emergency response.

(b)  To Scontinuously monitor hazardous conditions in which emergency workers and helpers are to
perform their duties.

(¢) To cGomprehensively plan the expected work in an emergency_response-exposure-situation,
while accounting for the hazardous conditions present and the time needed to complete the
work.

(d) To aAssess the total effective dose and the RBE weighted absorbed doses to an-ergan-era tissue
or organ ef-for emergency workers and helpers via all exposure pathways, as appropriate.

(e) TorRecord the doses received.

()  To cCommunicate to emergency workers and helpers in plain and understandable language the

doses they received, placing-and to place the associated health hazards in perspective-irplain

responserResponse organizations and other relevant organizations should optimize the protection and

safety of emergency workers and helpers in recognition of the limited information available at the
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preparedness stage and taking into account the anticipated hazardous conditions and expected duties in

an emergency response.; ang-In this context, these organizations should identify:

(a) The training needs and needs for personal protective and monitoring equipment.

(b) The need for implementationing of iodine thyroid blocking and/or supphying-the provision of

adequate personal protective equipment to emergency workers against inhalation of radioactive
iodine and other radionuclides in cases of prolonged working activities duriag-in the transition
phase.

(c) Tasks during the performance of which emergency workers may be subject to exposures
exceeding occupational dose limits.

(d) To whom employers need to provide comprehensive information on the risk involved as a basis
for obtaining informed consent.

(e)  The need for regular health surveillance to assess the initial and continued fitness of emergency
workers for their intended duties.

413%4.133.  The implementation of the arrangements addressed-set out in paras 4.131 and 4.132
for emergency workers not designated in advance and alse-for helpers may encounter the following
challenges:

(a) Fhey-Emergency workers not designated in advance and helpers may-might not have had any

recognized rights and duties in relation to occupational radiation protection prior to their
involvement and thus, may—might not have been—received any traininged—at—al in radiation
protection.

(b) Fheir-The employers of emergency workers not designated in advance may-might not have the

capacity to discharge their responsibilities, duties and commitments in the occupational
radiation protection of these workers.
(c)  Helpers will not have an employer who would provide for their protection.

(d) No assessment of theithe health condition (i.e. fitness for duty) of emergency workers not

designated in advance and of helpers may be possible prior to their undertaking emergency

work.

4-132.4.134.  In the circumstance described in para. 4.133, Reguirement-1ipara. 5.50 of GSR Part 7
[2] requires that-designated response organization(s), at the preparedness stage, to register and to
integrate into emergency response operations these-those emergency workers not designated in

advance and helpers inte-emergency-response-eperations-and, thus, to provide for their protection. Fhe
Such designated response organization(s) should be given the responsibility to implement, as

appropriate, the arrangements for-undesignated-emergency-workers-and-helpers-mentioned-in-set out

in paras 4.131 and 4.132 for emergency workers not designated in advance and for helpers.

4-1433.4.135.  Fhe-Such dedicated response organizations designated-in-accordance-with-para—4-134
should also be responsible for the provision of ‘just-in-time’ training to undesighated-emergency
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workers not designated in advance and to helpers before they carry out of their specified duties. Fhis

Such training should includes:

(a) Instructions on their assigned duties and how to carry them out under the assessed conditions.
(b) Information on the health risks associated with performing these duties.

(c)  The protective measures available and how they should be implemented effectively.

4-134.4.136.  These arrangements should also provide the organization with an opportunity to obtain
informed consent from emergency workers assigned to perform the tasks listed in Table 42, for which
exceed-the dose limits for occupational radiation protection in a planned exposure situation_might be

exceeded.

Provision of medical support

4-1435.4.137.  Reguirement—11-of GSR Part 7 [2] provides a basis for a common approach in
providing medical support to emergency workers and helpers. This includes a generic criteriona, in
terms of received dose, consistent with the criteriona for members of the public (an effective dose of

100 mSv in a month) at which longer term medical actions need to be taken. Fhese-Such medical

actions may include, as necessary, health screening, longer term medical follow-up and counselling

aimed at detecting radiation induced health effects early and treating them effectively.

4-136.4.138.  During-In the transition phase, it is not expected that emergency workers and helpers
may incur doses exceeding 100 mSv effective dose in a month or approaching the thresholds for
severe deterministic effects. Shoeuld-If this occurs accidentally, the circumstances that have led to this
should be investigated, and the emergency worker or helper should be provided with adequate medical
treatment in accordance with the requirements of GSR Part 7 [2].

4-1437-4.139.  Irrespective of the doses received, emergency workers and helpers need to have the
right to psychological counselling and continuous medical care during the emergency response,
including durinrg-in the transition phase. Thus, the emergency arrangements should ersure-be such that

both psychological counselling and continuous medical care can be provided, and the responsible

organizations and facilities should be identified.

Consideration for other workers

4.138:4.140.  DPuring-In the transition phase, other categories of workers may carry out work within
an affected area. Examples include teachers and medical staff of hospitals, working in an affected area

to prepare it for the return of the population.

4-139.4.141.  The workers referred to in para. 4.140 should be protected by their employers at the
same level as members of the public within the area and, thus, they should be subject to the reference
levels agreed to be applied for members of the public to allow for the transition to happen-take place
(see paras 4.52—4.61). The application of the reference level for the residual dose for these-such

workers needs-toshould take into account the fact that some of these workers may also reside in the
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affected area (and are-thus spending their entire time within the affected area as workers and as

members of the public).
CHARACTERIZATION OF THE EXPOSURE SITUATION

4-440.4.142.  As noted in para. 3.8, among the prerequisites to be met prior to the termination of the
emergency are the detailed characterization of the radiological situation, the identification of exposure
pathways and the assessment of the doses to the affected populations. The characterization of the
exposure situation should be performed durirg-in the transition phase to support, as appropriate:

(a) Adjusting the implementation of the protection strategy on the basis of actual circumstances,
including the adaptationing or lifting_of specific protective actions.
(b) Identifying measures necessary for protecting emergency workers and helpers.
(c) Identifying those individuals that-sheuldto be registered and subjeected-teneeding longer term
medical feHew-upfollow-up.
(d) Decision making on the termination of the emergency.

(e)  Planning for long term recovery within the new exposure situation.

4-141.4.143.  An _eEmergencyies resulting in long term exposures due to residual radioactive
material in the environment warrants the-continued monitoring in the longer term within an existing

exposure situation. In accordance with the Gguidance provided in this Safety Guide, should-allow-for

the development of a long term monitoring strategy should be initiated during-in the transition phase
to enable achieving-the respective-prerequisite in para. 3.20(h) to be met.

44424144,  Fhis—guidance—complements—the-IAEA Safety Standards Series No. RS-G-1.8 [32];

which provides recommendations and guidance on environmental and source monitoring for the

purposes of radiation protection in various circumstances, including ard—in emergency exposure
situations, ineluding-and also considerations en-relating to dose assessments and en-the interpretation

of monitoring results.

Preparedness stage

4-143.4.145.  To characterize the exposure situation in detail, monitoring (environmental, source
and; individual_monitoring, —as appropriate) should be carried out. A monitoring strategy should be
developed at the preparedness stage on the basis of hazards identified and the potential consequences
assessed at the preparedness stage, taking-inte—-acecountwith account taken of the available resources.

The monitoring strategy should stipulate priorities for the different phases of the emergency in
accordanceeensistenthy with the protection strategy.

4-144.4.146.  The monitoring strategy for the transition phase should be-used-provide for assessing
doses to the affected population and should consider focussing on targeting-the following exposure

pathways-associated-with-the-transition-phase:

(a) External exposure from the-radionuclides radioactive-material-deposited on the ground;
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(b) Internal exposure due to ingestion of radionuclides incorporated in food, milk and drinking water;
(c) Internal exposure due to inhalation of resuspended radionuclideseentaminated-material.

44454147, As part of the monitoring strategyies, the available menitering—resources for
monitoring should be identified to include, inter alia:

(a) The Oorganizations, expert bodies, local and national laboratories, private institutes, universities
and research centres responsible for implementing the monitoring strategy.

(b) The availability of human resources and technical capabilities (including monitoring equipment
and dose assessment tools) in each of these entities for implementing the monitoring strategy.

(c) A-mMechanisms for ensuring the comparability and consistency of measurements and for their
interpretation, including training, quality management and inter-comparison exercises.

(d) An organization designated as responsible for the validation, recording and retention of
monitoring results and assessments.

(e) A mechanism for incorporating monitoring results and assessments into the decision making

processes.

4-146.4.148.  In the transition phase, the monitoring strategy may be supported by decision aiding
tools_and /models in adjusting the priorities for monitoring in order to allow for the effective and
efficient use of available (but usually limited) resources and capabilities. However, monitoring should
ultimately be conducted in all directions-areas and not just in those areas indicated by modelling tools.
The objective of using these-such tools and their limitations should be clearly communicated to all

concerned parties and documented in the monitoring strategy.

4-147-4.149.  Monitoring data are an important basis for decision making in all phases of the
emergency. However, the uncertainties associated with the results of the monitoring may impact the
quality of the decision making process. These uncertainties may be of technical origin (variability of
procedures for sampling, processing and measurement; spatial and temporal variability of the
measured quantity; variability of calibration procedures) due to the non-representativeness of samples

and/or measurements and/or human error (e.g. from a lack of training). In order to reduce as much as

possible the-such technical uncertainties, appropriate quality assurance requirements should be agreed
upon, at the preparedness stage, and should be observed by all parties providing measurements during

the emergency response. To reduce human errors, peeple—the individuals involved in radiation

monitoring should be periodically trained and human interference in monitoring procedures should be

minimized when appropriate.

Transition phase

4-148.4.150.  In an emergencyies involving a radioactive releases into the environment, depending
on the severity of the emergency, characterization of the radiological conditions may involve
atmospheric modelling, wide area environmental monitoring and direct measurements, or thei—a

combination_of these (see Ref. [32]). Buring-In the transition phase, reliable data from monitoring
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should be obtained by direct measurements to accurately characterize the nature of radioactivity in the

environment.

4-249.4.151.  The radionuclide composition of the release has a major impact on the doses {te
be)that will be received and on the contribution of each exposure pathway. Therefore, the radionuclide

composition of the release or of any contamination should be identified as early as possible.

4-450.4.152.  Evaluation of the external dose, dose rate and deposition measurements should be
carried out. Therefore, as-seon-as-possible-detailed radionuclide specific deposition maps and external
gamma dose rate maps should be established as soon as possible, and should be periodically updated,
taking-into-accountwith account taken of that the deposition of the radionuclides will be subjected to

redistribution due to weathering effects (such as resuspension) or natural radioactive decay processes

over time.

4-151.4.153.  Particular attention should be given to the possibility forof heterogeneity efin the
deposition patterns due to the variation in the spectrum of released radionuclides speetrtm-and the
meteorological-weather conditions prevailing during the emergency response phase. In this regard, a
comparison of the atmospheric releases and dispersion patterns with meteorological-rainfall data may
help to identify areas of potentially higher deposition.

4.152.4.154.  Mapping of deposition patterns and of external gamma dose rate should be prepared
during-in the transition phase. Fhe-Such maps should be shared with interested parties, and they
should be accompanied with plain language explanations regarding the associated health hazards and

the need for protective actions.

4-453.4.155.  Exposure from-due to ingestion of contaminated food, milk and drinking water may
result from episodic or continuous intakes. A comprehensive sampling and monitoring programme
should be carried out to allow for continuous analysis and assessment of the levels of radionuclides in
food, milk and drinking water, of the doses _received from the ingestion pathway and of the need for
any medifications-adaptation ofin the #mpesed-restrictions imposed on food, milk and drinking water.
The monitoring programme should take into account local diets_and; food preferences as well as food
production patterns. The monitoring results should be made publicly available to provide reassurance

#r-of the safety of the food, milk and drinking water intended for consumption.

4154.4.156.  DPuripng—In the transition phase, the—internal exposure due to the inhalation of
resuspended material can be expected. While the contribution of this pathway to the total effective
dose is usually small, speetal-particular circumstances (e.g. carrying out activities in an arid, windy
environment or in a dusty environment) may lead to its contributing significantly to total doses. This
should be taken into consideration and monitoring for resuspended particles -as-appropriate-should be
included in the monitoring programme_as appropriate.

4-455.4.157.  Doses should be reassessed using the monitoring results and the dose assessment tools

and /models foreseen in the monitoring strategy developed at the preparedness stage. Fhe-eEstimations
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should be carried out as realistically as possible, and should focussirg on the doses to the
representative person or groups and taking-te-accountwith account taken of realistic habits, the real

actual patterns of contamination and the food, milk and drinking water that are used by people in the

contaminated areas. Assessed doses (either projected, received or residual_doses) should be compared
with the generic criteria and reference levels pre-set in the protection strategy or with dose restrictions

applicable for emergency workers and helpers.

MEDICAL FOLLOW-UP AND PROVISION OF MENTAL HEALTH AND PSYCHOSOCIAL
SUPPORT

General

4-156.4.158.  This sub-section describes emergency arrangements to be made for implementing
longer term medical follow-up and for providing mental health and psychosocial support following a
nuclear or radiological emergency in the light of its perception and impact on the termination of the

emergency. ‘-

4157.4.159.  Regquirement12-0f GSR Part 7 [2] reguires-states that-arrangements-are-made:

- “Arrangements shall be made Fto identify individuals with possible contamination er—and

individuals who have possibly been sufficiently exposed te+esult-infor radiation induced health
effects_to result, and to provide them with appropriate medical attention, including longer term
medical follow-up”; (para. 5.67 of GSR Part 7 [2]). and

- “Arrangements shall be made fFor the identification of individuals who are in those population

groups that are at risk of sustaining increases in the incidence of cancers as a result of radiation

exposure in a nuclear or radiological emergency. Arrangement shall be made to take-warranting

longer term medical actions to detect radiation induced health effects among such population

groups in time to allow for their effective treatment” (para. 5.68 of GSR Part 7 [2]).

4-158.4.160.  The arrangements in para. 4.159 include:

(a) Guidelines for effective diagnosis and treatment;-

(b)  Designation of medical personnel trained in clinical management of radiation injuries;-

(c) Designation of institutions for evaluating radiation exposure (external and internal), for
providing specialized medical treatment and for longer term medical actions;-

(d) Criteria for identifying these individuals referred to in para. 4.159_and for their registration (see
Appendix Il of GSR Part 7 [2] and_GSG-2 [5]).

“2 Generic_procedures for medical response duringin a nuclear or radiological emergency including for longer
term medical follow-up and psychological counselling is provided in: INTERNATIONAL ATOMIC ENERGY
AGENCY, WORLD HEALTH ORGANIZATION, Generic Pprocedures for Mmedical Rresponse Dduring a
Nnuclear or Rradiological Eemergency, EPR-Medical, IAEA, Vienna (2005).

56



4-159.4.161.  Before deciding on the termination of the emergency, the following prerequisites (see
Section 3) should be met with regard to longer term medical follow-up and to mental health and

psychosocial support:

(@) A registry has been established of those individuals who have been identified, at-by the time_the

emergency is to be terminated, as requiring longer term medical follow-up, on the basis of
criteria established in Table 11.1 and Table I1.2 of GSR Part 7 [2] (see also GSG-2 [5] for further
details);-has-been-established.

(b) A programme for longer term medical follow-up for registered individuals has been established.

(c) When-For the transitioning to an existing exposure situation, a strategy for mental health and

psychosocial support of the affected population has been developed.
4.160:4.162.  The medical follow-up referred to in para. 4.161 should have the following objectives:

(@) To provide for the long-term medical care for individuals who have suffered deterministic
effects —er—and for those individuals incurring doses that exceed the thresholds_dose for
deterministic these-health-effects; and

(b) To Pprovide for the early detection and diagnosis of stochastic effects (e.g. thyroid cancer) i
asymptomatic—affected—among the exposed population in order to allow for an—effective

treatment.

4-161-4.163.  The mental health and psychosocial support referred to in para. 4.161 should have the
objective of reducing adverse psychological and societal suffering—consequences for a—the wider
affected population, such as evacuees, and those relocated after a decision has been made to lift the
evacuation and/or the-relocation, provided-thateven if radiation induced health effects are not expected

to be observed among them.

4-162.4.164.  The objectives of medical follow-ups and mental health and psychosocial support

should be clearly explained to those involved to ensure that the expectations among them-all relevant

parties are appropriate.

Coordinating mechanism

4-163.4.165.  The mechanism te-for coordinatinge the necessary arrangements to implement the
medical follow-up and to provide mental health and psychosocial support following a nuclear or
radiological emergency should be identified at the preparedness stage. The coordinating mechanism
may eemprise-involve an existing organization that is designated to act as a coordinating authority in
this area or a newly established body consisting of representatives from authorities in public health,

radiation protection, emergency management and; epidemiologyieal- and other relevant authorities.

4.164.4.166.  The coordinating mechanism established in accordance with para. 4.165 should be
respensible-fer-coordinateing arrangements to be put in place at the preparedness stage by the relevant

organizations with responsibilities in medical follow-up and in provision of mental health and

psychosocial support. The coordinating_mechanism autherity-should be-responsible-for-coordinateing
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the actions of the relevant organizations during an emergency response within a unified emergency

response organization.

4-165.4.167.  The responsible authority within the coordinating mechanism should, at the

preparedness stage, establish criteria for identifying and registering those individuals requiring longer
term medical feHew-upfollow-up and mental health and psychosocial support. These criteria should
take into account these-giventhe relevant criteria set out in Refs-GSR Part 7 [2]; and GSG-2 [5] and
should be agreed-subject to agreementupen by all relevant authorities.

Registering individuals for longer term medical follow-up

4-166.4.168.  Shewld-If a nuclear or radiological emergency occurs, registering-registration of those
individuals that may require longer term medical feHew-upfollow-up on the basis of predetermined
criteria (see para. 4.160) should be an important response action in the protection strategy. National

response organization(s) should be designated to maintain the registry.

4-167-4.169.  The data and information to be gathered in the registry should be determined at the
preparedness stage and may include: basic contact details (e.g. name, date of birth, gender, address,
telephone number); information on the circumstances under which exposures occurred during the
emergency (e.g. location at the time of the event, duration of exposure, activities carried out;ete:);_ and
any relevant medical history (e.g. previous illnesses, co-morbidities, family history, workplace history,
habits).

4-168.4.170.  An initial registration should be carried out by employers or first responders that
would allow for completion of the registry later on. Arrangements should be made for transferring

information to the organization designated for the maintenance of the registry.

4-169.4.171.  Registered individuals should be provided with the necessary information, including
but not limited to: the reason for their selection for a-longer term medical follow-up; assessed doses
and associated health risks; a contact point in the institution responsible for the medical follow-up; a
copy-of-the-record en-of the performed-procedures and laboratory tests performed, if appropriate (e.g.
radiological and clinical assessments, blood tests-ete:); a description of symptoms that may eventually
present and whom to consult in case of the presentation of symptoms. Fhese-Such individuals should

also be given the opportunity to ask questions and be offered psyecheseeial-psychological support.

4470:4.172.  The information on a patient’s dose received, as well as the-his or her medical history
and records, should comply with the usual conditions of doctor-patient confidentiality and should be

securely stored for a period of time established by the health authorities.

Medical follow-up

4471.4.173.  As part of the arrangements for the medical follow-up, the following should be

considered:

(@)  The dinitial duration of the medical follow-up.
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(b)  The Mmanagement of the information and the reporting and sharing of results.

() The Cheiee-identification of medical specialists to be involved in the medical follow-up.
(d) The Mmanagement of biological and non-biological samples.

(e) The Mmanagement of mental health and psychosocial consequences.

(f)  Ethical and cost-benefit aspects.

4472.4.174.  Arrangements for the—longer -term medical follow-up should provide—ensure that

individuals are provided with access to information about the results of their medical evaluations and

to adequate sources fer-of information such as respeetive-health care providers.

4-1473.4.175.  Decisions on the medical follow-up of individuals in relation to deterministic effects
should be made by medical specialists on the basis of established clinical criteria, with consideration
of the assessed doses (see Refs-GSR Part 7 [2]; and GSR Part 3 [3]) and individual health risk
assessment. Consideration should be given to includinge these individuals in screening and monitoring

programmes for stochastic effects as well.

4174.4.176.  Screening and monitoring programmes for stochastic effects should be based on the
criteria supported by sound scientific evidence for observing an increase in the incidence of cancer
among the exposed population (see Refs-GSR Part 7 [2; and GSR Part 3 [3]). The inclusion of non-
cancer health effects in the monitoring programme should be carefully considered. In case of limited

resources being available, 3

vulnerable population_groups, such as infants, children and pregnant women, should be prioritized for

longer term medical follow-up.

Mental health and psychosocial support

4475.4.177.  Arrangements should be made to provide mental health and psychosocial support te
cope—with-—psychological-stress— forameong people being evacuated, relocated or returning to live
normally in the affected area and to support their well-being. In this, people’s life styles and their need
for reassurance following a nuclear or radiological emergency should be taken into account. Fhese
Such arrangements should allow for facilitating a-two-way communication between the authorities and
members-of-the-concerned parties.

4.176.4.178.  As part of the arrangements set forth in para. 4.177, the establishment of a public
support centre for the affected populations should be considered. Local doctors, nurses, pharmacists,
psychologists, respective experts from public universities and associations, and others who are in
positions of trust and who have the respect of the community should be considered for participation in
the work of the public support centres. Information that places the health hazards in perspective and

training on efficient—effective approaches to risk communication, appreaches—tailored for various

population groups, should also be given to the-local doctors, nurses, pharmacists, psychologists and
other health care specialists in order to enable them to provide advice to the public in the settings of

their practices.
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WASTE MANAGEMENT
General

4477:4.179. A nuclear or radiological emergency may generate radioactive waste as well as
conventional waste“®. In particular, nuclear or radiological emergencies resulting in significant
contamination of the environment (such as the Chernobyl accident, the Goiénia radiological accident
and the Fukushima Daiichi accident) can be expected to generate radioactive waste with various
radiological, chemical, physical, mechanical and biological properties and of a volume that can
overwhelm national capabilities and resources for radioactive waste management. Thus, the generation
of radioactive waste in a nuclear or radiological emergency may pose a challenge te—for the
implementation of the national policy and strategy for radioactive waste management, as well as te-for
overall efforts to enable the termination of the emergency and achieving long term recovery objectives.

4-178.4.180.  The management of radioactive waste will not be of primary importance early in the
response (especially during the urgent response phase), when the focus will be on the effective
implementation of the protection strategy and on bringing the situation under control. However, the
generation of radioactive waste and its management sheuld-beis one of many factors te-that should be
considered in the processes ferof justification and optimization of the protection strategy at the

preparedness stage.

4-479.4.181.  As the emergency evolves and particularly during the transition phase, radioactive
waste management activities will become an important and integral part of the overall emergency
response effort. Therefore, adequate consideration should be given, at the preparedness stage, to waste
management issues and challenges to be faced in this-the transition phase in order to facilitate the safe
and effective management of radioactive waste following the emergency, in a manner that does not

compromise the protection strategy, as required in Requirement 15 of GSR Part 7 [2].

4-180.4.182.  While i—should-berecognized-that-each emergency will be specific, and detailed
planning for all aspects of waste management may-might not be possible, arrangements should be

made, as part of overall emergency preparedness, to address these expected issues and challenges in
radioactive waste management following the emergency. As part of these arrangements, the following

should be considered:

(@) Responsibilities for radioactive waste management during and after an emergency should be
allocated clearly and consistently, to the extent possible, within the national policy and strategy

for radioactive waste management.

(b)  Responsibilities for the management of conventional waste management-and conditions under

which conventional waste arising from the emergency and from emergency response actions

will be managed should be agreed upon (see paras 4.186 — 4.189).
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(©)

(d)

(€)

)

(9)

(h)

A mechanism should be established to coordinate the development of various arrangements by
responsible organizations at the preparedness stage as well as to coordinate, under the unified

command and control system (see para. 5.7 of GSR Part 7 [2]), the management of radioactive

waste and conventional waste management-during the emergency response.

Characteristics and the volume of radioactive waste to be generated in postulated nuclear or
radiological emergencies should be identified, to the extent possible, on the basis of the hazard
assessment, taking-Hto-accountwith account taken of past experience.

Guidance should be put in place on the characterization and classification of radioactive waste;
which that takes into account the diversity of radiological, chemical, physical, mechanical and
biological properties of the waste likely to be generated in a range of postulated emergencies in
accordance with the applicable regulations and guidance on radioactive waste management.
This guidance should be in accordance with the applicable regulations and guidance on

radioactive waste management.

Guidance should be put in place on the handling of conventional waste and radioactive waste
during an emergency;-which that describes the acceptance criteria of existing storage or disposal
facilities to be applied for waste generated in the emergency. Guidance on measures for
management of waste that deviates from the acceptance criteria of existing facilities should also
be given. This guidance should be in accordance with the applicable regulations and guidance

on waste-management of conventional waste and on management of radioactive waste.

Methodologies should be developed for initiating radieactive~waste—predisposal management

activities_for radioactive waste (e.g. segregation, packaging, transport, storage) in a timely and

appropriate manner following the emergency. As part of these methodologies:

— Feasible ©Ooptions for minimization of radioactive waste minimizatien—(such as
clearance, reuse and recycling) that-are-feasible-should be identified.

— Necessary tools, equipment, procedures, training, drills and exercises to support

effective waste management should be identified and put in place.

— Consideration should be given to the interdependences among various steps in the
predisposal management of radioactive waste as well as to the impact of decisions on

waste management on the future disposal options [33].

Limitations of available options and resources should be identified and well understood by all
interested parties, and mechanisms for requesting and obtaining international assistance should

be determined.

4-1481.4.183.  The guidance on the characterization and classification of radioactive waste in bulet5

ofpara. 4.182(e) should take into account the complexity of the characteristics, including the volume,

of radioactive waste generated during the emergency, compared te-with radioactive waste arising from
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normal operations. Thus, it may neeessitate—be necessary to identifying specific techniques and

methodologies that may need to be available to characterize the waste to complement those used for
waste arising from normal operations. The general requirements and guidance on waste

characterisation and classification ean-be-feundare provided in Refs [34-38].

Review of the national legal and requlatory framework

4-1482.4.184.  The Eestablishment of the emergency arrangements described in para. 4.182 should be
accompanied by a review of the national legal and regulatory framework for the safe-and-seeure

management of the-radioactive waste established in accordance with Ref-GSR Part 5 [33]. The aim of
this review is to identify #whether there is a need to improve-revise the national framework to
accommodate radioactive waste generated in a nuclear or radiological emergency. Considerations

should include, but are not limited to: a) the applicability of existing provisions for exemption/ and

clearance and existing classification schemes for such waste, if available; b) the robustness of safety

demonstrations and licensing processes; and c¢) their-the impact of the licensing processes on the

management of radioactive waste in a timely manner following the emergency.

4-183.4.185.  The national framework should be revised, as appropriate, to facilitate the safe
management of radioactive waste following a nuclear or radiological emergency in a timely manner,

taking-intewith account taken of the fact that, for a small scale emergencyies, the management of

radioactive waste may easily fit within the available waste management options and respective
licensing framework established in accordance with Refs-GSR Part 5 [33] and SSR-5 [38].

Radioactive waste versus conventional waste generated during the emergency

4.186. As seen in past emergencies, authorities may be under public and political pressure to consider
all waste resulting from the emergency as radioactive waste. The justification of such decisions should
be carefully considered, as the management of waste and its impact on the economy and society can

be further complicated by introducing low criteria _for the clearance of material from regulatory control,

compared with those derived from radiation radielegical-protection considerations.
4-184-4.187.  Inthe IAEA Safety Glossary, radioactive waste is defined as follows: :

“For legal and regulatory purposes, waste that contains, or is contaminated with, radionuclides
at concentrations or activities greater than clearance levels as established by the regulatory
body.” [23]

This is a ‘regulatory’ definition that recognizes that material with activity concentrations equal to, or

less than, the established clearance levels is radioactive from a physieal-‘scientific’ point of view, but

the associated radiological hazards are considered to be negligible.

4-185.4.188.  The identification-specification and classification of radioactive waste generated in an
emergency should consider the exemption_and /clearance levels given-established in Schedule | of

GSR Part 3 [3] or relevant national criteria established for the same purpose, in accordance with the
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national policy and strategy for radioactive waste management. For the-waste-material that is below
these levels, arrangements should be made to manage it within conventional waste management
practices, where possible, and thus to minimize the amount of material declared unduly as radioactive
waste. Where exemption_and /clearance levels and concepts or relevant national criteria established for
the same purpose are appropriatehy—applied, conventional measures taken by workers for their
protection; while dealing with such waste (e.g. gloves, masks-ete:); should be assessed as to whether

they are adequate in providing for their radiation protection.

4-186.4.189.  Considering para. 4.188, authorities and organizations with responsibilities for
conventional waste management should also be engaged, at the preparedness stage, in the

development of arrangements regarding radioactive waste management following an emergency.

Predisposal management

4-1487-4.190.  The radioactive waste should be properly segregated and characterized as early as
possible in the transition phase, taking-inte-accountwith account taken of both radiological and non-

radiological aspects of waste (see Refs [34—38]). Emergency arrangements should also consider that,
in order to support the emergency response actions, radioactive waste may need to be managed during
the urgent response phase and early response phase, before its characteristics are fully understood (e.g.
to allow for mitigatory actions to be taken while protecting emergency workers). In all circumstances,
the mixing of waste from different origins and/or of different compositions should be carefully

considered for compliance with national regulations and guidance for radioactive waste management.

4.188.4.191.  The predisposal management of radioactive waste should take account of the
characteristics of the radioactive waste generated in the nuclear or radiological emergency. The

general requirements for the predisposal management of radioactive waste set-forthestablished in the
TAEA-Safety- Standards-Series-No—-GSR Part 5 [33] apply-forsuchradicactive-waste.

4-189.4.192.  Advanced—Aarrangements made in advance for the predisposal management (e.g.

pretreatment, treatment, conditioning, transport_and; storage) of radioactive waste arising from a

nuclear or radiological emergency should include consideration of:

(a)  National experience in radioactive waste management;
(b)  Acceptable waste collection points and their characteristics;

(c) The characteristics of Aacceptable storage sites eharacteristics-(such as geographical, physical

and demographic aspects, as well as the proximity to the affected site_or farea and the
availability of necessary public infrastructure); and
(d) The need for transport of radioactive waste, adherence to transport regulations [39] and any

deviation from established practices, as necessary.
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Disposal

4-190.4.193.  Considerations for disposal options that depend on both the nature of the emergency
and the national policy and strategy on radioactive waste management may be less urgent compared
with other aspects of predisposal management. Thus, the identificationying of disposal options should
not delay the timely decision for terminating a nuclear or radiological emergency and the subsequent
transition to the-nrew-nermahityeither a planned exposure situation or an existing exposure situation.

Managing human remains and animal remains

41914194, Paragraph- 5.88 of GSR Part 7 [2] requires-states that consideration is required to be
given to the management of human remains and animal remains with contamination as a result of a

nuclear or radiological emergency, with due account taken of religious practices and cultural practices.

4192.4.195.  Arrangements to prepare for the management of human remains and animal remains

with contamination as a result of a nuclear or radiological emergency should include:

(@) Identification of common religious practices and cultural practices within the State;
(b) Identification of possible management options applicable to the identified practices and the type

of expesure-contamination (internal or externalon the surface of the remains);

() Consultation on what management options may be acceptable with the relevant interested
parties,that includinge representatives of different religious groups; and

(d) Training of workers assigned to handle the remains en-in accordance with basic radiation

protection principles, including ways to—preventof preventing the spread of contamination

radionuclides and their inadvertent ingestion.

4-193.4.196.  Conventional measures taken by workers for their general protection while handling

remains (e.g. gloves, masks—ete:) should be considered_as to whether they are adequate to-providein

providing for their radiation protection.
CONSULTATION WITH THE PUBLIC AND OTHER INTERESTED PARTIES
General

4-194.4.197. A successful transition from an emergency exposure situation to an existing exposure
situation is-will also facilitateing the recovery of individuals and the-communitiesy in a manner that
sustains their physical, emotional, social and economic well-being. Therefore, emergency
management should enable the active participation and involvement of the affected local communities
and other relevant interested parties in the transition phase (see prerequisite in para. 3.17). Ar-The

active involvement of interested parties will not only increase public trust_in, the credibility of and the

societal-public acceptance of the arrangements planned at the preparedness stage, including the
prerequisites to be met for -terminating the emergency, but will also enhance the-community resilience

to nuclear or radiological emergencies.
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4.195.4.198.  In recognition of para. 4.197, Requirement-18-6F-GSR Part 7 [2] reguires-states that:

- “The termination of a nuclear or radiological emergency ... shall includes prior consultation

with interested parties, as appropriate” (para. 5.97 of GSR Part 7 [2]).

- “The government shall ensures that, as part of its emergency preparedness, arrangements are in
place for the termination of a nuclear or radiological emergency-... The planning process shall

includes ... arrangements for consultation of interested parties” (para. 5.100 of GSR Part 7 [2]).

- “Adjustment of protective actions and other response actions and of other arrangements that are
aimed at enabling the termination of an emergency shall be made by a formal process that

includes consultation of interested parties” (para. 5.95 of GSR Part 7 [2]).

4-196.4.199.  The itnvolvement of, and consultation with, relevant interested parties should start as
early as possible during-in the preparedness stage and should develop with an aim to continue, as

appropriate, during-throughout the transition phase and after the termination of the emergency.

4-197.4.200.  As shown in Fig. 424, the consultation process should vary in form and extent
throughout the various phases of an emergency, allowing for an effective response during the
emergency response phase with limited consultation or no consultation at all. In the transition phase,
as the situation stabilizes and more information becomes available, consultation with relevant
interested parties should start and gradually increase to enable thea progressive engagement of

interested parties and to make use of their contributions to implementing an effective protection

strategy.

4.198.4.201.  During the emergency response, particularly in the period when decisions about the
termination are to be made, public opinion and media response are required to be closely monitored in

order to ensure any concerns or rumours are addressed promptly [2].

4-199.4.202.  Consultation with relevant interested parties should be based on effective
communication mechanisms which—that are founded on transparency, inclusiveness, shared
accountability and measures of effectiveness, and should allow for feedback to be accommodated in a

timely fashion.

4.200-4.203.  The responsibility for ensuring that the public and other relevant interested parties
have been consulted should be-lie with the relevant organizations, at all levels, in line with the

predetermined consultation mechanism and responsibilities.
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Fig. 4:24. Involvement of, and consultation with, interested parties during-in the different phases
of a nuclear or radiological emergency.
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<< Termination of the nucl. or rad. emergency

Y

Preparedness stage

4.201-4.204.  Interested parties who are to be involved in and consulted on nuclear or radiological
emergency preparedness and response should be identified during-at the preparedness stage. Special
attention should be given to_achieving a diverse and balanced representation among the recognized

interested parties, including individuals with special needs and different backgrounds.

4.202.4.205.  Mechanisms te-invelvefor involving and consulting with relevant interested parties
should be developed to allewferenhance the understanding of the complexity of the community,
recognizing-the recognition of the community’s capabilities and needs, the fostering of a relationship

with community leaders, the building and maintaining of partnerships and the empowering of the local

aettepscommunity. The actual involvement of different-particular interested parties will depend on the
actual situation (the type of emergency, the source involved_and the; actual consequences-expected),

the scale of the emergency expected-and the phase of the emergency.
4.203.4.206.  As part of the consultation mechanisms, the following should be determined:

(@)  The objectives of the consultation;

(b)  The targeted interested parties;

(c)  Applicable legal and regulatory requirements;

(d)  Timeframes for effective consultation;

(e)  Relevant documents to be published or otherwise made publicly available;

()  Ways in which the—interested parties may comment, directly or through representative
consultative bodies, on relevant documents;

(g) FhepPossibilitiesy for communicating with interested parties through public meetings, formal

hearings and other appropriate means of consultation;
(h)  Arrangements for reviewing and assessing the result of the consultation;

(i)  Provisions to consider the result of the consultation in the decision making processes.

4.204-4.207.  Interested parties should be made aware, at the preparedness stage, of the rationale for
the options eencerning—selected for the protection strategy, as well as of the consequences and

limitations associated with the implementation of different protective actions and strategies. Fhe
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tInterested parties should be made futly-aware that, while many aspects can be considered in advance,
emergenciesy-situations can be dynamic, and the specific conditions that exist at the time of an
emergency may require flexibilityto—adapt-the protection strategy or management options_to be
adapted to cope with the actual situation.

COMPENSATION OF VICTIMS FOR DAMAGE

4.205.4.208.  Many past nuclear or radiological emergencies resulted in the loss of life, health
consequences and loss of or damage to property and the environment. This loss and damage may have
an adverse impact on the economy, industry, trade, tourism, agriculture and the quality of life of those
affected. Ensuring an efficient return to normal social and economic activities following the
emergency is likely to necessitate payment of compensation for the damage caused either by the
emergency or by the emergency response actions taken.

4.206.4.209.  Paragraph- 4.6 of GSR Part 7 [2] reguires-states that “The governments shall “ensure

that arrangements are in place for effectively governing the provision of prompt and adequate
compensation of victims for damage eaused-bydue to a nuclear or radiological emergency”. The
following paragraphs address the compensation based on the legal regime of civil liability. Other

possible forms of compensation that are not based on the civil liability regime are not covered.

4.207-4.210.  Compensation for damage caused by radiological (i.e. non-nuclear) emergencies is
exclusively governed by the national laws of each State, and no international treaty has been adopted
to harmonize the various national laws. Compensation is usually based on national rules relating to
‘civil liability’, in particular those relating to ‘third-party’ (i.e. non-contractual) liability, which are
also known in some legal systems as ‘tort law’ rules. Under the general rules relating to third-party
liability, a person causing someone else a loss or harm has to pay compensation for the damage caused.
In most legal systems, specific rules have also been adopted to govern third-party liability for damage

caused by dangerous activities, such as those involving a potential for radiation exposure.

4.208-4.211.  In the case of nuclear emergencies, a number of treaties (see Refs [41-48]) have been
adopted by States in order to harmonize national laws relating to third-party liability for nuclear
damage caused by emergencies at nuclear installations, as defined, and in the course of transport of
nuclear material to and from such installations. Thus, compensation for nuclear damage in States is

based either on these treaties or on national rules implementing them.

4.209.4.212.  All of these treaties are based on the same basic principles of civil liability for nuclear
damage. These principles are: a) exclusive liability of the operator of a nuclear installation; b) strict
(no fault) liability** of the operator; ¢) minimum liability amount; d) the operator’s obligation to cover
liability through insurance or other financial security; e) limitation of liability in time; f) equal

treatment (i.e. non-discrimination) of victims; and g) exclusive jurisdictional competence of the courts

“4 Referred to in Refs [42, 45] as “absolute liability’.
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of one Contracting Party. In addition, some of these treaties provide for supplementary compensation
based on public funds in cases where the financial amount available under the civil liability regime is

insufficient to compensate for nuclear damage.
INFRASTRUCTURE
Plans and procedures

4.210.4.213.  Requirement 23 of GSR Part 7 [2] requires that emergency plans, procedures and
other arrangements be established, at the preparedness stage, for an effective response to a nuclear or
radiological emergency. In order to ensure a timely and effective response from the onset of the
emergency until the time the emergency is terminated, these arrangements should cover the transition
phase eensistenthy-in accordance with the guidance provided in this Safety Guide.

42314214, The emergency plans, procedures and other arrangements for the transition phase
should be developed by all relevant organizations in a manner that wewld-will allow for the effective
implementation of the protection strategy, which includes considerations for meeting the prerequisites
in Section 3 and taking-rte-aceeuntwith account taken of the results from the hazards assessment.

4.212.4.215.  As more organizations and parties become involved in the response during the

transition phase, the national emergency plan developed in line with para. 6.17 of GSR Part 7 [2]
should clearly describe the roles and responsibilities of all relevant actors during this-the transition

phase and beyond. Fhis-The national emergency plan should take into account fer-any changes in the

authority and discharge of responsibilities between different phases, the triggering mechanism e#for
this change, the coordination arrangements, the decision making processes and criteria, the necessary
staffing-human resources—reguired, the type of data and information that needs to be transferred or

made accessible by relevant parties and the arrangements and mechanism for carrying #-out.

Training, drills and exercises

4.213.4.216.  Reguirements-15-and-23-0f GSR Part 7 [2] reguire-states that:

- “The operating organization and response organizations shall identify the knowledge, skills and
abilities necessary to perform the functions [for emergency response]” (para. 6.28 of GSR Part 7

I2D).

- “The Ggovernments shall ensure that personnel relevant for emergency response shall take part

in regular training, drills and exercises to ensure that they are able to perform their assigned
response functions effectively in a nuclear or radiological emergency” (Requirement 25 of GSR

Part 7 [2]).

- “Exercise programmes are-shall be developed and implemented to ensure that all specified

functions ... for emergency response [and] all organizational interfaces ... are tested at suitable
intervals” (para. 6.30 of GSR Part 7 [2]).
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- “The operating organization and response organizations shall make arrangements to review and

evaluate responses in actual events and in exercises, in order to record the areas in which

improvements are necessary and to ensure that the necessary improvements are made” (para.
6.38 of GSR Part 7 [2]).

4.244.4.217.  The knowledge, skills and abilities necessary to carry out activities during—in the
transition phase may differ from and may extend beyond those necessary for the emergency response
phase. Therefore, the selection of the requisite knowledge, skills and abilities for personnel that-who
will be involved during-in the transition phase should consider the different aspects of the transition

phase, and should also target-be directed at those personnel that-who will actually be engaged.

4.215.4.218.  The training programmes developed in the area of emergency preparedness and
response at different levels for the transition phase should consider the personnel that-who will
participate in the training and re-training. These programmes should also consider the level of the
training (e.q. its duration, frequency, type and format, and arrangements for performance reviews-ete:)

warranted for the different personnel carrying out the different activities during-in the transition phase.

4.216:4.219.  The exercise programmes developed and implemented to systematically test the
overall adequacy and effectiveness of the emergency arrangements should include the objective of

testing existing arrangements set up to ef-facilitateing the timely resumption of normal social and

economic activity being-tested-within an agreed timeframe (e.g. enee-everywithin three to five years),
including the participation of the relevant organizations. Small scale exercises (e.g. table top exercises)
should also be designed and used frequently to test various aspects of the transition phase within an

organization (e.g. coordination, information exchange, transfer of information and data, and changes

in authority and in discharge of responsibilities decision_-making processes—ete:) within—an
organization-at the facility, local, regional or national levels.

4.217.4.220.  As part of the management system, training, drill and exercise programmes should be
evaluated, and areas of improvements should be identified. The feedback from this evaluation should

be used for review and, as necessary, revision of the emergency arrangements for the transition phase.

Logistical support and facilities

4.218.4.221.  Requirement 24 of GSR Part 7 [2] reguires-states that “The governments_shall ensure

that adequate logistical support and facilities are provided to enable emergency response functions to

be performed effectively_in a nuclear or radiological emergency”. To enable the termination of the

emergency, adequate logistical support and facilities should be made available, when and where

necessary, in during-the transition phase.

4.219.4.222.  The logistical support and facilities required should be identified and selected in
consideration of the activities necessary-that need to be carried out in during-the transition phase in

order to meet the prerequisites in Section 3. Arrangements for the acquisition, deployment and
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mobilization of the-logistical support should be established and communicated with-to the relevant

parties at the preparedness stage.

Quality management system

4.220.4.223.  Requirement 26 of GSR Part 7 [2] requires-states that “The governments shall ensure

that a programme is established within an integrated management system to warrant—ensure the
availability and reliability of all supplies, equipment, communication systems and facilities, plans,
procedures and other arrangements necessary for an effective response in a nuclear or radiological
emergency”. This—whieh includes periodic and independent appraisals, and arrangements for
incorporating lessons learned—from research, operating experience and exercises and for record

keeping. The programme should cover all the arrangements for the transition phase.
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APPENDIX
CONSIDERATIONS FOR ADAPTING OR LIFTING PROTECTIVE ACTIONS AND
OTHER RESPONSE ACTIONS

A.l.  This Appendix provides the generic criteria and operational intervention levels (OILs) that
should be considered as-for initiatingers fer-the adaptationing or lifting of protective actions and other
response actions implemented in a nuclear or radiological emergency, taking-tewith account taken of
generic criteria and OILs those-established in Refs-GSR Part 7 [2];_and GSG-2 [5]. It also provides

guidance on further considerations for the adaptationing or lifting of specific protective actions and

other response actions.

A.2.  National generic criteria and OILs should be established at the preparedness stage to support
the adaptationing or lifting of specific protective actions and other response actions, taking-intewith
account taken of these-the generic criteria and OILs contained in Table A.1. These pre-established

OlILs for the transition phase should be used to initiate considerations for adapting or lifting specific
protective actions (e-including what protective actions may need to be lifted, when this might happen
and to whom it-the decision may apply) in accordance with para. 4.66.

A.3. Following the preliminary screening based on the pre-established OILs, the decision on
adapting or lifting of protective actions should be taken on the basis ofa an assessment of the residual

dose from all exposure pathways against the pre-set reference level (see paras 4.57 and 4.74).

A.4.  The pre-established OILs for adapting or lifting protective actions and other response actions
should consider the following:*:

(a) The generic criteria established in Ref~-GSR Part 7 [2] for enabling the transitioning to an existing
exposure situation (see para. 4.64);

(b) A ‘ground’ exposure scenario in which it is assumed that, in the affected area, all members of the
public, including those most vulnerable to radiation exposure such as pregnant women and
children, will be living normally™ and that the lifting of restrictions on food, milk or drinking
water will be implemented through the use of OIL6 [5]* (see Table tA.1);

(c) Allindividuals being exposed,;

(d) The contribution from all relevant radionuclides and their progenies;

(e) The contribution from all relevant exposure pathways;

(f) Any behaviour of the radioactive material that will have a significant impact on the OIL value;

4 Further details on the methodology for deriving OILs can be found in Ref. [48].

That is, carrying out normal activities, such as children playing on the ground and people working outside.

The simultaneous use of OIL; and OIL6 will ensure that all relevant exposure pathways are considered, covering: the
ingestion of affected food, milk or drinking water (with OIL6), the-external exposure from radioactive material deposited
on the ground (i.e. ground shine), external exposure from resuspended radioactive material (i.e. air shine), inhalation of
resuspended radioactive material and inadvertent ingestion of soil (e.g. from dirt on the hands) (with OILy).

46
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(g) The relevant effective dose (annual) and, as appropriate, calculations of the organ dose
caledlations-(annual or for the full period of in_-utero development);

(h) The response of the-monitoring instruments;
(i) Relevant operational requirements (e.g. usability of OILs under field conditions);

(i) The overall protection strategy.

A.5. A methodology that can be used for deriving a-default OILs for enabling the transition to an

existing exposure situation, i.e. default OIL{*® value, for a specific radionuclide mix is given below.

The relative activity of the radionuclides eempesing-comprising the radionuclide mix will vary over

time due-owing to processes such as radioactive decay, resulting in a time dependent OIL+(t,mix),

given by:

GC(Transition, E,1a)
D (E grg-sconariog (18) x RA (t, mix)) |’

OIL, (t,mix) :[Z(RAi (t, Mix) x |Rgm)]x Min{ ® x WF
i GC(Transition, Hy,,,,9mo)

Z (ertus,grd—scenario,i (18) x RA (t,mix))

where:

— RA(t,;mix) [unitless] is the relative activity of radionuclide i at time t for a specific radionuclide
mix. It is determined by RA(t,mix) = Ai(t,mix) / Z;[Ai(t,mix)], where A;(t,mix) [Bq] is the activity
of radionuclide i at time t, for a specific radionuclide mix;

— IRy [(SV/s)/(Ba/m?)] or [cps/(Bg/m?)] is the instrument response per unit ground surface activity
of radionuclide i;

— GC(Transition,E,1a) = 0.02 Sv is the generic criterion used for transitionirg to an existing
exposure situation based on the total effective dose to the representative person over 1 year [2];

—  GC(Transition,Hseews,9mo) = 0.02 Sv is the generic criterion used for transitioning to an existing

exposure situation based on the total equivalent dose to the fetus ever-for the full period of in

utero development [2];

— Egro-scenarioj (1) [SV/(Bg/m?)] is the total effective dose to the representative person over 1 year for
the ‘ground’ exposure scenario, per unit ground surface activity of radionuclide i [48];

—  Hioetus,grd-scenario,i (9MO) [Sv/(Bq/mZ)] is the total equivalent dose to the foetusfetus everfor the full
period of in-_utero development for the ‘ground’ exposure scenario, per unit ground surface
activity of radionuclide i [48];

—  WEF [unitless] is a weighting factor used to allow for the quantification of other considerations.

For the example values given below, it was set to 1 for simplicity.

A.6.  For a single radionuclide, the equation in para. A.5 will result in a single time independent

OIL+ value. For a single radionuclide mix, it will result in a time dependent OIL+(t) curve based on

| * See para. +A.6. of this Appendix.
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which a single time independent value should be chosen. For an emergency involving a variety of

radionuclide mixes (e.g. an nuclear-accident at a nuclear power plant), this will result in a set of time

dependent OIL+(t,mix) curves based on which a single time independent value should be chosen.

A.7. Examples of default OILt values® calculated using the methodology in para. A+5 for a light
water reactor emergency and for an emergency involving a specific radionuclide, e.g. Cs-137, are

given below:

- OILT,LWRE’O: 4.8 uSv/h ambient dose equivalent rate above gamma background at 1m above
ground level.
—  OlLycs137 = 4.8 uSv/h ambient dose equivalent rate above gamma background at 1m above

ground level.

A.8. A methodology for deriving a default OILc value for a specific radionuclide mix is given
below. The relative activity of the radionuclides eempesing-comprising the radionuclide mix will vary

over time due to processes such as radioactive decay, resulting in a time dependent OILc(t,mix), given

by:

GC(Commodities, E,1a)
2= (E comm-scanario (1) x RA (t, mix))

OlL (t,mix) = (Z(RAi (t,mix) x |memyi)J x Mind > ! x WF

! GC(Commodities, H,,,,9mo0)

2 (H s comm-scenaios (1) X RA (£, mix))

where-the-factors-are-described-ntA5—and:

— RA(t.mix) [unitless] is the relative activity of radionuclide i at time t for a specific radionuclide

mix. It is determined by RA(t,mix) = Ai(t.mix) / %i[Ai(tmix)], where Ai(t,mix) [Bq] is the activity

of radionuclide i at time t, for a specific radionuclide mix;

— IRcommi [(SV/s)/(Bg/m?)] or [cps/(Bg/m?)] is the instrument response per unit activity of
radionuclide i on the non-food commodity’s surface;

— GC(Commodities,E,1a) = 0.01 Sv is the generic criterion for non-food commodities based on the
total effective dose to the representative person over 1 year [2];

—  GC(Commodities,Hseetws,9M0) = 0.01 Sv is the generic criterion for non-food commodities based
on the total equivalent dose to the feetusfetus over the period of in utero development [2];

- Ecommescenario,i (13) [Sv/(Bq/mZ)] is the total effective dose to the representative person over 1 year
for a ‘non-food commaodities’ exposure scenario, per unit activity of radionuclide i on the non-

food commodity’s surface;

“ For a nuclear or radiological emergency involving a large scale dispersion—release of radioactive material in-to_the
environment. The default value was calculated foHewing-in accordance with the assumptions outlined in Ref. [48]. The
contribution from the progenies that are in equilibrium with the respective radionuclides are-were also considered.

%0 OIL; for a release of radioactive material resulting from a severe emergency at a light water reactor {LWR)-or its spent
fuel, foellowing-in accordance with the assumptions outlined in Ref. [48].
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| —  Hioetus,comm-scenario.i (9MO) [Sv/(Bq/mZ)] is the total equivalent dose to the feetusfetus over the period
of in-utero development for the non-food commodities’ exposure scenario, per unit activity of

radionuclide i on the non-food commodity’s surface.

| A.9.  For asingle radionuclide this-the equation_in para. A.8 will result in a single time independent
OlLc value. For a single radionuclide mix it will result in a time dependent OIL(t) curve based on
which a single time independent value should be chosen. For an emergency involving a variety of

radionuclide mixes (e.g. an nuclearaccident_at a nuclear power plant), it will result in a set of time

dependent OIL ¢(t,mix) curves based on which a single time independent value should be chosen.

A.10. The ambient dose equivalent rate should be the preferable—preferred quantity for ground
monitoring and for monitoring commodities during a nuclear or radiological emergency. If the
radionuclide or the radionuclide mix is such that the ambient dose equivalent rate is not usable (e.g.
measured values are within the gamma background_levels), the beta or alpha count rates reed-teshould
be monitored and used instead.
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TABLE 1A.1. GENERIC CRITERIA {G6)}-FOR THE PROJECTED DOSES AND OILs FOR INITIATING CONSIDERATIONS TO ADAPT OR LIFT SPECIFIC
PROTECTIVE ACTIONS AND OTHER RESPONSE ACTIONS

PTotective action

Generic Ccriteria for taking the

Generic Ccriteria for considering

action [2] to adapt/lift the action
eretusb
a b a for the full period
E Flroetus E of in utero

development

OILs for considering to adapt/lift the action

Consideration

Evacuation

> 100 mSv in the
first 7 days

> 100 mSv in
the first 7 days

> 100 mSv in
the first year

> 100 mSv

> OIL2 [5]

Substituting evacuation with relocation.

<100 mSv in
the first year

<100 mSv

<OIL2 [5]

Lifting the evacuation only if limited restrictions
are still necessary for people living normally in
the area, taking-irtewith account taken of: (1) the
actual residual doses in comparison to the pre-set
reference level, and (2) the preconditions referred
to in para. 4.101.

<20 mSyv per
year

<20 mSv

< OILy (see paras +A.5 and 1A.6)

Lifting the evacuation along with the decision to
terminate the emergency exposure-situation-if the
prerequisites specified in Section 3 and the
preconditions referred to in para. 4.101 are
fulfilled.

Rflocation

> 100 mSv in the
first year

> 100 mSv for
the full period
of in -utero

<100 mSv in
the first year

<100 mSv

<OIL2 [5]

Lifting the relocation only if limited restrictions
are still necessary for people living normally in
the area, taking-intewith account_taken of: (1) the
actual residual doses in comparison to the pre-set
reference level, and (2) the preconditions referred
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development

to in para. 4.101.

Lifting the relocation along with the decision to
terminate-transition to the emergency exposure

Sei(r) mSv per <20 mSv <OlLy (diﬁlll?get(:laisr?d ;)rr; tf;;rge;thodology situation if the prerequisites specified in Section 3
y para. 14.9. and the preconditions referred in para. 4.101 are
fulfilled.
Food, milk and > 10 mSv for Lifting the restriction only after Eestimationing of
difinking water > 10 mSv in the the full period <10 mSvin <10 mSv <OIL6 [5] the actual doses from the ingestion pathway and
reptrictions in first year of in_-utero the first year their contribution to the residual dose from all
affected areas development exposure pathways-before-tifting-therestriction.
Food, milk and > 1 mSv for the
drfinking water full period of in- : <1 mSv per -~ . Lifting restrictions on international trade for
restrictions for = 1 mSv per year utero year <1mSv < Guideline Levels in Ref. [30] infant and non-infant food in line with Ref. [301].
international trade development
Lifting the restriction only after Eestimationg_of
moditics  1omSvinthe | defulperiod | <10 mSvin < OlL 1.c (derived based on the methodol the actual doses from the use of non-food
PN = . P . <10 mSv T Erived based on the metnodology  commodities and their contribution to the residual
reptrictions in first year of in-_ utero the first year outlined in para. A%.8) o
affected areas development = dose from all exposure pathways-befere-lifting-the
Non-food > 1 mSv for the
cgmmodities y . . . . L .
rektrictions in > | mSv per year full period of in- | <1 mSv per <1mSv < OlL 1 (derived based on the methodology = Lifting ge_s_trlc_tlons on tracilllng non-food
affected areas for utero year outlined in para. A%.8) commodities internationally.

international trade

development

2 Effective dose.

® Equivalent dose to the fetus.
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ANNEX |
CASE STUDIES

I-1.  This aAnnex provides case studies——censideration—of that consider the guidance and
recommendations provided in this Safety Guide in the context —of the emergency response to: the

Fukushima Daiichi accident in Japan (2011), the radiological accident in Goiania, Brazil (1987), the
Paks fuel damage incident in Hungary (2003) and the incident involving a stolen radioactive source in

Hueypoxtla, Mexico (2013). The_case studiesy briefly esver-include descriptions of the management
of the incidents and accidents and their consequences, from the declaration of the emergency to the
peried-of-preparation for dealing with the recovery aspects and with the long term consequences under

a different exposure situation.

I-2.  The four case studies have been selected to present representative examples for transitiening
totransition to either a planned exposure situation (the Paks fuel damage incident and the stolen
radioactive source in Hueypoxtla) or an existing exposure situation (the Fukushima Daiichi accident
and the radiological accident in Goiania). The examples are also intended-chosen to cover emergencies

associated with the nuclear industry as well as with the use of radioactive source in other applications,

rrespective-for a range of the initiating circumstances.

I-3.  The case studies provided in this Annex—annex are neither intended to give an extended
description of the incidents or accidents and the respective emergency response nor to evaluate the
manner in which these events were managed. Each case study is used to draw conclusions agatnst
from a comparison with the prerequisites elaborated in Section 3 of this Safety Guide, with the aim of
facilitating the-understanding of thise guidance-previded.

I-4.  The terminology used in these case studies generally follows the-terminelogythat used in the
associated references and employed by the Member States in which the incidents or accidents
occurred; thus, it does not necessarily correspond to the terminology used in the IAEA Safety

Standards Series.

I-5.  The description of Each case study eentains—includes a figure which—that presents a

retrospective sequencing of events and milestones ef-associated with the emergency eevered-with-the
ease-stuehyunder consideration. These figures do not represent the factual-situation-efwhen-the official
dates on -terminatienwhich termination of the emergency was efficialhy-declared but rather the results

of a retrospective analysis of the case study to determine when the prerequisites contained in Section 3

had been fulfilled-based-en-the—case-study. H-This process serves-served the—purpese—of-learningto

demonstrate from the-experience when the prerequisites can be met in case of a large scale or a small

scale emergency as-weH-as—ofand to judging-test the appropriateness of the guidance given in this
Safety Guide (e.g. the guidance in Section 3 on the timeframes in which an emergency can be

terminated).
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THE FUKUSHIMA DAIICHI ACCIDENT, JAPAN

I-6.  The Great East Japan Earthquake, with a moment magnitude of 9.0, occurred at 14:46
(Japanese Standard Time) on 11 March 2011. The seismic motions and the tsunami caused by the
earthquake led to severe damage to the Fukushima Daiichi nuclear power plant {NPP}-operated by the
Tokyo Electric Power Company (TEPCO), and associated infrastructure. As a result, the plant, which

had six boiling water reactors (BWRs), experienced a station blackout, i.e. the loss of all external
power and practically its entire alternative power supply. At Units 1-3, which were operating at full
power at the time of the accident, the reactor cores eventually melted, and a—targe—-amount—of

radioactive material was released iato the environment. The information presented in this section is

taken from reference [1-1], except where otherwise stated.

Emergency declaration and urgent protective actions

I-7. At 19:03 on 11 March 2011, the national Gevernment-government established the se-cated
Nuclear Emergency Response Headquarters (NERHQ); at the same time, the declaration of a

“‘nuclear emergency>-’ was issued.

I-8. At 20:50 on 11 March 2011, the Fukushima Prefectural-prefectural Geverament-government

decided to evacuate residents within a radius of 2 km of the Fukushima Daiichi nuclear power plant

NPP. However, just over half an hour later, at 21:23, the national gGovernment issued an order for the
evacuation ef-an-area-within a 3 km radius of the plant, and for sheltering in-an-area-within a radius of
3-10 km. At 05:44 on 12 March 2011, the national Gevernment-government extended the-evacuation
to an-area-within-a radius of 3-10 km. At 18:25, following the hydrogen explosion in Unit 1 of the

Fukushima Daiichi nuclear power plantNRR, the-evacuation was further extended to an-the area within

a radius of 20 km of the plant.

I-9.  The order for the-sheltering-efresidents living in a 20-30 km radius of the plant to shelter was
given at 11:00 on 15 March 2011 and continued to be in effect-force for 10 days. On 25 March 2011,
the national gGovernment recommended that the-residents voluntarily evacuate the area because of the
difficulties eaused-by-theassociated with prolonged sheltering.

I-10. Administration of stable iodine for iodine thyroid blocking was not implemented uniformly.
Some local governments distributed stable iodine tablets but did not advise the public to take them,
while; others distributed the tablets along with advice for their ingestion- orwhie-still-others awaited
instructions from the national Geveramentgovernment.

I-11. On 21 March 2011, the national Government began to issue restrictions on the distribution of
specific foods. These restrictions; which-evolved with the changing situation. Feed-restrictionsThey

were formulated on the basis of the results of the-monitoring ef-food samples, that-which identified
determined-which-the foods were-exceeding-that exceeded the national criteria and marked-determined
the geographical location(s) affected.
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Early response actions

I-12.  On 11 April 2011, the national Gevernment-government announced that the-an effective dose

criterion of 20 mSv, dese-projected to be received within one year from-the-date-of the accident, would
be used to determine the areas beyond the 20 km evacuation zone from which people might also need
to be relocated. On 22 April 2011, a ‘deliberate evacuation area’ was established beyond the 20 km
evacuation zone, which included the areas where the projected dose criterion of 20 mSv in one year
might be exceeded. The national Gevernment-government ordered that relocation of people from this
area should be implemented within approximately one month. On the same day, the NERHQ issued an

instruction for restricted access to the 20 km evacuation zone (called the ‘restricted area’).

I-13. In addition to the “deliberate evacuation area’, an ‘evacuation prepared area in case of

emergency’ (hereinafter :referred to as the ‘evacuation prepared area’) was established on 22 April

2011. Residents of the “evacuation prepared area> were advised to shelter or evacuate by their own
means in the event of possible renewed concerns regarding the Fukushima Daiichi nuclear power
plantNPP. The designation of the ‘evacuation prepared area> was lifted on 30 September 2011. As a
result of the monitoring conducted beyond the “restricted area” (i.e. the 20 km evacuation zone) and
the “deliberate evacuation area’, specific locations were identified where the-projected-dosesto-be
received-by-residents was-were projected to receive effective doses in excess of abeve-20 mSv within
one year after-the-eeecurrence-of the accident. On 16 June 2011, the national Geverament-government
announced a—guideline—which—specified-that these—such locations sheuld—would be designated as
‘specific spots recommended for evacuation’. ©A-30-Jure2011; The designation of these locations

commenced; on 30 June 2011 and,; by May 2012, numerous locations with almost 300 houses had
been identified as-such “specific spots>. However, evacuation orders based on the Nuclear Emergency
Act were not issued for residents of the ‘specific spots’. Instead, the national Government provided
them with information that alerted them of the possibility of radiation exposure and supported them if
they needed to be evacuated [I-2].

I-14. The areas and locations where protective actions were ordered or recommended until 30

September 2011 are shown in Fig. I-1.
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Fig. I-1. Areas and locations where protective actions were ordered in or recommended until 30 September 2011 [I-1].

Transition to long term recovery

I-15. In developing arrangements for the transition from the emergency response phase to the
recovery phase after the accident, the Japanese authorities decided to apply the latest
recommendations of the laterpational-Commission—on-Radiological-Protection{ICRP} [1-32, 1-34].
Although-tThe Nuclear Emergency Act [1-45] included a chapter on general “Measures for Restoration
from Nuclear Emergency>. However,; the specific policies, guidelines and criteria, as well as the

overall arrangements for the transition from the emergency response phase to the recovery phase, were
developed after the accident [I-1, 1-56].

I-16. The overall responsibility ef-for managing the process for returning to normality rested with
NERHQ. The Nuclear Emergency Act specified that termination—efthe NERHQ would cease to
existtake-place when the declaration-ef-the-cancellation-termination of a nuclear emergency situation
wasks issteddeclared. The Nuclear Safety Commission (NSC) was—givenhad the responsibility to

provide advice on the termination of the emergency [I-1].
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I-17.  On 17 April 2011, TEPCO issued a roadmap [I-767] that outlined the steps towards recovery
on the site. In particular, the roadmap euthned—described the basic policy, targets and immediate

actions in the areas of cooling, mitigation of consequences, -aad-monitoring and decontamination [I-1].

I-18. With regard to off-site recovery, the “Policy for Immediate Actions for the Assistance of
Nuclear Sufferers> was issued and a roadmap was established by the NERHQ on 17 May 2011
defining the objectives and conditions to be met for returning to normality [I-7]. FH-67TFhisroadmap

groups of actions, divided into steps, that were scheduled to be implemented over different-the

following target periods that were also related to the-TEPCO’s roadmap for on-site recovery: by mid-
July 2011, within 3-6 months and in the mid-term.

I-19. The nine groups of actions were:

@) Actions for the restoration frem-the—aceidentat-of the Fukushima Daiichi nuclear power
plantNPR from the effects of the accident;

(b) Actions related to the area evacuated based on plant conditions up to a 20 km radius of the
nuclear power plantNRPPR (*restricted area’);

(c) Actions related to the area from which people were relocated (“deliberate evacuation area’);
(d) Actions related to the area in which people were advised to shelter (“‘evacuation prepared area
in-case-of-emergency”);

(e) Ensure-Actions to ensure the safety and reassurance of those affected;

) Seeure-Actions to secure employment, and provide support for farms and industries;

(9) Suppert-Actions to support the local municipalities in the affected areas;
(h) Compensatien-Actions related to compensation to sufferers and affected businesses, etc.; and

0] Actions to assist those returning to areas that had been evacuated.

I-20. The roadmap was intended to facilitate communication and preparations for the transition to
long term recovery operations and the resumption of normal social and economic activity. It allocated
responsibilities and specified other organizational aspects of the transition process and specified the

objectives and conditions for the termination of the emergency response phase [I-1].

I-21. The attainment of Step 1 of Action 1 (‘Radiatien-radiation dose is in steady decline”) and the
transition to Step 2 (“Release of radioactive materials is under control and radiation dose is being
significantly held down’) was confirmed on 19 July 2011 by monitoring results indicating that the
release of radioactive materials had steadily declined since the onset of the accident. Actions 2-4
outlined the steps to be taken in the areas where the population had been evacuated, relocated or

advised to shelter.

I-22.  During the emergency and transition phases, the NSC gave various kinds of technical advice

about radiation protection te-of residents in the surrounding areas. On 19 May-July 2011, the NSC
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issued #Hs—a wiews—on—the—basis—ofadvices—on—radiation—protection-policy that summarized its

recommendations for the termination of protective actions and the restoration of normal life [I1-1].

Reopening of schools

I-23.  Fukushima Prefecture requested the Local-Nuclear Emergency-Response-Headguarters{Local
NERHOQ)to-indicate-the-criterianational government for-to provide advice concerning the reopening

the-of schools and the-other educational facilities in the prefecture. In response, on 19 April 2011, the
Ministry of Education, Culture, Sports, Science and Technology (MEXT), afterconsutation-with-the
NSC-decided-stated en-19-April-2011that a dose criterion of 20 mSv per Agyear is-would be used for
that purpose, following consultation with the NSC. In accordance with this criterion, MEXT decided
to restrict the outdoor activities of children and students only at scheels—which—had-school and

kindergarten grounds with-where ai-ambient dose rate measurements of more than 3.8 uSv/h had been

measured. The reopening of schools was categorized as an action in an existing exposure situation,
while the establishment of the “deliberate evacuation area> was handled as an emergency exposure
situation. However, in both cases, the criterion of 20 mSv projected annual dose was used [I-1].

23-1-24. The criterion of 20 mSv per yvear was later reduced to 1 mSv per year, in response to

concerns on the part of the public. On 27 May, a notification was issued by MEXT for reducing the

dose to children, students and others at schools and other facilities in Fukushima Prefecture. The

notification specified a target dose of 1 mSv per vear, stipulated that dosimeters should be distributed

to schools and stated that financial support for decontamination was to be offered to schools where

ambient dose rate measurements higher than 1 uSv/h had been measured [1-1].

Environmental monitoring

+24:1-25. On 13 June 2011, the “Plan to Conduct Detailed Monitoring in Restricted Area and
Planned Evacuation Area” [I-788] was announced. This plan addressed monitoring of -air, soil, forests,
water and human-made materials (such as homes and roads) in the “restricted area” and the “deliberate
evacuation area’. The results of thise monitoring programme were intended to be used to develop
model projects for decontamination. In July 2011, a coordination meeting was held at the national
level among relevant ministries, officials from Fukushima Prefecture and TEPCO representatives in
order to promote coordination in relation to monitoring. A comprehensive monitoring plan was finathy
then issued in August 2011, which that-also specified the roles of the various organizations. This plan
which-was_later revised—ater—en. The plan stipulated that environmental restoration of the area
surrounding the Fukushima Daiichi NPP and “more detailed monitoring” to meet the needs of
children’s health and people’s safety and security would be implemented [I-899]. The plan was

revised in March 2012 to enable a review of the areas where evacuation orders had been issued, and to

address increasing concerns of the release of radioactive materials into the sea from the rivers over the

medium to long term [I-1].
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Health surveillance

I-26. Long term health surveillance was initiated at the end of June 2011, following the

establishment of TOR—19—May2011—FukushimaPrefecture—established—the Fukushima Prefeeture
Health Management Survey Committee, on 4927 May 2011 [I-2]. Fhe-purpese-of-the-different-surveys

survey were “to assess residents’ radiation dose, and to monitor residents’ health conditions, which

result in disease prevention, early detection and early medical treatment, thereby to maintain and
promote their future health [1-10]. The health management surveys cemprised—included a basic
survey of-al-prefecturalresidentswhich comprised self-administered questionnaires mailed out to

people who met residential or location criteria connected with the accident [I-10]. -ard-a-meore-detailed

deemed-necessary—Fortin the basic survey, respondents were asked to record their movements in the

weeks and months following the accident in order to allow the results to be used in estimating

radiation exposure from assessments of the variations in ambient dose equivalent in time and location

I-27. TFhedetaledFour specialized surveys were undertaken that involved:

@ ineludedfourdistinetparts{1})-a thyroid examination of children aged 18 and younger (target

population: abeut around
385-380 000);

(b) 2)—comprehensive medical check-ups of evacuees a—health—survey—with—an—additional
comprehensive-blood-test-(210 000);

(c) {3)-a survey of mental health and lifestyle of the same evacuees; and

{a)(d) asurvey of pregnant women and nursing mothers (approximately 15 000 each year) -and{4}-a
surveyrep-meninlhealthand-Hiesh e (240 0008 1-10],

+-25:1-28. The first round of the thyroid examinations, which consisted of thyroid ultrasonic

examinations and detailed examinations, started in October 2011 and was completed in March 2014.
The second round of thyroid ultrasound examinations began in April 2014 and was completed in
March 2016 while the detailed examinations have been conducted. An ultrasound examination of
children will continue to be carried out biennially until the participants reach the age of 20 years;
thereafter, they will be examined every five years [I-11]. The comprehensive medical check-ups
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started in July 2011 and include tests for body mass index, glycated haemoglobin (HbAlc), liver
function and blood pressure. The survey of pregnant women and nursing mothers involved a
guestionnaire that was sent out to all mothers who were given a Maternal and Child Health Handbook
between 1 August 2010 and 31 July 2011; it was returned by about 15 000 respondents. When answers
on the guestionnaire indicated that consultation was needed, doctors provided telephone consultations
in some cases. This survey is being updated every year to take account of new data, particularly on
pregnancies and births. The mental health and lifestyle survey started from January 2012 and has been
conducted every year with questionnaires covering physiological and mental conditions, lifestyle
changes, experiences of the earthquake and tsunami, and radiation related issues, to provide adequate

mental care and lifestyle support for evacuees [1-94010].
Emergency workers and helpers from the public
I-29. The provisions for the protection of workers were gradually modified during the transition

phase, depending on the work being undertaken. The increased dose criterion for emergency workers
of 250 mSv°! was withdrawn gradually. starting-eFroma 1 November 2011 this criterion ceased to

apply tofer newly engaged emergency workers and, on 16 December 2011, (when the attainment of
the cold shutdown state at the plant was announced) for most other emergency workers) [I-1]. On 30
April 2012, However—there-was-a-continded-needthe higher criterion was withdrawn for_a group of
about 50 TEPCO employees with accumulated doses exceeding 100 mSv who had specialized

knowledge and experience in operating the reactor cooling systems and in maintaining the facilities

and equipment for suppressing the emission of radioactive materials- weorking-on-the-site-to-be-subject

+2#1-30. In parallel, the preparation for the planned decontamination and restoration work had

started.

emergeney—H-1}—As—-ofThe Basic Policy for Emergency Response on Decontamination work was

issued on 26 August 2011.; FheThis policy and associated guidelines defined the responsibilities and

requirements for radiation protection of emergency workers. The framework for occupational

exposure in normal operation were-was applied for aH-workers whe-were-engaged in decontamination

work, restoration and waste management [1-1].

51 Applicable for the duration of the emergency work.
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+28:1-31. In the aftermath of the accident, people from the affected areas, as well as from aH
everother parts of Japan; and from a number of non-governmental organizations (helpers), volunteered
to assist in such activities as the provision of food, water and necessities, and later in decontamination
and monitoring activities. Relevant guidance had-beenwas prepared to allow for their protection within

the dose limit for members of the public under normal operations (1 mSv per #yeary). [1-1]

Termination of urgent protective actions

+29:1-32. On 19 July 2011, the NSC issued the “Basic Policy on Radiation Protection for
Termination of Evacuation and Reconstruction> [I-1244]. It outlined protection measures to be taken
against radiation in accordance with the particular exposure situations, specifically the emergency
exposure situations and existing exposure situations. It set forth the necessity of introducing systems
for environmental monitoring and the dose estimation of individuals that would constitute the
scientific basis for administrative decisions to implement protective measures, including
decontamination and remediation, and to lift the evacuation measures. Over the long term, it
recommended combining a full range of decontamination and improvement methods in setting forth
radiation protection measures, and it stated the public should participate in the planning of activities

and policies related to these measures.

+-36:1-33. On 4 August 2011, in-respense-te-arequest-from-the NERHQ requested fer-s-advice
from the NSC on whether it was necessary to make any reeessary—changes #-to the protective

measures-actions that were then being implemented (evacuation, relocation and sheltering).; Tthe NSC

provided their response in the <Standpoint of the Nuclear Safety Commission for the Termination of

Urgent Protective Actions implemented for the Accident at Fukushima Daiichi Nuclear Power Plant*;
[1-1]. The
guidance included three recemmendations—bases for determining whether the termination of the
protective measures in place in specific to-the-areas that-had-beenrecommended-to-shelter—relocate
anhd-evacuatewas appropriate:

@ The projected annual dose to the public is lower than the criterion of 20 mSv-criterion;
(b) Preparation for the implementation of long term protective actions had been made;
(© A framework for the participation of the relevant local governments and residents in the

process of deciding on the long term protective actions is-had been developed.

3%1-34. The NSC statement also specified conditions for the termination of the designation for
each type of area (‘evacuation prepared area’, “deliberate evacuation area> and “restricted area>) where

major protective measures were applied [1-8].

+32:1-35. On 9 August 2011, based on this recommendation, the NERHQ decided-to-prepared a
review of evacuation areas. which—outlined-theThe following three requirements for eenfirmation

termination of protective actions were outlined in the review [I-1]:

0] Tthe safety status of the nuclear power planthNpPPR;
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(i) Aa decrease of-in the dose rate; and

(iii)  Rrestoration of the public service functions and infrastructure.

+-33:1-36. Based on the “Radiation Monitoring Action Plan for Homecoming regarding the
Evacuation Prepared Area in Case of an Emergency>, which was established on 25 July 2011, MEXT
conducted various monitoring activities in municipalities of this area. As a result, ambient dose rates at
all of the municipalities, including main spots near schools, were measured-and-did-not-exceed-1.9
wSv/h, Additionally, on 19 September 2011, all cities, towns and villages in the “evacuation prepared
areas” began to prepare developed-disaster recovery programs, for submission -and-submitted-them-to
the NERHQ. Based on these disaster recovery programs, the NERHQ decided that conditions (i) to

(iii) for the termination of the “evacuation prepared areas” had been met [1-2].

I-37. The NERHQ exchanged-opintensconsulted with the leaders of the cities, towns and villages
concerned on the termination of the “evacuation prepared areas> and the disaster recovery with

theprogrammes —leaders-of-the—citiestowns—and-vitlages-concerned-and, on 30 September 2011, the

advice to shelter was withdrawn by the Japanese government as a result of an assessment of the safety

status of the nuclear power plant and measurements of dose rate in the relevant areas. asked-the-NSC

announcement stated that monitoring would continue to be conducted and that local governments

would implement their restoration plans. It was also noted that the date by which the public could

return to the area would vary among local governments and would be undertaken with support

provided by the national Government [1-1].

34—

Waste management and decontamination works

+-35:1-38. Off-site waste that was generated following the accident may-bewas classified either
as debris from the earthquake/tsunami (often referred to as disaster waste) or as a consequence of
remediation activities [1-1]. The debris consisted of materials such as wood, concrete and metal, while
remediation waste included sludge from water and sewage treatments, incinerated ash, trees, plants

and soil resulting from decontamination activities.

+-36:1-39. Arrangements for the management of radioactive waste established in Japan prior to
the accident covered waste generated within facilities, such as nuclear power plant NPPs, but it did not

include radioactive waste that had been generated in public areas. The Waste Management and Public
Cleansing Act did not apply to waste that was contaminated with radioactive material, and there was

no other law that regulated the disposal of disaster waste contaminated with radioactive material-— [I-




+37%1-40. On 25 March, 12 April, 26 April and 6 May 2011, based-en-technical-advicefrom-the
NSC-[H-112], instructions were issued by-the-Ministry-of-AgricultureForestry-and-Fisheries (MAER)

on how to dispose of vegetables and raw milk in areas subject to food restriction(s)- by the Ministry of

Agriculture, Forestry and Fisheries (MAFF), based on technical advice from the NSC [l1-14].

Instructions on what to do with foods that were not to—be-censumedsuitable for consumption were
issued in the form of <Question and Answers> on the MAFF web site on 26 April 2011 [1-1253].

+38:1-41. The N
by—the—accident—in—the—<Near-Term PRPolicy tFo EEnsure tThe SSafety fFor FTreating aAnd
BDisposing SContaminated Y\Waste Around tFhe SSite 0©f Fukushima Dai-ifchi Nuclear Power

Plants” [1-1364] was; issued by the NSC on 3 June 2011. This document provided dosimetric criteria
for: recycled materials; the protection of workers treating the materials; and the protection of members
of the public in the vicinity of treatment facilities and disposal sites. The NSC proposed that materials

affected by the accident — i.e. debris, sludge from the water and sewage treatments, incinerated ash,

trees, plants and soil resulting from decontamination activities — would be disposed of under proper

management, and that some materials may be considered for reuse. Products manufactured from these
reused materials would-bewere checked for contamination and managed appropriately before being
released onto the market. Appropriate protective measures weutd-were implemented to ensure that

radiation exposures of workers and the public were kept as low as reasonably achievable. A final
disposal strategy weuld-bewas derived based on the quantities of waste, types of radioactive material,

radioactivity concentration and evaluations of the long term safety of disposal facilities [I-1].

1-39.1-42. Leqislative and requlatory instruments were developed after the accident for dealing

with on-site and off-site waste. Post-accident issues concerning off-site waste management were

addressed in the Act on Special Measures Concerning the Handling of Environmental Pollution®,

which was enacted following governmental and ministerial ordinances issued by the Ministry of the

Environment (MOE) [I-17]. This Act specifies the wastes that were the responsibility of the national

government, and those that were dealt with by the prefectures and Fhremunicipalities. The ‘Aet-on

Pacifie-Occan-Earthguakethat-Oceurred-on-Mareh—H- 201" (ACt on-Special-Measures-Concerning

the-Handhng-of Envirenmental-Polution)-[-1451-was enacted on 26 August 2011 (promulgated on 30
August 2011) and took full effect on 1 January 2012. In effect, the Act underpinned the remediation

strategy for Japan, as it sets out the means for achieving the principles and requirements stated in the

52 Act on Special Measures Concerning the Handling of Environmental Pollution by Radioactive Materials Discharged by
the Nuclear Power Station Accident Associated with the Tohoku District — Off the Pacific Ocean Earthquake that Occurred
on March 11, 2011, Act No. 110, 2011.
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activities—It outlined the management of the contaminated areas and included the assignment of

responsibilities to the national and local governments, the operator and the public. It facilitated the
transition from an emergency exposure situation to an existing exposure situation. It also formalized
the long term management of environmental monitoring, decontamination measures and the
designation, treatment, storage and disposal of soil and waste contaminated by radioactive material [I-
1]. Based on this Act, the Ministry of Environment established guidelines on decontamination and on

waste in December 2011.

1-43. In accordance with the basic principles of the Act, the goals for dose reduction were outlined

as follows: “In the area where the additional dose is 20 mSv/y or higher, measures shall aim to

decrease the size of the area. The following shall be aimed at areas where the additional radiation dose

is less than 20 mSv per year:

- To reduce the additional radiation dose to 1 mSv per year or lower over the long term;

— To reduce the additional annual radiation dose the public is exposed to by around 50%

(including the physical attenuation of radioactive materials) by the end of August 2013 from
the level at the end of August 2011; and

- To reduce the additional annual radiation dose affecting children by around 60% (including

the physical attenuation of radioactive materials) by the end of August 2013 from the level at

the end of August 2011 by decontaminating the living environment of children, such as

schools, playgrounds, etc., on a priority basis, since it is crucial to recover the environment

under which children can live safely and securely.

“These targets shall be reviewed from time to time based on the effects of measures for the

decontamination of the soil, etc. and so forth.” [1-13]

I-44. As decontamination was an urgent issue, the NERHQ established the >Basic Policy for

Emergency Response on Decontamination Work> [I-1856] on 26 August 2011 without—wating
wntHprior to the Act took ful-effectcoming fully into force. The policy permitted the commencement

of decontamination in advance of the formal implementation of the Act. The Basic Concept for

Pushing Ahead with Decontamination Works and Basic Policy for Emergency Response on
Decontamination Work [1-9, 1-18]. Act No. 110 of 2011 [I-17] outlined the management of the

contaminated areas and included the assignment of responsibilities to the national and local

governments, the operator and the public. It was enacted on 30 August 2011 and came into force in

January 2012. The act facilitated the transition from an emergency exposure situation to an existing

exposure situation; it formalized the long term management of environmental monitoring,

decontamination measures, and the designation, treatment, storage and disposal of radioactive waste
1-1].

92



aYa! onfirm 1000 no a a na NPD n na ran ad ri a distion-evno a t0 racidan on-tha
O c PO

major-premise-that-the-safety-of theresidents-would-be-ensured--On 16 December 2011, the- NERHOQ

achievement-of such-targets-as-thea ‘cold shutdown’ state was achieved at the nuclear power plant,

which was used to indicate that the control of the situation had been regained [21]. This meant that
Step 2 of Action 1 of the roadmap issued in May had been completed.efthereactor{Step-2)—moere

42—A review of the areas where protective actions were being implemented was required for

completion of Step 2 of Action 1. The review of areas (Restricted Area and Deliberate Evacuation

Area) was issued on 26 December 2011 by the Japanese Government in a document called Basic

Concept and Issues to be Challenged for Rearranging the Restricted Areas and Areas to which

Evacuation Orders have been Issued where Step 2 has been Completed [21]. The review of the areas

was undertaken in consideration of the dose criterion of 20 mSv per year in terms of projected dose.

Its criteria and area designations are presented in Table 1-1.
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TABLE I-1. CRITERIA, DESIGNATION AND COLOUR OF AREA SHOWN IN FIG. I-2 [21]

Criteria Designation Colour shown in Fig. I-2
Annual cumulative dose would be Areas in which evacuation orders are Green (Area 1)
less or equal to 20 mSv ready to be lifted
Annual cumulative dose may exceed Areas in which residents are not Orange (Area 2)
20 mSv but is less than 50 mSv permitted to live
Annual cumulative dose exceeds 50  Areas in which residents will not be Red (Area 3)
mSyv able to return for a long time

Areas for which evacuation orders
were issued (as of 7 August 2013)

1 Areas for which evacuation

orders are ready to be lifted.
71 Areas in which residents are
not permitted to live.
B Areas where it is anticipated
that residents will not be able
to return for a long time.

Fukushima
Daiichi NPP

9

Fig. I-2. Completion of the arrangement for areas where evacuation
orders were issued (7 August 2013) [I-1].




Conclusions

H46:1-47. Prior to the accident, the national framework for radiation protection and safety in
Japan had not taken into account situations requiring long term recovery operations over wide areas.
The specific policies, guidelines and criteria, as well as overall arrangements for the transition from
the emergency response phase to the recovery phase, were developed after the accident taking into

account the latest recommendations of the ICRP.

H441-48. The emergency response phase began on 11 March 2011, when the loss of off-site and
almost all on-site electric power was experienced as a consequence of the earthquake and tsunami.
After the declaration of a nuclear emergency, urgent protective actions, such as evacuation and
sheltering of people in the vicinity of the site and restrictions on the distribution and consumption of
food and the consumption of drinking water, were implemented during the following days. Early
protective actions, such as the relocation of people outside the evacuation areas and relocation of

people at-from het-spet-locations at which hot spots of activity had been identified, were taken on the
basis of detailed monitoring. These actions took place within the first few months afterfollowing the

accident and were completed by November 2011. The emergency response phase, during which the
radiation dose was in steady decline (the target of Step 1), was generally completed by around 19 July
2011. However, some hot spots reguiring-evacuation-were detected up to November 2011 from which

people were evacuated (or relocated).

EXISTING EXPOSURE

EMERGENCY EXPOSURE SITUATION SITUATION

Declaration of the emergency class

Termination of the nucl. or rad. emergency

EMERGENCY RESPONSE PHASE \
TRANSITION PHASE
URGENT EARLY
RESPONSE PHASE RESPONSE PHASE
L) T T ) »
11 March 2011 22 April 2011 19 July 2011 16 December 2011

Fig. 1-3. Retrospective sequencing and milestones of the Fukushima Daiichi accident.
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+-48:1-49. The following months, from around July to December 2011, might be considered to be
a transition period te-in which the policies and arrangements set-up-arrangements—for the recovery

phase were established. This included the following activities:

- Detailed monitoring to characterize the exposure situation and exposure pathways;
- Arrangements for the implementation of long term health surveillance;

- Determination of the criteria for termination of protective measures;

- Formalization of the long term management of radioactive waste;

- Adjusting ef-arrangements for the protection of emergency workers, other workers and

helpers, both on and off the site;

- Re-evaluation and rearrangement of areas in which protective actions were in place areas;

- Establishment of long term plans for decontamination;
- Announcement that control of the situation had been regained at the plant.

+49:1-50. On 16 December 2011, a “cold shutdown’ state was reached at the nuclear power
plantNPP, but no termination of the emergency-situation was officially declared at that time;-te-alow
formally-entering-in-the-existing-exposure-situation. The basic concept fer-underlying the arrangement
fer-of the areas where evacuation orders had been issued was decided-issued on 26 December 2011.
The Act on Special Measures Concerning the Handling of Environmental Pollution teek—ful-effect

fromcame into force on 1 January 2012. Among other things, the Act created the necessary

institutional arrangements for the implementation of a coordinated work programme involving

different organizations at the national level. Issues addressed by the Act also include the prioritization

of sites to be remediated and the allocation of funds to carry out the remediation works. The Act

recognized the need to involve different stakeholders in the overall remediation process. Further

information on the implementation of remediation activities are provided in References [I-6, 1-13].

this-Safety-Guide:The results of an analysis of the case study with regard to the fulfilment of the

prerequisites for the termination of a nuclear or radiological emergency, contained in Section 3 of this

Safety Guide, are presented in Tables -2 and 1-3. These tables reflect the situation that existed on 16

December 2011 (see Fig.1-3), which is the date at which the retrospective analysis indicates that the

conditions for termination existed.
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| TABLE I-12. STATUS WITH RESPECT TO THE GENERAL PREREQUISITES FOR
TERMINATION OF AN EMERGENCY FOR THE FUKUSHIMA DAIICHI CASE STUDY

.

General prerequisite

Status with respect to the prerequisite

Had the necessary urgent and
early protective actions been

implemented?

Was the

stable and well understood?

exposure situation

Was the radiological situation
well characterized, and were the
identified
and doses assessed for all the

exposure pathways

affected people?

Was the source of exposure
brought under control and were
no further significant accidental
releases or exposure expected

due to the event?

Was

assessed, and were the existing

the current situation

emergency arrangements
reviewed and new arrangements

established?

AH—The majority of the public protective actions had been
identified and implemented primariby-by July 2011. This included

the implementation of food monitoring and restrictions, and

access controls to the areas from which people had been

evacuated. However, rematning-some additional locations were

found at which hot spots of activity were identified and from

which it was necessary for people to be relocatediens, “warranted

in-some-hot-spot-areas-were-being-implemented-by-in November
2011, fescssreontsls o ooeuniod prons and —eod contreland

No further significant dispersion-release of radioactive materials
into the environment was expected; extensive monitoring had

been carried out, which had given the authorities a clear

understanding of the exposure situation.

Intensive monitoring had been carried out, most of the affected
people and areas had been identified, and doses had been assessed

and regularly reassessed as the understanding—amount of
information concerning the situation improvedincreased.

Completion of the objective of Step 2:— (Release of radioactive
materials is under control and radiation doses are being
significantly held down)>; was declared —at—the—NPP—on
16 December 2011.

Many analyses were carried out following the accident {sinee
2041310 investigate the circumstances surrounding-that led to the
accident and to identify improvements warranted-that needed to

be implemented in the regulatory control and emergency

arrangements in placeJapan.

Lessons identified from these
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General prerequisite

Status with respect to the prerequisite

ororthenesidont
Were the requirements for

occupational exposure as for a

planned  exposure  situation

analyses were incorporated in the respective arrangements of
different organizations and at different levels as-efby 2012. Upon
declaration of the achievement of Step 2 on 16- -December 2011,
a new organization, the Government-TEPCO Mid-to-Long Term
Response Council was created at TEPCO Headquarters. On 21
December 2011, the Council issued the “Mid-and-Long-Term
Roadmap towards the Decommissioning of Fukushima Daiichi
Nuclear Power Station Units 1-4*-TFERCO.

The NSC established a working group to review the regulatory
guide on emergency preparedness for nuclear facilities in July
2011 and submitted its interim report on its revision in March
2012. This document was then used as a basis for the
development-ofdeveloping the new regulatory guidelines issued
in October 2012, by the newly established Nuclear Regulatory
Authority (NRA).—Necessary—off-site—emergency—arrangements
, . i ehi NPE -
Aet._On 7 November 2012, the NRA designated the Fukushima

Daiichi nuclear power plant as a ‘specified reactor facility’, which

is a facility where a nuclear accident has occurred and special

requlations commensurate with the condition of the equipment
are stipulated [1-13].

All the recovery work off-site (e.g. decontamination works) had
been carried out to ensure that workers did not exceed under-the
national dose limits for normal—eperatiensplanned exposure
situations—avahane—teni-ng—adinbion—te—dose—hmids—tor—+
planned-exposure-situation). However, relevant-it was necessary
to continue to apply higher dose limits (specified werk;
icular] ite. : . I

Hmits—for emergency work) to complete some on-site work. The

increased dose criterion for emergency workers of 250 mSv was
withdrawn gradually starting on 1 November 2011. From that

date, this limit was not applied for newly engaged emergency

workers and, ea-from 16 December 2011, fer-it no longer applied
to most of the remaining emergency workers. This-did-not-apphy
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General prerequisite

Status with respect to the prerequisite

confirmed for all workers

engaged in recovery activities?

Was the radiological situation

assessed  against  reference
levels, generic criteria and
operational criteria, as

appropriate?

Were non-radiological

consequences (psychosocial,
economic) and other factors
(technology, land use options,
availability of resources,
community resilience) identified

and considered?

Was a

individuals

those
further

registry of

requiring
medical follow-up established
prior to the termination of the

emergency?

forabout—However, there was a continued need to apply the

higher criterion for a group of about 50 TEPCO employees, who

had received accumulated doses exceeding 100 mSv, but who had

necessary specialized knowledge and experience to complete
some on-site activities. 56-FERCO-employees-working-on-the-site
inad . | . iteria_owi
spectfies-oi-the-duties—they—were—earried-eui—0n 30 April 2012,
about-a—year-afterthe-onset-of-the-aceident-and-several-menths
after-announcement-of-the-attainment-of-thecold-shutdown-state;
it was announced that the increased dose criterion of 250 mSv

was—Futy had also been withdrawn atse-for this group ofese on-

site emergency workers.

This was done on a continuous basis to alse-account for any new
information that had become available. Fer—the—mest—partA
criterion of 20 mSv annual projected effective dose was generally

used for this purpose. However, from the end of May 2011, dose

rates associated with the selected long term criterion of an

additional annual effective dose of 1 mSv were applied to assess

the need for decontamination of schools and their surrounding

areas.

Arrangements implemented during the transition phase and
strategies/policies developed considered the need for restoration
of normal social and economic activities, —and-—mitigation of
economic impacts, and restoration of public services—to—seme
extent. Major-Remediation work and diateguesdialogues had been
carried out with local communities, and different support centres
had been established to suppert—help those returning in the
affected areas. Long term menitering-screening for psychological

and psychosocial consequences among affected population was

had also been planned and implemented.

Activities to identify these individuals and respective surveys had

beenwere initiated-sinee in May 2011.
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General prerequisite

Status with respect to the prerequisite

Was a strategy for the
management  of  radioactive
waste  arising  from  the

emergency developed when
appropriate?

Were the

consulted?

interested  parties

The first policy in this regard was issued in June 2011. The Act

on Special Measures Concerning the Handling of Environmental

Pollution Fhe—Act—on—Radioactive Waste—Management—was
adopted in August 2011 and entered into force on 1 January 2012.

The Act defined responsibilities for monitoring, decontamination

and waste management, as well as for the provision of financial
resources. MeapwhHe—the-An interim policy was in force (from
August 2011 — 1 January 2012), which allowed remediation work

to commence and was used to guide the waste management

operations.

The “Peliey-Roadmap for Immediate Actions for the Assistance
of Nuclear Sufferers was> established—issued by the-NERHQ
METI on 17 May 2011.

communication and preparations for the transition to long term

It was intended to facilitate
recovery operations and the resumption of normal social and
economic activity. It allocated responsibilities and specified other
organizational aspects of the transition process and the objectives
of, and conditions for, the termination of the emergency response
phase. The peliey—roadmap was revised in July 2011. Status
updates on the progress in implementing the policy were issued
each month until December 2011. For example, consultations
the governments and national

were held between local

government on the evacuation prepared areas before .the NERHQ

towns—and—villages—concerned—and;_the designation of this area
was withdrawn on 30 September 2011-asked-the NSCforadvice

liftine of : : .

| TABLE I-13. STATUS WITH RESPECT TO THE SPECICIC PREREQUISITES FOR
TRANSITION TO AN EXISTING EXPOSURE SITUATION FOR THE FUKUSHIMA DAIICHI

CASE STUDY

Status with respect to the prerequisite

‘ Specific -prerequisite

| Were justified and optimized Remedial actions were being implemented with the aim te—of
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Specific -prerequisite

Status with respect to the prerequisite

actions taken to reach the
generic dose criteria which
would enable transition to an
existing exposure situation and
to ensure that the assessed
residual doses would approach
the lower band—bound of the
reference level for an emergency

exposure situation?

Were areas delineated which
were not open for unrestricted
use by the public prior to the

termination of the emergency?

Were administrative and other
provisions put in place for these

to  monitor
with the

delineated areas
compliance

restrictions?

Was a strategy developed for the
restoration of infrastructure,
workplaces and public services
necessary to support normal
living in the affected areas (e.g.
public transportation, shops and
markets, schools, kindergartens,

health care facilities, police and

reaching the projected effective dose criterion of 20 mSv_per

yearfy projected-effective-dose-criterion-within the affected areas.
The relevant policies adopted—had foreseen—continuation—of

. S . . . also

specified a long-term target for additional exposure of 1 mSv_per

year-inthe-long-term,

Initial delineation of areas had-beenwas carried out in March and
April_2011, when urgent and early protective actions had
beenwere implemented. On 22 April 2011, the status of these
restrictions were alse—elearhy—clarified and announced-fer—these
areas; and, in the period up to November 2011, such further areas
were specified anneuncement-had-been-givenforwhere -hot spots

areasof activity had been found and from which people were

advised to relocate. By 26 December 2011, clear policies and

directions for each restricted area had beenwere formulated.

On 28 March, a decision was taken to prohibit access to the
evacuated areas, and evacuees were informed about this decision
on 30 March 2011 [I-1].- The 20 km zone was announced as a
restricted area on 22 April 2011. Conditions for temporary access
to the area within a 20 km radius of the nuclear power plantNRP
were defined. On 9 May 2011, the NSC provided advice on the

implementation of temporary access. Access was sequentially

permitted after coordination of relevant local governments,

Fukushima Prefecture and others. The arrangements included

specific instructions and monitoring for contamination.

Arrangements implemented during the transition phase and
strategies/policies developed considered restoration of normal
social and economic activities and mitigation of economic
impacts and restoration of public services-te-some-extent. Major
Remediation work and dialogues had been carried out with local
communities, and different support centres had been established
to suppert-help those returning in the affected areas.
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Specific -prerequisite

Status with respect to the prerequisite

firefighting service, etc.)?

Were mechanisms and means in
place for continued
communication and consultation
with all interested parties,

including local communities?

Was any change or transfer of
authority and responsibilities
from the emergency response
organization to organizations
responsible for the long term
recovery operations completed
As of September 2011, the
Support—Team—for—Residents
Affected by Nuclear Incidents in
the NERHQ has been publishing

As-dDifferent radiation protection measures had-to-be-takenwere

implemented in different impacted-areas,—and-as-many-people-in
these—areas—had—been—tiving—in—evacuation—sites; and it was

necessary to provide affected people had-to—be—provided-with
more detailed information on radiation safety as-wel-as-aboutand

matters affecting their daily lives seen—afterfollowing the

accident. One of the challenges in deing-seachieving this was the
unavailability of thattelevision and the Internet were-available-to

alimited-extent-in many areas. Fo-respond-to-the-needs—of this
population—from-29-March-to-30-June2011tThe Local NERHQs

published a newsletter and distributed it at-to each evacuation

site; as of April 2011, this information was also periodically
broadcasted threugh-by local radio stations. Materials—regarding
tInstructions under-the-pame-offrom the Director -General of the
NERHQ, press releases on monitoring data ef-from the Ministry
of Education, Culture, Sports, Science and Technology (MEXT),
menitering—data—by—geographic—area—and materials on support

measures for local business corporations; were provided to local
municipalities depending on their need. Such information was

immediately-also released to the local media threugh-by means of
press conferences-ete.

The adopted policies for the management of different areas
clearhy-identified the conditions under which the situation would
be managed by local authorities. For example, according to the
“Act on Special Measures Concerning the Handling of
Environmental PollutionZ, the contaminated areas were arranged
into two categories, based on the additional annual effective dose
estimated in the autumn of 2011: Special Decontamination Area
and Intensive Contamination Survey Area. Within the Special
Decontamination Area, which overlaps the former restricted
areas, the national Geverament-government has the responsibility
offor formulating and effecting remediation plans. The Intensive
Contamination Survey Area includes those municipalities where

the additional radiation doses in the first year was-were estimated

to be between 1 mSv and 20 mSv-fer-individuals-in-semepartsof
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Specific -prerequisite

Status with respect to the prerequisite

?

Were the information and data
gathered during the emergency
with regards to the long term
planning shared among relevant

organizations and authorities?

Was a long term monitoring
strategy developed in relation to

residual contamination?

Was a long term medical follow-
up programme for the registered

individuals developed?

Was a strategy for mental health
and psychosocial support of the
affected population and for

consultation in relation to

the—municipality. Municipalities conduct monitoring surveys to

identify areas requiring decontamination implementation plans
and implement remediation activities in these areas, with the
and

national Gevernment—government providing financial

technical support to facilitate the remediation.

MEXT opened a portal site on radiation monitoring in August
2011 by—compthngthat included information on_the monitoring
being conducted by related ministries and agencies in line with

their own administrative objectives,—and—updated—the—site—as
needed. In order to aggregate-and-aceumutate-collate monitoring
data and to facilitate the—utilization—thereofits use, the Japan
Atomic Energy Agency teek—the—initiative—in—creatingcreated a
database that linkeding the data to geographical information. The
response to the accident has-provided a number of examples that
show the benefits of involving affected populations in activities
for recovery, from consultation and dialogue to involvement in
remediation actions (so-called self-help actions). Open—and
revitalization—An information hub, called —fer—the—area—on
decontamination—{the Decontamination Information Plaza,} was
opened in Fukushima City in January 2012 as a joint project of
Fukushima Prefecture and the MOE.

The plan for detailed monitoring was announced on 13 June 2011.
Further activities to formulate a comprehensive monitoring plan

continued in August 2011. The plan was subsequently revised in

April 2012.

Consideration-of-the-need-fora-The first stage of a screening and

monitoring programme fer-the-affected-population-was initiated
in May-June 2011. ~whieh-It included those-programmes for the

early detection of radiation induced cancers and for —effects on

mental health and lifestyle.

Comprehensive medical check-ups for evacuees were conducted

: : ol _— :

muhicipalities—TFand the mental health and lifestyle survey,
conducted as part of -the Fukushima Health Management Survey,
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Specific -prerequisite

Status with respect to the prerequisite

psychosocial

consequences developed?

health

also-included questionnaires covering physiological and—mental

conditions, lifestyle changes, experiences of the earthquake and

tsunami and radiation related issues.-in-orderto-be-able-to-provide
adeguate-mental-care-and-lifestyle supportfor-evacuees-under-the

Fukushima—Prefecture—Health—Management—Survey-  From
December 2011 toMarch-2012_a Centerfor Disaster Mental

With regard to the general public, the Ministry of Health Labour

and Welfare has been engaged in efforts to dispatch mental health

care teams. These efforts include providing access to telephone

counselling for persons who were found by the Fukushima Health

Management Survey to have high risk, or those who indicated a

wish to talk about their concerns. Public health officials (district

nurses, midwives, etc.) have set up a number of initiatives on a

local basis, including focus group discussions and counselling for

pregnant women and young mothers [1-13]. With regard to mental

health care resources, new major facilities were established in

Fukushima after the accident. For example, a mental health

support team from Fukushima Medical University has been

providing counselling by telephone to approximately 4000

evacuees at risk of psychiatric disorders such as posttraumatic

responses or depression every year since the accident [I-20].

Another facility, the Fukushima Kokoro No Care Center, with

around 50 staff consisting of psychiatrists, social workers, clinical

psychologists, nurses, and occupational therapists, also began to

provide mental health intervention programs in 2012 [1-20].
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Specific -prerequisite

Status with respect to the prerequisite

Was a strategy

under

consideration to compensate

victims of damage

from the emergency?

resulting

-The Dispute Reconciliation Committee for Nuclear Damage
Compensation  (Reconciliation =~ Committee), which  was
established under-the-Act-on-Compensation-for- Nuclear Damage
{Compensation-Act)-summarized-on-28-in April 2011, to provide

guidelines defining the scope and amount of compensation falling

under the responsibility of the operator (TEPCOQ). Its first interim

quidelines were published on 5 August 2011, -the—Preliminary
ideli : L : : |

I o sshi ok | Daini |

Stations—The—Preliminary-GThese guidelines clarify the basic

consideringcompensation _and  damage  associated  with:

evacuation—eests; the establishment of marine exclusion zones

and no-fly zones; restrictions on shipping agricultural products;
the Government’s—other government orders; —‘rumour-related’

damage; radiation exposure, decontamination and other indirect




Specific -prerequisite

Status with respect to the prerequisite

operation-commenced-on-26-September2011-The enactment on 5

August 2011 of the Act on Emergency Measures Related to
Damage Caused by the 2011 Nuclear Accident (Act No. 91 of

2011) [1-21], inter alia, enabled the Government of Japan to start

making provisional compensation payments in place of TEPCO

as an _emergency measure. The government also implemented

other means to allow the operator to cope with its obligations

towards the victims of the accident. In September 2011, the

government pursuant to the Nuclear Damage Compensation
Facilitation Corporation Act (Act No. 94, 10 August 2011) [1-22]

set-up the Nuclear Damage Compensation Facilitation

Corporation (currently the Nuclear Damage Compensation and

Decommissioning Facilitation Corporation (NDF)). The Act

envisages a procedure whereby the liable operator may request

financial support from NDF in cases where the actual amount of

damage to be compensated is expected to exceed the financial

security amount envisaged in the Compensation Act.
Additionally, in July 2012, NDF paid Yen 1 trillion for preferred
shares and became the controlling shareholder of TEPCO with a
little over 50% voting rights [1-23].
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Specific -prerequisite

Status with respect to the prerequisite

Were administrative
arrangements, legislative and
regulatory provisions in place,
or were the corresponding
amendments underway, for the
management of the existing
exposure situation, including
provisions for the necessary
financial, technical and human

resources?

Was individual monitoring of
members of the general public
still required for radiation
protection purposes?

tThe national system thatwas-in place prior to the emergency did
not cover the management of an existing exposure situation of
this extentsize.; Aall the necessary policies, guidelines and acts

had—been—urgenthawere therefore prepared after the accident,
starting—beginning in June 2011. Resource needs (expertise,

manpower, equipment and material) had—beenwere mobilized
from all over Japan, and the logistic support (transport, housing,
etc.) was organized accordingly

No, only for the affected population.
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THE RADIOLOGICAL ACCIDENT IN GOIANIA, BRAZIL

+-56-1-52. In 1985, a radiotherapy institute, the Instituto Goiano de Radioterapia (IGR) in
Goiania (Brazil), moved to new premises. During this process; leaving-in-place-a caesium-137"'Cs
teletherapy unit was left in place, without notifying the licensing authority, the Brazilian National

Nuclear Energy Commission (CNEN), as required under the terms of the institute's licence. The
former premises of the IGR were subsequently partly demolished. As a result, the radioactive source
remained in an insecure condition, which subsequently leading—led to the radiological accident
(elaborated in details in Ref. [1-16247]).

+511-53. On 13 September 1987, two people (W.P. and R.A.) entered the premises looking for
valuable material and scrap that they could sell. They found and dismantled the abandoned teletherapy
unit with common tools and removed the rotating radiation head with-that contained the source
assembly. They brought-transported these items back-home-in a wheelbarrow to their homes, half a

kilometre from the site of the institute. In the evening both people began to vomit.

}-52.1-54. On 14 September 1987, W.P. suffered from diarrhoea, felt-dizziness and exhibited
oedema on one hand. He consulted a medical doctor on 15 September 1987 and his symptoms were
diagnosed as being-an kind-of-allergic reaction to a-bad-food. In the meantime, R.A. proceeded with-to
dismantling-dismantle the radiation head in his backyard. He finally extracted the *'Cs capsule from
the source wheel, and-eventuatly—punctured the 1 mm thick window of the source capsule with a

screwdriver and scooped out some of the radioactive material.

+53:1-55. On 18 September 1987, the remnants of the source assembly were sold for scrap to a
junkyard. The junkyard owner (D.F.) noticed that the source material glowed blue in the dark and took
the capsule into his house. In the following days, several persons — neighbours, relatives and
acquaintances — were invited to see thise phenomenon. Fragments of the source, with-of the size of
grains of rice-grains, were distributed te-among several families. This proceeded-continued for several

days, by which time a number of people suffered from vomiting and diarrhoea including D.F.’s wife.

+54:1-56. On 25 September 1987, D.F. sold the removed-lead shielding that had been removed

from the unit and the remnants of the source assembly to another junkyard. By 28 September 1987,

D.F.’s wife suspected that the glowing powder was the eaustng-cause of the symptoms of ill health.
She reclaimed the materials from the second junkyard and transported them by bus in a bag to the
Vigilancia Sanitéria, a public health department in Goiania. In the morning of 29 September 1987, a
vistting-medical physicist, visiting the Vigilancia Sanitaria, usthg-a-seintitlation-ceunter-identified the
presence of radioactivity using a scintillation counterat-the-\/igHaneta-Sanitaria.

Emergency declaration and urgent protective actions

+-55:1-57. On 29 September 1987, the Director of the Department of Nuclear Installations at
CNEN was notified by telephone. He suggested to-gatherthat more information should be gathered

about the radioactive source, the nature of the accident and the extent of the contamination. He also
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and-called the IGR. In Goiania, the authorities alerted the police, the fire brigade, ambulance services

and hospitals. ‘When—thefirst CNEN-teams—arrived-on-30-September1987-Tthe local authorities

transferred management responsibilities to CNEN, when the first CNEN teams arrived on 30

September 1987. They were which-was-supported by the state military police and fire brigades, and

later by the Brazilian army.

+-56:1-58. Existing emergency arrangements at the time of the accident were designed to eepe

withrespondse to possible nuclear accidents at the Central Nuclear Almirante Alvaro Alberto

(CNAAA) nuclear power plantNPP, or small scale radiological emergencies in the non-nuclear power

sector, such as transport accidents or accidents with radiography sources. The Goiénia accident did not

fall into either category; it was therefore necessary to establish -specific arrangements -had-to-be-set

up—based on an appropriate combination of eembining—elements from the existing plans—in—an

+571-59. Priority in the emergency response was given to the medical aspects;; the isolation of

the radioactive source and the contaminated areas that had atreachy-been identified;; the assessment of

the environmental contamination and the reinforcement of human and technical resources.

Isolation of the source

+-58:1-60. The remnants of the source located in the courtyard at-of the Vigilancia Sanitaria were
shielded in place on 30 September 1987. Using a crane, a section of sewer pipe was placed over the
remnants and filled with concrete pumped over the wall of the courtyards—wall. This operation was
completed by the early afternoon of the second day. As a result, the dose rates in the surrounding area
were significantly reduced, and since contamination was not a major problem_in this area, most of the

area that had been cordoned off around the site could be reopened.

Monitoring and medical response

+59:1-61. Upon identification of the accident, the Goias State Secretary for Health made plans
for receiving and isolating identified patients and screening people who had-pessiblymight have been
exposed at the eitys-Olympic stadium_in the city. The areas surrounding the known contaminated
sites, where the dose rate exceeded 2.5 uSv/h®, were evacuated and the residents directed to the

stadium for contamination control. Access to these areas was further centrelledrestricted.

+-60:1-62. As the environmental monitoring proceeded, several other sites of significant
contamination were guickhy-identified. and-theirResidents at these sites were evacuated and sent to
the local soccer stadium for medical examination and contamination checks. Blood, urine and faeces

samples were obtained from each of the patients for bioassays.

53 This first approximation was roughly based on the occupational dose limit of 5rem (50 mSv) per year (about 240
workdays at 8 h/day) recommended at the time and considering that the dose limit for the public was 10 times lower. This
value was confirmed later because the underestimation regarding—of the—heuseresidential occupancy compared to
occupational occupancy was cempensated-counteracted by the fact that the clean-up would-lasted about 3 months.
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+-61:1-63. At the stadium, individuals identified with symptoms of over exposure to radiation

radiclogical-everexposure-symptoms-had-beenwere sent to the Tropical Diseases Hospital for medical

care. Contaminated persons were requested to place their clothes in bags and to take a showers. Those

people showing signs of with-internal contamination were referred for further medical care.

+62:1-64. Due-te/As a consequence of spreading rumours, many people went to the stadium for

reassurance, which straining-strained the limited monitoring resources then available.

}-63.1-65. On 1 October 1987, six patients, and, two days later, four more patients, were

transported to Naval Hospital in Rio de Janeiro for intensive medical care.

1-64:1-66. Monitoring teams mapped the main contaminated sites and identified all hot spots,
ensuring that no one else was at risk of serious exposure. This, however, did not preclude the
possibility of later discovering other, less severely contaminated, areas that could-might also reguest
require actions and control.

Transition phase

}-65.1-67. By 3 October 1987, the situation had been brought under control; there was no further
risk of high exposures, and the most contaminated sites had been identified and evacuated. The main
concerns were the further-continuing treatment of the injured, the-improvement of the conditions at the

sites of contamination, the-clean-up operations and waste management.

1-66:1-68. The following week was devoted to the preparation of plans and strategies for the
recovery. Resource needs (expertise, manpower, equipment and material) were assessed and
mobilized. Taking into account the expected increase of resources, the logistic support (transport,
housing etc.) was organized accordingly.

+67-1-69. Patients in hospital and inhabitants of contaminated residences were interviewed
concerning visiters—aned-their own movements and those of any visitors in order to identify potential

additional routes by transfer—of which contamination_may have spread. Further surveys were

conducted to confirm and localize less contaminated spots. Prior to environmental decontamination,
plans were made for carrying out a comprehensive survey by car- and airborne gamma spectrometry
and organizing an environmental survey programme. Various procedures were developed and written ;

namehy-for: access control to contaminated areas;; action criteria;; equipment QA/QCquality assurance

and control; and medical follow-up (selection for cytogenetic and other blood tests). Plans for dealing

with the large amount of waste expected to be generated by clean-up activities were_also established

(e-g—gatheringincluding procuring the necessary -professional, technical and support staff, equipment,

chemicals and machinery; finding-identifying a suitable temporary disposal site; and defining the

specifications for waste containers).

+68:1-70. The dose rate criteriona of 2.5 uSv/h for evacuation, stated—established at the
beginning of the emergency, wasere reconsidered; taking into account the yearh+annual exposure limit

for members of the public (5 mSv per year/y) and more realistic, but still conservative, estimates for
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occupancy and geegraphical-the spatial distribution_of activity to relate the mean dose rate to the
maximum dose rate. A time factor was also applied to reflect the decrease in radioactivity due to, for

example, to-cleaning or weathering. A new-revised Hmit—criterion of 10 uSv/h for evacuation (and

return) was adopted.

Medical follow-up

+69:1-71. Striet-mMeasures were taken to protect the-medical staff agairst-from contamination
and exposure during-the-three-menthsfer-during whieh-the patients’ were-treated-treatment in hospital.
The doses received by the medical staff were below 5 mSv over the three month duration of the

patients' hospital care.

+70:1-72. Follow-up studies, including a continuing bioassay and whole body monitoring
programme, were performed on the contaminated persons. Prussian Blue was used to speed up the

*’Cs biological excretion processes for **'Cs.

Comprehensive environmental monitoring

173, The subsequent monitoring efforts faced-encountered various difficulties in surveying
the urban area and the river basin. Due to the heavy rain that had fallen between 21 and 28 September
1987, the caesium contamination had been further—dispersed from the ruptured capsule into the
environment. Instead of being washed out as expected, radioactive materials were deposited on roofs,

and this-wasbecame the major contributor to dose rates in houses.

72174, Samples of soil, vegetation (leaves, branches and fruits), water (from the nearby river,

wells and public water supply), rainwater and air were collected and measured.

Post-accident recovery operations

+73:1-75. Some 550 workers were engaged in the decontamination operations.

+H74:1-76. Significant contamination was found in 85 houses. Movable items (e.g. clothes,
furniture) were breught-eutremoved to a nearby uncontaminated area for monitoring. Items free of
contamination were wrapped in plastic, while contaminated items were decontaminated, where
possible, -in-an-aceeptable-way-or etherwise-disposed of as waste. When the contents of a house had
been removed, the inside and roofs were cleaned—tp. Seven highly contaminated houses were

demolished because-as decontamination was not feasible.

75177, Forty-five different-public places, including pavements, squares, shops and bars were

decontaminated. Contamination was also found on about 50 vehicles.

+76:1-78. In gardens, fruits were pruned from trees and eliminateddisposed of. Much of the soil
from enclosed gardens and yards was also removed, following en—the—basis—of—soil profile

measurements. The site of the highest contamination was the house where the source capsule had been
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breken-ependismantled. Exposure rates were very high, necessitating rotation among workers to keep
their daily dese-limitexposure below the-a criterion of 1.5 mSv-eriterien.

179, After removal of rubble and soil, the place—decontaminated area was covered by

concrete or clean soil.

Waste management and disposal

++78-1-80. By 3 October 1987, it was evident that large volumes of radioactive waste would be
generated. Plans were developed for dealing with the decontamination operations and waste

management.
+79:1-81. The preparation of decontamination operations included:

— Choice of a suitable disposal site;

— Design and construction of waste containers;

— Assemblage—Collection of the heavy machinery, such as excavators and back- and front-
loaders;

— Updating ef-written operational procedures;

— Testing ef-various decontamination techniques;

— Preparation of a work timetable.

H80—A-It was necessary to find suitable location for the disposal site—had-to—be—found,—suitable
-and to identify and address the
constraints associated with the disposal and transport conditions-had-to-be-deali-with. Because-As a
consequence of public concern, it was not any-possible to locate the disposal site in Goiania-was—+uled

out. The decision on the location of the waste storage site, its planning and construction took more
time than had been expected. A site, 20 km outside the city, was chosen as a temporary disposal site
on 16 October 1987-but and major decontamination work started enty-byin mid-November.

18%1-82.  The elean-up-operations-of-the-decontamination ef-the-main-foci-and-remaining-areas

started—bythemiddle—of November—and—were—carried—outoperations continued until the end of
December 1987. The total volume of waste stored was about-approximately 3500 m3 [1-16247].

Conclusions

+-82.1-83. Retrospectively, The different seguences—stages of the aecident-management of the

accident, and a number of key milestones can be recognized by retrospective analysis {see-Fig—-4}

and roughly associated with the different phases of an emergency diseussed-described in Section 2 of
this Safety Guide (see Fig. 1-4). However, the complexity of the accident, together with the absence of
specific emergency plans to address such a situation, resulted in unclear-the demarcations between the

specific activities and phases being less clear at the time.

1-83.1-84. The emergency response phase began on 29 September 1987, when the broken **'Cs

source was identified as the cause of the symptoms affecting those who had been in contact with it,
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and when the CNEN was notified. Urgent and early protective actions, such as the identification and
care of severely exposed people; identification and isolation of the source; evacuation and cordoning

off the most heavily contaminated placesareas; and contamination controls and decontamination of

evacuees were carried out during the following days. The emergency response phase, during which all
potential sources of contamination were brought under control, was completed by around 3 October
1987.

EXISTING EXPOSURE

EMERGENCY EXPOSURE SITUATION SITUATION

Declaration of the emergency class
Termination of the nucl. or rad. emergency

EMERGENCY RESPONSE PHASE \
TRANSITION PHASE
URGENT EARLY
RESPONSE PHASE RESPONSE PHASE
L) L) L} L] >
29 September 1987 3 October 1987 16 October 1987

Fig. I-4. Retrospective sequencing and milestones of the Goi&nia accident management.
1+-84-1-85. The following two weeks, from 3 to 16 October 1987, can be considered as a-to be the

transition period, during which the main focus of response was to set up a general strategy for the

overall recovery. This included:

— Organizing the management structure for the recovery operations;

— Re-evaluating or setting ef-dosimetric criteria and operational criteria for implementing
relevant works;

— Assessing and gathering the resources needed;

— Mapping the geographical distribution of the contamination;

— Developing and writing procedures for access control, equipment QA/QC and the selection of

health screening methods (cytogenetic and other blood tests);

— Choosing a suitable location for the disposal of waste;
— Defining specifications for waste containers;
— Setting up an environmental monitoring network;

— Developing a public communication strategy.

1+-85:1-86. Although there was no clear termination of the emergency-situation, 16 October 1987
might be considered as the beginning of the existing exposure situation, with the decision regarding
the waste site. elean-upDecontamination operations starting-started by-in the middle of November

following the necessary preparations. The decontamination of the main foci and remaining areas was
carried out from mid-November until the end of December 1987. The rehabilitation phase, with the

aiming- ofte restoringe normal living conditions, continued until March 1988.
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I-87. The_ results of an analysis of the fellewingjudgements-can-be-made-based-on-the-case study
with regard to_the fulfilment of the prerequisites for the termination of a nuclear or radiological
emergency, contained in Section 3 of this Safety Guide, are presented in Tables I-4 and I-5. These
tables reflect the situation that existed on 16 October 1987 (see Fig.I-4), which is the date at which the
retrospective analysis indicates that the conditions for termination existed.
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| TABLE I-34. STATUS WITH RESPECT TO THE GENERAL PREREQUISITES FOR
TERMINATION OF AN EMERGENCY FOR THE GOIANIA CASE STUDY

General prerequisite

Status with respect to the prerequisite

Had the necessary urgent and early

protective actions been

implemented?

Was the exposure situation stable and

well understood?

Was the radiological situation well
characterized, and were the exposure
identified
assessed for all the affected people?

pathways and doses

Was the source of exposure brought
under control, and were no further
significant accidental releases or

exposures expected due to the event?

Was the current situation assessed,
and were the existing emergency
arrangements reviewed and new

arrangements established?

Were the for

occupational

requirements
exposure during a

planned exposure situation confirmed

The affected people had been identified and were taken care
of; the contaminated places—areas had been delimited;;
residents had been evacuated and access controls were in
place; and the radioactive source had been located and

isolated.

The radioactive source had been isolated; no further
significant dispersion of the contamination was expected; the
history, affected

associated with-and-acters-of the accident were known.

individuals and responsible parties

Monitoring had been carried out, the affected people and the
contaminated places-areas had been identified and doses had

been assessed; initial intervention criteria had been revised,

taking into account more

parameters associated with the the-—censumption—andtiving
habits of the affected people-had-beenre-assessed.

realistic and site specific

The
‘nentralized?brought under

evacuated from contaminated areas and access controls were

had

control;

radioactive  source been located and

residents had been

in place, preventing further significant exposure.

Ref.The IAEA report on the accident H-167}recommends

recommended that “preparedness to respond to radiological

emergencies should extend not only to nuclear accidents but
to the entire range of possible radiological accidents” [I-24].
Prior to the accident, Brazil did—had not considered such
anthe potential for radiological emergeney-emergencies in its
Any changes felewing—the
aceident—in the national arrangements that followed the
accident reguired-occurred on a timeframes that-ge-beyond
those-covered-inthat of the references consulted.

emergency arrangements.

Fhe-A daily effective dose Hmit-criterion for workers was set
at 1.5 mSv; other criteria were used for longer periods of
activitr-work (5:86 _mSv per week; 15:0 mSv per month and
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General prerequisite

Status with respect to the prerequisite

for all workers engaged in the

recovery activities?

Was the situation

assessed against reference

radiological
levels,
criteria and

generic operational

criteria, as appropriate?

Were non radiological consequences
(psychosocial, economic) and other
factors (technology, land use options,
availability of resources, community

resilience) identified and considered?

Was a registry of those individuals
requiring further medical follow-up
established prior to the termination of

the emergency?

Was a strategy for the management

of radioactive waste arising from the

emergency, when  appropriate,
developed?
Were  the  interested  parties
consulted?

30-9 mSv per quarter). These limits were compatible with the
yearhyr-annual effective dose limit of 50 mSv used-in force at

the time.

A maximum effective dose level of 5 mSv was set and used

as the reference for public exposure; operational criteria for

evacuation and remedial actions were defined accordingly.

It is not clear whether, and to what extent, these aspects had
been thoroughly considered and to what extent this would

have been necessary, given the type of the emergency.

However, it was noted that some of the inhabitants of
Goiania were subjected to discriminationed-agatnst, even by
their own relatives. Sales of the main economic products of
Goias State (cattle, cereals and other agricultural products, as
well as cloth and cotton products) fell by one quarter in the

period after the accident.

The affected people had been identified and were taken-care

of receiving the necessary medical attention.

Within—In the period up to 16 October 1987, various
activities fer-associated with choosing a suitable location for
the disposal of waste and for defining the specifications for

waste containers were carried out.

It is not clear #whether or to what extent consultation with
interested parties had-occurred before 16 October 1987. A
communication strategy had—beenwas
consideration in—the—peried—up—toat that time—16—October
1987.

however, under

TABLE 1-25. STATUS WITH RESPECT TO THE SPECIFIC PREREQUISITES FOR
TRANSITION TO AN EXISTING SITUATION FOR THE GOIANIA CASE STUDY

Specific prerequisite

Status with respect to the prerequisite
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Specific prerequisite

Status with respect to the prerequisite

Were justified and optimized actions
taken to reach the generic dose
criteria enabling transition to an
existing exposure situation and to
ensure that the assessed residual
doses approach the lower band-bound
of the

emergency exposure situation?

reference level for an

Were areas delineated for which it
was feasible to allow unrestricted use
by the public prior to the termination
of the emergency?

Were administrative and other
provisions put in place for these
monitor

delineated areas to

compliance with the restrictions?

Was a strategy developed for the
restoration of infrastructure,

workplaces and public services
necessary to support normal living in
the (e.g.

transportation, shops and markets,

affected areas public
schools, kindergartens, health care
facilities, police and firefighting

service, etc.)?

Were mechanism and means for

continued communication and

consultation with all interested
parties, including local communities,

in place?

The dosimetric and operational criteria were developed
during the accident on the basis of dose limits for planned

operations. Thus, they were teo—more conservative than

might be considered appropriate for short-term exposures.;

but-theyThese values were the main drivers for the response

actions and remedial actions taken and the limited

monitoring and medical response resources were placed

under additional pressure as a consequence. The decision on

the criteria was strenghy-influenced by the pressure of public
opinion, - lieni - lical
respoNSe-resources.

By 16 October 1987, the evacuated areas to which access
was restricted had-beenwere known.

Access to these restricted areas was controlled.

No relevant information was found or expected, in view of

considering-the limited eonsequences—ofarea and number of
people affected by the accident.

In order to restore public trust and improve credibility,
decontamination workers were encouraged to explain to
people what they were doing and why, and to accept offers
of drinking water and food from people's houses. They also
made frequent appearances on television, using analogies—in
simple language and analogies with common applications of
radiation, such as medical X-rays. Several tatksdialogues
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Specific prerequisite Status with respect to the prerequisite

were ghven-teheld with different sections of the population,
community groups and journalists. Around 250 000 copies of
a pamphlet were-distributed-to-explaining radioactivity and
radiation were distributed. A telephone service was operating

operated 24 hours a day to answer inguiries—enquiries or
receive information about other possibly contaminated

people or sites.
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Specific prerequisite

Status with respect to the prerequisite

Was any change or transfer of
authority and responsibilities from
the emergency response organization
to organizations responsible for the
long term

recovery  operations

completed?

Were information and data gathered
during the emergency that was
relevant to the long term planning
relevant

shared between

organizations and authorities?

Was a long term monitoring strategy
developed in relation to residual

contamination?

Was a long term medical follow-up

programme for the registered

individuals developed?

Was a strategy for mental health and
psychosocial support of the affected
population and for consultation in
health

relation to psychosocial

consequences developed?

Was a strategy under consideration to

compensate victims of damage

resulting from the emergency?

Were administrative arrangements,
legislative and regulatory provisions
in place, or were the corresponding
amendments underway; for the
management of the existing exposure

situation, including provisions for the

The authority remained with CNEN and, thus, there was no

need for any transfer of responsibilities.

Not applicable, as CNEN remained in charge.

Consideration was-had been given to this-the development of

a_monitoring strategy for residual contamination by 16
October

1987. The general environmental monitoring

programme continued in 1988. The monitoring of—alse—en

decontaminated sites—and—lasted was maintained on a

continuous basis until 1996.

Follow-up studies, including a continuing bioassay and

whole body monitoring programme {that-centinued-unti-the
beginning—efF-1988)—were performed on the contaminated

persons. These studies continued until the beginning of 1988.

Some emphasis—consideration was given to supportive
psychological therapy ef-for the wietimsexposed people, but
it was recognized that a-mere-adeguatefurther development

of the system of social and psychological support was

needed.

No information was found.

Resource needs such as —{expertise, manpower, equipment
and material } were assessed and mobilized. T;—anrd—the

necessary logistic support, for example —{transport _and;

housing,-ete-} was organised accordingly.
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Specific prerequisite Status with respect to the prerequisite

necessary financial, technical and

human resources?

Was individual monitoring of MNeThere was no need for continuing individual monitoring

members of the general public still of members of the general public, eabyforwith the exception

required for radiation protection of the registered affected people.

purposes?

THE NUCLEAR INCIDENT AT THE PAKS NUCLEAR POWER PLANTNPR, HUNGARY

1-86-1-88. The Paks nuclear power plantNPP in Hungary has-comprises four WWER 440 MWe

reactors that supply about 40%forty percent of the electricity to the country. Units 1-4 went into
commercial operation between 1983 and 1987.

+8%1-89. On 10 April 2003, an fuelcleaning—incident occurred during—in the course of a

operations to clean fuel assemblies, during a scheduled maintenance shutdown for Unit 2. Thirty fuel

assemblies had been removed from the Unit 2 reactor and placed in a fuel cleaning tank approximately
10-ten meters under water in a shaft adjacent to the fuel pool. The external surfaces of the fuel

assemblies were being cleaned due-to remove depositions of magnetite depesitions—on-from their

cladding, during-using a specially designed chemical cleaning process [1-17258 — 1-192720].

$-88.1-90. At 21:53>* on 10 April 2003, workers detected an increase in the activity of “Kr, from

awas—detected-by-the-workers-on-the measurement system krypton-*—measurements-installed in the
cleaning circuit. —and,—aAt about the same time, the—emergeney—levelwas—indicated—by—the

instruments measuring the activity concentrations of noble gases aetivity—cencentration—moenitors
within the reactor hall indicated that the ‘emergency level’ had been reached. The timeline of the

different events during the incident is shown in Fig. 1-5 [I-1827260].

Taking response actions and activating the site emergency response organization

+89:1-91. Once the noble gas activity-concentration-menttersinstruments within the reactor hall
indicated that the ‘emergency> level had been reached, the plant shift supervisor ordered the
evacuation of workers from the area. Initially, it was suspected that a fuel assembly was leaking as a
result of the cleaning operation. However, several days later, {—was—observed—during—an video
inspection performed-with-the-use-ofa-video-camera-indicated that most of the fuel had suffered heavy
damage. About 16-17% of the fuel material was located at the bottom part-of the cleaning vessel in

the form of debris. Figure 1-6 shews-illustrates the extent of the damage and the location of fuel debris.

% All times are given in local time (due to the summer time system, this is UTC +02:00 hours).
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Fig. I-5. Timeline of events during the incident (courtesy of the Hungarian Atomic Energy Authority (HAEA) and the Paks
nuclear power plantNPR).

Debris thickness above
the lower guiding plate

10—-20cm
20—-30cm
30—40cm
40—-50cm
50—-60cm

Upper level of
* g7 undamaged assemblies
! counted from the lower
guiding plate

160 cm
180 cm
200 cm
230 cm
260 cm

Fig. I-6. Extent of damage and location of fuel debris (courtesy of the HAEA and the Paks nuclear power plantNPPR).

1-90.1-92. The impact—of—the—incident was of low significance in terms of its health
hazardsimpact. Altheugh-theThere was some increase in the release -diseharge-of radioactive noble

gases #to the environment-inereased compared to the normal operational situation.- However, the rate

of release initially exhibited #-was-exhibiting-a decreasing tendeneytrend; -and_-according-to-the-data
available—did not approach the discharge limits. The shift supervisor (the primary head of the Site
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Emergency Response Organization — SERO) evaluated the event on the basis of the site emergency
response plan {SERP}-and decided that there was no need for immediate emergency response action or
to alert of the SERO.

194.1-93. As-efAt 02:15 on 11 April 2003, the situation deteriorated. However, the version of
the site emergency response plan valid at the time did not allow the event to be recognized as an
accident on the basis of assessment-of-the conditions and information available at that time. did-net

1-92.1 94.  Forthe-neoble-gas-discharge—it-was—clearly stated-that-theThe rate of the discharge
release of noble gases did not reach the level specified by-in the SERP as a threshold value—for

classifying the event as accident. However—tThe signals—readings from the radioiedine—monitors
designed to detect radioiodine were distorted and increased by the significant—dischargerelease of
noble gases, making the results difficult to interpret.—Fherefere—the-evaluation-of-thereadings—from
these—measurement—tnits—was—diffieult. The assessment of samples taken-by-the-use—of a—radiation
i | yand laboratory measurements;analysis
would have provided more accurate information on the release of iodine-diseharge. However-thisThis
form of measurement was carrieddene out at arounduntH 07:45 on 11 April 2003. With full knowledge

of the exaet-more accurate diseharge-data_on the magnitude and the form of release, the situation was
evaluation-revaluated of-the-situatien-in line with SERP. was-performed-again-which-restltedHn-This
confirmed the finding that the event did not constitute an ne-accident-had-oceurred. Nevertheless, at
12:40 on 11 April 2003, ' . : the

head-of SEROshIft supervisor decided-at-12:40-on-11-April-2003; to partially set up the SERO in order
to provide a continuous control and evaluation of the situation. This SERO {cemprising-comprisedef a

control team, communication organization and a radiation situation evaluation group}. Fhe-SEROIt
functioned as-intended-inaccording to the relevant procedures until 16:00 on 13 April 2003, when its

operation was terminated.

+93:1-95. After removal of the tank cover and completion of the visual inspection of the fuel
assemblies within the tank, the SERO was fully reactivated again-at 22:30 on 16 April 2003 and
remained in operation until 09:00 on 20 April 2003. AH—n—-alin general, the assessment of the
situation and the operation of the SERO were performed in compliance with the requirement for
providing information to, and supporting decision making of, local off-site organizations—tnti-the
termination-of- the-operation-of the SERO. The SERO operated in partial response mode (comprising
the management group, radiological assessment group, staff support group and technical support
group) at the emergency response centre and continuously evaluated the situation, kept in contact with

authorities and exercised readiness for full activation if the situation deteriorated.

+-94:1-96. The operator had on-line access to a network of nine continuously operating

environmental gamma dose rate monitors located around the Paks nuclear power plantNRPR. Results

from these monitors were also received—-atavailable to off-site authorities. The monitors had an alert
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level (500 mSv/h-per-heur) based on the average dose rate over a ten minute period. The ten minute

average level was not exceeded during the incident, but the dose rate at one monitor rose significantly

during the—peried-of-the peak in the initial release-peak. The operating personnel at the site did not
notice this change until-ater—Had-they-observed-this-change-earhier—theyat the time, when it cwould
have gained—provided additional information that—weuld—have —helped—te—gain—a—better

understandingabout the nature of thea release. -forwhich-they-did-not-have-specificplans—Hwas-neted
by-the-oOperating staff at the Paks nuclear power plantNPP noted that they were faced with significant

amounts of other information, which was a contributing factor to the inability to fully understand the
situation at the time w ion-i
with-at-the-time-[1-17258]._In addition, there were no specific plans in place for dealing with such

releases.

Recovery operations

+95:1-97. The continuous cooling of the cleaning tank was ensured by the use of an auxiliary
cooling system, which was installed on 17 April 2003. In addition, continuous monitoring of the
cleaning tank and its immediate surroundings was ensuredperformed. Three days later, a plastic foil
‘greenhouse’ was built above the pond accommodating the cleaning tank. The air space within the
‘greenhouse” was subject to continuous analysis and purification. From 12 April to 20 April 2003,
Between-between 40 and 80 workers per day performed work in the reactor hall-from-12-April-te-20
Apri-2003.-Depending-on-theirworkplace—within-the-hall, they-Workers wore personal protective

equipment consisting primarily of protective clothes, compressed air breathing apparatus and gas

masks with iodine filters, depending on their workplace within the hall. Fhek—w\Working hours were
limited se-to ensure that rermal-eperational-dose limits for normal operation were not te-be-exceeded.

1+-96:1-98. Professional teams involving varieus—areas-ef-specialty(specialists in, for example,

reactor physics, hydrodynamics and technical logistics,} had—been—set—upwere established fer—to

elaberating-alternativesdetermine the safest options for the-recovery. Fhey-applied-careful-planning-to

choese—the—safestpossible—options—Their work was supported by competent specialists ef-from
Hungarian universities and research institutes as-well-asand by German-engineers_from Germany. In

addition, representatives of the Russian fuel manufacturer arrived at Paks in May 2003. The final

solution_for recovery, which involved ——e—the removal of the damaged fuel assemblies, the

provision for long term cooling and the—decision—en-—storage, ——was the outcome of a major
refurbishment effort. An autonomous cooling system and an emergency boron system for the sService

pPool were established during the first half of 2004. For the recovery from the incident, the Paks

nuclear power plantNPP established a working group (called the Recovery Project), which was
charged with the design of, preparation for and conduct of the removal of the damaged fuel. This
group had previously been charged with the normalization of the state of the system, and the
preparation for and licensing of the recovery operations [1-192720]. The licensing documentation was
submitted to the Hungarian Atomic Energy Authority (HAEA) in November 2004. The HAEA issued
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a license for recovery operations in the sService pPool based on the licensing documentation in July
2005. Manufacturing licences ef-for cases and containers for the storage of the damaged fuel
assemblies and solid radioactive waste were issued in March 2006. Authorization for the removal of

damaged fuel was granted in September 2006.

+971-99. During the normalization of the system’s status, the following main steps were taken

[1-292720]:

Separation of the refuelling pit with the damaged cleaning tank and the spent fuel pool

from the reactor;

Increase of the boric acid concentration in the refuelling pit up-to 20 g/kg—in-the
refuelling-pit;

Development of the safety borating system ef-for the cleaning tank;

Construction of an independent cooling system of-for the cleaning tank;

Separation of the refuelling pit from the spent fuel pool;

Installation of redundant temperature, coolant level and neutron measurement
instrumentation in order to provide the refuelling pit with an independently operated

instrumentation and control (I&C) system;

Detailed Mvisual exploration of the state and geometry of the damaged fuel assemblies

and the cleaning tank-in-deep-details.

+-98:1-100. Several criteria were used to ensure that workers’ exposures, surface contamination
and activity concentrations in air during respense-actionsrecovery operations were taken-en-a—+eutine
basis—(asconsistent with those for normal operation. }inr—terms—ofworkers’exposures,—surface

contamination-oraiactivity-conecentrations—The Plant-plant Radiation-radiation Pretection-protection
Code-code listed these criteria as well as the situations in which the use of sel- personal protective

equipment (such as protective clothes, breathing apparatuses and; gas masks;—ete:) was necessary; it

also provided information on how to apphy-use the equipment.

+99:1-101. In plannlng for radiation protectlon measures, it was necessary whie-performing-the
to determine the
radiological situation inside the reactor hall—r-orderto-remainwithin-eceupational-dosetimits—for
normal-eperation. The activity of radionuclides accumulated in the fuel assemblies had-beenwas
calculated on the basis of the time which-the assemblies had spent in the reactor and some other
parameters influencing the burnup of fuels. To validate the model calculations, eontrol-measurements

were-carried-eut-Ggamma dose rate measurements were performed en-at several locations inside the

cleaning tank with a gas ionization detector.

Monitoring and assessment

+100:1-102.  Following the incident, sSeveral activities were undertaken -response-to-the-incident

to monitor and assess the situation in detail {including—characteristics—oftherelease—to—the
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envirenmment) and to confirm its stability. This also included assessments of the characteristics of the

release to the environment.

H104.1-103.  In—accordanee—with—the-—nNational arrangements_included; the—a national radiation

monitoring and warning system_(NMWS) {comprising ef—organizations appointed—by—central
administration—organs—participating in the emergency response system and by—other professional
organizations. } starts-the-operation-in-an-event-of aradiation-emergency—The system was intended to

be activated in the event of a radiation emergency and to operates to support the availability of the

information necessary for the-decision-preparation-and-decision making.

1102.1-104.  Fertheln order to improve understanding and assessment of the radiological situation,

a coordinated environmental monitoring survey was initiated with the involvement of this—the
NMWSsysterm. The objectives of the monitoring activities were to collect and evaluate the-detailed

information on the radiological situation in the eloserand-widersurrounding-areas ef-surrounding the
Paks nuclear power plantNPPR in order to assess the-situation-andwhether there was a the-need for any

off-site protective actions and to provide authentic, trustworthy and timely information to the public.
In addition, the Hungarian Meteorological Service provided trajectories of the likely dispersion and
distribution of radioactive material over the territory of Hungaryin-Hungary. Mobile laboratories of

different organizations were involved in measuring the ambient gamma dose rates, and the system of
fixed laboratories provided grass, soil and water samples and in-situ measurement results from various
locations in Hungary-ever-the-territory-of Hungary. The duration-efincreased measurement_ campaigns
covered-continued for the entire period of the incident, from 11 to 26 April 2003. The following

figures show, respectively, the results of the extensive radiological measurement and assessment

activities: Fig. I-7 presents estimates of the noble gas release, Fig.1-8 presented estimates of the **I-

131 equivalent release and Fig. 1-9 the estimated airborne releases; Fig. 1-10 presents the **|-131

equivalent activity in different plants fer-thein central part-ef-Hungary; and Fig. 1-11 shows the results
of the same measurement types for the region near—surrounding Paks (all figures courtesy of the
HAEA and the Paks nuclear power plantNRR).

+103:1-105.  Based on the measurements results and the assessment of the situation following the
incident, it was concluded that no significant release of radioactive material #to the environment had
occurred and no actions were needed for the protection of the public in rearand-fartherthe regions
areund-surrounding the Paks NPPnuclear power plant.
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Fig. I-7. Noble gas release. Fig. 1-8. 11131 equivalent release.
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Fig. 1-9. Airborne release.
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Fig. 1-10. *311-134 equivalent activity in different plants forin the-central partof-Hungary
[Ba/kg fresh weight].

Fig. I-11. *11-131 equivalent activity in different plants forin the -region Rear-surrounding
Paks [Bg/kg fresh weight].
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+104-1-106.  Starting-enFrom 16 April 2003, the HAEA conducted model calculations to assess the

doses to_members of the public due to the release of radioactive material to the atmosphere. The

source term thatserved-as-input-forthe-modelswere-the-datawas provided by the operator of the Paks

nuclear power plantNPR. Initially, it was assumed that only a few fuel pins had been damaged.

However, fEurther calculations concerning the total amount of noble gases, iodine and fission products

released indicated that this was not the case. the-initial-assumptionsby-Paks-NPP-that-enby-afew fuel

pins-had-been-damaged-were—incorrect—nfact—based-on-theThis subsequent information, frem-the
total-amount-of radicactive-materialreleased-and evidence from the-a video recording of the interior of

the cleaning tank,; led the HAEA {as—wel-asand the operator of the Paks nuclear power plantNPP
operator-consideredto conclude that most, if not all, of the fuel rods were-had been damaged in the

incident.

+105:1-107.  The operator estimated the type and quantity of the release. Essentially, it consisted of:

— aA few hundreds-ef TBq of noble gases, mostly “**Xxenon-133 (half-life of 5.2 days) — see
Fig. I-7.

— aA few tens of TBq of radioiodine, mostly *'liedine-131 (half-life of 8 days) — see Fig. 1-8.

— ILess than 1/100th ene-hundredth-ofa-TBq of other radionuclides, principally “*Cs eaesium-
134-(half-life 2 years) and **'Cscaesium-137 (half-life of 30 years) — see Fig. 1-9.

1106:1-108.  The assessment of doses showed-indicated that the radiological consequences of the
incident were smatlow. Doses to workers were maintained well within the limits set out for normal
operation. Doses to members of the public were erby-a very small fraction of the public-relevant dose
limits and less than the dose from an-exposure due to a-day’s-natural background radiation for one day.

+1067:1-109.  Data provided by the Paks nuclear power plantNPP staff were collected and evaluated

independently by the regulatory body. No obvious discrepancies between expectations, data and
model calculations were found. The data collected by the various bodies and agencies appeared to be

consistent. For these reasons, no further detailed checks were performed on the dose assessment

provided by the Paks nuclear power plantNPP.

Protection of emergency workers and recovery workers

+-108:1-110.  Appropriate procedures were followed to minimize the individual and collective doses

to workers involved in the management of the incident—{e.g-—coHective—andpersenalprotective

measures). Dosimetry control, personal protective equipment, work order management, training and

education on relevant activities;—ete. were used—employed for that purpose. The need for dose

estimation and for medical consultation was also considered.

1091111, Attempts to lift the lid of the cleaning tank, which started at 00:21 on 11 April 2003,
required the presence of two Fframatome aAdvanced nNuclear pRower {FANP)-operators — a crane
operator, a fuel handling machine operator — as well as a member of the dosimetry control staff from

among the Paks nuclear power plantNRPR personnel.
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F116:1-112.  All personnel present were equipped with respirators with-connected to an external

oxygen supply. The crane operator had a full beard underneath his respirator. He had not received

formal training in the use of a respirator prior to the incident but was instructed at the time.

+444.1-113.  As part of the routine checks for contamination at the exit point from the reactor area,
an-external contamination above the prescribed maximum level for normal operation was detected at
on the crane operator. He was decontaminated by repeated showering, followed by shaving off his
beard and cutting ef-his hair. These activities reduced his external contamination levels to below the

prescribed levels.

+442.1-114.  The operator implemented an extensive—programme for monitoring intakes of
radionuclides by personnel present at the site during the incident, prioritizing the-menitering-on the
basis of the potential for intake. The first measurements were performed in the morning of 11 April
2003. Over 600 personnel were measured at-using the Paks-NPP-whole body counter located at the
Paks nuclear power plant. Only seven personnel had received intakes ef-thethat indicated assessed
doses were—0f close to or above 0.1 mSv. Fhis—w\Whole body eeunting—monitoring of relevant
personnel arrangement—was also Hnplemented—performed at the National Frederic Joliot Curie
Radiobiology and Radio-diagnostic Research Institute (OSSKI)fer—relevant-persennel-at-theNational

<. The two sets of
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results were consistent. Committed effective doses from inhalation of radionuclides ranged up to

approximately 1 mSv. The crane operator received the highest committed effective dose from intakes

[I-26]. From the records reviewed, the highest doses from external gamma radiation, forreceived by
staff and contractors at the Paks nuclear power plantNRPP and-centractor—statf-during and after the
incident, ranged-up-towere approximately—in the range of 7 mSv. Committed-effective-dosesfrom

Communication and consultation with authorities and the public

F143:1-115.  With respect to emergency preparedness, the basie-respective responsibilities of the
HAEA and the operator appear to have been well defined and did-netthere was no evidence to suggest

that a lack of understanding of these responsibilities contributed to the impact of this incident.

F134.1-116.  The public was being-informed as-of the incident in the early hours ofs 11 April 2003.
Thereafter, Specialthere was an emphasis was—placed—on the—providing communications to the

population of Paks and the regions in the vicinity of the plant. ~whereaAll locally available channels
were used for that-this purpose. As new details became available, countrywide bulletins were issued.

In addition, a number of press appearances-conferences were given. —Fhreugh-mest-of-these-These
communication-channels_generally —an-ebjectiveprovided objective and correct communications.—t6

the-readers—Hsteners—and-viewers-was-given. The Paks nuclear power plantNRPR answered every-all

inguiry-enguiries and accepted all interview requests for interview received from the press.
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H415:1-117.  Two media releases were issued by the plant operator on 11 April 2003. The second
one classified the incident as level 2 on the TAEA’s International Nuclear and Radiological Event
Scale (INES). The IAEA was informed on 17 April 2003, after—once the actual state of the fuel

assemblies was—had been discovered, even though there was no obligation to do so under the

Convention on Early Notification of a Nuclear Emergency. However, the use of the INES levels,
which is intended to faciitateconveyinghelp to explain to-thepublic-the severity of an emergency
situation_to the public, actually undermined the credibility of the authorities in this case. On 11 April
2003, the Plant-operator had-proposed, and the HAEA had-approved, the INES level -2 classification
of the incident. On 17 April 2003, after the lid had been opened and a visual inspection of the fuel had

revealed the full extent of the damage, the INES level was revised to level 3. Although this revision
was correct, it created a public perception that either the incident was getting worse or the authorities
had not teld-communicated everything-fully in the first instance [1-18269].

+116:1-118.  Based-enAccording to national requirements included in the {national emergency plan
and the; facility emergency plan} and-the-nature-of-the-hazard-there was no need to warn the public of
Hnpeding—possible protective actions, given the nature of the hazard. However, the incident was

immediately communicated to the mayors of the communities within a 30 km radius of the plant via a
special SMS system provided for this purpose, in order to allow them to satisfacteriby-answer the-any

questions that may arise.

H171-119. A press conference was held in the reactor hall of Unit 2 on 22 April 2003, and the
Chairman of the Environmental Committee of the RPartiament-parliament was received at the plant on
27 April 2003 by the Chief Executive of the Paks nuclear power plantNRPR. On the following day, the

a_number of parliamentary representatives eof-the—Paks—region—and—the—members—ofthe—oene
parhiamentary-faction-accepted the invitation for an information meeting. On the same day, the Chief

Executive met the mayors of the 13 neighbouring communities and the representatives of civilian

organizations, which-was-folewed-by-awho also visited -te-the reactor hall.

+2448:1-120.  The managers of the company also attended public hearings and meetings of local

councils and regional associations fer-during the several months following the stabilization of the

situation.

Investigation of the incident

+449.1-121.  The designers of the nuclear power plantNPP had not expected that the fuel cleaning
process might-could lead to an accidental release of radioactivity, and certainly not eause-the-release-of
radioactivity-of-on the scale observed during the incident-ner-had-it-beenreceghized-as-a-siuation-for
which-aceidentalreleases-needed-to-be-considered. A series of independent {national and international}
investigations were conducted in order to understand Hs-causes-and-the circumstances that lead to the

incident and-in order to draw conclusions and-lessens-for improving the-operational and emergency
arrangements and to avoiding a repetition efsimilarsuch an events [1-1£258 —1-192720].

129



420:1-122.  According to the-regulatory requirements, the operator of the Paks nuclear power

plantNPP was required to conduct an investigation of the incident and to submit the investigation
report to the HAEA. In Pparallel with thise investigation, that-was-cenducted-by-Paks NPPthe-the
HAEA also conducted its-an independent investigation, in line with its internal procedures. The
HAEA investigation report was available and approved by the Director General of the organization on
29 May 2003 [I-17258].

+421.1-123.  Considering the seriousness of the incident, the Hungarian pParliament also appointed
a Parliamentary—parliamentary Cemmittee—committee to investigate the causes of and major
responsibilities ef-for the incident. Fhe—Parliamentary—CommitteeThis— committee conducted—its
assessment-and-submitted its report to the Hungarian Partiament-parliament by the end of 2003.

422.1-124.  The Hungarian gGovernment also invited an Expert-expert Misston-mission of the
IAEA in-erder-to assess the results of the HAEA’s investigation of the incident. The Expert-expert
Mission—mission took place from 16 to 25 June 2003 and made several suggestions and
recommendations for the improvement of the operation of the Paks nuclear power plantNPP operation

and the functioning of the regulatory system [1-18269].

+423.1-125.  The Paks nuclear power plantNPP invited an Operational Safety Review Team
(OSART) FeHewfollow-up Missien—mission from 21 February to 1 March 2005 [I-18269]. The
mission focused primarily on the implementation of suggestions and recommendations formulated
during the eriginal-previous OSART mission, which took place from ef-8 to —25 October 2001 and
the eExpert Mission-mission of the IAEA ef16—25June-2003referred to above [I-48269].

Revision of emergency arrangements following the incident

+124:1-126.  Following the IAEA eExpert mMission, the Paks nuclear power plantiNPP prepared an
action plan for-theeliminationto address -ef deficiencies identified in the ebserved-following areas:

{management system;; regulatory oversight;; design-deficiencies;; fuel cleaning operation;; radiation

protection; and emergency planning and preparedness}. The action plan eontained-coneretespecified
tasks and deadlines and was approved by the HAE Athe- Hungarian-Atomic-Energy-Autherity. Actions

aimed at improving the arrangements that related to emergency preparedness and response were

implemented by the Paks nuclear power plantNPP by 2006 and included the following [1-18269]:

— The emergency classification scheme was revised to ensure that it covereds all potential alert
events and emergency—sHuationsemergencies at the Paks nuclear power plantNRPR. The

classification scheme included Emergency Action Levels (EALs) and Readiness Action

Levels (RALSs)> based on measured parameters. A comprehensive review of the plant hazard

% RALSs represent initiating levels for a new operational mode introduced for the Hungarian Nuclear Emergency Response
System (referred to as “Readiness Operational Mode>) when no publlc protectlve actlons are warranted but when
coordination may be needed in the operation of the Natienal-Radiation Ritoring 2 em—+{NRMWS), in
consequence assessment as well as when extensive public mformatlon may need to be prowded
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assessment was conducted to ensure that all potential accident sequences were—had been
identified.
A-The site emergency response plan was revised to include a procedure to-the-Site-Emergency

Respense-Plan—was—ereated-that took inte-account of the revised emergency classification
scheme and postulated emergency scenarios.

The internal regulation on technological modifications at the Paks nuclear power plantNPP
was revised to ensure that it covered interactions between the site emergency response plan

and the impact of a-planned modifications. With this revision, it was necessary to conduct an

analysis of the emergency related aspects of modifications had-to-be-cenducted-before any
decision on any-such modifications was-tecould be made.

Verification and/or validation of the new Paks Release and Environmental Monitoring System
of-the-Paks-NPP-enrelated to critical parameters for emergency detection and classification
was conducted. —and-aActions were then taken to improve the system to better supporting
emergency alert and notification activities.

The emergency preparedness section had-was required to participate in preparatory trainings
for operative personnel on a—new ——safety-—relevant ——activitiesy, together with all
contractors.

The competent organization of the Paks nuclear power plantNPPR, {which is-was responsible

for the general management of emergency preparedness,) needed—to—bewas also
involved/admitted in the assessment of the contractors’ emergency procedures.
Involvement of dosimetry control staff in the conduct of unanticipated drills or exercises.

In addition, the Paks nuclear power plantNRP decided to ensure that:

° Emergency kits (containing gas_masks, iodine tablets, self-breathing equipment, fire-
fighters’ clothes and personal dosimeters) for operating personnel were to be available
in each operational room.

o Field training on the application of breathing apparatuses (for respiratory protection)
was to be adopted in relevant procedures for urgent protective actions.

. Training and field first aid tasks were to be fulfilled by facility fire brigade personnel.

Authorization for continuing normal operation

H425:1-127.  As a consequence of the incident, the conditions for safe operation could not be met

and the operator of the Paks nuclear power plantNPP could not finish-complete its planned refuelling

in April 2003;-as-the-conditions—for-safe-operation-were-net-met. ThereforetheThe following major

activities were planned to be completed in the 2003-2004 period to recover the-conditions for safe

operation:

{a)———~H———-=aAssure sub-criticality and cooling of the fuel debris structure;
@

{H)——=dDecontaminate internal surfaces of the primary circuit;
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(c) {H)——r+Re-establish conditions for conducting refuelling; and
(d) fv——-aAssure safe conditions ef-for the long term storage ferof fuel debris.

1126.1-128.  All-theseThese activities were implemented under the very-thereugh-supervision of

the HAEA. For each major step, a licence application was submitted by the operator of the Paks

nuclear power plantNPP to the HAEA, and a formal authorization process was conducted. -Finally,

when all safety conditions and regulatory requirements were-had been met, a new operational licence

was issued for Unit 2 to restart its operation as-ofin September 2004.

1127.1-129.  Other series of activities were aimed at. the removal of the fuel debris from the
chemical cleaning vessel;; the establishment of the safe conditions ef-for storing the removed fuel
debris;; the removal of the chemical cleaning vessel isel-from the sService Poelpool and-en-thein
order to -establishre-establish ment-of-safe operation in the sService pRool, which was an integral part
of the pool system of Unit 2. In early 2004, at the beginning of these activities, the HAEA issued a
comprehensive-set-ef-regulatory requirements for nuclear and radiation safety and security and for the
management system of all recovery works and operations. -was-established-and-issued-by-the HAEA.

The unique nature of the incident required an overview of the wide range of existing requirements

existing-at national and international levels, and the derivation of further requirements in some cases

where—no-adegquate—preseriptions—were—found. The very-detaHed-removal and recovery process was

designed, planned and implemented by several domestic and international expert organizations,

providing support to the Paks nuclear power plantNPP operational staff and also independently to the

HAEA. The operator of the Paks nuclear power plantNRPP was required to regularly submit reports on

the progress of the recovery operations. At the end of the detailed-authorization process, licences were
issued to produce and use debris fuel containers, to utilize various kinds of technical equipment
necessary for the removal activities, and to remove the fuel debris and the chemical vessel. All

recovery operations were conducted by the end of 2007.

Conclusions

+428:1-130.  The fuel cleaning incident occurred on 10 April 2003 during a scheduled maintenance
shutdown. Thirty fuel assemblies had been removed from the Unit 2 reactor and placed in a fuel
cleaning tank under water in a shaft adjacent to the fuel pool. The plan was to remove magnetite
depositions on thei—fuel cladding were-te-be-remeved-by means of a specially designed chemical

cleaning process.

+425.1-131.  An increase of activity within the reactor hall was detected by the workers. Once the
noble gas activity-concentration-monitors in the reactor hall had indicated that the <emergency- level
was-had been reached, the evacuation of workers from the reactor hall was ordered. Although the
airborne discharge-release increased compared to the normal situation, it was-exhibiting-exhibited a
decreasing tendency, and according to the data available, did not chalenge-approach the national

prescribed discharge limits. When all of the information and release data had been collated and

e—the situation was re-
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evaluated evaluation-of-the-situation-wasperformed-again,—and it was confirmed that the event did not
constitute an which-resulted-in-thestatement-that-no-accident-eceurred.

11430.1-132.  After the incident had been identified, the SERO was partially set up in order to
provide continuous control and evaluation of the occurrences. The SERO was-eperating-operated as
per-according to the relevant procedures until 13 April 2003, when its operation was terminated. After
the removal of the tank lid on 16 April 2003, and-the recognition-of-the-extent of the damage ef-to the
fuel assemblies within the tank was recognised and, the SERO was re-activated. Tagain-en-16-April

2003:—this status was maintained until 20 April 2003. During this period, Fhe-assessment—of-the

organizations—The—Tthe SERO operated in partial response mode at the emergency response centre
and continuously evaluated the situation, kept contact with authorities and exercised readiness for full

activation if the situation would get worse.

+4311-133.  During the recovery operations, professional teams involving specialists from various

fields of expertise had-been—set-up—ferwere established to identifyelaberating alternatives for the
recovery. Fheiwerk-was-supperted-by-competent-speciatists—he-An autonomous cooling system and

the emergency boron system for the service pool were established during the first half of 2004.

3 A a/A coordinated
environmental monitoring survey was initiated in order to- Fhe-ebjectives-efthe-monitoring-activities
were-to-collect-and-evaluate-the-detatled-information-onassess the radiological situation in the areas
closer—and—wider—surroundings areas—ef-the Paks nuclear power plant,NPP in—orderto—assess—the
siuation-and-the-need-forto determine whether any off-site protective actions were needed, and to
provide authentic, trustworthy and timely information to the public. The extensive
measurementssurvey covered the entire period of the incident from 11 to 26 April 2003. Based on the

measurements results, and the assessment of the situation following the incident, it was concluded that
no significant release had occurred and that no actions were needed for the protection of the public.-in
poornad-nrthormngiensoraundthe ol bIRR,

+433:1-135.  Appropriate procedures were followed to minimize the doses to workers involved in
the management of the incident (e.g. collective and personal protective measures) and to keep them

the worker doses within the occupational dose limits for normal operation. Dose estimation and

medical consultation for workers were also considered.

+434.1-136.  Based-enAccording to national requirements and the nature of the hazard, there was
no need to warn the public of impending protective actions. However, the incident was immediately
communicated to the mayors of communities within a 30 km range of the power plant. The public was
being-informed as-efof the incident in the early morning of 11 April 2003. Special-Particular emphasis
was put-placed on the-public communications and te-the-population-ef Paks-and-theregions-around-the

plantwhere-all locally available channels of communication were used for thise purpose.
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+435:1-137. A series of independent national and international investigations was conducted

following the incident to understand-determine its causes and the circumstances that lead to it, in order

and to draw conclusions and-learn-tessons-for improving the-operational and emergency arrangements

and for avoiding a repetition of skmiarsuch an event in the futures.

1-136.1-138.  As a consequence of the incident, the Paks nuclear power plantNPP could not finish
complete its planned refuelling in April 2003;—as—the—cenditions—for-safe—operation—were-not—met.

TFherefore; and a series of activities was planned to reestablish the conditions for safe operation, to be

completed in the 2003-2004 period-te—recoverthe—ceonditions—for-safe—operation. AlltheseThese
activities were implemented under the very-thereugh-supervision of the HAEA.

H4371-139.  In a retrospective analysis of the event, the specific phases and their timing are
represented in Fig. 1-12, as they can be associated with different phases diseussed-described in Section
2 of this Safety Guide. The emergency started on 10 April 2003, requiring—when limited urgent
protective actions on the site to protect the personnel present were required. This state lasted from 11
April to 20 April 2003, when efforts focused on assessing the situation and its severity through-by
undertaking various activities. During this period, all necessary measures were taken to ensure

continuous the—cooling and monitoring of the damaged fuel and stabilizing—stabilization of the

situation. Until 26 April 2003, the monitoring and assessment efforts continued to confirm the stability
of the situation. The damaged fuel was brought under control, and the consequences on-site as well as
off-site were in the process of being assessed. Following this period, particularhyas-ofbeginning in
May 2003, a-mere-thereughfurther planning for the recovery and investigation of the circumstances
under—whichthat led to the incident had-eceurred-were carried out. As a result, in the second half of

2004, the Paks nuclear power plantNPP was able to resume normal operation in compliance with

national regulations. The public did not experience a new exposure situation resulting from this

incident.
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Fig. 1-12. Retrospective sequencing and milestones of the Paks fuel damage incident.
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1139.1-140. The results of an analysis of the foHowingjudgements-can-be-made based-on-the-case
study with regard to the fulfilment of the prerequisites for the termination of a nuclear or radiological

emergency, contained in Section 3 of this Safety Guide, are presented in Tables I-6 and 1-7. These
tables reflect the situation that existed on 26 April 2003 (see Fig.l-12), which is the date at which the

retrospective analysis indicates that the conditions for termination existed.
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TABLE 1-5. STATUS WITH RESPECT TO THE GENERAL PREREQUISITES FOR

TERMINATION OF AN EMERGENCY FOR THE PAKS FUEL DAMAGE CASE STUDY

General prerequisite

Status with respect to the prerequisite

-

Had the necessary urgent and early
protective actions been

implemented?

Was the exposure situation stable and

well understood?

Was the radiological situation well
characterized, and were the exposure
pathways identified and doses

assessed for all the affected people?

Was the source of exposure brought
under control, and were no further
significant accidental releases or

exposure expected due to the event?

Evacuation of workers from the rReactor hHall area was

completed immediately following the detection of

emergency levels due—to—the—presence—of noble gases.

Assessment results indicate that Ne—no other protective

actions needed to be implemented for other site personnel
and—or_for members of the public.—based—en—assessment
results

Fer-In order to develop a more detailed the-understanding

and assessment of the radiological situation, various
activities were carried out in a coordinated manner. This
resulted in an adequate estimation of the release source
term. The airborne releases were continuously monitored
and their reduction and stability-stability of the levels were
confirmed already—within the first week after the onset of

the incident.

The radiological situation was well characterized, potential
exposure pathways were identified and doses were assessed
for potentially affected people. Assessment of doses showed
the radiological consequences of the incident were of low

significance.

After lifting of the cover of the cleaning tank, the possibility
of further radioactive release was recognized and;-thus;- the
SERO was partially re-activated. The SERO managed the
situation and focused on preventing further releases. An
important measure in this regard was the establishment of a

plastic foil “greenhouse” by-the-maintenance-staff-above the
pond accommodating the cleaning tank on 20 April 2003.
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General prerequisite

Status with respect to the prerequisite

Was the current situation assessed,
and were the existing emergency
arrangements reviewed and new

arrangements established?

Were  the  requirements  for
occupational exposure during a
planned exposure situation confirmed
for all workers engaged in recovery

activities?

Was the radiological situation
assessed against reference levels,
generic criteria and operational

criteria, as appropriate?

Were non-radiological consequences

The SERO continuously assessed the situation and the
possible impacts on the plant safety measures and on
emergency arrangements—in—place. Several independent
assessments were also conducted in 2003. As a result, the
operator of the Paks nuclear power plantNPP reviewed on-

site emergency plans and-en-site—regulations-and prepared

an action plan to address necessary corrective measures and

to revise the emergency arrangements—in—place. The

necessary improvements of-the—emergeney—arrangements
were implemented by 2006.

Due to the nature of the hazard, it was possible to conduct

all response actions and the recovery operations were
conducted within the dose limits for normal operations.
Various measures were implemented to monitor the doses
received by recovery workers. Personal external dosimeters
were provided for everyene—anyone entering the main
operational areas of the site. A film badge, distributed and
evaluated by the radiation protection authority, provided the
legal dose measurement. A thermoluminscent (TL)
dosimeter was also provided for the recovery workers by the

Paks nuclear power plantNRR. People entering the reactor

areas also received alse—an electronic dosimeter. Reactor
operation and maintenance personnel were equipped with
TL neutron dosimeters. Contractors also wore their own
dosimeters. Dosimetric data from external monitoring of the

contractor and the Paks nuclear power plantNRPR staff on-

site were collected and recorded. Results were provided
from the dosimeters of the workers involved in the incident.

Results were found to be consistent.

The radiological situation was assessed against the different
response criteria, and it was concluded that none of them

was-had been metexceeded. The doses assessed remained

within the dose limit for normal operation for both the

public and the workers.

The off-site radiological consequences of the incident were
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General prerequisite

Status with respect to the prerequisite

(psychosocial, economic) and other
factors (technology, land use options,
availability of resources, community

resilience) identified and considered?

Was a registry of those individuals
requiring further medical follow up
established prior to the termination of

the emergency?

Was a strategy for the management
of radioactive waste arising from the

emergency, when  appropriate,

of low significance. Therefore—the—non-radiclogical
conseguences—of-the-incidentwere-neghigible—No specific

actions were taken to reduce the off-site non-radiological
impact, except for the provision of timely and consistent
public information. On the other hand, an-increased pressure
from the media was observed during the first few weeks
after the incident. An ad-hoc public information policy was
launched for the Paks nuclear power plantNRR, the HAEA

and the National Directorate General for Disaster
Management in order to harmonize the ways of
communicating with the public and the content of the
information te-be-provided. The HAEA regularly uploaded
en-Hs-website-public information articles about the results of

assessments and measurements on to its website.

A major contributor to the non-radiological consequences
on the site was the economic loss sustained. A—One
component of the economic loss was the damage to the fuel
assemblies, which, if undamaged, could have stit-been used
for electricity production. Another component was the
prolonged shutdown of the Unit 2, which lasted fer-about
1.5 years, with no preductien-generation of electricity. The
third component was the expense associated with the
reestablishment of the-safe operating conditionses of Unit 2,
especially given that the service pool was unavailable. The
fourth major component arose in relation to the costs of the
removal of the fuel debris and the cleaning vessel and the
establishment ef-cenditions-of safe storage conditions ef-for

the damaged fuels.

Doses to members of the public and workers were within
the dose limits for normal operation. Therefore, there were
no individuals requiring any medical treatment and—or

further medical follow up following the incident.

The Paks nuclear power plantNPP had (and has) in place

internal regulations and a general strategy for the

management of radioactive waste arising from in normal
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General prerequisite

Status with respect to the prerequisite

developed?

Were  the  interested  parties

consulted?

operations and emergenecy—situationsemergencies. During
the incident, the plant was confronted with a special-new

situation for which standard solutions were not available.

After the initial measures, the operator of the Paks nuclear

power plantNPPR introduced a recovery plan in 2004, which
established special-dedicated strategies for the management
of radioactive waste and the development of the storage

areas as needed.-Apphying-this-strategy—t The radioactive

waste generated during the time of recovery works was

managed by applying this strategyir—a—ecemprehensive

manher. The Paks nuclear power plantNRPPR completed the

corrective action plan by the end 2006.

In case of abnormal conditions, off-site authorities receive
information within two hours after detecting the abnormal
event, and this information is thereafter updated within 24
hours. During thise incident, the authorities required
information from the operator with enrhaneed—greater
frequency and details. The public was also informed
promptly. The IAEA was informed on 17 April 2003, after
the actual status of the fuel assemblies was—had been
discovered, even though there was no obligation under the
Convention on Early Notification of a Nuclear Accident to
do so. Due to the nature of the hazard, the incident did not
warrant consultation ef-with interested parties other than the
off-site authorities, technical support organizations_and;
scientific institutions—ete. Consultation was initiated as
early as possible following the incident to assess the

situation as well as to plan the recovery operations.

TABLE 1-6. STATUS WITH RESPECT TO THE SPECIFIC PREREQUISITES FOR TRANSITION

TO A PLANNED EXPOSURE SITUATION FOR THE PAKS FUEL DAMAGE CASE STUDY

Specific prerequisite

Status with respect to the prerequisite

Were the circumstances surrounding

that led to the emergency analysed

The SERO of the Paks nuclear power plantNPPR investigated
the circumstances surrounding—that led to the incident to
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Specific prerequisite

Status with respect to the prerequisite

and corrective actions identified?

Was an action plan developed for
implementation of corrective actions

by the respective authorities?

identify the causes and any necessary improvements in
existing arrangements. Additional, independent
investigations and missions (including from the IAEA) were

carried out in 2003.

Based on the outcomes of the specific investigations,
corrective actions in various areas were identified. An action
plan was developed to address the findings, to identify
corrective actions to be implemented and to draw-identify
lessons to—be—learned—Tfor improving the existing
arrangements. All the findings were addressed in the period
2004-2007. A set of corrective actions in relation to the
management and operation of the Paks nuclear power
plantNPP was required in the HAEA regulatory resolution.
The HAEA then clesely-followed the implementation of the

corrective actions_before issuing—lmplementation—of-these
corpelonebonscopirbulocdnponcclhes b nos o tho
isstance—of—thean operational licence by—the—HAEA—In
September 2004. The status of the implementation of these
corrective actions was also reviewed by—during several

international follow-up missions-as-wek.
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Specific prerequisite

Status with respect to the prerequisite

Were the conditions assessed to
ensure compliance with the safe and

secure handling of the sources in

accordance  with  the national
requirements set forth for the
respective planned exposure
Situation?

Was there a necessity for

administrative procedures to limit or
prevent any use or handling of the
source until a better understanding of
the circumstances surrounding—that
led to the emergency siuation—had

been obtained?

Was with the

requirements for dose

compliance
limits  for
public exposure in planned exposure

situations confirmed?

Due to the unique subject—efthe—incident{nature of the
damaged fuel debris), a—comprehensive—set—ofspecific

regulatory requirements for nuclear and radiation safety and
security and for the management system of all recovery
works and operations was established and issued by the
HAEA. Compliance with these requirements was assessed
throughout the recovery operations.

AltheThe- refuelling, planned for April 2003, was halted

until it could be carried out safely, following the necessary

recovery work. This work was conducted according to plans
carefulhyplanned-and specific instructions were-fellowed-so
that the work could be carried out safely and securely as a
normal operation. Finally, following the compliance with all
the regulatory requirements for the safe operation of Unit 2,
a licence was granted to the operator to resume normal
operation. Meanwhilethe-refuelling-planned-for-Apri-2003
Doses to members of the public were continuously assessed

and-assessed. It was confirmed te-that the doses remained

within-below the dose limits for members of the public in

normal operation, throughout the incident.
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THE RADIOLOGICAL INCIDENT IN HUEYPOXTLA, MEXICO STATE, MEXICO™

}-140.1-141. At 08:13 local time® on 2 December 2013, the Mexican nuclear regulatory body, the
Comision Nacional de Seguridad Nuclear y Salvaguardias (CNSNS), received a notification from a
worker, #r-from a company authorized fer-theto transport ef-radioactive material, about the theft of a

vehicle transporting the head of a teleteraphy unit with-containing a “’Co cebalt-60-source (see Fig. I-
13). The approximate activity of the source was estimated to be 111 TBq™. The vehicle was stolen
from a gas station near Tepojaco, in the municipality of Tizayuca, in the-State-of-Hidalgo State. The
source belonged to the Mexical Social Security (a hospital) from the city of Tijuana, Baja California
State, and was being transported to the radioactive waste storage facility located near the town of

Santa Maria Maquixco, Temascalapa municipality, Mexico State.

+144.1-142.  Following the notification, CNSNS personnel contacted the transport company to
validate the information and to investigate the circumstances under which the incident had occurred.
At that point, CNSNS learned that, at approximately 02:00 on 2 December 2013, a group of armed
individuals assaulted the driver of the vehicle, who was-had been resting at a—+rest-step-within-the gas
station, and-toekbefore taking the vehicle together with the radioactive source.

Fig. 1-13. Vehicle transporting the teletherapy unit with *°Co-60 (Credit: CNSNS).

Emergency declaration and urgent protective actions

+142:1-143.  The CNSNS personnel loeked-reviewed their databases fer-to obtain more precise
information en-about the stolen radioactive source, including nr-theirdatabases—in-order—to-get-the
actualits activity (6£-95.24 TBQq); and-the serial number of the source and the characteristics of its
shielding They -then proceeded-to-draw-updrafted an information bulletin for distribution by the Civil
Protection Agency, which described with-infermation-en-the incident, the potential risks of handling

the radioactive source, the immediate actions to be taken by responders and the public, should they

% This summary has been drafted by the National Commission for Nuclear Safety and Safeguards of Mexico on the basis of
internal records related to the incident and does not include nuclear security considerations in relation to the incident.

57 All times in the case study are local time (UTC-6).

58 Based on this activity, the ©°Co-60 source falls in category 1 of radioactive sources in line with the Categorization of
Radioactive Sources, IAEA Safety Standards Series No. RS-G-1.9, IAEA, Vienna, (2005).
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eeme-aeressencounter the source, and the telephone numbers to contact if the source was found. This
bulletin was transmitted on 2 December 2013 at 13:00 to the governments of the states of Hidalgo,
Veracruz, Puebla, Tlaxcala, Mexico City, Mexico State, Querétaro and San Luis Potosi, as well as the
Federal authorities. Later, the IAEA was also informed via the Unified System for Information

Exchange in Incidents and Emergencies (USIE).

+143:1-144.  Following the receipt of a communication from the army informing them that the
vehicle transporting-the-sedree-had been found near the municipality of Hueypoxtla on 2 December
2013, the federal police; 2-December2013.-sent eutits-officers to verify the information and to search

the area for the radioactive source. A person from the community allowed the federal police officers to

enter his house, where they found the empty shielding of the radioactive source in the backyard (see
Fig. 1-14); they reported their discovery to the CNSNS on 4 December 2013. On the same day, at
approximately 08:00, CNSNS sent two teams equipped with vehicle--based radiation detectors to
perform a search within a 10 km radius of the zone of the robberysite, and the federal police searched

locations in the municipalities of Tizayuca and Zumpango and ia-the surrounding areas.

S

Flg 1-14. The empty shleldlng of the radloactlve souréé (Ci’edlt CNSNS)

11441145, The Federal Police officers detected unusual radiation levels in a corn field
approximately 1 km from where the shielding had been found.;ard-they- The police then contacted the
CNSNS in-orderto-sendto request that personnel be sent to fer-searching-search for the source and
cordoning off the area. The federal police and the Army-army were asked to secure and guard the area

area in the meantime to ensure se-that only authorized personnel could enter it.

Isolation of the source

+145.1-146.  On 4 December 2013, CNSNS sent two brigades—of-members—ofteams from the
CNSNS Radiological Contingencies Organization (OCR) to continue the search for the radioactive
source. The federal police infermed-briefed the CNSNS staff about the aHeged-possible discoveriesy
of-the-stolen-source-in Hueypoxtla. The Staff-efCNSNS staff analysed the photographs made-taken by
the federal police officers and determined-confirmed that—ndeed;-H-was-the the photographs appeared

to be of an empty source container;-but-apparenthy-the-seurce-was-notinside. The federal police guided
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the CNSNS staff elese-to the areas where elevated radiation levels (ambient dose equivalent rates),
exceeding-abeve 100 uSv/h, had been detectedso-they-could-carryouta-delineation-of the-locations.
They also assisted the-additional staff from CNSNS who were equipped with specialized equipment
and arrived at Hueypoxtla by helicopter. With no lighting available, initial area monitoring was carried
out quickly n-the-sameduring the evening to identify the location of the radioactive source; the federal

police was asked to control the access to this area in particular.

1-146.1-147. On 5 December 2013, the activities to delineate the areas exhibiting elevated radiation

levels and to locate the source continued. Once the search perimeter of the source had been reduced

sufficiently, CNSNS contacted CFE-Laguna Verde Nuclear Power Plant (CNLV) and the Ministry of

the Navy (SM-AM) to assist in planning actions to recover the radioactive source.

+1471-148.  On 6 December 2013, in—addition-tothe CNSNS persennelteam at Hueypoxtla was
reinforced by; the arrival of staff from CNLV and SM-AM arrived-at-Hueypoxtla. CNLV staff entered
the area previously identified by CNSNS and determined the approximate location of the source. The

National Institute of Nuclear Research (ININ) was requested to provide aA suitable container was

requested—from—the—National-Institute—ofNuelear—Research—(ININ}—fer—t{o_contain reeeiving—and
transferring-the radioactive source for further transfer. Although such a container was not readily

avaHableaccessible, some adjustments_to an available container were made H—pessible—for—an
appropriate-containerto allow it to be used for the intended purpose.

+2148:1-149.  On 7 December 2013, staff of CNSNS, CNLV, SM-AM and the federal police started

planning the-to remove crops eleaning-offrom the area (frem-the-creps)-by using a robot, -belonging to
the federal police, in order to be able to exacthylocate the source_more exactly. On the same day,

CNSNS received information abeut-that the person who had found the radioactive source and-was
willing to indicate te-therespenders-theplace-where it had been hidden. With the help of this person,
the exact location of the source (which had previously been unshielded) was determined. CNLV and
CNSNS staff asked the person about the amount of time he had spent near the source. They offered to

give him a medical examination, but the person declined.

+249.1-150. On 8 December 2013, staff of CNSNS, CNLV, SM-AM and the federal police
returned to the area to continue the eleaning-crop removal process remotely, so that the radioactive
source could be expesed more visible,- rather than frem-being hidden in-the-corn-fieldby crops. These
eleaning— tasks continued until the robot had a mechanical failure. The headquarters of CNSNS

arranged for the transportation of the radioactive source after its recovery. In parallel, additional

resources, such as concrete containers and lead blankets, were brought Frem-from CNLV facilities in

Veracruz-SM-AM-brought-materials-and-additional-resourees- to help improve protection during with

the—transportation. ef—radicactive—material{concrete—containers,—lead—blankets)—In—parallel—the
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+450:1-151.  On 9 December 2013, CNLV personnel entered the area and finished the eleaning
taskscrop removal process, exposiag-allowing the radioactive source to be seen (see Fig. 1-15). The

integrity of the source was confirmed. However, as the-repair work on the robot continued, alternative

plans for the recovery of the source needed-to-bewere madenecessary.

+454.1-152.  On 10 December 2013, the modified container arrived from ININ_and;togetherwith

the the repaired robot also became available. The arrangements for the recovery of the radioactive

source began on that day and included logistical support from the federal police and the Mexican
Navy. The images taken by the robot camera confirmed that the source was intact and, -aAfter two
attempts, the robot was able to hold the source, —Faemagestaken-by-therebetecamera-confirmed-tha
o-deposit the-radicactive-soureeit inside the container,
which was then —and-to-closed-it (see Fig. 1-16). Following this, the CNSNS staff measured the
radiation levels at-the-centact-withat the surface of the container and; foundinding very low levels.
This was followed by a survey of radiation levels in the area in which the source had been found, and

only background radiation levels were detected. An additional survey of the area was conducted on 13
December 2013, which confirmed these results.

Fig. I15. Exposed radioactive source
(Credit: Federal Commission for Electricity of Mexico).

+452.1-153.  CNSNS, ININ, the federal police and the transport service provider agreed on the
time, route and escort for the transportation of the radioactive source to the facilities of ININ at

Ocoyoacac, Mexico State, fer-where it was to be eenditioning-conditioned and steragestored, prior to
its disposal at the ININZs radioactive waste disposal facility in Temascalapa.

+453:1-154. A dose limit of 50 mSv effective dose was set for the workers that-were-involved in
the recovery process. The average dose received by-them-was 245less than 3 mSv, with the highest
value at £9-99around 20 mSv.
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Fig. I-16. Iacing the source in the container using the robot (Credit: CNSNS).
Communicating with the public

+154.1-155. On 4 December 2013, the public was informed by the Incident Command Group
(ICG), {consisting of representatives from CNSNS and the Ministry of Health,} of the dangers of
manipulating-handling and being close to the source, although it was known to be located far away
from any settlements. The lacident-Command-GreuplCG called on all those who may have been in
contact with or in the immediate vicinity of the source to attend the hospital in Pachuca in order to
have their estimate-theirdoses estimated and to identify whether medical follow-up would be needed
to-be-offered-to-them. Many enquires were received from the-villagers in Hueypoxtla regarding the

status of the situation, the measures being taken and the progress of the operation. Tand-hese queries

were answered by a member of CNSNS staff en-the-spetat the scene.—+regarding-the-status—of-the

. However, as the situation

showed signs of becamebecoming unstable, the federal police remeved-therepresentative-of CNSNS

from-ameng-the-crowd-discontinuing-discontinued this interaction_by removing the representative of
CNSNS from among the crowd.

Medical response and assessment of doses

+455.1-156.  On 8 December 2013, CNSNS contacted personnel from the Ministry of Health of the
State of Veracruz (SSAEV), who acted as members of the external radiological emergency plan of
CNLYV, for support in examining individuals who may have been in contact with the radioactive
source. The SSAEV contacted staff of the Ministry of Health (SSA) to ask for support in case it was
deemedbecame necessary. The SSA confirmed the activation of its staff along with that of the SSAEV
as-ofon 9 December 2013.

+456:1-157.  On 9 December 2013, representatives of SSA and SSAEV staff-were accompanied by
CNSNS personnel to the Hospital de Pachuca to begin examination of individuals who may have been

exposed to the source. They then moved to Hueypoxtla to examine the individual who had beea-in
contact-with-theradioactivesource—and-had-assisted in locating #the source and;—as-weH-as another
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individual who had-aHegedhywas believed to have had contact with the source in its when-t-had-stil
been-contained-in-is-shielded state. The second individual was found with-to have no symptoms of

radiation exposure. The first individual was found with symptoms of radiation exposure on the left

shoulder and right leg and;-se he-was taken to the Hospital de Nutricion in Mexico City for treatment

and follow up. No dose assessment for this individual was performed at that time.

+457.1-158.  On 10 December 2013, the SSA implemented a field investigation, questioning the
people who were present at the site on the day the source was-had been found, reconstructing events
and assessing the acute radiation exposure risk among these people. A total of 59 people who were
presumably-presumed to have been exposed were identified. Within this group,; est-efwhich-31 of the
people were found not to have been related-to-the-event-according-tepresent at the relevant dates and
times-that-H-had-happened. For 22 persons, the-a reconstruction of events was carried out in order to
evaluate their presumable—possible exposure and to estimate the received doses, as a basis for

assessing the acute radiation exposure risk.

+458:1-159.  On 13 December 2013, SSA and CNSNS requested ININ to perform biological
dosimetry studies onf 10 personspeople, four of which—-whom presented symptoms that could be

associated with alleged-acute radiation syndromes-asseciated-symptomatology.

+159.1-160.  On 15 December 2013, ININ performed the biological dosimetry stuehy-studies of the
10 persens-people, identified by the SSA, who had-were presumabhy-presumed to have been exposed.

The findings shewed-indicated that only the-one person exceeded the limit, specified in the Mexican

reqgulation to prevent non-stochastic effects among occupationally exposed personnel (500 mSv annual

whole body effective dose).” This suggested that the person who had helped the Mexican authorities

to locate the source was the only person who had handled the source after it had been taken—out-of

theremoved from its shielding.

Transition phase

+160:1-161.  On 4 December 2013, the area where the radioactive source was-had been found had
already-been cordoned off, and a security perimeter had been established.; se-tThe risk of members of
the public being exposed by entering this area and handling the source had thus been minimized. The
radioactive source had-beenwas found_to be intact in a corn-field away-at some distance from any

settlements. The next six days were used for planning and actual preparation for the- recovery of the

source.

59 Since, in the Mexican requlation, there are no exposure limits to the public in case of a radiological emergency, it was
agreed to use the limit of non-stochastic effects for the occupationally exposed personnel.
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1-161.1-162. The—A dose criterion of 500 mSv was established for medical examinations and

follow-up of the-allegedhyexpesed-persons—ofmembers of the public_ who may have been exposed.;

and—a A limit 50 mSv Hmit-was also established for the personnel involved in the actual source

recovery.

1162.1-163.  The person who had been in contact with the radioactive source, and had received a

dose in excesseded the-tmit of 500 mSv_as a consequence,—(-e—the-same—persen—who-had-actual
contactwith-the radioactive-seurce} was transferred en7-December2013-to the Hospital de Nutricion

in Mexico City on 7 December 2013, for treatment and follow-up.

Conclusions

1163.1-164. The Hueypoxtla accident served as—an—exampleto demonstrate that a radiological

emergency in-Mexice-could occur outside of the licensed installations in Mexico. It also showed and

that such an emergency may arise as a consequence of security events that may-ormay-might not have
a-directrelationbe directly related to-with-the radioactive material itself. The incident highlighted the
need to care for all the members of the public who may be involved in such events, evenfor-the
purpese—ofand to provide for their reassurance. As a conseguence of thisFhe incident, made-the
Mexican authorities realize-concluded that such emergencies cannot be attended-toedealt with by a

single agency but-and that it is necessary to develop a multi-agency plan ef-for response to
radiological emergencies, in which the responsibilities and resources of every agency inveolved-are
euthned-described and clearly defined.

+164-1-165. In a retrospective analysis of the event, the specific phases and their timing are
represented in Fig. 1-17, as they can be associated with different phases eiseussed-described in Section
2 of this Safety Guide. The emergency started on 2 December 2013, when the vehicle transporting the
a dangerous radioactive source was stolen. The urgent response phase lasted until 4 December 2013,
with a focus on the efforts to locate the source and to issue warnings and information to the public and
the media. As-ofOn 4 December 2013, the source was located in an area of Hueypoxtla. The source
location;—which was cordoned off to secure the source and to prevent- Fhis-pretected-any individual
from being unnecessarily exposed-to—the—seuree, while and-allowinged the authorities to further

identify #s-the exact location and status of the source. This phase lasted until 9 December 2013, when
the crops surrounding the source had been removed. It was then visible was—finaHy-being-exposed

from-being-hidden-in-the-corn-field and its integrity was-could be confirmed. Meanwhile, the plan for

storing the source was-had been developed and organized, resulting in fast-rapid recovery of the source

recovery-and its transport for conditioning prior to final disposal on 10 December 2013. By this date,
the monitoring activities to ensure-confirm that-nethe absence of contamination was-caused-were-had
been completed, and all individuals who may have been in elese-vieinity-efcontact with the source had
been identified for dose assessment and medical follow-up. Thus, this milestone is considered to

represent the termination of the emergency situation-and the move to the-a planned exposure situation,
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n—relationrelated to the further management of the source as radioactive waste. No new exposure

situation wasraised-for members of the public arose as a result of a-this incident.

PLANNED EXPOSURE

EMERGENCY EXPOSURE SITUATION SITUATION

TRANSITION PHASE

Declaration of the emergency class

4

EMERGENCY RESPONSE PHASE \
URGENT EARLY
RESPONSE PHASE RESPONSE PHASE
\/’

2 December 2013 4 December 2013 9 December 2013 10 December 2013

-<I'19rmination of the nucl. or rad. emergency |

Fig. I-17. Retrospective sequencing and milestones of the radiological incident in Hueypoxtla.

I-166. The results of an analysis of the followingjudgementscan-bemade based-on-the-case study

with regard to the fulfilment of the prerequisites for the termination of a nuclear or radiological

emergency, contained in Section 3 of this Safety Guide, are presented in Tables -8 and 1-9. These

tables reflect the situation that existed on 10 December 2013 (see Fig.I1-17), which is the date at which

the retrospective analysis indicates that the conditions for termination existed.
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s:TABLE 1-8. STATUS WITH RESPECT TO THE GENERAL PREREQUISITES FOR

TERMINATION OF AN EMERGENCY FOR THE RADIOLOGICAL INCIDENT IN

HUEYPOXTLA CASE STUDY

.

General prerequisite

Status with respect to the prerequisite

Had the necessary urgent and early

protective

implemented?

actions been

Was the exposure situation stable and

well understood?

Was the radiological situation well

characterized, and were the exposure

pathways identified and doses

assessed for all the affected people?

Was the source of exposure brought

under control, and were no further

significant accidental releases

or

exposures expected due to the event?

Was the current situation assessed,

and were the existing emergency

arrangements

reviewed and new

arrangements established?

Were the

occupational

requirements

exposure as for

for
a

Members of the Fhe—public and first responders had been

informed of the risks associated with the stolen radioactive
source and the precautions that needed to be taken, in ease
the event that the source was found. The location of the
radioactive source had been identified, the area cordoned off
and access controls put—in—placehad been established. The
person handhng-who had handled the unshielded radioactive

source had been identified.

The radioactive source had been isolated and it had been
confirmed that the source was intact and that radioactive
material had not te—have—been dispersed. Thus, further

unexpected evolution of the situation was not expected.

Monitoring had been carried out, the affected people had
been identified by 10 December 2013 and doses had been

either assessed or arrangements had been made to do so.

The radioactive source had been located, the area cordoned

off and access controls were in place, excluding-preventing
further significant exposure due to the unshielded source.

Mexico had aceounted-developed plans and arrangements for

a nuclear emergency #a-at the CNLV, but there were no plans
in place for respense-responding to a radiological emergency
at the national level. Inter-institutional plans had also not
been developed-either. As a lesson identified-learned from
this incident, at—the—time—ofthedrafting—this—case—study;
CNSNS was already-working in cooperation with the Civil
Protection Agency to develop such a plan, at the time of the

drafting this case study.

The response to this incident, including the—locating the
radioactive source and its recovery, were carried out within
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General prerequisite

Status with respect to the prerequisite

planned exposure situation confirmed
for all workers engaged in recovery

activities?

Was the
assessed against reference

radiological  situation
levels,
generic criteria and operational

criteria, as appropriate?

Were non-radiological consequences
(psychosocial, economic) and other
factors (technology, land use options,
availability of resources, community

resilience) identified and considered?

Was a registry of those individuals
requiring further medical follow-up
established prior to the termination of
the emergency?

Was a strategy for management of

radioactive waste arising from the

emergency, when  appropriate,
developed?
Were  the interested  parties
consulted?

the dose limits for normal operation of 50 mSv annual
effective dose prescribed in the Mexican regulations. The
average dose received by the workers was 2:45less than 3
mSv, with the highest value at-19.99 was around 20 mSv.

A maximum-criterion of 500 mSv was set fer-to determine

the possibility of non-stochastic effects fer—among

presumably—exposed—persens—members of the public who
were presumed to have been exposed. was—set—An

occupational dose limits was established at 50 mSv effective

dose for workers engaged in recovery of the source-recevery
: lished ot
doese, which were used in assessing the situation.

The SSA and CNSNS made-dedicated-effertsendeavoured to
provide public information as—a—mechanism-to reassure the
public living in the area where source was found and to
directly respond to questions regarding the situation. The
public was ecenstanthy—repeatedly reassured by—these
autherities—that there was no danger in continuing daily
activities as earried-out-before-the-ineidentnormal.

The affected people had been identified by 10 December
through a reconstruction of the event. This was followed by
dose assessments for each identified individual, which
provided a basis for medical treatment te—be—provided by

health professionals.

Fhe—pPlanning for the management of the source as
radioactive waste took place during the days-period in which
the source was being located and isolated. On 10 December
2013, the radioactive source was transported to the Nuelear
CenterFactityof-ININ facilities at Ocoyoacac, in order to

be conditioned prior to its transfer to the radioactive waste

disposal facility.

Limited consultation was ensured-necessary due to the type

of event—apaortelorbinreodonte-thedecisionorsiornge

and—dispesal—of the—seurce. However, CNSNS created a
bulletin for the-distribution by the Civil Protection Agency
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General prerequisite

Status with respect to the prerequisite

for—distribution—among the involved agencies, providing
information of the event, the associated risks and the
precautions that needed to be taken. National authorities
gave information to the national and international media
regarding the incident and risks and precautions that needed
to be taken. CNSNS informed members of the public present
at the site of the incident site-of the development of the
recovery tasks, and assured them that there was no risk of
contamination or exposure in the area after the source had

been recovered.

S lapned

T

TABLE [-9. STATUS WITH RESPECT TO THE SPECIFIC PREREQUISITES FOR TRANSITION

TO A PLANNED EXPOSURE SITUATION FOR THE RADIOLOGICAL INCIDENT IN

HUEYPOXTLA CASE STUDY

Specific prerequisite

Status with respect to the prerequisite

Were the circumstances surrounding

that led to the emergency analysed

and corrective actions identified?

Was an action plan developed for
implementation of corrective actions

by respective authorities?

During the incident, it became evident that the-need-oftaking
licensees needed to take measures to strengthen the-security

arrangements during the transport of category 1 radioactive
sources-i-categery—1-, by-licensees-in cooperation with the
federal police and CNSNS-became-evident. In addition, the
necessity of developing and maintaining a national response
plan for radiological emergencies has—also—beenwas
identified, as—weH-asincluding the need to identify all the

involved agencies and their responsibilities.

Shortly following the incident, CNSNS set-theestablished

requirements for the measures to be felewed-undertaken by

licensees during the transport of category 1 radioactive
sources—n categery—t-as—a—requirement. At the time of the
drafting of this case study, CNSNS and the Civil Protection
Agency were akready—working on the development of the
national response plan for a—radiological emergeney

emergencies, including as-wel-as-en-identifying the agencies
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Specific prerequisite

Status with respect to the prerequisite

Were the conditions assessed to
ensure compliance with safe and
secure handling of the sources in
with  the
requirements set forth for the planned

accordance national

exposure situation?

Was

administrative procedures to limit or

there a  necessity for
prevent any use or handling of the
source until better understanding on

circumstances surreunding-that led to

the  emergency  siuation—was

gathered?

Was compliance confirmed with the
requirements for dose limits for
public exposure in planned exposure

situations?

to-be-involved and their respective responsibilities.

It is considered that this was achieved by complementing the

additional measures for secure transport as explained above.

The operational life of the radioactive source involved in the
incident was ended following the recovery, and the
radioactive source was dealt with as radioactive waste. Thus,
there was not a need to set any such administrative measures,

except those implemented during the recovery process.

All the recovery operations were carried out within the dose
limits for normal operation. The management of the
radioactive source as a radioactive waste followed the

national regulations for normal operation.
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ANNEX 11
FACTORS FOR CONSIDERATION IN THE JUSTIFICATION AND OPTIMIZATION OF
THE PROTECTION STRATEGY

II-1. Many factors, both radiological and non-radiological, influence the choice of protective
actions and other response actions within a protection strategy for a nuclear or radiological emergency.

For each of these factors, it may be necessary for different organizations and bodies may-to contribute

to the decision-making processes. The table below lists a number of these factors to help emergency
planners and decision-makers in-to identifying the organizations and relevant interested parties that
sheuld—need to be prepared to contribute to, and should be involved in, the development and

implementation of justified and optimized protection strategies, as appropriate, as giseussed-described
in the-sub-section-on-the-protection-strategySection 4.

[I-2. Table 1l--1 builds upon the guidance provided in the Nordic Guidelines and
Recommendations® on the factors affecting the choice of protective measures especially in the
intermediate phase®. It is not intended to be an exhaustive list of such factors, but can be used as a
starting point for the development of a national list of factors ferconsiderationto be considered in the

justification and optimization of the protection strategy at the preparedness stage. It could also be used
during-in the transition phase of a nuclear or radiological emergency.

%1 protective Measures in Early and Intermediate Phases of a Nuclear or Radiological Emergency, Nordic Guidelines and
Recommendations (2014).

82 The concept of an intermediate phase as used in the Nordic Guidelines and Recommendations (see previous footnote)
roughly eemprises-equates to the transition phase, as the term is used in this Safety Guide.
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| TABLE Il--1: COMPILATION OF FACTORS FOR CONSIDERATION IN THE JUSTIFICATION AND
OPTIMIZATION OF THE PROTECTION STRATEGY

Factors

General goals

Goals of emergency response

Primary objective for the termination of an emergency
Primary prerequisites for the termination of the emergency
Specific prerequisites for the termination of the emergency

Legislation and
regulations

Criteria for implementing protective actions and other response actions
e  Generic criteria

e  Operational criteria (OILs, EALSs, observables)

Reference level for emergency exposure situation

Measures for protecting emergency workers, including guidance values for restricting their
exposures in emergency response

Other respective requirements and guidance for:
e  Planned, emergency and existing exposure situations

Commitments under relevant international instruments, bi-lateral and multilateral agreements in
relation to transnational and/or transboundary emergencies

Nature of the emergency
exposure situation

Radionuclides involved, activities and associated hazards

Expected evolution of the situation

Location and size of the affected area

Number of exposed people

Emergency response actions implemented during the urgent and early response phases

Radiation protection

Radiological situation:
e  Exposure scenario and dominant exposure pathways

e  Contamination of the living environment (dose rates, surface activity concentrations,
activity concentrations in samples)

e  Contamination of food, milk and drinking water

e  Contamination of non-food commodities

Dose to the public (projected doses, received doses, residual doses)
Dose to the emergency workers and helpers

Radiation induced health effects

Need for medical follow-up

Timing

Urgency associated with implementation of effective protective actions
Time needed for the implementation of protective actions

Duration of protective actions

Timescale over which doses will be and/or are received

Efficiency

Feasibility of actions (season of the year, weather conditions, etc.)

Reducing exposure and contamination in consideration of pre-set reference level
Limitations (technical, social, environmental, economical)

Acceptability of protective actions

Interaction between different actions

Resources

Auvailability of human resources

Knowledge, skill and training needs

Auvailability of material (trucks, buses, machinery etc.)

Auvailability of financial resources

Availability of iodine thyroid blocking agents

Awvailability of chemicals and other means/resources for decontamination and decorporation

Availability of infrastructures (e.g. for the relocation of people, for waste treatment, storage and
disposal, for land use reconversion and change in industrial processes, for psychosocial support
of people)

Availability of logistical support

Environmental aspects

Type of affected area: urban, recreational, industrial, agricultural, forest, etc.
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Type of surfaces: buildings, roads, agricultural or forest soil
Geographical location of area (coast, mountain etc.) and geology
Indirect effect (e.g. use of land for other purposes)

Economic aspects Direct costs associated with the implementation of emergency response actions

Indirect costs associated with impacts from consequences of the emergency (e.qg. costs of
management of waste generated in the nuclear or radiological emergency)

Compensation issues
Interruptions in international trade
Expected market response and evolution in the future

Social and ethical aspects  pjsrupted living conditions

Reduction in life expectancy due to stress (e.q. associated with resettlement)
Impact on mental health_and well-being

Psycho-social effects

Possibility of public self-help

Feedback from interested parties on their concerns

Socioeconomic aspects, including issues associated with public trust and credibility of
authorities

Need for routine public services (transport, shops, medical care, education etc.)

Waste Production of radioactive waste and its relation to emergency response actions
Type of waste and options for its characterization

Options for pre-disposal management and for minimizing amount of waste
Auvailable waste management facilities and practices
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