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Background – IAEA Safety 

Standards

The IAEA Safety Standard Series No. 
GSR Part 7 in para. 4.20. requires that: 

“The government shall ensure that for facilities 
and activities, a hazard assessment on the 
basis of a graded approach is performed. The 
hazard assessment shall include consideration 
of:

(a) Events that could affect the facility or 
activity, including events of very low probability 
and events not considered in the design;

(b) Events involving a combination of a 
nuclear or radiological emergency with a 
conventional emergency such as an 
emergency following an earthquake, a volcanic 
eruption, a tropical cyclone, severe weather, a 
tsunami, an aircraft crash or civil disturbances 
that could affect wide areas and/or could impair 
capabilities to provide support in the 
emergency response;...”
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Background – Past experience

Examples of severe natural emergencies 

impacting facilities or activities:

• Hurricane Andrew, Turkey Point NPP, 1992

• Flooding at the Cooper NPP, 1993

• Great Aceh Earthquake and Tsunami, 2004

• Tsunami at Madras Atomic Power Station, 2004

• Sichuan province earthquake, 2008

• Earthquake and tsunami at Fukushima Daiichi NPP, 2011

Examples of other severe emergencies that

could impact facilities or activities:

• Large fires

• Aircraft crashes

• Civil disturbances

• Releases of hazardous chemicals
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Scope of the publication

This EPR-Series publication does:

• addresses any nuclear or radiological emergency 

affected by other incidents or emergencies (i.e. by 

conventional emergencies, natural disasters or nuclear 

security events, hereafter referred to as “combined 

emergency” for simplicity); and,

• provides practical guidance for all requirements given in 

the IAEA Safety Standards Series No. GSR Part 7. 
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Scope of the publication

This publication does not:

• address the preparedness and response arrangements for the 

other emergencies (i.e. for the conventional emergencies, 

natural disasters or nuclear security events) affecting the 

nuclear or radiological emergency;

• address existing or planned exposure situations (it will address 

the preparedness stage and the response phases, including the 

urgent response phase, early response phase and transition 

phase of the emergency exposure situation); or,

• address the nuclear security component of the response. 

However, it does address the EPR considerations for nuclear or 

radiological emergencies affected by a nuclear security event.
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Objectives of the publication

This publication will assist IAEA Member States in meeting the EPR 

requirements established in the IAEA Safety Standards Series No. 

GSR Part 7 for “combined emergencies” (as defined above) by:

• by providing practical guidance understandable to all 

organizations involved in the nuclear or radiological EPR 

(such as for example technical support organizations, civil 

response organizations, firefighters or police forces).

• It also provides examples and cases studies from past 

combined emergencies to illustrate the challenges in 

meeting the requirements given in these Safety Standards 

Series.
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Structure

• Section 1 provides a standard introduction.

• Section 2 provides basic information needed to use the 
publication and put its information into the right context.

• Section 3 provides a detailed description of possible 
challenges in meeting the requirements established in the 
IAEA Safety Standards for combined emergencies.

• Section 4 provides case studies of past combined 
emergencies.

• Section 5 provides some examples of past combined 
emergencies.
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Section 2 – KEY CONCEPTS

Provides a general description of selected elements necessary 

for effective preparedness and response to combined 

emergencies. 

2.1. Goals of EPR

2.2. Emergency Management System

2.3. Hazard assessment

2.5. Unified Command and Control System

2.6. Self-assessment of General EPR

arrangements
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A Hazard Assessment is:

• An analysis of the potential consequences 

– Events

– Evolution

– Timing

– Magnitude of impacts

• Includes events of very low probability 

including natural disasters

– Three Mile Island, Chernobyl and Fukushima all 

were very low probability rated events
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A Hazard Assessment includes:

• Emergencies that can occurs at facilities or 
activities

• Events involving a combination of a nuclear or 
radiological emergency with a conventional 
emergency
– earthquake, a volcanic eruption, a tropical cyclone, 

severe weather, a tsunami, an aircraft crash or civil 
disturbances

• Events that could affect several facilities and 
activities concurrently

• Events at facilities or events involving activities 
in other States
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A Hazard Assessment 

includes:

• Facilities and locations at which there is a 

significant likelihood of encountering a 

dangerous source

• Consideration of the results of threat 

assessments made for nuclear security 

purposes

• Facilities and activities, on-site areas, off-site

areas and locations

• Non-radiation-related hazards
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Events, Evolution and Timing

• Can be used to determine triggers and 

emergency action levels (EAL)

• Used to understand potential accident 

progression

• Used to determine how fast the response 

must be

Image courtesy IAEA
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Method 1: Quantitative Risk 

Analysis

• Deterministic consequence analysis

– Determination of impacts regardless of the 
probability

– Worst case or near worst case scenarios

• Probabilistic risk assessment (PRA)

– PRA level 1: Fault-tree analysis (failure 
sequences)

– PRA level 2: Damage state and source term 
determination

– PRA level 3: Risk to people
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Deterministic vs.        Probabilistic

Projected absorbed dose to the foetus from 

inhalation without ITB when sheltering in a 

house (NPP severe accident)

Images courtesy IAEA

Conditional probability of 

exceeding whole body dose vs 

distance with no protection

14



Method 2: Use Benchmarks

• IAEA emergency planning categories (EPC)

– On the basis of analysed representative cases

– Example: research reactor 50 MWth = category 2

• D-values for sources

– On the basis of analysed scenarios involving 

sources

– Example: Fixed Radioisotope Thermoelectric 

Generators = extremely dangerous
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Planning Basis

• The hazard assessment helps determine the 

degree of planning required

– Size of planning zones

– Protective actions and associated resources 

(TBI, transport, etc)

– Protection strategy

• What to do, where, when and for how long

• How to adjust protective action decisions
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Example: Definition of Zones Based 

on Risk Reduction Effectiveness

Image courtesy IAEA

From EPR-NPP-PPA (pg 98)
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Example: Definition of Safe Distances 

Based on Worst Case Scenario

Situation
Initial inner cordoned area 

(safety perimeter)

Initial determination - outside 

Unshielded or damaged potentially 

dangerous source

30 m around 

Major spill from a potentially 

dangerous source

100 m around

Fire, explosion or fumes involving a 

potentially dangerous source

300 m radius

Suspected bomb (potential RDD), 

exploded or unexploded

400 m radius or more to protect 

against an explosion
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Planning Basis: Other Factors

• Population distribution

• Transport infrastructure

• Special facilities

• Land use

ITB required
Evacuation times
Need for reception centres

Evacuation times
Shelter vs evacuate strategy
Need for mass transport

Special provisions for food and 
animals in the protection 
strategy

Special security and transport 
arrangements
Alternate facilities (hospitals, jails)
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Responsibility for the Hazard 

Assessment and Planning Basis

• Hazard assessment normally done by the 

operating organization

• Planning basis for offsite plans normally done 

by the offsite emergency management 

organizations

• All response organizations must understand 

the planning basis
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A Planning Basis is Just a 

Planning Basis

• Planning zones are not action zones

– Actual response may need to go beyond the 

planning zones

Image courtesy IAEA
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Section 3 – CHALLENGES

This is the main Section of the publication and provides:

• Guidance on how to meet the requirements provided in the 

IAEA Safety Standards Series No. GSR Part 7 from the 

perspective of a nuclear or radiological emergency affected 

by another incident or emergency.

• The sequence of the overarching requirements is identical

to the one provided in GSR Part 7. 
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Section 3 – CHALLENGES (Structure)
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Paragraph 4.14 of GSR Part 7

4.14 Before commencement of operation of the facility or 
commencement of the activity, the regulatory body shall 
ensure, for all facilities and activities under regulatory control 
that could necessitate emergency response actions, that the 
on-site emergency arrangements:

a) Are integrated with those of other response 
organizations, as appropriate;

b) Are integrated with contingency plans in the context of 
Ref. [9] and with security plans in the context of Ref. 
[10];

c) Provide, to the extent practicable, assurance of an 
effective response to a nuclear or radiological 
emergency.
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Challenges in meeting the paragraph

• To ensure integration 
of on-site emergency 
arrangements with 
other relevant 
emergency plans, 
with special attention 
paid to combined 
emergencies that 
have been identified 
in the all-hazards 
assessment.
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Section 4 – Case studies

This Section provides:

• Detailed Case Study: 2011 Fukushima Daiichi accident

• Short “case studies”

Structure of the detailed case study: For each overarching 

requirement:

• Brief description of the accident as relevant to each 

individual overarching requirement of GSR Part 7.

• Based on this brief description, a best practice 

recommendation to meet the specific overarching 

requirement is given in the form of an italic ‘Thus,…’ 

statement.
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Example Case Study: Hurricanes
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Example Case Study: Hurricanes

• In August 2005, 

Hurricane Katrina 

struck the Gulf Coast 

of the United States 

severely impacting 

the state of Louisiana
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Example Case Study: Hurricanes

• When the storm made landfall, it had a 
Category 3 rating with sustained winds of 
160- 225 kilometres (100–140 miles) per 
hour on the Saffir-Simpson Hurricane Scale 
and stretched some 640 kilometres (400 
miles) across. 

• The storm itself did a great deal of damage, 
but its aftermath was catastrophic with levee 
breaches in the US city of New Orleans, 
Louisiana causing massive flooding. 
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Example Case Study: Hurricanes

• The massive flooding was unanticipated 

resulting in evacuation of large portions of the 

city. The combined storm and flooding 

damaged several medical and other facilities 

that used licensed radioactive sources and, 

as a result of the evacuations, radiological 

sources were left unattended and in some 

cases un-secured. 

30



Example Case Study: Hurricanes

• This situation caused 

concern of possible 

radiological exposure 

and health hazards 

for rescue workers 

and residents since 

some sources were 

dislodged and 

unshielded.
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Section 5 – Examples

This appendix provides a list of examples of past N/R-

emergencies affected by other incidents or emergencies for all 

EPCs I to V and their association to different requirements.
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Thank you!


