Block No. 2, Module No. 1 Introduction to the Workshop

TAEA Training Course Tor Research Reactor Emergency Response

Introduction to the Workshop

Emergencies at Research Reactors
and Lessons Learned

Seminar

Block 2: Introduction to the Workshop
Module 1: Emergencies at Research Reactors and Lessons Learned

L ear ning obj ectives. Upon completion of this module, the participants will:

* Dbe able to list types of potential radiological emergencies at research reactors, and know
examples of reactor and facility set-ups that can give rise to such accident

« learn experiences from accidents at research reactors
« be able to list main consequences of these emergencies
e be able to list principle lessons learned

Activity: Seminar, questions and discussions
Duration: 1 hr

M aterials and equipment needed: none

Refer ences:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Incident Reporting System for
Research Reactors (IRSRR)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Reports Series No. 53,
Derivation of the Source Term and Analysis of the Radiological Consequences of
Research Reactor Accidents, Vienna (2008)

3. A review of criticality accidents, Stratton, W. R., Los Alamos, N.M. : Los Alamos
Scientific Laboratory of the University of California

4, INTERNATIONAL ATOMIC ENERGY AGENCY, The Chernobyl Accident: Updating
of INSAG-1, Safety Series No. 75-INSAG-7, IAEA, Vienna (1992)
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Block No. 2, Module No. 1 Introduction to the Workshop

Introduction

e Analysis of potential accidents is an essential
step to Emergency Planning

e Severity of potential accidents defines the scope
of the emergency plan

¢ The dominant radionuclides will define the
environmental monitoring

¢ The time behavior of the release have an impact
on the necessary timeliness of the response

e The emergency scenarios should be realistic
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L ecture notes:

Awareness of the potential accidents is needed to be able to avoid them.

Certainly plan for an emergency response to the Design Basis Accident. Depending upon the
severity of the consequences, accidents beyond design basis deserve consideration in the
development of the emergency response planning and procedures.

If you can prevent the emergency from occurring, your emergency response procedures will
never be needed. That is a better outcome than a perfect response!

IAEA Training Course for Research Reactor Emergency Response
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Content

e Potential accidents
e Accident history and statistics

o Example of an accident on a research
reactor

e Lessons learned from reactor accidents
that are applicable to research reactors

e Summary
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L ecture notes:

IAEA Training Course for Research Reactor Emergency Response
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Potential Emergencies

e Uncontrolled reactivity insertion
accidents; deficiencies in design of the
reactor core and reactor safety systems

* Uncontrolled reactivity insertion
accidents; deficiencies in operation of
core components

N
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L ecture notes:
Inadvertent criticalities can cause significant damage to a research reactor.
Agree or Disagree — WHY?

Anticipated answers including potential for very high power levels relative to the design power
level of the fuel elements.

IAEA Training Course for Research Reactor Emergency Response



Block No. 2, Module No. 1 Introduction to the Workshop

Potential Emergencies (Cont’d)

e Loss of flow
= Coolant channel blockage (ETR, USA,
1961)
= Failure of pumps or valves in primary
cooling system (CIRUS IN-2, India, 1993)

= Unexpected flow redistribution (Dhurva,
India, 1994)
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L ecture notes:
Some research reactors are tolerant of loss of flow accidents.
Agree or disagree — WHY?

Anticipated answers include availability of natural circulation and low decay heat, depending on
reactor design and operating power.

ETR - plastic sight box sank and blocked flow to parts of the core, portions of 6 fuel elements
melted

CIRUS IN-2 — closed valve prevented cooling flow over a fuel element rod.
Dhurva — open interconnecting valve reduced core flow below the safety limit

These examples are from IAEA Safety Report Series Nc. 53,

IAEA Training Course for Research Reactor Emergency Response



Block No. 2, Module No. 1 Introduction to the Workshop

Potential Emergencies (Cont’d)

e Degradation of defense in depth
= Fuel cladding failure
= Demineralizer piping leak (U Virginia,
USA, 1993)
= Pool leak (SILOE, France, 1986)

= Beam tube leak (U Michigan, USA, 1963)

@)
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L ecture notes:

Avoiding a release of fission products relies on three barriers; fuel clad, piping that contains the
coolant (and fission products if cladding fails) and an exterior containment or reactor hall that
limits releases to the exterior. Many research reactors have little of this last protection barrier.

Failure of the systems that maintain the reactor fuel covered with water, even in the absence of
cladding damage, is a reduction in safety since uncovered fuel causes potentially high radiation
dose rates in the near the core.

U Virginia — pipe break in demineralizer piping
SILOE — water loss through bottom of pool contaminates groundwater with tritium
U Michigan — shield plug too long for beam tube inserted and ruptured the tube

IAEA Training Course for Research Reactor Emergency Response
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Potential Emergencies (Cont’d)

e Degradation of defense in depth:
= Containment degradation
= Spent fuel storage pool failures

= Liquid radioactive waste disposal
system leaks

N
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L ecture notes:

Degraded containment is not readily detected until one measures containment integrity (periodic
inspection and testing), or one needs the isolation.

IAEA Training Course for Research Reactor Emergency Response
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Potential Emergencies (Cont’d)

e Erroneous movement of fuel and
radioactive materials:

= Mechanical defect or failure in fuel
handling tools (cable, crane, cask)

= Violation of fuel movement procedures
(CIRUS IN-2, India, 1994, SAROV,
Russia, 1997 - 1 fatality)

= Error concerning the movement of fuel
assemblies (TRIGA, Romania, 1986)
&)

N
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L ecture notes:

Research reactors often relocate fuel assemblies, control rods, or other core components. The
potential for an inadvertent criticality is present during these movements and detailed procedures
are needed to make the movements in a safe manner. Damage to the components being moved is
also a risk.

“THE CRITICALITY ACCIDENT IN SAROV” an IAEA accident evaluation

report

CIRUS IN-2 —fuel rod placed in transfer cask without cooling water flow

TRIGA — power excursion to 21.5 Mw when two fuel assemblies were improperly positioned in
the reactor grid sush that the control rods were ineffective to prevent criticality.

IAEA Training Course for Research Reactor Emergency Response
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Potential Emergencies (Cont’d)

e Failures in the conduct of operation
= Incorrect safety system setting

= Noncompliance with limits and
conditions for safe operation

= Missing surveillance testing
requirements

= Noncompliance with commissioning
process

= Ilgnoring physical security requirements

®
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L ecture notes:

Failure to comply with operating limits, procedures performed during the commissioning process
and requirements that prevent theft or misuse of fuel or other radioactive materials can cause
physical damage to the reactor or injury to personnel. Incorrect settings for safety system
activation or failure to perform required surveillance testing can also cause damage to the reactor.

IAEA Training Course for Research Reactor Emergency Response
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Potential Emergencies (Cont’d)

e Experiments
= Inadequate design basis

= Noncompliance with commissioning
process

= Failure in conduct of experiments (HFR,
Netherlands, 1968)

®
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L ecture notes:

Experiment facilities need the same level of attention to safety as do reactor components. An
inadequate design may fail and release radioactive material or cause damage to reactor

components.

HFR — sample irradiated without instrumentation or cooling, 2.8 TBq noble gases released

IAEA Training Course for Research Reactor Emergency Response 10
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Potential Emergencies (Cont’d)

e Releases of radioactive materials or
exposure to radiation:

= Releases of radioactive material that
exceed prescribed limits whether they
are confined to the site or extend
beyond it (EWA, Poland, 1991)

= Exposure to radiation that exceeds
prescribed dose limits for members of
the public or site personnel

I &)
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L ecture notes:
EWA — Overfilled Xe container ruptures and releases 5 MBq 1-125

IAEA Training Course for Research Reactor Emergency Response 11
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Potential Emergencies (Cont’d)

e Manufacturing Defects
= Fuel clad failures (BR2, Belgium, 1972)
= Inadequate welds
= Improper/incompatible materials

&)
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L ecture notes:
BR2 — defective fuel element

IAEA Training Course for Research Reactor Emergency Response 12
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Major Accident History

e Research Reactor Accident History:
= NRX, Canada, 1952
= RB, Vinc¢a, Yugoslavia, 1958
= SL-1, USA, 1961
= RA-2, Buenos Aires, Argentina, 1983
= VENUS, Belgium, 1965
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L ecture notes:

NRX — core destroyed by erroneous control rod withdrawal

VINCA — power excursion, exposures of 2.0 to 4.3 Sv

SL-1 — power excursion due to design deficiency and operator error, 3 fatalities

RA-2 — Criticality due to operator error, 1 fatality

VENUS — power excursion due to design deficiency and operator error, 5 Sv to one worker

IAEA Training Course for Research Reactor Emergency Response
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It can happen today!

AUG-29-2008

The medical LAB IRE at Fleurus Belgium was emitting for at least one week
radioactive lodine gas, contaminating the area long term, no peak but
vegetables and fruits from %arden banned from eating. Children should
not walk in the green. 20 000 PEOPLE will turn to bottled water and
prepare for long term impact.

The European Commission said Fri it had received an overnight alert from Belgium
f:fnl:urning a radioactive leak at the Institute National de Radio-elements (IRE) in
eurus.

There had been a release of gaseous lodine-131 from this facility, said the
commission, the executive body of the European Union (EU).

The incident had been classified Level 3 on the seven-level International Muclear
Event Scale on Tuesday.

Belgian authorities have implemented protective action on the basis of environmental

sample analyses, with restrictions imposed on the consumption of local food
produce - vegetables and milk —up to a distance of 5 km.

Models 1 Emsrgences o Febesrcs Feaian v Lisson Lesred 4

L ecture notes:

IAEA Training Course for Research Reactor Emergency Response 14
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Selected Events from Safety Report Series
No. 53

e 35 reported events (1949 — 1994)
= Criticalities: 12 events
= Loss of flow: 8 events
m Loss of coolant: 7 events
m Other: 8 events

e Number of fatalities reported: 4
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L ecture notes:

The time period covered is 45 years. This IAEA publication is not making an attempt to list all
accidents in that period, just some of the more significant ones.

Other is mix of human error and equipment failure. Most of the 35 total events had a human error
as the primary cause, or as part of the cause of the event. These are just the event listed in the
safety series report. Many others may be found in the literature

IAEA Training Course for Research Reactor Emergency Response
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Example of an Actual Accident on
Research Reactor

e Critical excursion on RA-2 Critical Assembly in
Buenos Aires, Argentina, 23 September 1983
m Operator’s error during core configuration
modification
» Reactor became prompt critical
m Peak power 300 MW, energy released 10 MJ,
fission yield 3E17
= The operator received a fatal absorbed dose:
21 Gy gamma and 22 Gy neutrons

= Root cause — Procedure violation?

®
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L ecture notes:

One might wonder why the operator made such a serious mistake and was in violation of
procedures when he caused the accident —what could be the real root cause?

Anticipate some answers such as:
poor safety culture,
this is how we really do the work

and similar.

IAEA Training Course for Research Reactor Emergency Response
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Major Lessons - Overview

e Single biggest cause of accidents
and poor response - “It can not
happen here”

o Staff did not recognize the problem
or know to what to do immediately

e Staff could not mitigate the problem

\ 7
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L ecture notes:

“It can not happen here” is a sense of infallibility that reflects n unwillingness to learn from the
mistakes of others. In fact, it can happen, perhaps not in exactly the same way, but due to similar
lapses in judgement, or attention to detail, or lack of supervisory oversight, or any one of many
additional lapses.

These problems are not limited to research reactors.

IAEA Training Course for Research Reactor Emergency Response 17
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Major Lessons - Overview

e On-site personnel have not been
protected

e Poor response to significant media and
public reaction to actual or perceived risk
caused major consequences

e Emergency workers not being protected
e Lack of a coordinated response
e Poor medical treatment

k &
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L ecture notes:

IAEA Training Course for Research Reactor Emergency Response 18
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' R

Single Biggest Cause of Emergencies
and Poor Response

e Can not happen here!
e Major cause of TMI, Chernobyl and others
e Results in:

= Poor safety culture

= Lack of planning and preparations

= Failure or inability to recognize severity
and potential consequences

%
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L ecture notes:

The single most important cause of the TMI and Chernobyl accidents was that all those involved
from the regulatory body to the staff all believed that a severe accident could not happen. This
resulted in 1) lack of care by the operators that contributed or even caused the accidents and 2)
lack of preparation to deal with the accident and its consequences.

IAEA Training Course for Research Reactor Emergency Response 19
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TMI Lesson

e Managers directing initial response were
ineffective

= Were overwhelmed ',’
= Confused
= Were unaware of plans

e Senior managers did not participate in training
or exercise (too busy!)

()
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L ecturenotes:

Many managers directing initial response were ineffective because they had not been trained under realistic emergency
conditions. Also, the response system was not designed for severe emergencies. These managers were overwhelmed and
confused (there were 80 people in the control room at one point), lacked telephone access because of jammed lines, and caused
confusion by developing ad hoc plans. Ad hoc plans were developed because the managers were unaware of the plans and
procedures that had already been established. This happened because senior managers did not participate in the training or
exercises (they were too busy).

IAEA Training Course for Research Reactor Emergency Response 20
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Staff Did Not Recognize the Problem or
Know to What to Do Immediately

Did not recognized severe conditions
Did not know what initial actions to take
Did not have the equipment needed

Did not have the protection they needed
Off-site support was not obtained |
promptly v
Off-site support was not prepared

/
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L ecture notes:

The severity of the most severe nuclear emergencies has not been initially recognized or
comprehended by plant operators even when there are indisputable indications of event severity.
At Chernobyl the staff was paralyzed, they did not know what to do. This occurred because there
was neither criteria nor training on recognition severe accidents and the immediate action to take.
Facilities should have an event classification system to indicate the level of threat, provide the
basis for immediate notification, and initiate other actions to be taken on- and off-site. The
classification system should address all potential nuclear and radiological emergencies that can
occur at these facilities. The criteria (Emergency Action Levels or EALS) for classification should
include conditions at the facility, radiological measurements and other observable conditions. This
classification system should take into account the expected response of facility instrumentation
and other systems during abnormal operations.

The reactor accident at Chernobyl occurred because an experiment was conducted without
thought to the abnormal operating conditions and the potential risks. The reactor response was
unanticipated and no operator response to those conditions had been planned.

IAEA Training Course for Research Reactor Emergency Response 21
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Severe Emergencies at Category |
Facilities

¢ Decision to implement urgent
protective action was delayed for
days
= Could have resulted in off-site
deaths
s Did result in preventable thyroid
cancers

¢ Preparation was not in place to
make decisions quickly

= No local decision maker
with authority

» No criteria/basis for
immediate action
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L ecturenotes:
For TMI and Chernobyl urgent protective actions that should have been taken immediately were not implemented for days.

The Commission that examined the response to the TMI emergency found that the area near the facility should have been
evacuated during the first few hours of the emergency because there was a vast amount of radioactive material in the
containment. Only one barrier prevented a major release and the operator did not understand what was going on. However, the
area near the facility was not evacuated.

During the Chernobyl emergency important protective actions were not taken for days or weeks. These delays could have
resulted in many deaths off-site, except the plume impacted an uninhabited area. These delays also resulted in people off-site
consuming milk and vegetables contaminated with radioiodine for several days because they were not aware of the hazard. This
caused an increase in thyroid cancer, especially in children. This increase was seen at distances of more than 350 km from the
site and could have been easily prevented if the population had been informed not to drink the local milk.

This occurred because the preparations needed to be able to made decisions quickly were not in place. This includes not having
a local decision maker with the authority to act immediately and not having a basis for taking urgent action to include a
classification system.

During some severe emergencies at threat category | and Il facilities, it has taken many hours or days to determine and
implement urgent protective actions for the public. Later analysis showed that, even with the delays, inappropriate protective
action was implemented. This occurred because arrangements for making decisions promptly were not in place for these low
probability emergencies.

Consequently, the Requirements [1] (para. 4.48) require that “For facilities in threat category | or Il arrangements shall be made
for effectively making and implementing decisions on urgent protective actions to be taken off the site. This capability shall
make use of existing public infrastructure to limit the occurrence of severe deterministic effects and to avert doses, in
accordance with international standards, for the full range of possible emergencies at those facilities.”

IAEA Training Course for Research Reactor Emergency Response

Introduction to the Workshop
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s 3

On-site Personnel and Emergency
Workers Have Not Been Protected

e Were not notified
e Did not know what to do when informed
e Lack of training
e All possible people not considered
= Visitors
= Workman
= People in near-by areas

1
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L ecture notes:

There have been cases where the on-site personnel and members of the public in facility-
controlled areas (e.g., visitors, workers, people in nearby areas) were not informed of actions to
take in the event of an emergency. Emergency Workers have not been informed of the threats in
the area they must enter to respond and lacked the training to reduce their exposure.

During the Chernobyl emergency, many emergency workers, including members of the off-site
fire brigade, received very high levels of radiation exposure, some fatal. This occurred because of
inadequate equipment and training. Monitoring instruments went off-scale, no personal dosimeter
were provided, and inadequate personal protective clothing contributed to severe beta radiation
burns

IAEA Training Course for Research Reactor Emergency Response
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Introduction to the Workshop

L

Some Lessons Learned From Past
Emergencies

o Criteria developed after emergency did
more harm than good

= Much lower than international
recommendations

e Based on criteria developed during
emergency and associated with:

= Mistrust
= Emotions
= Political pressure
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L ecturenotes:
During the response to the Goiania and Chernobyl emergencies, it was impossible to establish justified criteria for the
implementation of urgent and longer-term protective actions and other countermeasures (e.g. compensation schemes) because
they were only being developed after the start of the emergency, i.e. during a period of heightened emotions and mistrust of
officials and the scientific community.

IAEA Training Course for Research Reactor Emergency Response
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Introduction to the Workshop

Lack of a Coordinated Response

e Many locations being used to coordinate
the response and make public statements

= owner/operator
= national officials
= local official

e Result
= confusion
= inconsistent public statements
= loss of trust in authorities

Module 1- Emdrgencess o Aestarc® Heaacton ard Leiddark L

L ecture notes:

During the response to several emergencies, national authorities, local officials, and owner of the
facility had several independent organizations (centers, teams) providing public assessments and
making inquires. This resulted in considerable confusion, release of conflicting information and
unnecessary demands on other responders. This contributed to the mistrust of the government
response in the public and media. The response greatly improved when a single emergency
operation center for co-ordination of the national response and for providing information media

was established close to the affected site.

IAEA Training Course for Research Reactor Emergency Response
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Poor Medical Treatment of
Overexposure

e Facility and local medical staff did not
gather information to determine
appropriate treatment

e Local medical staff treated the
overexposure without consulting experts

e Inappropriate medical advice for those
unaffected or minimally affected

e Result - great unnecessary suffering

Module 1- Emdrgencess o Aestarc® Heaacton ard Leiddark L

L ecture notes:

In some cases the failure of the facility of local medical staff to gathered information needed to

reconstruct the dose prevent the establishment of the optimal course of treatment.

Physicians have incorrectly assumed that radiation injuries requiring only conventional treatment
or (ref Vietham) can be treated locally and sometime did not consider the dose related prognosis
for exposed tissue. Globally, only a few medical centers, have significant experience to provide
the appropriate consolation or specialized treatment.

Failure to gather needed information and to obtain consultation from experts has lead to
inappropriate treatments that greatly increased the suffering of the patients.

IAEA Training Course for Research Reactor Emergency Response 2
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Introduction to the Workshop

Some Other Issues

Be prepared for the
following, once the
emergency becomes
publicly known

¢ Failure of normal communications

¢ Immediate and immense media attention

e Non-requested assistance and suggestions

Models 1 Emsrgences o Febesrcs Feaian v Lisson Lesred
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L ecturenotes:

Overloading and sometimes the breakdown of public telephone systems (land lines and mobile systems) in the vicinity of an
event (and in some cases on a broader scale) often happens shortly after the pubic becomes aware of an event perceived as
significant. This prevented the regulatory body from maintaining communications with the site during the TMI emergency and

hampered many other aspects of the official emergency response.

This occurred in the USA following the Septembefkttack, earthquakes and the TMI emergency and in at least one case by

people calling to trying to get tickets for a rock concert.

Once the emergency becomes known there will be media attention at the site, and at the national and at local levels within an

hour or less.

Once the emergency becomes known there will be offers of help and calls with advice. During the first few days, the TMI

control room received 4000 phone calls with advice. This greatly interfered with the response.

IAEA Training Course for Research Reactor Emergency Response
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Introduction to the Workshop

Summary

e In this Module we covered
= Potential emergencies and examples at
specific research reactors
= Example of an severe accident on
research reactor, and

= Lessons learned from accidents at
reactors that are transferable to any
reactor

N
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L ecture notes:
Let's summarize the main subjects we did cover in this session.

Some key points to make:

Facility must prepare for potential accidents by having a trained staff that

promptly recognizes an emergency and the severity

Off-site must be aware of the facility emergency response plans, coordinate

with the facility, and be ready to implement recommended protective actions

IAEA Training Course for Research Reactor Emergency Response
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Where to Get More Information

¢ |AEA Incident Reporting System for Research
Reactors (IRSRR)

e A review of criticality accidents / by William R.
Stratton. Los Alamos, N.M. : Los Alamos
Scientific Laboratory of the University of
California

e |AEA Safety Report Series No. 53, Derivation of
the Source Term and Analysis of the Radiological

Consequences of Research Reactor Accidents,
2008

h &
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Questions:

While the IRSRR is intended to report incidents, these are precursor events. Enough unsafe
circumstances and the minor incident could turn into a major accident. Keeping incidents low
helps prevent accidents.

IAEA Training Course for Research Reactor Emergency Response 29
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IAEA Training Course for Research Reactor Emergency Response

Introduction to the Workshop

Objectives, Concepts and Basic
Principles of Emergency Response

Seminar - Part 1

Block 2: Introduction to the Workshop
Module 2: Objectives, Concepts and Basic Principles of Emergency Response — Part 1

L ear ning objectives: Upon completion of this module, the participants will:
» understand the reasons for emergency planning (EP) and the scope of those plans
* be able to describe the intervention principles
» describe the emergency worker (EW) guidance exposure limits
» list the EP Objectives

Activity: Seminar, questions and discussion

Duration: 1 hr

M aterials and equipment needed: none

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Arrangements for Preparedness for a

Nuclear or Radiological Emergency, Safety Standards Series No. GS-G-2.1, IAEA, Vienna
(2007)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing Arrangements
for Response to a Nuclear or Radiological Emergency, EPR-METHOD 2003, IAEA, Vienna
(2003)

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Code of Conduct On the Safety of
Research Reactors, IAEA, Vienna (2006)

IAEA Training Course for Research Reactor Emergency Response
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Introduction

e Despite all the precautions that are taken
in the design and operation of nuclear
facilities and the conduct of nuclear
activities, there remains a possibility that
a failure or an accident may lead to an
emergency

e The objectives of the lesson are to present
goals, principles and basic concepts of
emergency response in case of nuclear or
radiological emergencies

L ecture notes:

Despite all the precautions that are taken in the design and operation of nuclear facilities and the
conduct of nuclear activities, there remains a possibility that a failure or an accident may lead to
an emergency. In some cases, an emergency may lead to the release of radioactive materials
within facilities and/or into the public domain, which may necessitate emergency response
actions(such emergencies may include transport accidents). That is why adequate preparations
have to be established and maintained at local and national and, where agreed between countries,
at the international level to respond to emergencies.

In this lesson we will therefore present and discuss goals, principles and basic concepts of
emergency response in case of a nuclear or radiological emergency.

IAEA Training Course for Research Reactor Emergency Response 2
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L-008: Reviewdgfiimternatrenal
Requirements for Emergency
Preparedness and Response

International Guidelines

1. Preparedness and Response for Nuclear
or Radiological Emergency:

2. Arrangements for Preparedness for a
Nuclear or Radiological Emergency:

3. Criteria for Use in Planning Response to
Nuclear and Radiological Emergencies:

[

GS-R-2, Section 1, Objective:

1.5. This Safety Requirements publication establishes the requirements for an adequate level of
preparedness and response for a nuclear or radiological emergency in any State. Their implementation is
intended to minimize the consequences for people, property and the environment of any nuclear or
radiological emergency.

1.6. The fulfilment of these requirements will also contribute to the harmonization of arrangements in the
event of a transnational emergency.

1.7. These requirements are intended to be applied by authorities at the national level by means of adopting
legislation, establishing regulations and assigning responsibilities.

GS-G-2.1, Section 1, Objectives:

1. To provide guidance on those selected elements of GS-R-2 for which guidance has been requested by
Member States and for which there is an international consensus on the means to meet these requirements;
2. To describe appropriate responses to a range of emergencies;

3. To provide background information, where appropriate, on the past experience that provided a basis for
the Requirements, thus helping the user to better implement arrangements that address the underlying
issues.

GSG-2, Section 1, Objectives:

1. To present a coherent set of generic criteria (expressed numerically in terms of radiation dose) that form
a basis for developing the operational levels needed for decision making concerning protective actions and
other response actions necessary to meet the emergency response objectives.

2. To propose a basis for a plain language explanation of the criteria for the public and for public officials
that addresses the risks to human health of radiation exposure and provides a basis for a response that is
commensurate with the risks.

IAEA Training Course for Research Reactor Emergency Response 1-1-3
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Content - Part 1
e Why plan?
e Emergency preparedness and response
objectives
e Intervention principles and levels for the
public and workers
&)

L ecture notes:

This module is divided in two parts. In part | we examine the basic principles of planning, i.e

why plan, how much planning is required, what are the objectives of planning and of response and
what are the basic principles for intervention during a nuclear emergency.
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Block 2, Module No. 2 Introduction to the Workshop

Why Plan

Because accidents happen

Because planning helps save lives and
minimize risks to health and the
environment

Because response with planning costs
less than response without planning

e Because response without plans can
affect the credibility of the authorities

F
L
\ S

o

L ecture notes:

The consequences of not having effective plans and arrangements before an emergency can be
serious. It can cost lives, can have a significant impact on the credibility and confidence in public
authorities and lead to a crisis. If the response is inefficient, it can also cost more money than if
the organization had been prepared. The total cost of not being prepared is hard to estimate. But
the consequences are often not ones that a government or agency is prepared to live with.
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Block 2, Module No. 2 Introduction to the Workshop

Why Plan

e Because there are basic Requirements*:

= “The government shall ensure that an
integrated and coordinated emergency
management system is established and
maintained.”

= “The government shall ensure that protection
strategies are developed, justified and
optimized at the planning stage, and that the
response in an emergency is undertaken
through their timely implementation.”

*Basic Safety Standards

@)

L ecture notes:

The recommendations of the ICRP were considered in the revisions to the Basic Safety Standards
for Radiation Protection.

Here there are requirements that an integrated and coordinated emergency management system be
established and that protection strategies be developed at the planning stage and a response to an
emergency is undertaken through their timely implementation.
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Block 2, Module No. 2 Introduction to the Workshop

How Much Planning is Required

e Depends on priorities

e Depends on the level of risk you are
willing to live with

e Prevention vs response
= Cost associated with both
= Accidents happen

m Cost of preparedness may be less than
response

viE

oy
o
™
g’

L ecture notes:

How much planning is required is the question we all must ask at the beginning of the planning
process, as well as throughout the “life cycle” of the emergency preparedness programme.
Remember that planning costs money and resources. In reality, there is no threshold for when
planning is not required. Or rather, the threshold varies from individual to individual, and from
government to government. The level of planning required depends on the priorities and
resources available. And these change with time. It is therefore important to try to maintain a
consistent and sustainable approach to planning.

The level of planning required will depend on the perceived priorities, on international pressures

and on cost. In some cases, a conscious decision has to be made between being prepared or being
responsive. In either case, there is a cost. The cost of emergency preparedness is the cost
associated with planning. Being purely responsive involves no, or little preparatory cost.

However, the benefit of being prepared is measured in terms of the savings realized by having an
effective response should an accident occur. That benefit is measured both in terms of saved cost,
in terms of lives saved, and in improving acceptance by the public.
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Block 2, Module No. 2 Introduction to the Workshop

Emergency Preparedness and
Response Objectives

e Planning objectives

= To enable prompt, appropriate and
coordinated response

= To enable effective and coordinated use
of resources at the local, regional,
national and international levels

e Response objectives
= To save lives and minimize impacts

L ecture notes:

“Planning” and “response” are two different things. Plans are developed to ensure that the
response will be coordinated and effective. Plans are designed on the basis of our expectations of
what the accident consequences will be.

However, in practice, accidents rarely happen exactly as we predicted. Hence, during an actual
emergency, the objective is to save lives and minimize stochastic health impacts, environmental
impacts and psychosocial impacts. Adequate, well rehearsed plans are the only way to ensure that
the response can be effective. Hence, the main goal of plans is to ensure that the response will
happen quickly and effectively, unequivocally and in a coordinated way that will minimize the

risk to individuals and the environment as a result of an accident.

It is important now to make a clear distinction between the concepts of “RESPONSE” and
“PREPAREDNESS". Response is everything that is done during an actual emergency to ‘take
some action’ to the situation. It always takes place under pressure of time with associated stress
for the emergency responders. Emergency response has its own set of objectives and principles.

Preparedness, on the other hand, is “getting ready’ to respond to an emergency. Developing and
maintaining preparedness is part of the normal work of an emergency response capability - it does
not have the pressure of time and stress associated with responding in an actual emergency.
Preparedness has its own objectives and principles, and we shall discuss these later in this course.
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Block 2, Module No. 2 Introduction to the Workshop

EP Objectives
 ICRP 40
=]
» ICRP-63

L ecture notes:

When developing plans, it is important to realize that these plans have to be implemented. In
other words, we have to have the resources to reach the degree of preparedness contained in the
plans. Resources cost money and require time and people. Therefore, the details and level of
planning done will to a great extent be limited by the resources available and by those we are
willing to invest in the planning process. For example, everybody would like to have a
$10,000,000 life insurance policy, but few people can afford it. Emergency planning is an
insurance. To be practical and reasonable, we plan for what we feel are the greatest risks, and
choose to live with other, less realistic risks.

This principle is reflected in the basic planning principles stated by the International Commission
on Radiological Protection shown here.
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Block 2, Module No. 2 Introduction to the Workshop

Emergency Response Objectives

e Mitigate accident at source

Prevent deterministic health effects
Provide first aid and treat injuries
Reduce stochastic effects

Reduce psychological effects

Protect the environment and property
Prepare for resumption of normal activity

@)

L ecture notes:

The Safety Requirements (GS-R-2) of the FAO, IAEA, ILO, OECD/NEA, PAHO, UNOCHA and
WHO provide emergency preparedness and response objectives.

These basic obligations can be expressed in terms of practical objectives for emergency response.
These are shown on this slide.
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Block 2, Module No. 2 Introduction to the Workshop

ER Objective I: Mitigate the Accident

e Eliminate the source of the hazard
= On-site emergency procedures to stop
releases
= Damage control to stop further
degradation of the situation
= Conventional response to contain the
hazard:
+ Fire fighting
+ Spill control

L ecture notes:

The first practical objective of response is to ‘mitigate the accident’. By this we mean to bring the
radioactive source of the hazard under control. To do this we must reduce the risk of exposure
either associated with the event itself or by reducing the risk or magnitude of a release to the
environment.

This is achieved by having an accident management programme with predefined emergency
procedures which responders follow in order to return to a safe mode of operation. In many
radioactive situations a limited accident management plan should be followed to ensure that
people are not exposed.

Over and above this, the facility operator and possibly external emergency services may be
needed to perform damage control, such as fire-fighting.

Technical assistance from experts should be made available to assist the facility operators,
although this should be strictly controlled, since too much advice may be worse than too little!

Also within the scope of this objective is the need to address other conventional hazards that may
be associated with the accident, such as earthquake, hurricane, flood or fire damage. The normal
emergency response services would be involved but with the added complication of possibly
working in a radiation environment which may be the least dangerous compared to the other
elements of the accident.
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Block 2, Module No. 2 Introduction to the Workshop

ER Objective Il: Prevent Deterministic
Effects

= Establish national intervention levels
for taking urgent protective actions
+ Based on international standards
+ Implemented promptly, within hours

+ Adjusted when additional information is
available

+ Discontinued when no longer justified
= Thresholds for deterministic effects

&)

A

L ecture notes:

Preparedness requires national guidelines for intervention with urgent protective actions to avoid
deterministic health effects to the extent possible considering the projected dose, the radiological
and non-radiological health risks and the costs and benefits of the intervention. Urgent protective
actions are those that must be taken promptly, within hours or days, to be effective and delays
markedly reduce the effectiveness. The protective actions may be modified as additional
information is available and discontinued when no longer justified.

GSG-2 and BSS (under revision) establish thresholds for deterministic effects. See the next three
slides.
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Block 2, Module No. 2 Introduction to the Workshop

Radiation Physiological Effects

e Deterministic effects
= have a threshold, and symptoms appear
quickly — within hours or days
= cause death, or reduced quality of life
e Stochastic effects
= no threshold identified
= symptoms develop in years and are
indistinguishable from normally occurring
diseases
+ cancer
+ hereditary effects

o
i

iy
|

L ecture notes:

The function of most organs and tissues of the body is unaffected by the loss of small numbers of
cells, or sometimes even of substantial number. However, if the number of cells lost in a tissue is
large enough and the cells are important enough, there will be observable harm, reflected in a loss
of tissue function. The probability of causing such harm is zero at small doses of radiation, but
above some level of dose (the threshold) it increases to unity (100%). Above the threshold, the
severity of the harm also increases with dose. This type of effect is called deterministic, because it
is sure to occur if the dose is large enough and is higher than threshold. If the loss of cells can be
compensated by the repopulation, the effect will be relatively short-lived.

Examples of deterministic effects are radiation burns; induction of temporary or permanent
sterility in the testes and ovaries; depression of the effectiveness of the blood forming system,
leading to a decrease in the number of a blood cells; cataract. A special case of the deterministic
effect is the acute radiation sickness resulting from acute whole body irradiation.

Photo

Two views of the right hand of a pioneer medical radiologist. The first injury to this radiologist
was seen in 1899, namely 3 years after the discovery of X-rays was announced. The hand was
amputated in 1932 and death from cancer occurred in 1933.
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Block 2, Module No. 2 Introduction to the Workshop

GENERIC CRITERIA FOR PROTECTIVE
ACTIONS TO AVOID OR TO MINIMIZE
DETERMINISTIC HEALTH EFFECTS

Acute external, local and contact exposure
Organ or tissue RBE-weighted aE'ra}urbed dose (<10
Red marrow 1 Gy
Foetus 0.1 Gy
Soft tissue 25 Gy at0.5cm
Skin derma 10 Gy to 100 cm?

Generic criteria for acute doses for which protective actions and other
response actions are to be undertaken under any circumstances to avoid or to
minimize deterministic health effects.

Dose inRed marrow represents the average RBE-weighted dose to internal
organs (e.g., red marrow, lung, small intestine, gonads, thyroid, etc.) and
lens of eye from irradiation in a uniform field of strongly penetrating
radiation.

Dose insoft tissue reflects RBE-weighed dose delivered at the depth of 0.5
cm under the body surface in tissue due to close contact with a radioactive
source (e.g. source carried in hand or pocket).

Dose inskin reflects RBE-weighed dose to an area of 108afrderma
(skin structures at a depth of 40 mgfdior 0.4 mm) under the surface).
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" GENERIC CRITERIA FOR PROTECTIVE |
ACTIONS TO AVOID OR TO MINIMIZE
DETERMINISTIC HEALTH EFFECTS (2)

Internal exposure from acute intake

Organ or 30-day RBE-weighted absorbed

tissue dose
0.2 Gy [radionuclides with Z>89];
Red marrow  5'ao ™ [radionuclides with Z<90]
Thyroid 2 Gy
Lung 30 Gy
Colon 20 Gy
Foetus 0.1 Gy s

This slide summarizes generic criteria established at the level of doses
which are approaching thresholds for severe deterministic health effects
in case of intake of radionuclides.

30-day committed RBE-weighted dose is the RBE-weighted absorbed dose
delivered over the period of 30 days by the intake that will result in a
severe deterministic effects in 5% of exposed people.

* In case of internal exposure of red marrow, different criteria are used to
account for the significant difference in the radionuclide specific intake
threshold values for the radionuclides in these groups.

» For purposes of GSG-2 "Lung" means the alveolar-interstitial region of
the respiratory tract.

» For the case of exposure to the foetus, the committed RBE-weighted
dose is defined for the period of in utalevelopment.
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Intervention Principles

e For potential doses above acute threshold:

= Take protective action to reduce the projected
dose

e For potential doses below acute thresholds

= Take protective actions if the radiological
benefit > detriment due to the protective action
= |F projected dose > generic criteria
+ THEN the protective action brings a NET benefit

e For workers, keep the dose received as low as

reasonable
» Limit depends on the benefit of the work done
by the emergency worker (&)
Lecture notes:

The basic intervention principles are summarized on this slide. Note that the basis changes
depending in the situation:

+ A dose above deterministic thresholds is a direct threat to life and must be be allowed to be
reached. In this case. Therefore, the goal is to limit the total dose.

« A dose below deterministic thresholds does not represent an immediate life threat. Any
action aimed at reducing this dose introduces a cost in terms of health, disruption, stress and
inconvenience. This cost must be balanced against the benefit of the measure. This benefit
is measured in terms of the dose reduction that the action may lead to.

Emergency workers, unlike the public, do not get exposed as a result of the accident except
through their own actions, which are designed to protect the public. Their work is not to
avert their own individual dose, but rather to get potentially exposed to help avert a dose to
the public. But it should not be acceptable for an emergency worker to receive a dose
above the normal yearly limit unless there is a very good reason to do so.
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e This normally means taking pre-planned,
automatic, precautionary actions:

m before a full assessment of the situation

= to be adjusted as required after a full
assessment

iy
.'-;‘_”\
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L ecture notes:

Nevertheless, precautionary actions aimed at preventing serious injuries must be taken as soon as
possible when the threat warrants it. Therefore, early decisions may not wait for a careful
assessment of the source term and they must be based on the plant conditions and on the
classification level.

IAEA Training Course for Research Reactor Emergency Response 17



Block 2, Module No. 2 Introduction to the Workshop

ER Objective lll: Provide First Aid
and Treat Injuries

Give conventional First Aid

= Life-saving first aid always has priority
Triage injured patients

Decontaminate

Treat radiation injuries

Obtain specialist assistance

Mo T

L ecture notes:

Unfortunately there may be accidents where people are exposed to significant doses of
radiation before they are even aware that an accident has happened. For example, so-called
‘orphan’ sources (sources that were never under any form of institutional control) may have
been found by patients presenting themselves to the local hospital with symptoms of skin or
whole body irradiation. Some real life examples of these events were discussed earlier this
morning.

In any case one of the primary practical goals of emergency response will be to treat injuries.
Some of these injuries may be non-radiological, e.g.. thermal burns or injuries associated with
the conventional aspects of a transport accident. Conventional First Aid to save life, reduce
pain and aid recovery will be needed.

However because of the special nature of radiation accidents, there may be a need to treat
contaminated patients. Because patients may not express symptoms of radiation exposure
early on, there will be a need to sort and follow up potentially exposed individuals according
to their assessed doses.

After the very initial emergency phase, the radiation injuries if they become manifest (usually
within days or weeks, but sometimes hours) will need medical treatment and often special
medical advice.
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ER Objective IV: Reduce Stochastic
Effects

e Average natural background radiation
ranges from 1 - 10 mSv per year (70 - 700
mSyv lifetime)

e Cannot reduce total radiation dose to zero
e Intervention

m reduces the risk of stochastic effects

= also has penalties

L ecture notes:

Returning to criteria for intervention, another objective of emergency response is to reduce as
much as possible the additional radiation-induced stochastic effects (e.g. cancers) in the
population.

However we should take into account that natural background radiation (from cosmic rays,
terrestrial gamma rays, radon etc.) provides on average individual dose of 2.4 mSv per year, and
this can range from about 1 to about 10 mSv per year. So on average we each receive about 170
mSyv radiation dose from natural background in our lifetimes (assuming 70 years is our life
expectancy). So after an accident, we must recognise that it is impossible to reduce the total dose
to zero - the accident will increase the lifetime dose and associated risk of cancer.

While intervention, such as food controls, sheltering or evacuation, may have benefits in reducing
the dose and therefore in reducing the associated risks, intervention also has penalties. These
penalties include the risk of side effects (e.g. reducing the nutrition in the diet if key foods that are
already scarce, are banned), increased doses to emergency workers (e.g. to the police in carrying
out an evacuation), economic costs and socio-psychological penalties.
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ER Objective IV: Reduce Stochastic
Effects (Cont’d)

¢ In practice

There is a balance when the penalties
outweigh the benefits

The decision to implement a protective
action is based on the projected dose

e Generic criteria

L ecture notes:

So it is clear that for each protective action that might be considered, there is a tradeoff between
the penalties of taking the action and the benefits of reducing radiation exposure. For example,
the risks associated with evacuation include road accidents that may result in injuries and death,
and the cost includes the interruption of economic activities and the emotional troubles associated
with having people stay in emergency shelters. The question is, at what level of dose saved will
evacuation be worthwhile? - this level is called ithtervention level.
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Generic Criteria

e Replaces GIL and GAL terms
e Forms the basis for a protection strategy

= establish a reference level between 20 and 100
mSv

= generic criteria for particular protective
actions, set in terms of dose, are developed

= |f the numerical values of the generic criteria
are exceeded, those actions, either individually
or in combination, should be implemented.

GIL was the Generic Intervention Level. GAL was the Generic Action Level.

Both terms were used in previous IAEA publications. Besides the names, some
other changes will be observed when comparing the earlier publications to GSG-
2. The complete term is “Generic criteria for protective actions to reduce the risks
of health effects: with the inclusion of “deterministic health effects” or

“stochastic health effects” depending on the health effects involved. The
replacement meets the need for a common term for the system of values that
would be used as the basis for implementation of protective actions and other
response actions.

In practice, the intervention levels would be established as a national criteria and
the reference level would be chosen as part of the process of establishing these
criteria.
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GENERIC CRITERIA FOR PROTECTIVE
ACTIONS TO REDUCE THE RISK OF
STOCHASTIC HEALTH EFFECTS

Projected Dose Action

100 mSv in first 7 days Sheltering, evacuation,

100 mSv to foetus in first 7 days  decontamination, restriction of
food, water and milk
consumption

Thyroid dose 50 mSv in first 7 lodine thyroid blocking
days

100 mSy per annum Temporary relocation,
100 mSv to foetus, entire replacement foodstuffs
gestation

100 mSv in one month Medical screening, counselling

100 mSv to foetus, entire
gestation

L ecture notes:

Based on a generic optimization analysis, experts who developed GSG-2 proposed generic criteria
that have been adopted by the “International Basic Safety Standards for Protection against
lonizing Radiation and for the Safety of Radiation Sources”. You should notice the new guidance
does not contain upper and lower limits like those in the ICRP publications. This is in part a

result of the Chernobyl experience where the exact interpretation of these upper and lower limits
by different organizations led to delays in the implementation of the protective action, and to
mistrust among the affected populations. These drawbacks with the two-tier approach - led to the
adoption of a set of generic criteria for each protective action in the Basic Safety Standards.

Emergency protective actions include:

« urgent protective actions, which must be taken within hours of an accident to be effective.
These include: evacuation, intake of stable iodine tablets and sheltering; and

« longer-term protective actions, which may need to be adopted in a matter of days following
an accident. These include: analysis and control of foodstuff, relocation and resettlement.

The criteria are expressed in terms of the projected dose for each action, except for foodstuffs
where they are expressed in terms of the activity concentration of key radionuclides in the
foodstuff.

The criteria also introduce reference levels. The values on this slide are based on a reference level
of 100 mSv. ICRP 109 proposed reference levels of 20-100 mSv effective dose (annual or acute).
The reference level represents the level of residual dose or risk above which it is generally judged
to be inappropriate to plan to allow exposures to occur.
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Intervention Principles

o Estimating dose (projected or avertable!)
In the early stage of an emergency:

= Takes time

= Contains major uncertainties and
assumptions and is confusing

u Is difficult
= Generates debates

= Leads to delays in protective action
implementation

&)
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L ecture notes:
Now, we will look at what this means in practice.

Experience has shown that projecting dose during an emergency is difficult and usually leads to
confusion and decision-making delays.

Why is that often the case?

Expect responses such as poorly known source term, time to run computer calculations, changing
or uncertain weather conditions, results may not reflect reality, leads to debates over how certain
are the results — meanwhile, the exposure is imminent or in progress.
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Intervention Principles

* Need for a quick criterion for taking
protective actions

e This should be in terms of instrument
readings

e It should correspond approximately to the
Generic Criteria

&)
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L ecture notes:

The same is true for non-automatic urgent protective actions. During an emergency, there is no
time to carry out a careful assessment of projected and avertable doses. A simple criterion is
needed.

It turns out that the ambient dose rate measurements are somewhat related to the source term.
Therefore, it is possible to calculated levels of instrument readings that would correspond to a
dose equal to a GIL for the exposition considered.
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Introduction to the Workshop

Intervention Principles

e This quick criterion is called an OIL
= Operational intervention level
e For all situations:

= temporary relocation: default OIL = 0.1
mSv/h ambient dose rate

= evacuation: default OIL = 1 mSv/h
ambient dose rate

iy
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L ecture notes:

This criterion is called an OIL. Default OIL values are given in GSG-2. These values may need
to be revised during an emergency to reflect the exact mix of radioisotopes and better calculate

the potential effective dose rate.

The default OlLs will be discussed in more detail later.

IAEA Training Course for Research Reactor Emergency Response
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Guidance Values for Limiting Exposure
of Emergency Workers

¢ Dose < annual limit (50 mSv)

¢ In special circumstances, this limit may be
exceeded by volunteers giving informed consent:

m actions to prevent a large collective dose
+ 100 mSv
= actions would prevent development of

catastrophic conditions or prevent severe
deterministic health effects

+ 500 mSv
m actions would save a life
+ 500 mSv
= these are normally planned interventions ’ ,}
(43
% h,.c.,

L ecture notes:

The maximum annual dose is 50 mSv and efforts should be made to keep Emergency Worker
doses below that value. In some emergency situations that may not be possible and guidance
values for limiting exposure in three specific circumstances are recommended. Note that the
Emergency Workers not only are fully informed of the risks, voluntarily accept the intervention,
but should be trained as thoroughly as possible for the tasks they are expected to perform during
the intervention.

Since these are normally planned interventions, how would you plan an intervention when the
dose rate values for the area being entered are not well known?

Expected response should include use of intervention time limits, turnback values, and
dependable communication to the emergency worker.
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ER Objective V: Reduce Psychological
Effects

Provide on-going, regular updates on the
emergency to:

= people who may be affected

= people who think they may be affected
e Give clear, simple and timely advice
Make sure the information is consistent

= single authority for information

Promptly correct false information
Ensure protective actions are justified
Do not compromise recovery
Consider education and counselling

L ecture notes:

Psychological factors, while often difficult to measure, can also affect the implementation of
protective measures. The compliance with imposed food restrictions was alarmingly low in some
areas directly affected by Chernobyl. This was in part because of a lack of information early in
the event and conflicting information later. The severity of these psychological effects will
depend, in part, on whether people have confidence that the authorities are competent and
trustworthy, and have taken prompt and effective action to control radiation doses. In those areas
near the plant, information on accidents and protective actions should be provided to the public as
part of a routine education programme. At the time of an accident, be honest and provide clear,
simple advice based on internationally endorsed guidance to the public. Efforts should be made
to provide consistent advice and assessment to the public and media (press), and to correct false
information. This is best accomplished by having one source of official information within the
country and coordinating protective actions with nearby countries in advance. This may increase
the public confidence and compliance with recommended actions. Every effort should be made to
maintain public trust.

In truth, this is very difficult to do. Little will be known about the accident at the scene, let alone
at some central information centre. Information, once supplied, may turn out to be incorrect. As
the accident progresses, new information will contradict the old information, giving the
appearance of not being honest.

Psychological health effects will always accompany a radiological accident whether or not it has
resulted in persons receiving significant radiation exposure. Some protective actions taken during
Chernobyl to reduce the radiological health risks, such as relocation and resettlement, did more
harm than good because of the resulting psychological health effects brought on by stress and
anxiety. Psychological health effects must be considered when determining protective actions.
To minimize the potential for longer-term stress in affected population groups, it is essential to
resist pressure to introduce protective measures for political reasons that are well below those
justified on radiological grounds.
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ER Objective VI: Protect Environment
and Property

e Control access to evacuated areas

e Limit spread of contamination

&)

A

L ecture notes:

The last objective is to protect the environment and property. This is not very well-defined
because environmental damage itself is not well-defined. Nevertheless the concept includes such
actions as controlling access to evacuated areas for securing property and taking steps to limit the
spread of contamination by humans or naturally by transport through the air, ground or water
courses.
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ER Objective VI: Protect Environment
and Property (2)

e Control agriculture and water supplies

e Control forestry, fisheries and natural
environment

@)

L ecture notes:

Additionally, establish controls on the agricultural production system and on the water supplies
and controls on forestry use, fisheries and on the natural environment (such as hunting and fishing
restrictions, as well as restrictions on activities such as mushroom and berry picking).
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ER Objective VI: Protect Environment
and Property (3)

e Control transportation and trade
o Manage waste

e Do not compromise recovery

P
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L ecture notes:

Controls may also be needed on the movement of traffic and goods from ‘contaminated’ areas to
non-contaminated areas and to other countries.

There will be a need to manage waste arising from the emergency controls invoked for foodstuffs.

One principle to apply when managing the protection of the environmiiQ@Tisto take actions
that will compromise long term recovery.
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ER Objective VI: Prepare for Resumption of
Normal Activity

e Plan ahead
= Before the emergency

+ levels of “safe” and “normal” in radiation
protection terms

= During the emergency

+ Keep recovery in sight, define when the
emergency phase has ended

m After the emergency

+ Apply criteria developed before the
emergency

Mohie I
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EP Objectives: What It Means in
Practice

e Develop postulated accident scenarios
= What accidents may occur?
= What would be the consequences?

= What would be the most effective
response?

= How fast would the response need to
be?

= This is your “planning basis” - it must
be documented

e
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L ecture notes:

What does this mean in practice? It is usually very difficult to justify at which point planning is
considered sufficient. The next four slides propose some guidance in this respect. There are also
several dissertations that discuss the merit of planning in terms of risk reduction. This module

will not address those more in-depth discussions.

First, to plan, one needs to have an idea of what one is planning for. This is the planning basis. It
describes the kinds of accidents and their consequences for which plans are required. It also
describes what the planned response would be intended to achieve. For example, earthquake
plans may state that the planning basis is an earthquake level 6 on the Richter scale, and that the
main response objective would be to save lives and provide for continuity of essential government
services. In this example, saving buildings may not be a prime objective.
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EP Objectives: What It Means in
Practice (cont’d)

¢ For the more likely scenarios:
m Detailed plans, procedures and resources
» Train for those scenarios

e For very unlikely scenarios:
= Make contingency provisions

m Detailed plans and procedures not always
required

= Expand capabilities that are based on the
detailed plans

e

Ex

¥
%

k
L

L ecture notes:

Planners must also consider which severity of accidents they must plan for. While it is not

possible to plan for all possible scenarios, especially the very extreme ones considered by some to
be incredible, it is necessary to keep in mind that accidents may end up being more severe than
the ones for which plans were developed. Hence, it is important to be able to recognize when an
event goes beyond what was planned for, and to be able to adapt the plans in place to deal with
the impact of that more severe accident. Plans should address how this can be done with
sufficient effectiveness to achieve the main response objectives.

Unlikely scenarios are the judgement of the facility and the local and national authorities, and
depend on consequences as well as the potential for the event to occur. Generally, the less likely
scenarios have more severe consequences. Often, national regulations determine how much
preparation is required depending on event probability.
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EP Objectives: What It Means in
Practice (cont’d)

¢ It is not possible to plan for every possible
situation, but plan for most
o Be able to recognize when:
= an accident is more severe than those
anticipated in the planning basis
= an accident is outside the planning
basis
* Plans and procedures should be flexible
enough so they can be adapted based on
the situation

&)

&

L ecture notes:

It is nor possible to predict all possible accidents and variations thereof. Therefore, it is important
that, when the time comes, emergency responders be able to recognize that they are dealing with a
“new” situation. It is also important that they be able to adjust their planned response in a way

that respects the intent of the plan and is most effective for the set of circumstances.

When detailed plans are prepared, consider how these can be adapted for unanticipated events or
anticipated events that are more severe than assumed in the planning.
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EP Objectives: What It Means in
Practice (cont’d)

* Know where to get additional resources
= Example: neighboring country, IAEA

e Plan in advance how these additional
resources will be coordinated and
integrated into your own response
organization

L ecture notes:

Since situations can arise that are beyond the planning basis, there may be a need for additional
resources. Plans must make provisions for this in terms of where and how these resources can be
obtained and how they can be integrated into the existing response infrastructure.

For example, what resources would be needed if it was necessary to evacuate near the site, and
how that could be expanded if the evacuation OIL was being exceeded further from the site than
the UPZ established.
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Summary

» Intervention is justified if:

= It keeps the dose received below acute
thresholds

= The projected dose more harmful than
the disruption caused

= For emergency workers, the dose
received is below acceptable limits

&

L ecture notes:
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Summary

e Generic Criteria are in terms of projected
dose

e Operational intervention levels are in
terms of instrument readings and are
related to Generic Criteria

&

Maduls X

L ecture notes:
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TAEA Training Course Tor Research Reactor Emergency Response

Introduction to the Workshop

Objectives, Concepts and Basic
Principles of Emergency Response

Seminar - Part 2

Block 2: Introduction to the Workshop
Module 3: Objectives, Concepts and Basic Principles of Emergency Response — Part 2.
L ear ning obj ectives: Upon completion of this module, the participants will:

» listthe IAEA threat categories

» list the emergency classes and protective action zones

* be able to describe the basic response strategy: CLAIM

» understand some of the most significant challenges that need to be addressed
when planning for research reactor emergencies

Activity: Seminar, questions and discussion

Duration: 1.5 hr

Materialsand equipment needed: none

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Arrangements for
Preparedness for a Nuclear or Radiological Emergency, Safety Standards Series
No. GS-G-2.1, IAEA, Vienna (2007)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing

Arrangements for Response to a Nuclear or Radiological Emergency, EPR-
METHOD 2003, IAEA, Vienna (2003)

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Reports Series No. 55,
Safety Analysis for Research Reactors, IAEA, Vienna (2008)

4. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for
Response to a Nuclear or Radiological Emergency at Research Reactors, EPR-
RESEARCH REACTORS, IAEA, Vienna (2011)
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Content - Part 2

e Threat categories
e Emergency classes

e Research reactors emergency planning
needs

= Response strategy

= Resources
+ Generic response organization

e Practical challenges

(£)
|\'¥ _.‘- ‘_4:)
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L ecturenotes:

In this module, we will focus on emergency planning for research reactors. But first, we
will examine the threat categories developed by the IAEA to assist in assessing the risk of
a facility and in determining the need for emergency planning. As we will see, research
reactor can fit in either of two categories. Depending on which category is most
appropriate for a given facility, the needs may be different. So, we will look at the needs
in terms of emergency response functions/strategies and in terms of resource
requirements. Finally, we will examine some of the more common challenges in
emergency planning for research reactors.

IAEA Training Course for Research Reactor Emergency
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Threat Categories

e |IAEA GS-G-2.1 defines five threat
categories based on type of accident and
radiation hazard

e Threat categories are a tool to:

= help determine the hazards for various
practices

= provide guidance on the planning and
response requirements

Lecturenotes:

The degree of planning depends on the level of risk and on the type of potential impacts
of accidents associated with the practice being considered. This normally requires a
proper risk assessment that takes into account both the probability of accidents and their
consequences. This can be difficult for an organization that is at the start of the planning
process.

To make this task easier, the IAEA has developed guidance in the form of planning
categories. The IAEA EPR-METHOD 2003 proposes five threat categories based on the
level and type of risk.

EPR-RESEARCH REACTOR covers the determination of the appropriate emergency
class and protective actions for a nuclear or radiological emergency at research reactors.
It does not cover nuclear security at research reactors. The term “threat category” is used
in this publication as defined in the IAEA Safety Glossary and for the purposes of
emergency preparedness and response only; this usage does not imply that any threat, in
the sense of an intention and capability to cause harm, has been made in relation to
facilities, activities or sources. The threat category is determined by an analysis of
potential nuclear and radiological emergencies and the associated radiation hazard that
occurs as a consequence of those potential emergencies.

IAEA Training Course for Research Reactor Emergency

Response
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~
Threat Categories
Threat . )
Category Radiological Threat
I Severe deterministic health effects off-site
Warranting urgent protective actions off-site, severe
I deterministic health effects on-site
No urgent protective actions off-site are warranted,
i severe deterministic health effects on-site
v Minimum level of threat — all countries
Food contamination due to transboundary
v contamination necessitating food restrictions
&
&)
Mokl 3 - Dbgechens. Concapts i Baiie Princegies of Emerjency Responis. Pt 2 4
L ecturenotes:

Note the large step in affected area that occurs between Categories Il and lll. This difference adds
complexity to the response, both because of the potentially larger affected population, and
because of the need to coordinate with off-site authorities.

IAEA Training Course for Research Reactor Emergency
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Threat Categories - Categories | and |l

e Nuclear power plants, large research
reactors, spent fuel storage sites, and fuel
processing facilities -

e Accident probability low
e Wide-spread offsite cunsequaﬁces
= mainly stochastic effects

= very small probability of deterministic
effects, but severe in worst case
scenarios

Wicsaite ) - Ctpbetven. Conoepts sed Bate Poncgies. of Emeigercy Ridgonss, Pan 2 ']

L ecturenotes:

Categories | and Il deal with the special circumstances that relate to large-scale, fixed
nuclear facilities, including large research reactors.. While we will not be addressing

plans for nuclear power plants in this workshop, we will address the research reactors that
meet criteria to be Category Il threats.

The amount of radiation potentially involved in an accident at a Category | or |l facility is
great, and the hazard or threat of off-site consequences for people and the environment is
high. But due to the technology involved, the likelihood or probability of an accident is
very low. In addition, these are “fixed” facilities, that is, the location and its

surroundings, as well as the potential threat, is known and easily analyzed, so the level of
emergency preparedness and planning can be very detailed.

Comparison between a Category Il research reactor and a Category | nuclear power plant
is more difficult than just scaling the power levels. Nuclear power plants operate for

weeks or months at a time and usually at maximum power. Research reactors do not have
the same kind of operating schedule, which results in a different population of fission
products.

IAEA Training Course for Research Reactor Emergency
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Threat categories - Category lli

e Small research reactors, radioactive
materials manufacturing, waste storage,
lost sources, and transportation accidents

e Accident probability moderate-to-high
» Mainly local consequences:

= high probability of deterministic effects
at the site

= No effect off-site

Lecturenotes:

On the other hand, planning categories lll, IV & V in EPR-METHOD 2003 describe
facilities and situations where the immediate risk or hazard is significantly less, but the
probability or likelihood of an accident is greater. Research facilities - even those with
small reactors - laboratories, manufacturing facilities using sources for testing and other
purposes, radio-pharmaceutical makers and users - including hospitals and other medical
facilities- may have serious radioactive sources on hand, but quantities tend to be small.
Low-level waste processing and storage facilities may contain large quantities of

material, but it is usually separated and packaged in small amounts. Incidents involving
lost, stolen or uncontrolled sources are common, but in most cases, the sources are small,
sealed, or of such low energy that they pose little danger of serious exposure.

IAEA Training Course for Research Reactor Emergency
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Threat categories - Categories IV and V

° Category IV: transport, !nst snurces
I |

= Mainly local consequences unless a
response is delayed

e Category V: transboundary contamination

L% &
st ) - Cteitven. Concepss asd Bmie Proregies of Eme gefcy Rmgonas Pan 1 T

L ecture notes:

Of growing concern world-wide is the amount of radioactive material in transit. On a

daily basis, hundreds of shipments involving many different types of radioactive

materials occur in commercial transport. They move in cars, trucks, trains, boats and
planes that could become involved in an accident at any time, anywhere. While
packaging requirements for these materials are generally very strict, a transportation
accident that involves radioactive materials can cause significant anxiety even when there
is no immediate threat.

The last category involves trans-boundary incidents. These are accidents that occur in
another jurisdiction, but with potentially wide-spread consequences, particularly for the
food chain and environment.

IAEA Training Course for Research Reactor Emergency
Response 7



Block 2, Module No. 3 Introduction to the Workshop

r ™)

Emergency Planning Zones for Threat
Category |, Il & |l

e Category |

= Planning zones required up to 25 km for
urgent protective actions

e Category Il (large research reactors)

= Planning zones required but smaller,
usually a few kilometers

e Category lll (small research reactors)
= No planning zones required off-site

L i

Migds 1 - Obpsctves. Concspty snd Basc Prnopies of Emsgency Responss. Pan 2 8

L ectur e notes:

While the three planning zones previously discussed apply directly to categories | and |l
practices, they are not so relevant for the other categories.

In the case of category lll, the only zone where detailed plans are required is the facility
itself, or the facility boundary.

IAEA Training Course for Research Reactor Emergency
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FAZL

Emergency Planning Zones

{automatic
actions)

e Precautionary action zone (PAZ)

= risk reduction to avert deterministic
health effects for worst accident

m preparations to promptly alert and
evacuate the public and the workers
+ e.g. sirens
= decisions based on the accident, before
environmental measurements are
available

P

N

%

Moduls 1 - Otysctves, Conospt and flsec Princigies of Emmpescy Responss Part 7 g

L ecturenotes:
Precautionary action zone: a zone in which plans should be developed to implement

immediate protective actions (substantial sheltering or evacuation) based on the accident
classification (general emergenchigfore environmental measurements are available.

This is based on the fact that, for the worst case accident, deterministic health effects are
possible in this zone unless urgent protective actions are promptly implemented.

For both Threat Category Il and Ill research reactors, deterministic effects are not
expected beyond the site boundary for any emergency at the reactor. Deterministic effects
could occur in some emergency events within the site boundary.

IAEA Training Course for Research Reactor Emergency
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Definitions (cont’d)

-2 'm\
e Urgent Protective Actiunf,/ N
Zone (UP2) /
[ PAZ |
= promptly perform | (automatic !
environmental \ RERS), /
measurements X Pz /

_ \ {actions based /
= take urgent protective . onasesment
actions based on o
measurements

{Con.
4 Ty

LS

Moduls 1 - Otysctves, Conospt and flsec Princigies of Emmpescy Responss Part 7

10

L ectur e notes:

Urgent protective action planning zone: a zone in which detailed plans should be
developed to implement urgent protective actions based on environmental measurements.
Within the UPZ, stochastic health effects may occur for some emergency events.
Environmental surveys within this zone should be initiated within one hour.

Threat Category Ill research reactors are not expected to cause stochastic health effects
beyond the site boundary.

IAEA Training Course for Research Reactor Emergency
Response
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UPZ and PAZ Sizes
UPZ

PAZ
Threat Category | > 1000 Mw 3-5km 5-30 km
100 - 1000 Mw 0.5-3 km 5-30 km
Threat Category Il 10 = 100 Mw On-site
2-10 Mw On-site

¢ Precautionary Action Zone (PAZ) — Urgent protective action
taken based on reactor conditions, without environmental
monitoring data

# Urgent Protective Action Planning Zone (UPZ) = Normally

protective action taken based on environmental monitoring
results

» Reference: GS-G-2.1, Table 8 &)
i /)

Cosicwgts ant B Frncopies of Erergency Respors Pt 2 "

Reactor Size

L ecture notes:

These suggested zone sizes are from GS-G-2.1, Table 8, and should be used with caution.
Assumptions for release size and local conditions can cause large differences between these
results and actual conditions, a factor of two or more is possible. We will spend some time on
zone sizes later in this course.

This table emphasizes the difference in the threat categories and establishes a link with emergency
class. General emergencies will result in recommending protective action for the entire PAZ even
before any measurements have been made. So a prompt response is important, even if future
events show it was unnecessary. The same action is proposed in the PAZ for Threat Category |l
and lll reactors, however, in these cases the PAZ is within the site boundary so no members of the
off-site population are within the PAZ.

Zone sizes are a preparedness determination. One cannot figure them out during the emergency,
they need to be defined in advance, just like the threat analysis needs to be determined in advance.

IAEA Training Course for Research Reactor Emergency

Response
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Introduction to the Workshop

-

Definitions (cont’d)

e Longer-term Protective
Actions Zone (LPZ)

= Plans for monitoring
of food stuff and water

= Plans to take longer-
term protective
actions
+ ingestion control
+ relocation
+ resettlement

» LPZ includes UPZ and
PAZ

UPZ
(actions based
on assessment)

Migduls 3 - Otysctives. Conosphy snd flss Princigies of Emmpescy Responss. Pat 2
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L ectur e notes:

Longer term protective action planning zone: a zone within which detailed plans should

be developed to implement food control measures based on environmental

measurements.

IAEA Training Course for Research Reactor Emergency
Response
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Planning Zone vs Response Zones

e Planning Zones are for planning, i.e. this
does not mean that protective actions will
not be required nutside those Zones

3‘}‘“” m # S

L ectur e notes:

It is important to make a clear distinction between emergency preparedness and
emergency response. Emergency preparedness addresses the plans, arrangements and
capabilities that we think may be required for responding effectively to an emergency.
Emergency response is what we do when an emergency occurs.

Remember that difference. Planning zones are for planning, not for response. With the
exception of the precautionary action zone, where response decisions usually affect the
entire zone, the fact that a planning zone is only 10 km does not mean that no protective
action will ever be taken outside of 10 km. Based on the assessment at the time of the
accident, for example environmental readings, there may be a need to act beyond 10 km.
On the other hand, there may not be a need to take the action all the way to 10 km. The
fact that planning is done within 10 km simply means that the risk inside that 10 km zone
is large enough to warrant planning. Also, in general, provided that the plans are
effective, they can be extended at the time of an accident to include areas beyond the 10
km zone. This is the concept of contingency planning.

IAEA Training Course for Research Reactor Emergency

Response
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Emergency Planning Zones for Threat
Category IV&V

e Category IV
= No fixed planning zones

= Immediate action zone required
(precautionary or safety distance)

e Category V

= Extensive planning zone for agricultural
counter-measures only

Mgl § - Dbgectiens. Concipts ind Baiie Frincpies of Emergancy Responia. Pt 2 14

Lecturenotes:

In the case of category 1V, fixed planning zones cannot be established. However,
following, for example, a transport accident involving radioactive sources, there would
be a need for a safety perimeter around the accident site. This is equivalentto an

emergency planning zone, with the exception that the zone is “mobile”.

IAEA Training Course for Research Reactor Emergency

Response
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Research Reactor Planning Needs

» EP needs depend primarily on:
= Size and type of facility
= Availability of on-site resources

m Coordination with local and national
emergency plans

e First, you must do:
= A threat/risk assessment
= A needs analysis

F )

L)
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Lecturenotes:

The question that we would like to address now is: how do those principles and concepts
translate into practical needs for the development of an emergency response capability at
research reactor facilities? The next section presents a broad overview of these needs.

Future workshop modules will discuss some of the requirements in detail.

Research reactors vary in size, type, use, safety and location. It is therefore very difficult
to establish a list of practical requirements that fits all research reactor facilities.

EP needs depend primarily on the reactor size (and use) and on the on-site resources
available to deal with upset situations. In general, larger facilities will have access to

more on-site resources. However, this may not be the case always. Therefore, it is
recommended that facility owners perform a risk assessment and a needs analysis as part

of the planning process.

IAEA Training Course for Research Reactor Emergency

Response
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Research Reactor Planning Needs

e Threat assessment:

= What accidents are possible?

+ rank by risk of release of radioactive
material and by quantity of the release

= What are the potential consequences ?
+ Calculate consequences for

= ¥ release to pool

ya @ release to interior of facility

® release to external environment

@

Wicsaite ) - Ctpbetven. Conoepts sed Bate Poncgies. of Emeigercy Ridgonss, Pan 2 16

Lecturenotes:

The threat/risk assessment should provide an appreciation for the type of hazards that are
present, the type of accidents that could occur and the type and severity of the
consequences that could result. This can be a simple order-of-magnitude analysis of a
more detailed probabilistic safety assessment (or its equivalent). The questions are:

* What are the possible accidents?
» What would be their consequences to individuals, public or environment?
* How can they be prevented or dealt with when they occur?

IAEA Training Course for Research Reactor Emergency

Response

Introduction to the Workshop
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Introduction to the Workshop

L

Threat Assessment

e Conventional hazards
= Fire
= Explosion
m Chemical threats

® Include threats from exterior events of

this type — who are your neighbors?
: e

Hh‘-r‘q rn [ 7 -
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L ecture notes:

Some of the threats that need to be considered are conventional.

IAEA Training Course for Research Reactor Emergency

Response
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Threat Assessment

e Radiological hazards from reactor
operations
= Events causing increase in radiation
levels
= Events releasing radioactive materials
= Events with both hazardous conditions

L

Pan 2 18

st 3 - Ctpectven. Concepts sed Bae Poncgies. of Emeigeny Ridgonss

Lecturenotes:

Some of the threats are radiological. Consequences may be in terms of individuals,
facility population, the public or the environment. Usually only releases of radioactive
materials creates a threat beyond the site boundary. Either condition can create a threat to

the people at the site.

IAEA Training Course for Research Reactor Emergency

Response

Introduction to the Workshop
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Introduction to the Workshop

Emergency Classification

e Four levels, increasing severity
= Alert
= Facility Emergency
= Site Area Emergency
= General Emergency

level of that risk

L

¢ Identifies the population at risk and the

@

Madels ) - Dbyactives. Concepts shd Basie Principies of Emergancy Resporis. Pt 2
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Lecturenotes:

IAEA Training Course for Research Reactor Emergency
Response
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Alert

Facilities in Threat Category |, Il and lll
Uncertain or significant decrease in the
level of protection for the public and
people on the site

e Prompt action to assess and mitigate the
consequences

Prompt action to increase the readiness of
response organizations

+ Reference: GS-R-2 ;%i

Miohole 3 . Cbyectiens Concopts antl Baiee Frnopies of EFergency Resporis Pt 2 20

Lecturenotes:

This is the lowest level and is often reserved for those situation that do not represent an immediate
direct threat, but require the emergency response team to verify that the emergency stays in that
way. Most drastic action is considered to be an increase in readiness and closely monitoring to
ensure the emergency doe not escalate.

IAEA Training Course for Research Reactor Emergency
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Introduction to the Workshop

Facility Emergency

e Facilities in Threat Category |, Il and
i

e Major decrease in the level of
protection for people on the site

e Prompt action to mitigate the
consequences

e Prompt action to protect people on
the site

\:"-'-.-..-'

.. » Reference: GS-R-2

Mashula 3+ Oty ts ant Bz Frncogies, of Erargency Fesgorta Pt 2 21

L ecture notes:

Note that this class is intended for situations where no risk to off-site populations will occur. The
on-site population may be at risk, even on sites with more than one facility. For example, a waste
handling facility located next to a research reactor may need to be evacuated for certain reactor
emergencies. The site authorities have a duty to direct such an action. Contrast that with a Site
Area Emergency that threatens individuals beyond the site boundary. The site officials do not
have the authority to remove those people to a safer location. That authority resides with the local

government.

IAEA Training Course for Research Reactor Emergency

Response
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Site Area Emergency
o Facilities in Threat Category | and Il

e Major decrease in the level of
protection for those on-site and those
near the facility

e Prompt action to mitigate

» Prompt action to protect people on the
site

e Promptly make preparations for
protective actions off the site

+ Reference: GS-R-2 (&)
\ -y

L ecture notes:

A common description to distinguish Site Area Emergency from General Emergency is that a Site
Area Emergency is just one more failure from would cause fission products, or other radioactive
material, from being released.

There is frequently confusion between a Site Area Emergency, as established in IAEA Safety
Guides, and a commonly used term “Site Emergency” that occurs at sites with multiple nuclear or
radiological facilities. In IAEA Safety Guides a Site Area Emergency is appropriate if off-site
areas are threatened by the particular emergency. And clearly, off-site areas are beyond the site
boundary. A locally defined “Site Emergency”, if only affecting the population within the site
boundary, would not qualify as a Site Area Emergency, but would be a Facility Emergency. Note
that the work “facility” is very general, does not imply any physical space or constraint, and could
be something as small as an experimental facility within the reactor, or the entire reactor itself.

IAEA Training Course for Research Reactor Emergency
Response 22
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General Emergency

e Facilities in Threat Category | and Il
e Actual or substantial risk of release

e Warrants urgent protective action off
the site

e Prompt action to mitigate

e Prompt action to protect people
within PAZ and UPZ

» Reference: GS-R-2

i Concapts il Baiie Pringipies of Emergancy Retporie. Pt 2 F

L ecture notes:

The emergency classes used in EPR-RESEARCH REACTOR are described in IAEA Safety
Standard GS-R-2.

General Emergency is the class for the most severe risks or consequences of the emergency. This
should be reserved for the cases when enough radioactive material has been released or is about to
be released that off-site populations will be recommended to take urgent protective action, or

when developing conditions make that likely to occur.

For Category Il research reactors, even a General Emergency is not likely to require
recommended urgent protective action off-site until environmental monitoring confirms the need.
The smaller fission product inventory when compared to a Threat Category | reactor reduces the
threat of deterministic health effects beyond the site boundary.

IAEA Training Course for Research Reactor Emergency
Response 23
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Needs analysis

e What is the response strategy?
e What resources do | need?
e What resources do | already have?

Strategy

Resources

®

Wicsaite ) - Ctpbetven. Conoepts sed Bate Poncgies. of Emeigercy Ridgonss, Pan 2

Lecturenotes:

Once the threat has been assessed, it is necessary to determine what is needed to deal
with accidents. EPR-METHOD 2003 provides guidance on infrastructure and functional
requirements an is the basis for the following discussion.

Needs will be discussed in terms of response strategy and resources.

IAEA Training Course for Research Reactor Emergency
Response 24
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Response Strategy

CLAIM !

Classify

Life saving

Assess and protect
Inform

Manage

L

®
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Lecturenotes:
RemembeiCLAIM.

It stands for classify, life-saving, assess & protect, inform and manage. These basic
response functions are defined in the next few slides and described in detail in the rest of
the workshop.

IAEA Training Course for Research Reactor Emergency
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Classify

» Promptly detect the accident situation
e Very quickly rank it in terms of severity
= the objective is <15 minutes

e Trigger automatic actions associated with
classification level

o
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Lecturenotes:
Classifying is a way to quickly categorize the severity of an accident.

When an emergency occurs, the initial information is generally very limited and very
confusing. Nevertheless, critical decisions must to be made:

» what immediate actions should the emergency organization take
» what immediate protective measures must be initiated

Failure to make the right decision regarding the protection of on-site personnel and the
public may, in some cases, render the measure ineffective.

Classifying the accident is also a very effective way of communicating its severity to
other people. If the classification system is well defined and understood by all, it is easier
to convey the message with a simple statement about the emergency class than to try to
provide a detailed description of the event, which may be confusing at first.

IAEA Training Course for Research Reactor Emergency
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Life-saving

e Evacuate people from the high hazard
area

e Provide immediate medical first aid

Lecturenotes:
Life-saving can be preventative or responsive.

Preventative means that an evacuation of the areas where the risk of injuries is greatest
should be done as soon as the risk is present. This can be likened to the concept of
precautionary action zone discussed in part 1.

Responsible measures are those aimed at providing conventional medical first aid to
casualties. Although this refers to conventional first aid, the fact that the patient may be
contaminated or may have been overexposed, and the fact that a radiological hazard may
still be present where the victim is found complicates the response significantly.

IAEA Training Course for Research Reactor Emergency

Response

Introduction to the Workshop
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Block 2, Module No. 3

Introduction to the Workshop

Assess and protect

e Survey and monitor
o Determine need for protective actions
o Implement protective actions

= Sheltering or evacuation

= Stable iodine

= Access control

= Food ban in immediate vicinity

st 3 - Ctyctven. Conoepts sed Bae Prncgies. of Emeigesy Ridgonss, Pan I 28

Lecturenotes:
Assess and protect refers to the need to avert levels of exposure that are not life-

threatening but may lead to a stochastic risk increase. This requires a careful evaluation

of the conditions ate the time of the accidents. Normally, these measures are not

automatic and they are implemented on the basis of ambient radiation readings (shine or

airborne concentrations or surface contamination).

IAEA Training in Emergency Preparedness and Response
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Block 2, Module No. 3 Introduction to the Workshop

4 N
Inform
e Inform the public on protective actions

needed

e Inform the media
fii]

\ . *':,1
st ) - Cteitven. Concepss asd Bmie Proregies of Eme gefcy Rmgonas Pan 1 8

L ectur e notes:

Informing the public and the media is often left out of plans because 1) the media is often
considered an obstacle rather than an ally and 2) it is often felt that if the population is not
directly affected, they do not need to know.

Both these statements are wrong!

A proper public information plan can enhance the value of the response by ensuring that
instructions (including instructions to do nothing!) are respected, trusted and followed.
Furthermore, providing good information to the public and the media may prevent future
pressures (public, media and political) that may ultimately detract from the response work
required.

IAEA Training in Emergency Preparedness and Response
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Block 2, Module No. 3 Introduction to the Workshop

Manage

e Coordinate the facility response with
outside services and off-site authorities

e Monitor the unfolding of events and

actions
e Communicate
e Follow up
®
- B - Obpiectven. Concepls and Baie: Pricgies of Emei gerey Figonss Pan 1 30 d
L ectur e notes:

Of course, none of the above will be very effective unless it is coordinated by an
emergency manager.
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Block 2, Module No. 3

Introduction to the Workshop

Practical Issues Related to the
Response Strategies

5] |

Lecturenotes:

In this last portion, we look at some of the key planning issues that need to be addressed
when developing plans for such emergencies. The discussion is in the form of questions.
They do not cover all aspects of the planning process. A complete discussion is
contained in TECDOC 953. But the questions look at some of the most important

practical challenges based on past experience.

IAEA Training in Emergency Preparedness and Response
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Block 2, Module No. 3

Introduction to the Workshop

Research Reactors

» Is there an accident classification system
based on the facility conditions?

e Is the classification system well
understood by staff and outside services?

e Is there a 24 hour contact point for the
facility?

e Can the facility emergency response
organization be activated 24 hours a day?

Mipube | - Dibjechers. Conapti axi Bass Procgies of Emegendy Reulotas FPan 2 12

Lecturenotes:

Category lll facilities are often small, with a small staff and few resources. Although
procedures usually exist, they do not often include classification considerations. This
means that the response can be slowed down by the assessment process in the initial

stages of the emergency.
If there is a classification system, it is often understood by only a few people.

Some of these facilities do not operate 24 hours a day. In this case, there needs to be a
way to contact a responsible person/radiation protection officer outside working hours,
for example if there is a fire and the fire fighters need to enter areas where sources are

stored.

IAEA Training in Emergency Preparedness and Response
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Block 2, Module No. 3 Introduction to the Workshop

Research Reactors

e Are there arrangements with off-site
emergency services?

» Do these off-site services have
appropriate training to respond to an
emergency at the facility?

e How is radiation protection and dose
monitoring provided to the off-site
services?

Wos § - Dbgectsn Contepts o Base Precgies of Emgancy Reiposss Pan 2 33

Lecturenotes:

Many smaller facilities rely on outside emergency services in case of accidents. If that is
the case, these arrangements must be well-defined and documented. In some cases, off-
site emergency services have been known to refuse to provide assistance to facilities if
they suspect that radiation may be present. This suggests the need for training and
frequent exercises. Furthermore, there has to be arrangements to protect such off-site
workers who may enter high dose rate or contaminated areas. That is usually provided
by the facility.

IAEA Training in Emergency Preparedness and Response
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Block 2, Module No. 3

Research Reactors

e What is the minimum on-site staff when
operating?
e Is this enough to adequately respond?

e How will the need for off-site protective
actions be determined

¢ How will information be released to the
news media?

Wos § - Dbgectsn Contepts o Base Precgies of Emgancy Reiposss Pan 2 34

Lecturenotes:

Many smaller facilities rely on outside emergency services in case of accidents. If that is
the case, these arrangements must be well-defined and documented. In some cases, off-
site emergency services have been known to refuse to provide assistance to facilities if
they suspect that radiation may be present. This suggests the need for training and
frequent exercises. Furthermore, there has to be arrangements to protect such off-site
workers who may enter high dose rate or contaminated areas. That is usually provided
by the facility.

IAEA Training Course for Research Reactor Emergency

Response

Introduction to the Workshop
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Block 2, Module No. 3 Introduction to the Workshop

Summary

o There are five threat categories identified
in EPR-METHOD

= Research reactors are category Il or Il

e Research reactor planning needs are
based on the reactor size and the
resource pool available at the site

e Response strategy = CLAIM

LS ’
Wos § - Dbgectsn Contepts o Base Precgies of Emgancy Reiposss Pan 2 a5

Lecturenotes:

IAEA Training Course for Research Reactor Emergency
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Block 2, Module No. 3 Introduction to the Workshop

Summary

e Generic response organization can be
adapted to fit most facilities

e The on-site emergency organization must
be integrated with off-site

e Response can be challenging, especially if
the appropriate arrangements are not in
place in the plans

| ®

st 3 - Ctyctven. Conoepts sed Bae Prncgies. of Emeigesy Ridgonss, Pan I 36

Lecturenotes:

IAEA Training Course for Research Reactor Emergency
Response 36



Block 2, Module No. 3 Introduction to the Workshop

Where to Get More Information

e |AEA EPR-METHOD 2003
e |AEA GS-G-2.1
e |AEA EPR-RESEARCH REACTOR

Madels ) - Obyachions, Concapts and Basie Principies of Emsrgancy Resporis. Pat 2 ar

Questions:

1. What are the five threat categories defined in TECDOC 9537

2. Name the main components of a generic response organization.
3. Define the basis emergency response strategy.
4

. Give two practical challenges for response to research reactor accidents and
propose a practical solution for each.
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Block 4, Module 4 Development of a Response Capability

IAEA Training Course for Research Reactor Emergency Response

Development of a Response Capability

Concepts of Operations and
Responsibilities

Seminar

Block 4: Development of a Response Capability
Module 4: Concepts of Operations and Responsibilities

L ear ning obj ectives. Upon completion of this module, the participants will:
« Understand the importance of assigning responsibilities

« Be able to use the worksheet provided to identify and resolve gaps and conflicts in
responsibility

« Understand the role and importance of the Concept of Operations in coordinating the
planning

» Be able to develop a basic Con-ops for events possible at research reactors
< Know how to ensure panning for a research reactors is integrated with national planning

Activity: Seminar, questions and discussion
Duration: 1 hr

M aterials and equipment needed: Worksheets for “Identification and Assignment of Critical
Tasks”

Refer ences:

1.INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing Arrangements
for Response to a Nuclear or Radiological Emergency, EPR-METHOD, IAEA, Vienna
(2003)

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Introduction

Will learn how to:
e develop a concept of operations
¢ assign responsibilities

e assure responsibility for critical tasks are
clearly defined

Critical steps in the process of developing
an emergency preparedness capability

| &

Msdole 4 - Concaph of Ofaraborn and Bingonstaiien 2

L ecture notes:

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Content

e Concepts of operations
e Critical tasks and responsibilities
e Summary

®

Wessiin 4 - Concepts of Dpeiatiotn and Respomiiten

L ecture notes:

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Development of Concept of Operations
(Con-ops)

¢ A simple overview of how the ideal response will
proceed

e Describes the basic responsibilities of the major
responders

¢ Used:

= To assure all parties understand and agree to
roles

= Basis for development of detailed plans

e Must be completed and agreed to before planning
begins

&)

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:

A Concept of Operations (Con-ops) is both part of the emergency plan and is also part of the
planning process. The Con-ops:

« Is a simple overview of how the ideal response will proceed
- Describes the basic responsibilities of the major responders
- Used:

- To assure all parities understand and agree to roles

- Basis for development of detailed plans
« Must be completed and agreed to before planning begins.

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Principal Parties to a Response

e Operating Organization
= Directly in control of a facility or activity
m Directs the response in owner controlled area
e Emergency services
» Provide Fire, police, medical support
e Local officials
= Implement off-site protective actions
o National officials

= Perform tasks that do not need to be
implemented urgently to be effective

= Nationwide actions

L ecture notes:
The major parties in a response (responders) are:

The operating Organization can be the staff at the facility or the personnel using or transporting
the material at the time of the emergency. They are responsible for:(1) the immediate actions to
mitigate the emergency;(2) protecting people on-site; (3) notifying off-site officials and providing
them with recommendations on protective actions and technical assistance, and providing initial
radiological monitoring.

Emergency services: The local off-site response organizations that provide emergency services
and which can typically respond anywhere. These include police, fire and rescue brigades,
ambulance services, and possibly hazardous materials control teams.

Local officials: the government and support agencies responsible for providing immediate support
to the operator and prompt protection of the public in the vicinity.

National and regional (province or Sate) officials. the governmental agencies responsible for
planning and response on the national (or regional and State) level. These agencies are typically
responsible for tasks that do not need to be implemented urgently to be effective. This
includes:(1) longer-term protective actions, and (2) support of local officials in the event their
capabilities are exceeded.

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Con-ops for Alert

Events involving unclear or significant
decrease in the level of protection of the
public or on-site personnel..

e Facility
= Declare based on EALs
= Notify off-site officials (within 60 min)
= Activate appropriate part of response
= Conduct off-site monitoring (if

appropriate)
= Take actions to mitigate the event @)

\, —~)
L ecture notes:
Alert
Events involving unclear or significant decrease in the level of protection of the public or on-site
personnel..
Facility:

* Declare based on EALs

* Notify off-site officials (within 60 min).

« Activate appropriate part of response.

» Conduct off-site monitoring (if appropriate).
» Take actions to mitigate the event

Time is based on IAEA GS-G-2

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Con-ops for Alert

o Off-site
® Increase readiness

= Assure all governmental agencies are
informed

= Provide fire, police or medical support if
requested

= Initiate joint media briefings if media or
public attention

®

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:
Off-site;
* Increase readiness (needs guidance from operating organization)
» Assure all governmental agencies are informed.
« Provide fire, police or medical support if requested.
« Initiate joint media briefings if media or public attention

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Con-ops for Facility Emergency

Event resulting in a major decrease in the level of
protection for the on-site personnel

e Facility

Declare emergency based on EALs

Take life saving actions on-site

Account for all personnel, including visitors
Request off-site assistance

Notify and establish communications with off-site
officials within 60 minutes

Protect on site personnel

Treat, decontaminate, estimate exposure and transport
injured

= Monitoring to confirm that no off-site actions needed

= Take actions to mitigate the emergency

= Initiate, with off-site officials, joint media briefings

&
\os
L _— #

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:
Facility Emergency
Event resulting in a major decrease in the level of protection for the on-site personnel but no off-site risk.
Facility:
» Declares the emergency based on EALs
» Take life saving actions on-site.
» Account for all personnel, including visitors

Request off-site assistance
* Notify off-site officials within 60 minutes

Activate part of response needed

Evacuate or provide substantial shelter for non-essential personnel and visitors on-site and account
for all persons on the site.

Monitor on-site personnel for contamination.

 Provide first aid, decontaminate, estimate exposure and transport injured and exposed individual for
treatment.

» Conduct off-site monitoring near facility to confirm that off-site protective actions are not needed.
* Provide protection from hazardous conditions for on-site and off-site emergency response personnel.

» Take actions to mitigate the emergency, provide technical assistance to control room or operating
staff.

* Establish continuous communication with off-site officials.
» Take action to ensure contaminated people or items do not leave the site undetected
* Initiate, with off-site officials, joint media briefings.

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4 Development of a Response Capability

Con-ops for Facility Emergency

e Off-site
= Limited activation

= Assure all governmental agencies are
informed

= Provide fire, police or medical support if
requested

= Provide treatment with experts for injured,
contaminated individuals and overexposures

= Initiate, with on-site officials, joint media
briefings

@)

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:

Off-site;
« Activate part of response coordinated under a single director near the scene.
» Assure all governmental agencies are informed.
« Provide fire, police or medical support if requested.

 Provide initial treatment for injured, contaminated individuals and consult with experts to
determine treatment strategy for overexposures.

« Initiate, with on-site officials, joint media briefings

IAEA Training Course for Research Reactor Emergency Response



Block 4, Module 4

Development of a Response Capability

-

Con-ops for Site Area Emergency

Events resulting in a major decrease in the level of
protection

e Facility
= Declare emergency based on EALs
= Take life saving actions on-site
= Request off-site support
= Activate full response

= Notify off-site officials (15 min) and establish
continuous communications

= Protect site personnel and visitors
= Conduct off-site monitoring near facility
= Take actions to mitigate the emergency

= Conduct joint media briefings {_3;3
L, —— 7
L ecture notes:
Ste Area Emergency
Events resulting in a major decrease in the level of protection for the public off-site and on-site
personnel
Facility:

Declares an emergency based on EALs

Take life saving actions on-site.

Request off-site support (medical, fire, security)

Activate full response

Notify off-site officials with in 15 minutes.

Establish continuous communication with off-site officials

Take actions to mitigate the emergency, provide technical assistance to control room

Evacuate or provide substantial shelter for non-essential personnel and visitors on-site and
account for all persons on the site.

Conduct off-site monitoring near facility. provide data to off-site

Provide protection from hazardous conditions for on-site and off-site emergency response
personnel

Initiate, with off-site officials, joint media briefings.

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4 Development of a Response Capability

Con-ops for Site Area Emergency

e Off-site

= Prepare to implement protective actions with
recommendation from the site

= Alert the population

= Coordinate all monitoring - incorporate plant
data

= Provide emergency services
= Provide medical treatment with experts

= Coordinated response with a single manager
under Incident Command System (ICS)

» Inform all governmental agencies
= Initiate joint media briefings

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:
Off-site;
» Prepare to implement urgent protective actions in the PAZ off-site and take measures to
protect food supply.

« Activate the full response coordinated under a single emergency manager near the scene
using the incident command system (ICS).

« Alert the population and advise them to remain attentive for further instructions.

« Conduct monitoring for determining need for additional off-site protective actions --
incorporating on site data

« Provide fire fighting, police or medical support if requested.

« Provide initial treatment for injured and consult with experts to determine treatment strategy
for overexposures.

» Assure all governmental agencies are informed.
« Initiate, with on-site officials, joint media briefings.

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4

Development of a Response Capability

Con-ops for General Emergency

Events resulting requiring implementation of
urgent protective actions off-site

e Facility

= Same a Site Area Emergency except
+ Recommend protective actions to off-site
officials within 15 min
+ Participates in the incident command
system (ICS) - command group with off-site
officials

#

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

&

Lecture notes:
General Emergency

Events resulting in an actual or substantial risk of an atmospheric release or shine dose from
criticality or loss of shielding requiring implementation of urgent protective actions off-site.

Facility:
« Same as Site Area Emergency except:

« Participates in the incident command system - command group with off-site officials.

IAEA Training Course for Research Reactor Emergency Response
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Con-ops for General Emergency

o Off-site officials

= Same as Site Area Emergency except:

+ Implement urgent protective actions
promptly

* Notify IAEA - nearby countries

Moduie 4 - Concephy of Operalicrn avd Hegonstdibe

L ecture notes:
Off-site;
« Same as Site Area Emergency except:

« Implement immediate protective actions in the PAZ immediately - start within 30 minutes
of notification by plant

« Implement appropriate protective actions in the UPZ based on environmental monitoring
results

Implement actions to protect the food supply (e.g., place animals on stored feed).

If major release - recommend people do not eat potentially contaminated food within the
distance 10 times the UPZ size.

« Conduct monitoring in and around the UPZ and revise protective actions accordingly.

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4

Development of a Response Capability

Identification and Assignment of
Critical Tasks

e Ongoing major problem - conflicting and
gaps in responsibilities

e Must have responsible clearly established
and agreed to before progress can be
made

e Worksheet from EPR-METHOD 2003,
Chapter 3, is provided to assist you

L ecture notes:
Assure that the responsibility for performance of critical; task is clearly assigned is an ongoing
problem. In many case different organizations are performing tasks (e.g., monitoring) and not in
a coordinated way. In some cases several organizations all believe they are responsible for the
same tasks. In other cases no one will take responsible for a task believing that it is someone
else's responsibility. It will be very difficult for planning to proceed until the responsibilities for
performance of critical response tasks is carefully established and agreed by all response
organizations.

This worksheet is a list of tasks that are critical to a successful response.

Instructions for instructor
Show and discuss worksheet.

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4 Development of a Response Capability

Identification and Assignment of
Critical Tasks

e Distribute worksheet to all that may have role in
off-site response:

= National ministries and agencies

= Regional ministries and agencies

= Governments within the UPZ (for fixed
facilities)

= Operating Organization

= Emergency services (medical, police, fire
fighting services)

= Non-governmental organizations

@

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:

One copy of this worksheet should be distributed to all organizations which may have a role in
off-site emergency response, including:

* national ministries and agencies;

* regional ministries and agencies;

» governments within the UPZ (for fixed facilities);
* the operator;

* support organizations (medical, police, fire fighting services) including private -companies
(if applicable); and

« others, as required (e.g., non-governmental organizations that provide support).

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4

Development of a Response Capability

Identification and Assignment of
Critical Tasks

¢ Each organization should:

= complete the portions they believe apply to
them

= identify lack of resources and capabilities

» indicate if they are responsible for the task
e Assessed at the national and local levels to

= identify gaps

= overlaps
= conflicts
o Resolve issues and get signed agreement 9y
L .._:___.5"
L ecture notes:

Each organization should be asked to complete the portions of the worksheet, which they believe
apply to them. In some cases, organizations may recognize their role while admitting also their
lack of resources and capabilities; in such cases, the role should be recorded on the worksheet,

and a comment regarding resources and capabilities should be added.

Organizations should indicate if they are think they are responsible for the task. All completed
worksheets should then be assessed at the national and local levels to identify gaps, overlaps and
conflicts. Discussions should then be held between all coordinators responsible for emergency

response to resolve these issues.

Once all responsibilities are agreed to, get all the parties to sign an agreement specifying the
responsibilities. This could be accomplished by having all parties agree to the emergency plan (if

it spells out the responsibilities).

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4

Development of a Response Capability

Relationship With National and
Regional Planning

e Planning for research reactors must not
be done in isolation

e Must be integrated into the regional (local)
and national plans

e Approval by regional and national
planners is one way to accomplish
coordination

e Exercise are the only way to verify the
planned coordination actually works

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

®

L ecture notes:

Exercises are the key. If the coordinated plans don’t work in a controlled and less stressful
exercise, they will not have a chance in a real emergency!

IAEA Training Course for Research Reactor Emergency Response

17



Block 4, Module 4 Development of a Response Capability

Summary

¢ Demonstrated the role of the Con-ops in
coordinating the planning

e Discussed the Con-ops for several events
possible at research reactors

e Discussed the importance of assigning
responsibilities

e Provided a tool (worksheet) to identify and
resolve gaps and conflicts in responsibility

e Make sure your planning is coordinated with
national planning - not done in isolation

&

Moduie 4 - Coscaphy of Operaliom and Heponatsbes

L ecture notes:
Let's summarize the main subjects we did cover in this session.

IAEA Training Course for Research Reactor Emergency Response
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Block 4, Module 4

Development of a Response Capability

Where to Get More Information

e Information Con-ops and assignment
of responsibility:
= EPR-METHOD

e Response to accidents:

= Reactors
+ TECDOC-955 for NPP
+ EPR-RESEARCH REACTOR

= Radiological - TECDOC-1162
= Medical - EPR-MEDICAL 2005

e Questions?

R e 3 8 e W O e o Menccoradelen ]

IAEA, Method for the development of emergency response preparedness for nuclear or
radiological accidentd&sPR-M ETHOD 2003, IAEA (2003)

IAEA, Generic Procedures for Determining Protective Actions during a Reactor Accident, IAEA-
TECDOC-955, IAEA, Vienna (1997)

IAEA, Generic Procedures for Response to a Nuclear or Radiological Emergency at Research
ReactorsEPR-RESEARCH REACTOR, IAEA, Vienna (2011)

IAEA, Generic Procedures for Assessment and Response during a radiological emergency,
IAEA-TECDOC-1162, IAEA, Vienna (2000)

IAEA, Planning and Preparing for Emergency Response to Transport Accidents Involving
Radioactive Material, IAEA Safety Guide N0 S-G-1.2 (ST-3), IAEA, Vienna (2002)

IAEA, Radiation Protection and Safety in Industrial Radiography, |IAGa#ety Report Series
No 13, IAEA, Vienna (1999)

IAEA, Generic procedures for medical response during a nuclear or radiological emergency,
EPR-MEDICAL 2005, Vienna (2005)

Questions:

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module 5 Emergency Preparedness and Response

IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Accident Management vs Emergency
Management

Seminar

Block 3: Emergency Preparedness and Response Overview
Module 5: Accident Management vs Emergency Management

L earning objectives: Upon completion of this module, the participants will:

» know basic concept of accident management and why do we need that accident
management

» become aware of accident prevention and accident mitigation process
» become aware of accident mitigation measure
e understand the EOP development guides and procedure
» understand how emergency management differs from accident management
» understand the Facility Response Manager responsibilities
» know the phases of emergency management
Activity: Seminar, questions and discussion
Duration: 1 hr
M aterials and equipment needed: none
References:
1) INTERNATIONAL ATOMIC ENERGY AGENCY, Safety of Research React@afety
Standards Series. NS-R-4, IAEA, Vienna (2005)

2) INTERNATIONAL ATOMIC ENERGY AGENCY, Code of Conduct On the Safety of
Research Reactors, IAEA, Vienna (2006)

3) INTERNATIONAL ATOMIC ENERGY AGENCY, Operational Limits and Conditions and
Operating Procedures for Research Reactadety Standards Series No. NS-G-4.4,
IAEA, Vienna (2008)

4) INTERNATIONAL ATOMIC ENERGY AGENCY, EPR-METHOD 2003, Method for
Developing Arrangements for Response to a Nuclear or Radiological Emergency, IAEA,
Vienna (2003)

IAEA Training Course for Research Reactors Emergency Response 1



Block No. 3, Module 5 Emergency Preparedness and Response

Introduction

e This module presents basic concept of
accident management centering on
Emergency Operating Procedure (EOP) for
research reactor

e It gives overview of general guideline for
preparing Emergency Operating
Procedure for RR

L o
Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

L ecture notes:

IAEA Training Course for Research Reactors Emergency Response 2



Block No. 3, Module 5 Emergency Preparedness and Response

Content

o Safety objectives for Research Reactor
e Basic concept of Accident Management
e Current Status of EP in research reactor
e Guideline for preparing EOP for RR

e Summary

%, o
Wi . Rocdent aragerast v Emaipercy Manageseni =

L ecture notes:

In this lecture we will cover safety objectives for research reactor, basic concept of accident
management, current status of EP in research reactor and guideline for preparing EOP for RR. We
will finish this module with a short summary.

IAEA Training Course for Research Reactors Emergency Response 3



Block No. 3, Module 5 Emergency Preparedness and Response

Safety Objectives for Research
Reactor

“General Nuclear Safety Objective:

To protect individuals, society and the
environment from harm by establishing and
maintaining in nuclear installations effective
defenses against radiological hazards.”

from IAEA Safety Requirements No. NS-R-4

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen 4

Lecture notes:

There are two corresponding objectives namely, radiation protection objectives and technical
safety objectives:

With respect to accident the more detailed objectives are:

Radiation Protection Objective: To ensure that in all operational

states radiation exposure within the installation or due to any planned
release of radioactive material from the installation is kept below
prescribed limits and as low as reasonably achievable, and to ensure
mitigation of the radiological consequences of any accidents.

Technical Safety Objective: To take all reasonably practicable

measures to prevent accidents in nuclear installations and to mitigate their
consequences should they occur; to ensure with a high level of confidence
that, for all possible accidents taken into account in the design of the
installation, including those of very low probability, any radiological
consequences would be minor and below prescribed limits; and to ensure
that the likelihood of accidents with serious radiological consequences is

extremely low.

IAEA Training Course for Research Reactors Emergency Response 4



Block No. 3, Module 5 Emergency Preparedness and Response

Definition of Accident Management

» A set of actions taken during the evolution
of an event sequence towards beyond
design basis accident

= To prevent the escalation of the event
into a severe accident

= To mitigate the consequences of a
severe accident

= To return the plant to a controlled safe
state

L o

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

L ecture notes:

The concept of defense-in-depth is an essential element of nuclear safety. One of the levels of the
defense-in-depth is that beyond design base accident which can give harm to public, environment
and properties should be take into account.

The term of Accident Management (AM)) refers to the overall range of capability of a nuclear
facility and its personal both to prevent and mitigate the accident conditions, which could lead to a
severe core damage.

The definition of AM as used in IAEA Safety Report states that “ Accident management is taking
a set of actions during the evolution of a beyond design basis accident

IAEA Training Course for Research Reactors Emergency Response 5



Block No. 3, Module 5 Emergency Preparedness and Response

Scope of the Accident Management

Prevention «%%  Mitigation

- DBA regime - : BDBA regime -

Plant madifications = SEvera accsdent

Plant specific DBA BDBA analyses f
Plant specific severe accident analyses

Preventive ;i’«:t:u:.'..-m'ajq Management '
Mitigative Accident Management
Emergency Operating Procedures 7™ Severe Accident Management Guidelines
- i i FERY i
PSA level 1 PSA level 2 Piant madifications
Information needs and
Generic procedures instrumentation upgrades
Systems evaluations Systems evaluations
\, y
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L ecture notes:

The first step of the Accident Management Program development is to decide and document the
basic AM strategies to be applied to the specific facility. The selected strategies and their
implementation may depend on the basic approach chosen based on the national requirements. In
case that plant modifications are involved to enhance the AM Program, the degree of confidence
in successful AM actions will be increased.

There are various ways to develop the AM guidance based on the selected strategies. The
following possibilities are mentioned:

incorporate preventive strategies into the emergency operating procedures and develop separate
guidelines for mitigative strategies;

include all AM guidance (i.e. actions related to beyond design basis events) in separate
procedures and/or guidelines;

incorporate AM guidance as an enveloping symptom based or state oriented part of EOP's.

Whatever way is chosen, the following chapters aim at describing the process to develop the
procedures and guidelines
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Block No. 3, Module 5 Emergency Preparedness and Response

Safety Performance

e Safety=Min (S, A, ",E, T,Y)
Where

S: Safety Culture

A: ALARA

E: Effectiveness
T: Technology
Y: Yield to Principle and Procedure

Whoskie 5 < Arcubend bianagersei vi Emaipency Manageseni

L ecture notes:
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Block No. 3, Module 5 Emergency Preparedness and Response

Accident Prevention

» Preventive accident management
measures
= To eliminate Hazard Source
+ Design modification or Back-fitting
= To monitor functionality and defense in
depth margin and to Delay degradation
of safety function
* Preventive Test and Maintenance Program

+ Ageing Manage program and safety culture
+ EOP

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

L ecture notes:

The first practical accident management measure is to prevent the accident.

There are two options for preventing accident:

to eliminate hazard source;

to monitor functionality and defense in depth margin and to delay degradation of safety function.

Eliminating hazard source is very difficult depend on initiator. For example, external event such
as earthquake, high winds or aircraft crash cannot be managed by human being. Only way of
doing is to enhance tolerance with the hazard through design modification or backfitting based on
the integrated safety assessment such as PSA.

Safety Requirement No. NS-R-4 gives a good set of criteria for design and operational safety of
research reactors in terms of accident prevention.

Preventive accident management integrates actions and measure needed to prevent or delay
severe fuel damage to the reactor core. Preventive accident management is usually covered by the
facility EOP, used by operating group in the control room during an event. These procedures are
distinct from the emergency response procedures used to mitigate the consequences to the plant
operators and the off-site population.
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Block No. 3, Module 5 Emergency Preparedness and Response

Accident Mitigation

e Preparation of Mitigation Strategy and
Procedure
= Identification of vulnerability to
significant radiological release
= Preparation of mitigation strategies
+ Information about the facility status limited

+ Equipment outside the required
environmental conditions

+ Alternative or external equipment to be
considered

* An action typically has both positive and
negative consequences

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

L ecture notes:

Mitigative accident management refers to those actions or measures which are necessary if the
preventive measures fail and severe fuel damage occurs or is likely to occur. This is the reason for
emergency response procedures.

A necessary step in accident management planning is to identify the vulnerability to significant
radiological release, which are likely to cause challenges to the safety function, and the
mechanism by which the barrier to the release of radioactive materials can be challenged. The
assessment of vulnerability should be based on an analysis of the facility response to accidents
beyond design basis. The assessment should also include all possible facility situations and mode
of operation.

On the basis of the vulnerability assessment and understanding of accident behavior, as well as of
the facility capability to cope with accidents, the next step is to develop accident management
strategies.
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Accident Management Procedures

e On site Radiological Accident
Management
= Design Base Accident Management
+ Abnormal Operating procedure
+ Emergency Operating procedure
= Beyond DBA Accident Management
+ Severe Accident Management Procedure
+ On-site radiation emergency procedure
o Off-Site Accident Management
= Emergency Preparedness and Planning

L o

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

Lecture notes:

Accident management for research reactor should be differentiated from NPP’s
due to different mode of operation, radioactive source term inventory and
characteristics of accident progression.

AM for research reactor should more focused on the on-site accident
management due to that research reactor requires much more human interactions
during the operation or experiment than that of NPP.

It is not too much say that the key of completeness of accident management
program depends on completeness of the procedure.

IAEA Training in Emergency Preparedness and Response



Block No. 3, Module 5 Emergency Preparedness and Response

Emergency Planning in RR facilities

o Facilities were operating without having
an adequate and comprehensive
emergency plan

e Facilities did not plan cooperation with
off-site organizations as appropriate

e Facilities have to improve or obtain on-
site equipment and materials for an
emergency condition

e Facility plans are not exercised or are
exercised, but without off-site responses

L o
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L ecture notes:

Why is this?

It is to expensive, in time or manpower, to make a comprehensive plan.

The facility is so safe that emergencies don’t happen

Off-site authorities are uncooperative or have inadequate resources themselves

There are a lot of reasons why this can be difficult, but research reactors need to overcome those
difficulties.
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Block No. 3, Module 5 Emergency Preparedness and Response

Generic Issues of EP in RR facility

e Lack of technical continuity between EOP
and EP for nuclear facilities

= No specified entry point of EP in the
EOP

= Co-incident implementation of EOP and
EP
+ Increasing mental load
+ Deteriorate inter- or intra-communicational
quality

L o
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L ecture notes:

The EOP does not need a step that says “Implement the EP”. Both should initiate when an
emergency occurs.

However, note that plant operator response to an emergency is not to be delayed or disrupted by
emergency response procedures. So the message is EOP first, then EP when resources are
available. The site needs to provide the manpower resources so both sets of response actions can
proceed without interference and in a timely manner.
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Block No. 3, Module 5 Emergency Preparedness and Response

Generic Issues (Cont’d)

e Current EPs severely oriented to off-site
management rather than on-site accident
management

e EP for RR should pay attention to On-site
management for protection of radiation
workers

Y o
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L ecture notes:
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Block No. 3, Module 5 Emergency Preparedness and Response

Guideline for Preparing EOP

e Ensure that EOPs are adequately reviewed
and commented during training programs

e Ensure that qualified operating staff
review and practice all EOPs over a period
of time (Part of continuous training
program)

e Ensure that EOPs cover all important
emergency situations for the Facility

e EOPs should be field tested to ensure
maximum realism is built into the
procedures and to determine if actions
can be done as expected

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

L ecture notes:

Emergency operating procedures are essential for maintaining the fundamental safety function
and preventing fuel damage during design basis accident (DBA) and beyond DBAs in nuclear
facility.

This slide shows general guideline for preparing EOP.

NS-R-4: ‘Emergency procedures shall be based on the accidents analyzed in

the SAR as well as those additionally postulated for the purposes of emergency
planning.”
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Block No. 3, Module 5 Emergency Preparedness and Response

Guideline for Preparing EOP

e Develop EOPs in a way to make the best
use of ALL available resources (Helps
reduce the workload on authorized staff)

e Develop a code of conduct for all staff in
the Facility during emergencies (e.g.
trades reporting to Control Room (C/R) for
duties)

e A generic EOP should be developed for
dealing with unknown/uncertain situations

L o
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L ecture notes:

Code of Conduct: “Establish procedures for responding to anticipated operational occurrences and
to accidents.”
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Block No. 3, Module 5 Emergency Preparedness and Response

Format of EOP

e EOPs should have a common structure if
possible (Easier for training and use
during incidents)

o Breakdown the procedure for field and C/R
actions and make sure that the C/R
publication contains a copy of all field
publications. Text should be limited to
clear, simple precise actions

e One action per line as much as possible
e Start actions by a verb whenever possible

L ecture notes:
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Block No. 3, Module 5 Emergency Preparedness and Response

Format of EOP

e Ergonomic (Users friendly)

o Easily recognized in C/R and simple
labeling

e Well located in C/R for rapid access

e Entry conditions clearly shown on 1st
page

e Verification elements for ALL Critical or
important actions taken

e Frequent monitoring of CSP (Critical
safety parameters) should be built-in the
EOPs directly

M % - Arcadert iasagareal v Eqosipeecy W armgeseni

L ecture notes:
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Block No. 3, Module 5 Emergency Preparedness and Response

Format of EOP

e Put clear criteria for Decision points and
clear indications on where to go in the
EOPs if itis “Yes” or “No”

e Have clear and complete instructions for
field staff and include steps for feedback
to the C/R when completed.

e EOPs should be self-contained whenever
possible

e Precautions and risks should be clearly
highlighted with the word “Attention” or
“Caution” and shown before the actions
that they refer to

M % - Arcadert iasagareal v Eqosipeecy W armgeseni

L ecture notes:
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Block No. 3, Module 5 Emergency Preparedness and Response

Use of EOPs

e Frequent use by all operating staff as part
of a continuing training program

e Realistic scenarios with minimum amount
of simulated actions

e Exercises need to be well planned, with
limitations on drill conditions, safety
monitors where appropriate, and an
evaluation of individual performance
afterwards

Wl %« Aercbert bhaageraet v Evmvigency Mansgesen

L ecture notes:

Exercising the operators in simulated emergencies is the last stage of developing the procedures.
The drills may even show procedure weaknesses that need to be corrected.

Tabletop or classroom exercises are helpful at the start, but nothing is better than hands on the
equipment to determine if the operators are prepared to respond properly to an emergency.
Besides. it's fun!

IAEA NS-G-4.4: “Procedures for guiding the response of the operator to anticipated operational
occurrences, design basis accidents and, to the extent feasible, beyond design basis accident
conditions should be prepared and should be periodically exercised. To improve their execution,
the procedures should be reviewed and modified on the basis of operational experience and the
performance of the exercises. “
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Block No. 3, Module 5 Emergency Preparedness and Response

Summary - Accident Management

e Main objective of accident management is
to prevent endangering human, society
and environment from radiological
accident in the nuclear facility.

e Preventive and mitigative accident
management measures

e AM for RR should be focused on
preventive measure (EOP) and onsite AM.

e Guide for preparing EOP for RR

L o
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L ecture notes:

Let's summarize the main subjects regarding accident management we did cover so far, then we
will discuss emergency management to highlight the different emphasis. One way to think of
accident management is that it concentrates on mitigating the consequences by returning the
reactor to a stable condition. Before that is achieved, there may be radiological consequences that
can affect the off-site population.
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Block No. 3, Module 5 Emergency Preparedness and Response

Where to Get More Information

o |AEA Safety Requirements No. NS-R-4

e |AEA Code of Conduct on the Safety of
Research Reactors
e Operational Limits and Conditions and

Operating Procedures for Research
Reactors, Safety Guide No. NS-G-4.4

Questions:
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Introduction

Emergency management means
of the emergency
response

Objective of this lecture is to present and
explain requirements, concepts and
functions of emergency management as
applied to response to a nuclear or
radiological emergency at a research
reactor

Despite all the precautions that are taken in the design and operation of nuclear
facilities and the conduct of nuclear activities, there remains a possibility that a
failure (or an intentional act) or an accident may give rise to a nuclear or
radiological emergency. In some cases, this may give rise to the release of
radioactive materials or exposure within facilities and/or into the public domain,
which may necessitate emergency response actions. Overall strategic
management of the emergency response — emergency management — constitute
an essential part of emergency response.

Objective of this part of the lecture is to present and explain requirements,
concepts and functions of emergency management.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Content

* Requirements for emergency
management

- Emergency management role

« Facility Response Manager’s tasks

- Emergency phase actions

- Post-emergency phase actions

« Summary

[T TNy Y r—
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We will start the lecture with the requirements for establishing emergency
management set out in the IAEA Safety Standards publicBteparedness and
Response for a Nuclear or Radiological Emergeidy will then continue with
emergency management functions and tasks of Facility Response Manager in
emergency and post-emergency phase. We will conclude the lecture with a short
lecture summary.

11-10-23
IAEA Training in Emergency Preparedness and Response



Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Response Requirements

+ On-site emergency response shall be promptly
executed

+ Off-site emergency response shall be effectively
managed

« Emergency response shall be coordinated
between all responding organizations

* Information necessary for making decisions on
allocation of resources shall be appraised
throughout emergency

« Jurisdictions and response organizations that
fall within the UPZ shall coordinate their
emergency responses and shall provide mutual
support

A review of the response requirements for establishing emergency management
and operations as stated in the Safety Requirements publication:

» The on-site emergency response shall be promptly executed and managed
without impairing the performance of the continuing operational safety
functions.

* The off-site emergency response shall be effectively managed and
coordinated with the on-site response.

» The emergency response shall be coordinated between all responding
organizations (to include the response by those response organizations
specialized in responding to a nuclear or radiological emergency and those
organizations specialized in responding to a conventional emergency).

* Information necessary for making decisions on the allocation of resources
shall be appraised throughout the emergency.

« Jurisdictions and response organizations (including other States) that fall
within the precautionary action zone for Threat Category Il research reactors
shall co-ordinate their emergency responses and shall provide mutual
support.

Preparedness requirements are presented on the next slide.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Preparedness (1)

« Transition from normal to
emergency operations shall be
clearly defined and made without
jeopardizing safety

- Arrangements shall be made to
coordinate the emergency response
of all the off-site organizations with
the on-site response

Additional GS-R-2 requirements:

* 4.7. For facilities in threat category I, Il or Il the transition from
normal to emergency operations shall be clearly defined and shall be
effectively made without jeopardizing safety. The responsibilities of
everyone who would be on the site in an emergency shall be
designated as part of the transition. It shall be ensured that the
transition to the emergency response and the performance of initial
response actions do not impair the ability of the operational staff
(such as the control room staff) to follow the procedures needed for
safe operation and for taking mitigatory actions.

* 4.8. For facilities in threat category | or Il arrangements shall be
made to coordinate the emergency responses of all the off-site
organizations with the on-site response.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Preparedness (1)

« Arrangements shall be made for the
implementation of a command and
control system for the response to a
nuclear or radiation emergency

« Arrangements shall be made for
coordinating response to a nuclear or
radiation emergency between the
response organizations and jurisdictions
that fall within the UPZ

Additional GS-R-2 requirements:

* 4.10. Arrangements shall be made for the implementation of a
command and control system for the response to a nuclear or
radiological emergency. This shall include arrangements for
coordinating activities, for developing strategies and for resolving
disputes between the response organizations (to include the response
by those response organizations specialized in responding to a
nuclear or radiological emergency and those organizations
specialized in responding to a conventional emergency) concerning
functions, responsibilities, authorities, allocation of resources and
priorities. In addition, arrangements shall be made for obtaining and
assessing the information necessary in order to allocate resources for
all response organizations.

* 4.11. For facilities in Threat category | or I, arrangements shall be
made for coordinating the response to a nuclear or radiological
emergency between response organizations and jurisdictions
(including other States) that fall within the precautionary action zone
or the urgent protective action planning zone.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Practical Goals of Emergency
Response

« To take mitigatory action at the scene
« To prevent occurrence of deterministic effects

« To render first aid and to manage treatment of
radiation injuries

* To reduce occurrence of stochastic effects in
population

« To limit occurrence of psychological effects
« To protect environment and property

« To prepare for resumption of normal social and
economic activity

Let us now review the practical objectives of emergency response to a radiation
emergency. In the context of a nuclear or radiological emergency, the practical
goals of emergency response are:

* to take mitigatory action at the scene;
* to prevent the occurrence of deterministic effects in workers and the public;
* to render first aid and to manage the treatment of radiation injuries;

* to reduce, to the extent practicable, the occurrence of stochastic effects in the
population;

* to limit, to the extent practicable, the occurrence of psychological effects in
individuals and in the population;

* to protect, to the extent practicable, the environment and property; and

* to prepare, to the extent practicable, for the resumption of normal social and
economic activity.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Important Aspects

« Most important aspects of managing
radiation emergency

Ability to promptly and adequately
determine actions to protect members
of the public and emergency workers

Ability to take those actions efficiently

One of the most important aspects of managing a nuclear power plant emergency
is the ability to promptly and adequately determine and take actions to protect
members of the facility, the public and the emergency workers. Radiological
emergency assessment must take account of all critical information available at
any time and must be an iterative and dynamic process aimed at reviewing the
response as more detailed and complete information becomes available.

The Facility Response Manager relies on the Nuclear Condition Analyst for threat
assessment (core damage, release to the environment, etc.), and must be critically
involved in that assessment by challenging assumptions, not to interfere with the
responsibilities of the Nuclear Condition Analyst, but to understand the reasons

for the evaluation conclusions and to encourage a questioning attitude.

The Facility Response Manager relies on the Radiological Protection Manager to
assess the radiation environment from measurements and promptly exchange
needed information with the Protective Action Manager for protective action
decisions.

The Facility Response Manager expects the Protective Action Manager to
promptly determine appropriate protective actions for on-site personnel and the
public, and do so continuously as plant conditions based on assessments by the
Nuclear Condition Analyst and environmental monitoring results provided by the
Radiological Protection Manager are made available. Implementation for on-site
personnel and transmittal to off-site authorities for implementation by the public
are reviewed and approved by the FRM.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Facility Response Manager
» Facility Response Manager is in charge of
the overall strategic emergency
management

[T TNy Y r—
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Let us turn our attention to the overall strategic direction and control of the
emergency response.

Facility Response Manager - is in charge of the overall strategic management of
the emergency response. This function is concerned with emergency
management from a “big” picture perspective — a plant manager or the site
manager. This function is concerned about impact on the entire facility, and the
local community.

This position manages from a facility wide perspective. This function of Facility
Response Manager might be performed by a Shift Supervisor at first, then the
Plant Manager or Site Manager as they arrive when the emergency responders are
activated.

The emergency management function is one which assembles department leaders
to provide decisions and coordinate facility resources in a significant incident.
The Emergency Plan for the facility establishes the authority for the position.

The Facility Response Manager ensures all required response personnel are
activated, sets priorities, gives direction, documents all actions and decisions, and
manages implementation of the facility responses. The Facility Response
Manager may act as the primary spokesperson for the facility during the
response, however normally a qualified and specially trained spokesperson will
interact with the media.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Role and Functions of the Facility
Response Manager

* Who is designated as
Facility Response
Manager?

Document in the
response plan

- Knowledge/skills
required

» Operational location

%, o
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Who is designated for this role in your jurisdiction or facility now? Since a person at the
facility must always be available for this role, it should be clear that the individual filling

the role of Facility Response Manager will change during the course of the response.

Also possible is the need to keep the response team in place for an extended period of
time. That means more than a few people need to have the same competency to act in this
role. Facility staff with the required knowledge and management skill need to be trained

in this role so the facility emergency plans and procedures, including the planned
coordination with off-site authorities, are understood.

A Facility Response Manager must be able to:
 focus on the overall response and see how resource requirements fit with priorities,
 coordinate the team of responders
* implement response plans
« make decisions on protective actions proposed by the Protective Action Manager

* request assistance from local and national authorities when facility resources are
inadequate

« brief the media, perhaps

Normally the Facility Response Manager will first operate from the Control Room, then
the individual who relieves the Shift Supervisor of that role will shift to an emergency
response center at the plant. Depending on the complexity of the emergency, the Facility
Response Manager will decide (based on plans) which other responders need to be
activated.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Emergency Phase

« Obtain briefing from operations staff;
alert/activate other responders

 Initial Information
- Plant Conditions to classify the event

- Emergency Notification Record to alert
affected areal/public

The Facility Response Manager must obtain information of the emergency
conditions at once — without delay. This most likely comes from Control Room
staff.

The initial information is used by the Nuclear Condition Analyst to classify, and
recorded on the appropriate worksheets in EPR-RESEARCH REACTOR. The

Shift Supervisor may also be acting in this role at the same time as fulfilling the
role of Facility Response Manager.

The worksheets record the type of emergency and the classification. Eventually
they will record information on core damage and containment condition.

The Emergency Notification Record in EPR-RESEARCH REACTOR is designed
to document who was notified at the direction of the Facility Response Manager
and when. It is primarily for the purpose of recording that specific notifications
went out, so when reviewed by the Facility Response Manager, he can verify all
necessary notifications have been made, or could not be made.

11-10-31
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Workshop for Nuclear Power Plant Emergency Response
Procedures

Module L-NPP-II-10. Emergency Management

» Identify necessary responders
- Who is needed may vary
« Alert/Facility Emergency

« no off-site risk expected
« Plan the automatic response
« reduces time for decisions

Emergency Phase Actions

« allows attention on other actions

The needed responders may not always be the entire response team. There are

two competing thoughts on this:

1. The emergency could escalate, and then time getting needed people to the
plant has been lost. So it is best to call everyone, every time, then send the

unneeded people home when the situation is clearer.

2. Why activate people not needed for the recognized situation? It is wasteful of
manpower resources, clutters up the response center with people who have

nothing to do, and generally causes ill feelings.

The Emergency Plan needs to address this. It may be as simple as a list of
required positions matched against the type of emergency and class. However
it Is managed, it needs to be part of the plan so everyone involved knows what

to do and what to expect.

IAEA Training in Emergency Preparedness and Response
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Initial Response

- Emergency Response Priority list gets
actions started

« Available on-shift personnel determine
- Shift Supervisor workload
« Rapidity of completion

« Arriving responders

- accept duties without gaps and with
formal turnover

» report turnover to Facility Response
Manager

Once actions are started, it is a matter of following the progress. Is corrective
actions by the shift team effective? What are the incoming data showing, confirm
or refute initial assessment?

Needless to say, the fewer on-shift people able to divert attention to the
emergency response actions, the more urgent it becomes to get more people from
off-site. As people arrive to take up the emergency response duties, turnover to
them is very important so crucial information is not lost. Turnover needs

formality so that there is always someone with the responsibility of the role. The
Facility Response Manager needs to know at all times who is in which position,

SO once a turnover has occurred, the incoming person informs the Facility
Response Manager. And a worksheet from EPR-RESEARCH REACTOR

showing who is in each position should then be updated.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Emergency Phase Actions

* Maintain a Log
» What was done

* When was it
done

* Notifications
* Decisions

* Maintain status
boards/displays
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The Worksheets in EPR-RESEARCH REACTOR are designed to organize
specific information and reduce the need for a log. There is also the need for a log
that records more general information, even just reminders that have no other
place to be recorded. This record keeping may be used later for evaluating the
effectiveness of the response actions or for legal arguments.

Status boards need to be kept updated so the information is current. This may
require additional people, although computers have made that somewhat simpler.

The Facility Response Manager needs to keep a detailed record of all actions and
information received. This documentation may require an assistant if the
emergency is sufficiently complex and extends over a long period of time. Also,

in an extended response, this information is the necessary report of status, what
has been done to date, that is essential for the oncoming replacement for the role
of Facility Response Manager.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Additional Considerations

* Public Information
* Media InteresﬂRespnnsefRelatiuns
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Research reactor emergencies do not occur frequently as compared to natural disasters
and “normal” HAZMAT incidents. For this reason, when there is a research reactor
emergency — the public and the media request a great deal of information quickly. If you
do not get your story out, the media will get theirs out.

The Facility Response Manager may fill the role of information officer but in any
significant emergency, it is best to have a staff member knowledgeable about radiation
with the skills required to write press releases and conduct briefings/interviews. It is
essential that the local authorities become actively involved in the media contacts and
information releases. Locating the information center in an off-site location has two
advantages:

sconvenient to local authorities, and;
*keeps media out of the way of the facility emergency response team.

Timely and accurate public information is critical- it can eliminate rumours, calm the
public, the media might even help by announcing the protective actions for the public to
implement.

We will discuss further public information and media briefings/interviews in a later
lecture (Module 8).

Question

So there’s just been an emergency at your research reactor — how do you get the word
out to the public and media? Do you currently have plans and procedures in place which
answer the question?
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Recovery Phase

« Establish conditions to terminate emergency
phase, minimum conditions should be:

- Stable plant conditions
* No further releases

« Monitoring identified all urgent protective
action locations

* Prepare recovery phase plan, organization and
responsibilities

« Agreement with facility and off-site authorities

« Ensure all actions, decisions, recommendations
are documented, save records

The emergency will be terminated when there are no risks of additional releases,
the plant is in a stable condition, environmental monitoring has identified all
needed urgent protective action areas, and the off-site authorities and facility
responders agree the emergency phase has ended. An acceptable recovery
organization should also be defined and include all the affected organizations.

In EPR-RESEARCH REACTOR there are no post-emergency actions. Refer to
EPR-METHOD.
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Workshop for Nuclear Power Plant Emergency Response Module L-NPP-II-10. Emergency Management
Procedures

Summary

This part of the lecture provided

« International requirements for
establishing emergency management

- Initial response concepts

» Facility Response Manager
responsibilities

%, o
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In this lecture we covered specific information about the role of the Facility
Response Manager as the leader of the facility response organization. The initial
response includes:

*obtain information from the operations personnel on the shift;
eestablish an emergency class, and;

eactivate appropriate plant staff and off-site authorities.

We then presented subsequent tasks in the emergency phase:
swork to priorities on the Emergency Response Priority list;
*maintain a log and record of immediate response actions;

suse the resources available, or call for assistance, and,;

sprovide timely and accurate information to the public and media.
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Block No. 3, Module No. 6 Emergency Preparedness and Response

IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Emergency Classification

Seminar

Block 3: Emergency Preparedness and Response Overview

Module 6: Emergency Classification

L ear ning objectives: Upon completion of this module, the participants will:
» know the emergency classifications
* be able to use tools in IAEA EPR-RESEARCH REACTOR for emergency classification

Activity: Seminar, questions and discussion
Duration: 1 hr
M aterials and equipment needed: none

References:
1. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for Response to
a Nuclear or Radiological Emergency at Research Reactors, EPR-RESEARCH
REACTOR, IAEA, Vienna (2011)
2. INTERNATIONAL ATOMIC ENERGY AGENCY, Preparedness and Response for a
Nuclear or Radiological Emergencgafety Standards Series NO. GS-R-2, IAEA,
Vienna (2002)
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Introduction

¢ In this module you will learn how to
classify abnormal conditions in a reactor
facility
e The module
m Suggests tools to classify the abnormal
conditions

= Presents the tables in EPR-RESEARCH
REACTOR as convenient tools to
classify emergency situations

= Suggests the incident reporting system

L ecture notes:

Each class of emergency should be associated with particular emergency action levels and with
particular immediate actions to provide an appropriately graded response . In order of increasing
severity, the four standard emergency classes should be described in qualitative terms:

e Alert

» Facility Emergency
» Site area emergency
» General emergency

Because of the wide diversity in research reactors (power level, engineered safety features, site
environment etc.) those condition which might initiate or signal a radiological incident having
particular offsite consequences will vary widely among facilities.
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Introduction (Cont’d)

¢ Presented classification method

= Must be reviewed and revised to fit the
potential accidents, local conditions,
national criteria and other unique
characteristics of a research reactor
where it may be used

= Is consistent with international
guidance

L ecture notes:

Emergency response procedures describe four classes of emergency situations covering a
spectrum of emergency conditions that involve the alerting or activating of progressively larger
segments of the emergency organization. To provide for improved communication between the
facility, state and local agencies and organizations, the most severe accidents are standardized

The classes of emergency conditions are distinct according to the severity of onsite and offsite
radiological consequences. Each emergency plan should include only those standard classes
appropriate for dealing with accident consequences determined to be credible for the specific
facility. Most research reactors have potential emergency situations which may occur (e.g.
personnel injury with contamination, fire, etc.) that have less severe offsite consequences than the
least severe standard class. However, planning for onsite emergencies is important. Preparedness
for these onsite emergencies should be accomplished by identifying them and including in the

plan those elements of this standard commensurate with the postulated emergency situation.
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Content

e Tools needed to determine emergency
class

e Examples and problems

e Summary

Wi .- Evmo gty Clawashar shon 4

L ecture notes:

Research reactor classification for the emergency response action level can be formulated from
different point of view:

* potential emergency magnitude
« range of radiological consequences

The first one depends strongly of the inventory of radioactive substances collected in the reactor
core and/or spent nuclear fuel storage. It means depends of the reactor power and its operation
history.

The second depends the scale of accident then the event generating the emergency situation.

Potential emergency magnitude considers the event character e.g. reactor power excursion, loss of
coolant terrorist attack.

Emergency classification can be subjective, and that would be confusing if one site’s General
Emergency was another site’s Site Area Emergency. The classification table is intended to
standardize, to some extent, the classification process so the subjective nature is removed. A
classification table also allows the emergency responders to immediately label the event in term
of radiological consequences so the appropriate response is initiated more quickly.

The tables presented in IAEA EPR-RESEARCH REACTOR are useful for this purpose.
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Emergency Classes

e There are four emergency classes:
= Alert
= Facility Emergency
= Site area emergency
= General emergency
e Classification Goal — 15 minutes

e Classification Decision — made by
personnel at the reactor when an
emergency situation is recognized

e These are not INES classes

L ecture notes:

The table related to the emergency level classes is the main tool to classify the event and to make the Facility
Response Manager understood to others who are asked to respond. It will be possible if the same
classification has been used in the emergency planning and during the facility emergency training.

Nevertheless, the tables must be reviewed and revised to match site specifics and the emergency action levels
should be replaced with a specific facility instrument readings, equipment status or other observable
condition.

The use of the emergency classification scheme suggested in Table A.1 applies predetermined criteria to
identify the level and scope of the radiological threat caused by the event.

Several items to note here:
Phone calls to managers not at the site to assign a classification should not be necessary.

The 15 minute goal for classification should not detract the attention of the operating organization from the
first priority of regaining control of the reactor. IAEA requirements state that “The on-site emergency

response shall be promptly executed and managed without impairing the performance of the continuing
operational safety function.” This means that operating organization actions necessary to regain control of

the reactor or reactor safety systems comes first. When all manpower resources are applied to this duty,
additional manpower resources need to be assembled to initiate the emergency response. It is another way of
saying that reactor emergency operating procedures are the first priority and emergency response procedures
are second.

The classification level is associated with specific emergency response actions and those actions may not be
correctly executed unless classification is promptly announced to all the responders.

INES is a classification system that generates a rating only after considerable evaluation of the event, often
days after the start of the emergency, and should not be confused with the classification that initiates the
emergency response actions.
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ALERT

e Man-made events
= security threats
= civil disturbance
e Natural phenomena
= tornado in the reactor vicinity
= hurricanes
m earthquakes felt in the facility
e Unexpected media inquiry

L ecture notes:

The less dangerous accidents need only notification to the Nuclear Regulatory Authority, to local
authorities or to others which can be asked to participate into the emergency action.

An alert is appropriate when an uncertain or significant reduction in the level of protection for the
public or for on-site personnel has occurred.

Notification of an alert may be initiated by either man-made events or natural phenomena that can
be recognized as creating a significant hazard potential that was previously nonexistent. There is
usually time available to take precautionary and corrective steps to prevent the escalation of the
emergency or to mitigate the consequences should it occur. No release of radioactive material
requiring off-site responses are expected. One or more elements of the emergency organization
are likely to be activated or notified to increase the state of readiness as warranted by the
circumstances, particularly if some support from off-site organizations is required. Although, the
situation may not have caused damage to the reactor, it may warrant an immediate shutdown of
the reactor. Reactor Emergency Operating Procedures will establish that response.
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Block No. 3, Module No. 6 Emergency Preparedness and Response

ALERT (Cont’d)

» Fire, toxic gases

Abnormal fission product activity in
coolant

Unexpected off gas activity in the vent
stack

¢ Abnormal radiation levels

L ecture notes:

Situation that may lead to this emergency class include threats to or breaches of security, such as
bomb threats or civil disturbance directed toward the reactor; small fires prolonged, unexpected
nuclear fuel damage indicated by higher fission product concentration in reactor cooling water or
higher then normal gas activity in the air of the ventilation stack. Natural phenomena such as
tornados in the immediate vicinity of the reactor, hurricanes or earthquakes felt in the facility can
also be reason to introduce the notification procedure.

An alert implies that there is an abnormal situation that could pose a risk to the on-site personnel.
Events such as a small, well contained spill or a minor personnel injury usually do not create a
risk to these individuals or to the public. Major injuries, especially with contamination, while
perhaps not a risk to other personnel, do require coordinated action with off-site support and
would appropriately be an Alert with a need for an emergency response team to efficiently control
the response. The below class events may still be reportable depending upon local or national
regulations, but are not serious enough to assemble any part of the emergency response team.
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FACILITY EMERGENCY

¢ Containment boundaries exist to reduce releases
of fission products

= Potential failure of fuel cladding
= Potential failure of fuelled experiment

m Local release of radioactive materials as a
result of experiment failures
e Only localized (within the facility/site) radiological
threats
¢ Note: some sites with multiple facilities may use

a Site Emergency class that implies no off-site
risk, but risk beyond the damaged facility

L ecture notes:

A Facility Emergency is activated in case of events involving a major decrease in the level of
protection for on-site personnel. At this class the state of readiness of the on-site and off-site
response organization is increased and additional assessments are made.

Events leading to an facility emergency would be of such radiological significance as to require
notification of emergency organization and their response as appropriate for the specific
emergency situation and may warrant protective actions within the site area. Under this class it is
not expected that off-site response or monitoring would be necessary, except to verify no
radiological risk to the off-site population. Substantial modification of reactor operating status is a
highly probable correction action. Protective evacuation or isolation of certain areas within the
operation boundary or within the site boundary may be necessary.
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SITE AREA EMERGENCY

e Major decrease of safety due to radiation

¢ One additional failure results in severe core
damage or could cause severe core damage

e High dose on-site

o Off-site radiation levels approaching 10% of the
OlLs

L ecture notes:
This is the lowest level of emergency that poses an off-site risk.

Site area emergency declarations are justified when events are resulting a major decrease in the
level of protection for the public or on-site personnel. This includes a major decrease in the level
of protection provided to the core or large amounts of spent fuel, condition where any additional
failures in damage to the core or spent fuel or high doses on-site or doses off-site approaching the
urgent protective action intervention levels. At this class action should be taken to control the dose
to on-site personnel and preparation should be made to take protective actions off-site (within the
UPZ).

A site area emergency may be initiated when events such as major damage of fuel and cladding
and actual or imminent failure of other physical barriers containing fission products in reactor fuel
or fuelled experiments have occurred actual or projected on-site radiation levels at site boundary
of 0.1 mSv/h whole body. Monitoring at the site boundary and potentially in the off-site UPZ
should be conducted to asses the need for off-site protective actions. Protective measures on-site
may be necessary.
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GENERAL EMERGENCY

e Substantial risk of major release with need
for off-site protective actions

e Actual or projected severe core damage

e High dose off-site

L ecture notes:

General emergency is declared when events are resulting in an actual or substantial risk of a
release requiring implementation of urgent protective action off-site. This includes : actual or
projected damage of the core or spent fuel or release off-site resulting in a dose exceeding the
urgent protective action intervention levels. Urgent protective action may be recommended
immediately for the public near the reactor when this level of emergency is declared. Decision
should be based on prior evaluation of PAZ and UPZ potential exposures and OILs.
Environmental monitoring is usually obtained to determine the need for urgent protective actions
within the UPZ and to assess the need for longer term protective actions.

Upon declaring a General Emergency, evacuation, sheltering and thyroid blocking should be
considered close to the reactor as pre-planned. The goal is to take action before a release.

In case of General Emergency declaration the nearby countries should also be notified.
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Basis for the Classification Table

e The Table provided is an example, not a
set of required conditions and associated
classification criteria

e It shows a wide range of emergency
situations with suggested classifications

e Make it your Table by
= What are the emergency situations

= What are the potential severity criteria,
as detailed as necessary

L ecture notes:
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Block No. 3, Module No. 6

Emergency Preparedness and Response Overview

-
Classification Table
EAL Table Format
Far the following Declare a General Declare a Site Area Declare a Facility Declare an Alert if:
|_entry conditions: Emergency if: _Emergencyif: | Emergencyif: | oo
Define the What condition, What condition, What condition, What condition,
symptoms of instrument reading, instrument reading, instrument reading, | instrument reading,
particular equipment disability, | equipment disability, ete. | equipment disability, | equipment disability,
EMErgency efc. defines a serious defines a serious efc causes 4 serioms | efe, cAusEs concern
condition. Be as emergency with a emergency with a threat to the on-site | with unknown
detailed as immediate threat to the | potential threat to the personnel or to the | consequences, but no
necessary (o guide | off-site population. offsite population. The | on-site equipment. | obvious immediate
the Emergency Actual foel damage or | possibility of fuel damage | No off-site threat radiobogical threat.
Director, the imminent threat of | is usually in this wonhd be likely, This may be a threat
fuel damage is wsually | category, ton the on-site staff or
in this category, to on-site facilitics,
such as a fire, but at a
lesser level than
Facility Emergency
k J
Ieeim 1) - Eto patecy Cmiabar alsn 12
L ecture notes:

For research reactors of less than 2 MW power, strip off the top two classes.

Realize that there are often blurred lines between classes, and also realize that additional information on the
emergency can cause a change in classification, in either direction.

The guidelines give suggested descriptions for the potential emergencies. The individual site can make the
descriptions more detailed, specific values on specific instruments, for example, to suit their needs. One
should consider just how rigid the descriptions should be. Some room for the judgement of the Emergency
Director should be considered.

Note here that fuel damage shows up as a Site Area Emergency or a General Emergency, depending upon
the potential for it to occur. For a Threat Category Il site, this would be a Facility Emergency, at most,
since the effects would be limited to the site itself.

Severity criteria for a particular entry conditions may use all four classes. It is also possible for some entry
conditions to jump directly to Site Area Emergency when a more severe set of conditions than for an Alert
threaten the off-site population. At small research reactors it is reasonable for some entry conditions to
never become more severe than Alert or Facility Emergency.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6

Emergency Preparedness and Response Overview

Classifications, Graphically
£
g
B
&
SEVERITY )
¥
Mol 1 - Evmeigency Clasisbeation 13
L ecture notes:

Here is a graph for the classification categories. Note that some emergencies have Alert severity, then jump
to Site Area Emergency severity with no Facility Emergency level of severity. That can occur if the

severity change threatens the off-site population.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

" Tools to Determine Emergency Class
Table A1- Critical Safety System
Functions
¢ Failure to shutdown
¢ Inadequate core cooling
e Loss of AC or DC power sources

» Loss or degraded control of safety
systems

e Major risk of or confirmed reactor core
damage

L ecture notes:

For this presentation the potential entry conditions have been organized in four categories;
- Critical Safety System Functions, shown here;

- Loss of Fission Product Barriers;

- Radiation Events and;

- External and other Events.

Itisn’'t necessary to use the same wording as on the provided Table Al. The example Table Al is
there to provoke evaluation by the reactor site that is planning to build its own equivalent table.
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Block No. 3, Module No. 6 Emergency Preparedness and Response

" Tools to Determine Emergency Class
Table A1- Loss of Fission Product
Barriers

e Major risk of or confirmed reactor core
damage

e High I-131 in pool

e Containment or confinement barrier
damaged

L ecture notes:

These are the types of events in the category of Loss of Fission Product Barriers. The pool water
is treated as a barrier because of the ability to retain many of the fission products if the fuel
cladding was damaged. Also, 1-131 in the pool confirms that that has occurred.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Tools to Determine Emergency Class
Table A1 — Radiation Events

¢ Excessive effluent release

e High radiation level in control room or other
areas requiring continuous access

e High radiation level in areas requiring occasional
occupancy

e Unplanned increase radiation levels in facility

¢ High ambient dose rates beyond the site
boundary

L ecture notes:

Abnormal radiation levels within the reactor facility as a measure of severity should be
characterized by specific values, readings on specific instruments, for example. What may be a
low level emergency when abnormal radiation levels occur in some areas where only infrequent
access is required may be more threatening if those same radiation levels occur in the Control
Room and threaten operator safety, or necessitate evacuation of the Control Room which may
prevent monitoring the condition of the reactor and reactor systems.

Another case to mention and comment is the unplanned increase of radiation level beyond the
facility boundary. This could occur due to a release from the reactor. For example, an emergency
originally classified as Facility Emergency should be elevated to Site Area Emergency or General
Emergency if the environmental monitoring detects radiation levels above or approaching levels
that require urgent protective action off-site.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Tools to Determine Emergency Class
Table A1 - External and other events

Security events (intruder or terrorist
attack)

e Fire or explosion affecting reactor
e Toxic or flammable gases

e Major natural disaster

e Loss of communication

» Radioactive material control

e Irradiated fuel abnormality

o Experimental equipment abnormality

L ecture notes:

The fourth category gathers events of several types, some of which may not involve, but threaten,
damage to the reactor, hazard to the operators, or other risks.

It can be difficult to classify the reactor accidents based on natural events because the event
magnitude can vary. The classification should consider the observed event consequences in the
nuclear parts of the reactor facility. If a tornado, or high winds for instance, destroy the reactor
ventilation stack the reactor may not be able to operate but it is no reason to declare a nuclear
emergency. Further, anticipated severe weather should cause preventative actions that are
intended to minimize the potential for damage that creates a more severe emergency.

The external events also require an evaluation of the effect of problems at neighbouring facilities,
including non-nuclear ones. A reactor site near a large chemical plant may have more concerns
with emergencies at the chemical plant that with the reactor. That evaluation needs some
coordination with the emergency plan at the chemical plant, such as how the reactor operating
staff are warned of releases from the chemical plant and the level of risk from the plant. For
example, one research reactor facility judged its major threat was from a forest fire since the
facility was completely surrounded by forest.
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Additions to Table A1

» Review potential emergency situations at
your reactor

¢ If not on the suggested table, add the
entry conditions and severity levels

e Adapt the suggested items to fit your
situation

e Try it with the following two entry
conditions

L ecture notes:

The Safety Analysis report that each research reactor should have can help define
the accidents that are most likely to occur and the consequences. However, even
low probability accidents should be represented in the Table to provide guidance
to the facility. Accidents that were never expected have occurred and usually
result in a confused, ineffective, and poorly considered response just because
there was no guidance or recognition of the potential consequences. Listing those
events on Table A1 may not provide all the guidance needed, but can help direct
the emergency response team to a carefully considered emergency classification
which can then trigger appropriate protective actions.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6

Emergency Preparedness and Response Overview

Example EAL Table entry

Far the following Declare a General Declare a Site Area | Declare a Facility Daclare an Alert if:
entry conditions: Emergency if Emergency if Emergency if.

Inadequate cong Pooltank waber Pooltank waler Pooltank water
cooling — Fool'tank | level is, or is level s or is lavel decreasing
level | such as pool | projecied to be, projected to be over a longer time
or tank leakage balow top of active bedow top of active | period than
greater than Tuel for greater than fuel expected while
capacity of make-up | finser sife specific systoms ane
waler system, time peniod fo cause responding as
inadvertent rdgase of fssion designed
drainage of products from fuel

pooltank SThinlE] minuies,

[1] Inpdequme core cooling 1= characterized by two kinds of entry conditions = Pooltank
water level and decay heat removal capabiliny

Vs 0~ Evtvr porecy Chamsba abon

L ecture notes:

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6

Emergency Preparedness and Response Overview

Example EAL Table entry

Far the following Declare a General Declare a Site Declare a Facility | Declare an Aler if:
entry conditions. Emerngency if; Area Emergency | Emergency if
it

Inadequale core Absence of ability to Actual or Unavailability of
coolingl!l - Loss of | transfer decay heat 1o the projecied kng narmal system for
decay heat removal | environment for [site- term failure of the | decay heat
capability, such as | specific time for fuel ability to remove remaoval
failure of pimary or | lempevalune o exceed decay heat to the
secondary design vaiues with only environment
carculating pumps, ambienl losses available patentially
failure of heat for decay heat removal] affecting the ability
exchangers of and o protect the cone
mm“"ﬂ for | Abnormalincreases (100 -

1000x) in muibiple radiation
removal, fuel s
channel blockage,
loss of emengency e
core cooling other indications of
system mminent or aciual core

damaget?!

[1] Inpdequme core cooling 1= characterized by two kinds of entry conditions = Pooltank
water level and decay heat removal capability

[2] Consideration of contmnment boundary status might be considered as further

additional eriteria

Vs 0~ Evtvr porecy Chamsba abon
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L ecture notes:
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Work Session Examples and Problems

» Let us classify an event at a particular
research reactor

e This is a 10 MW(th) pool type reactor,
sited at a Nuclear Research Centre, used
for neutron physics experimentation and
production of radioisotopes

e During irradiation of a capsule filed with
tellurium dioxide the capsule ruptures and
an large quantity of iodine-131 is released
to the facility

e 0 - E et porry T lattab #ion 21

L ecture notes:

As an example of the use of the classification table in EPR-RESEARCH REACTOR, consider
this facility and a failure of experimental hardware.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Solving Problems Using Table A1

e The symptoms of the event are:

= High primary coolant I-131 concentration, at
70X reactor technical specifications

» High radiation levels (15 mSv/h) for uncertain
duration in areas requiring occasional
occupancy to maintain and control safety
systems

= Damage to experimental assembly with

potential for personnel overexposure in the
facility

L ecture notes:

The observed conditions are as shown on the slide. The decision for the facility is to determine the
appropriate emergency class for this event. The applicable decision assistance tool is Table A.1 in
Part 1 of EPR-RESEARCH REACTOR. Let's look at each observed symptom that the operators
have available and determine if the table includes that condition. The result will be an emergency
class assigned to this event and communicated to the off-site authorities.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Classification Using Table A1 (Cont’d)

e Looking at Table A1 one concludes that
the appropriate emergency class is:

SITE AREA EMERGENCY

L ecture notes:
Why Site Area Emergency?

High I-131 is only an Alert on Table Al. Experiment assembly failure is only a Facility

Emergency. However, the highest applicable classification is the one that is assigned. In this case
that is the >10 mSv/h in occasionally occupied areas, due to the uncertainty of the duration of that
dose rate.

Also, consider that the emergency class will depend on how the details are developed in your
version of the table. In this case, the emergency class determined from the observed condition
and the decisions incorporated in the table, mean there is a threat to both the on-site and the off-
site population. Your version of the table may assign a different class to the event depending on
the evaluation of the level of threat to these two populations.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Summary

e Four different classes of unusual events
on a reactor facility which should be
declared

e Knowledge of the IAEA EPR-RESEARCH
REACTOR classification table and the use
of it during regular training

L ecture notes:
Let's summarize the main subjects we did cover in this session.

« We need the emergency classification to make the emergency responses more standardized
for all of the persons and organizations we predict to activate in case of an emergency

* We should also use the same emergency classification to activate response teams and to
notify the regulators and off-site action participants

» Research reactors can be grouped for emergency planning and response variously. But the
IAEA recommends use of four main emergency classes: ALERT, FACILITY
EMERGENCY, SITE AREA EMERGECY, and GENERAL EMERGENCY.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 6 Emergency Preparedness and Response

Where to Get More Information

®|AEA Methods for Developing Arrangements for
Response to a Nuclear and Radiological
Emergency, EPR-METHOD 2003

®|AEA, Emergency Classification — Table A.1 from
EPR-RESEARCH REACTOR

25

Questions:
1. What is the emergency classification introduced for ?
2. How use the proposed classification in local situation ?
* on emergency planning
* ON emergency response case
3. What will be the most practical method to classify an emergency case using the Table A1?
4. What are the emergency response classes recommended by the IAEA ?

5. Give an example of the reason to notify the regulatory body in your case about unusual event
on your research reactor facility.

IAEA Training Course for Research Reactor Emergency Response
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IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Urgent Protective Actions

Seminar

Block 3: Emergency Preparedness and Response Overview
Module 7: Urgent Protective Actions

L earning objectives. Upon completion of this module, the participants will:

* know human exposure pathways in nuclear or radiological emergency

» be able to list the elements of a protective action decision making strategy

* be able to list protective actions

» know the characteristics of specific protective action

» understand the role of intervention and operational intervention levels

» know the guidance values for limiting exposure of Emergency Workers
Activity: Seminar, questions and discussion

Duration: 1.5 hr
Materialsand equipment needed: none
References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, EPR-METHOD 2003,

Method for Developing Arrangements for Response to a Nuclear or Radiological
Emergency, IAEA, Vienna (2003)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Criteria for Use in
Preparedness and Response for a Nuclear or Radiological Emeigafety,
Standards Series NGSG-2, IAEA, Vienna (in preparation)

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for
Response to a Nuclear or Radiological Emergency at Research Reactors, EPR-
RESEARCH REACTOR, IAEA, Vienna (2011)

4. JOURDAIN, J. R., HERVIOU, K., BERTRAND, R., CLEMENTE, M., A,,
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Medical Effectiveness of lodine Prophylaxis in a Nuclear Reactor Emergency Situation
and Overview of European Practices, RISKAUDIT Report No. 1337, Chétillon, France
(January 2010)
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Introduction

e In the event of an emergency, protective
actions may need to be taken to control
the radiation exposures of members of the
public or to on-site personnel

e The purpose of this lesson is to present
background and guidance on major
protective actions

F iy

Lecturenotes:

In recent years a number of accidents involving radioactive material have occurred that

had, or could have had, consequences for the health of the general public. These have

ranged from the major nuclear accident at Chernobyl in 1986 to accidental dispersion of
medical and industrial sources and the re-entry into the Earth’s atmosphere of satellites
carrying radioactive material. Reponses to accidents differed between countries. Some

protective actions that were taken may, in the most extreme cases, have detracted from
rather than increased the well-being of the populations concerned and the quality of the
environment.

Over the past decade considerable progress has been made in developing internationally
recognized principles for decisions on protective actions and in providing quantitative
guidance for applying these principles, notably by the ICRP, the IAEA, the WHO ...

This lesson explains present international understanding regarding protective actions and
numerical guidance related to the intervention.
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Content

Exposure pathways

Protection strategy

Urgent protective actions
Operational Intervention Levels
Protection of Emergency Workers
Summary

Lecturenotes:

After short introduction we will look at the exposure pathways by which members of the
public could be exposed to radionuclides. Then we will show how protection strategy
relates to exposure pathways.

The body of the lecture will be devoted to major protective actions and their advantages
and disadvantages. We will finish the lecture by discussing operational intervention
levels, protection of Emergency Workers and a short lecture summary.
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Objectives of Emergency Response

e Mitigate the consequences at the source

e Reduce the risk of serious deterministic
health effects (deaths)

= Keep acute dose below health effects
threshold

o Reasonably reduce the risk of stochastic
effects (cancers)

» Do more good than harm
= Act according to international guidance

. )

b 7 Lt Byt 4

Lecturenotes:

Emergency response programmes have three primary objectives. The first objective is to
take actions at the source to mitigate or reduce the consequences. This objective is met
by the reactor operators’ actions to prevent or reduce a release of radioactive material.
The second objective is to ensure that people will not receive doses high enough to result
in sickness or death within weeks or months of the emergency. These are called
deterministic, early, or acute health effects. Deterministic health effects result from very
high doses received over a short time (hours to days). Each body organ has its own
threshold dose below which deterministic health effects will not occur. In the case of a
reactor emergency, keeping the early dose received by the red bone marrow below 1 Sv,
for example, will prevent any early deaths. This is over 50,000 times the dose you
normally receive in a few days. The third objective is to take reasonable actions to
reduce the chance of people developing cancer years after the emergency. Cancers are
called stochastic or late health effects. The normal risk of cancer is presumed to be
increased by even very small doses. It is not practical or reasonable to reduce the
additional risk of cancer from an emergency to zero. There is a point below which any
further attempts to reduce the cancer risk resulting from the emergency is not justified.
For example, it is unreasonable to relocate people from areas where the dose rate is less
than that normally found in many areas not affected by the emergency.
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" Generic criteria for external acute doses for |

which protective actions are to be undertaken

to avoid severe deterministic effects — (<10 h
exposure)

e Protective and other response actions are
to be undertaken under any circumstances
= Red marrow - 1 Gy
m Tissue - 25 Gy at 0.5 cm
= Fetus - 0.1 Gy
= Skin — 10 Gy to 100 cm?

L ecture notes:

Criteria for Use in Preparedness and Response for a Nuclear or Radiological Emergency, GSG-2,
based on considerable research, has established consensus criteria for:

1) These are the RBE-weighted absorbed dose delivered over the period of <10 h to an organ
that will result in severe deterministic effects in 5% of exposed people.

2) Generic criteria for acute doses for which protective or other actions are to be undertaken
under any circumstances to avoid or minimize severe deterministic health effects

e External acute exposure (<10 hours)
* Red marrow — 1 Gy
¢ Fetus-0.1Gy
e Tissue —25 Gy at0.5cm
e Skin —10 Gy to 100 cfn

If the dose is projected, take:

- Precautionary urgent protective actions immediately (even under difficult conditions) to keep
doses below these generic criteria, public information and warning, urgent decontamination,
etc.

If the dose has been received, perform:

-Immediate medical examination, consultation and indicated treatment
-Contamination control

-Immediate decorporation (if applicable)

-Registration for long term medical follow-up

Red marrow represents the average RBE-weighted absorbed dose to internal organs (e.g., red
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marrow, lung, small intestine,
gonads, thyroid, etc.) and lens of eye from irradiation in a uniform field of strongly penetrating radiation.

IAEA Training Course for Research Reactor Emergency Response 5
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Generic criteria for internal acute doses for |

which protective actions are to be undertaken
to avoid severe deterministic effects — (30 d
exposure)
o Protective other response actions are to
be undertaken under any circumstances
= Red Marrow
+ 0.2 Gy for radionuclides with Z 2 90
+ 2.0 Gy for radionuclides with Z < 90
= Thyroid - 2 Gy
= Lung - 30 Gy
= Colon - 20 Gy
= Fetus - 0.1 Gy, entire gestation

W)

L ecture notes:

1) These are the RBE-weighted absorbed dose delivered over the period of 30d (gestation
period for a fetus) by the intake that will result in severe deterministic effects in 5%of
exposed people.

2) Generic criteria for acute doses for which protective or other actions are to be undertaken
under any circumstances to avoid or minimize severe deterministic health effects

e Internal exposure from acute intake (30 d dose)
« red marrow — 0.2 Gy for radionuclides with>20, 2 Gy for others
e Thyroid -2 Gy
¢ Lung -30 Gy
e« Colon-20 Gy
e Fetus — 0.1 Gy over entire gestation period

If the dose is projected, take:

- Precautionary urgent protective actions immediately (even under difficult conditions) to keep
doses below these generic criteria, public information and warning, urgent decontamination,
etc.

If the dose has been received, perform:

-Immediate medical examination, consultation and indicated treatment
-Contamination control

-Immediate decorporation (if applicable)

-Registration for long term medical follow-up

These are the RBE-weighted absorbed dose delivered over the period of 30d (gestation period for
a fetus) by the intake that will result in severe deterministic effects in 5%of exposed people.
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Generic Criteria for Protective Actions to
Reduce the Risk of Stochastic Health Effects

» Take urgent protective action when
projected dose exceeds the following
generic criteria

= Equivalent dose to thyroid - 50 mSv in
the first 7 days

= Effective Dose - 100 mSv in the first 7
days

= Equivalent dose to fetus - 100 mSv in
the first 7 days

@
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Lecturenotes:
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Generic Criteria for Protective Actions to
Reduce the Risk of Stochastic Health Effects

e Take longer term medical actions to detect
and effectively treat
radiation-induced health effects

m Effective Dose - 100 mSv in a month

= Equivalent dose to fetus - 100 mSv
during gestation period

e Temporary relocation, replacement food,
milk and water

= Effective Dose - 100 mSv per annum

ooy,
{fr,
A

Lecturenotes:

for >100 mSv equivalent dose to individual in a month - Screening based on equivalent
doses to specific radiosensitive organs (as a basis for medical follow-up), basic
counselling

for >100 mSv equivalent dose to fetus - Counselling to allow informed decisions to be
made in individual circumstances

for >100 mSv equivalent dose to an individual per annum - Temporary relocation,
decontamination, replacement of food, milk and water, public reassurance
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IMPORTANT EARLY DOSE PATHWAYS FOR
REACTOR ACCIDENTS

Fresh Produce
Fresh Milk

Lecturenotes:

The radiation dose received by the public during the first days of a reactor emergency
comes mostly from five sources:

 external gamma radiation from the plume, called cloud shine,

« external gamma radiation from radioactive material deposited on the ground, called
ground shine,

* inhaling radioactive material in the plume,

* external beta and gamma radiation from radioactive material deposited on the skin,
and

* eating contaminated food and milk.

During a release the dose from cloud shine, ground shine, skin contamination and
inhalation are the most important. After the plume has passed, the dose from ground
shine and eating contaminated food and milk become most important.

IAEA Training Course for Research Reactor Emergency Response 9
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' i
Pathways, Phases, and Protective Actions
PATHWAYS PHASES PROTECTIVE ACTIONS
Cloud Shine Sheltering
Evacuation
Control of Access
Plume Inhalation Sheltering
Use of Potassium lodide
Evacuation

Respiratory Protection
nT | Control of Access

Skin Contamination Sheltering
Evacuation
Decontamination of Persons
Short Term Ground Shine Evacuation
Relocation
Decontamination of Land and Property
Immediate Ingestion Food and Water Controls
Long Term Ingestion Food and Water Controls
Long Term Ground Shine lfgg& Relocation
and Inhalation of Decontamination of Land and Property
Resuspended Activity Restricted Use
(&)
\ el
O P — 10
L ecturenotes:

Dose from cloud shine, ground shine, skin contamination and inhalation can be prevented
or reduced by what are referred to as urgent protective measures. These are protective
measures that must be implemented urgently or immediately to be effective and include
sheltering, evacuation, decontamination of people and so called thyroid prophylaxis.
Dose from ingestion can be reduced by restricting immediate consumption of locally
produced food. The effectiveness of these actions in response to a reactor emergency
will be discussed.

Long term doses from ingestion, ground shine or resuspension of deposited material can
be prevented or reduced by temporary relocation of the population, decontamination,
restriction on land use and food controls.
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Types of Shelters and Effectiveness

Substantial [Inside large buldling)

b

Normal [Substantial Special
Cloud shine 04-09| 0.1-02 |=>=0.001

Ground shine [0.01 - 0.1]0.005 -0.01 |> 0.0001

Inhalation 0.3-05| 03-05 |>0.001

Lecturenotes:

The effectiveness of sheltering (listed in figure) varies greatly depending on the structure,
duration of the release and the exposure pathway. Because of the great variability of
building structures, three classes of sheltering can be used when developing protective
action strategies. These classes are:

Normal -Typical homes and their basements; Normal shelter does not provide adequate
protection from an airborne plume close to the site. It is used if evacuation is impossible
(e.g., very severe storm) when preparing to evacuate or in areas where evacuation is
expected to be needed .

Substantial - Inside halls of large multi-story building or large masonry structures away
from walls or windows, with estimated protection factors of about 10 from external and
inhalation dose. This class may provide adequate protection for short periods. It can be
used until monitoring can be conducted.

Special - Specially designed shelters providing a factor of more than 100 reduction from
external and inhalation dose. This class provides adequate protection for the duration of
the emergency.

Sheltering is easy to implement but in most cases can not be carried out for long periods.
In addition sheltering can be used as a preparation for an evacuation. The people in an
area of potential risk can be instructed to “go inside” and listen to their radios for further
instruction while preparations for evacuation are being made. However, for very severe
reactor accidents sheltering in a typical home may not be sufficient to prevent
deterministic health effects close to the facility. Sheltering is not a long term protective
measure. It is intended to be used until additional information can be obtained; therefore
monitoring must be performed promptly anywhere sheltering is used, to locate and
evacuate hot spots.

IAEA Training Course for Research Reactor Emergency Response
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' TN
Effectiveness of Sheltering and Evacuation
in Plume
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L ecturenotes:

This shows the dose relative to that for normal activity for various sheltering and
evacuation options. The evacuation is assumed to be at walking speed (4 km/h). This
analysis assumes a continuous release lasting several hours. It also assumes the evacuee
starts at the distance from the release shown on the x-axis and they stay in the centre of
the plume forever as they walk away from the site. It also assumes that the people shelter
at the distance shown for 4 hours. This shows that a person starting to walk out from
within 5 km receives a lower dose than someone sheltered in a normal house close to site.
The general conclusion of this and many other studies is that sheltering in normal homes
close to the release is not as effective as evacuation even if the evacuation is conducted in
the plume. This may not be true for all conditions such as a very short duration release or
when conditions, such as severe weather, delay or hamper an evacuation.
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i 3
Effectiveness of Thyroid Blocking with Time
Kl effectivenesis as a Radlciodine Exposure
function of intake time !_
Teganting exposure
100 Mg of g e
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Lecturenotes:

When the fuel of a reactor overheats and the fuel cladding fails, large amounts of
radioactive iodine can be released. This iodine can be inhaled or can be deposited on
vegetables or concentrate in the milk of animals grazing on contaminated grass. Inhaled
or ingested iodine will concentrate in the thyroid. High thyroid doses can destroy the
thyroid and greatly increase the risk of thyroid cancer, especially in children. The
ingestion of radioactive iodine can be prevented by not eating or drinking potentially
contaminated food. The dose to the thyroid from inhalation can be reduced by taking
stable (non-radioactive) iodine called thyroid blocking (iodine prophylaxis). The stable
iodine will saturate the thyroid and reduce uptake of the radioactive iodine. As shown in
this figure, thyroid blocking is more than 90% effective if administered before or at the
time of intake of the radioactive iodine. lIts effectiveness falls rapidly if given after

intake. Thyroid blocking must be administered before or shortly after the release to be
effective. Thyroid blocking only protects the thyroid and yet dose to the whole body
(bone marrow) is the source of most of the early deaths from a reactor emergency.
Therefore, care must be taken to be sure that the distribution of stable iodine will not
delay evacuation or sheltering. For severe accidents, the dose from inhalation may be
high enough to warrant thyroid blocking more than 100 km from the emergency.
However, for practical reasons, distribution of stable iodine may be limited to a smaller
area with the greatest risk. Thyroid blocking is generally considered safe. In response to
the Chernobyl accident, the Polish government carried out thyroid blocking to about 18
million people and there were only two serious adverse reactions, both among adults with
a known iodine sensitivity.
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" Total Number of Thyroid Cancers in Belarus
Among Those 0-18 Years Old at the Time of
Chernobyl Accident

300
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L ectur e notes:

The Belarussian border is located about 7 km from the Chernobyl plant and the country was
seriously affected by the emergency. Cows are typically grazing in Belarus at the time of
year when the emergency occurred, and yet no efforts were taken to restrict the consumption
of privately produced contaminated milk for the first days following the emergency.

Since 1990 there has been a significant increase in the incidence in thyroid cancer among
Belarus children who were between 0-14 years old at the time of the emergency. The
principal cause is the dose from eating food and drinking milk contaminated with radioiodine.

Most of these cancers were among children less than six years old at the time of the
emergency and the vast majority were diagnosed in those living more than 50 km from the
plant at the time of the emergency as seen in the figure.

These cancers respond favourably to early treatment and to date only a few of the children
diagnosed in Belarus with thyroid cancer have died as a result of the cancer. This shows the
importance of identifying children who may have received high thyroid doses for medical
monitoring 5-10 years after the emergency.
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MOST CANCERS WILL BE MORE THAN 10km FORM THE SITE

%

— N DI VIDUAL DOSE POPULATION
AFFECTED AND
PROJECTED
CANCERS

DISTANMCE FROM RELEASE S

Lecturenotes:

The most striking feature of the distribution of thyroid cancers in Belarus is that the vast
majority of the thyroid cancers were diagnosed more than 50 km from the site.

The distribution of the thyroid cancers in Belarus is consistent with the basic assumption
that the numbers of stochastic effects (e.g. thyroid cancers) are primarily a function of
collective dose and not the individual dose (The risk of cancer depends on individual
dose; the number of effects depends on the numbers of people exposed and their doses -
i.e.. collective dose.) The areas beyond 50 km received the vast majority of the collective
doses (person Sv) and therefore the majority of the excess thyroid cancers
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The Basis Protective Action Strategy
for a Reactor Emergency

For area where early deaths are possible with a
few hours

= Implement sub. shelter or evacuate to reduce
this risk - when dangerous condition detected.
For area where urgent protective actions may be
warranted in accordance with the generic criteria
= Shelter and conduct prompt monitoring to
determine if evacuation is warranted.

e Give thyroid blocking near the facility
e Restrict locally produced food consumption

Lecturenotes:
The basic strategy for taking unguent protective actions for a reactor emergency is:
» For area where early deaths are possible with a few hours

» Implement substantial shelter of evacuation to reduce this risk based on facility
conditions. This would be done before or shortly after release and would be based
on predetermined criteria indicting when dangerous conditions exist in the plant.

» For area where urgent protective action are warranted in accordance with GSG-2
» Shelter and conduct prompt monitoring to determine if evacuation is warranted.
* Give thyroid blocking near the facility

« For a major release restrict consumption of locally predicted vegetables and milk until
monitoring can be performed
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" Probabilities of Fatalities Assuming Largest
Power Reactor (3000 Mw(th)) Emergency

Conditicnal Probabilitly of Early Deaths

L ™1
Mumber of Early Deaths

Evacuation at time of the release to 5 km followed
by evacuation of hot spots in 4 - 6 hours i
PREVENTS early deaths i;’ti'-;;
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L ecturenotes:

This shows the results of an analysis of the effectiveness of the protective action strategy
for the most severe reactor emergency considered possible. In this case the probability of
various numbers of early deaths is displayed. This was done for a reactor in the U.S.A.
with a high population density near the site. This figure displays the risk of early fatality
when evacuation is taken early (starting 0.5 hours after start of release) out to radii of 1.6,
3 and 5 km and for no action (normal activity for 24 hours). The x-axis shows the number
of early deaths and the y-axis shows the conditional probability (conditional on core melt
and early containment failure). It is assumed that people will be relocated from hot spots
(0.01Sv/h) within 6-12 hours.

The results of these types of calculations are very uncertain; but, when used to compare
various protective options, they are useful. This case shows a reduction of a factor of
10,000 in the risk of early fatalities when there is early evacuation of the area within 5
km of the plant. Once again this confirms the potential benefits of early evacuation (or
substantial shelters) combined with prompt monitoring to locate and evacuate hot spots.
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Public Monitoring and
Decontamination

e Skin contamination could contribute to
deterministic effects - on-site

Public should be monitored
Should not delay evacuation

Screening or monitoring a sample is only
practical method

Instruct people to shower and change
clothes as soon as possible

e

Lecturenotes:

A major reactor emergency could result in significant skin contamination. Beta radiation
from the skin contamination could be a major contributor to skin dose. Therefore, plans
to monitor potentially contaminated people should be made. If significant contamination
Is detected, the people evacuating should be instructed to shower as soon as possible.

Levels of skin contamination that could result in deterministic health effects (> 1 Gy in
10 hours) produce gamma dose rates 5 to 10 times background within 30 cm of the
surface (skin) contamination. Therefore, significant levels of skin contamination should
be detectable if monitoring is conducted in a low background area. Serious health
effects can be expected at levels 10 times this level (the GSG-2 acute exposure limit to
avoid severe deterministic effect is 10 Gy to a 100ama of the skin). Simply

showering and changing or washing clothing should be sufficient to prevent future skin
dose from resulting in deterministic health effects.

18

IAEA Training Course for Research Reactor Emergency Response



Block No. 3, Module No. 7 Emergency Preparedness and Response

Protective Action Strategy to Reduce
Public Risk for Core Damage
Accidents

* Before or shortly after release - based on facility
conditions

= Evacuation or substantial sheltering near the
facility (PAZ)
= Take thyroid blocking on-site and near the
facility
o After a release

= Prompt monitoring to locate areas requiring
further protective actions (UPZ).

= Restrict consumption of locally grown food
(UPZ)

= Monitoring to locate where food restrictions _ .
and relocation is warranted (UPZ and beyondi“

e T« Lt Protmtor it 18

Lecturenotes:

In summary, in order to substantially reduce the health risk off-site from a severe reactor
emergency upon detection of actual or projected core damage

» Evacuate or provide substantial shelter for the people near the plant
* Provide thyroid blocking near the plant if it will not delay evacuation or sheltering.
After arelease starts:

» Promptly monitor the area in the vicinity to locate where the dose from cloud or
ground shine could result in deaths or injuries if the public is not evacuated or
sheltered. Shelters should also be monitored to ensure they are providing adequate
protection.

» Monitor evacuees for skin contamination
* Restrict eating potentially contaminated food, milk or water.

 After most of the release is over, monitor to determine where deposition levels still
warrant restriction on food or where people should be relocated

How does the site and the local authorities decide on the affected areas?

Expect responses that include pre-planned zones, UPZ and PAZ, for different scenarios,
environmental monitoring results
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Psychological Considerations

¢ Evacuations are common - people do not panic!

e Travel during evacuations is safer than normal
travel

e Some people will act on their own and not follow
instructions

e There will be better compliance with advice if
trust is maintained by:

= an ongoing information programme
= clear and simple advice during the emergency.

= consistent advice and assessment (one official
information point)

= using international guidance

Lecturenotes:

There is a perception that people will panic and thus be a danger to themselves or others
if advised to evacuate as a result of a reactor emergency. There is no evidence or
research that indicates people will panic during an evacuation in response to a
radiological emergency. Evacuation is a customary protective measure for accidents
involving release of hazardous materials. Numerous evacuations are carried out annually
throughout the world. The risks for evacuation are smaller than normal travel under
similar weather conditions.

Psychological factors can also affect the implementation of protective measures. The
compliance with imposed food restrictions was alarmingly low in some areas directly
affected by Chernobyl. This was in part because of lack of information early in the event
and conflicting information later. The severity of these psychological effects will

depend, in part, on whether people have confidence that the authorities are competent and
trustworthy, and have taken prompt and effective action to control radiation doses. In
those areas near the plant, information on accidents and protective actions should be
provided to the public as part of a routine education program. At the time of an

emergency, be honest and provide clear, simple advice to the public based on
internationally endorsed guidance. Efforts should be made to provide consistent advice
and assessment to the public and media (press). This is best accomplished by having one
source of official information within the country and co-ordinating protective action
strategies with nearby countries in advance. This should increase the public confidence
and compliance with recommended actions.

20
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Psychological Health Effects

o Expected after nuclear emergency

e At Chernobyl some actions did more harm
than good

e Psychological effects must be considered
in making decisions

* Do not take protective actions for political
reasons

Lecturenotes:

Psychological health effects will always accompany a nuclear or radiological emergency
whether or not it has resulted in persons receiving significant radiation exposure. Some
protective actions taken during Chernobyl to reduce the radiological health risks did more
harm than good because of the resulting distress and anxiety caused. The impact on
psychological health must be considered when determining protective actions. To
minimize the potential for longer-term stress to affected population groups, it is essential
to resist pressureto introduce protective measuresfor political reasons at levels that are

well below those justified on radiological grounds. Every effort must be made to
maintain public trust.

For example, actions after Chernobyl resulted in hundreds of abortions that were
unnecessary because evaluation of received doses and medical counselling was not
provided.
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DOSE PROJECTION TOO LATE AND TOO UNCERTAIN
AS BASIS FOR PROTECTIVE ACTIONS
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Lecturenotes:

In the past, off-site monitoring and dose projections were the primary basis for taking
protective actions. More recent studies and experience has shown that these methods
may be too late or too inaccurate to be the sole basis for taking effective protective
actions during the most severe reactor accidents.

Dose projection models appear to provide a useful tool until you examine all the sources
of uncertainty. In order to be useful a dose projection must provide a reasonable estimate
of the dose and timing at specific off-site locations. Making such a projection involves

the following basic steps: 1) estimation of the size and timing of a release, 2) estimation
of the movement of the release of material over time and 3) estimation of the resulting
doses and health effects. It is very difficult if not impossible to perform these steps
accurately and timely during a severe emergency.

22

IAEA Training Course for Research Reactor Emergency Response



Block No. 3, Module No. 7

Emergency Preparedness and Response

A Major Release Most Likely
Will Not Be Monitored
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Lecturenotes:

Large releases will, in most cases, result from major failures of the containment after
majaor fuel damage has occurred. These failures most likely will occur at a location that
is not monitored by instruments that can measure the size of the release. In addition, the
timing and duration of a containment failure or leak is not predictable. Releases from
locations that are measurable in the control room are probably of little threat off-site.
Since the duration and amount of a serious release will be unknown it may be impossible
to project off-site doses with sufficient accuracy to be the primary basis for taking

effective actions to protect the public.
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Dose Projection Model

e Models may not accurately project plume
movement
Do not rely on them for protective action
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Lecturenotes:

There are also significant uncertainties associated with projecting plume (release)
movement and deposition during the course of the release. Typically, there is only one
local source of weather and wind information (meteorological tower) in the site vicinity.
The initial transport of radioactive material from a site after it is released to the
atmosphere will be dominated by local conditions (e.g. hills, valleys, lakes and
precipitation). This single source of weather and wind information cannot give a
definitive indication of winds away from the plant.

Current dose models are not very accurate in assessing plume movement. Dose
projection models give a very simple picture of a very complex situation. This figure
shows a dose projection made with the model used by the US NRC during accidents and
the doses actually measured during a field experiment.

At best, early in an emergency, projected doses would be within a factor of 10 to 100 of
the true dose, even if the source term (release rate and composition) were known.

The best use of these models is to establish the PAZ and UPZ. Even this use may not
correctly identify areas where OILs are being exceeded. Environmental monitoring is the
most accurate indicator. Even in that case, it is possible that the measured conditions are
not the same over the entire area threatened.
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Expect All Directions to Be Affected by
a Long Duration Release
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Lecturenotes:

The plume resulting from an emergency is relatively narrow, but for most accidents the
release will last several hours during which the wind direction will most likely change.

As a result it will be impossible to predict all the areas that will be affected by the
emergency. In fact most reactor accidents have affected all areas near the plant as can be
seen from the figure, which shows the contamination pattern from the Chernobyl

accident. Consequently, urgent protective actions that are critical for preventing serious
health effects should be taken in all directions around the plant.
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Wind Direction During TMI

st T - Ui Pioteits Aoler 26

Lecturenotes:

Chernobyl and other accidents have shown that during the course of an emergency, all
the areas near the site may be affected. To emphasize this point, the wind direction during
the first day of the emergency at TMI is displayed in the figure (actual conditions were
reconstructed some time after the first day due to on-site computer failure at the time of
the emergency). The arrows in this figure indicate the most prevalent wind direction at
various locations surrounding the plant at the times indicated. The emergency started at
about 4:30, and the core became uncovered at about 7:00. An evacuation of areas to the
west of the plant was considered at about 8:00, but it was not implemented. By 9:00 the
local wind direction had changed and was blowing toward the north! Inhabitants of the
area to the north would not have been included if evacuation had been directed at 8:00.
The wind changed to blow toward the northeast by mid-afternoon, when there was a
hydrogen burn in the containment. By early evening, the wind was blowing toward the
northwest, when it rained! The point is that winds shift frequently and are therefore
unpredictable. To obtain substantial risk reduction an evacuation must include the entire
area of the greatest risk (2-5 km) in all directions around the plant.

26
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Develop an Emergency Classification
System

o Basis for fast coordinated national and regional
action

= Activation and notification
» Protective action before a release

= Notification of nearby countries if potential
release
e Based on
» Risk of core damage

+ Critical safety system
+ Barriers (core damage indication)

= Environmental monitoring (£)

st T - Ui Pioteits Aoler 27

Lecturenotes:

A prompt and effective response can be implemented if everyone knows what to do when
the alarm sounds. There is no time to hold meetings to decide what to do. This is
accomplished through the use of an emergency classification system. The emergency
classification of an emergency will trigger immediate action by all response

organizations. This will include activation and notification of the response organization,
taking protective actions for the public, and notification of nearby countries of a potential
release. For each emergency class, both on-site and off-site, response measures can be
predetermined and incorporated into written procedures and training, thus making for a
prompt and co-ordinated implementation. An emergency will be classified and action
initiated based on predetermined plant conditions that indicate a high risk of a major
release, i.e., core damage. For example, immediate action may be taken if high
temperatures are detected in the core, thus allowing actions to be taken before any release
starts. An emergency could also be declared if a radiological release is detected by
environmental monitoring.
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Emergency Preparedness and Response
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L ecturenotes:

Calculated radiological consequences for a severe research reactor emergency. Core was
completely melted, but most fission products were retained in the pool water or
containment. Most of the total dose was due to cloudshine from the release. Weather
conditions were mild day, 2 m/s wind, stability class D and no rain.

Rain and stability class E didn’t change the total effective dose, but the thyroid dose
increased by about 50%. An increase in wind speed to 7 m/s reduced the dose close to the
release point, but increased the dose out to about 5 km.

IAEA Training Course for Research Reactor Emergency Response
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4 '«.
Protective Actions by Emergency
Class — before env. monitoring results
. - Class
Protective Action Site Area | General
Emergency | Emergency
Evacuate or shelter non-essential personnel on-site yes yes
Provide responders with radiation protection yes i }_'es
| Prepare the public yes
| Evacuate or shelter PAZ (Threat Category 1 only) ves
Take thyroid blocking in PAZ and UPZ ves
Monitor UPZ and take action where OILs are Consider | yes
| exceeded sheltering
;Rcstrict fresh food and milk yes
|\Iutlﬁ nearby countries yes
iRecnrd names of exposed for follow up ves i %]
" 4
L
e T - Urgast Prosestve Aomon =
Lecturenotes:

Protective actions are immediately taken only upon declaration of Site Area and General
Emergencies. For Site Area Emergencies, hon-essential personnel on the site will be
evacuated or sheltered and the public and emergency workers prepared for further action.
Upon declaring a General Emergency and if required based on environmental
monitoring, evacuation, sheltering and thyroid blocking will be implemented within the
PAZ and UAZ as planned. Sheltering could be initiated for a General Emergency before
monitoring results are available. Access restrictions into the UPZ and PAZ should be
implemented for a General Emergency or a Site Area Emergency. The goal is to take
action before a release. All General Emergencies have the potential for a release
affecting a very large area, therefore upon declaration of a General Emergency,
potentially contaminated food should be restricted and countries within the food
restriction distance and IAEA notified. Finally, for any emergency, implement a system
to record the names of exposed individuals, especially children, to allow long term
medical follow-up.

29
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After the Start of Release Revise Protective
Based on Environmental Measurements

¢ |AEA Recommended Guidance from GSG-2
» Operational Intervention Levels (OIL)

e Generic Criteria for
= Urgent actions (e.g., evacuation, Kil)
= Long-term actions (e.g., relocation)
m Food restrictions

e For dose that can be prevented by action
Intended to do more good than harm

e Taking actions at much lower levels could do
more harm than good

Lecturenotes:

Once a release begins, the protective actions taken based on plant conditions (according
to the emergency classification) may need to be revised based on environmental
measurements.

These actions would first be directed at preventing deterministic health effects and
secondly at reasonably reducing the risk of stochastic health effects. Deterministic health
effects are prevented by keeping the total dose received below thresholds, e.qg., keeping
the total dose received to the bone marrow in a few days below 1 Sv.

GSG-2 recommends generic criteria for protective actions to reduce the risk of stochastic
health effects as a basis for determining when protective action should be taken. These
are repeated in EPR-RESEARCH REACTOR as Table C.2 in Part 1 and Table B.3 in
Part 2. The values will be shown shortly.

In establishing the international guidance, an attempt was made to balance the pros and
cons of taking action. For example, the guidance for evacuation is set at a level where the
reduction in the risk of cancer is more important than the penalties and risk of an
evacuation. Taking actions at values substantially lower than this international guidance
or considering doses that can not be prevented may actually increase the risk to people.
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The Generic Criteria Can Not Be Used
Directly During Emergency

Not directly readable on instrument

Develop operational intervention levels
(OIL) as part of planning

e OIL readable on instruments used

e OIL used during emergency to make
decisions

» IAEA has developed suggested default
OlLs

e Revise defaults during emergency
(carefully) (£)

L ecturenotes:

The generic criteria are not values measured by instruments in the field and must be
calculated or determined in the laboratory. Since there will be no time during an
emergency to perform such calculations, this guidance cannot be used directly as a basis
for taking protective actions early in the emergency. Operational intervention levels
(OILs) should be used during an emergency to decide promptly if protective actions are
warranted. For example, areas with dose rates greater than 1mSv/h indicates evacuation
is warranted.

Default OlILs recommended by the IAEA in GSG-2 and repeated in EPR-RESEARCH
REACTOR have been developed carefully and considered a large set of radionuclides,
including a mixture of fission products. Action at the OIL is expected to protect all
members of the public.

Procedures are available to make the OlILs specific to the characteristics of specific
instruments. This step should be performed as a preparedness action and the instrument-
specific OIL table attached to the instrument.

When the inventory of radionuclides is known from detailed environmental surveys, the
default OIL values may be recalculated. A sudden change in the criteria for protective
actions may cause confusion and create distrust among the population so any such
change needs to be done only if there is a substantial benefit.
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4 3

Gamma Dose Rate Measurements
in Environment

» Most important environmental monitoring

o Easy to measure with simple instrument
and little training

e Can use to decide where to:

= evacuate

= shelter

= give thyroid blocking

= relocate ;
Lecturenotes:

Gamma dose rate measurements are the most important environmental measurements
made early in an emergency. Gamma dose rate is easy to measure with simple
instruments by teams with only minimal training. Gamma dose rate measurements can
answer the most important questions of indicating where deterministic health effects are
possible and where urgent protective actions are warranted. For a mix of fresh fission
products, only measuring gamma dose rate is adequate.

The default OILs now recommended by the IAEA GSG-2 are based on this type of
measurement.
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Default Gamma Dose Rate OlLs

>1.0 mSv/h ( 100 mR/h) - Evacuate
>0.1 mSv/h (10 mR/h) - Relocate

> 1.0 uSv/h (100uR/h) - Restrict local food
Thyroid blocking

(.1 uSv/h  (10pR/h) - Typical Background

F iy
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Lecturenotes:

OlLs for gamma dose rates are provided in GSG-2 guidance for determining when
evacuation, sheltering, and food restrictions are warranted. Evacuation is warranted at 1
mSv/h (100 mR/h), and relocation at 0.1 mSv/h (20 mR/h). These levels can be easily
detected using standard gamma survey instruments. The OIL for thyroid blocking is
based on presence of fission products in ground contamination, and if foodstuffs are
contaminated but there is no readily available replacement.

Immediate consumption of locally grown food or milk from grazing animals should be
restricted in any area with gamma dose rates above background (e.g., 100-500 nSv/h) if
reasonable (e.g., restriction will not result in food shortages). These restrictions should
remain until the food or milk has been tested. Since background dose rates are variable
the gamma dose rate OIL in the GSG-2 guidance is set at 1 uSv/h (1000 nSv/h) to be
clearly above background.
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Operational Intervention Levels

e Contamination
= Gamma at 10 cm from skin: 1uSv/h

= Beta at 4 cm from skin: 1000 cps

= Alpha at 1.5 cm from skin: 50 cps

e Screening food, water, milk
= 100 Bg/kg gross beta, or

= 5 Bg/kg gross alpha

Lecturenotes:

This OIL comes from INTERNATIONAL ATOMIC ENERGY AGENCY GSG-2,
Criteria for Use in Preparedness and Response for a Nuclear or Radiological Emergency.

Emergency personnel entering an emergency area where a spill or airborne release has
occurred needed to be checked on leaving the contaminated area for personal skin and
protective clothing contamination. Their equipment and vehicles should also be checked.

Also, persons working or living in the affected area may become contaminated and where
is suspected, they need to be monitored for skin and clothing contamination. This can be
done in-situ or at designated contamination control or assembly points or on arrival at
evacuation centers where whole body surface contamination monitors are advantageous
for rapid and sensitive personal contamination monitoring.

For persons who require urgent medical attention and who may be contaminated, priority
should be given to their medical condition and its treatment even if this means that first
aiders, ambulance officers, paramedics or other medical staff may became contaminated
as a consequence. If medical personnel use their standard personal protection procedures
for handling bleeding patients, this will assist in contamination control.

The contamination monitoring instruments used should be appropriate for detecting and
measuring the contaminants in question to within specified skin and clothing
contamination limits.

Be awar e of thefact that most contamination monitorssaturate quiteearly.
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Use of Qils rom—

OiLs
v

Determine wherne OlLs
axceeded - Take

protective action

Datermine Accident
Specific Information

Continue use of Recalcutate OlLs
dafault OlLs Adopt revised
OlLs
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Lecturenotes:

This summaries the use of OILs during an emergency. Initially the default OILs,
developed during planning before the emergency, will be used. This will allow
immediate assessment of environmental data. As soon as specific information about the
emergency (e.g., isotopic mixture of a release) is known the OlILs should be re-calculated
using these new data. If the recalculated OILs result in considerably different protective
actions then they should be adopted. These new OILs will then be used to assess
environmental data and determine where protective action should be taken. The off-site
authorities must be consulted before applying revised OlLs to avoid confusion of the
conditions requiring implementation or relaxation of protective actions in off-site areas.
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Emergency Workers

31 received lethal doses at Chernobyl (early deaths)

e On-site personnel and off-site fire brigade

¢ Inhalation, external and skin contamination all
important sources of dose

¢ Did not monitor their dose

e Were unaware of the dose rates where they
worked

¢ Were not trained
¢ Did not have adequate protective equipment

Lecturenotes:

During first few days of Chernobyl, 31 emergency workers and plant staff received lethal
doses. This was a result of them not monitoring their dose and not being properly trained
or equipped. Inhalation and external exposure were important sources of dose. Burns to
the skin resulting from radio-iodine contamination was also a major contributor to many
of the fatalities.

To prevent such tragedies in the future, the protection of emergency workers must be part
of any emergency planning. All workers with the potential for receiving very high doses
must continuously monitor their dose and be provided with training and protective
equipment. This must include off-site personnel who may respond on-site such as fire
brigades.
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Emergency Workers (cont’d)

o Emergency workers of several categories
will be or could be exposed to radiation

e Protection of workers should be based on
the principles of GSG-2

e There may be that some workers are
required to save lives of others

e The workers will most probably be the
facility personnel and some first
responders

Lecturenotes:

An emergency intervention on research reactor is potentially the most dangerous for the
action participant i.e. emergency workers.

During and after a nuclear or radiological emergency, there will be a number of
reasonably distinct circumstances in which workers of several categories will be or could
be exposed to radiation. It is helpful to distinguish those circumstances because different
control regimes should be applied in each case. In this module the circumstances are
categorized primarily by the purpose of the work being carried out, ranging from
immediate action to save life, through the implementation of urgent countermeasure or
longer term recovery operation, to work not directly connected with emergency. In
addition, a discussion is presented of the types of workers concerned.

The different circumstances of exposure are characterized by broad ranges of doses, dose
rate and time duration. In general terms, the concepts and provisions to be applied to the
protection of workers under those different circumstances should be based on the
standards of DS379 and GSG-2, with note taken of its specific recommendation on the
topic (see slide “Where get more information”).
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Emergency Workers (cont’d)

» Any workers called upon to take
emergency action that could approach the
thresholds for deterministic effects should
be volunteers

e The volunteers must be informed of the
risks

e The emergency workers should be
appropriately trained and have knowledge
in radiation protection

Lecturenotes:

During and immediately after an emergency, there may be circumstances in which action by some
workers are required save the life of others who have been or will be affected by the emergency
and to prevent serious injuries. Action may also be required to bring and maintain the facility
under control and to prevent or restrict release of radioactive material to the environment. It is
unlikely that situation of the kind mentioned in the following slides will allow sufficient time to
carry out an optimization of protection. Moreover, the individual dose limits will not be relevant

in these situation.

Since the action are likely to be closely associated with the reactor facility or the installation at
which emergency occurred and will often need to be taken rapidly, the workers taking them will
most probably be the facility personnel. They should therefore have the training in radiation
protection and should be familiar with protective measures such as respiratory protection,
exposure time, distance from sources and shielding. The major potential exceptions are
emergency service workers called to the scene of the emergency. Those workers are likely to
include, firemen and medical personnel, and possibly workers from the other professions,
depending on the particular circumstances. Provisions should be made for prior training of and
provision of information to groups of such workers who may be required to assist (e.g. local fire
brigade) and for making available the necessary protective equipment and dosimetry.

Any workers called upon to take action that could entail there receiving doses could approach the
thresholds for serious deterministic effects should be appropriately trained volunteers and
provided with information on the risk associated with different dose levels.

Emergency interventions that may cause doses to workers in approach of the thresholds for severe
deterministic effects have a high degree of justification when they are aimed at saving human life
or preventing very large individual doses to members of the public well above the thresholds for
serious deterministic effects.

Intervention aimed only at protecting property, for example by preventing the destruction of or
damage to an installation, but which will not mitigate radiological consequences, can not be
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justified on radiation protection grounds.
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Guidance Values for Limiting Exposure of
Emergency Workers

o Emergency worker exposure guidance,
expressed as integrated external gamma
dose during :

= Life saving action
= Prevent severe deterministic effects

= Prevent the development of
catastrophic conditions

<500 mSv

()

Lecturenotes:

Emergency worker dose guidance should be given as an integrated external dose on a
self reading dosimeter. Emergency worker should take all reasonable efforts not to
exceed this value. These values have been calculated to account for the inhalation dose
from a core melt assuming that the thyroid blocking has been taken. It should be noted
that skin contamination can also be major source of dose and can lead to deterministic
health effects for worker in highly contaminated areas if they are not provided with
adequate protective clothing. Emergency workers turn back doses are are to serve as a
guidance and not limits. Judgment must be used in their application.

These dose can be exceeded if justified but every effort should be made to keep dose
below this level(thresholds for deterministic effects). The emergency workers should be
trained on radiation protection and understand the risk they face.

39
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- ™)

Guidance Values for Limiting Exposure
of Emergency Workers (Cont’d)

e Emergency worker exposure guidance,
expressed as integrated external gamma
dose to :

= Avert a large collective dose

<100 mSv

($)
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Lecturenotes:

When intervention is aimed at preventing an escalation of an emergency that may entalil
substantial individual or collective doses to public, it would be probably still be justified
by the expected benefit from the mitigation of the consequences. However, it this
circumstances workers should not be exposed in excess of the thresholds for serious
deterministic effects.

Intervention aimed only at protecting property, for example by protecting the destruction
of or damage to an installation, but which will not mitigate radiological consequences,
cannot be justified on radiation protection grounds.

Even when a radiation source has been brought back under control, there will be other
urgent and necessary tasks to perform at the reactor site to maintain essential services and
to ,safeguard other items of the facility or equipment. Those may be carried out by the
workers normally employed at the facility. They may also be performed by workers who
are not normally exposed to radiation.
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- ™)

Guidance Values for Limiting Exposure
of Emergency Workers (Cont’d)

e Emergency worker exposure guidance,
expressed as integrated external gamma
dose to :

= longer term recovery operations

= Work not directly connected with an
emergency
Occupational exposure guidance

(max of 50 mSvly, 5 yr average of 20

mSvly) _
(&)

Wl T < Lt Probeciive AcSsr 41

Lecturenotes:

Once the situation after an emergency has been brought under full control and essential
facility site services have been re-established, recovery operations may take a relatively
long period. These operations are likely include decontamination, repairs the facility
buildings, waste disposal and all the other industrial operations necessary either to restore
the situation to normal or to leave the site in a state that may endure more or less
indefinitely. This also includes the cleanup of the site and the surrounding areas.

These operations, although made necessary because of an emergency, present no inherent
features that are different of those of normal operations in terms of the radiological

control regime required. The action needed can be carefully planned, workers can be
trained and medical supervision and dosimetry services can be provided. The workers
required can be brought in or employed especially for the purpose.

Over the period and for the recovery operations, the workers participating should not be
treated differently from those carrying out similar tasks, e.g. maintenance of installation
or in the facility or site decommissioning operations. The full system of radiation
protection should be applied.
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" In Summary
First Hour of a Severe Reactor Emergency

e Event detected by control room (0:00)

Classified and emergency is declared (+ 5 min)
Off-site officials notified (+ 15 min)

Off-site officials decide on action (+ 30 min.)
Sirens sound and the public turns on radio (+45
min)

Radio message advises public to take action (+45
min)

Public starts to take action (+ 60 min)

Near-by countries notified (+60 minutes
Extensive environmental monitoring begun
Additional actions taken at levels consistent with_
| International guidance &)
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Lecturenotes:

Our goal should be to act locally and internationally in the event of a severe reactor
emergency to take appropriate protective actions to protect workers and the public. For
severe accidents, actions must be taken promptly - there is no time for meetings or other
time consuming activities. The control room staff will detect and classify the emergency
as a General Emergency within a few minutes. They will immediately notify off-site
officials of the event and its classification. The off-site officials will implement their
predetermined protective actions. Someone living near the plant should receive a
warning and instructions on the actions to take within 1 hour of detection of a General
Emergency. All the nearby countries should be notified quickly and extensive
environmental monitoring begun. Based on the monitoring, all the countries take
additional actions at similar environmental levels that are consistent with international
guidance.
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Where to Get Addition Information

e |IAEA GSG-2 for the intervention criteria

o |AEA EPR-METHOD 2003 for general
guidance

» IAEA EPR-RESEARCH REACTORS for
response procedures for research
reactors

o IAEA TECDOC-1092 for technical
procedures for monitoring
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These documents are all available for download from the IAEA Publications Web page.
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IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Instructing, Warning and Informing the
Public

Seminar

Block 3: Emergency Preparedness and Response
M odule 8: Instructing, Warning and Informing the Public

Note: Thisfile contains several hidden slides!

L earning objectives: Upon completion of this module, the participants will:
e know why it is important to communicate with the media
*  know the basic ways of communication with the media and the public in an emergency
*  be able to determine when and about what to inform
*  become aware of basic principles of communication
e be familiar with the communication methods and means

Activity: Seminar, questions and discussion
Duration: 30 — 45 minutes

Materials and equipment needed: Optional - Media Briefing/Interview Planner Worksheet (one copy for
each student)

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Communications on nuclear, radiation,
transport and waste safety: a practical handbook, IAEA-TECDOC-1076, IAEA, Vienna (1999)

2. INTERNATIONAL ATOMIC ENERGY AGENCY EPR-FIRST RESPONDERS 2006, Manual for
First Responders to a Radiological Emergency, IAEA, Vienna (2006 )

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing Arrangements for
Response to a Nuclear or Radiological Emergency, EPR-METHOD 2003, IAEA, Vienna (2003)
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Introduction

e Communication with the media and the
public is an essential part of emergency
response preparedness plans

e The objectives of this lesson are to
present and explain principles and basic
ways of communication with the media
and the public in an emergency

&

A

L ecture notes:

Experience has shown that failure to have adequate arrangements in place and the commitment of
resources at the time of the emergency, can seriously hinder actions to bring the emergency under
control, the implementation of longer term restorative measures and the credibility of the

Authorities.

The objectives of the lesson are to explain the ways of communication with the media and the
public in an emergency, to explain when, how and about what to inform and finally to give some
basic principles of communication.
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Content

Why inform the public?
How to communicate with the public
Basic communication principles
Working with the media
= Media outlets
= Media operationsThe media interview
= Media Briefing/Interview Planning Worksheet
= The press release/news statements

o Benefits of good media communications
e Summary
&)
Lecture notes:

Communicating with the public and the media is an essential part of a good emergency response.
In this module, we will examine why. We will explain why media communications is the best

way to get to the public in an emergency. We will also discuss how to communicate and how to
foster a constructive relationship with the media

There are several basic principles of communication we will discuss which if used increase the
chances of you getting your story out successfully.

We will focus on two methods to communicate with the media and the public — the media briefing
or interview and the press release.

This module includes a worksheet developed to help you organize information for a media
briefing or interview.

Appendix VIl of TECDOC-1162 (page 156) will serves as the basis for this module.
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Emergency Preparedness and Response

Background

distrust authorities

builds trust

o People fear what they don’t understand
e Few understand radiation, and most

» Honest, accurate, and timely information

L ecture notes:

All radiation emergencies perceived, as being dangerous will receive an immense amount of
media, public and political attention. In general it is not the actual risk that drives this attention
but the perceived risk. Slow, non-informative and uncoordinated response by officials and
operators to this media and public attention has resulted in confusion during the response, and
significant psychological, economic, and political damage. Since the media is often the primary
source of information for the public during an emergency, provisions must be in place to
immediately address the public and the media interest during an actual or perceived radiation

emergency.
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Effective Communications

e The importance of
effective
communications with
the media cannot be
overlooked

e In any significant emergency, media interest
will be high

e News is a 24 hour activity

®
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L ecture notes:
Hidden dlide

The importance of effective communications with the media in emergency
response cannot be overlooked. In any significant incident, media interest will be
high. News is a 24 hour activity. You may even find that the media finds out
about an incident before the government response agencies. With the advent of
24 hour news, seven days a week and the internet, you can be sure that if there is
a radiological incident of any significance, there will be media interest. That is

not all bad! Like it or not, the media plays an important role in getting

information out to the people and helping to form opinions.

As emergency responders, if you deal with the media in an appropriate way, you
can use the media to increase public understanding of the incident, get the word
out on protective actions, and give the public confidence in the work you are
performing.

This will only happen however if the media effort is coordinated and information
is provided by those designated to deal with the media.
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Why Inform the Public?

* Provide correct
information to public

¢ Ensure the
appropriate public
response

¢ Maintain credibility
e Responders can focus on response
¢ Reduce the psychological impact

| @
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L ecture notes:

Appendix VII (pages 156-158) of TECDOC-1162 briefly discusses why it is important to
communicate with the media.

If you do not get the facts out to the media, who will? The media will get the story out — it is
better to have them report it with your facts and details than for them to rely only on their own
sources.

By providing information to the public — the public will be aware of what is going on , how it

impacts them, and what actions they may have to take and you are restating the expected response
to the protective actions appropriate to the emergency. People are less likely to take unnecessary
protective action if they are kept informed and reassured that they are not in danger.

Official information can directly put an end to speculation and rumor.

By showing that your organization is on the job and responding to the challenge, you can build
trust and credibility in the effort.

If you organize and give the media timely information, provide them a designated area, and work
with them in obtaining coverage, this will allow your response organization to focus on their
immediate response tasks without worrying that the “responsible” media will interfere (there may
be some journalists out to make a name for themselves and will not cooperate).

By providing accurate and timely information to the public, they will have the sense of knowing
what has happened, why it happened, when things will return to “normal” (if they will) — this can
reduce the psychological impact an emergency has on individuals.

This is especially true with radiological accidents which do not happen frequently, are not
understood well by the public, and are man-made. (Source: 1995, Emergency Public Information
Pocket Guide, Emergency Management Laboratory, Oak Ridge Institute for Science and
Education)
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Block No. 3, Module No. 8 Emergency Preparedness and Response

How to Communicate With the Public

e Directly
» Through public warning systems
= Through community spokespersons
= Through public audiences
e Indirectly
= Through the media

&)

L ecture notes:

There are several ways to communicate with the public. We can do it directly or indirectly.

Direct communications involves the use of a system to “talk” to the public. For example, this
includes warning systems such as sirens, the use of well-placed community people who have the
trust of segments of the population (e.g. priests, doctors ) or special public audiences. Not all of
these are effective during an emergency.

Indirect methods involve the use of an intermediary such as the media. As we will see, this is one
of the most effective ways.
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Public Warning Systems

e Sirens with loud speakers
= Expensive to build and maintain
= Impact on real estate
e Direct telephone warning systems
= Expensive and difficult to maintain
e Mobile loud hailers (Fire trucks, Police)
= Cheap
= Not always effective

&

L ecture notes:

Hidden dlide

The use of sirens, sometimes coupled with special loud speakers for instructions, is wide-spread
around nuclear power stations. The major drawback is cost. Also, the verbal instructions are
often difficult to understand, and the message does not always reach everybody, e.g. deaf persons
of people working in noisy environments.

There are also new systems coming out that allow visual and audible messages to be sent directly
to the home or office telephones. These systems are being implemented in some parts of the
world and are still more or less experimental.

Truck with loud hailers can be a useful way to reach the population, as was the case in TMI.
However, they do have a tendency to create panic and are not effective at reaching everyone.
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Block No. 3, Module No. 8

Emergency Preparedness and Response

Media Communications

public

e Like it or not, the media is the most
effective way to communicate with the

15
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L ecture notes:

Bottom line: the media is often the first to be at the scene of an emergency and, thanks to radio
and TVs, is usually the first to report the emergency. If not properly managed, the media WILL
report news, but this news may not necessarily be accurate, as was the case at Tokaimura, where
the media created confusion regarding sheltering distances an even mislead the population by
saying at some point that an explosion had destroyed the roof of the facility.

Also one should not discount the Internet as both a source of news for the public and a rapid
rumor spreading mechanism. The IAEA maintains a Web site and process where information
releases can be posted and reactor facilities have access to that system through the State’s

Competent Authorities.
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Working With the Media

To communicate effectively with the media,
you need to understand how the media
works!

L ’
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L ecture notes:
To communicate effectively with the media, you need to understand how the media works!

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Media Operations

e Media expectations/needs

= Facts the media wants to know
+ Who, what, when , where, why, how?

m Access to Emergency Manager and On-
scene Controller near the emergency site

= Production deadlines

L ecture notes:
If there is a radiological incident, the media will be interested in the following:
« What happened? What are the consequences?
« Who is responsible?
« Who will pay for losses?
* How much will be received for the losses?
« Extent of injuries/deaths?
* |Is water/food/air contaminated?
* Who will take care of evacuated homes?

(source: 1999 IAEA Communications on Nuclear, Radiation, Transport, and Waste Safety: A
Practical Handbook)

They will want to interview, speak with eyewitnesses and first responders about what they saw.
They will want to know the extent of response, what assistance is being provided, and any acts of
heroism.

The media also like specific numbers and statistics, especially when verified.

All media have deadlines, all want access to the scene, and interviews with response leadership
(Emergency Manager and On-Scene Controller).

You don’t have to provide access to the facility and the responders and you may not know the
answer to every question asked.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Golden Rules of Media Relations

You cannot control the media... Do not try!!
Integrate the media into the plans

Educate the media

Journalists want facts, not public relations

The media can be a tool to communicate with the
public

Bridge the technical gap

Designate a single credible spokesperson for
each level

o Coordinate media relations through a joint media
centre if possible

# Monitor the media and correct rumours

L ecture notes:
Hidden dlide

The media have gained an unprecedented profile in our day-to-day lives. They are everywhere,
and they know everything, often before the authorities find out. With this prominence comes a
power of information which is difficult, if not impossible, to rival. Therefore, the media cannot
be controlled; do not even try.

Emergency plans should recognize this fact of life and build on it. The need to deal with the
media in a prompt, accurate and effective manner should be an important component of every
emergency plan. Dealing with the media during an emergency is not an exercise in “public
relations”; the aim is not to “massage” the facts so that authorities look good. The media want
facts, not public relations. And they want it fast! If journalists do not get the information they
want from the authorities, there is a good chance that they will find it somewhere else; and it may
not be right. Journalists have a job to do, and they will do it. The best way to ensure that the
information they publish is accurate is to give them the accurate information!

The media should be educated. They can be a great communications tool during an emergency
for conveying information to the public. They can be allies if treated fairly and diligently.

It should be remembered that very few journalists have the necessary technical background to
understand all the technical issues. The task of communicators and spokespersons is to bridge the
technical gap.

In practice, there should be only one spokesperson for each emergency organization. This will
ensure consistency of information, but should not delay that information.

The media should be monitored to detect any false information and steps taken to rectify it as
quickly as possible.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Golden Rules of Media Relations

e You cannot control the media... Do not
try!!

e Bridge the technical gap

e Designate a single credible spokesperson
for each level

e Monitor the media and correct rumours

L ecture notes:

The media have gained an unprecedented profile in our day-to-day lives. They are everywhere,
and they know everything, often before the authorities find out. With this prominence comes a
power of information which is difficult, if not impossible, to rival. Therefore, the media cannot
be controlled; do not even try.

Emergency plans should recognize this fact of life and build on it. The need to deal with the
media in a prompt, accurate and effective manner should be an important component of every
emergency plan. Dealing with the media during an emergency is not an exercise in “public
relations”; the aim is not to “massage” the facts so that authorities look good. The media want
facts, not public relations. And they want it fast! If journalists do not get the information they
want from the authorities, there is a good chance that they will find it somewhere else; and it may
not be right. Journalists have a job to do, and they will do it. The best way to ensure that the
information they publish is accurate is to give them the accurate information!

The media should be educated. They can be a great communications tool during an emergency
for conveying information to the public. They can be allies if treated fairly and diligently.

It should be remembered that very few journalists have the necessary technical background to
understand all the technical issues. The task of communicators and spokespersons is to bridge the
technical gap.

In practice, there should be only one spokesperson for each emergency organization. This will
ensure consistency of information, but should not delay that information.

The media should be monitored to detect any false information and steps taken to rectify it as
quickly as possible.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Fundamental Principles
of Communications

e Less can be more

e Have trained communications experts at
the executive level

o Communication must be on-going and
predictable

e The foundation of trust is openness
e Use terms that are simple and easy to

understand
$)
\, L“ "'a_,r
L ecture notes:
The following “Fundamental Principles of Communications” are found on page 157 of TECDOC-

1162.

Organizations that communicate well are more effective over the long-term than those who
remain silent and obscure information.

Less can be more: people look for depth, not breadth.

Communication is a job fdrained communications experts who work indirect consultation with
technical nuclear professionals. The communication function should be place@eascthiare
level within the organization to facilitate information exchange and co-ordination.

Communication must be on-going and predictable. It is not possible to establish trust with
silence or with communication only when there are problems.

The foundation of trust is openness, even when the information is an embarrassment. A
Regulatory Authority must develop and protect its credibility just as it protects public health and
safety.

Use termsthat are simple and easy to understand and avoid “insider jargon.”

Build evaluation methods into the programme arahnual budget and use the audience’s need for
information to guide the programme.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Communication With the Media
and the Public

e When and What Form

= On-going media effort as part of
preparedness program

= General information leaflets with terms,
radiation units, emergency
arrangements, and putting risks in
perspective

= Background information on radiation
uses and emergency plans for use in
media briefings

L ecture notes:

In preparing these and other communications one should be clear what the target audience is. For
small scale accidents it may be restricted to the workforce and possibly their families, while for
large scale accidents it will be the general public, although there will be groups who are
particularly affected and may need to be addressed separately.

Communication will obviously need to be maintained throughout the emergency and may be
necessary for some time after: this will be particularly so in the restorative phase after an
emergency with widespread consequences. There will also be a need to communicate what is
being done to prevent re-occurrence of such incidents.

For large scale accidents it may be necessary to produce leaflets and other documents targeted at
the public and specifically on the circumstances and consequences of the emergency. Experience
from previous accidents such as the on in Goiania, Brazil indicate that significant resources may
have to be committed to meeting this need, and may need to include:

« “hot lines for people to telephone;
« meetings with interested groups;
« with increasing access to the Internet, placing material on a dedicated Web site may help.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

r \

Communication With the Media and
the Public (Cont’d)

e Information releases should first of all
“Deliver a message”

o Identifying/designating individuals
authorized as spokespersons

L ecture notes:

The release of information is your opportunity to get your message out to the
media, as opposed to reacting to their questions. Think about whether you would
rather have time to prepare a correctly worded statement that addresses the key
points of:

What is the problem
What are the risks to the public
What is being done, or has been done, to correct the problem

or would you prefer to respond without a prepared statement to shouted questions
from a group of reporters, some of whom may not be at all sympathetic to your
problem and who may assume that since you don’t have a prepared statement that
you are not prepared to speak to the media or to correct the problem.

If your communication procedure is to not take questions from the media, then
your message is all they have, and you should provide the needed facts of what is
the problem, what is the public threat, and how is it being corrected.

Most people, and reporters are no different, will quickly judge your approach to
the emergency and the degree of organization in the response, plus an
appreciation for the safety of the public. So start with a statement that shows how
well your emergency response is organized.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Communications With the Media and
the Public (Cont’d)

e Information must be coordinated and
approved before release in briefings,
interviews, or press releases

e Designated media gathering point

¢ Joint Information Center and Emergency
Public Information Center may be required
for large scale accidents

L ecture notes:
Hidden dide

Information cannot be provided to the media and the public in a haphazard
manner. The Emergency Manager and/or On-Scene Controller(or designee) must
approve all statements and press releases. Responders need to know the policies
on speaking with members of the media — what they can speak to and what they
cannot. “No comment” responses are looked upon favorably by the media. All
responders should be aware of who their spokes person is so they can refer media
inquiries to the appropriate person.

Does your emergency response plan and procedures provide for these
considerations?

While the media will want to be as close as possible to the scene, it is usually not
practical. If there are a large number of media and numerous response agencies,
you may wish to establish a news center (there are several accepted terms for this
facility — joint information center, emergency public information center, media
center). Here all designated spokespersons will be available to the media. Each
speaks only to their own jurisdiction/agency’s role and operations. Example:

police spokesperson speaks only to police operations, fire about fire, etc.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8

The Press Release/News Statement

e Content
Crucial Information
e Format l
3 = Less
e “Inverted pyramid style Important

o When to write a release
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L ecture notes:
Hidden dlide

In addition to media interviews, briefings, and meetings, another means of providing information
to the public and media is through a press release, also called a news statement.

A press release should be on the letterhead of your organization, include a contact person, phone
number, date/time or other identifier, and identify for immediate release. Try not to make it more
than two pages double spaced, longer messages will not be read and your message may be lost.

The content should be written from the perspective of your organization. Do not speculate, use
simple declarative sentences. Focus on facts, do not speculate or predict without well-grounded
information from experts. Clearly identify quotes by name and organization.

Use what is called the inverted style. The lead sentence should include the most important
information — the 5Ws+1 (who, what, when, where, why, and how). Prioritize each additional
sentence and paragraph and write in declining order of importance.

Write press release/news statement when:
* You need to provide information or persuade a specific audience to take action
* You feel the media can help you reach your target
* You need to publicly establish a position on behalf of your jurisdiction or company
* You need to update old information or address false information
Let’s turn out attention to the special considerations of media operations on-scene.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

On-scene Media Operations
(Cont’d)

e On-scene Controller must establish media
boundaries

e Must not interfere with response
operations

o Establish “rules of
engagement”

e Monitor the media

L ecture notes:
Hidden dslide
There are numerous considerations when considering “boundaries” for the media.

Safety: Is it safe for the media to be in the area? Is the media’s presence
endangering themselves, response personnel, victims, public?

Interference: Is the media interfering with department operations or the ability of
personnel to perform duties?

Legal: Can we legally prevent or allow the media from being in the area? Is the
area a public place?

Is this a private business and do we need approval from owner to let media in?

Can airspace be closed above the incident scene to limit media helicopter
coverage?

Fairness: Are we allowing all members of the media equal access to the incident?
Are we treating print and broadcast media alike?

Range: Can the media hear conversations that we may not want overheard? Are
they too close to the command post?

Convenience: Is there room for the media to bring in all their equipment, satellite
trucks? Is there sufficient electrical, restrooms, and work area?

Monitor the media: This can be helpful in countering rumor, also occasionally it
is helpful in that the media might have information you do not!

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8

Emergency Preparedness and Response

On-scene Media Operations (Cont’d)

Access to scene

Designated media
area

e “Pool coverage”
arrangement

¢ Information
technology

¢ Visiting
dignitaries/officials
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Lect

ure notes:

Hidden slide

If the decision is made that for safety reasons only a few media representatives should have
access to the scene:

« Tell media you want to set up “pool coverage” for example — 2 from TV, 1 from radio and

newspaper to act as pool members

They will need to select their own representatives (normally different representatives are
selected each time)

Pool members are admitted to the scene

Pool members, upon return, are interviewed by other media representatives; video/film is
shared

Peer pressure among media forces sharing
If it is not working, issue warning, that pool coverage will be terminated completely

Advances in information technology enable instant communication internationally. Use of
satellites for transmission, cell phones, laptop computers, allow reporters to report live from
the field.

These same technologies can work to your advantage — data can be gathered more quickly, the

publ

ic can be alerted and warned more quickly also.

A special note — if there is a major incident, you can be assured there will be dignitaries and other
top officials who will visit - so plan for it. They will want to have their appearance covered by the
media. This can place special burdens on the response. You will have to work with the official’s

repr

esentatives to work out an acceptable arrangement.

We will now begin to focus on the methods to get information out to the media and public - a
primary mechanism is the media briefing and interview.

IAEA Training Course for

Research Reactor Emergency Response
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Block No. 3, Module No. 8

The Media Interview

o Types of interviews
= Live vs. taped
= Print
= Broadcast
m General vs. investigative
m Ambush vs. prearranged
m Office vs. on scene

L ecture notes:
Hidden dlide

Media interviews can be done in numerous ways.

Remember if an interview is live your answers are instantly transmitted so choose your words
carefully, stay calm, maintain eye contact and keep answers short.

Print journalists need more time in an interview, more background information, details, and
analysis. Broadcast journalists need accommodation for radio, TV equipment and crew

Generally, all reporters want the basic facts — who, what , when, where, why, and how (5 Ws + 1).

They need the facts as you know them at the moment. Investigative reporters usually enter the
interview already knowing the background. They usually ask a combination of open-ended and
challenging questions to build their story.

Sometimes the journalists will surprise you at a place unexpected - the ambush interview, if you
cannot arrange for an interview at a more convenient time, be prepared to provide only the facts
as you know them at the time. Do not speculate. Speak only to your operations/responsibilities.
Use the interview to get your story out, if the reporter does not ask a question which allows you to
get information out which you wanted to, work the information into another answer.

A pre-arranged or scheduled interview allows you time to research, prepare, and confer with
others about what you can and cannot say.

Conducting interviews in your office requires you informing staff that a media interview will take
place. This means all sensitive material and distractions should be cleared. There is a risk that
the reporter might see or hear information that you wish not to be public.

If an interview is conducted at the incident scene — try to limit interference with the operation, it
may be noisy, and distracting.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8

Emergency Preparedness and Response

Interviews - Unwritten Rules

¢ Every thing you say is on the record
e You are entitled to polite behavior

¢ Journalists must identify themselves, their
employer, and the subject of the interview.

¢ You can control to a certain extent where the
interview takes place

e You should know if others will be present, who
they are, and if there will be others interviewed,
as well as the interview order.

e You are entitled to know if the interview will be
taped, if it will be edited

¢ If you need an interpreter, bring your own (&)
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L ecture notes:
Hidden dlide

There are certain rules that most journalist follow in interviews:

Every thing you say is on the record — even if they say a comment will not be used. So
speak only about those items which you are authorized and comfortable with.

You are entitled to polite behavior. You do not have to tolerate rudeness, and inappropriate
questions. You should be able to respond without being interrupted.

Journalists must identify themselves, their employer, and the subject of the interview.

You can control to a certain extent where the interview takes place. It is acceptable to ask
them to set up an appointment, at a mutually convenient time and place.

You should know if others will be present, who they are, and if there will be others
interviewed, as well as the interview order.

You are entitled to know if the interview will be taped, if it will be edited. If edited, you
can ask to see it prior to broadcast, you may not be able to change the content, but you can
prepare for reaction.

If you need an interpreter, bring your own. It is more likely that your interpreter will
understand your operations. An interpreter can act as a buffer, giving you a bit extra time to
formulate your answer.

Source: 1999 IAEA Communications on Nuclear, Radiation, Transport, and Waste Safety: A
Practical Handbook

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8

General Interview Guidelines

e Ten rules of communication during an
interview
s Be yourself
» Be comfortable and confident
= Be honest
= Be brief
= Be human
= Be personal
= Be prepared, positive, and consistent
= Be attentive
= Be energetic
= Be committed and sincere

15

N, e

[

sl 1 - malrucmag. Wirmsng and islsmming T Publi

L ecture notes:

Appendix VII of TECDOC-1162 (page 158), provides you with the “Ten Rules of
Communication During an Interview”

Be yourself

Be comfortable and confident

Be honest

Be brief

Be human

Be personal

Be prepared, positive, and consistent
Be attentive

Be energetic

Be committed and sincere

Do everything you can to prepare. If you do not know something, say so, and commit to finding
out the answer — follow through. Every effort should be made to minimize what could be called
“message interference”. Limit the use of jargon and technical terms — this is very difficult given
the nature of the radiological hazard and general unfamiliarity with it among the public. Know if
your audience includes a variety of different languages — plan for this by having translators, press
releases in the different languages, if necessary.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8

Media Briefing/interview Planner
Worksheet

e Date/timel/place
e Audience

e Anticipated
questions/responses

e Opening
statement/introduction

30 E@F@[@@W@@Q
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L ecture notes:

Hidden dlide

This worksheet will help a great deal in organizing your thoughts prior to a media interview or
press briefing. You will be using it to practice your briefing skills in the next module.

We will now discuss how it is to be used.

DATE/TIME/PLACE — Confirm all logistics for the interview or briefing

AUDIENCE - Tailor your comments to the audience you will be speaking to, anticipate, interests,
concerns

ANTICIPATED QUESTIONS/RESPONSES - Crucial to a successful interview is the ability to
have answers to most of the questions asked. You must analyze the situation and know the the
interviewer’s audience to anticipate the questions. Also practice giving responses before the
interview.

OPENING STATEMENT/INTRODUCTION — Gives you an opportunity to get make a couple
key points before any questions. Include a statement of personal concern, organizational
commitment, and your purpose for the interview.

NOTE: Students need copy of Media Briefing/Interview Planner Wor ksheet.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Media Briefing / Interview Planner
Worksheet

o Key messages

e Supporting facts

e Sound bites

e Summary statement/conclusion
e Visual aids/handouts

L ecture notes:

KEY MESSAGES — These are messages you must include in the interview or briefing. Address
central issues. Select just a few key messages/points (about three). Be concise.

SUPPORTING FACTS- Information which supports the key messages.

SOUNDBITES - Provide short statements and “quotable quotes” — for broadcast media 10-12
words, print media 1-3 lines. Examples: “We are actively responding to the emergency with all

the resources we can muster” “We have trained personnel and emergency response plans in place
to aid in protecting the public’s health and safety

SUMMARY STATEMENT/CONCLUSION - Restate your key messages (or state them if you
have not done so); If appropriate, this also is an opportunity to add what your organization will do
in the short and long term future to show that you are thinking ahead and being proactive

VISUAL AIDS/HANDOUTS: Use pictures and graphics when possible; give reporters written
material to reference when they write or report their story, include your key points, if appropriate.

Source: 1995, Emergency Public Information Pocket Guide, Emergency Management Laboratory,
Oak Ridge Institute for Science and Education)

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Benefits of Good Media
Communications

Response focused on real issues as
opposed to perceived ones

Better appreciation of the response effort

Better control over public protective
actions

= Less overreaction
The emergency will be shorter-lived!

@)

L ecture notes:

These are some of the benefits of good media communications. In the end, it all comes back to the
original goals of media and public communications. The aim is NOT to manipulate them, but to
make them part of you effort to respond to the emergency. Remember, the public and the media
are your emergency partners. Work with them, not against them.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Summary

Communicating with the public is an
essential part of emergency response

Use the media to communicate with the
public

Know the mass media and work with it
Coordinate media relations

Good media communications will enhance
your emergency response

®
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L ecture notes:
These were the major topics we covered in this module.

The next module will provide you with an opportunity to practice development of information for
a media briefing and interview.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 3, Module No. 8 Emergency Preparedness and Response

Where to Get More Information

e |AEA-TECDOC-1076

e |AEA-EPR-METHOD 2003

e |IAEA-EPR-FIRST RESPONDERS 2006
e Your own Media Relations office

Questions:
1. What are two reasons it is important to effectively communicate with the media?
What are the different types of media outlets?
What skills are necessary for effective communications with the media?
What is the purpose of the Joint Information Center?

Name three considerations which must be addressed when establishing media boundaries
on-scene.

a bk wDN

o

True or False: Everything you say to a reporter is on the record.
Name 5 of the ten rules of communication during an interview.

8. How does the Media Briefing/Interview Planner Worksheet assist you in conducting
briefings and interviews?

~
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Block 3, Module 9 Emergency Preparedness and Response

IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Action Guides and Response
Priorities

Seminar

Block 3: Emergency Preparedness and Response
Module 9: Action Guides and Response Priorities

L earning objectives: Upon completion of this module, the participants will:
e understand a suggested Emergency Response Team organization
* be able to list the responsibilities of each Team member
* be able to list the priority actions and expected timing
» understand how and when the organization may be modified
Activity: Seminar, questions and discussion

Duration: 2 hr
M aterials and equipment needed: none

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing
Arrangements for Response to a Nuclear or Radiological Emergency, EPR-METHOD
2003, IAEA, Vienna (2003)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Preparedness and Response for a
Nuclear or Radiological Emergencgafety Standards Series NO. GS-R-2, IAEA,
Vienna (2002)

3. INTERNATIONAL ATOMIC ENERGY AGENCY,, Generic Procedures for Response
to a Nuclear or Radiological Emergency at Research Reactors, EPR-RESEARCH
REACTOR, IAEA, Vienna (2011)
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Emergency Preparedness and Response Overview
Block 3, Module 9

Introduction

e An Emergency Response Team is
required to make decisions, to initiate and
control response actions and to evaluate
information for further actions

e The purpose of this lesson is to present a
suitable organization for that Team and
discuss the response priorities
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Lecture notes:

Organizing a response during the stress of recognizing that an emergency situation has
occurred and is developing can result in confusion, missed information of importance and
a loss of control of the response. It is important that an organization be created and
exercised so there are trained individuals who have a clear set of priority actions to initiate
when an emergency occurs. It is not possible to develop detailed instructions for use in an
emergency since the variety of conditions would result in so many detailed procedures
that finding the appropriate one, if such a procedure had been developed, would be too
time consuming. Instead, an organization with a general set of actions to initiate, coupled
with the collection of important information and experienced individuals will initiate the
immediate actions and then the developing conditions can be addressed as they occur. In
this regard, the experienced persons on the response team are expected to know their
facility and site, have sources of the necessary information on the reactor conditions, and
understand when and how to call on the off-site resources that have been preplanned for
use, if needed.

While a specific set of positions is described in this seminar, it is not the only one that
could be used. A specific organization is presented here because the action guides and
responsibilities are constructed with that organization. A different organization could
require modification to the action guides to accommodate a different set of
responsibilities. That is part of the customization process developed by each reactor
facility .
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Block No. 3, Module 11 Emergency Preparedness and Response

Content

e Emergency Response Team Organization
» Responsibilities of Team members
Additional Team members

Priority of response actions

Suggested timing of response actions
Summary

Lecture notes:

An Emergency Response Team is a group of individuals with well defined responsibilities
and chain of command that assembles to respond to a research reactor emergency.
Depending on the Threat Category of the reactor, some team members may not be
required. Both Threat Category Il and Il organizations are discussed.

The expected sequence of response actions has a priority ranking and an expected time
of initiation or completion suggested by IAEA GS-G-2.1, Appendix VI.

Additional members on the response team may be desired by specific reactor facilities to
serve additional needs of the facility. Some of these positions are discussed briefly.

The response organization in this presentation is consistent with that recommended by
IAEA EPR-RESEARCH REACTOR.
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Emergency Preparedness and Response Overview
Block 3, Module 9

Objectives of Emergency Response

+ Safety objective — protect individuals, society and the
environment

» Radiation Protection objective - Mitigate the
radiological consequences of any emergency

* Protection objective - prevent the occurrence of
deterministic health effects in individuals and
reasonably reduce the risk of stochastic effects

e Technical Safety objective — take all reasonably
practical measures to prevent accidents and to
mitigate their consequences; ensure that for all
probable accidents the radiological consequences
would be minor

Wkl [+ Arbon Ceaces wnd Fletponss Proniss 4

Lecture notes:
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Emergency Preparedness and Response Overview
Block 3, Module 9

Radiological Protection Objectives

» Mitigate the emergency at its source

e Reduce the risk of serious deterministic
health effects (deaths)

= Keep acute dose below health effects
threshold

e Reasonably reduce the risk of stochastic
effects (cancers)

= Do more good than harm
= Act according to international guidance
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Lecture notes:

Emergency response programmes have three primary objectives. The first objective is to
take actions at the source of the emergency to mitigate or reduce the potential risk. This
objective is met by the reactor operators’ actions to prevent or reduce a release of
radioactive material. The second objective is to ensure that people will not receive doses
high enough to result in sickness or death within weeks or months of the emergency.
These are called deterministic, early, or acute health effects. Deterministic health effects
result from very high doses received over a short time (hours to days). Each body organ
has its own threshold dose below which deterministic health effects will not occur. In the
case of a reactor emergency, keeping the early dose received by the red bone marrow
below 1 Sv, for example, will prevent any early deaths. This is over 50,000 times the
dose you normally receive in a few days. The third objective is to take reasonable actions
to reduce the chance of people developing cancer years after the emergency. Cancers
are called stochastic or late health effects. The normal risk of cancer is presumed to be
increased by even very small doses. It is not practical or reasonable to reduce the
additional risk of cancer from an emergency to zero. There is a point below which any
further attempts to reduce the cancer risk resulting from the emergency is not justified.
For example, it is unreasonable to relocate people from areas where the dose rate is less
than that normally found in many areas not affected by the emergency.
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Block 3, Module 9 Emergency Preparedness and Response

EPR-RESEARCH REACTOR Provides

Action Guides for emergency team

= Recognize, Classify, Notify, Mitigate
Consequences

e Decision model for classification
e Information Tables
o Data organizing tools (worksheets)
e Some additional information
= Public statements
= Other Emergency Plan elements
= Minimum equipment

Lecture notes:
Here is a quick look at the content

The procedures are generic, that is no site specific information is provided, each site may do that
as they customize the procedures to their needs. They are also written at a high level because
they are for many emergencies with different details, but similar objectives (next slide).

The procedures may be viewed simply as Recognize, Classify, Notify, Mitigate Consequences,
although there is some more detail than that. Mitigation is the action step with the most variability,
including priority levels for that response. Expected time to execute steps are also provided, for
example, consistent with timelines in GS-G-2.1 (Appendix VI, Table 12), identification of the
emergency class is expected within 15 minutes of recognizing that an emergency exists.

The classification model is similar to TECDOC-955 adapted to an unpressurized research reactor.

The examples here of additional information is not an exhaustive list. Some references are given
for additional information, such as the Monitoring Manual.
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Block 3, Module 9

Emergency Preparedness and Response

Emergency Response Team for Threat Category lli

Facility Response Manager

Plant Security Radiological Protection

Communicator
Manager Manager

l l

Decontamination

Monitoring Team
Leader

Team Leader

bl § - Asten Ousdes and
Reuprras Pricites

Lecture notes:

Threat Category lll research reactors tend to be operated by small organizations, perhaps a
department at a university, with few staff actually in the reactor at any one time. The
consequences of emergencies at these research reactors does not include risk to the off-site
population, although on-site personnel can be threatened by some of the more serious emergency

events.

This core response team may be increased in the planning phase by adding positions the facility
emergency plans judge are required, and then preparing action guides for the additional positions.
For example, a Plant Security position may be determined to be required, with responsibilities to
control access to the facility during an emergency and to coordinate the facility Security Plan with

the emergency response actions.

We will next look at the Threat Category Il organization which adds other positions. After that, the
responsibilities of the positions will be discussed, including how those responsibilities are

assigned to the smaller team shown here.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Team (ERT) for Threat
Category Il

Facility Response Manager

1
[ | | — l

Plant Security Radiological | Protlective Action || Muckoar Condition
Communicator
Manager Frotection Manager Manager | Anahyst
[
Decontamination Enwranméental p ’ Anal
rojection Analyst
Team Leader Analyst &
Monitoring Teams
T
LS "
Uiy 5 - Recon astes, @ndl 8

Reuprras Pricites

Lecture notes:
A larger team is required for the potential off-site actions.

Some of these blocks may be more than one person even when not shown as a team. For
example, the Nuclear Condition Analyst may actually include a Technical Assistance Team at the
site’s option.

The response process will be similar, but, of course, quicker attention to off-site surveys is
required and the off-site notification has to include the potential off-site protective actions. It is
considerable more complicated!

Point out that these are roles. The Facility Response Manager, and all the positions, are filled with
individuals who take on a role to assume the responsibilities assigned to the position. They may
be one person at the start of the response who is replaced by a more senior person as additional
individuals arrive. The individuals, by position in the site organization, who are available to perform
a particular role should be identified in the facility Emergency Plan. For example, if the reactor
staffing will always include a senior operator or other person with overall responsibility for the
reactor, this would be the initial Facility Response Manager. A later arriving manager might be
designated to replace the initial Facility Response Manager when that individual arrives, perhaps
within the first hour or so. Certain of these response team positions must always have an
individual at the reactor who is automatically assigned to fill the positions when the emergency is
first recognized. These positions will be noted as we examine the responsibilities.

Now let’s consider the individual duties and responsibilities.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Team (ERT) for Threat

Category Il
Emergency Director
[
1 | 1
Black. Saouiy Radiological
nt Secun Pratection Protective "
Manager Manager Action Manager Nucle;; mdumn

]
[ 1

Decontamination| Environmental| | Projection Analyst | L4 Communicator
Team Analyst

I_ Monitoring Teams

bl § - Asten Ousdes and g
Reuprras Pricites

Lecture notes:
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Block 3, Module 9 Emergency Preparedness and Response

Facility Response Manager

e Leads the response team and carries the
overall responsibility for the response

e Specifically responsible for:
= Concurring with the emergency class
= Approving off-site notifications
= Approving news releases

= Confirming all individuals accounted for
and medical treatment initiated
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Lecture notes:

The leader of the response organization has a lot of responsibility, and expects to have a
supporting team of technical experts who report directly to him/her.

In the first several minutes, or even the first couple of hours, the individual filling this role may be a
senior operator who is at the reactor facility when the emergency begins, and who is later
replaced by a more senior manager from the reactor or site organization.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Team (ERT) for Threat
Category Il

Facility Responte Manager

I
[ [ [ [ |

Plant Security Radiclogsal Protective Action Nuclear Condition
Manager Protection Manager Manager Analyst

I I

‘ Decontamination Enviranmental

T
| Communicator

P
Team Leader Analyst rojectaen Anakyst

Monitoning Teams

bl § - Asten Ousdes and 1
Reuprras Pricites 1

Lecture notes:
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Block 3, Module 9 Emergency Preparedness and Response

Plant Security Manager

e Coordinates Security Plan actions with the
emergency response

e Controls access to and from the site

e Coordinates with local security
organizations if their response is needed

Lecture notes:

The Plant Security Manager takes charge of site security, usually with specific actions determined
by the site security plan. This position on the Emergency Response Team is to make sure the
actions in the site security plan are coordinated with the emergency response procedures.
Specific functions of the Plant Security Manager are:

Establish control over the site entry and exit points such that only necessary emergency response
support can enter the site and only individuals that the Radiological Protection Manager
determines to be unnecessary to the response may leave,

Coordinate with local police officials if their response is necessary,
Respond to security threats to the facility as determined by the site security plan

This position may be necessary at Threat Category lll facilities.
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Block 3, Module 9

-
Emergency Response Team (ERT) for Threat
Category Il
Facility Response Manager
I | | I l
Plant Securit Radialagical Protective Action Huchear Candition
Eommumieacor Hinlg:rl i F"rn‘.r:'.-lm I'.l:'uga.'r Managor : Anahyst
: 1 |
Decontamination Enviranmaental ?
Team Leader Analyst Eropection Ak sl
IMaonitoring Teams
‘.
elicei o § - Action Jesches. @ 13
Reaporas Proites

Lecture notes:
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Block 3, Module 9 Emergency Preparedness and Response

Radiological Protection Manager

e Prepare a monitoring plan to determine
the scope of the radiological threats

e Assess environmental monitoring results
and advise when OILs are exceeded

¢ Determine need for medical assistance
from off-site

e Authorizes exceeding occupational
exposure limits

e Authorize departures from the facility
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Block 3, Module 9 Emergency Preparedness and Response

-
Emergency Response Team (ERT) for Threat
Category Il
Facility Responte Manager
1 [ | | |
Plant Security Ratiologrcal Protective Action Kuclear Candition
| Commainicator Manager Protection Manager Manuger Analyst
Decontamination Enviranmental
‘ Team L!Ild!r “ﬂnim!" Projction Ay
Maonitering Teams
Y "
elicei o § - Action Jesches. @ 15
T S——

Lecture notes:
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Block 3, Module 9 Emergency Preparedness and Response

Protective Action Manager

e Recommends urgent and long-term
protective actions

= based on emergency class
= based on environmental monitoring
data
e Recommends revised OlLs when
appropriate
e Proposes changes to the environmental
monitoring plan

Moy B« Acion Guides. gnd Elponss Prionies 16

Lecture notes:

The Protective Action Manager may be immediately required to initiate certain protective actions.
The Emergency Plan should identify who is assigned to this position so a clear responsibility to
perform the required duties assigned to a particular position. The responsibilities are :

Recommend appropriate protective actions to the Facility Response Manager for on-site
personnel

Recommend off-site protective actions, based on emergency class or environmental data

Evaluate collected environmental data and project where OILs may be exceeded in order to assist
planning for environmental monitoring

Revise default OlLs if detailed analysis permits such revision and inform the Facility Response
Manager of the option to implement the revised OILs.

The Protective Action Manager is assisted by a Projection Analyst.

The scope of the protective actions are reduced for Threat Category Il research reactors since
there is not need for off-site protective actions. The on-site protective action responsibility is
transferred to the Radiological Protection Manager.
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Block 3, Module 9

-~
Emergency Response Team (ERT) for Threat
Category Il
Facility Response Manager
I | | I ]
Plant Securit Radiotogical Prolective Action Nucksar Conda
Communicator Hinlg:rl - Frmoclllcm Mlln.'l,gqr Manager : -'mal",-: o
: 1 |
Decontamination Enviranmaental ?
Team Leader Analyst Eropection Ak sl
IMaonitoring Teams
L
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Lecture notes:
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Block 3, Module 9 Emergency Preparedness and Response

Nuclear Condition Analyst

Determines emergency class using the
classification table

Monitors reactor and facility condition to
verify no change to emergency class

Facility technical advisor to the Facility
Response Manager

At larger reactors could be a team of
several technical experts
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Lecture notes:

The reactor technical expert who uses the classification table and plant conditions to determine
the emergency class for consideration by the Facility Response Manager. Some facilities may use
a team of technical experts, operating staff, engineering staff and others to accomplish these
duties. The decision to do that depends on the complexity of the facility.

For Threat Category lll reactors, these duties could be accomplished by the Facility Response
Manager alone.
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Block 3, Module 9 Emergency Preparedness and Response

-
Emergency Response Team (ERT) for Threat
Category Il
Facility Response Manager
[
| | I ]
oo Plant Security Radiglogical Protective Action Nuckoar Condition
Manager Protection Manager Manager Analyst
: l |
owconamiion | | imicormenia || prctin s
Maonitoring Teams

Y "

m—mﬁm i T

Lecture notes:
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Block 3, Module 9 Emergency Preparedness and Response

Communicator

e Notifies on-site and off-site of the
emergency with Facility Response
Manager approval

e Prepares news releases for Facility
Response Manager approval

e Maintains communication with off-site

e Contacts off duty personnel for additional
personnel resources
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Lecture notes:

To allow the Facility Response Manager the ability to monitor and direct others, communication
tasks are assigned to an individual. As with the Nuclear Condition Analyst, this position may be
more than a single individual, however, only one of that group would be the Communicator and
would coordinate the tasks assigned to the position.

With fewer notifications expected, these responsibilities would be performed by the Facility
Response Manager at a Threat Category Il facility. Of course, the facility could incorporate the
position into their Emergency Plan if the need was there.

IAEA Training Course for Research Reactor Emergency Response 20



Block 3, Module 9 Emergency Preparedness and Response

-~
Emergency Response Team (ERT) for Threat
Category Il
| Facility Response Manager
I
I | | I l
c Plant Security Radiotogical Prolective Action Nuchear Condition
g el KManager Protection Manager Manager Analyat
: ! |
Decontamination Enwwronmaental ?
Team Leader Anatyst Eropection Ak sl
Monitoring Teams
e r
[Ty ——— 21
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Lecture notes:
Reports to Radiological Protection Manager. Supervises the Monitoring Teams.
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Block 3, Module 9 Emergency Preparedness and Response

Environmental Analyst

e Implements the environmental monitoring
plan

e Reports environmental monitoring results

e Suggests revisions to the environmental
monitoring plan

e Ensures Monitoring Teams are properly
equipped and protected

Lecture notes:

The environmental monitoring is done by Monitoring Teams using a monitoring plan approved by
the Radiological Protection Manager. The Environmental Analyst is responsible to supervise these
Monitoring Teams, including, but not limited to:

Conducting briefings,
Verifying suitability of monitoring equipment for the assigned tasks,

Promptly reporting results to the Radiological Protection Manager and, if directed, to the
Protective Action Manager,

Ensuring personal safety of the Monitoring Teams

Suggesting changes to the monitoring plan

Threat Category Il facilities may have the Monitoring Teams directly supervised by the
Radiological Protection Manager since monitoring will be more limited.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Team (ERT) for Threat
Category Il

Facility Responte Manager

I
[ [ [ [ |

‘ Plant Security Radiologsal Protective Action Nuclear Condition

Manager Protection Manager Manager Analyst

I I

Enviranmental
Anabyst

T
\ Communicator

Projection Analyst

Decontamination
Team Leadet

Monitoning Teams
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Lecture notes:
Reports to the Radiological Protection Manager
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Block 3, Module 9 Emergency Preparedness and Response

Decontamination Team Leader

e Assess contamination and injuries to site
personnel

e Assess contaminated areas on the site
e Decontaminates where required

e May provide escort of contaminated and
injured individuals to hospital
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Lecture notes:

This may be a large or small team depending on the particular event. However, several key
responsibilities are assigned. Specifically:

Evaluating medical and radiological condition of injured individuals
Recommending prompt off-site medical treatment when appropriate

Determining if on-site personnel are contaminated, decontaminating them when necessary, and
then recommending their release to the Radiological Protection Manager

Assess contamination levels on the reactor site

The Threat Category Il research reactor may also chose to have the Radiological Protection
Manager directly supervise the Decontamination Team.
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Block 3, Module 9 Emergency Preparedness and Response

-
Emergency Response Team (ERT) for Threat
Category Il
Facility Respanse Managar
| | | | |
o . Plant Security Radiological Protective Action Nuclear Condition
s Manager Pratection Manager Manager Analyst
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Lecture notes:
Reports to the Protective Action Manager
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Block 3, Module 9 Emergency Preparedness and Response

Projection Analyst

e Reviews environmental monitoring results
and projects to more distant sectors

e Recommends additional monitoring based
on projections

e May use computer models to assist the
projections

o Evaluates if default OlLs could be revised
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Lecture notes:

The Projection Analyst reports to the Protective Action Manager and performs the projections that
can alter the environmental monitoring plan. This position is also responsible to consider revising
OlLs when more detailed analysis of the radioactive material is performed. The position may also
perform hand or computer calculations of radiological consequences of a release from the facility
as part of the projection analysis. There is no need for this position at Threat Category Il facilities
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Block 3, Module 9 Emergency Preparedness and Response

-~
Emergency Response Team (ERT) for Threat
Category Il
Facility Response Manager
I | | I ]
Plant Security Radiotogical Prolective Action Nuchear Condition
Communicator KManager Protection Manager Manager Analyat
. 1 |
Decontamination Enviranmaental ?
Team Leader Analyst e ot i
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Lecture notes:
Reports to the Environmental Analyst
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Block 3, Module 9 Emergency Preparedness and Response

Monitoring Teams

e Performs environmental monitoring
e Alerts the facility when OILs exceeded

e Monitoring could include different types of
teams

= Deposition sampling
= Airborne sampling
= Vegetation sampling
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Lecture notes:

The number and duties of the monitoring teams must be established in the preplanning stage
based on the level of threat and the potential releases. Only a careful threats analysis can provide
the information needed to determine what type and number of teams may be required. Even the
emergency class will affect the number of teams. Another consideration for the facility is the
environmental monitoring responsibilities that off-site authorities are able to accommodate. In
some cases, no off-site monitoring is expected of the facility. In others, the local organizations
have little capability to perform these duties.
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Block 3, Module 9 Emergency Preparedness and Response

Additional Response Team Positions

¢ Incident Commander — controls off-site
responders such as fire brigade

» Logistics — extended response, arranges
for additional supplies

o Safety Manager
e Others, as the facility determines
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Lecture notes:
One can add positions to the response team based on the site capabilities and complexity.

An important coordination during the response is the need for someone who can manage the
response tasks of the off-site support that may be needed. The local fire brigade is one of the
most likely that could occur. The individual who controls these responders is an Incident
Commander. Depending on training, the local fire brigade may already have encountered this
arrangement from the IAEA First Responders Manual. Some sites have an internal fire brigade,
and that may be sufficient for many emergencies. If an off-site fire brigade is needed, how they are
assigned response tasks needs to be planned in advance. For example, will they work to the
direction of the on-site fire brigade, or will they work under their own supervision and the on-site
fire brigade becomes a technical adviser to them? Part of the process of arranging for a response
from an off-site organization, such as the fire brigade, involves establishing the protocols for their
involvement in the response.

Non-radiological safety can be a concern in certain emergencies and to some extent all the time.
The specialized skills and training of an expert in industrial safety may be needed. Again, this is a
position that the facility may assign to the emergency response.

These are just examples and not meant to be an exhaustive list. EPR-RESEARCH REACTOR
was developed to focus on the radiological hazard of emergencies at research reactors and each
site will have to determine when additional positions may be needed for their potential situations.
For any added positions, careful thought is needed to define clearly the responsibility of the
position, prepare an Action Guide to specify the duties that are expected to exercise those
responsibilities, and the reporting relationship with the rest of the response team, especially the
Facility Response Manager. If the Facility Response Manager is expected to be in overall control
of the response, then every position must have a clear chain of command to the Facility Response
Manager.
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Block 3, Module 9 Emergency Preparedness and Response

Immediate Actions

e Recognition of an emergency causes two
different sets of response actions

= Reactor operating staff initiates the
appropriate Emergency Operating
Procedure

= Emergency Response Team initiates the
appropriate emergency response
procedures
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Lecture notes:
There are two levels of response when an emergency condition is recognized.

The reactor operator immediately initiates an EOP for the event, based on training and reactor
condition in order to regain control of the reactor. It may be as simple as shutting down the
reactor. Whatever is necessary, these actions have first priority and are not to be delayed by the
emergency response procedures.

At the same time, an Emergency Response Team begins their duties. The Team did not exist,
except as described in the Emergency Plan, until the emergency is recognized and the team
members are notified. They may be, at least initially, also reactor operators or others at the reactor
when the emergency occurs. Certain positions are so important that there needs to always be
individuals who are prepared and authorized to initiate emergency response procedures, as long
as doing so does not interfere with the first priority of regaining control of the reactor. As the
emergency response proceeds these initial Emergency Response Team positions may be filled
with other individuals from the facility, as described in the Emergency Plan. EPR-RESEARCH
REACTOR provides the emergency response organization and procedures, but does not establish
how the facility determines who should be able to assume the particular positions. That decision
must be made by the facility as part of preparing its Emergency Plan.
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Block 3, Module 9 Emergency Preparedness and Response

Immediate Actions — Emergency Response

e |AEA standards: always a person at the
facility:
= able and authorized to classify the
emergency without consultation,
= able and authorized to notify the
appropriate off-site notification point,
and

= able to provide sufficient information
for an effective off-site response
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Lecture notes:

This comes directly from GS-R-2. It doesn't allow for extensive phone conversation with managers
who are not at the facility, nor does it allow for waiting for those managers to arrive, assess the
situation and then react. Only pre-planned actions by trained individuals can allow this to occur.
EPR-RESEARCH REACTOR provides the model set of information for a research reactor facility
to build their own response plans to fulfill these expectations.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Priorities

e Classify the emergency — within 15 minutes of
recognition

¢ Notify on-site personnel and facility
management- within 15 minutes of classification

¢ Notify off-site authorities — within 15 minutes of

classification for SAE and GE, within 1 hour for A
or FE

e Recommend on-site protective actions —
complete within 60 minutes after classification
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Lecture notes:
The prompt classification requires someone always able and authorized to perform this task.

Note the timing for off-site notifications depends on the emergency class. A continuously available
off-site notification point is necessary for this response step. The notification may or may not,
usually will not, include recommendations for off-site urgent protective actions. However,
sheltering is an option that could be immediately recommended, and may be prudent for a
General Emergency.

The on-site protective actions should not require and hour to complete. The time to evacuate or
shelter on-site personnel could be automatically implemented by a site-wide alarm system such
as a siren or PA system announcement. It is relatively simple to make arrangements for this
action.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Priorities (cont.)

e Activate on-site Emergency Response
Team — complete within 2 hours

e Obtain support of off-site emergency
services — expected within 30 minutes
after classification, or as need is identified

e Develop environmental monitoring plan —
within 30 minutes after classification

e Deploy on-site environmental monitoring
teams — within 30 minutes after
classification, complete within 1 hour
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Lecture notes:

The full staffing for the Emergency Response Team may not be available on the site when an
emergency occurs. Also, the Facility Response Manager should determine which positions are
required. For example, for a Facility Emergency or an Alert, fewer monitoring teams and some of
the team members for off-site actions may not be needed. It may be prudent to gather the full
team until the situation is fully assessed, then release the unneeded personnel.

The environmental monitoring priorities will first conduct monitoring on the site, and the more
comprehensive plan could be established after those teams have been assigned tasks. A
proposed priority for the monitoring plan is provided in EPR-RESEARCH REACTOR. The site
could also prepare a generic monitoring plan to initiate while the scope of the emergency is being
assessed. An important part of the on-site monitoring is the identification of a release from the
reactor that has the potential to move off-site. Thus, getting monitoring started near the reactor is
an step that should not be delayed.
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Block 3, Module 9 Emergency Preparedness and Response

Emergency Response Priorities (cont.)

» Recommend off-site urgent protective
actions — within 30 minutes after
classification, if required

e Initiate off-site environmental monitoring -
within 1 hour after classification

e Assess environmental monitoring results
and revise monitoring plan

e Review urgent protective actions — as
monitoring data becomes available

Lecture notes:

The prompt identification for off-site protective actions applies to General Emergencies, and
perhaps also to Site Area Emergencies. For Threat Category Il facilities, urgent protective actions
would normally be based on environmental monitoring results. However, the facility threats
analysis could show that population near the site, but within the UPZ are at immediate risk in
certain extreme emergencies due to proximity of those individuals to the facility, and plans exist
for action based on plant conditions.

A part of advance arrangements with off-site authorities is the determination of the source of off-
site monitoring teams.

As environmental monitoring data becomes available, it should be evaluated to determine if the
urgent protective actions initiated on the basis of emergency class should be modified. The same
data can cause changes in the monitoring plan.
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Emergency Response Priorities (cont.)

e Project off-site radiological consequences
— commence within 1 hour of obtaining
on-site environmental monitoring data

Lecture notes:

Projections are information that could be used to modify the environmental monitoring plan.
Simple hand calculations are proposed in EPR-RESEARCH REACTOR. More complex
projections using computer models may also be used. A site-specific model for the models that
estimate radiological consequences will be better than the generic plume dispersion models, but
the uncertainties are still high and weather conditions may vary enough in the nearby area that the
weather conditions at the reactor do not represent reality.
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Summary

e Responsibilities of the Emergency
Response Team

e Suggested response team organization
e Response priorities
e Questions and further discussion?
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L ecture notes:
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Additional Information

e |JAEA EPR-RESEARCH REACTOR
o |IAEA EPR-FIRST RESPONDERS 2006
e |IAEA EPR-METHOD 2003
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L ecture notes:
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IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Medical Management Overview

Seminar

Block 3: Emergency preparedness and response overview
Module 10: Medical management overview

L earning objectives. Upon completion of this module, the participants will:
* be able to list health effects of radiation
« understand the difference between deterministic and stochastic health effects

» understand the role and place of medical preparedness and response in the overall
organizational emergency response structure

» be able to list infrastructure and functional requirements for medical response
preparedness

* be aware of the importance of psychological effects of radiological accidents
Activity: Seminar, questions and discussion
Duration: 1 hr
Materialsand equipment needed: none
References:

1. UNSCEAR, Sources and Effects of lonizing Radiation, 2000 Report to the
General Assembly with Scientific Annexes, United Nations, New York (2000).

2. Ricks, R.C., Prehospital Management of Radiation Accidents, ORAU 223, Oak
Ridge Associated Universities, Oak Ridge, TN (1984.)

3. Medical management of radiological casualties. Handbook. Ed. D. Jarrett.,
AFRRI, Bethesda, MD (1999.)

4. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic procedures for
medical response during a nuclear or radiological emergency, EPR-MEDICAL,
IAEA, Vienna (2005 )
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Introduction

e Objectives of the emergency response:

= To reduce the risk or mitigate the
consequences of the emergency at its
source

= To prevent or reduce deterministic
health effects

= Reasonably reduce the risk of
stochastic effects

L ectur e notes:

Emergency response activities have three primary objectives. The first objective is to take
actions at the source of an emergency to mitigate or reduce the potential risk. The second
objective is to ensure that people will not receive doses high enough to result in
deterministic health effects induced by the emergency. The third objective is to take
reasonable actions to reduce the chance of people getting stochastic health effects. It's
obvious that the second and the third objectives are directly related to the human health.
Medical terminology is used even in the statements of the objectives. Therefore, every
person participating in emergency response has to know and understand the meaning of
the terms, and the relations between “pure” medicine, physics and radiation protection.
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Objectives of Emergency Medical
Preparedness and Response

e To perform treatment of life threatening
injuries

e To implement actions needed to meet
general objectives of emergency response

e To participate in training, drills, and
exercises to update and enhance basic
knowledge and skills necessary to meet
general objectives of emergency response

o

Lecturenotes:

Effective medical response is a necessary component of an overall response to
radiological emergencies. In general, the medical response to radiological accidents may
represent a difficult challenge to the authorities due to the complexity of the situation,
often requiring highly qualified specialists and organisational and material resources.
Therefore an adequate planning is needed.The main objective of emergency medical
response is to perform treatment of life threatening injuries. This is the first priority task
which should be done not taking into account the presence of radiation factor. The
general rule is: do not delay life saving actions due to the presence of radiation!

All actions within the responsibility of medical specialists (e.g., medical actions) should
be consistent with the general objectives of emergency response. Therefore, the second
objective of the emergency medical response is to implement actions needed to meet
general objectives of emergency response.
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Fact

Each member of emergency response
organization needs to understand the
basics of radiology to meet the objectives
efficiently

Lecturenotes:

In order to meet the objectives of emergency medical preparedness and response, medical
organizations should participate in training, drills, and exercises to update and enhance
basic knowledge and skills necessary to meet general objectives of emergency response.
These later ones can also be considered as the objectives of the emergency medical
preparedness. As the efficient performance of overall response organisation depends on
all the organisations and teams involved in the activities, everybody should be aware of
the roles and responsibilities of others. Therefore, specialists of different professions
participating in the workshop, should be aware of the role and place of medical
responders.
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Content

¢ lonising radiation and human

e Health effects of radiation: description,
examples

e Medical aspects of radiological accidents

e Psychological aspects of radiological
accidents

e Medical response as a part of the overall
emergency preparedness and response

e Infrastructure and functional requirements
for medical preparedness

e Summary (£)
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L ectur e notes:

Many people of different professions are involved in emergency preparedness and
response to radiation (nuclear or radiological) emergencies. Being joined in the overall
response organization they need to understand on one hand the basic philosophy and
objectives of radiological protection of the general public and emergency workers, and on
the other hand, the aim of the response activities implemented in a radiation emergency.
Therefore, specialists of different professions should understand basic facts about
ionizing radiation and human behavior in an emergency situation.

Therefore specialists of different professions should know basic information about
radiation and human. Such information will help for better understanding of purposes for
emergency response and on the long run will help to organize the activities of emergency
response organization in the most efficient way.

The aim of this lecture is to explain possible health effects of ionizing radiation, to give
an overview of preparedness elements for an efficient medical response and to present
medical and psychological aspects of radiation accidents.
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Overview

Radiation causes ionisation of:
ATOMS

which will affect
MOLECULES
which may affect
CELLS
which may affect
TISSUES
which may affect
ORGANS
which may affect
THE WHOLE BODY
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L ectur e notes:

Whether the source of radiation is natural or man made, whether it is small dose of
radiation or large, there will be some biological effects.

Although we tend to think of biological effects in terms of the effect of radiation on

living cells, in actuality, ionising radiation, by definition, interacts only with atoms by a
process called ionisation. Thus, all biological damage effects begin with the consequence
of radiation interactions with the atoms forming the cells. As a result, radiation effects on
human proceed from the lowest to the highest level as noted in this slide.
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Direct and Indirect Action of lonising
Radiation on DNA

Direct Action
main mechanism for high LET radiations
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Radiation interactions that produce biological changes are classified asliegbisor
indirect. The change takes place by direct action if a biological macromolecule such as
DNA,

RNA, or protein becomes directly ionized or excited by an ionising particle or photon
passing through or near it. Indirect effects are the result of radiation interaction within the
medium

(e.g., cytoplasm) creating reactive chemical species dadedadicalsthat in turn

interact with the target molecule. Because 70-85% of the mass of living systems is
composed of water, the vast majority of low LET radiation-induced damage is mediated
through indirect action on water molecules. The water molecule absorbs energy and
disassociates into two radicals with unpaired electrons in the valance shell. These are
denoted by the symbols He and OHe below

H20 — H+ + OH- (ionization)
H20 — He+OHe (free radicals)

Free radicals are extremely reactive chemical species that can undergo a variety of
chemical reactions. Free radicals can combine with other free radicals to form non-
reactive chemical species such as water in which case no biological damage occurs, or
with each other to form other molecules, such as hydrogen peroxide, which are highly
toxic to the cell. Although their lifetimes are limited (<10-5 sec), free radicals can diffuse
in the cell producing damage at locations remote from their origin. Free radicals may
inactivate cellular mechanisms directly or via damage to genetic material (DNA and
RNA) and are believed to be the primary cause of biological damage from low LET
radiation.
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" lonising Radiation and Human

Normal repair of damage Cell dies from damage
No repair or non-identical

Daughter cells die repair before reproduction

L
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Lecturenotes:

The target for all health effects of ionising radiation is the genome of the cell, the DNA
(deoxyribonucleic) molecule. Even a single hit by a particle or a photon can cause a
break in the DNA molecule. If it is a break in one strand of the DNA only (a single strand
break) it will most probably be perfectly repaired with no consequences for health. If,
however, both DNA strands are broken close to each other, which is also possible after a
single hit, repair mechanisms are likely to fail and the genome may be changed.

Cells, like a human body, have tremendous ability to repair damage. As a result not all
radiation effects are irreversible. In many instances, the cells are able to completely repair
any damage and function normally.

In some case, however, the damage is severe enough that the cell dies. In other instances,
the cell is damaged but it still able to reproduce. The daughter cell, however, may be
lacking some critical life sustaining components, and they die. Finally, the cell may be
affected in such a way that it does not die but is simply mutated. The mutated cell
reproduces and thus perpetuates the mutation. This could be the beginning of the
malignant tumour.

Generally, cells are most sensitive to radiation when they are dividing, so that the most
radiosensitive tissues are the blood, the intestinal wall, the skin, and the fetus.

Conversely, the most radioresistant tissues are muscle, nerves, and the adult brain, where
cell reproduction is minimal.
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lonising Radiation and Human

e A cell that has been hit may destroy itself or
may be destroyed while dividing

e Cell killing is not equal to health effect
e Only massive cell killing leads to health effects

e Massive cell killing can
occur only after high doses

g
D .
¢ These are called E :
deterministic effects ° | Threshold/
E Dose :';
:
Absorbed Dose (Gy)
\, . ":-J

L ectur e notes:

The function of most organs and tissues of the body is unaffected by the loss of small
numbers of cells, or sometimes even of substantial number. However, if the number of
cells lost in a tissue is large enough and the cells are important enough, there will be
observable harm, reflected in a loss of tissue function. The probability of causing such
harm is zero at small doses of radiation, but above some level of dose (the threshold) it
increases to unity (100%). Above the threshold, the severity of the harm also increases
with dose. This type of effect is called deterministic, because it is sure to occur if the dose
is large enough and is higher than threshold. If the loss of cells can be compensated by
the repopulation, the effect will be relatively short-lived.

Examples of deterministic effects are local radiation injuries (radiation burns); induction

of temporary or permanent sterility in the testes and ovaries; depression of the
effectiveness of the blood forming system, leading to a decrease in the number of a blood
cells; cataract. A special case of the deterministic effect is the acute radiation syndrome
resulting from acute whole body irradiation.

Photo

Two views of the right hand of a pioneer medical radiologist. The first injury to this
radiologist was seen in 1899, namely 3 years after the discovery of X-rays was
announced. The hand was amputated in 1932 and death from cancer occurred in 1933.
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f Deterministic Health Effects

Early appearance (days to
weeks, excl. cataract)

e Existence of dose
threshold, specific for
particular effect

Below dose thresholds -
no effect

Above threshold the

severity depends on level
of radiation dose
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L ectur e notes:

A deterministic effect generally shows up within a short time after exposure ("early
effects”), but this is not always true. Cataract, for example, is a typical deterministic
effect appearing only after several years. That is why the term "early effects” can not be
used as a synonym .

For each deterministic effect there is a threshold ddselow which the effect does not
appear. This threshold shows only limited variation between individuals. If people of
varying susceptibility are exposed to radiation, the threshold in a given tissue for
deterministic effects of sufficient severity to be observable will be reached with the lower
doses in the more sensitive individuals.

Once the threshold has been exceeded, however, the effect is certain ("deterministic”)
and is rapidly getting worse with increased radiation dose. Threshold dose depends on the
organ, dose rate, and other factors.
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Deterministic Health Effects

e Dose response curve is sigmoid
e At high dose and dose rates
= Dose rate has a profound influence on effects

e Some deterministic effects have characteristics
that distinguish them from similar effects due to
other causes, which may help to identify the
affected individuals

¢ The occurrence of the initial event has sometimes
been detected by the unexpected appearance of
deterministic effects

e Need specialized treatment

L ectur e notes:

Graphically, thedose response curve can be represented by a sigmoid form, starting after
a threshold and then rising steeply, soon reaching 100% response.

Doserate has a profound influence on both the threshold dose itself and the severity of
the effect. Quite high doses can be tolerated, if received during a long time, allowing cell
division to compensate for radiation induced cell loss.

If the exposure is caused by a certain identified event, it will usually be possible to

identify the affected individuals. Some deterministic effects have characteristics that
distinguish them from similar effects due to other causes, which may help to identify the
affected individuals. The occurrence of the exposure has indeed sometimes been detected
by the unexpected appearance of deterministic effects.

IAEA Training Course for Research Reactor Emergency Response

11



Block No. 3, Module No. 10 Emergency Preparedness and Response

,‘
Deterministic Health Effects
Deterministic effects
Organ or Ll .
s less than 2 Time of
days [Gy] ~ Type of effect occurrence
Whole Body 1* Death 1 — 2 months
(bone marrow)
Skin 3 Erythema 1-3 weeks
i = 1st - several
Thyroid 5 Hypothyroidism years
Lens of the 2 Cataract 6 months -
eye several years
Gonads 3 Permanent sterility weeks
Foetus 0.1 Birth defects -
* Without medical care ;:;
’

L ecture notes:

The organs of the body have different sensitivities to radiation, therefore, dose thresholds for
deterministic health effects are also different.

A typical deterministic effect of radiation exposure is Acute Radiation Syndrome (ARS). It occurs after
acute whole body doses of penetrating radiation of not less than one sievert. The first signs of exposure
appear after a latency time of one or two hours and consist of malaise, nausea and possibly vomiting.
The prognosis can be greatly improved by high standard hospital care, but if the dose to the bone
marrow has been more than 6-8 Gy, death usually follows after a few weeks.

Doses of this magnitude are seen only in serious accidents, often in connection with strong radiation
sources in wrong hands. It is extremely unlikely that a population exposed to fallout from a nuclear
emergency would get such high doses except possibly in the close vicinity of the reactor. No member of
the public got acute radiation syndrome after the Chernobyl accident. It appeared only in emergency
workers working at the emergency site. 28 of them died of the disease.

The acute radiation syndrome may be further complicated by high doses to certain organs. In an
emergency, exposure is often highly inhomogeneous, in which case severe organ damage is possible in
spite of a moderate bone marrow dose. In the Chernobyl accident response, the situation for exposed
emergency workers was worsened by severe radiation damage to the skin.

In case of a prolonged dose of several Gy, a chronic form of bone marrow depression may develop.
However,doses of lessthan half a gray, whether acute or prolonged, do not lead to

immunodeficiency or any other chronic disease. This fact should be clearly understood by health
personnel dealing with people exposed to radiation. Otherwise, radiation exposure may be blamed for
any complaint, from rheumatism to toothache or flu.

The skin is especially sensitive to bedgs. Beta particles are moderately penetrating, a few cm in
tissue, this causes damage to the stem cells of the skin.

A high local dose causes reddening of the skin after a few hours. Two weeks later hair of the skin falls
off. Epilation of all hair is usually observed after a life threatening whole body dose of a few Gy. High
local doses to the skin may damage and occlude the blood vessels of the skin, and ulcers and necrosis
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may develop. Such type of a damage can be very painful and invalidising, and amputation may be the
solution.
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Deterministic Effects After Chernobyl

¢ Very high doses on-site

e 134 cases of acute radiation syndrome among
responders (fire fighters and recovery operation
workers)

» 28 died in 1986 from a combination of high
external doses of gamma radiation and skin
burns due to beta radiation

» 17 died in 1987-2004 from various causes, not
all linked to radiation
¢ No cases of acute radiation syndrome have been
recorded among the general public
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Lecturenotes:

It is extremely unlikely that a population exposed to fallout from a nuclear emergency

would get such high doses except possibly in the close vicinity of the reactor. No member
of the public got acute radiation syndrome after the Chernobyl accident. It appeared only
in emergency workers working at the emergency site. Twenty-eight emergency workers
died of the disease.

The acute radiation syndrome may be further complicated by high doses to certain organs.
In an emergency, exposure is often highly inhomogeneous, in which case severe organ
damage is possible in spite of a moderate bone marrow dose. In the Chernobyl accident
response, the situation for exposed emergency workers was worsened by severe radiation
damage to the skin.

IAEA Training Course for Research Reactor Emergency Response
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lonising Radiation and Human

¢ If the cell is not killed but the genome is changed,
it may give rise to a mutated cell clone

» From one of these cells through the chain of
possible several mutations after many years the
first cancer cell can appear

e If any cell, capable of dividing, is hit by radiation,
a cancer may arise

¢ |f a gamete is hit and the genome is changed and
this particular gamete will start a pregnancy, the
child may carry a genetic disease

e Cancer and hereditary effects are the stochastic
effects of radiation
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L ectur e notes:

Of the various forms of damage that exposure can cause in living cells some do not cause
the death of the affected cells. A viable but modified somatic cell may still retain its
reproductive capacity and may give rise to a clone. If the clone is not eliminated by the
body’s defence mechanisms, it may result, after a prolonged and variable period of delay
termed theatent period, in the development of a malignant conditions, usually termed
cancer, which is the principal late somatic effect of exposure to radiation.

If the damage occurs in a cell whose function is to transmit genetic information to later
generations, the effects, which may be of different kinds and severity, will be expressed
in the progeny of the exposed person. This type of stochastic effect is dadiesllidary
effect.

In general, it is impossible to know whether an individual cancer case was caused by
exposure in the past or not. If a person is accidentally or occupationally exposed to
radiation and then gets cancer later in life, he may be convinced that his cancer was
caused by the radiation. In reality, however, this is probably not the case.
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Stochastic Health Effects

e A radiation-induced health effect, occurring
without a threshold level of dose, whose
probability is proportional to the dose and whose
severity is independent of the dose

e Stochastic health effects:
= Radiation-induced cancers
= Hereditary effects
e Late appearance (years)
e Latency period:
m Several years for cancer
= Hundreds of years for hereditary effects

o

Lecturenotes:

As was already said, the effects of ionization can lead to biological effects, including cell
death and abnormal cell development. If the dose is low or delivered over a longer period
of time, there is a greater opportunity for the body’s damaged cells to repair themselves;
however, harmful effects may still occur. Effects of this type, called stochastic, are not
certain to occur, but their likelihood increases for higher doses, whereas the timing and
severity of an effect do not depend on the dose. Examples are cancers of various types and
hereditary effects.

Are the cancers induced by radiation different from those induced by other hazards (e.g..
chemicals, biological agents, naturally from one’s genetic make-up etc..) ? The answer
appears to be no - they are indistinguishable, unlike a deterministic effect, which can
readily be attributed specifically to radiation. This means that the only way these effects
can be detected is by studying cancer statistics for a population, using careful cancer and
dose registration. This also means that the radiation-induced cancers are treated in exactly
the same way as non-radiation-induced similar cancers, needing no specialized treatment,
but additional screening programs may be warranted.
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! Stochastic Health Effects

Dose response is believed to be more or less linear
Dose rate may have a slight effects on risk
Indistinguishable from ‘spontaneous’ cancers
Seen only in epidemiological studies

Normal treatment

Range of inference ' Observable range
Dose
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L ectur e notes:

The cancers introduced by radiation, with or without the contributions of other agents, are
not distinguishable from those that occur owing to other causes, or “spontaneously”.
Since the probability of cancer resulting from radiation is related to dose, this type of
radiation effect can only be detected by statistical means in epidemiological studies
carried out on exposed population groups.

Based on general theories of how ionizing radiation acts to produce cancer it is assumed
that there is no threshold below which the risk of cancer is zero. In other words, all finite
exposure levels will increase the risk that cancer will occur. This does not mean that all
finite exposures actually will cause cancer. This also implies that living in areas of high
background radiation can be dangerous to your health!

Except as a result of serious accidents or inevitable irradiation of healthy tissues in
radiotherapy, the doses incurred by man are not so large as to produce deterministic
effects. Therefore, the main practical interest in the risks of radiation lies in the region of
lower doses and dose rates that are experienced in radiation work or in other situations of
everyday life.
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Radiation Induced Cancer

e Cancer - the main possible health effect
of public exposure

e Excess risk as a probability of radiation
induced cancer
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L ecture notes:
From a public health perspective, cancer is the most important health effect of ionising radiation.

Unlike genetic effects of radiation, radiation induced cancers are well investigated. Many studies
have been accomplished which directly link the induction of cancer and radiation exposure. The
following are examples of epidemiological studies:

* Lung cancer — Uranium miners;

* Bone cancer — Radium dial painters;

« Thyroid cancer — Therapy patients, population exposed due to Chernobyl accident;
» Breast cancer — Therapy patients;

» Skin cancer — Radiologists;

» Leukaemia — Bomb survivors, in-utero exposures, therapy patients.

The most important groups that were studied are those exposed to the atomic bombs in Japan in
1945.

IAEA Training Course for Research Reactor Emergency Response
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Sources of Data on Stochastic Health

Effects

¢ Occupational exposure
= Early radiologist and medical

physicists
» Radium-dial painters
= U-miners, nuclear industry workers
Patients irradiated for medical reasons
e A-bomb survivors
e Overexposure due to

nuclear weapons test

e Overexposure due to

emergencies
\ 'L‘"F:J
L ecturenotes:

Data on human effects were studied based on the observation of the following groups of
exposed people, presented at this slide.

Unlike genetic effects of radiation, radiation induced cancer is well documented. Many
studies have been accomplished which directly link the induction of cancer and exposure
to radiation. Some of the populations studied and their associated cancers are: Lung
cancer — Uranium miners; Bone cancer — Radium dial painters; Thyroid cancer — Therapy
patients, population exposed due to Chernobyl accident; Breast cancer — Therapy
patients; Skin cancer — Radiologists; Leukaemia — Bomb survivors, in-utero exposures,
therapy patients.

The most important of these groups are those exposed to the atomic bombs in Japan in
1945. A-bomb survivors were exposed to a range of whole body doses and comprised a
wide range of ages:

Average dose — 0.27 Sv
~ 6,000 individuals exposed in dose > 0.1 Sv
~ 700 individuals exposed in dose > 1 Sv

Total number of exposed people included in the Life Span Study (LSS) is about 90.000
people.
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[ Life Span Study (LSS) Solid Cancer
Mortality

e 47 years of follow-up (1950-1997)
e Observed: 9,335 fatal cases of solid cancer
e Expected: ~8,895 fatal cases of solid cancer

= i.e. ~440 cancers (5%) attributable to
radiation

Lecturenotes:

This slide presents data of 47 years follow-up of the atomic bomb survivors (Refeston
et al, Radiat Res 160:381-407, 2003).

Among these people, the leukaemia incidence started to increase two years after exposure
and then gradually faded. The maximum increase occurred less than ten years after exposure.
In contrary, the incidence for solid tumours started to increase later, about 5 years after
exposure, but the increase is still going on and seems to continue to the end of life. It is
actually accentuated when the exposed population gets older and natural cancer incidence
increases.

Note for instructor: While discussing these numbers, compare with ~20-25% probability of
fatal spontaneous cancer in a life time.

To help put this in perspective think about the following statistics today regarding cancer.
Approximately 1 in 5 people will get some form of cancer in their lifetime. This is
approximately 20% of the population. Look around the room count the total number of
people in the room and divide by 5. How many people in the room statistically will get
cancer?
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Excess Cancer Incidence

Solid cancers

Excess cancer incidence

12 18

Years after exposure
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L ecture notes:

For most cancers in adults, the latent period is at least ten years, or even longer. The
shortest latent period is for the leukaemia and thyroid cancer (3-5 years).

Among the atomic bomb survivors in Japan, the leukaemia incidence started to increase
two years after exposure and then gradually faded. The maximum increase occurred less
than ten years after exposure. In contrary, the incidence for solid tumours started to
increase later, about 5 years after exposure, but the increase is still going on and seems to
continue to the end of life. It is actually accentuated when the exposed population gets
older and natural cancer incidence increases.

IAEA Training Course for Research Reactor Emergency Response
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Lecturenotes:

One of the well investigated health consequence of radiation exposure is radiation-
induced thyroid cancer in childhood. A radioactive release containing radioiodine can
cause high doses to the thyroid gland. Children are sensitive to the carcinogenic effect of
radioiodine. The estimation of risk for thyroid cancer in children exposed to radioiodine
which was done before Chernobyl accident showed the value 2.5%mEr46n-gray per

year. This means that if 1 million children get a mean thyroid dose of 10 mGy, 2-3 extra
cases of thyroid cancer per year will occur in this group. As the background frequency of
thyroid cancer in children is about 1 per million children per year, this very low dose may
in fact cause a noticeable increase in children’s’ thyroid cancer rate.

The population exposed due to the Chernobyl accident therefore appears to be one of the
most important group for studying the radiation induced thyroid cancer. Indeed,
significant increase of thyroid cancers was observed in Belarusian population, specially
among exposed in childhood.

IAEA Training Course for Research Reactor Emergency Response 21



Block No. 3, Module No. 10 Emergency Preparedness and Response

Risk Coefficients

e ICRP: cancer mortality in a whole
population exposed at low dose rate

= 5.5% per man-Sv

e ICRP: risk for genetic diseases in the
offspring of an exposed population

= 0.2% per man-Sv, all future generations
counted together

L ecture notes:

The overall lifelong risk for cancer mortality in the Japanese group is calculated to be
about 10% per sievert. This does not include the non-lethal cases of cancer. The dose
response curve for solid tumours is remarkably linear. For leukaemia, howevesk the
per dosas higher for high doses than for low doses.

The atomic bomb survivors, whether getting a low or a high dose, were all exposed at a
high dose rate. Based on experimental evidence, it is believed that exposure at a low dose
rate implies a smaller risk. Exposure to the population after radioactive fallout would
typically extend for years. The ICRP has adopted a dose and dose reduction factor of 2
for low doses and low dose rates, thus estimating a total increase in risk for lethal cancer
of 5% per Sv. This means that a collective dose of 10000 Sv is estimated to cause 500
extra cancer deaths in the population, regardless of the size of the population. Naturally,
the exact number is not known, but the magnitude is probably not much in error. These
cases are expected to appear, beginning after a latency time and continuing as long as
exposed persons are alive, perhaps for more than 80 years. During the same time period,
roughly 20% of the exposed people are expected to die of cancer from other causes. If the
population has been exposed to radiation from a fallout, the extra cancer cases caused by
radiation will therefore possibly never be recognised as an increase compared to the high
background cancer rate. Still, the numerical amount of extra cases may be considerable.
Actions to protect the public are aimed to reduce this number, regardless of whether it
would ever show up as a recognisable increase against the background.

The ICRP has estimated the risk for genetic disease in the offspring of an exposed
population to be 0.2% per man-Sv, all future generations counted together. In a
population of working age, excluding children, the calculated risk is 0.1% per man-Sv.
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Common Risks

e Another way of looking at risk, the Relative
Risk of 1 in a million chances of dying of
common activities in our society

= Smoking 1.4 cigarettes (lung cancer)
= Eating 40 tablespoons of peanut butter

= Spending 2 days in New York City (air
pollution)

= Driving 40 miles in a car (accident)

= Flying 2500 miles in a jet (accident)

= Canoeing for 6 minutes

= Receiving 0.10 mSv of radiation (cancer)

=
L9
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M 00 - Weded Matagertetl Cyatdes

Lecturenotes:

It is difficult to estimate risks from radiation, for most of the radiation exposures that humans
receive are very close to background levels. In most cases, the effects from radiation are not
distinguishable from normal levels of those same effects. With the beginning of radiation use
in the early part of the century, the early researchers and users of radiation were not as
careful as we are today. The information from medical uses and from the survivors of the
atomic bombs in Japan, have given us most of what we know about radiation and its effects
on humans. Risk estimates have their limitations:

*The doses from which risk estimates are derived were much higher than the
regulated dose levels of today;

*The dose rates were much higher than normally received;

*The actual doses received by the ABS group and some of the medical treatment
cases have had to be estimated and are not known precisely;

Many other factors like ethnic origin, natural levels of cancers, diet, smoking, stress
and bias effect the estimates.
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Medical Aspects

Major source
Accident Critical organ A iona
ReAChIe (Dowe Whole body (bone marrow) | Gamma
r, .
research, ship) 2dn = Bﬂ? e
Thyroid Radioiodine

Spent reactor fuel
storage or reprocessing

Industrial and medical Whole body (bone marrow) | Gamma

Whole body (bone marrow) | Gamma

gamma sources (sealed) | Skin Gamma
Industrial and medical |, . body (bone marrow) | Gamma
gamma sources Skin Beta
(damaged, unsealed) e

Pu - weapons damage Lung Alpha

or manufacture

e 15 Madon Mlanugesen Croaries

L ectur e notes:

Every possible effort should be made to prevent anyone receiving doses above the
thresholds for deterministic effects. Critical organs can be identified for many accidents.

If the dose is kept below the threshold for deterministic health effects in this critical organ
than deterministic health effects will be prevented in all the organs. Studies and
experience have shown that the types of emergency that can result in severe deterministic
effects (e.g., deaths) are rare. They include individuals unknowingly handing highly
radioactive sealed sources, industrial accidents where workers are accidentally exposed
and releases from large power reactors or reprocessing facilities.

Medical consequences of the radiation accidents could be seen among the public or/and
workers. In general, severe radiation accidents are related to acute overexposure and
affect more often professionals than the general public. In most of them only one or very
few individuals are involved — those who were using the source for professional reasons.
From the other side, more and more accidents are related to lost or stolen industrial
radiation sources which are found by the members of the public. Nuclear accidents, the
dramatic example of which is Chernobyl accident, may be the cause of general public
overexposure while professionals and emergency workers could receive the doses above
threshold for deterministic health effects.

In major radiation accidents which happened during the period 1944-2009 in nuclear
industry, non-nuclear industry, research medicine there were about 3000 overexposed
people and about 130 fatalities. This number includes 28 firemen who got acute radiation
sickness due to the Chernobyl accident in 1986.
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Medical Consequences

e Public health effects directly related to
radiation exposure

= Deterministic
m Stochastic

e Public health effects indirectly related to
radiation exposure

m Caused by the emergency
= Caused by the intervention

L ecture notes:

Radiation emergencies may induce health effects in affected population. These are very
often due not only to the radiation exposure but also to the societal disruption, economic
disorganization and environment impact, which are usually accompanying any radiation
accident.

Therefore, medical consequences of the radiation accidents could be classified into two
categories: those directly related to the accidental exposure and those, which are
indirectly caused by the accident.

Deterministic and stochastic effects fall into the first category. Medical consequences,
which could be caused indirectly by exposure, or by the intervention aimed to
reduce/minimize exposure fall into the second category.

Direct effects of exposure are not dependent on awareness or subjective perception of
risk. They can be prevented or reduced by protective actions only.

On the contrary, health effects related secondarily to the release may be widespread both
geographically and temporally and may affect a very large number of people, thus far
outnumbering the direct radiation effects.
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" Indirect Health Effects

» Caused by the accident
= Psychological

= Voluntary abortions
= Demographical
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L ecturenotes:

Psychological effects in affected population are among the most important health
consequences indirectly caused by the emergency. Another possible consequence of the
emergency is a number of voluntary abortions, which were reported after Chernobyl
accident in Switzerland, Northern Italy, Greece and other countries. Choice of voluntary
abortions may be considered as a consequence of the stress to pregnant women. They
also reflect the inadequacy of the medical profession’s knowledge of the risks linked to
ionising radiation.

There may be also changes in demographic situation which could be indirectly caused by
accidental conditions.

IAEA Training Course for Research Reactor Emergency Response
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Indirect Health Effects (cont’d)

e Caused by the intervention
= Psychological

= Consequences of
inappropriate medical
care

= Consequences of
restriction of food
products

s Side effects of iodine
prophylaxis — very rare

on.
15
N
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L ecture notes:

Other types of indirect effects are strictly related to intervention. Intervention itself may
also cause psychological effects. Protective actions aimed to reduce exposure may even
be counterproductive with respect to psychological effects.

In addition to that intervention could indirectly lead to different diseases. It may be
possible, for example that urgent protective actions as evacuation or sheltering could
prevent performance of normal emergency health care, home care of helpless elderly
people and other urgent tasks. These are the issues to be planned in advance. It is also
possible to expect side effects from taking stable iodine (among people allergic to
iodine). But this effect is observed very rarely.

Another possible consequence may be the influence of the restrictions of food products in
affected areas to the human health. Such restriction, specially long-term, could lead to the
micronutrient deficiencies or sub-deficiencies.

IAEA Training Course for Research Reactor Emergency Response
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Psychological Effects

e Psychological effects do not correlate with real
exposure but with subjective perception of risk

e Psychological effects cover

= Psychic suffering

m Changes in risk perception

= Modification in individual and social behavior
¢ Modification factors:

= Demographic

= Perceptual

= Sociological

L ecture notes:

It is now generally agreed that radiation accidents have serious negative consequences to
the mental health of affected population. Psychological effects cover psychic suffering,
changes in risk perception and modifications in individual and social behaviours. Psychic
suffering can be simply the perception that one’s psychic welfare has deteriorated, or it
also can be more intensive change with medical symptoms and pathological conditions.
All these different aspects damage health as defined by WHO: a state of well-being —
mental, physical and social.

A psychological impact has many features, generally related to the notion of the stress.
Stress corresponds to a permanent situation of biological, psychic and social
maladjustment, which requires alertness, tension and energy on the part of the subject.
This physiological reaction depends on how the person experiences the situation. If a
person’s well-being is harmed over a long period, then pathologies, including generalized
anxiety, panic attacks and depression may appear.

Several factors can modify the seriousness or the nature of the effects. Most of these are
demographic (sex, age). Others are perceptual: perception of the emergency, of it's health
consequences, of the authorities’ competence. Influencing factors may also include
beliefs about everyday life and coping abilities. There are also sociological factors like

the management of the situation from the side of the person, by the community, affective
support from family and relatives, the financial compensation for victims, etc.
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Psychological Effects (Cont’d)

e Major accidents showed that affected
people
= Believe in the threat to their health

= Doubt what has been reported about
emergency and resulted doses

= Modification in their life style
= Have somatic complains

= Increased substance abuse (alcohol,
tranquilizers, sleeping pills)

L ecture notes:

From the studies performed after three major radiological accidents, i.e. TMI, Goiania
and Chernobyl accident, common reactions and psychological consequences can be
summarised as follows:

individuals relate all their present health problems to radiation, although they either
don’t know the doses they were exposed or don't believe in the reported doses;

they live under the threat of possible delayed effects;

life style has been modified by changes in food consumption, substance abuse, the
elimination of some activities and new habits induced;

somatic complains are reported;

individual coping mechanism include apathy, avoidance, depression, denial,
information seeking, search for the culprit, etc.

All these individual reactions were gradually pronounced and intense, depending on
factors related to the emergency as well as to affected individual.
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Psychological Effects (Cont’d)

e Any psychological stress had general health
effects

e Stress symptoms
= Anxiety, depression
» Disturbed sleep, headache, nausea
= Loss of appetite, fatigue, apathy

m Aggression, suicidal acting, drug and alcohol
abuse

m Stress symptoms may mimic somatic disease
= Diffuse pain anywhere may be due to stress

{:3::;?,

L ecture notes:

The typical symptoms of stress are anxiety, depression, a disturbed sleep pattern,
headache and nausea, loss of appetite, fatigue and apathy, aggression, suicidal acting,
drug and alcohol abuse. Symptoms of stress may also mimic somatic disease. Diffuse
pain anywhere without any underlying organic disease may be due to stress.

Stress can induce functional gastrointestinal disturbances but also overt organic disease
like gastritis and peptic ulcer. Also, stress is believed to be a relevant factor in the
aetiology of diseases like ulcerative colitis, hypertonia and ischemic heart disease.

IAEA Training Course for Research Reactor Emergency Response
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How to Reduce Psychological Effects

Have an ongoing information program
Give clear, simple and timely advice
Consistent advice and assessment (one
official point)

Use international guidance

Ensure protective actions are justified
Correct false information

Consider education and counselling

L ectur e notes:

It is believed that having clear, simple advice available at the time of an emergency based
on internationally endorsed or recommended guidance will do much to maintain
confidence in the national authority, and thereby help to alleviate mental distress and
anxiety.

The only way to cope with the problem of mistrust is to give rapid, correct and open
general information about contamination and exposure. Still, some mistrust probably
cannot be avoided. Part of this problem is that the news media have their own interest in
propagating exaggerated exposure and risk data. Thus conflicting information and views
of risk reach the public, decreasing trust in information given by authorities. The public
reacts to dramatic media reporting with increased anxiety, which in turn stimulates
further media promotion.

Efforts should be made to provide consistent advice and assessment to the public and
media (press), and to correct false information. This is best accomplished by having one
source of official information within the country and having co-ordinated protective
actions with nearby countries in advance. This should increase the public confidence and
compliance with recommended actions. Every effort must be made to maintain public
trust.

Social support and education, including individual and group counseling, is an important
part of coping with the situation. It is necessary and urgent to convince the population in
contaminated areas that their symptoms cannot be attributed to radiation but may be due
to the psychological consequences of stress. This educational task requires the active
involvement of individuals, organisations and authorities who enjoy or can establish
credibility. Locally trusted people can include medical personnel, teachers or youth
leaders.
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Requirements for Medical
Preparedness

e Infrastructure

= Must be in place to ensure that the
functional requirements of a response
can be performed when needed

e Functional

= Should be fulfilled to achieve the
response objectives

Lecturenotes:

In order to be effectively implemented, emergency medical response should be planned
and organized in accordance with particular infrastructure and functional requirements.

Being the part of overall emergency preparedness and response, medical response should
meet the same approach to requirements as it's given in the EKER-METHOD

2003, “Method for Developing Arrangements for Response to a Nuclear or
Radiological Emergencyfor all response organizatians

The infrastructure requirements must be in place to ensure that the functional
requirements of a response can be performed when needed. Planning objectives are
provided for each infrastructure requirement along with items to be considered when
developing the capability to meet these objectives and response objectives are given for
each functional requirement along with items to be considered in developing the
capability. See IAEAEPR-METHOD 2003or details.
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f Requirements for Emergency
Preparedness and Response

Infrastructure Functional

|
e

Eate*{}r‘:

L ecturenotes:

Infrastructure and functional requirements for effective response can be divided into:
e common, applied to all organizations involved in emergency response,
« specific, applied only to medical response, and
 cooperative, applied when joint efforts are needed.

Common requirements should be discussed at the early stages of emergency planning by
emergency planners and managers from all involved organizations including medical.

Specific requirements are the responsibility of medical organizations. In development

their own specific tasks medical organizations are more independent from others.
However, there are no completely independent tasks in the emergency. Therefore medical
organizations should check the existence of common interest in implementation of the
tasks and inform others about their activities.

Cooperative requirements are related usually to the tasks and responsibilities where joint
efforts are necessary at all stages. Cooperative requirements call for maximum joint
efforts at all stages of preparedness and response. They should be taken into account by
all response organizations.

Common features of all requirements of medical response are as follows. Requirements
are:

» connected with the other elements of the overall response organization,
« applicable for all treat categories.
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Requirements (Cont’d)

e Infrastructure
= Authority
= Organization
= Co-ordination
= Plans and Procedures
= Logistical Support and Facilities
= Training, Drills and Exercises

= Quality Assurance and Program
Maintenance

L ecture notes:

The majority of requirements which are considered to be common with other
organizations involved in emergency response, are attributed to infrastructure
requirements. This is logical consequence of the statement that infrastructure
requirements must be in place to ensure that the functional elements of a response can be
performed when needed. Therefore, emergency preparedness will start from development
of infrastructure requirements. It's necessary to stress that after discussions and
agreements between all involved organizations, the same infrastructure requirements
have to be developed in medical organizations taking into account their own specific

goals and responsibilities. For example, all involved medical organizations will be
represented by one medical authority at the national level during the planning process.
This authority will be involved in response coordination, writing plans and procedures at
the national level. However, one step lower, within medical organizations a response
coordination and writing plans and procedures is needed as well. These activities will be
secondary or derived from the activity at the national level, and will have more specific
features attributable for medical facilities. Another example could be participation in
training, drills and exercises. These activities will be organized between all response
organizations and within medical community as well.

We can conclude that at the national level all listed infrastructure requirements are
common, as they are applied to all organizations involved in emergency response,
including medical. Such requirements as “Plans and Procedures”, “Logistical support and
Facilities” and “Training, Drills and Exercises” have some specific features reflecting the
peculiarities of medical response as at the national, as at the local levels. Therefore, these
requirements are also specific for medical response to the extend of specificity of medical
responsibilities. To the fulfillment of the requirements “Plans and Procedures” and
“Training, Drills and Exercises” joint efforts are needed, as it was described in the
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examples above. Therefore, these requirements should be considered as cooperative.
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i Requirements (Cont’d)

e Functional
= Identification, notification and activation
= Emergency source management
=t}

= Protection of emergency workers
m Assessment of the initial phase
= Management of emergency operations

©
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Lecturenotes:
All functional requirements are listed on this and the following slide.
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Requirements (Cont’d)

= Medical management
= Informing the public

o
b
= Recovery
\ 'L‘"F:J
Lecturenotes:

Specific requirement for medical response is “medical management”. However, medical
organizations have to participate adequately in the implementation of other functional
requirements as well. Especially regarding

 Urgent protective actions
* Issuing instructions and warnings to the public

 Agricultural countermeasures, countermeasures against ingestion and longer-term
protective actions

 Mitigation of non-radiological consequences.

These four mentioned above requirements are cooperative in the nature of their
fulfillment.

IAEA Training Course for Research Reactor Emergency Response
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4 3

Medical Assistance

e Provide immediate on-site first aid
e Decontamination of injured persons

e Transport and initially treat a limited
number individuals from the site

e Treat highly exposed persons

e Treat radiation exposure among the public_
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Lecturenotes:

There are several planning items to be fulfilled by facility, local or national level within
medical assistance. These items, applicable for the planning category | facilities
(Facilities for which events, including very low probability events, that could give rise to
severe deterministic health effects off-site are postulated or have occurred in similar
facilities) are listed at the slide.

Immediate on-site first aid requires some planned capabilities, not a substitute for a
hospital

Injured persons may require decontamination, it may be done on-site if minor and the
injury does not interfere or require prompt off-site medical attention.

Some injuries may require treatment at an off-site location. Make arrangements for this
assuming injuries severe enough to need prompt attention, and the individuals may be
highly contaminated. The chosen off-site facility needs to be able to accommodate this
situation.

Highly exposed individuals, life threatening exposures, may require specialized
treatment. Plan how this will be obtained, especially if the capability is not readily
available.

How would the public be treated, or even only registered for follow-up so occurrence of
medical problems could be treated or recognized at a later date.

Number of items to be planned depends on planning category. Detailed description and
explanation is given in IAEA- EPR-METHOD 2003.
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Summary

e This lecture presented overview of
medical management

e The following topics were covered in the
lecture: health effect of radiation, direct
and indirect effects of radiation exposure,
objectives and requirements for
emergency medical preparedness and
response

e Comments are welcomed

Mot 16 Savhe sl Rlanugement Cvisigm

L ectur e notes:

Let’'s summarize the main subjects we did cover in this session. This lecture presented
overview of medical management.

We did cover the topics describing health effect of radiation, direct and indirect effects of
radiation exposure, objectives and requirements for emergency medical preparedness and
response.
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Where to Get More Information

e UNSCEAR, Sources and Effects of lonizing
Radiation, 2000 Report to the General Assembly
with Scientific Annexes, United Nations, New
York (2000)

* |AEA EPR-MEDICAL

¢ |AEA EPR-METHOD 2003

o Medical management of radiological casualties.

Handbook. Ed. D. Jarrett., AFRRI, Bethesda, MD,
1999

e Module 11 of the current Workshop
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Questions

1. What is the cause for all health effects of ionising radiation?

2. List the main health effects of ionizing radiation!

3. Give the examples of deterministic effects!

4. What are the main differences between stochastic and deterministic effects?

5. What are the examples of health effects directly and indirectly caused by ionizing
radiation?

6. How can we manage the psychological consequences of radiation?

7. Where is the place of emergency medical response in the generic response
organization?

8. What are the requirements for emergency medical preparedness and how are they
connected with the requirements for other organizations?

IAEA Training Course for Research Reactor Emergency Response
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TAEA Training Course Tor Research Reactor Emergency Response

Emergency Preparedness and Response

On-scene Emergency Medical
Response

Seminar

Block 3: Emergency preparedness and response overview

Module 11: On-scene emergency medical response (reviewed and improved by TT)

L earning objectives. Following this module the participants will
» understand the role and tasks of Emergency Medical Responders
» know the basic steps in contaminated casualty handling
* know the interactions between different response groups on-scene
* be acquainted with basic decontamination procedure

Activity: Seminar, questions and discussion

Duration: 1 hr

Materialsand equipment needed: none

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for
assessing and response during a radiological emergency. IAEA-TECDOC-1162,
IAEA, Vienna (2000)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for
Monitoring in a Nuclear or Radiological Emergency, IAEA-TECDOC-1092,
IAEA, Vienna (1999)

3. RICKS, R.C., Prehospital Management of Radiation Accidents, ORAU 223, Oak
Ridge Associated Universities, Oak Ridge, TN (1984.)

4. Medical management of radiological casualties. Handbook. Ed. D. Jarrett.,
AFRRI, Bethesda, MD (1999)

5. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic procedures for
medical response during a nuclear or radiological emergency, EPR-MEDICAL,
IAEA, Vienna (2005)
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6. INTERNATIONAL ATOMIC ENERGY AGENCY, Manual for First Responders to a
Radiological Emergency, EPR-FIRST RESPONDERS 2006, IAEA, Vienna (2006)
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Introduction

e Basics principles of medical handling of
exposed persons can be divided into:

= General methods of handling

= Specific methods due to specificity of
the possible health effects of radiation
and contamination

e Medical handling:

= On-site
u Off-site
L -ﬁ"J
L ectur e notes:

The basic principles of the medical handling of exposed persons are based, to a large
degree, on the methods used for handling of other types of accidents, taking into account
the specificity of the possible health effects of radiation and problems with

contamination.

Exposed persons with high levels of external dose will be rare and usually among
employees or other emergency workers. Such situation requires special medical care and
supportive treatment for the early effects of acute exposure.

Medical handling in an emergency situation is normally divided into medical care on-site
(more often for workers) and medical care off-site (for workers and for affected
population).

In general, there are three levels of response, according to the degree of complexity, with
respect to the necessary resources for assistance and the severity of consequences:

1.first aid provided at the scene of the emergency;

2.initial medical examination, detailed investigation and medical treatment in a general
hospital; and

3.complete examination and treatment in a specialised medical centre for treatment of
radiation injuries.

In other words, emergency response on-site is called a prehospital response, response off-
site — as hospital response. Hospital response or health care in the hospital may include
initial medical examination, general medical treatment or special medical treatment
depending on patient’s condition. Complete radiological monitoring, decontamination
and/or decorporation are also done at the hospital level.

IAEA Workshop for Research Reactor Emergency
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Content

e Emergency medical response as a part of
the overall response organization

¢ Role and tasks of the Emergency Medical
Responders on scene

e Basic steps for contaminated casualty

handling
o Basic steps in decontamination
e Summary
(&)
LN ﬁ"'gx
L ecturenotes:

In this lecture some specific questions regarding emergency medical response will be
considered. Role and tasks of Emergency Response teams will be presented in details in
accordance with the step-by-step Procedures IfdtA-TECDOC-1162 “Generic

Procedures for assessing and response during a radiological emergency”. As life saving
actions are one of the most important at the early stage of the emergency, therefore the
activities performed by other response groups will be also discussed.

In radiation emergency radioactive contamination very often follows the injury of people
in an emergency. Therefore, basic steps for contaminated casualty handling is explained
here.

IAEA Workshop for Research Reactor Emergency
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Generic Response Organisation
 RESPONSEINTIATOR |
First official being informed of
an emergency with authority to
initiate a response plan

EMERGENCY MANAGER
Appointed official in charge of
overall emergency response

RADIOLOGICAL ASSESSOR
Lisually senior member of a
radiclogical assessment team
with an official role to play in sent to the scene of an

the accident response acodent

A
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L ectur e notes:

This chart gives an overview of the generic response organization needed in a non-reactor
radiological emergency. Module 9 discussed the organization for reactor emergencies.
Medical response is usually no different for the two types of emergencies.

Emergency medical response team will be acting as a First Responder if arriving first at
the scene. Actions of Emergency Medical Responders should be coordinated with the
joint response efforts. Therefore, not only medical responders have to know and
implement the tasks of other responders, but also other first responders should be aware
of the basic emergency medical tasks and how to carry them until arrival of emergency
medical team.

Local training of potential First Responders with the IAEA material for those
organizations can help a great deal. Familiarity of the reactor site should also be a part of
such training.
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General Rules to On-site Management
of Radiation Injures

Perform medical triage of injured victims

Give conventional first aid

Perform radiological triage of injured victims

Manage personal contamination

Manage radiation injuries

L ectur e notes:

Unfortunately there may be accidents where people are exposed to significant doses of
radiation.

In any case, one of the primary practical goals of emergency response will be to treat
injuries. Some of these injuries may be non-radiological, e.g. thermal burns or
injuries associated with the conventional aspects of an emergency. Conventional
first aid to save life, reduce pain and aid recovery will be needed and must take
priority over treatment for radiological effects. Medical triage groups are:

1 The injured who can be helped ibymediateransportation
2 The injured whose transport candsdayed
3 Those with minomjuries, who need help less urgently

However, because of the special nature of radiation accidents, there may be a need to
handle contaminated patients. Because patients may not express symptoms of
radiation exposure early on, there will be a need to sort and follow up potentially
exposed individuals according to their assessed doses. Radiological triage groups
are:

Contaminated and exposed
only contaminated
only exposed

A w bR

neither
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After the very initial emergency phase, the radiation injuries themselves if they become manifest
(usually within days or weeks, but sometimes hours) will need medical treatment and often
specialized medical care.

IAEA Workshop for Research Reactor Emergency
Response 5
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[ Role and Tasks

¢ Implement Procedure C4 (IAEA-TECDOC-1162)
e Step 1

= If you are first at the scene assume the role of
the On-scene Controller until relieved

= |f not, get briefing by the On-scene Controller
e Step 2:

= |f you have personal dosimeters wear them

s Wear protective clothing as required

L ecture notes:

Emergency Medical Responders will most likely arrive on the emergency scene in a short
time after the emergency. Until then, police, fire service, or other personnel who have
been adequately trained in techniques of basic first aid can provide emergency first aid
for injured person(s).

The steps here are recommended for non-reactor radiological emergencies. However, the

medical response for reactor emergencies will not differ greatly even though the
organization may be different.

If emergency medical team will arrive first on the scene of an emergency, the senior
person at the scene normally assumes the role of the On-Scene Controller until relieved
by appropriate authorities. In the case of being first on the scene the following actions
should be done:

» Approach site with caution — look for evidence of hazardous materials;

« If radiation hazard is suspected, position personnel, vehicles, and command post at a
safe distance upwind of the site;

* Notify proper authorities and hospital.

Detailed step-by-step procedure for Emergency Medical Responders on-scene is given in
the IAEA-TECDOC-1162Generic Procedures for assessment and response during a
radiological emergency” (Procedure C4).

IAEA Workshop for Research Reactor Emergency
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( Role and Tasks

e Step 3
= Perform search and rescue for injured
persons as soon as possible
m Assess and treat life-threatening
injuries immediately
= Perform routine emergency care during
extrication procedures

L ecture notes:

At facilities with radioactive sources trained personnel on every shift should normally
provide any first aid required. In the case of serious injury medical personnel from
suitable off-site medical centres should be available.

The purposes of medical handling on-site are to prevent traumatic injuries from
threatening life, as well as possible assessment of contamination and performance of
procedures to prevent the spread of contamination. Limited decontamination could be
done also.

After searching for injured persons and rescue them it is necessary to assess and treat life-
threatening injures immediately. Remember that there should not be any delay in
advanced life support if victims cannot be moved or it's impossible to assess
contamination status. After performance of routine emergency care during extrication
procedures move victims away from the radiation hazard area, using proper patient
transfer techniques to prevent further injury.

Remember also that radiation exposure or contamination do not cause immediate signs or
symptoms, therefore if victims are unconscious, disoriented, burned, or otherwise in
distress, - look for causes other than radiation.

IAEA Workshop for Research Reactor Emergency
Response 7
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Search and Rescue

= Remove injured persons from the
hazard area as soon as possible

= If necessary, request additional medical
help

Lecturenotes:

The task of medical staff at the first off-site stage should be to identify the type, origin,
severity and urgency of the cases. The basic principle is that treatment of serious or life-
threatening injuries must take priority over other actions. A simple classification of the
cases may be as follows:

a) Individuals with symptoms and high probability of radiation overexposure and
other injuries and/or burns; patients should be transported urgently to a specialised
hospital after appropriate medical care.

b) Individuals without signs of radiation exposure but with combined injuries and/or
burns; patients should be taken to the specialised hospital where the medical
treatment can be adapted to the type of pathology.

¢) Individuals with potential radiation symptoms; patients do not require immediate
medical treatment but require urgent evaluation of the levels of dose.

d) Uninjured and contaminated or possibly contaminated individuals; these
individuals need to be monitored to assess the degree of contamination if any.

e) Individuals believed to be free of injury and radiation exposure; patients are
normally sent home. Sometimes medical follow-up should be provided to ensure
that the first assessment was correct and to evaluate the dose more accurately.

IAEA Workshop for Research Reactor Emergency
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" Role and tasks

e Step 4

= Perform radiological triage and isolate
contaminated person(s)

= Remove all contaminated clothing unless
medically contraindicated

= Isolate (bag and secure) clothing, shoes, and
personal belongings

s Cover wounds with sterile dressings and
prepare injured persons for transport to the
hospital

= Transport in a manner suitable to prevent
further contamination of the patient, the
ambulance, and attending personnel

¥
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L ecture notes:

Victims should be monitored at the control line for possible contamination (at the “dirty”
side) only after they are medically stable. Radiation levels above background indicate the
presence of contamination.

It is necessary to take all possible efforts to prevent the spread of contamination:

+ move the ambulance stretcher to the clean side of the contamination control line and
unfold a clean sheet or blanket over the stretcher;

* place the patient on the covered bed and fold the sheet or blanket over the individual
to “package” the patient to aid in contamination control. Do not wrap injured persons
in plastic as this may lead to hyperthermia. Do not remove the victim from the
backboard if one is used,

« if injured persons are properly wrapped in a sheet or blanket it is not necessary to
cover the inside of the ambulance although plastic covering for the floor may be
desirable.

IAEA Workshop for Research Reactor Emergency
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[ Role and Tasks

e Step 5
= Establish contact with the police to obtain

names and addresses of the involved
population for further interview(s)

e Step 6

= Inform the receiving hospital about the nature
of the conventional injuries and any known or
suspected exposure or contamination with
radioactive materials

» ldentify the radioactive materials if known, if

not, request help from Radiological Assessor &)
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L ecture notes:

All persons involved in a radiological emergency should be carefully interviewed to
provide a detailed description of the emergency situation, positions of persons at the
scene of an emergency and time spent there. This information will be needed for dose
reconstruction.

Registration of those involved in the emergency may be performed by reactor site
security officers.

Inform hospital emergency department on the situation and ask for any special
instructions the hospital may have. Ensure the hospital is informed if contaminated
victims are being sent. Reactor site radiological controls personnel may need to
accompany contaminated individuals to the hospital to provide radiological advice or
monitoring. Upon arrival to the hospital follow the hospital’s radiological protocol.

IAEA Workshop for Research Reactor Emergency
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Role and Tasks

e Step 7

s Perform personal and equipment
contamination check using procedures in
IAEA- TECDOC-1092 or request assistance
from the Radiological Assessor

= When the medical conditions do not require
urgent hospitalisation DO NOT leave the scene
of an emergency without being checked for
possible personal contamination

lostdm 19 - O goai Ermmigesey Mdcsl Fispoms

L ecture notes:

Before leaving the controlled area, medical responders should remove protective clothing
at the control line. If possible, the victim should be transported by personnel who have
not entered the controlled area. Ambulance personnel attending victims should wear
gloves.

The ambulance and crew should not return to regular service until the crew, vehicle, and
equipment have undergone monitoring and decontamination if needed.

IAEA Workshop for Research Reactor Emergency

Response

Emergency Preparedness and Response

11



Block No. 3, Module No. 11 Emergency Preparedness and Response

Step 7 (Cont’d)

= DO NOT take any equipment out of the scene
area prior to being checked for possible

contamination

= |If you have to leave the scene urgently then
contamination control procedures should be
performed as soon as reasonable

Madels 11 - On-scens Ermergency Madesl Finposss

Lecturenotes:

Emergency medical responders should not eat, drink, smoke, etc. at the emergency site,
in the ambulance, or at the hospital until they have been checked and released.

Detailed procedures how to perform personal and equipment contamination check are
given in IAEA-TECDOC-1092 (see cover page for reference).

IAEA Workshop for Research Reactor Emergency
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[ Life Saving and First Aid

e If persons involved in the emergency appear to
be injured, use standard methods for medical
first aid

DO NOT DELAY LIFE SAVING ACTIONS DUE TO
THE PRESENCE OF RADIATION!

= Remove the injured persons from the hazard
area as soon as possible

= Notify Emergency Medical Responders and
inform them that the victim may be
contaminated with radioactive material

L ecture notes:

If Emergency Medical Responders have not arrived yet and there are injured or affected
people on site, other responders on the scene should perform first aid to the victims (if
trained).

One of the most important rule each responder should knowas6t delay lifesaving
actionsdueto the presence of radiation”. Be aware that contamination levels almost

never pose a serious hazard to responders in time required to perform lifesaving measures
and decontamination. Taking care of a contaminated person does not cause significant
exposure to the responders. Experience has shown that occupational exposure limits have
never been exceeded during such a procedure. It is advisable, however, not to use
pregnant women in such tasks.

In IAEA-TECDOC-1162 Generic procedures for assessment and response during a
radiological emergency” step-by-step procedures are given for response at the scene. In
Section C of that publication steps to be performed by On-Scene Controller, Fire service,
Facility Responder and Police in case they will arrive on scene before Emergency
Medical Responders are given.

These steps include:
* First aid for injured victims;
* Removal of the victims from the hazard area;
 Notification of Emergency Medical Responders.

There should be continuous coordination between different teams regarding medical aid
and decontamination of injured and affected people. For example, Emergency Medical
Responders should work together with Radiological Assessor regarding the information
about the nature of the emergency and contamination levels (people, equipment).
Cooperation with Police is necessary regarding the safety zone and needed information
about victims for future follow-up. For details see IAEA-TECDOC-1162.

IAEA Workshop for Research Reactor Emergency
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’ Radioactive Contamination

¢ Radioactive contamination - radioactive
materials (gases, liquids, solids) released into the
environment

= Contamination of environment
= Contamination of objects
s Contamination of people - personal

contamination
¢ Personal contamination can be
m External
= Internal
= Combined
{ﬁ'%}
L ecture notes:

As contamination of a person can cause additional complications for the person itself as
well as for others (as a result of spread of contamination), we will go through basic steps
of handling contaminated casualty.

First of all, what do we mean by contamination?

Radioactive contamination may occur when radioactive materials in the form of gases,
liquids, or solids (dust) are released into the environment. If that happens, environment,
objects and/or people may get contaminated. Persons can be contaminated externally
(skin contamination) or internally if radioactive materials get inside the body through the
lung, gut or wounds.

To remove or decrease contamination, decontamination methods and techniques have to
be used.

IAEA Workshop for Research Reactor Emergency
Response 14



Block No. 3, Module No. 11 Emergency Preparedness and Response

g ™

Contamination of the Victims

e Severe external contamination unlikely in
the public

¢ Slight contamination may be widespread

e Fear of contamination could be
widespread even more

e Most people are less contaminated than
they fear
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L ecture notes:

In case of reactor emergency it's more likely to expect severe external contamination of
employees or professionals, not the public. Nevertheless, the fear of contamination
among the general public may be high not only close to but even far from the emergency
site.

An effective way to manage this fear is to perform monitoring of the affected individuals
and those who believe they are contaminated and then to give clear and fair information
about the results of monitoring.

IAEA Workshop for Research Reactor Emergency
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Radiological Triage

®
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L ecture notes:

For situations involving large number of exposed persons one of the usual screening
procedure is perform radiological triage of involved persons — action to identify persons
with different contamination levels and kinds of injury. Frisking should pay special
attention to the hands and face. Contamination on the face may likely be an indicator of
ingestion of radioactive material.

Standard worksheets to record contamination levels may be found in IAEA publications
and should be available at the reactor site.

If people are not severe injured and can move and stand — the frisking technique could be
used to determine possible external contamination. Procedure is given how in IAEA-
TECDOC-1092 .

IAEA Workshop for Research Reactor Emergency
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Radiological Survey of the Injured
Person on the Stretcher

&)

Lecturenotes:

If victim is severe injured and laying on the desk or litter — procedure of checking will be
more complicated and time consuming. Care should be taken to prevent the spread of
contamination and/or contamination of the contamination monitor itself.

Usually seriously injured person will be monitored in the lying position. Surveys of the
parts it's possible to access (front parts of the head, hands, legs, and body) should be
performed first. Then surveys of the back side of the body should be performed (only if
possible by victim’s condition). Possibility to survey back side of the body should be
used if the victim is turned by medical personnel for the medical purposes.

Checking wound for contamination is even more complicated. However, this should be
done as soon as possible, because alpha and beta emitters left in the wound may cause
extensive local damage and may be absorbed into the systemic circulation and
redistributed as internal contaminants. If possible, the glove-covered probe should be
carefully placed into the dried wound, without touching any of the wound surfaces. DO
NOT CONTAMINATE THE PROBE with radioactive particles, body fluids, or talcum
powder! Tissue fluids or protective gloves may prevent the detection of alpha and weak
beta particles. The wound may then be cleaned by gentle scrubbing and irrigation.

If non contaminated open wounds are present, care should be taken that they are not
contaminated by the washing procedure.

IAEA Workshop for Research Reactor Emergency
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Operational Intervention Levels

Contaminant OIL
General gamma emitters 1 uSv/h or
Beta emitters 1000 cps
Alpha emitters 50 cps

Trying to measure these levels will take several minutes with a typical
hand held probe. In case of urgency multiply the levels by a factor of
10 backing this up by instructions to change clothing for known clean
kit followed by hand washing and washing of hair

&)

"
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L ecture notes:

While performing contamination monitoring of the individual, there is a need to have
operational levels, which will help in decision-making what to consider as being

contaminated. Most commonly available radiation detectors that display cps are adequate
for application of these OlLs.

Where surface contamination derived limits are not specified by the national competent
authority the generic values at this slide are suggested.

If the detector cannot distinguish between alpha and beta, use a piece of paper between
the detector and the source. If the reading drops, - alphas can be considered present.

For detail information regarding procedure, refer to IAEA-TECDOC-1092.

IAEA Workshop for Research Reactor Emergency
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Decontamination Procedures

e Life saving measures first

e Use warm water, soap, or ordinary detergent, soft
brush, plastic sheet, tape towel, sheet

* Remove entire clothing and place in plastic bag

¢ |dentify contaminated areas, mark clearly, and
cover until decontamination takes place

¢ Start decontamination from the wound, when
present, and move on to the highest
contaminated areas

al
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L ecture notes:

General list of priorities for the decontamination procedure is presented here. This
priorities should be followed in all cases of decontamination.

IAEA Workshop for Research Reactor Emergency
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Medical management

e In all cases and at any step of medical aid,
the first priority in the care of the patients
is to attend to the most severe life-
threatening injuries

e Perform decontamination after
stabilization
= The presence of potential radioactive
contamination should not deter the
nature or rapidity of medical care
e All clothing should be removed using
contamination control techniques (£ )

L
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L ecture notes:

In spite this statement was discussed in the previous slides, it should be repeated again
and again: handling of injured persons, not counting they are contaminated or not, should
be started from first aid. Performing first aid, actions should be started from severe life-
threatening injuries.

After that, radiological monitoring of victims and decontamination could be started.

Measures for preventing of the spread of contamination should be performed
simultaneously with the above mentioned main actions.

IAEA Workshop for Research Reactor Emergency
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’ Routes of Contamination

e Skin may become contaminated if in
contact with radioactive aerosols, liquids,
or contaminated surfaces

e Radioactive materials may be intake to the
body through ingestion or absorption
from contaminated skin or wound

» Beta-emitting radionuclides can cause
skin burns

N ﬁ"\-rl"
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L ecture notes:

Skin, especially skin of the hands, is one of the most frequently contaminated part of the
body. Skin may become contaminated if in contact with radioactive aerosols, liquids, or
contaminated surface. Skin contamination may occur as a consequence of a radiation
emergency (victims) or when responding to the emergency without proper personal
protective equipment.

Radioactive materials may be intake to the body (internal contamination) through
ingestion or absorption from contaminated skin or wound.

Immediate and effective measure to clean the skin or decrease the level of contamination,
is skin decontamination.

IAEA Workshop for Research Reactor Emergency
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f Absorbed_ _dose rate on the skin
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The measure of radiation exposure in an organism is the absorbed dose of
radiation, which in determined by the quantity of energy absorbed in the unit of
the exposed volume. For radiation substances, the absorbed (tissue) dose is the
product of multiplying three values: the quantity (concentration) of radionuclide

in tissues, the kind and energy of the radiation emitted, and the time of contact of
the emitter with the exposed biosubstrate.

Beta rays can only penetrate a few millimeters of tissue. Beta particle ranges are
considerably greater than those for alpha particles. Unlike the interaction of alpha
particles with matter, the path of beta particles through matter is not in a straight

line. While beta particles may only penetrate a short distance into a medium,

their mean path length (the average distance that a beta particle would travel in a
medium if its path were straightened out) can be quite long.

In addition to a difference in range when compared with alpha radiation, there is
also a significant difference in the pattern of energy deposition.

Heavily contaminated with beta emitter cause a beta burn.

IAEA Workshop for Research Reactor Emergency
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Skin Decontamination

e Purpose

m To lower the risk of internal
contamination of the victim, and to
decreases the risk of skin beta burns

= To prevent the spread of contamination

e General rule

= Decontamination should be done by
washing with water and soap or
cleaning solutions but not to the extent
that the skin is further damaged or

abraded (&
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L ecture notes:

The aim of skin decontamination is to lower the risk of internal contamination of the
victims, to decrease the risk of skin beta burns, and prevent the spread of contamination.

Remember that decontamination should be done by washing with cleaning solutions but

not to the extent that the skin is further damaged or abraded.

And remember: only simple decontamination (changing the clothes, overalls and taking

shower if possible) may be performed on the scene if necessary.

IAEA Workshop for Research Reactor Emergency

Response
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Skin Decontamination (Cont’d)

e After the person’s clothing is removed, washing
the person with detergent and water is 95%
percent effective

e Keep in mind that the outermost layer of the skin
is replaced every 12-15 days. Thus,
contamination that is not removed and is not
absorbed by the body will be sloughed within a
few days

¢ |f contamination is not removed by washing, wrap
the contaminated area and, over time, sweating
will decrease contamination )
&)
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L ecture notes:

After decontamination, apply lanolin or hand cream to prevent chapping. For resistant
contamination coat liberally with barrier cream and cover with rubber gloves;
radionuclides will move to some extend from the skin into the barrier cream over the next
few hours.

IAEA Workshop for Research Reactor Emergency
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Local Contamination

¢ Cover uncontaminated area with plastic sheet
and tape edges
e Soak, gently scrub with soap, and rinse
thoroughly
= Repeat the cycle and observe changes in
activity
= One cycle should not last longer than about 2-
3 min
= Avoid vigorous scrubbing

= A saline solution (for eyes) or mild bleach
solution (for skin) may facilitate the process

®
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L ecture notes:

Special case could be local contamination. In this case take care not to spread
contamination while and removing radionulcides from contaminated area.

Start from covering uncontaminated area with plastic sheet. Then perform
decontamination in accordance with the general rules.

IAEA Workshop for Research Reactor Emergency
Response 25



Block No. 3, Module No. 11

Summary

e This lecture presented materials about on-scene
emergency medical response
¢ The main points important to note are:
= First aid is an important task for Emergency
Responders on the scene of the emergency
= Tasks of Emergency Medical Responders
should be coordinated with tasks of other
responders

= Contaminated casualty handling — way to
decrease the contamination of victims and to
prevent the spread of contamination

¢ Comments are welcomed {f":}

.|
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L ecturenotes:

Let’'s summarize the main subjects we did cover in this session. This lecture presented
materials about on-scene emergency medical response.

We did cover the topics describing the role and tasks of Emergency Medical Responders,
the basic steps in contaminated casualty handling, the interactions between different
response groups on-scene, the basic decontamination procedure.

IAEA Workshop for Research Reactor Emergency

Response
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Where to Get More Information

e |AEA-TECDOC-1162

e |AEA-TECDOC-1092

e |AEA - EPR-FIRST RESPONDERS 2006
e |AEA - EPR-MEDICAL

e Module 10 of the current Course

n-acens Ermergency Medesl Finpotss

Questions

1. How the basic principles of the medical handling of exposed people differs from
the methods for handling of other types of the emergency?

What are the main tasks of Emergency Medical Responders?
What is the simple classification of individuals involved in the emergency?
What action should be performed first with the injured contaminated person?

a s~ w DN

What are the actions of First Responders regarding life saving before arrival of the
Emergency Medical Responders at the scene?

6. What we mean by contamination and decontamination of the individual?
7. What are the priorities in the general decontamination procedure?
8. What are the operational intervention levels for skin?

IAEA Workshop for Research Reactor Emergency
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IAEA Training Course for Research Reactor Emergency Response

Development of Response Capabilities

Infrastructure and Functional Requirements

Seminar

Block 4: Development of Response Capabilities
Module 12: Infrastructure Elements

L ear ning obj ectives. Upon completion of this module, the participants will:

« know and understand what the infrastructure and functional requirements contained in
EPR-METHOD 2003 mean in practice in the context of research reactor emergency
planning

Activity: Seminar, questions and discussion
Duration: 1 hrs

M aterials and equipment needed: none

Refer ences:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing Arrangements
for Response to a Nuclear or Radiological Emergency, EPR-METHOD 2003, IAEA, Vienna
(2003)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Preparedness and Response for a
Nuclear or Radiological Emergency, Safety Standards Series No. GS-R-2, IAEA, Vienna
(2003)

IAEA Training Course for Research Reactor Emergency Response



Block No. 4, Module No. 12 Development of Response Capabilities

Introduction

e Elements (requirements) for sound
response preparedness are divided into
infrastructure (preparedness) and
functional (response) elements

e The module is explaining what the
infrastructure and functional requirements
contained in IAEA EPR-METHOD 2003
mean in practice in the content of
research reactor emergency response
preparedness

&
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L ecture notes:

The infrastructure elements must be in place to ensure that the functional elements of a response
can be performed when needed.

Response objectives are different from planning objectives in the following praparedness
objectives aim at ensuring that a system, plans, procedures and resources are in place to achieve
the response objectives. The response objective is what should be accomplished by the response.

IAEA Training Course for Research Reactor Emergency Response
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Content

Emergency planning scope

What are infrastructure and functional elements?
Infrastructure elements

Functional elements

Optimization in planning

Summary

Lbie 1] Thiincture it Funtiens R epsenenis

L ecture notes:

Emergency planning does not simply mean writing a plan. It covers many areas. In this module,
we will examine the scope of emergency planning.

We will then looks at the main requirements that need to be addressed in the plans in terms of
infrastructure and functional requirements. These are described in the reference, EPR-METHOD
2003.

All these requirements will seem overwhelming and costly to implement. For that reason, we will
also discuss how the cost and effort of emergency planning can be optimized.

IAEA Training Course for Research Reactor Emergency Response
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Development of Response Capabilities

What Is Included in Emergency

Planning?

Organization,

Autharity Human
Resources

Meet
Coordination Response Procedures
Objectives

Training Resources
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L ecture notes:
Planning for emergencies involves more than just the plans. It involves the complete spectrum of
infrastructure and capabilities necessary to meet the response objectives including: the authorities,
the personnel and resources, the plans and procedures, the co-ordination mechanisms, and the
training. Planning does not guarantee success of the response, but adequate training, resources
and documentation increases the likelihood that the response will be effective.
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Block No. 4, Module No. 12

Development of Response Capabilities

Planning scope
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L ecture notes:

Planning also addresses all organizations, at all levels, which may have a role in the response.
Furthermore, the plans and procedures of these intervening organizations must be coordinated

with each other.

Next, we will look at the steps suggested to achieve an effective emergency preparedness plan
and programme. Note that the process that is proposed in the following slides is not unique, nor is
it guaranteed to work. However, it is one that has been tried and has shown to be successful when

properly managed.
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Common Planning Problems

e Who is responsible? Lack of co-ordination

¢ No legal framework Training “for
¢ No teeth exercises”

s Lack of knowledge of *® Public education
risk e Public information
e Lack of resources e “Paper plans”

e Lack of organization
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L ecture notes:

This slide shows some of the greatest challenges you may face in developing national and other
emergency response plans.

Who is responsible. It is not always clear who in a country is mandated to write and co-ordinate
plans. Sometimes, several agencies share the responsibility, which can lead to confusion and
disputes in the planning process. Also, what level of government, licensees and agencies are
responsible for what part of the planning process is a point that must be sorted out at the outset.

No legal framework. In several countries, the legal and political basis for planning is not clear, so
it is difficult to initiate and complete the planning process. Otherwise, the organizations that have
alegal role for planning and co-ordination have “no teeth” and are unable to get the other
intervening organizations to fulfill their part of the responsibility for planning.

Lack of technical understanding. Sometimes, the organization responsible for planning co-
ordination does not have a good understanding of the risk associated with radiological activities,
and is reluctant to seek the expertise from those government agencies or groups who do.

Lack of resources. This is the most common excuse for not planning: “we do not have the
resources”.

Lack of organization. One of the first steps in the planning process, as we will see shortly, is to
establish an overall organization responsible for planning and response. Until this is done, there
can be no co-ordinated planning effort.
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What are Infrastructure Requirements?

e The question is:

= What do | need to have to be able to
respond adequately

e The answer is:
= The right infrastructure
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L ecture notes:

But what do we need to develop, implement and maintain emergency plans and capabilities?
What we need is an infrastructure.
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What are infrastructure requirements?

e But... What must | be able to do?

e That is described by the functional
requirements

= Also referred to as performance
objectives
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L ecture notes:

However, the infrastructure cannot be discussed without a clear understanding of what needs to be
achieved during an emergency. This is what we call the functional requirements. The functional
requirements describe what the infrastructure must be able to accomplish. That is why we
sometimes call them “performance objectives”.
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What are infrastructure requirements?

So...

Clear?
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L ecture notes:

In other words, the infrastructure describes what you have (plans, equipment, programs, etc.) and
the functional requirements describe what you need to be able to do.
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Infrastructure Requirements

Legal

Authority
Agreements
Organization
Co-ordination
Logistics

Plans and procedures
Classification system
Training
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L ecture notes:

Remember that infrastructure requirements represent what you must “have” in order to have a
proper response. An adequate infrastructure does not guarantee that the response will be
adequate, but it helps! Indeed, the items listed in this slide are all considered essential elements of
a proper nuclear emergency preparedness and response infrastructure.

IAEA Training Course for Research Reactor Emergency Response
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Legal Requirements

e Acts, statutes and jurisdictions
e Who is responsible for what?

= facility, municipalities, regions, national
e Need a national policy
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L ecture notes:

The legal framework forms the basis for the emergency preparedness and response effort. It
determines who is responsible for what, in general terms, at the various jurisdictional levels

within the country. For example, in some countries, it is the law which establishes who is
responsible for the protection of citizens and therefore who has responsibility for making

decisions regarding evacuation and other protective measures. This can change depending on the
level of emergency and on the protective action considered. For example, in some countries,
municipalities are responsible for ordering an evacuation, but the minister of agriculture is
responsible for ordering agricultural food countermeasures.

It is essential that a national policy describing these various aspects be established.

IAEA Training Course for Research Reactor Emergency Response
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Authority

e Typical problems:

= who decides: local or national?
+ who decides protective actions?

= who controls resources from ministries:
ministry or national authority?

= what if there is a disagreement on what
to do?

= who should be notified first?
= who decides when to activate?
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L ecture notes:

Another key infrastructure requirement refers to the assignment of authority. Who has the
authority for ordering certain measures? In some cases, a national agency will have most
authority during an emergency. In others, for example in Canada and the United States of
America, the provinces or states have that authority. Some of the typical problems encountered
when trying to clearly establish who has the authority relate to overlapping areas of jurisdiction,
in reality or in perception. For example, in some countries, a national agency firmly believes that
it has the authority to impose measures on the population and on other government departments,
while the local mayors, being elected representatives, feel that it is their responsibility and role to
make decisions. This can have repercussions in a number of detailed areas, such as: who gets
notified first? We have witnessed conflicts on that issue in several countries. In some cases,
these can be highly sensitive issues and can impair good co-operation between jurisdictions and
organizations.

IAEA Training Course for Research Reactor Emergency Response
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Organization

Block diagram

Authorities and role of each block
Concept of operations

Integrate plans

Assign staff
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L ecture notes:

One of the first elements that we look for when evaluating emergency preparedness is an
organization chart. An organization chart is a good overview of the roles and interactions
between the various intervening organizations, and within each organizations. Itis a very good
sign of the “health” of emergency plans. The absence of an organization chart, or ill defined roles
and relationship between the various “blocks” often indicates that the concept of emergency
response is not clear and that the response to an actual event may not be as effective as it could
be.

An adequate organizational system contains a block diagram, the role of each block, the
interaction between blocks, and the concept of operation for each. It also assigns staff to each
block. Indeed, in some cases, organizations are well defined but under-staffed, or no staff has
been assigned, or no replacement has been assigned in case the primary person responsible for
that block is unavailable.
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Block Diagram - Example

.
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L ecture notes:

This slides shows an example of an organizational block diagram. Although your organization
may not look like this, it should contain all of the elements and functionality contained in this
diagram.

Note the similarities to the organization chart in EPR-RESEARCH REACTOR, and the
differences due to the different set of responsibilities to the public.

IAEA Training Course for Research Reactor Emergency Response
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Agreements and Co-ordination

» Several organizations have to co-operate
= Hagersville tyre fire, Canada: over 200
organizations responded
o Some tasks require capabilities from more than
one organization
= example: food monitoring and control:
ministries of agriculture, health, fisheries,
environment, regulator
e Agreements must be in place
= working together, units, methods, transfer of
information
e Agreements in writing &)
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L ecture notes:

This takes us to the need for agreements. Agreements between organizations who are expected to
co-operate are absolutely essential to the efficient implementation of protective actions.
Agreements cover, for example, the use of emergency facilities for evacuees from another district
or region, agreements on the type of units or equipment used by more than one organization
expected to conduct environmental monitoring after a release, agreements between off-site
emergency services and on-site authorities for assistance during an emergency, such as a fire.

There is often a tendency to rely on verbal agreements. This has been shown to be insufficient.
People move and change jobs, and when the memory is lost, so is the verbal agreement.
Agreements should be in writing.

The slide illustrates how many the number of organizations involved in an emergency can be,
based on actual events. This reinforces the need for clear agreements before an emergency
occurs.

Recall a failed planetary probe to Mars in 2008. It was unsuccessful because the contractor who
built the probe provided information in the foot-pound-second unit system while NASA navigated
the probe using the meter-kilogram-second units. There was evan a written agreement, which
failed to prevent the problem.
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Interoperability

Response

EQUIPMENT

®
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L ecture notes:

Interoperability between plans is part of the co-ordination requirement. All interfacing aspects of
plans and procedures between organizations that are expected to operate together during an
emergency must be co-ordinated. This includes operating on common communication networks
or channels (e.g. between police and other security forces), common units (e.g. between groups
who perform environmental measurements and those who perform dose projections based on
these measurements), common equipment (e.g. between different organizations who conduct
environmental measurements), and common procedures.

IAEA Training Course for Research Reactor Emergency Response
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Transboundary Agreements

e If you are within the PAZ or UPZ of
another country’s reactor

e Provide for prompt notification to the local
authorities

e Typical problem: you discover there has

been an accident through environmental
detection, which may be too late
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L ecture notes:

Co-ordination requirements also include the need for international agreements between
neighbouring countries. Radioactive releases do not recognize national boundaries. Therefore, a
region within a neighbouring country that is within the PAZ, UPZ or LPZ for your reactor should

be treated the same as those regions within your own PAZ, UPZ or LPZ, even if that neighbouring
country has no reactor. This means that notification agreements and agreements on the exchange
of information should be in place with that neighbouring country. This will avoid the problem

often encountered, e.g. during Chernobyl, that a country discovers that there has been an
emergency through their own environmental monitoring system, at which point the effectiveness

of protective actions may be greatly reduced.
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Logistics

Needs analysis

Facilities and equipment for all response
functions

Laboratories for sample analysis
Survey and sampling teams
Information management
Communications systems

L ecture notes:

No response can be effective without some equipment; this is obvious. But just how much
equipment is required? There are some obvious requirements for equipment, for example to
support the laboratory analysis, field surveys, communications, etc. Indeed, there should be
sufficient equipment to support all of the functional requirements that will be described in part 4
of this module.

However, there is often a tendency to “over-equip”, or a belief that the best equipment will ensure
the best response. This is not always true. The best compromise between suitable equipment and
well trained individuals is probably the best guarantee of a good response. Resist the temptation
to spend inordinate amounts of money on equipment that may not be essential but nice to have.
Equipment and logistic needs should be based on an objective analysis of the needs. They should
be directly related to functions that need to be performed during an emergency.
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Development of Response Capabilities

Facilities and Equipment

Emergency operations
centres

Locations (take into
account radiological
hazard)

Monitoring equipment
Transportation equipment

= Response, evacuation,
etc.

Protection for personnel

going to the site
Inventory checks

Calibration and
maintenance

Use same as routine
equipment

Quality assurance

Provision for getting
additional resources

« Personnel protection

o Kl pills = National and

« Office supplies international

» Communications Medical

equipment Exposure control
- (&
! » Staging };_;%
L ecture notes:

This slide provides some examples of the type of equipment and logistics that may be needed to
support nuclear emergency preparedness.

It is important to note that some of this equipment may already be present in your country,

although not necessarily readily available during an emergency. It is entirely acceptable, indeed
optimal, to develop co-ordinating agreements to render this equipment available rather than to
procure new equipment that will only serve during emergencies. In fact, equipment that is only
used during emergencies tends to be less effective because it is often less well maintained than the
routinely used equipment, and the emergency personnel may not be familiar with its operation.

IAEA Training Course for Research Reactor Emergency Response
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Plans and Procedures

e Response plan must be documented
Procedures are developed

Quality assurance

m Correct set of plans in place

= Same set of plans at all locations
Review and modifications

= from exercises

= from organization changes

L ecture notes:

Throughout all of the previous discussion, we have referred to emergency plans and procedures.
They are, of course, part of the infrastructure requirements. Plans and procedures are the
documented sets of guides, rules and actions for emergency response. They serve as the common
frame of reference for the determination of appropriate and co-ordinated response actions. Event
sequences during an emergency are unpredictable and usually unexpected. Plans and procedures
should not provide a rigid environment for actions, but should rather represent a flexible, yet firm
basis for actions.

Plans generally contain the concepts and approach to emergency management. They describe the
basis, organization, principles for actions and overall response strategies. They also provide the
basis for the development of procedures. Procedures for individuals or for organizations contain
the step by step instructions for carrying out specific functions in the response. Plans and
procedures must be highly integrated.

Too often, plans and procedures are developed in response to an immediate need (an exercise for
example), then left on a shelf to gather dust until the next exercise. This is clearly not to the
benefit of the state of preparedness. Plans and procedures are only as good as the quality
assurance and maintenance programmes that should be in place to keep them realistic, accurate
and up-to-date. The quality assurance and maintenance programmes should be documented,
stating clearly who is responsible for quality assurance and updates/revisions, what is the process,
and how often the plan and procedures are reviewed and revised.
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Classification System

Classification allows prompt assessment
of the risk, before a release

Classification must originate from the
reasearch reactor facility

Must be common
e Must trigger initial actions
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L ecture notes:

An important part of the infrastructure requirements is the need for a classification system. A
classification system is a diagnostic-based scale for promptly determining the severity of an
emergency and the need for urgent protective actions, often before a release has taken place, or
before the full characteristics of the release are well known. As you have seen in previous
modules of this course, in some accident sequences, it is essential to make prompt decisions
regarding protective actions before a lot is known about the characteristics of the hazard. One
way to do this is by developing a classification system that takes into account plant readings and
equipment status to estimate the potential risk to the personnel and the public.

A classification system allows a quick assessment of the risk during an emergency. It also allows
for notification and emergency declaration, and quick and unambiguous communication between
intervening organizations, provided that they all use consistent definitions.

EPR-RESEARCH REACTOR (DRAFT) suggests a standard classification system for research
reactor accidents based on major plant system status. It relates the plant diagnostics to four
standard emergency levels: alert, facility emergency, site area emergency and general emergency.
Each level triggers standard actions on the part of intervening organizations on-site and off-site.
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Classification system

e Common problems
= too complicated or not based on the
system used in the station
+ leads to delays in classification
= different system on-site and off-site
+ leads to confusion

= not properly understood by all
+ leads to wrong actions

L ecture notes:

However, in several cases, we have seen classification systems that do not work, despite the best
intents, because of a lack of consistency between the systems used by different organizations. In
one case, the off-site authorities have imposed a classification system on the licensee, which is
different than the one used on-site, but which cannot replace the on-site classification system
because of its off-site focus. In practice, this has on several occasions resulted in a delay in the
initial notification following emergencies because of the need for the operators to use and
interpret two parallel classification systems. Lesson learned: the classification system should be
common for on-site and off-site organizations and should be well understood by all.

Note that for non-reactor accidents, a classification may not always be a key requirement,
depending on the nature of the accident. For example, for a transport accident, initial precautions
are taken on the basis of the package type and situation at the scene. Therefore, in the generic
procedures developed for non-reactor radiological accidents (IAEA TECDOC-1162), a
classification system is not always explicitly considered.

IAEA Training Course for Research Reactor Emergency Response
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Training

Training requirements for each position
Training programme
Training material
Tests/exercises
Feedback process
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L ecture notes:

Training is the final building block of the emergency preparedness programme. Training
achieves three goals:

« it ensures that the emergency personnel are familiar with the plan, procedures and
interfaces;

« it ensures that the personnel are proficient in the performance of emergency functions, or
that the personnel selected are the right ones for the tasks; and

« it helps discover weakness in the plans and procedures, which can then be corrected before
a real emergency occurs.

The training programme should be documented, stating clearly who is responsible for co-
ordinating and/or providing the training. Do not forget that training costs money (lost
productivity time, training preparation, delivery of training, travel costs, etc.), and that financial
provisions must be available to ensure that training will take place.

Drills and exercises are an inherent part of training.

Finally, training is not an end. It is part of the iterative process to continually improve
preparedness, including the plan and procedures. So there must be a feed back mechanism to
ensure that lessons learned from training, drills and exercises are used to improve the emergency
preparedness documents.

IAEA Training Course for Research Reactor Emergency Response
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Functional Requirements

Notification and activation
Mitigation

Urgent protective actions
Longer term protective actions
Emergency workers protection
Public education

Media relations

Optimization
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L ecture notes:

Remember that functional requirements refer to the actions that may need to be taken during an
emergency. Therefore, the functional requirements should be read as follows: “organizations
must demonstrate that they are capable of performing the following action”.

Functional requirements cover those areas that are listed on this slide.

IAEA Training Course for Research Reactor Emergency Response
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Notification and Activation

Off-site notification protocol and message

Procedures to relate classification to
actions

Means to activate critical staff 24 hrs/7
days
Means to notify other countries

L ecture notes:

Capabilities for prompt notification should be well established and well known by all the people
who may have a role in the notification and alert chain. This includes a notification system
between the on-site and off-site authorities for a research reactor or nuclear power station, a
system between local police and national authorities (if appropriate) for notification of a large
transport accident involving radioactive sources, etc. Notification protocols and messages should
be pre-defined and contain, when appropriate, recommendations for initial protective actions.
Noatification protocols should be developed jointly by the sender and the intended receiver of the
information. Notification also includes the need to promptly inform other countries that may be
affected.

Each intervening organization should, when appropriate, have an activation system that can alert
all the key personnel within the organization at any time, 7 days a week, and 24 hours a day.
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Off-site Notification

Requirement for prompt notification (15-30
minutes)

Contact points well defined and available
24hrs/7days

Notification message pre-defined
= information may be limited

= be realistic in amount of information needed,
as too much information may delay the
notification

Follow up information defined
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L ecture notes:

EPR-METHOD 2003 provides guidance on the contents of the off-site notification message for
accident involving fixed facilities. This guidance is summarized on this slide.

The notification time requirement is a target based on similar requirements in the United States
and in other countries.

One of the most important elements of the notification system is the clear and unambiguous
designation of contact points that can be reached at any time.

It is counterproductive to try to put too much information on the notification message. Indeed,
this can delay natification. Therefore, the amount of information to include, at least in the initial
message, should be concise.

The notification protocol should also define how and when follow-on information will be
provided.

IAEA Training Course for Research Reactor Emergency Response
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Activate Key Staff 24/7

e Designate who activates whom:
= Who is considered key staff?

e Communications:
= Telephone, pager, cellular, others
= List of numbers up to date

e Duty system or “depth” among staff
e Co-ordination of absences
e Fan out system should have built-in
redundancy
&)
L ecture notes:

Some organizations (not all) will need to have a system for alerting key personnel at any time of
the day, any day of the week. Each organization should designate in its plans who are the key
individuals to alert during a nuclear emergency, and should state what the target time is to reach
all the key personnel. Based on these requirements, the best means of communications can be
determined.

In case key personnel cannot be reached, it is important to have replacement personnel. Itis
generally recommended that key positions have one main contact and two alternates. Alternates
should not be alternates for more than one position. However, in many cases, this is not practical
because of the lack of human resources. The guidance in that case is to avoid, as much as
possible, the likelihood that one individual may have to perform the duties of more than one
position. This may mean ensuring, for example through co-ordination of travel or vacations, that
a large number of key personnel are not absent all at once, leaving the organization vulnerable in
case of an emergency.
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Notify Other Countries

e Nearby countries:

= Prompt notification directly from the
facility or promptly through approved
channels

= Contact point identified

= Protocol identified, including format

= Language issues taken into account
e Distant countries

= |AEA and bilateral agreements

iy,
.F‘J'r'r.
st

\_ﬁ“‘-r"

Maduss 12 T TR T P S et

L ecture notes:

Noatification agreements should also be in place with neighbouring countries, particularly for
power reactors where the size of the planning zones extends into the neighbouring country.
Country-to country notification has traditionally taken place from government to government.
This can delay the notification process. It is recommended that notification agreements be
established between the utility and the off-site authorities or other suitable contact point in the
neighbouring country. This would help ensure that off-site communities are provided with a
consistent level of protection, regardless of which country they live in.

Note that the language issue must be considered in international notification agreements.

For informing distant countries that may be affected by the plume, directly or indirectly, it is
recommended that the IAEA be notified as soon as possible, in accordance with the Convention
on Early Notification of a Nuclear Accident.

IAEA Training Course for Research Reactor Emergency Response
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Development of Response Capabilities

Mitigation

e Technical support
¢ Display critical information
e Damage control

o

¢ Plant emergency operating procedures
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L ecture notes:

The aim of mitigating measures is to reduce the magnitude of the hazard at the source. Mitigating

measures include:

a. emergency procedures to be implemented by plant personnel at a facility, or by first responders

at the scene of a transport accident;

b. technical support that should be provided to plant operators or first responders. For example,
in the case of a transport accident, this requirement means that provisions should be made to
ensure that qualified individuals can be promptly contacted to give advice to first responders, and

can be dispatched quickly to the scene to support first responders.

In a plant, accurate and reliable equipment readings are essential for proper mitigating actions to
be taken. During the Three Mile Island accident, for example, the consequences were worsened

by the fact that instruments wrongly indicated that a pressure relief valve was closed.

IAEA Training Course for Research Reactor Emergency Response
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Urgent Protective Actions

e Establish PAZ and UPZ
e Decision-making procedures
¢ Means to implement decisions

= Vehicles /”f N
= Traffic control f \
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L ecture notes:

There must be a demonstrated capability to implement protective actions within the established
planning zones. Remember that this does not mean that protective actions may not be required
outside of the planning zones.

There must also be documented procedures for making decisions related to protective actions.
These decisions may be based on any of the following:

- plant status and measurements inside the containment (especially early in the emergency);
« effluent monitoring;

« dose projections;

» ambient dose-rates measurements; and

« analysis of samples.

Organizations must also be able to demonstrate that they have the means to carry out the required
response actions.

IAEA Training Course for Research Reactor Emergency Response
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Urgent Protective Actions

e Typical problems:

= Politicians do what they want,
regardless of what technical staff
recommend

= Several organizations, each with its own
dose projection software, predict doses
that vary by several orders of
magnitude

= The information is limited and/or
misunderstood (TMI)

L ecture notes:

The next three slides present some of the challenges that must be recognized when developing
plans for urgent protective actions and when making decisions regarding the implementation of
protective actions.

One of the most important factors to recognize is that protective actions are inherently disruptive.
Therefore, they involve factors that are not only technical - those based on intervention levels and
measurements- but also socio-political. Hence, decisions, which are often made by politicians,
are inherently also political. For example, a decision to evacuate may involve shutting down
industries, disrupting the social network, or moving special populations. It has a cost that is not
measured solely on the basis of health. Technical staff who make those recommendations must
recognize that these are only recommendations, and that politicians may disregard them.
Conversely, a recommendation not to evacuate may be disregarded in favour of an evacuation to
ensure that political authorities are seen to be “doing something about the emergency and are in
control”.

Another common problem comes from the fact that many recommendations are based on
projections and models. When different organizations use different models, the results can vary
widely, making it difficult, at times, to justify an action, or lack of action.

Another problem comes from the miscommunication between organizations. This was the case at
TMI, when readings taken over the stack were assumed to have been taken at 5 Km from the
plant. This led the US NRC to recommend an evacuation, which was not supported on the basis
of real readings at 5 Km.
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Urgent Protective Actions

e Typical problems:
= Not enough vehicles
= Evacuation routes not well defined
m Traffic jams
= Kl pills difficult to distribute
= No access by incoming emergency vehicles

= Special facilities: how to evacuate them, and
where to bring them

= Not everyone goes to reception centres

L ecture notes:

There are also problems associated with the implementation of protective actions. Evacuations,
for example, may be complicated by the fact that not enough vehicles are available, or by the
inadequacy of the evacuation plan, including ill-defined evacuation routes, or insufficient traffic
control resources, or traffic jams caused by spontaneous evacuations.

When planning for and conducting an evacuation, due consideration must be given to the need for
free circulation of emergency vehicles.

Evacuating special facilities, such as hospitals, old persons’ homes, or penitentiaries, require
special considerations and may need to be given special treatment during an evacuation.

Finally, when evacuating a population that may have been exposed, it is necessary to ensure that
as many people as possible are monitored for contamination before being dispatched to the rest of
the country. However, not every one goes to reception centres where this monitoring can take
place. Itis therefore necessary to have measures in place to ensure that the majority of them wiill,
and that the rest are provided with instructions for personal decontamination.

IAEA Training Course for Research Reactor Emergency Response
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Urgent Protective Actions

= Contamination monitoring creates
bottle neck

= Spontaneous evacuation

m Evacuation under the plume vs
sheltering and evacuation

m Security in the evacuated zone
m Levels to allow return
= Farm animals and pets

L ecture notes:

Care must also be taken to ensure that contamination control procedures for the population
evacuating a zone do not create bottle necks that could impair the evacuation itself.

A spontaneous evacuation is always possible as soon as the public is notified that an accident has
occurred, even if no evacuation order has been given. Spontaneous evacuations can be difficult to
manage.

If the timing of the release does not allow a proper evacuation before the plume has reached the
sector to evacuate, a decision must be made on whether it is better to shelter until the plume has
passed. The answer is not straight forward and depends in part on the expected duration of the
release. A grid-locked evacuation while the plume is passing may cause more harm than leaving
the population indoors.

As in any case of evacuation, security of the evacuated area to prevent looting may be required.
Provisions must therefore be in place to assure security of the evacuated area while protecting
emergency security personnel.

One of the most problematic questions after evacuating an area will be: when can people return

home. This is likely to be a great preoccupation of the politicians. There should be guidelines
and criteria for allowing a return to evacuated zones.

Finally, a question often forgotten by emergency planners is what to do with animals: pets and
farm animals. Most emergency community facilities and shelters do not allow animals for any
extended period. Provisions should be in place to deal with them.
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Longer-term Protective Actions

e National levels for food control and
relocation

e Develop sampling plan
e Identify laboratories and equipment
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L ecture notes:

The implementation of longer-term protective actions such as relocation and agricultural
countermeasures usually do not need to be made promptly. The risk is over the long term, which
allows decision-makers more time to make a decision. Therefore, longer-term protective action
plans must focus on the need for prompt sampling and assessment of the data. Sampling plans for
food and ground contamination should be developed before an emergency. The basis for
decisions should be well established and should be based on a careful analysis of the
contamination, e.g. isotopic concentrations, which are not always available in time for decisions
relating to urgent protective actions. Laboratory facilities will be required for such assessments,
and co-ordinated plans for sampling and measurements need to be developed. Incidentally,
environmental and food sampling, and detailed measurements are usually performed by different
organizations at the national level. It is therefore necessary at the planning stage to properly co-
ordinate those organizations.
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Longer-term protective actions

Restrict consumption of home-grown vegetables
Restrict sales of farm produce
Water restrictions

Protection of water reservoirs, cattle
Alternate feed

Alternate supplies for the populatio
Control of imports and exports
Instructions

Treatment

Relocation, resettlement

L ecture notes:

This slide shows a representative set of longer-term protective actions which may need to be
considered. It is the task of technical advisers to recommend which of these measures need to be
considered. As soon as a release has occurred the general public will want advice on what to do
about food. It may be wise to advise them early not to consume fresh home-grown vegetables or
fresh milk until food has been monitored; which provides better confidence than taking no action.
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Longer-term Protective Actions

e Business resumption
= Industry, government services
e Enforcement

e Variability of criteria based on availability
of alternate supplies

e Financial compensation

L ecture notes:

Longer-term protective actions also include those listed on this slide. Business resumption deals
with maintaining the continuity of industrial and government services in the affected area. For
example, if an evacuation forces the closure of a government office that normally issues social
security cheques to members of the public, it will be necessary to replace that service promptly to
ensure that no-one unduly suffers from the lack of essential financial income.

Agricultural countermeasures such as the ban of the processing of potentially contaminated food
stuff will have to be supported by an enforcement plan to ensure that the food producers do not
circumvent the orders.

If the affected area is a large food producing region, alternative food supplies will have to be
found. Alternatively, if no practical alternative exists, a decision may be taken to allow
consumption of some food provided that countermeasures are established. For example, in theory
it may be acceptable to consume food contaminated with iodine slightly above the regulatory

limits provided that stable iodine is also provided to the affected population for the first few days
following the accident. However, this should not be considered unless the local food supply is
critical to the well-being of the affected population.
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Emergency Worker Protection

e Measures should be in place to
protect emergency workers,
including first responders (e.G.
Police, fire fighters)

e Dosimeters should be available

e Establish safe limits for dose

e Emergency workers should be
trained

L ecture notes:

Protective actions and emergency management of the affected area will require the participation
of emergency personnel in that area. It is therefore essential that appropriate measures be
established to protect these emergency workers from radiation. Measures should include
dosimeters, assistance by qualified radiation protection specialists, in some cases respiratory
protection, stable iodine distribution to emergency workers, and procedures to control and record
the dose received by them.

Emergency workers who may have to operate in contaminated areas, or may have to respond to
accidents involving radiation, should receive some basic training on precautions for protecting
themselves against radiation and for preventing the spread of contamination.

IAEA Training Course for Research Reactor Emergency Response
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Public Education

e Educate the public so they understand the
risk and follow instructions

e Educate before an emergency, not after!

e Education should include:
= Knowledge of activity and hazards
= How they would be informed
= What they should do

L ecture notes:

Protective actions are likely to be most effective if the public understands them, their purpose and
the risk associated with an accident. Public education before an accident is therefore important.

There is some controversy on how much education is required, and who requires it. Some think
that too much education can unduly alarm the population. That is a risk. Public education
programmes should primarily target the public most at risk. Public education methods need to
employ means that will minimize costs and maximize retention. Calendars or phones books are
often used as media for the public information material, showing basic radiation hazards,
evacuation routes and basic procedures on what to do when an emergency is declared, and how to
get the information from public authorities (e.g. which radio station). Calendars and phone books
are often prominently displayed and easy to find during an emergency.

IAEA Training Course for Research Reactor Emergency Response
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Media Relations

Have a good communications plan in
place

Train spokespersons

Coordinate response agencies
Designate facilities for media reception
Media kits

Access to professional media officers

L ecture notes:

The media have gained an unprecedented profile in our day-to-day lives. They are everywhere,
and they know everything, often before the authorities find out. With this prominence comes a
power of information which is difficult, if not impossible, to rival. Therefore, the media cannot
be controlled; do not even try.

Emergency plans should recognize this fact of life and build on it. The need to deal with the
media in a prompt, accurate and effective manner should be an important component of every
emergency plan. Dealing with the media during an emergency is not an exercise in “public
relations”; the aim is not to “massage” the facts so that authorities look good. The media want
facts, not public relations. And they want it fast! If journalists do not get the information they
want from the authorities, there is a good chance that they will find it somewhere else; and it may
not be right. Journalists have a job to do, and they will do it. The best way to ensure that the
information they publish is accurate is to give them the accurate information!

The media should be educated. They can be a great communications tool during an emergency
for conveying information to the public. They can be allies if treated fairly and diligently.

It should be remembered that very few journalists have the necessary technical background to
understand all the technical issues. The task of communicators and spokespersons is to bridge the
technical gap.

In practice, there should be only one spokesperson for each emergency organization. This will
ensure consistency of information, but should not delay that information.

The media should be monitored to detect any false information and steps taken to rectify it as
quickly as possible.
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Development of Response Capabilities

This is going to cost a lot,
right?
L ecture notes:
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Development of Response Capabilities

Not necessarily...
e ©
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Golden Rules of Optimization

¢ Use existing resources and systems

e [f you do not have the resources, know where to
find them

e Consolidate training with other courses
e Integrate planning with other emergency plans
e Bring planning up to speed and maintain it:
= Preparedness cycle has high cost
e Exercise frequently

= Well exercised plan better than pretty
procedures

People must “buy into” the plan

)
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L ecture notes:

One of the great obstacles to emergency planning is the perceived cost. This does not necessarily need to be
as high as believed.

There is a common mistake made to think that only specialized and dedicated emergency response resources
can adequately carry out emergency functions. This is not true, and it can represent a high cost in your
preparedness efforts.

Most countries have highly competent and knowledgeable resources available. Optimization of the
preparedness efforts means that these resources should be integrated and coordinated in the plans before new
resources are acquired. For example, there have been instances where government departments in charge of
emergency preparedness co-ordination have sought to acquire new and expensive equipment, such as
germanium-based spectrometry systems, only to realize that this equipment was available in another
department, but that no one had consulted with that department to see if the capability could be integrated in
the emergency plan.

Also, it is not always necessary to have a separate radiological emergency plan and training program.

Indeed, as much as possible, this should be integrated with existing plans and programs. For example,

maybe there is already a conventional emergency plan. Radiological emergencies could become an annex of
that plan and radiological emergency response could build on the existing organization and procedures. The
same goes for training course, in which radiological emergency response could become one of the modules.

Optimizing the preparedness effort also means ensuring that plans are maintained. Too often, plans are
developed, tested and then left “on the shelf” until the next exercise. This can result in out-of-date plans
which require a complete repeat of the initial planning and developmental effort. It is generally less
expensive to test and maintain the plan periodically than to overhaul it completely every five years.

Finally, it is important that people “buy into” the plan as it is being developed. Time spent getting people’s
input and comments before the plan is finalized will increase the chances of a speedy acceptance of the final
product.
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Summary

Emergency planning covers a broad
scope of activities

Infrastructure requirements describe what
is needed to enable a good response

Functional requirements describe the
response that should be achieved

Both are described in EPR-METHOD 2003
Integration and consolidation of existing

systems can reduce cost and enhance the
state of preparedness

et 1.7 - ibaieartote 8 Fundiohsl R eparesent

L ecture notes:
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Where to Get More Information

e |AEA EPR-METHOD 2003
o IAEA EPR-RESEARCH REACTOR

T R F Thiincture it Funtiens R epsenenis

Questions:

1. List four areas that are within the scope of emergency planning.
How are functional and infrastructure elements related?

Name three infrastructure elements.

Name four functional elements.

a bk wDN

List two ways to optimize emergency planning and reduce the potential cost of preparedness.
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IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Emergency Monitoring and
Assessment

Seminar

Block 3: Emergency Preparedness and Response Overview
Module 13: Emergency Monitoring and Assessment

L ear ning obj ectives. Upon completion of this module, the participants will:
« list the objectives of emergency monitoring
< understand generic emergency monitoring organization

+ describe emergency monitoring and sampling strategy in small and large scale
emergencies

« determine staff qualification requirements
e list basic survey methods
« comprehend the QA and QC systems in emergency monitoring and sampling

Activity: Seminar, questions and discussion
Duration: 1 hr

M aterials and equipment needed: none

Refer ences:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for Monitoring
in a Nuclear or Radiological Emergency, IAEA-TECDOC-1092, IAEA, Vienna (1999)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing
Arrangements for Response to a Nuclear or Radiological Emergency, EPR-METHOD
2003, IAEA, Vienna (2003)

3. INTERNATIONAL ATOMIC ENERGY AGENCY INTERNATIONAL ATOMIC
ENERGY AGENCY, Generic Procedures for Response to a Nuclear or Radiological
Emergency at Research Reactors, EPR-RESEARCH REACTOR, IAEA, Vienna (2011)
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Introduction

e This lecture presents an overview of the IAEA
technical publication Generic procedures for
monitoring in a nuclear or radiological
emergency (IAEA-TECDOC-1092) with
modifications proposed in EPR-METHOD 2003
and EPR-RESEARCH REACTOR

e |t covers strategy, manpower and equipment
needed in environmental, source, personal and
equipment monitoring during a nuclear or
radiological emergency

@)
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L ecture notes:

This lecture presents an overview of the IAEA technical public&aeric procedures for
monitoring in a nuclear or radiological emergency (IAEA-TECDOC-1092).

Material is drawn from EPR-METHOD 2003 for the monitoring teams. Environmental

monitoring priorities are based on EPR-RESEARCH REACTOR. It covers strategy, manpower
and equipment needed in environmental, source, personal and equipment monitoring during a
nuclear or radiological emergency. Detailed procedures for monitoring teams are not dealt with in
this lesson.
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Content

e Objectives of emergency monitoring
Generic monitoring organization
Emergency monitoring strategy
Emergency staff

® Instrumentation
e Basic survey methods
e Quality assurance system
e Summary
k &)
Lecture notes:

This lesson presents the introductory chapter of the IAEA public&goeric procedures for
monitoring in a nuclear or radiological emergency (IAEA-TECDOC-1092). The publication is in

the scope of th€onvention on Assistance in the Case of Nuclear Accident or Radiological

Emergency under which the IAEA is authorized to assist a State Party or a Member State among
other matters in developing appropriate radiation monitoring programmes, procedures and
standards (Article 5).

INTERNATIONAL ATOMIC ENERGY AGENCY, Convention on Assistance in the Case of a
Nuclear Accident or Radiological Emergency, Legal Series No. 14, IAEA, Vienna (1986).

Photo: Deserted town Pripyat (few km from Chernobyl NPP) 10 years after the Chernobyl
accident and routine checking of the residual contamination (ambient dose rate).
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Overview

e One of the most important aspects of
managing a radiological emergency is the
ability to promptly and adequately assess
the need for protective actions

» Protective action emergency management
must make use of the key relevant
information available

e Emergency monitoring is one of the main
sources for obtaining the needed
information

&)
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L ecture notes:

One of the most important aspects of managing a radiological emergency is the ability to
promptly and adequately assess the need for protective actions. Protective action emergency
management must make use of the key relevant information available. Decision-making and
emergency assessment will be an iterative and dynamic process aimed at refining the initial
evaluation as more detailed and complete information becomes available. Emergency monitoring
is one of the main sources for obtaining the needed information.
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Purpose

e The primary purpose of emergency monitoring is
to provide timely information on which decisions
on protective actions can be confirmed or
revised

e This requires detection
of radioactive material,
determination of its
location and its nature

st 1 - Emsrgency Masiirg and Aasament

L ecture notes:
The general objectives of emergency response are to:
« reduce the risk or mitigate the consequences of the emergency at its source

« prevent deterministic health effects (e.g. early deaths and injuries) by taking actions before or
shortly after exposure and keeping the public and emergency worker individual doses below
the thresholds for deterministic health effects

« reduce the risk of stochastic health effects (e.g. cancer and severe hereditary effects) as much
as reasonably achievable by implementing protective actions and keeping emergency worker
doses below the established levels.

Protective actions are first taken based on the emergency classification of the emergency. These
actions are then confirmed or revised based on environmental measurements and assessment.

If we are to do this in a timely fashion we must have a pre-planned capability to provide RAPID
and targeted monitoring.

Photo: Monitoring the roof of the house - radiological emergency in Goiania (1987)
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General Goal

e To assist, confirm or revise decision-making
regarding

WHETHER
WHEN

and
WHERE

to apply protective actions

st 1 - Emsrgency Masiirg and Aasament

L ecture notes:

In the context of emergency response, we can say that the general aim of monitoring is to assist
the decision-making, and to confirm or revise decisionalwether protective actions should be
applied, and if sovhen andwher e they should be applied.

Capability to provide rapid monitoring is essential if an effective and meaningful emergency
response is to be implemented.
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General Objectives

e The objectives of emergency monitoring in
general are:

= To provide information for emergency
classification

= To help decision makers to assess the need
for protective actions and interventions on the
basis of operational intervention levels (OlLs)

= To assist in preventing the spread of
contamination

» To provide information for protection of
emergency workers

@)
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L ecture notes:

The aim of the IAEA publicatioseneric procedures for monitoring in a nuclear or radiological
emergency is to provide practical guidance for environmental, source, personal and equipment
monitoring in a nuclear or radiological emergency. The emergencies covered range from a major
reactor emergency to emergencies involving small amounts of radioactive material. It DOES
NOT deal with in-plant monitoring. So you will not find here objectives relevant for that subject.
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General Objectives — Cont’d

= To provide accurate and timely data on the
level and degree of hazards resulting from a
radiological emergency

» To determine the extent and duration of the
hazard

= To provide detail on the physical and chemical
characteristics of the hazard and

= To confirm the efficiency of remedial measures
such as decontamination procedures etc.

&

L -

L ecture notes:

So having got clear the overall aim of monitoring for assisting emergency response decisions,
what specific objectives do we have? Here are some of them in the context of an emergency at a
research reactor:

« to identify unsafe areas at the reactor facility
« to detect major release from the plant and locate plume direction;
« to identify where ambient dose rates from deposition indicate OlLs are being exceeded;

« identify where deposition concentration indicate food should be restricted until sampled and
analyzed for comparison to OIL5 and OILS6;

« to take and analyze deposition samples to determine if OlLs may be revised.
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Generic Monitoring Organization

Facility Response Manager
Responsible for overall accident
response

Radiclogical Protection Manager
Determine radiological
conditions

Environmental Analyst
Sample Analyst

Manage laboratory analysis

Manage field monitoring and sampling

Laboratory teams

Fieid teams &f}}

L -

st 1 - Emsrgency Masiirg and Aasament

L ecture notes:

The slide gives an overview of a generic monitoring organization and functions compatible with
the following publication:

Emergency Manager , Radiological Protection Manager, andEnvironmental Analyst as defined
in “Generic Procedures for Response to a Nuclear or Radiological Emergency at Research
Reactors, EPR-RESEARCH REACTOR, Vienna (2011)

Many official organizations and bodies routinely monitor environmental radiation and radioactive
contamination levels for a variety of purposes.

It is important in emergency planning to:
« identify such organizations,
« be aware of their resources in terms of equipment and trained personnel,
« enlist their support and

- periodically exercise or drill as responding agencies in the event of a nuclear or radiological
emergency (where possible).

EPR-RESEARCH REACTOR excludes the Sample Analyst position. All Monitoring Teams in
the organization report to the Environmental Analyst.
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In a Reactor Accident

Accident phase F]‘}'pe of measurements and aamplindy

Initial b
environmental
assessment 4

(% Ambient dose rates
During a rnleus> » Air sampling

._# Isotope concentrations in air

(% Ambient dose rates from deposition
Afier a velease > # Ground deposition concentrations
» Environmental sampling
\_# Isotope concentrations

B
>

{ » Ambient dose rates

]

,
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L ecture notes:

This is an overview of the type of measurements and sampling needed in different phases of a
reactor emergency.

Air sampling is included here, but won't be found in EPR-RESEARCH REACTOR. The reason is
that the plume from any reactor is difficult to accurately characterize and is transient. Deposition

is simpler to identify and characterize. That should not be taken to ignore air sampling
information if the reactor facility desires.

OlLs for urgent and some longer term protective actions are based on these measurement.
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Monitoring Priorities in a Research Reactor
Accident (EPR-RESEARCH REACTOR)

FRIORITY OBRJIECTIVE WHEN WHERE
|« Detect release | = Immediate, repeat * Dn-site, to boundary in all
1 # ldentify safe once an hour directions
arcas
# Determine where | » Aflter classification & (MT-site, start downwind,
! OIL-1 exceeded * During release survey in all directions
3 * Determine where | * During release & (MT=site, start where OIL-1
O1L-2 exceeded not excecded
4 * Determine where | # During release & (MT-site, start where O1L-2
O11L-3 exceeded not exceeded
g *» Determine where o After plume passage | o Off-site, start where O1L-3
E OIL-6 exceeded * After release ends not exceeded
* Determine where  ® After plume passage | * Twice the distance from
L] -6 exceeded ® After release ends where OIL-3 no longer
exceeded |
1
@
. o
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L ecture notes:

Priority 1: Immediate monitoring in and around the facility out to the site boundary to evaluate
the adequacy of immediate on-site urgent protective actions and to provide early detection of a
release.

Priority 2: Determine that no urgent protective action is necessary off-site, or to define the region
affected if a release is occurring with first priority given to determining if the OIL-1 limits are
being exceeded

Lesser priorities are based on determining the less urgent protective action zones.
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Emergency Staff - General Guidance

e Use persons who are skilled and
experienced

e Persons performing routine monitoring
and sampling should receive specific
training for non-routine and emergency
monitoring and sampling

e Teams should be well trained and properly
equipped with personal protective
equipment and be acquainted with
emergency exposure guidance

L ecture notes:

Use persons who are skilled and experienced and familiar with the monitoring equipment,
sampling collection, preparation procedures, and sample analyses in their routine work. Persons
performing routine monitoring and sampling should receive specific training for non-routine and
emergency monitoring and sampling. They have to be properly equipped with personal protective
equipment and be acquainted with turn back guidance.

In emergency monitoring higher readings may be expected, greater care in sample handling
techniques may be needed, and novel methods such as screening large numbers of samples using
less sophisticated techniques may be required.

Use of inexperienced personnel or untried techniques may lead to inappropriate and/or faulty
technical information, which may cause decision makers to make wrong judgements or allocate
scarce resources inappropriately. Therefore training requirements should be established for each
position and team, and a programme should be developed that provides the training identified for
each member of the monitoring team, including:

« teams drill to ensure they can perform as unit
« exercises are conducted to test procedures

Develop a process to record lessons learned from training, drills and exercises and take corrective
actions. It is essential that key environmental and source monitoring staff are well trained and
regularly exercised in their assigned roles. Operational experience in routine and non-routine
monitoring is highly desirable as technical staff responding to an emergency need to be skilled in
the measurement and sampling techniques they are to apply.

Technical staff skilled in measurements and sampling may also need training in the use of
emergency communication equipment such as two-way radio, map reading and global positioning
system (GPS) equipment. For each key position in the emergency organization the qualifications
required are described in the following slides.

IAEA Training Course for Research Reactor Emergency Response 12



Block No. 3, Module No. 13 Emergency Preparedness and Response

Environmental Survey Team

¢ Environmental Survey Team should be
technical personnel trained in:

m radiation dose rate measurements
= surface contamination measurements

e Team should be regularly exercised in
emergency response scenarios

L
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L ecture notes:
Purpose:
« Measurement of gamma/beta dose rates from plume, ground deposition or source; evaluation
of unknown situations
Minimum staffing per team:
e 2 persons, trained annually in radiological assessment
Minimum equipment per team:
< Radiation survey instruments
= high range gamma survey instrument - 1 piece
= low range survey instruments - 2 pieces
« Check source for low range survey instruments

Consult IAEA EPR-METHOD 2003, Appendix 15 for the full listings.

Photo: Soil monitoring in radiological emergency in Goiania (1987)
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Radionuclide Identification Team

¢ Team members need to be experienced
environmental sampling personnel or personnel
well instructed in correct sampling procedures for
the particular types of sample required

e Teams may also need to be experienced in
radiological assessment techniques to monitor
their own safety and to provide field radiological
data if requested to do so
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L ecture notes:
Purpose:
« Gather samples of potentially contaminated soil, food and water
Minimum staffing per team:
e 2 persons, trained in radiological assessment and sampling, 1 local guide
Minimum equipment per team:
< Radiation survey instruments:
= low range survey instrument
= check source
e Sampling equipment;
= sample bottles and bags, sample tags
= knife, spoons, shovel, measuring tape

Photo: Soil sampling - IAEA team at one of the missions.
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Decontamination Team

¢ Members need to be skilled in
the use of contamination
monitors

m To assess contamination

» To prevent the spread of
contamination

= To monitor the efficiency of
decontamination of people
and surfaces

e All such persons should
receive regular re-
familiarization training in such ;
techniques (&

st 1 - Emsrgency Masiirg and Aasament

L ecture notes:
Purpose:

« Personnel and equipment monitoring; decontamination of people; to assess personal
contamination of skin and clothing and of contaminated objects, surfaces, equipment and
vehicles.

Minimum staffing per team:
e 3 persons, trained annually in radiological assessment and decontamination procedures
Minimum equipment per team:
< Radiation survey instruments
= contamination monitors - 2 pieces
= low range survey instruments - 2 pieces
» Check sources
Decontamination equipment:

< Personnel decontamination supplies (towels, soap, detergent, brush, etc.)

< Water supply container, pressurized water spray

e Wet-dry vacuum cleaner

« Plastic covers, waste bags, bags for radioactive waste (with warning labels)

Consult IAEA EPR-METHOD 2003, Appendix 15 for the full listings.

Such persons may also need to be skilled in safe disrobing techniques and in personal and surface
decontamination techniques as well as thyroid measurement (screening).

Photo: Personal monitoring of people during the radiological emergency in Goiania (1987).
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Emergency Preparedness and Response

Suggested Number of Teams for Research
Reactor Accident Response

Environmental
Survey Team

Radicnuclide )
Identification Ducon_:amlnation
Team S

Local Response
Control Team

< wvariable “ﬂi < variable >

National or
Regional
Response

Control Team

T R

Ersrency Masliosng and Aibrsament
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L ecture notes:
This slide shows the minimum number of environmental radiation monitoring teams

recommended for research reactor sites in emergency planning Category Il and Ill based on

IAEA-EPR-METHOD 2003, Appendix 15 recommendations.

The reference also shows teams for medical response, source recovery, aerial surveys and
laboratories. Size and number of teams will vary depending upon postulated responses for the
potential emergencies and the shared monitoring role between the reactor site and the local or

national responders.

IAEA Training Course for Research Reactor Emergency Response
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Instrumentation - General Guidance

e Choose appropriate equipment for the

- -
potential releases g

e Properly calibrate equipment

A

\/

)

-

e Maintain equipment readiness
m batteries available

L ecture notes:

It is extremely important to choose appropriate equipment to meet the relevant objectives. For
example, while a TLD can be used to register the total dose of a radiation worker, it provides no
alarm before he or she receives that dose. A standard germanium detector for routine gamma
spectrometry can become distorted in high contamination levels, etc.

In all cases, the equipment must be properly calibrated and maintained. An emergency may be
the only time you really need to use an instrument to save lives and it is as good as no instrument
at all if it doesn’t work or gives misleading results.

CAUTION: Using field instrumentation with different unit systems — that is “old units” and Sl
units — may create confusion. Units that are consistent with the instruments are to be used. In

case of using instruments with both unit systems a high degree of awareness should be exercised.

IAEA Training Course for Research Reactor Emergency Response
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Basic Survey Methods

e Ground survey

e Personal
monitoring and
decontamination

e Sampling and
sample analysis

st 1 - Emsrgency Masiirg and Aasament

L ecture notes:
Ground survey: To conduct plume transverse/tracking and to identify plume boundaries by

measuring ambient dose rates; to measure ambient dose rate from deposition; to provide
information on contaminated areas, objects, tools, equipment and vehicles.

Personal monitoring: To control personal exposure and contamination of response personnel and
in particular field monitoring teams; to monitor persons from the emergency area for skin and
clothing contamination before, during and after decontamination; to monitor thyroid for
radioiodine uptake.

Sampling and sample analysis: To determine concentrations of gamma emitters in air, soil, food,
water, milk or in any other sample.

Consider the need for aerial survey. This would be unlikely for a research reactor except in the
case of a core melt and release of a large reactor.

Photo: Measuring ambient dose rates - ground survey. The photo was taken in the Chernobyl
Exclusion Zone.
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Personal Monitoring

e To control personal exposure and contamination
of response personnel and in particular field
monitoring teams

¢ To monitor persons from the emergency area for
skin and clothing contamination before, during
and after decontamination

¢ To monitor thyroid for radioiodine uptake

L ecture notes:

It is important in responding to an emergency to avoid unnecessary exposure to response
personnel, to record and control their exposure, to authorize their entry into high dose rate areas,
to employ time, distance and shielding to protect emergency workers, to be aware of ambient dose
rates where personnel are working and their accumulated doses and to work within pre-
determined dose limits. Emergency personnel entering an emergency area where a spill or
airborne release has occurred need to be checked on leaving the contaminated area for personal
skin and protective clothing contamination. Their equipment and vehicles should also be checked.
Also, persons working or living in the affected area may become contaminated and where this is
suspected, they need to be monitored. This can be done in-situ or at designated contamination
control or assembly points or on arrival at evacuation centres, where whole body surface
contamination monitors are advantageous for rapid and sensitive personal contamination
monitoring. lodine taken in by inhalation or ingestion is concentrated in the thyroid gland where it
is needed by the body as an essential part of its function. Radioiodines taken into the body
therefore concentrate in the thyroid giving rise to a radiation dose which may lead to thyroid
cancer in the longer term. If stable (non-radioactive) iodine is administered to the person prior to
exposure or within the first few hours of exposure, it has the effect of blocking the thyroid
(prophylaxis), reducing the uptake of radioiodine, which is then rapidly excreted from the body.

Photo: Improvised thyroid monitoring for radioiodine uptake during the Chernobyl accident.
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Sampling - General Guidance

» Take representative samples to enable the
level and extent of contamination of air,
ground, water, foodstuffs, vegetation etc.
to be accurately and rapidly determined

e Sampling techniques should be
consistent between sampling teams

e Samples should be taken at locations
representative for the area and where
contamination is more likely rather than at
the most accessible sampling sites

Far AR
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L ecture notes:

Air sampling: Air samples can be assessed in-situ in the field and subsequently re-assessed in the
laboratory to determine the radionuclide composition and concentrations. Air samples from the
field can be categorized as low, medium or high activity prior to arrival at the laboratory to assist

in priority analyses and also in determining how samples may be handled and processed. The
results are used to estimate inhalation hazards and they can give some information for assessment
of the potential for ground deposition.

Soil sampling: In the early phase, soil sampling and subsequent measurement of radionuclide
concentration is an appropriate method for evaluation of levels of ground contamination due to
dry or wet deposition. Ground contamination may vary significantly from place to place (hot
spots); local dose rate averages are helpful in choosing a representative sampling location. Soil
sampling is to be done after a release has ended and after plume passage; exposure to external
radiation is possible but inhalation hazards may only be due to re-suspended materials.

Water sampling: The sources of drinking water are rather diverse (wells, surface water,
precipitation, cisterns, distribution systems of a public drinking water). Collection of rainwater
from a defined area may be used for ground deposition assessment. Since the sampling is
supposed to be done after the end of a release and after plume passage, no significant inhalation
hazard is to be expected.

See also next slide.

IAEA Training Course for Research Reactor Emergency Response 20



Block No. 3, Module No. 13 Emergency Preparedness and Response

Confidence in the Monitoring Results

e Confidence in the monitoring results and
international acceptability can be
achieved only by implementing effective
quality assurance system

e The system basically consists of
m quality assurance (QA) programme
= quality controls (QC) and
= audits / appraisals

L ecture notes:

Quality Assurance (QA) involves all those planned and systematic actions necessary to provide
adequate confidence that the emergency monitoring system, or component will perform
satisfactorily and safely in service.

Quality Control (QC) which is included within QA, comprises all those actions necessary to
control and verify the features and characteristics of equipment and measuring techniques used to
specified requirements.

Audit/Appraisal is a planned and documented activity performed in accordance with procedures to
determine, by examination and evaluation of objective evidence, the adequacy of and extent to
which applicable elements of the QA programme have been developed, documented, and
effectively implemented in accordance with specified requirements.

An important aspect of the QA system is written documentation - Quality Manual - where the
policies, procedures, guidelines, and implementation practices with regard to its QA programme
are presented. For the QA programme to be effective, corrective actions must always be taken
when substandard results are detected, and subsequent follow-up audits must be made to verify
that any problems have been solved.
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Procedures

e Measuring procedures
e Calibration procedures
e Evaluation procedures
e QA and QC procedures

Y¢

What procedures???

st 1 - Emsrgency Masiirg and Aasament

L ecture notes:

Develop procedures that cover all critical tasks. These procedures should provide detailed
instructions and other required information. Technical procedures should use units that are
consistent with the instruments used. Technical procedures common to several groups or used by
several groups should use standard units.

Use a standard format for procedures, identifying each response position, date approved, and
steps to be performed. The usability of the procedures should be confirmed during drills and
exercises.

Establish a quality assurance process to control changes to procedures that may affect the plan or
other procedures. Procedures and changes to procedures should not be implemented until the
appropriate personnel are adequately trained. Develop and maintain a distribution list.

Conduct a regular quality assurance review of the procedures. Take into account lessons learned
during drills and exercises.
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Summary

e Monitoring organization and emergency
team protective guides should be adapted
to reflect country specific system in
emergency response

@)
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L ecture notes:

In this lesson we covered the following items: objectives of emergency monitoring, generic
monitoring organization, emergency monitoring and sampling programmes, staff qualification,
basic survey methods, mobile laboratories, aerial survey and finally quality assurance and quality
control system regarding monitoring.

IAEA Training Course for Research Reactor Emergency Response
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Where to Get More Information

o |IAEA TECDOC-1092

o IAEA EPR-METHOD 2003

o |IAEA EPR-RESEARCH REACTOR

Y
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IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Non-radiological Safety at Research
Reactors

Seminar

Block 3: Emergency Preparedness and Response
Module 14: Non-radiological Safety at Research Reactors

L earning objectives. Upon completion of this module, the participants will:
* be aware of non-radiological safety issues at research reactors

Activity: Seminar, questions and discussion
Duration: .5 hr

Materialsand equipment needed: none

Refer ences;

1. INTERNATIONAL ATOMIC ENERGY AGENCY, International Basic Safety
Standards for Protection against lonizing Radiation and for the Safety of
Radiation Sources, Safety Series No. 115, IAEA, Vienna (1996)
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Introduction

 Non-radiological safety at a research
reactor is concerned with events at non-
nuclear components of the facility which
can trigger a radiological emergency

e Basic knowledge on research reactor
design is needed

o We all know very well: a nuclear reactor
should be safe, safe and safe

e It should be useful and not very expensive
(&)

N

o

Wi i - Pios aRopol Salety M Febearcs Fean

L ecturenotes:

Research nuclear reactors are now an integral part of research, medicine, technology,
education. Although safety issues, safety questions regarding to the potential accidents
are not disappearing.

The potential hazard associated with a nuclear reactor accidents is quite large because of
the large amount of radioactive fission products “stored” in a reactor.

We will examine the potential accidents that could lead to radiological consequences but
which initiating events were out of radiological sensitive part of a reactor facility.

IAEA Training Course for Research Reactor Emergency
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Content

Physical protection systems (PPS)
Fire protection systems (FPS)

Electric power supply systems (EPSS)
Water flow safety systems

Civil engineering issues

Hazardous materials

Summary

(£)
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L ecturenotes:

Those are the most important issues which do not concern directly the radiological
aspects of a nuclear research reactor but which are integral part of a facility.

Safe operating of an electrical supply system for instance, is the fundamental condition
of the safe operation of a nuclear reactor. There are the basic guidelines to design the
electrical supply systems for the nuclear reactors.

Effectiveness of a physical protection system existing to protect a nuclear material and
protect the facility to illicit use and to terrorize action is also inevitable part of a reactor
facility because liberty is a fundamental human privilege. But it should not be forgotten
that the liberty is for all then for malefactor too. We, the human beings, we must protect
ourselves to malefactors.

Nuclear accidents are very rare but a fire can burst much more often if we are not
sufficiently protected. A fire on a nuclear reactor facility can lead to dangerous
radiological consequences.

Catastrophic cases with partial destruction in consequences, of the civil engineering
structure of a nuclear reactor building by an explosion of a hazardous material or by a
huge water flow or by an earth quake, if we are not reasonably protected, lead directly to
an accident with radiological consequences.

IAEA Training Course for Research Reactor Emergency
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Physical Protection Systems (PPS)

e What the PPS is for?
= To protect nuclear material from theft

= To protect nuclear material from illicit
use

= To protect a nuclear facility from
terrorist action

= To protect a nuclear facility from an
action of mentally abnormal person

(£)
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L ecturenotes:

The physical protection hardness depends to category of nuclear material to be protected,
defined in national nuclear safety rules, in international nuclear safety involved agencies
recommendations, as well as in international conventions concern physical protection of
nuclear materials and nuclear facilities.

Mentioned above, nuclear material category means, an usefulness of the material to
construct a nuclear explosive facility.

Then, the nuclear material can be stolen to sell or to try construct an explosive charge.

A nuclear material out of control hurts the public security because it is unknown in what
moment and in what place a threat of a nuclear explosion will be proclaimed.

It is known the existence of different groups of people and even organisations contesting
uses of atomic energy at all. Not all of them use peaceful method to present their view.
Some times the contestators are out of good manners and try to present their reasons by
force. That is why a nuclear reactor facility must be protected and an access to the
sensitive parts of the facility must be limited to the persons having special permission.

IAEA Training Course for Research Reactor Emergency
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Physical Protection System Structure

e Physical protection system hardness is
suitable to:

= Category of nuclear material to be
protected

m Susceptibility of a nuclear facility for an
unauthorized entrance to the sensitive
areas

= Design basis threat (DBT)

(£)
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L ecturenotes:

Physical protection system of a nuclear reactor facility is an answer for the question:
»what to protect against whom”. Namely the PPS structure is adequate to the reactor
facility operation and condition, to the factors of potential adversaries i.e. a class of
adversary, adversary’s capabilities and range of adversary’s tactics (DBT), to identified
targets and attractively and desirability of the material.

The PPS structure consists of the best combination of fences, vaults, sensors and
assessment devices, entry control devices, communication devices, procedures and
protective forces personnel.

The PPS is, as a rule, structured in several layers. The concept of layered or in depth
protection should be incorporated in the IAEA information circular
(INFCIRC/225/Rev.4). The paper provides the general guidelines for the design of
physical protection system it does not address analysis of cost and operational
effectiveness that is why each reactor facility owner constructs the physical protection
system, after the financial capability, in several stages of the system effectiveness.

The system improvement is carried out as a result of the design basis treat new
assessment and formulation.

IAEA Training Course for Research Reactor Emergency
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PPS Functions

e Intrusion detection with sensors, access
control and assessment (CCTV)

o Adversary delay barriers: outer layers and
inner layers

e Response forces and communication
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Lecturenotes:

The PPS functions should be performed in the order within a length of time that is less
than the time required for adversaries to complete their risk.

An effective PPS has several specific characteristics. A well designed system provides
protection in depth, minimises the consequences of component failures and exhibits
balanced protection.

The three functions should be fulfilled consistently i.e. the detection system is adequate
to the delay barriers and to response forces capability.

IAEA Training Course for Research Reactor Emergency
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Fire Protection Systems (FPS)

e Fire on reactor facility is a grave and
dangerous event because

= It can cause a cut-off or destroy the
rector control system

= [t can damage the reactor cooling
system

= It can make impossible to access to
important for the facility safety areas

Wi i - Pios aRopol Salety M Febearcs Fean

Lecturenotes:

Fire protection system (FPS) on a reactor facility is important to safety item of the reactor
design. | is located so as to minimize, consistent with other safety requirements, the
probabilities and effects of fires caused by external or internal events. The FPS is to have
the capability for the reactor shutdown, core residual heat removal, confinement of
radioactive material and make possible monitoring of the state of the research reactor
facility shall be maintained. These requirements are achieved by suitable incorporation of
redundant parts, diverse systems, physical separation and design for file-safe operation of
safety important installation.

IAEA Training Course for Research Reactor Emergency
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Reactor FPS Objectives

e The following objective are achieved
= To prevent fires from starting

= To detect and extinguish quickly those
fire which to start, thus limiting the
damage

= To prevent the spread of those fires
which are not been extinguished, thus
minimizing their effects on essential
facility function

()

Lecturenotes:

The objectives are realized concerning:
* nuclear safety
» occupant (emergency workers) safety
* economic losses

The analysis of the facility to fulfilling of the main objectives of the fire protection is
carried out by assess all areas inside the facility done by fire protection specialist with
background in the facility design, by assess specific areas with significant potential for
radiological release, using more quantitative methods.

The analysis considered fire hazard, balanced air differentials, separate smoke
ventilation, fire area isolation and smoke removal, filtering gases, fresh air inlet remote
from exhaust air outlets, fire damper to be provided and equipped with thermal elements.
There are interconnecting individual fire areas to be avoided.

Operational requirements are to have: a plan for smoke removal, to have portable smoke
removal equipment, use portable air ducts to move smoke from fire areas.

And finally conduct training and training and training.

IAEA Training Course for Research Reactor Emergency
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FPS Structure

e Fire protection system consists of
= Fire detection
= Fire signalization

= Extinguish installations and equipment
+ Stationary extinguish installation
+ Portable extinguish equipment
+ Auto-extinguish installation (sometimes)

()

Lecturenotes:

A fire hazard analysis of the reactor facility is carried out to determine the necessary
rating of the fire barriers. The analysis results the fire protection system structure then the
reactor facility is provided with fire detection and fire fighting systems of the necessary
capability.

Sometimes, the analysis shows that an automatically initiated fire fighting systems are
indispensable. That systems are designed and located so as to ensure that their rupture or
spurious or inadvertent operation does not significantly impair the capability of
installations important to safety, and does not simultaneously affect redundant safety
groups, thereby rendering ineffective the measures taken to comply with the “single
failure” criterion which means that no single failure can result in a loss of capability of a
system to perform its safety function.

In such locations as the reactor building and the control room, non-combustible or fire
retardant and heat resistant materials are obviously mused.

IAEA Training Course for Research Reactor Emergency
Response 9



Block No. 4, Module No. 14 Emergency Preparedness and Response

Fire Protection Vital Areas

Control room
Reactor control system relay room
Emergency electrical power system

Uninterruptible power supply (UPS)
equipment

Special nuclear material vault

High radioactivity reactor products

(£)

L o

Lecturenotes:

It is not possible to name every vital for safety areas which should be considered
particularly from the fire protection point of view.

Variety of research reactor facilities requires to list the vital areas for every one
separately.

Nevertheless it is evident that the control room(s), relay room(s), as the integral parts of
safety and control of the rector systems, as well as emergency electrical power systems
should be always treated as very important to support any reactor in safe state.

A special nuclear material vault i.e. storage of the fresh nuclear fuel is the very special
room. The contents of the storage, very valuable and expensive can not be evacuated
before arrangement the physical protection meeting the requirements to the nuclear
material category and the local treat conditions.

On the research reactors used as the neutron sources to radioisotope production,
especially high neutron flux reactors, there are the areas or rooms in which the high
activity radiation sources are collected and stored temporarily. As a rule the radiation
sources are kept in lead containers (named lead castles), because of lead high
effectiveness to the radiation shielding. It is well known that lead is a fusible metal, that
is why it should be obviously cooled if the fire is in the proximity of the lead containers.
In case the container with high activity sources melt, the neighborhood of the sources is
inaccessible to fire attenuation action (see the special remarks in the next slide).
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Electric Power Supply System (EPSS)

e Research reactor EPSS function is to
make available of reliable power for
essential functions as

= Protection system

= Instrumentation

= Reactor core cooling
= Lighting

= Ventilation
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Lecturenotes:

The electrical power supply system on research reactor is to provide enough power of
suitable quality to systems and equipment in order to ensure their capability to perform
their safety functions when required. This is the basis for the design of normal and
emergency electrical power supply system.

A consideration is given to the need for an interruptible power supply (UPS).

When on a research reactor facility, emergency electrical power is required for coolant
circulating pumps, emergency ventilation system of other systems important to safety, an
emergency electrical power system is provided with sufficient reliability to provide
assurance of its continued availability.

IAEA Training Course for Research Reactor Emergency
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EPSS Structure

e A research reactor EPSS consists of

= Major EPSS fed from central (national)
grid usually by means of two
independent power transmission lines,
connected to different part o central
system

= Uninterruptible power supply system
= Emergency electrical power system

(£)
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Lecturenotes:

There are two reasons to design and construct a special electric supply system to a
research reactor.

The first is the nuclear safety issues which need the reliable electric supply system to
operate.

If a research reactor is a neutron source (or high neutron flux), the nuclear safety issues
are strictly connected with the core cooling at the time the reactor is under operation and
a certain time after shut-down to carry away the residual heat. Thus, the electrical power
is required to supply the coolant circulating pumps after reactor shut-down resulted by
the main electric power supply system is cut-off.

The second reason is the reactor operation reliability. It is well known that the medium
and high flux reactor after its shut-down starts to be poisoned by xenon 135 generated in
the nuclear fuel as a result of the nuclear decay of iodine 135, an uranium fission product,
collected in the fuel during the reactor operation. The phenomena causes that after the
reactor shut-down as a result of an electric supply cut-off for some short while (e.g.
atmospheric discharge) the reactor operator has no lot of time to start-up reactor again. If
he has no time to manage to do the start-up of the reactor in the short time he will have to
wait with the start-up a couple of days.

That is why the specially designed electric supply system is needed for the reactor
reliable operation.. The time of the self-acting switch-on is important to strictly adjust.

IAEA Training Course for Research Reactor Emergency
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EPSS Structure (Cont’d)

e Research reactor systems need different
genders of electrical feeding

» Alternating current (AC) low voltage, in Europe
380/220V

= AC various voltage to auxiliary circuits supply

= Direct current (DC) from battery to emergency
supply, to sensitive electronic and to UPS uses

= DC from converters to charge batteries
= AC from diesel-generators to emergency
supply

()

Lecturenotes:
Diversity of a research reactor systems needs different electric power supply sources.

The main is a regular but specially reliable electric power grid, as a rule national electro-
energy network from which, after the transformations, the reactor facility is fed. It means
that the grid electrical energy from standard low voltage 220/380 V is transformed into
lower or higher voltage and from alternating current (AC) into direct current (DC) needed
voltages. First of all the DC is needed to charge batteries as emergency sources of energy
for the time when the grid is cut-off. Then the facility auxiliary installations fit to the
voltages and power limits to the facility needs. But this energy source is available when
the grid is efficient.

Otherwise, an emergency electrical power system must operate fed by energy from the
batteries until their discharge.

Before this the diesel-generators are put into operation. Sometimes the diesel-generators
start automatically using energy from a flywheels, turned by electrometers fed by the
grid. Kinetic energy of the flywheel put the diesel-motor into operation and the electric
generator turned by the diesel-motor feeds the electric emergency system.

IAEA Training Course for Research Reactor Emergency
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Emergecy EPSS

e It takes energy:
= From batteries for some second up to
some hours
= From diesel-generators after its start-up

+ some seconds or a couple of minutes, up
to the moment normal power supply is
restored

Lecturenotes:

Reliable operation of the research reactor electric emergency system which guaranties the
nuclear safety on the facility needs the strict harmonization between the normal and
emergency systems.

The problem can be difficult. For instance the running light diesel-generator do not wont
to take charge and electric emergency system is left non fed. What to do ? Switch-on the
the generator charge again but on lower power, e.qg. light only, and after that increase the
charge. When the emergency system fed by batteries is put into use automatically at the
moment of the grid cut-off it can not take the charge because of the batteries state which
were not maintained properly. In that case the second battery should be put into use, if it
IS not possible, the diesel-generator should be quickly put into operation.

The time in which the reactor systems can be left without electric supply depends the
thermal and hydraulic parameters analysis result of the reactor core. If it is excluded to
leave the core without the cooling circulation some circulating pumps should be fed
always in uninterruptible system (UPS), from batteries charged continuously by the grid
energy in buffering system.

The emergency electric power supply system is a safety sensitive auxiliary installation,
then it should be regularly tested, i.e. before every reactor start-up.

Nuclear safety requirements, expressed in national rules and international
recommendation, named limits and conditions, impose to the reactor operator obligation
to have the possibility the reactor shut-down an kept subcritical and controlled in every
condition normal, abnormal even catastrophic. To fulfill the requirement there is needed
an electric supply in any condition. It is needed an emergency electrical power system.

IAEA Training Course for Research Reactor Emergency
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Water Flow Safety System

e Reactor design protects the facility for
abnormal situation as water flow caused
by

= Catastrophic rainfall
= Flooding

= Water supply and sewerage systems
out of order

= Fire extinguish action

Lecturenotes:

The main safety objective in the siting of a research reactor is the protection of the public
and environment against the radiological impact of normal and accidental releases of
radioactive material. The safety analysis based on collected site information demonstrate
that the research reactor facility can be safely operated at the chosen site.

For many low power reactors, which present very limited hazard potential (e.g. critical
assemblies and low power research reactors), the amount of detail considered in safety
analysis report (SAR) can be substantially reduced below that which is required for a
medium or high power reactor. In the evaluation of the suitability of a particular site for a
research reactor, the characteristics which may affect the safety aspects of the research
reactor are investigated and assessed.These characteristics include those related to the
natural environment as well as those related to human activities at the site and its vicinity.
It include geology and seismology, hydrology, meteorology, present and projected. The
site related phenomena and their characteristics include external events of both natural
and man induced origin. The severity of external events with more than negligible
probability of occurrence were be used to determine the design basis events for important
natural phenomena and man induced induced events. The location characteristics
considered to the research reactor include dams, diversion channels and any flood control
measures. Consequences of a possible rupture of dams or dikes in the area are also
considered.

It is essential to know the mitigation program for the water flow accident developed in
the emergency plan for the research reactor.
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Civil Engineering Issues

e An emergency situation can be caused by
a partial or total destruction of the reactor
building

e A serious destruction can be the resulted
= Of an earth-quake or other
circumstances outside of our control

= Some flying object crash, for instance
an aircraft
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Lecturenotes:

Any destruction of a research reactor building is classified as a beyond design basis
accident, because of low probability to take place. Then the facility is not technically
protected against that accident. The accidents with reactor building damage are then
taken into account in the emergency plans for the reactor facility. The reactor buildings
are designed and constructed having in mind the local requirements applied to the
specially important edifice, with consideration of tectonic and climatic circumstances.
The geographic siting of the reactor facility is also important to the building damage
treat. If the reactor site is away of a sea coat a tsunami should not be considered. The
same remark considers to the reactor siting if it is away to the rivers and dams.

Some flying object crash treat, in fact concerns aircrafts. It is essential to make the strict
interdiction of aircrafts flight over the reactor siting. It should concern a circle of about
1500 m in radius and about 1500 m in altitude. Any violation of the interdiction should
be recorded and the authority of air traffic control and surveillance should be notified.
For that purpose some person turning duty on site where a reactor is located should be
responsible to record the possible violation of the flight interdiction over the reactor site.

IAEA Training Course for Research Reactor Emergency
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Civil Engineering Damage

» Research reactor building structures can
be also severly damaged by

= Hurricane winds

» Tornado striking facility

= Explosion of a gas cylinder

= Missile impact from whatever source

(£)
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Lecturenotes:

The research reactor building structures are, as a rule, sufficiently strong and design
terms consider the normal climatic phenomena characteristic for the region of the reactor
siting. In the design of any reactor building a reserve of the building structure resistance
is taken into account. It would be too expensive to construct the buildings resistant to the
atmospheric phenomena which can cause with very low probability. The accidents
resulted by a hurricane winds or by a tornado, if the geographic region indicates on such
a necessity, are analyzed in the emergency plans for the reactor facility. Those are the
external events, “vis majordn which the reactor operator can do nothing.

To carry the normal research reactor maintenance, the reactor operator has the workshop
with the instruments to weld in which there are the the explosive gas cylinder fulfilled

with flammable and explosive gas as hydrogen or acetylene on high pressure. If the the
sufficient safety measure are not undertaken in the procedure of the welding using the
gases, it can be caused an extraordinary event with an explosion of the pressurized gas
cylinder. For this reason the gas welding workshop should be located outside of the
reactor building, on the fresh air, never inside of the building.

To protect the reactor facility against a missile attack the reactor operator can only
believe that the national security forces are able to protect the reactor facility to such an
attack and accident.
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Civil Engineering Protection Measures

e Solid construction of the reactor buildings

e Anti earth-quake building construction, if
necessary

o Strict interdiction of aircrafts flying over
the reactor site

e Considering in emergency planning
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Lecturenotes:

In the protection measure against the emergency event witch can have the place with
such a low probability, the reactor owner can not put themselves into exaggeration,
because it is very expensive.

That is why, if the reactor building structure has the sufficiently solid construction the
reactor operator should obviously systematically check the possibility of the reactor
safely shut-down in every situation even if the reactor building structure is damaged in
result of a catastrophic destruction.

In the emergency plan for the reactor facility it should be foreseen, step by step, what to
do if the reactor building is damaged as a result of some nature catastrophic phenomena.

IAEA Training Course for Research Reactor Emergency
Response 18



Block No. 4, Module No. 14 Emergency Preparedness and Response

Hazardous Materials

e In research reactor facility is vitally
recommended to avoid or minimize the
quantity of hazardous materials as

= Strongly toxic substances
= Explosives

= Pressurized cylinders with combustible
gases

(£)

L o

Lecturenotes:

To minimize the probability of the unhappy events on a reactor facility it should be
minimize the chance of the events of release to the interiors of the reactor building toxic
substances as chlorine, ammonia, nitric oxide. The mentioned gases, after release, can be
easily propagate in the reactor building rooms, and the reactor operators and users can be
paralyzed with dangerous consequences. In this case a medical intervention and treatment
is indispensable. The reactor can be take away the operators which ca safely shut-down
the reactor.

To avoid such an unhappy event it is strongly advised to avoid the toxic substances
keeping and processing in the reactor building laboratory rooms. If it is necessary it
should by done outdoor.

Explosives are prohibited in the reactor areas. If it was smuggled by a malefactor it meant
that the physical protection system and procedures were insufficient and the fact is a
transgression and should be prosecutes.

The pressurized gas cylinders can expose only in case of a fire or if they are on
insufficient technical state. For that reason the flammable gas cylinders should be
obviously located in outdoor.
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Summary

e Specification of emergency important
non-radiological issues were discussed

¢ All these issues you have to consider also
in your emergency plan
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Lecturenotes:
Let’'s summarize the main subjects we did cover in this session.

We have got in touch the main subject of the non-radiological issues in which an
improper operation can lead to a radiological emergencies:

» Physical protection systems which concern the security of the special nuclear
material and the facility as wee as the reactor personnel

* Fire protection systems part describes the protection against the fire on the research
reactor facility; The fire protection system effectiveness should be systematically
checked by drills

* Electric power supply systems have the essential significance to the reactor safety;
Particular significance, from the emergency preparedness of the reactor have the the
uninterruptible electric supply and the emergency supply systems

» Water flow safety system importance depends strongly the site of the reactor; It
should be more sophisticated if on the reactor site is more risk to a flood

* In civil engineering emergency events are scare, but its importance for the nuclear
safety makes indispensable not to forget them in the reactor facility emergency
planning

» The same concerns the hazardous materials which can be, sometimes, dangerous to
the research reactor and can disturb the research reactor safety.
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Where to Get More Information

¢ International Basic Safety Standards,
IAEA Safety Ser. No. 115, available also in
electronic record

e Preparation, Conduct and Evaluation of
Exercises to Test Preparedness for a
Nuclear or Radiological Emergency, EPR
Exercise, 2006

e Safety requirements of research reactors,
IAEA NS-R-4, 2005

&)
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Questions:
1. What the physical protection system is to protect ?
What are the physical protection systems fundamentals ?
Name the targets to be protected on a research reactor facility.
What was happened if the special nuclear material has been stolen ?
What is the standard composition of a research reactor fire protection systems ?

o 0 s wDN

What are the most sensitive issues during the fire extinguish action on a research
reactor facility ?

7. What any nuclear reactor should be equipped with an emergency electric supply
system for ?

8. How the structure of the electric supply systems of the research reactor depend of
the reactor nominal thermal power ?

9. How the research reactor safety sensitive areas are prepared to possible water
flood ?

10. How the water flood preparedness of the reactor facility depends of the facility
site ?
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IAEA Training Course for Research Reactor Emergency Response

Development of a Response Capability

Developing Emergenby Response
Capability
Step-by-step Process

Seminar

Block 4: Development of a Response Capability
Module 15: Developing Emergency Response Capability — Step-by-step Process
Learning objectives: Upon completion of this module, the participants will:
» know that developing a national capability requires a systematic approach
* become aware that EPR-METHOD 2003 recommends a ten-step process
» know that this process is modular, requires extensive consultation with all relevant
organizations and that it is iterative
» understand the main elements of the ten-step process and considerations in their
implementation
»  know the objective of writing a plan
» know the importance of structuring the plan for future revisions
»  know the principal components of a national plan
Activity: Seminar, questions and discussion
Duration: 1 hr
Materials and equipment needed: none
References:
1. INTERNATIONAL ATOMIC ENERGY AGENCY, Preparedness and Response for a

Nuclear or Radiological Emergencafety Standards Series N&S-R-2, 1AEA,
Vienna (2003)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Arrangements for Preparedness for

a Nuclear or Radiological Emergencgafety Standards Series NGS-G-2.1,
IAEA, Vienna (2003)

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing
Arrangements for Response to a Nuclear or Radiological Emergency, EPR-METHOD
2003, IAEA, Vienna (2003)

4. INTERNATIONAL ATOMIC ENERGY AGENCY, Criteria for Use in Preparedness
and Response for a Nuclear or Radiological Emergef@gfety Standards Series
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NO. GSG-2, IAEA, Vienna (in preparation)
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Block No. 4, Module No. 15 Development of a Response Capability

Introduction

e The Chernobyl and Goiania accidents
resulted in a re-examination of many
emergency planning principles and
practices

e This lesson provides a practical step-by-
step method for developing integrated
operator, local and national radiation
emergency response plans

L ecture notes:

The Chernobyl and Goiania accidents resulted in a re-examination of many emergency planning
principles and practices. The basic obligations, responsibilities and requirements for emergency
situations are established in the "International Basic Safety Standards for Protection against
lonizing Radiation and for the Safety of Radiation Sources, Draft Safety Requirements DS379,
January 2010". Guidance on the radiation protection criteria for use in planning for response to
radiation emergencies is provided in "DS-44, Criteria for Use in Preparedness and Response for a
Nuclear or Radiological Emergency, (DRAFT)”

This lesson concerns emergency planning for radiation emergencies. It provides a practical step-
by-step method for developing integrated operator, local and national radiation emergency
response plans.We will use the term “radiation emergency” as a common term for nuclear and/or
radiological emergency.
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Content

e Basic concepts
= Planning areas and zones
= Planning levels and responsibilities
= Emergency classes and conditions
= Integrated planning concept

e Planning methodology

m Ten tasks
e Summary
&)
L ecture notes:

We will start the lesson with basic concepts and information we need before the planning process
can begin: threat categories and threat assessment, planning areas and zones, planning levels and
responsibilities, and emergency classes and conditions. After discussing integrated planning
concept we will introduce planning methodology, a practical step-by-step approach for

developing integrated radiation emergency response capability. There are ten tasks to develop and
implement emergency response plans and all ten will be explained. At the end we will summarize
the key points.
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Background

e The range of potential radiation accidents
is enormous, ranging

= From a major reactor accident
= To accidents involving small amounts
of radioactive material
e A minimum level of planning is
appropriate in every country, even in
those without any known radiological
activities

L ecture notes:

Planning for radiation emergencies has often been performed in isolation without the full
involvement of the other organisations within the country responsible for response to
conventional emergencies such as fires, floods, or storms. However, these organisations will play
a crucial role during a radiation emergency. In addition the emergency may involve criminal
activity such as terrorism. In this case the emergency response must be coordinated with the
criminal investigation and possible response if the criminal activity is ongoing. Many emergency
plans do not consider this possibility. This lack of prior planning with the law enforcement and
other response organisation has caused confusion and reduced the effectiveness of responses.
Consequently, it is assumed that the radiological and non-radiological planning will be fully
integrated.

In the past many responses to emergencies have been directed by many different organisations
and individuals (at the same time) located throughout the country. Obviously this resulted in
confusion, conflicting information and instructions, and ultimately in an ineffective response and
loss of trust amongst the public. Consequently it is assumed that each country will develop an
integrated response system with responsibilities and authorities both clearly assigned and
coordinated. It is also assumed that the response will be directed from a central location near the
scene as soon as possible.
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Background - Cont’d

e The response to radiation emergency is
basically the same as the response to any
accident involving hazardous material

e Planning on the basis of established
principles of radiation protection and
safety is essential

e Provisions should be developed to
identify potential radiological hazards

e Radiological plans should be incorporated
into plans for all types of hazardous
materials

Far AR

)
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L ecture notes:

The response to a radiation emergency is basically the same as the response to any accident
involving hazardous material. The major difference is that in many hazardous material accidents,
but not all, the hazard can be smelled, seen or heard. This is not the case with radiation accidents.
In addition in most cases responders will have no experience with radiation emergencies
(radiation emergencies are very rare), very small amounts of radioactive material and radiation
(unlike many chemicals) can be immediately detected with simple — commonly available
instruments, and the medical symptoms of radiation exposure (expect in extreme cases) will not
appear for days, weeks or even years. Finally, there are many misconceptions prevalent
concerning the health effects of radiation and radiation emergencies, which can lead to response
actions that do more harm than good. Consequently, preplanning on the basis of established
principles of radiation protection and safety is essential. Such preplanning is only achieved
through a co-ordinated effort. Therefore provisions should be developed to identify potential
radiological hazards and inform the public and emergency workers of the actions they should
take. Radiological plans should be incorporated into plans for all types of hazardous materials.

Before any planning can begin the practices and activities for which emergency response planning
is necessary must be identified. Next slide briefly explains how to do that in a simplified way.
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Threat Categories

Threat
Category

y | Warranting urgent protective actions off-site,
deterministic health effects on-site

Mo urgent protective actions off-site are warranted,

severe deterministic health effects on-site

Radiological Threat

]

v Minimum level of threat — all countries
v Food contamination due to transboundary
contamination necessitating food restrictions
.@},
Lecture notes:

Emergency planning could be different for each practice. However, this can be simplified by
grouping practices into five threat categories, each presenting common features in terms of the
magnitude and timing of the hazard. The slide shows the five emergency threat categories. Threat
categories | through IV represent decreasing levels of threat and therefore decreasing emergency
preparedness and response requirements. Threat category IV is the minimum level of threat
assumed to exist everywhere and thlwgays applies possibly along with other categories. Threat
category V is a special category analy apply along with other categories. Note that these threat
categories are only used as a convenient way to provide guidance on planning and are not used
during an emergency. These threat categories apply to both facilities or uses and governmental
jurisdiction for which various levels of planning is warranted.

Emergency planning for threat category | facilities is the most demanding. For the national
agency, planning and implementing the capabilities to handle emergencies at threat category |
facilities will ensure that the capability exists to handle emergencies of the other categories.
Threat category IV applies everywhere because these emergencies can occur anywhere. Thus
guidance for the threat category IV represents the minimum level needed for all jurisdictions.
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Planning Areas and Zones

e Areas
= On-site area
m Off-site area
e Zones
= Precautionary Action Zone (PAZ)

= Urgent Protective Action Planning Zone
(UPZ)

e Food restrictions planning distance

L ecture notes:
For most accident types, emergency response takes place over two distinct areas:
On-site area

The area surrounding the facility within the security perimeter, fence or other designed property
marker. It can also be the controlled area around a radiography source or contaminated area. This
is the area under the immediate control of the facility or operator. For transportation accidents on
public roads or territories, there is in effect no on-site area.

Off-site area
The area beyond that under the control of the facility or operator.

For facilities with the potential for accidents resulting in major off-site releases (threat categories |
and 1), the level of planning will vary depending on the distance from the facility. For these
facilities, planning can be discussed for two emergency planning zones, as shown in next slide.

Precautionary action zone (PAZ)

Pre-designated area around a facility where urgent protective actions have been pre-planned and
will be implemented immediately upon declaration of a general emergency. The goal is to
substantially reduce the risk of serious deterministic health effects by taking protective actions
within this zonebefore or shortly after a release. This zone is within the site boundary for research
reactors with power levels less than 100 MW.

Urgent protective action planning zone (UPZ)

Pre-designated area around a facility where preparations are made to promptly implement urgent
protective actions based on environmental monitoring and facility conditions. The goal is to make
provisions to effectively implement urgent protective actions to avert the doses specified in
international standards. This zone is within the site boundary for research reactors with power
levels below 2 Mw.
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Concept of Emergency Planning Zones

PRECAUTIONARY
ACTHON ZONE (PAE)

| ]
;|

Country B i "H Country A

MNational Border

@)
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L ecture notes:

These zones should be roughly circular areas around the facility. However, the boundaries of the
zones should be defined by local landmarks (e.g., roads or rivers) to allow easy identification
during a response. It is important to note that the zones do not stop at national borders. The size of
the zones can be determined by an analysis of the potential consequences. However, previous
studies of a full range of radiation accidents provide a basis for generic zone sizes, as summarized
in next slide.
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Response and Planning Zones Sizes

Facility PAZ UPZ FRPD
3—-5km| 5-30km |500-1000km

Category |

Category I On-site | 0.5-5km 10 — 50 km

Category |l On-site | Not required | Not required

PAZ — Precautionary Action Zone
UPZ — Urgent Protective Planning Zone
FRPD — Food Restrictions Planning Distance

L ecture notes:

This slide provides generic ranges for the size of the various response and planning zones for
different threat categories and facility types. Ranges are provided in recognition of the great
uncertainties involved. The actual boundary of the zones should be established to conform to
geographical features such as roads, rivers, or political boundaries. This is required to allow
practical application of the zones in the event of an emergency. The size used should be scaled to
the corresponding potential threat. That is the higher end of the suggestion range should be used
for facilities at higher end of the applicable facilities. Site-specific studies could also be used to
determine boundaries.

Category | and Il Food Restrictions Planning Distance (Category V distance)

It is the area where preparations for effective implementation of protective actions to reduce the
risk of deterministic and stochastic health effects from and ingestion of locally grown food should
be developed in advance. More time will be available to take effective actions within this zone. In
general, protective actions such as relocation, food restrictions and agricultural countermeasures
will be based on environmental monitoring and food sampling.
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Planning Levels

o Effective emergency response requires
mutually supportive and integrated
emergency planning at three levels:

= Operator level
m Off-site level
= International level

Loy
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L ecture notes:
Operator

The staff at the facility or the personnel using the material at the time of the accident. They are
responsible for the immediate actions to mitigate the emergency; protecting people on-site;
notifying off-site officials and providing them with recommendations on protective actions and
technical assistance, and providing initial radiological monitoring.

Off-site
Organisations responsible for the protection of the public. This includes:

« Local officials: the government and support agencies responsible for providing immediate
support to the operator and prompt protection of the public in the vicinity. This also includes
the police, fire fighting and civil emergency services or medical personnel who may be the
first to learn of an accident. This may include officials from different countries if the facility
is near a border.

< National and regional (province or State) officials: the governmental agencies responsible for
planning and response on the national (or regional and State) level. These agencies are
typically responsible for tasks that do not need to be implemented urgently to be effective.
This includes longer-term protective actions, and support of local officials in the event their
capabilities are exceeded.

International

Organisations responsible for providing international assistance. This includes IAEA (under the
Assistance Convention countries have committed to facilitate prompt assistance in the event of an
accident) and organisations such as UNDHA or WHO that can provide technical, humanitarian or
medical assistance in the event of an accident.
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Emergency Classes

General emergency

Site area emergency

Facility emergency

Alert

Uncontrolled source emergency
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L ecture notes:

Threat category |, Il, Il and 1V operators should have the capability for prompt recognition and response to
emergencies. The following five classes of emergency that address different types of emergencies are
defined:

« general emergencies at threat category | and Il facility involving an actual or substantial risk of a
release of radioactive material or irradiation warranting immediate implementation of urgent protective
actions off-site. Upon declaration of this level of emergency, actions should be promptly taken to
mitigate the event and to protect the people on-site and within the precautionary action zone and urgent
protective action planning zone as appropriate.

» ditearea emergencies at threat category | and Il facility involving a major decrease in the level of
protection for those on-site and near the facility. Upon declaration of this level of emergency, actions
should be promptly taken to mitigate the event, protect people on-site and to make preparations to
implement protective actions off-site if that should become necessary.

- facility emergencies at threat category |, 1l or 11l facilities involving a major decrease in the level of
protection for people on-site. Upon declaration of this level of emergency, actions should be promptly
taken to mitigate the event and to protect the people on-site. This class of emergency does not represent
an off-site threat.

« alertsat category I, Il and Il facility involving an uncertain or significant decrease in the level of
protection for the public or on-site personnel. Upon declaration of this level of emergency, actions
should be promptly taken to assess and mitigate the event and to increase the readiness of the on- and
off-site response organisations as appropriate.

« uncontrolled source emergencies involving loss, theft or loss of control of a threat category IV
dangerous source or practice to include re-entry of a satellite with significant amounts of radioactive
material.

The titles of the emergency classes may be different than those specified provided that these types of
emergencies are addressed. The actions to be taken for each class should be coordinated in advance and be
initiated upon declaration of the emergency. For threat category IV and V the immediate actions to be taken
should also be pre-planned; however, this may be accomplished without the use of a classification system.
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International Nuclear Events Scale
O 3

The International Nuclear Event Scale

Fowr prompt ian o aalety wigniti

e INES is designed to
indicate how serious
an event was after it
is understood

©

#
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L ecture notes:

The emergency classification should not be confused with the International Nuclear Events Scale
(INES). INES is designed to indicate how serious an evengftast is understood andis not

the basisfor the response. Determining the INES rating is impossible early in an emergency,

does not form part of the initial response, nor should determining the rating delay any response
actions.
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i Integrated Planning Concept

Natianal
sgenciey
precedunes

On-wite
smergency plans

On-site
procedures
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L ecture notes:

Capabilities, plans and procedures should be structured into a coherent and interlocking system, as
shown in this slide. The National Radiation Emergency Plan (NREP) is a general description of

the roles and responsibilities of all the responding organisations and their relationships. Itis a
summary of the more detailed plans and assures that all the other planning is integrated and
compatible. At the next level there are the plans developed by individual agencies, governmental
jurisdictions, and facilities or operators. The final level represents the procedures (e.g.,
implementing instructions and operational procedures) and resources that will be used during an
emergency to carry out the plans.

In order to optimise the use of resources and the response effectiveness, it is recommended that
response plans be highly coordinated and consolidated. In other words, planning should not be
done in isolation between the organisations and agencies involved. Assignment of responsibilities
should be done jointly with all interested parties represented. However, an existing governmental
body must be identified to act as a national co-ordinating authority, whose function, among
others, is to assure that responsibilities are assigned and resolve differences and incompatible
arrangements between the various participating parties.
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Development of a Response Capability

Planning Metodology
e The planning methodology is

= Modular

» |terative

m Based on extensive consultation

@

L ecture notes:
The main features of the planning methodology are:

« itis modular, i.e. the overall methodology is divided into self-contained tasks that can be

planned, developed and executed independently;

« itis based on extensive consultation with all relevant organisaferss (hat have been

developed in isolation have been consistently shown to be ineffective); and

* itis iterative, i.e., plans and procedures are dynamic documents, may need to be revised

throughout the process.
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i The Tasks

Tasks Implementation Time
Designate National PC
1. National policy review
2. Perform a threat assessment
3. Develop the planning basis

4. Develop Con-ops, allocate
responsibilities

5. Develop an interim capability
6. Write the NREP

7. Present the NREP —
8. Implement detailed plans

9. Test the capability

10. Establish ongoing maintenance

11111
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L ecture notes:

There are ten tasks to develop and implement emergency response plans and procedures:
Task 1 — National policy review

Task 2 — Perform a threat assessment

Task 3 — Develop the planning basis

Task 4 — Develop Concept of Operations and allocate responsibilities
Task 5 — Develop aimterim capability

Task 6 — Write the National Emergency Plan

Task 7 — Present the National Emergency Plan

Task 8 — Implement detailed plans

Task 9 — Test the capability

Task 10 — Establish ongoing maintenance.

The tasks are listed in the order that they would logically be started. Furthermore as shown in this
slide, many of the tasks will be performed in parallel over time. The development process can be
roughly divided into two phases. Phase 1 includes the tasks 1 through 5. One of the aims of this
phase is to identify serious deficiencies in the capability to respond to emergencies and
immediately develop an interim capability to address them. During phase 2, all the tasks are
completed resulting in a fully developed and formalized emergency response capability.
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Getting Started

e Designate a single overall National
Emergency Planning (EP) Coordinator

= In-depth technical and operational
knowledge of emergency preparedness
and response

= At the early stage involving all parties
who have an interest in the
development of emergency plan

L ecture notes:

A single overall National Emergency Planning (EP) Coordinator should be designated before
planning can begin to:

develop an integrated National Emergency Plan;

coordinate the development of plans and procedures within each level (national, local and
operator);

guide the planning process outlined in the following sections;

ensure the functions and responsibilities of operators and response organisations are clearly
assigned and understood by all response organisations;

ensure that the responsibilities for preparedness and response for a radiation emergency are
clearly allocated;

resolve differences and incompatible arrangements between the various participating parties;

ensure that a review is conducted periodically in order to identify any practice or event that
could necessitate an emergency intervention;

make all responsible efforts in accordance with international law and obligations to foster the
implementation by other States of measures designed to fulfil the relevant obligations in
accordance with these; and

act as the contact point for international cooperation to include the international notification
and assistance conventions and IAEA assistance projects.

The EP Coordinator in the writing process should involve all parties who have an interest in the
development and implementation of the emergency plan(s) at the early stage. Coordination “after
the fact” may actually be counterproductive by creating opposition to requirements being imposed
on those who had no part in assigning those obligations.
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Task 1 — National Policy Review

e A list of the national laws or Acts for
emergencies

¢ International agreements

o A description of roles, responsibilities and
capabilities of

= Major national ministries
= Local governments and operators

o A description of integration into the
planning for other types of emergencies

L ecture notes:

Review and document the legal infrastructure and policies to ensure there is agreement on
planning responsibilities at the national level. This is a crucial step, and without such an
agreement it will be impossible to achieve effective plans.

The results must be documented and agreed by all the major ministries that may have a role in the
response to an emergency. This documentation will be incorporated in the National Radiation
Emergency Plan and should include:

« alist of the national laws or Acts for natural or man-made accidents or emergencies (e.g.,
dealing with transportation of hazardous materials), which define who is responsible for
planning, decisions and actions;

« a brief description of the roles, responsibilities and capabilities of the major national
ministries;

« a brief description of the responsibilities of the local governments and the operators; and

« a brief description of how response to radiation accidents is integrated into the planning for
other types of emergencies.

Ensure that responsibility for all types of potential radiation emergencies are addressed to include
those involving licensed uses, military uses, unlicensed sources, transboundary releases,
transportation or terrorist acts. Ensure the roles of police, military and other non-technical
agencies are clearly defined and agreed. It should be clear how responsibilities might change as
the emergency progresses.

If the legal and regulatory infrastructure is not compliets,not necessary to enact new laws

before the emergency planning process can start. In fact, doing so would most likely delay the
implementation of an effective emergency response capability by several months or years. If
needed, government policy statements can be issued in the interim. In addition the planning may
identify revisions that are necessary to the roles and responsibilities.
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Task 2 — Perform a Threat Assessment

e Conduct a national threat assessment to
identify practices and facilities that may
possibly necessitate emergency
interventions within the country

e Include facilities outside the country

e Determine the level of preparedness
required by determining which threat
categories apply

L ecture notes:

Determine the level of preparedness required by determining which threat categories apply. A
national threat assessment should be conducted to identify practices and facilities that may
possibly necessitate emergency interventions within the State. This includes facilities outside the
country.

The threat assessment shall identify installations, sources, practices, on-site areas, off-site areas or
locations for which radiation emergencies could warrant:

« precautionary urgent protective actions to prevent severe deterministic health effects by
keeping doses below those for which intervention is expected to be undertaken under any
circumstances;

« urgent protective actions to reduce stochastic effects by averting doses, consistent with
international standards;

» food restrictions consistent with international standards; and

« protection for the workers responding (undertaking an intervention) consistent with
international standards.

The threat assessment should also identify locations at which there is a significant probability of
encountering a dangerous source that has been lost, abandoned, stolen or illicitly transported. This
should include consideration of large scrap metal processing facilities, national border crossings,
or abandoned military or other facilities that may have used large sources.
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Application of Threat Categories

Precastivnary Action Lone
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Urgent Profective Action
Planning
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Food restrictions planming
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L ecture notes:
A minimal threat assessment could be accomplished by identifying:
« the threat category of facilities within the country,

« the threat category | and Il facilities outside the country in nearby States that are within food
restriction distances,

« the threat category of the jurisdictions within the country,
e assume a minimum level of threat to exist for all jurisdictions.

This threat assessment is based on the results of generic accident studies. This is generally
sufficient to initiate the emergency planning process. If a detailed analysis is to be performed, it
should consider a range of potential accidents and not be limited to the “design basis” accidents.

The most complex part of this process is determining the threat category that should be assumed
for off-site jurisdictions. This slide illustrates the application of threat categories to off-site
jurisdictions. Several different categories may be applicable for a governmental jurisdiction (local
or national); while only one category can apply to a facility. All jurisdictions as a minimum fall
within threat category IV. The effectiveness of various protective actions must also be evaluated
to determine up to which distance from a facility detailed preparations are needed.

The results of this analysis should be documented and be included in the National Radiation
Emergency Plan. This should include a list and map showing threat categories of the facilities and
local jurisdictions.

The results of the threat analysis will be used to implement the graded approach to emergency
preparedness arrangements that are commensurate with the potential magnitude and nature of the
hazard.
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Task 3 — Develop the Planning Basis

e Gather and document information about
the possible accidents and local areas

= Operator information
= Off-site information
m Off-site environmental conditions

e Describe the information in the NREP

L ecture notes:

Once the emergency threat category of the facilities and jurisdictions have been established, it is
necessary to gather and document information about the possible accidents and local areas that
must be considered before plans can be developed. This information should be documented and
briefly described in the National Emergency Plan. It should include a general description of the
nature of the possible emergencies addressed by the plan.

Operator information: emergencies that could result in on-site exposures or off-site release
warranting protective action; information in facility that can give prior warning of release or
potential exposure; typical radiological composition and timing of a release; radiological and
other environmental conditions in the facility during a response; and actions in facility that could
be taken to mitigate the accident or reduce a release.

Off-site information: medical, police and fire fighting support available; typical sheltering

available in the UPZ; typical transportation available for evacuation within the UPZ;

communication available for decision makers; communications available to alert and inform the
public; food and milk that is locally produced that may be directly contaminated; information on
agriculture product collection and distribution system; drinking water supply systems; population
distribution; special populations (e.g., hospitals) and transients within UPZ; special facilities (e.g.,
factories that can not be evacuated) that may be affected by an emergency; transportation systems
that may be affected by an accident (e.g., road, rail, air, sea, canals); points of import and export
of food.

Off-site environmental conditions: range of weather conditions under which protective actions
and monitoring may be conducted; severe conditions that may result in an accident.
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Task 4 — Develop Con-ops, Allocate
Responsibilities

e Develop a basic concept of operations
describing the response to each basically
different accident type

e Determine and assign the roles and
responsibilities of each group,
organization or individual involved in
emergency preparedness and response

L ecture notes:

Develop a basic concept of operations describing the response to each basically different accident
type (see Lesson X.2.1).

Based on the concept-of-operations, determine and assign the roles and responsibilities of each
group, organisation or individual involved in emergency preparedness and response.

Coordinators should be designated for each operator (facility), group, organisation, department
and ministry that may have a role to play in emergency response.

Allocation of responsibilities is an interactive process. Responsibilities should be attributed in
consultation with pertinent groups and must be based on realistic capabilities of that group. The
individual groups to which roles and responsibilities are assigned should agree with the
assignments and make a commitment to develop the necessary response capability.
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Task 5 — Develop an Interim Capability

e Establish an interim emergency response
capability

e Establish a notification point where
potential radiation emergencies can be
reported and assistance obtained

e This task should not be overlooked

L ecture notes:

The full implementation of the plan can be a long process, which involves writing procedures,
training staff and holding drills and exercises. In order to ensure that a response capability is in
place before the National Radiation Emergency Plan can be fully implementettran

emergency response capability should be established. The purpose is to provide the response to
emergencies until the full plan can be implemented. This interim capability does not need to be
optimal. This means that, in the interest of quickly implementing this interim capability, it will
probably be necessary to "make do" with available means and resources, and with only minimal
additional training.

Concentrate on using existing capabilities effectively. This involves assuring that decisions can be
made quickly and that existing capabilities are identified and provisions are made for quickly
accessing them. An interim means for coordination of a large response involving several
ministries and or jurisdictions should also be established.

At this step in the process, establish a notification point where potential radiation emergencies can
be reported and assistance obtained. The means of contacting the notification point and other
basic information should be provided to first responders (e.qg., fire brigades and police) concerning
recognition and immediate response to a radiation emergency. This information should address
transport emergencies, lost sources, and reports of potential exposures or contamination. Basic
information should also be sent to physicians and hospitals on the recognition and reporting of
radiation induced injuries. Finally the warning point for receipt of IAEA notifications should be
established.

This task should not be overlooked. A serious emergency can occur at any time and the time and
efforts invested in developing an interim organisation and capability will provide significant
savings during the implementation of the full emergency response capability.
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Task 6 — Write National Emergency
Plan

e Develop a national radiation emergency

response plan

The plan is a summary of the more

detailed plans

It assures that all the other planning is

integrated and compatible

e The NREP should address all the facilities
and jurisdictions identified in task 2

In developing the plan, consider the data
gathered in tasks 1, 2, 3 and 4

L ecture notes:

Develop a national radiation emergency response plan. The National Emergency Plan should be a
general description of the possible emergencies, concept of operations for responding to each type
of emergency. In addition the plan should describe the roles and responsibilities of the ministries,
governments and facilities involved in a response and should include all the countries within the
UPZ. It is a summary of the more detailed plans and assures that all the other planning is
integrated and compatible. All countries, jurisdictions, ministries and organisations addressed in
the National Radiation Emergency Plan should be given an opportunity to review the plan.

Module 19 contains a suggested outline for the plan.

The National Emergency Plan should address all the facilities and jurisdictions identified in task
2. The planning should consider the emergency threat categories of the facilities and jurisdictions.
In developing the plan, consider the data gathered in tasks 1, 2, 3 and 4.
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r B

Task 7 — Present National Emergency
Plan

o Give formal presentations to the
organisations that may be involved,
directly or indirectly, in the maintenance
and implementation of the plan

e This will achieve a common
understanding of the response concepts
and principles

e It will allow unforeseen issues to be raised
and resolved before they become real
difficulties

&)
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L ecture notes:

Once the National Emergency Plan has been developed and approved, give formal presentations
to the organisations that may be involved, directly or indirectly, in the maintenance and
implementation of the plan. This will achieve a common understanding of the response concepts
and principles and will allow unforeseen issues to be raised and resolved before they become real
difficulties. It will also facilitate the implementation of the National Radiation Emergency Plan by
maximising staff participation and common ownership.

This process should begin with workshops on the plan and its basis. Meetings should also be held
for the public near threat category | and Il facilities to explain the plan and obtain public
comments.
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Task 8 — Implement Detailed Plans

e Develop the infrastructure and functional
capabilities needed to implement the
NREP for each facility and jurisdiction
identified in task 2

e This will include plans, procedures, staff,
organisation, facilities, equipment and
training

e A group should be assigned the

responsibility to assist and help in this
effort

L ecture notes:

Develop the infrastructure and functional capabilities needed to implement the National Radiation
Emergency Plan for each facility and jurisdiction identified in task 2. Capabilities should be
developed to address all planning elements appropriate for the emergency threat category of the
facility or jurisdiction. This will include plans, procedures, staff, organisation, facilities,

equipment and training. Remember that more than one threat category and therefore checklist
may apply to a jurisdiction. For example the jurisdiction containing a nuclear power plant will fall
within threat category | and IV. Threat category IV is applicable because it appiés to
jurisdictions.

A group should be assigned the responsibility to assist and help in this effort. EP Coordinator may
chair the group. This coordinating group will:

 develop a schedule and requirements for the development of individual facility, group,
department, ministry (etc.) plans and procedures;

 provide assistance to individual groups in the development of plan and procedures to ensure
compatibility and completeness of the planning process;

« organise periodic meetings between key representatives to encourage coordination; and
« ensure compliance with the schedule.
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Task 9 — Test the Capability

e Conduct drills and exercises
= Drills provide training

= Exercises test and verify the adequacy
of entire system to include the plans,
procedures, facilities, equipment and
training
e ldentify and correct deficiencies

&)
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L ecture notes:

Once a response capability has been developed drills and exercises should be conducted. These
drills will provide training and the exercises will test and verify the adequacy of entire system to
include the plans, procedures, facilities, equipment and training. Following the drills and exercises
deficiencies should be identified and corrected. The drills and exercises should be conducted in a
sequence starting with the smallest organisational elements (e.g., monitoring teams) and
culminate in a national level exercise.
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Task 10 — Implement Ongoing
Maintenance

e Ensure that the emergency response capability is
maintained and periodically validated

e All groups should develop the means to maintain
and update the emergency response programme,
including the following:

= a review of plan and procedures
= a review of training programme
= an exercise programme

= a feed-back process for lessons learned
during exercises and real emergencies

@)

L ecture notes:

The final task is to ensure that the emergency response capability is maintained and periodically
validated. All groups should develop the means to maintain and update the emergency response
programme, including the following:

 areview of plan and procedures;

 areview of training programme;

e an exercise programme; and

« afeed-back process for lessons learned during exercises and real emergencies.
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Remember

A long-term staff and budget must be
provided to ensure that the capability is
maintained

s 15 - Durpticgang Emsepindy Reaponis Capality - Step-by-ilig Procenk

L ecture notes:

Ultimately the State should adopt legislation to clearly allocate responsibilities for preparedness
and response for a radiation emergency. This should ensure the functions and responsibilities of
operators and response organisations are clearly assigned and understood by all response
organisations. In addition regulatory body should require that emergency plans be prepared the
on-site area for any practice or source, which could necessitate an emergency response.The
regulatory body should ensure that these plans are integrated with those of other response
organisations as appropriate before the commencement of operation. The regulatory body should
also ensure that these plans provide reasonable assurance of effective response in a radiation
emergency.
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Summary

e A minimum level of planning is
appropriate in every country

Effective emergency response requires
mutually supportive and integrated
emergency planning

e There are ten tasks to develop and
implement emergency response capability

e Plans are dynamic documents

&)
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L ecture notes:

This lesson concerned emergency planning for radiation emergencies. It provided a practical step-
by-step method for developing integrated operator, local and national radiation emergency
response capability.

The main two subjects we did cover were basic concepts — threat categories, planning areas and
zones, planning levels and responsibilities, emergency classes and conditions, and integrated
planning concept — and planning methodology consisting of ten tasks that can be planned,
developed and executed independently. And remember, plans are dynamic documents.

IAEA Training Course for Research Reactor Emergency Response 29



Block No. 4, Module No. 15 Development of a Response Capability

Where to Get More Information

INTERNATIONAL ATOMIC ENERGY AGENCY

Method for Developing Arrangements for
Response to a Nuclear or Radiological
Emergency
EPR-METHOD 2003
Vienna, 2003

: &
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IAEA Training Course for Research Reactor Emergency Response

Development of a Response Capability

Outlines of Emergency Plans and
Procedures

Seminar

Block 4: Development of a Response Capability
Module 16: Outlines of Emergency Plans and Procedures

L earning objectives: Upon completion of this module, the participants will:
e understand the requirements for writing an emergency response plan
*  be aware of QA elements for emergency plan
«  be acquainted with the off-site an on-site emergency plan’s outline
e understand the process of developing and writing an implementing procedure
«  be aware of quality assurance requirements in developing procedures
*  be able to list parts and elements of a generic procedure
e be able to write an implementing procedure

Activity: Seminar, questions and discussion
Duration: 1 hr
Materials and equipment needed: none

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Method for Developing Arrangements for
Response to a Nuclear or Radiological Emergency, EPR-METHOD 2003, IAEA, Vienna (2003)

2. INTERNATIONAL ATOMIC ENERGY AGENCY, Preparedness and Response for a Nuclear or
Radiological Emergencypafety Standards Series Ni@:-R-2, IAEA, Vienna (2002)

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for Response to a Nuclear
or Radiological Emergency at Research Reactors, EPR-RESEARCH REACTOR, IAEA, Vienna
(2011)
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Introduction

e The Emergency Plan is a description of
the roles and responsibilities of all the
responding persons, units, organizations
and their relationships

e Procedures are then needed to carry out
the plans - a set of procedures should be
used as a basis for practical response to
every emergency situation — to carry out
the emergency response plan

&
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L ecture notes:

Radiation emergency plans should be developed as a part of the overall emergency response
system. Radiation emergency plan is a description of the roles and responsibilities of all the
responding persons, units, organisations and their relationships. Procedures are then needed to
carry out the plans.

In this lesson we will present suggested plan outlines at the national, local and participating
organisations level at the facility level (on-site plan).
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Introduction

¢ In this module suggested plan outlines at
national, local and operator level are given

e The objective of this module is also to
explain the process of developing and
writing procedures

&

L ecture notes:

Emergency response plans and procedures form an obvious part of emergency response
preparedness capability. They represent one of the seven infrastructure elements to achieve a
sound emergency preparedness. The other being authority, organization, co-ordination, logistical
support and facilities, training, drill and exercises, and quality assurance and programme
maintenance.

A set of procedures should be used in any emergency situation to carry out the emergency
response plan. In this lesson we will explain, therefore, basic requirements, rules and steps in
developing and writing an implementing procedure or operational instructions.
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Content

Outline of a Generic Radiation Emergency
Plan

Developing a procedure

e Writing a procedure
e QA system for procedures
e Summary
®
L ecture notes:
We will start this lesson by explaining a suggested, generic outline of a Radiation Emergency

Plan.

Then we will explain why implementing procedures or operational instructions are needed and
where is their place in an overall emergency system. Finally we will discuss a process of
developing, writing and maintaining a procedure.

We will conclude the presentation with a short summary of main module’s points.
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Development of a Response Capability

Overall Emergency System
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Lecture notes:

Emergency response plans and procedures in a country should be structured into a coherent and

interlocking system as shown on this slide.
At the top level is the National Radiation Emergency Plan (NREP).

In the middle level there are the emergency response plans developed by ministries, individual

agencies, governmental jurisdictions, and facilities or operators.

The bottom level represents the procedures (e.g., operational procedures and implementing
instructions) that will be used during an emergency to carry out the plans.
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Generic Radiation Emergency Plan

e The REP is a description of the roles and
responsibilities of all the responding
organizations and their relationships

e Level of detail will vary between National,
Local and Facility plans (see EPR-
METHOD 2003)

L ecture notes:

The EP should be developed as part of the overall emergency response system for the country.
The NREP should be integrated with the other national and local plans used to response to
conventional emergencies. The NREP should deal principally with the unique aspects of a
response to a radiation emergency at the national level. The aspects of the response that are not
unique to a radiation emergency should be addressed by the plans for conventional emergencies.
Obviously the plans for radiation and conventional emergencies must be integrated. This must
include a mechanism for directing the overall response carried out under both plans; and resolving
conflict over priorities and resources.

Plans at the National, Local, and then facility level will all be similar in format, but content will

be slightly different. Generally the detail of activities such as the expected concept of operations,
how organizations provide support, and so on, increases from the National plan to the facility
plan. The outlines in EPR-METHOD 2003 provide sample plans that fully comply with, and are
organized around the requirements of IAEA GS-R-2

The following is an example of suggested plan outline. Other formats or structures can be entirely
adequate, provided that they are comprehensive. Preferably, the structure of the radiation
emergency plan should be consistent with that of other existing national emergency response
plans.
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REP Outline

Title (cover) page

Table of Contents

Chapter 1: Introduction
Chapter 2: Planning Basis
Chapter 3: Emergency Response Basis

L ecture notes:
A Radiation Emergency Plan should contain, but not necessarily be limited to:

« background information explaining purpose, scope and legal authorities,

 planning basis, and

e emergency organisation, authorities and responsibilities within the emergency organisation.
(See next slide for continuation)
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REP Outline — Cont’d
e Chapter 4: Emergency Preparedness
Process
e References
e List of Abbreviations
e Distribution List
e Appendices
&
L ecture notes:

The REP should also contain emergency response mechanism e.g., concept of operations, and
emergency preparedness elements such as plan maintenance, training and public education.

References, list of abbreviations and distribution list conclude this part of the plan outline.

A number of appendences are also suggested such as a comprehensive list of authorities,
responsibilities and capabilities of national agencies, ministries and organisations, table of
international legal authorities and agreements, national intervention levels, facilities and
specialized radiological resources in the country, list of operational procedures to carry out the
plan and list of supporting documentation.
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Title (Cover) Page

Title of the plan
Version No.
Approval date
Validation date
Signatures

L ecture notes:

On the title (cover) page write the title of the plan, approval date, version No., and validation date
(if different from approval date), and concurrence/signatures. Signatures of the heads of all the
agencies and organisations with a role during the response to a radiation emergency you may wish
to put on the inner (second) page.

The Plan should be viewed as a controlled document. That implies a formal identification and
copy tracking system to verify that each organization with a copy of the plan, and actions to
follow as described in the plan has a current copy, and invalid copies are destroyed.

Ensure that every organization with a defined role in the plan agrees and signs.
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Chapter 1: Introduction

Purpose

Participating organizations
Scope

Legal Basis

Related plans and documents

[
1
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L ecture notes:
1. INTRODUCTION AND BACKGROUND

Introductory material, but important because it describes the participating organizations and the
legal basis for the plan.
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Chapter 2: Planning Basis

Types of the threats

Terms

Response roles and responsibilities
Response organization

Response facilities

Response communications
Logistics/resource commitments
Concept of operation

&)

L ecture notes:
2. PLANNING BASIS

What were the assumptions regarding threats, one should be able to review those and judge the
adequacy of what follows in the plan.

The response facilities would describe location of supplies, perhaps evacuation routes in the local
level plan. National plans may show additional information.

Some facilities will be unique to each plan, such as the expected, and perhaps, alternate
Emergency Response Centers.
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Chapter 3: Emergency Response
Process

Notification, activation and request for
assistance

Emergency response management
Taking Urgent Protective Actions
Warning and informing the public
Protecting Emergency Workers
Providing medical assistance

L ecture notes:
3. EMERGENCY ORGANIZATION AND RESPONSIBILITIES

This chapter, on this and the next slide, describes how the response is expected to work, from
notification of an emergency to recovery operations. Again, the details will differ between the
plans, with focus on the organization described in the particular plan. For example, at the local
level, explain how a particular Urgent Protective Action will be implemented, including how it

will be determined to be necessary. A corresponding procedure may need to be developed to give
a step-by-step set of actions for the implementation. However, some of these actions may already
exist in other Emergency Plans. If the local area already knows how an evacuation would be
implemented, those actions are usually adequate for a radiation emergency and only the affected
area needs to be determined and the route for the evacuation since that will be dependent on the
affected area.

IAEA Training Course for Research Reactor Emergency Response
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Chapter 3: Emergency Response
Process (cont.)

e Assessing the early phase
o Keeping the public informed

e Taking agricultural, ingestion and loner
term protective actions

e Conducting recovery operations
e Financing
e Maintaining records and data

L ecture notes:
3. EMERGENCY ORGANIZATION AND RESPONSIBILITIES (cont)

Conducting recovery operations doesn’t include any details on the recovery operations
themselves, but would discuss how the transition from emergency operations transitions to
recovery operations where it is assumed that everyone goes back to their normal jobs. Still, it
might provide for some longer term actions such as getting relocated people back home or settled
elsewhere while their home is decontaminated, for example. The assumption for recovery
operations is that it is no longer an emergency and doesn’t require an unusual and extraordinary
level of response. For example, even now there are still recovery operations, new home building
is one such activity, going on in New Orleans as a result of hurricane Katrina in 2005.

Financing may include a method to reimburse supporting organizations, or reimbursing for
supplies and equipment consumed during the emergency. Clearly this will be a complicated
section and may merely refer to some other documentation, such as detailed financial agreements.

The records and data are important for several reasons. They will assist a better understanding of
how well, or not, the emergency response served its purpose. There may also be legal need for
such records.
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Chapter 4: Emergency Preparedness
Process

e Authorities and responsibilities
e Organization

e Co-ordination

e Plans and procedures

&)

L ecture notes:
4. EMERGENCY PREPAREDNESS PROCESS

This chapter is devoted to the arrangements made to prepare and maintain the emergency plan and
the supporting infrastructure. It includes arrangements for selecting the individuals who form the
emergency response teams at all levels, how the plans are assured to be co-ordinated and so on.

So rather than describing what the plan does, this chapter describes how the plan was prepared.
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Chapter 4: Emergency Preparedness
Process (cont)

e Logistic support and facilities
e Training

e Exercises

¢ QA and program maintenance

@)

L ecture notes:
4. EMERGENCY PREPAREDNESS PROCESS

Continuing the descriptions of the arrangements to prepare and maintain the plan. The individual
or position responsible for maintaining the emergency plan should be identified in the emergency
plan to avoid uncertainty of who owns that responsibility.

IAEA Training Course for Research Reactor Emergency Response
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Additional Information

e References

e List of abbreviations

e Distribution list

@)

L ecture notes:
REFERENCES

LIST OF ABBREVIATIONS
List all abbreviations used in the plan and give corresponding explanations.

DISTRIBUTION LIST
Give a list of all individuals and/ or organisations that must receive the plan.
Mechanisms for confirmation of receipt of a plan should be provided.

IAEA Training Course for Research Reactor Emergency Response
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Appendices

e Authorities, Responsibilities and Capabilities
of Organisations

e Agreements

National Guidance

Maps, planning zones

Emergency classification system
Protective actions and OlLs

e Facilities and Specialized Radiological

Resources
¢ Implementing Procedures
e Supporting Documentation @;:)
L ecture notes:

Here are some of the topics that may be provided in appendices, depending on the which level
plan is prepared.

The Implementation Procedures are what we will discuss next. They could be in a separate
document rather than an Appendix to the response plan. However, the procedures remain an
integral part of the response plan.

IAEA Training Course for Research Reactor Emergency Response
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Procedures (Action Guides)

e A procedure is a step by step description of the
actions

e The procedure should be:
= Connected to your response plan
= Integrated into a system
= Easily readable and traceable

e A procedure is not a stand-alone document, it is
an instruction that implements parts of the
response plan

L ecture notes:

The response procedures in EPR-RESEARCH REACTOR are called Action Guides for
consistency with other publications in the EPR-series. The name is not important, but the purpose
and content is very important.

The set of procedures should be used as a basis for response to every emergency situation that you
might be involved in. Responders need to be trained in their use. The procedures should not be
developed for a specific exercise or drill. The procedures in EPR-RESEARCH REACTOR are

only examples of a procedure. The reactor facility needs to carefully modify them to conform to

the planned responses the facility must perform.

As an example of an implementation instruction, one Action Guide in EPR-RESEARCH
REACTOR says to request off-site support. Now the Action Guide doesn’t give names of the off-
site support organizations. That should be arranged during the development of the response plan.
EPR-RESEARCH REACTOR does provide a Worksheet on which the contact information can be
listed for the off-site organizations that have agreed to provide support during an emergency.

IAEA Training Course for Research Reactor Emergency Response
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Why We Need Procedures

e To organize the responses and list all the
actions that may need to be taken

e Without written documentation the
response system can be dangerously
ineffective

e Procedures form basis for training the
emergency staff

L ecture notes:

Procedures are important because they can be carefully thought through and tested before an
emergency occurs. The lessons from this learning process are then transferred to a written
procedure to organize the response, and set the desired priorities,. Moreover accidents can
happen at any time, including when the most experienced staff are on leave, sick etc. Procedures
form the basis for training staff who can provide backups.

Each level of emergency response plan should define who is responsible for ensuring that
emergency response procedures are developed and maintained. This person has to make sure that
procedures are developed that are consistent with the relevant emergency plans. He/she should be
in charge to control the process of preparing, approving, releasing and distributing of the
procedures.

IAEA Training Course for Research Reactor Emergency Response
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Write the Procedure

e EPR-RESEARCH REACTOR provides suggested
procedures for research reactors (called Action
Guides) and they are generic, that is, focused on
actions and not site details

¢ The procedure must be written in a manner
suitable for the user, so adapt to your facility

e A balance between training needs and details in
the procedures must be found.

L ecture notes:

Before you start writing the procedure make sure that you have all the information that should be
in the procedure. This covers all the tasks for a position from all the processes and also all the
information that is needed for the system of the procedures (i.e., information on the preparation,
review, approval, release and distribution of the document). For the electronic formatting it is
recommended to define a template that will by default set-up the correct styles and structure.
Generic structure of a procedure is explained in the following slides.

When writing the procedure always think of the user. The procedure should be easy to use and
allow some flexibility. Nevertheless, all the important information should be given in the
procedure. Take into account of how intensive the training will be for the persons performing a
certain position. In general a good guideline is that you should write the procedure from the point
of view of a person that doest know your system. This can be too extreme since a lot of detail

on actions for specific emergencies complicates the use of the procedure, especially if an
emergency develops that is not exactly like the one for which the procedures were developed.

Make sure that actions that involve two positions (like the transmission of information or the
transfer of an action) are reflected in both procedures and that an appropriate protocol for their
interaction is defined.

At the national and local level, procedures will also be necessary. A part of the development of
procedures is to verify that the procedures are consistent with the other plans.

Other IAEA publications provide procedures that may be useful at local level. For example
INTERNATIONAL ATOMIC ENERGY AGENCY TECDOC-1162, Generic procedures for
assessment and response during a radiological emergency, Vienng28@fes procedures for
police, fire fighters and medical responders that could be easily adapted to the local organization
plan.
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QA System for Procedures

e There needs to be a system for
preparation, approval, release and
distribution of procedures

e Changes to the procedures need to be
controlled

= Reviewed, approved, released and
distributed regularly

&)

L ecture notes:

Controlling the changes means that you keep a record of all proposed changes, that the

responsible person reviews the proposals, approves proposed changes to be implemented, ensures
a plan is made for developing the changes and also ensures the new procedures are checked and
approved before releasing updated procedures.

Distribution lists and mechanisms for confirmation of receipt of procedures should be provided.
In general, it is a good approach to develop a procedure how to develop and write a procedure.
The procedures need to have a document control system, just like the response plan.

IAEA Training Course for Research Reactor Emergency Response
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Train the Staff

e Approved procedures should not be
implemented immediately

» Before procedure become effective, staff
will need to be trained

@)

L ecture notes:
Remember that an approved procedure should not be implemented immediately. Before the
procedures should become effective (be released), the response system might need to be adapted
and staff will need to be trained on the new procedures.

IAEA Training Course for Research Reactor Emergency Response
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Maintain up to Date

e Procedures are not static

» They need to be reviewed, updated,
approved, released and distributed
regularly

e Measures should be provided for ensuring
those performing a procedure are aware
of and use the appropriate, correct
procedures

&)

L ecture notes:

Exercises, drills, new equipment, etc. might create a need to change your plan/procedures.
Changes to the higher level plan will usually lead to changes in the procedures. Some changes
will only affect the procedures. In any case you need to control the changes to the
plan/procedures.

Measures (distribution lists and mechanisms for confirmation of receipt and for destroying old
procedures) should be provided for ensuring those performing a procedure are aware of and use
the appropriate, correct procedure.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 16 Development of a Response Capability

Example Action Guide

ACTIONS
Axvess the sitwmtlon and classify the emergency
Receive a bricfing from the mdinvidml(s} who discovered the emergency or the Facility Response
Manager 1f rehieving that individual
Question thoroughly to understand (he scope ol the emergency
NOTE

Activaing the Faclity Responac Manasgor position i the transitson from normal reactor operations (o

Hile CTMCTRENCY FUSpOSe
Venfy the appropnate reactor CMETEONCy OPCrating procedure 1 in progress of s oomplole
Consider mmmedimely requesiing assistance appropriate 1o (be ovent, fior example the fire brigads or
police
Lhang Table Al review a mecommended classafication from the Nuckear Condition Analyst and

determine the spproprisie cless of the emengency. Emergency classification is expectod within 15
mimmies of sdentification that an cmengency cxists

Assernble the necessary emerpency response team and infiiase the response using Table A.2 to determene
Prionitics
NOTE
Worksheet A.2 ks an action item checkiist that may be of mssistance

®

Lleiie 8 - Duolinves of Emsigensy Pans asd Paooedise

L ecture notes:

Here is the first part of one of the Action Guides from EPR-RESEARCH REACTOR. Several items to
notice.

Assess the situation and classify the emergentlis is one of the four sections of the procedure

Receive a briefing from the individual (S) who discovered the emergency or the Facility Response Manager if
relieving that individual. — This is a specific step, in this case, the first response step by the individual filling
the role of Facility Response Manager. It also would be the first step for a second individual coming in to
replace the original Facility Response Manager.

NOTES are shown after the step to which they apply, and are used to add information that is not an action.
The action steps are specific actions to take.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 16 Development of a Response Capability

Example Action Guide, cont

Establish Communications

o Inform on-site personnel and off-site authonities of the emergency. Notification is
expected within 15 minutes of classification.

o Initiate on-site protective actions with recommendations from the Protective
Action Manager.

CAUTION

Llsunlly a release of radiopetive material needs 10 be imminent or in progress
before off-site protective actions would be proposed. Off-site authoritics should
be informed of the off-site environmental monitoring that determines if urgent
protective actions will be recommended for off-site individuals.

o Determine if off-site individuals should take protective actions prior to
determination of the radiation environment beyond the site boundary. Inform ofl-
site authorities using Worksheet C.5 if only preparations lor urgent protective
action are advised, or Worksheet C.6 if urgent protective actions are
recommended,

o Review status of on-site protective actions and Prionity 2 and 3 actions with the
Radiological Protection Manager, the Communicator and the Nuclear Condition
Analyst,

._ @®

#

et B8 - Duines. of Emergensy Pans atd Precetines b

L ecture notes:
Here is the second part of the same Action Guide
Establish Communications isthe next set of actions for this position.

Unlike NOTES which follow the action to which they apply, CAUTION precedes the applicable step to alert
the user to consider information or other actions that may influence how or to what extent the step is
implemented.
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Block No. 4, Module No. 16

Development of a Response Capability

Example Action Guide, cont

ACTIONS

o Foran ongoing emergency, review current radiological status and

receive a bricfing from the depaning Protective Action Manager and
Projection Analyst.

Verify expected activity for the next shift with the Facility Response
Manager,

Recommend on-site protective actions from Table C.1 after the
emergency classification has been made by the Facility Response
Muanager. Record the recommendations and completion of
implementation of the recommended actions on Worksheet C.4, On-site
Protective Actions,

Evaluate the need for urgent protective actions for off-site personnel.
Recommended urgent protective actions for off-site populations are
provided 1o the appropriate off-site authorities with a copy of
Worksheet C.6, Recommended Off-site Protective Actions

sl B8 -

Clines of Ematgensy Pl and Procsdse

L ecture notes:

Here is another example from EPR-RESEARCH REACTOR.

The first step is present in all the Action Guides as a first action that should be taken at the start of

each individual's time of duty in the position.

The second step is present in most of the Action Guides to coordinate the response actions,
especially when positions are being changed from one person to another. Similarly, the Action
Guides end with a step to document decisions and other actions so the record of what was done is
thorough.

Probably worth repeating that. One reviewer of the publication noted that keeping records during

an emergency meant someone at each position to record what was done by the response team
individual at that position. Perhaps that is needed, but | think not in every case. Each facility

needs to make their own determination of the necessity of a separate record keeper.
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Block No. 4, Module No. 16 Development of a Response Capability

Summary

e Suggested plan outlines have been
presented

e Other formats or structures can be
entirely adequate

e The structure of the radiation emergency
plan should be consistent with that of
other existing emergency response plans

&)

L -

L ecture notes:

Let's summarize the main subjects we did cover in this module.

We have started this module by explaining a suggested, generic outline of a National Radiation
Emergency Plan. Then we continued with the outlines of local government an participating
organisations’ emergency response plans. Then we have presented facility’'s emergency plan
outline and operator's contingency plan outline. But remember, other format or structures can be
entirely adequate, provided that they are comprehensive.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 16 Development of a Response Capability

Summary

e Procedures are needed to carry out the
emergency response plan

e A procedure is a step-by-step description
of the actions

e A procedure is not a stand-alone
document

e A formal system for preparation, approval,
release, distribution and maintenance of
both plans and procedures should be in
place

@)

L ecture notes:

We also explained why procedures are needed and where they fit in an overall emergency
response system. Then we went through the process of developing, writing and maintaining a
procedure. QA requirements in developing procedures were also given. At the end we presented
examples of the Action Guides from EPR-RESEARCH REACTOR..
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Block No. 4, Module No. 16

Development of a Response Capability

Where to Get More Information

IAEA EPR-METHOD 2003

IAEA EPR-RESEARCH REACTOR
IAEA TECDOC-1162

IAEA GS-R-2 AND GS-G-2.1

IAEA Training Course for Research Reactor Emergency Response
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Block 3, Module 17 Emergency Response and
Preparedness

IAEA Training Course for Research Reactor Emergency Response

Emergency Preparedness and Response

Discussion Problems

Work Session

Block 3: Emergency Response and Preparedness
Module 17: Discussion Problems

Learning objectives: Upon completion of this module, the participants will have
demonstrated their level of understanding of the material presented in the training course.

Activity: Work session
Duration: 1 hr

Materials and equipment needed: none

References:

1. INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for
Response to a Nuclear or Radiological Emergency at Research Reactors, EPR-
RESEARCH REACTOR, IAEA, Vienna (2011).
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Block 3, Module 17 Emergency Response and
Preparedness

Question 1

e Inadvertent criticalities can cause more
damage to a research reactor than to a
nuclear power plant.

e Agree or Disagree — WHY?

Note for this question that the TRIGA reactors are essentially immune to damage
from inadvertent criticality.
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Block 3, Module 17 Emergency Response and

Preparedness
Question 2
e Research reactors are less susceptible
to loss of flow accidents than a nuclear
power plant.
e Agree or disagree — WHY?
h &)
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Block 3, Module 17 Emergency Response and
Preparedness

Question 3

e In 1983 an operator at the RA-2 reactor in
Argentina violated operating procedures
during a modification of the core
configuration and caused a critical
excursion. The reactor became prompt
critical and the operator was exposed to
a fatal dose of radiation. What might be
the root cause of this event?

®
J
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Block 3, Module 17 Emergency Response and
Preparedness

Question 4

e Table C.2, Protective Actions based on
Environmental Measurements, proposes
sampling locally grown produce, water
and milk from local grazing animals out to
10 times the distance that OIL3 is
exceeded. Why is this appropriate?

s A7 - Dimsunnit Protier
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Block 3, Module 17 Emergency Response and

Preparedness
Question 5
e What are the benefits of sheltering while
awaiting environmental monitoring results
when a release has occurred or is
imminent as opposed to immediately
evacuating the population from the UPZ.
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Block 3, Module 17 Emergency Response and

Preparedness

Question 6

e An Emergency Worker returns from an
emergency intervention task. No
contamination is found. The three TLDs on
the individuals chest, back and waist
show an average of 127 mSv and a self-
reading dosimeter located on the chest
reads 90 mSv. The expected dose for the
intervention was 90 mSv. Are any
additional actions required?

The Instructor might have to coach to avoid endless discussions on which
reading is the right value or which is more accurate.

The participants might not relate the >100 mSv TLD readings to medical
management protective actions.
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Block 3, Module 17 Emergency Response and

Preparedness

Question 7

e Same as the previous question except the
average of three TLDs is 55 mSv and the
highest reads 62 mSv. The self reading
pocket dosimeter, 200 mSv full scale, is
off-scale high and the worker states that it
was dropped. Expected dose was 125
mSyv. Are any follow-up actions required?

&
8
. isrre®
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Block 3, Module 17 Emergency Response and

Preparedness
Question 8
e Measurements 1.2 km from the release
point show 1.5 mSv/h gamma dose rate
from deposition. How far from the release
point would you project exceeding OIL1?
OIL2?
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Block 3, Module 17 Emergency Response and
Preparedness

Question 9

e A fire in the Control Room for the reactor
has damaged or destroyed all
instrumentation. The reactor was
scrammed and the operators observed
rod bottom lights before evacuating.
Portable instruments show no abnormal
radiation levels. Only NC flow and losses
to ambient are available to remove decay
heat. Classify the event.

The Instructor may have to coach to steer the participants away from trying to
correct the problem by using portable instruments, such as a thermocouple
bridge to measure fuel temperature.
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Block 3, Module 17 Emergency Response and

Preparedness

Question 10
e Piping located below the elevation of the

core fails and cannot be isolated from the

reactor tank. Makeup water flow rate is

insufficient to replace the leaking water.

Classify the event.

&)

Here again, the participants may focus on correcting the leak or trying to provide
more makeup water. The focus should be on classification and notification.
Operating staff are responsible to activate the emergency procedures for this
scenario.
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Block 3, Module 17 Emergency Response and

Preparedness

Question 1

Answer:

e The question has many answers, so treat the
question as a starting point for discussion. One
response is that an inadvertent criticality has
the potential for very high power levels relative
to the design power level of the fuel elements.
Another is that past experience shows that
more frequent manipulation of reactor
components in a research reactor, as compared
to a nuclear power plant leads to errors, and
usually the individuals doing the movement are
at a high risk of radiation exposures.

Q
| )

s A7 - Dimsunnit Protier
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Block 3, Module 17 Emergency Response and

Preparedness

Question 2

Answer:

e This is another question that can lead to
discussion. Anticipated answers include
availability of natural circulation and low

decay heat, depending on reactor design
and operating power.

.
b 17 - Dicuiiih Probisms
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Block 3, Module 17

Emergency Response and
Preparedness

Question 3

Answer:
a serious mistake and was in violation

¢ Anticipate some answers such as:

= poor safety culture, no oversight of
operations and feedback of needed
improvement

procedures are just in the way”
e lack of supervision

e One might wonder why the operator made such

procedures when he caused the accident.

= “This is how we really do the work, the

of

&)
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Block 3, Module 17 Emergency Response and

Preparedness

Question 4

Answer

e A release may deposit hot spots or other
unevenly distributed radioactive
contamination. Sampling beyond areas
with recognized excessive contamination
is performed to identify, or refute, this
potential concern. Negative results are
also a benefit to public confidence and
reduce psychological concerns in the
potentially affected areas.

s A7 - Dimsunnit Protier
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Block 3, Module 17 Emergency Response and
Preparedness

Question 5

Answer

e The UPZ is chosen to identify areas that have a
lesser risk of radiological consequences than the
zone nearer the facility. Evacuation is disruptive
and probably not necessary for most, perhaps all,
of the UPZ. Therefore, monitoring is used to make
an evacuation decision in this zone. Sheltering is
much less disruptive, provides some protection
from radiation, and allows people to prepare for
evacuation if that becomes necessary.

Q
{&':’1)_;.
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Block 3, Module 17 Emergency Response and
Preparedness

Question 6

Answer

e In this case the TLD readings are as valid
as the pocket dosimeter and are >100
mSv. The Emergency Worker should be
enrolled in a tracking system with medical
follow-up to detect early signs of
stochastic effects.

s A7 - Dimsunnit Protier
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Block 3, Module 17 Emergency Response and
Preparedness

Question 7

Answer

¢ Judgement would believe the TLDs and
reject the reading on the potentially
damaged pocket dosimeter, so no medical
follow-up would be appropriate. What
other factors should one consider?
Discuss.

Consider any radiation reading that the EW noted, how do they compare to the
expected values?

How long did it take to perform the task and how does that compare to the
expected duration?

Does the product of the time required to perform the task and the observed
radiation readings substantiate the TLD readings, or the pocket dosimeter
reading?

One needs to be cautious about creeping OILs. Values near, but not above
recognized OIL values should not automatically invoke the OIL. Recognize that
the IAEA believes that the OlILs are conservative, and adding additional
conservatism can be inappropriate and will reduce the confidence in the OIL
values. Think of a similar situation where the readings are close to, but less than
a case where protective actions are invoked when an OIL is approached, but not
exceeded. The individuals involved may find it difficult to understand when the
protective actions are triggered. Why in one case, but not a similar one?

On the other hand, one reading below and one reading above a certain OIL and
both readings equally valid, one should react to the higher reading. In some
countries, the TLD is the legal record and the self-reading dosimeter is used only
for the EW to verify the planned dose is not being exceeded.
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Block 3, Module 17 Emergency Response and
Preparedness

Question 8

Answer
Projections use Worksheet C.3 for simple linear

distance extrapolation (no rain) or square root
extrapolation for rain conditions. Then:

Measured At Project No rain Rain
OIL1 i :muxirl";::'::' [ =1 8t I Zi‘ma,llu:. ;:“':" = | $km
1.5 mSv 1.2 km s
U'|L2 1 Smiv | M
| Hurxl.. A = | Bkm 1. 2w = Vo R = 4 ik
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Block 3, Module 17 Emergency Response and

Preparedness

Question 9

Answer:
Use the classification Table:

e Facility Emergency due to loss of control
and instrumentation.

e could elevate to Site Area Emergency,
need to evaluate potential for fuel damage

t}ﬁ)
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Block 3, Module 17 Emergency Response and
Preparedness

Question 10

Answer:
Use the classification Table:
e Alert — level decreasing, but

e Facility Emergency unless leak can be
stopped or additional makeup provided

e could escalate if level drops to the point
where radiation levels increase or fuel
may be uncovered

Initially calling this an Alert seems to underestimate the consequences.

This example is expected to generate discussion of the pluses and minuses of
calling a higher class, or sticking with Alert until it is apparent that radiation levels
will become a problem, or even worse, fuel will be damaged.
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Block No. 4, Module No. 18 Development of a Response Capability

ITAEA Training Course for Research Reactor Emergency Response

Development of a Response Capability

Development and Implementation of
an Action Plan

Seminar

Block 4: Development of a response capability
Module 18: Development and implementation of an action plan

L earning objectives. Upon completion of this module, the participants will:
 understand the need to develop an action plan as a follow up to this workshop
» understand basic project management principles
» know what a project management plan should contain

» be familiar with the project management process

Activity: Seminar, questions and discussion
Duration: 1 hr

Materialsand equipment needed: none

References: none
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Block No. 4, Module No. 18 Development of a Response Capability

Introduction

e This workshop presented the scope of
emergency planning
e You need to define what comes next
= That will become YOUR action plan
e And you need to define how it will be
implemented
= That is your project management plan

L ecturenotes:

After this module, you will be asked to follow the project management process steps and
develop a project plan for follow up actions arising from this workshop. So please pay
attention to the process description. You will find that it provides a useful tool for the

management of any project.
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Block No. 4, Module No. 18 Development of a Response Capability

Content

e What is an action plan?

¢ Project management fundamentals
= What is project management?
= Project management contents
= Project management process

e Generic action plan

L ecturenotes:

The purpose of this module is to review the process of developing and implementing an
action plan. We have all to some degree been involved in ‘Project Management’ either
formally as part of our work, or at home. This session focuses on the project
management plan and project management process. It also highlights some of the
potential problems that are often encountered when trying to implement a project.
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Block No. 4, Module No. 18

Development of a Response Capability

Overview

e What ls an Action Plan?

m It is the steps to get from here to there
+ It is a project, or part of a project
+ It should be defined, developed and

implemented according to good project
management procedures and guidelines

= Your mission after this workshop:

+ Define how it will be done (project
management plan)

+ Define what needs to be done (action plan)

Lecturenotes:

An action plan is a commitment to do something and reach a desired point. The action
plans says what you want to accomplish, not necessarily how. To effectively implement

an action plan, you need to establish a project management structure.
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Block No. 4, Module No. 18 Development of a Response Capability

What Is Project Management?

e It is a way to develop, implement, control
and monitor the implementation of an
action plan

» Without a good project management
framework, actions plan implementation
will not be effective

Lecturenotes:

Project management is a relatively new science, although it has in effect been applied in
one form or another for centuries. There are now project management professionals
because, more and more, organisations have realised that the successful completion of
projects requires specialised skills and knowledge as well as a systematic approach to
project definition, implementation and evaluation.

This module will not make a project management professional out of you but it will give
you the basics to know what is important when trying to manage a project.
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Block No. 4, Module No. 18 Development of a Response Capability

Components of the Project
Management Plan

Objectives

Scope
Milestones

Tasks
Responsibilities
Schedule

Budget

Project control
Risk management

Lecturenotes:

A good project management approach relies on the development of a good project
management plan. This plan becomes the procedure to follow for implementing the
project and provides the yard-stick against which project progress can be evaluated.

This slide shows the main components of a project management plan. In the next few
slides, we will examine each one in detail.
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Block No. 4, Module No. 18 Development of a Response Capability

f Project Management Plan

e What do you want to achieve - the overall results
¢ Objectives should be:

m Specific

= Measurable

= Realistic and achievable

= Agreed
e Example:

= Adapt and implement new emergency
response procedures for research reactor
emergencies

Lecturenotes:

Objectives define what do you want to achieve. Of course, unless this is clear, well
defined, measurable, realistic and achievable, your project may be very difficult to
manage. Furthermore, if no one else agrees with your objectives, there is a good chance
that your project will a) not be approved or b) never be completed.

There are also projects that are defined in such a way that they never end! This category
of self-sustaining projects is not uncommon but it represents a drain on resources and it is
generally completely ineffective.
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Block No. 4, Module No. 18 Development of a Response Capability

i Project Management Plan

e Clarifies the extent of the objectives

e Defines the boundaries of the project:
= What is included?
= What is not included?

e Example:

= This project will address the radiological
aspects of emergency management. It does
not include conventional training for
emergency response personnel, which is
assumed to be well covered by other programs

®
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Lecturenotes:

The scope defines what you will do and what you will NOT do. This is important
because, quite often, projects objectives are interpreted differently by different people.
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Block No. 4, Module No. 18 Development of a Response Capability

Project Management Plan

¢ Define the intermediate results that must be
achieved to get to the final objective

e Example:
» Generic plan modified
» Generic procedures adapted
= Training program defined
= Training schedule promulgated
» Training completed
= Validation completed
= Project evaluation completed

O,
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Lecturenotes:

The milestones are like “check-points” within the project. They are intermediate results
that should be achieved. They are a good way of measuring progress.
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Block No. 4, Module No. 18 Development of a Response Capability

i Project Management Plan

e Define the work breakdown required to achieve
individual milestones

o Example: to adapt procedures
= Distribute generic procedures for review
= Review generic procedures
= Collect comments from reviewers
= Produce draft 1 of adapted procedures
= Send for review
= Meetings of reviewers
= Produce final draft
= Distribute final draft

&)
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Lecturenotes:

The tasks are what their name implies: they describe how the work will be done, by
whom and what is to be expected as a product of the task.
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Block No. 4, Module No. 18 Development of a Response Capability

Project Management Plan

e Defines who is responsible and
accountable for which task

e Designates support persons or
organizations

Lecturenotes:

Responsibilities is often one of the weakest aspects of projects. It is extremely important
to define who is responsible for what in the project. Normally, this is done by task.
Several organizations may be involved in a single task, but there should always be one
that is responsible and accountable to the project manager for ensuring that the job is
done.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 18 Development of a Response Capability

f Project Management Plan

Activity 1 2 3 4
Send invitations PX |
Procure equipment c P X D
Train technicians X P

Manages Progress

Does

Decides

Decides jointly

Must be informed

Must be consulted "
Available to assist (f-'i}

- 4
Y o

PO 20 X 70

L ecturenotes:

A responsibility matrix is a tool that can be used to clarify the roles of each person in the
project team. Often with cross-functional teams it is critical to define not only who is
responsible for carrying out the task but also who has to be consulted or informed about
its completion. The responsibility matrix is a tool to ensure that such actions are carried
out.
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Block No. 4, Module No. 18 Development of a Response Capability

Project Management Plan

e Define the time available for each task and
the dates at which milestones must be
achieved

¢ Baseline vs actual

= Schedule may change but milestones
and tasks do not normally change

Lecturenotes:

The schedule is, as its name implies, an estimate of when the tasks will be completed.
Unfortunately, your planning often suffers constraints, such as if tasks need to be done in
the time that is less than what is considered to be necessary. Only adding more resources
can solve that problem. Of course, in most projects, some tasks finish early and some
finish late. So there are two schedules: the baseline, which is the planned estimate; and
the actual, which is the schedule of the work that was already done. By comparing the
two, you get an idea of whether the project is on track or not. Sometimes, it is necessary
to make adjustments to the baseline schedule to reflect the impact of earlier tasks.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 18 Development of a Response Capability

i Project Management Plan
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Task 2
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Task 3
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Task 4
Task 5
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Lecturenotes:

This is an example of a schedule presented in the form of a Gantt chart, which is a
standard way of presenting project schedules.

There are many software tools to help prepare the schedule and most will generate the
Gantt chart as a way of visualizing the schedule. These same tools define the critical path
and show other information about the tasks which are not on the critical path. The critical
path is the sequence of tasks that defines the overall length of the project, that is, the
sequence of tasks that must start and end on the proposed times in order not to delay
completion of the project. Slippage in critical path tasks are day for day slippage in the
project, unless the slippage is so severe that non-critical tasks now become critical. For
example, each task is defined in relation to the other tasks in terms of what must be done
to start a particular task. This creates a chain of work that is the time period in which the
task can be done given its duration.
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Block No. 4, Module No. 18 Development of a Response Capability

f Project Management Plan

¢ ldentifies the cost of the project
= Total budget available
= Estimated cost of each task
= Management budget
= Contingency fund

e Depending on the budget available, the scope
may need to be adjusted

e Consider “real” cost
= Cost of people
= Travel, equipment and other expenses

Lecturenotes:

The budget is the amount of money available for the project. The first budget estimate
should be based on a preliminary estimate of the amount of work that needs to be done.
However, quite often, the money available is smaller than the initial budget estimate. But
that is another issue, which we will discuss later.

You estimate budget for each task. In the cost, you should include all cost items required
to run the project, i.e. labor (either in terms of funds or man-hours, or both), equipment,
travel, hotels, and other “hard” costs. In many government projects, the labor cost is not
included, because the salaries of government employees are paid regardless. However,
be aware that this is a hidden cost, as it takes resources away from other projects. Also, if
private companies are to be involved, they will charge labor costs.

Showing the labor cost in man-hours can be deceptive. If one expects three people to be
available for a task, but fewer actually work the job, then the time to complete will
probably be incorrect.
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Block No. 4, Module No. 18 Development of a Response Capability

f Project Management Plan

e A way to track progress and determine if
corrective actions need to be taken

» Project schedule tracking:
m Is the project on time?
e Project cost tracking:

u Is the project within the initial budget
estimate

Lecturenotes:

Project control is an inherent part of any good project management structure. It is a way
to measure the effectiveness of project implementation. Project control is an continuous
task and should be included in the task breakdown. Large projects normally have a
dedicated “project controller” as part of the project management team.

Project control include schedule tracking and cost tracking.

Normally, once a month, the project management team should get together and assess the
progress of tasks against schedule and the spending to date against the budget.

A good software tool will allow updates on task status and keep the delays, or gains
visible to the Project Manager.

IAEA Training Course for Research Reactor Emergency Response 16



Block No. 4, Module No. 18 Development of a Response Capability

f Project Management Plan

e Compare actual task achievement with
project schedule

e If tasks are late, determine the impact on
the other tasks

* Determine impact on overall project
e Make adjustments:

= Adjust schedule OR

= Adjust level of efforts

Lecturenotes:

Schedule tracking involves verifying that the project tasks are completed on time. If not,
then adjustments need to be made. If the timeline is not that critical, delays may be
acceptable. But if it is critical and many subsequent tasks may be affected by a delay in
one task, then the solution should be to increase the level of effort. In some extreme
cases, the project scope may have to be reduced in order to prevent the failure of the
entire project.
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Block No. 4, Module No. 18 Development of a Response Capability

f Project Management Plan

e Once a month:
= Estimate actual spending so far: this is the
“actual cost of work performed” or ACWP
= Estimate degree of completion of each task:
+ 0, 25%, 50%, 75% or 100%

= Calculate “budgeted cost of work performed”
or BCWP = SUM (task budget x degree of
completion)

= [f ACWP > BCWP, you may have a problem.
Make adjustments!

Lecturenotes:

Cost tracking is a very powerful tool to monitor project performance. First, the actual
spending to date must be calculated.

Each task has an estimated budget attached to it. It is also possible to estimate the degree
of completion of each task. Normally, it is sufficient to determine only an approximate
completion stage, for example 0, 25, 50, 75 or 100% (not started, started, half finished,
almost finished and completed). By multiplying the degree of completion and the task
planned budget, one gets a theoretical value of the work that was done. This is of course
based on the early estimate, which may have been inaccurate. This gives us the budgeted
cost of work performed, which is equal to the value of the work performed. By

comparing this value to the actual spending, we know if the project is cost more, or less,
than what we originally anticipated. If the ACWP is much higher than the BCWP, it

means that a) the work is not done effectively, or b) the original estimate was too low; or

c) work needs to be more focused. In either case, it means that adjustments to the project
scope of project budget may have to be made.
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Block No. 4, Module No. 18

Development of a Response Capability

Project management plan
Project control (Cost tracking)

Task 'Planned
| ‘budget
Task 1 $10 000

-Pen:ent
‘.completed |

BCWP
$0

Task 2 '$5 000
Task 3 $20 000
‘Total $35 000
'ACWP = $20 000
ACWP/BCWP =1.14

$2 500
$15 000
$17 500

In this example, the project is about 14% over budg&g?
&)
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Lecturenotes:
This is an example.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 18 Development of a Response Capability

Project Management Plan

e Defines what could go wrong and how to
deal with it:

= What could delay the project or make it
more expensive?

= What can we do to prevent these things
from happening?

= What do we do if these things happen?

Lecturenotes:

Finally, every project management plan should contain a risk assessment and
management plan. This is an honest evaluation of what could go wrong and could
threaten the success of the project. Unless the analysis is absolutely honest and objective,
the risk management plan will be useless. In practice, it is tempting for project
management staff to ignore the real risks. This step is also known as potential problem
analysis and should include options to resolve or reduce the risk to the project from the
potential problems.

An example of a risk is: what happens if the government changes in the middle of the
project? Or what if we run out of money?
The risk management plan then addresses what can be done at the beginning and

throughout the project life to minimize that risk. Often, the best risk management
strategy involves good project communication and good project control.
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Block No. 4, Module No. 18 Development of a Response Capability

Project Management Process

e Determine the objectives
e Appoint a project manager

e Develop a preliminary project plan and
budget estimate

e Get funding

= You may need to scale up or down the
project objectives and scope

Lecturenotes:

The steps described in this slide and the next one are a very simplistic description of the
process to implement a project management plan. The first step is obviously to
determine the project goals and to appoint someone who will manage it. The project
manager will also need to establish a project management team. Remember that a good
project manager is not necessarily the best technical person. Also, a project manager
should have some authority to get the work done, otherwise the project will go nowhere.
This can be done through a ministerial appointment.

A critical idea is to keep the project organization simple. Don’t require too many
approvals and decisions from too many people - otherwise nothing will ever get started
let alone done.

You also will need an effective communication system, with regular meetings to improve
and maintain cohesive teams. A common information system may be necessary to make
sure everyone has access to the same and latest information. If the project is critical, it
may be necessary to develop a contingency plan in case of some critical delay or failure.

A preliminary project plan can be developed, on which the budget will be determined. In
practice, the available budget is not always equal to the required budget. It is then
necessary to make adjustment to the project objectives and scope.
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Project Management Process

¢ Develop project management plan
¢ Communicate project management plan

e Discuss responsibilities with main project
organisations and personnel

= Adjust project management plan as required
u Get their formal agreement on their
responsibilities
¢ Implement
¢ Monitor and adjust
e Evaluate

Lecturenotes:

Before the project management plan is finalised, make sure it is communicated to the
main people and organisations involved. Get their comments and make the necessary
adjustments. Unless all the major players agree that the project management plan is
realistic and achievable, trying to implement it will be constantly met with obstacles and
lack of co-operation.

Then, the work starts!

Throughout the project, monitor its progress. At then end (and there should be an end!),
evaluate the effectiveness of the project against the set objectives.

IAEA Training Course for Research Reactor Emergency Response
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Generic Action Plan

National policy review

Determine level of preparedness

Develop planning basis

Allocate responsibilities

Write National Plan

Inform all organizations

Form and train interim response group
Develop and implement detailed plans
Coordinate and test plans and procedures

Develop and implement ongoing updating and
training programmes

L ecturenotes:

In the context of Emergency Preparedness and Response a major project can be seen as
‘developing a national capability’, which has ten steps, which in themselves can be seen
as sub-projects. The planning and implementation of this scheme is a major challenge in
project management. But it is necessary if we are to achieve the goals of the project.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 18 Development of a Response Capability

Potential Problems

Insufficient support for project

Poor project definition

Planning tools are too complex

Planning time scale is too long (or too short)
Planning of time and cost are over-optimistic
Distribution of responsibility is not defined
Principles of co-operation are not clear

&)
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L ecturenotes:
What are typical problems in carrying out projects ?
Here is a list of some of them.
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Block No. 4, Module No. 18 Development of a Response Capability

More Potential Problems

e Key resources are not available or not motivated
when needed

e Line managers are not committed

¢ Project leader is a specialist and not a manager
e Project leader has responsibility but no authority
e Changes to the plan are uncontrolled

e Activities are not completed and documented
before others begin

O,
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L ecturenotes:

Here are some more. We need to have a system in place to avoid these pitfalls. A good
and realistic project management plan and and effective project manager are key to
avoiding these risks.

IAEA Training Course for Research Reactor Emergency Response
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Summary

e This lecture presented the way how to develop
and implement an action plan
e The main points important to note are:
»= You are asked to develop an action plan based
on what you learned in this workshop
m Carry out the action plan based on sound
project management principles
= Remember the contents of a project
management plan
= Project management also includes validation,
control and evaluation

e Comments are welcomed &)
—

Wi L8 - Deropmant @ Inrsementmon of it Acton Plas

L ecturenotes:

Let’'s summarize the main subjects we did cover in this session. This lecture presented the
way how to develop and implement an action plan.

We did cover the topics describing the need to develop an action plan as a follow up to
this workshop, basic project management principles, a project management plan
structure, project management process.

IAEA Training Course for Research Reactor Emergency Response
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Block No. 4, Module No. 18 Development of a Response Capability

Where to Get More Information

e Modules 12, 15 and 16 of the current
Course

Pinbuin 18 - Drwabiofrrr ared Frmpermestaton of a0 Aot Flas

Questions

What is an action plan?

Define what is project management.

List the main parts of a project management plan.

List three potential problems that could threaten the success of a project.
What is project control?

What are ACWP and BCWP?

How is BCWP calculated?

No ok owDdhPE
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IAEA Training Course for Research Reactor Emergency Response

Development of a Response Capability

Preparation of a Specific Action Plan

Work Session

Block 4: Development of a response capability
Module 19: Preparation of a specific action plan

L ear ning obj ectives. Upon completion of this module, the participants will:
« be able to identify country specific needs

« be able to develop an appropriate action plan within an appropriate project management
structure

Tasks:
« to identify specific needs for the respective country
- to draft the framework of a project management plan for the respective country

« to discuss the drafted project management plan

Activity: Work session, discussion
Duration: 1 hr

M aterials and equipment needed: Work session notes

References. none

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

Tasks

e We will produce the framework of a
project management plan for the work you
will do after this workshop

* You are requested to write down your
work as we go through the project
management planning steps

e You should keep those notes and use
them as the basis for your future work

(£)

I nstructions for instructor

This work session will be a guided discussion with the whole group of
participants at once. The instructor must:

1.Ask that the group define the objective

2.Emphasize that the participants need to make clear and clean notes, and that
they are expected to use these notes for follow-up work in their country.

3.Address the project management plan contents point by point. There is one
point per slide in the next slides.

4.Provoke thoughts! Ask questions and make the participants think about some
of the challenges. You will not have time to ask everyone. Ask one of two
persons for each point what they think it means for them in their country.
Discuss with the others.

5.There are 8 points to address (budget is not counted). You therefore have
approximately 5 to 7 minutes per point. You should spend no more than 4
minutes per point except for the “tasks”, for which you should leave about 15
to 20 minutes.

6.Give the participants 1 or 2 minutes to make some notes after each
discussion. For the discussion on “tasks”, leave them more time.

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

How

» We will follow the project management
plan outline contained in the previous
lecture (Module 18)

e The instructor will direct the discussion
e We will do it all at the same time

e After each point, the instructor will give
you one or two minutes to make notes

@
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Block No. 4, Module No. 19 Development of a Response Capability

Project Objective (5 minutes)

e The participants are to define the project they
wish to plan

e Some suggestions:

» Develop a classification table for your
operating research reactor

= Determine the emergency response
organizations (reactor facility and local level)
and identify their interactions

= Develop the process to implement urgent
protective actions for an off-site population

» Develop agreements with off-site support
organizations, including authorities

| ®
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Instructions for instructor

The project to be planned must be established by the participants. Remind them that they are not
trying to prepare the work, but the project plan using the outline that follows..

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

Project Management Plan

e Refine the basic project objective
provided in the previous slide
e State the objectives in terms of

deliverables (what will be available when
the project is completed)

Bk 0 - Propaiabos oF & 5pe0lc BOB Dl

Deliverables are the items that will exist when the project is completed. It may be written and
approved procedures or agreements, it may be something else. It must be stated in terms of
tangible items created by the work of the project.

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

Project Management Plan

e Define the scope
= Who will be involved?
= Down to what level?
= How many people will be affected?

= Will training be provided to all of them
as part of the project or do they already
have the needed skills?

Instructions for instructor

In planning for research reactor emergencies, one of the challenges is the potentially large number
of organizations that could be involved and the large number of people, down to the local
emergency responders, that may need to be trained. Discuss with the particiapnts the following

questions:
« How will your project handle that?

« Are you considering training everybody in all aspects of emergency management or just
some and on just some key areas?
«If training people is part of the project, then the planners will need to know how many and where
will they come from.

IAEA Training Course for Research Reactor Emergency
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Project Management Plan

e What are the key outputs that must be
achieved?

i
Lok
el
il
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b
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Instructions for instructor

Instruct participants on to pay attention on the following steps:
« Define the intermediate results that must be achieved as part of your project.
 Focus on the ones for which you may be responsible.

« Do not address the national project goals unless you are specifically responsible for their
implementation.

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

Project Management Plan

e Define all the major tasks

o Later, you will need to define subtasks,
but not now!

@
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Instructions for instructor

Give participants more time here. Ask them to draw a diagram showing the different tasks that
will have to be accomplished and how they relate to each other.

IAEA Training Course for Research Reactor Emergency
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Project Management Plan

e Develop a responsibility matrix for the
major tasks

Bk 0 - Propaiabos oF & 5pe0lc BOB Dl

Instructions for instructor
Instruct the participants to:
« Identify who the main project players will be
« Draw a matrix showing who will work on what task
« Show the probable responsible organization and support organization for each task.

IAEA Training Course for Research Reactor Emergency
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Project Management Plan

e Determine an approximate schedule for
your project

Bk 0 - Propaiabos oF & 5pe0lc BOB Dl

Instructions for instructor

Ask participants to:
« Estimate when each task could start and when it should finish
* Be realistic
« To estimate what is the total project time required

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

Project Management Plan

e You will need to estimate the budget
requirement, but this takes time, so we
skip this step

@
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Instructions for instructor
Skip the step because it would take too much time.

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19

Project Management Plan

e How do you plan to address project
control?

= List the key steps and measures that
you would take

Bk 0 - Propaiabos oF & 5pe0lc BOB Dl

Instructions for instructor
Ask the participants the following questions:

< How will you control the project?

« Who will be in charge of controlling the project?

« What will you do if the project gets behind schedule?
« What if the cost becomes too high?

* Who will make those decisions? Be realistic.

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19

Project Management Plan

¢ |dentify five main risks to your project
e Rate as very high, high, medium, low

e [f you have time, think about how you can
minimize those risks

Wi T - Prapaasos of & spe0lc achon plan

Instructions for instructor
Ask the participants to:
« List five major risks.
« Rank them as very high risk, high, medium or low.
Ask them to be prepared to explain why they ranked them this way.

IAEA Training Course for Research Reactor Emergency
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Block No. 4, Module No. 19 Development of a Response Capability

Conclusion

e You now should have the basis for a
project management plan

e Of course, you will need to discuss the
concept and refine the plan

e IEC would like to be informed of your
progress in this task

| ®
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IAEA Training Course for Research Reactor Emergency Response

Tabletop Exercise

Exercise Preparations

Block 5: Tabletop Exercise
Module 20: Exercise Preparations

L earning objectives: Upon completion of this module, the participants will:
» Be informed of the exercise conduct

Tasks:
* to identify rooms used for the exercise
« initial locations of the players

* how the exercise will be controlled

Activity: Lecture, discussion
Duration: 0.5 hr

Materials and equipment needed: Work session notes

References: none
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Block No. 5, Module No. 20 Tabletop Exercise

Ground Rules

e Three rooms for this exercise
= Reactor facility
+ Reactor Control Room at first

+ Facility Emergency Center after Reactor
Hall evacuated

= Off-site Emergency Center
= Standby Room

Bliet i 200 - Ensvinas Poa{s B

L ecture notes:
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Emergency Centers

e On-site and Off-site response teams
report to the appropriate room when
informed of the emergency

» Use phones to contact other response
team

e If phones busy, use runners with written
messages

= Be sure to write time and person to
receive the message on the message

L o
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L ecture notes:
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Block No. 5, Module No. 20 Tabletop Exercise

Phone Numbers

e Facility Emergency Center
e Off-site Emergency Center
e Standby Room

= Hospital

= All other

Wk 201« Enaviies. Prapssbons -

L ecture notes:
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Standby Room

e All participants except operators and one
health physics technician start in the
Standby Room

e Two operators and one health physics
technician start in the Reactor Control
room

L o
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L ecture notes:
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Controllers

e Four Controllers:
= Operators -
= Facility Emergency Response Team -
= Radiological Protection —
m Off-site response team —

Bliet i 200 - Ensvinas Poa{s B

L ecture notes:
Instructor provide the names of the individuals in these positions.
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Evaluators
e Off-site Group -
e Facility Group -

e Overall exercise -

L ecture notes:
Instructor provide the names, the Controllers may also be tasked to evaluate.
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Message Guidance

¢ Announcements to on-site and media to
be written out, with time of the
announcement, signed by the response
team leader, and given to the controller for
that organization

o If the controller doesn’t have a signed
message in writing, it is as if the
information was never distributed

e Please write the messages in English

Bliet i 200 - Ensvinas Poa{s B

L ecture notes:
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Message Guidance, continued

e |ldentify who will receive incoming
messages for the team

= Facility Team
m Off-site Team

e At the Facility who will be in charge of
Radiological Protection?

L ecture notes:
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Other guidance

e Asking for data may not be answered by
your controller if you do not give
instructions to someone to obtain the
information, collecting environmental
monitoring data is one example

e Monitoring results will be delayed for

some time to simulate the actual work to
obtain the information

Bliet i 200 - Ensvinas Poa{s B

L ecture notes:
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Other guidance

e Monitoring teams — when directed to
obtain survey data, inform the
Radiological Protection controller, then
leave the room and wait in the hall outside

e Retain all written materials, such as
worksheets and logbooks

Bliet i 200 - Ensvinas Poa{s B

L ecture notes:
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Initial Facility Conditions

e Reactor operating at full power of 10 Mw

e Tellurium dioxide (180 gm) capsules
installed and have been irradiated for 200
hours

= Irradiation flux — 2E14 n/cm?/sec average
= Capsule heating — 5 watts/gm

e Visitors from local school expected in the
late morning

L o
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L ecture notes:
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Ready, Set, Train!

e The two response teams, facility and off-
site, now have at least 90 minutes to train
themselves, in separate locations, to be a
response team.

L ecture notes:

Train however you feel comfortable. One suggestion is to identify an individual
or team of individuals for each role on the response team that you expect to need
in the response.

I nstructor notes:

Give room assignments for the self-training, and a specific time that the
participants should expect to be prepared to start the exercise. The time while the
responders are training will be used to train the Controllers and Evaluators
(Module 22) which is expected to take about 90 minutes. It may help to select an
individual to be the Facility Response Manager.



Block No. 5, Module No. 20 Tabletop Exercise

Conclusion

e Any questions?

et 201 - Ensvvia Poa{as B 4

L ecture notes:
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IAEA Training Course for Research Reactor Emergency Response

Tabletop Exercise

Controller and Evaluator Training

Block 5: Tabletop Exercise
Module 21: Exercise Controller and Evaluator Training

L ear ning objectives. Upon completion of this module, the participants will:
« Understand the responsibilities of each controller and evaluator

Tasks:
* Describe control of the exercise

» Give guidance to each controller and evaluator

Activity: Lecture, discussion
Duration: 1.5 hr

Materials and equipment needed: Lecture notes, Exercise Manual

References: none
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Ground Rules

e Your copies of the Exercise Guide are not to be
shared with the other players

¢ Notes on actions aren’t very useful unless they
have a time associated with them

¢ Three rooms for this exercise
= Reactor facility
+ Reactor Control Room at first

+ Facility Emergency Center after Reactor Hall
evacuated

m Off-site Emergency Center
= Standby Room

®
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Scenario

e Capsule being irradiated in the reactor
ruptures, release is radio-iodine, some to
the environment

e Alarms and increased radiation levels in
the reactor hall

e Operators expected to shutdown reactor,
isolate the hall, and evacuate

e One of two technicians injured during
evacuation, also is contaminated

o What happens next is up to the
responders

Y
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Expected Immediate Actions

» Expect the operators to:

= contact site emergency response team

= may contact off-site

= may ask for ambulance
» Emergency Response Team may:
interview operators to understand situation
notify all site personnel
may evacuate site staff to assembly areas
contact off-site unless already complete
request ambulance
direct surveys be performed
consider reentry to search for others

L ’
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Expected Actions

o Site subsequent actions could include
= receive and assess survey data
= inform off-site that no risk to public
= try to deal with the reluctant hospital
= consider reentry to assess conditions
m start press release
= send school children back

= notifications to others (school, family of
injured technician)

e 21 - Tabieleg Essrcabs Cordfuton
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Planned Distractions

e Reporters wanting information

¢ Distraught site personnel in Clinic

e Wild rumors on the news

e Distraught wife of injured technician
e Worried school administrator

e Unwanted protective action
recommendations

e Concern for city water supply

e 21 - Tabieleg Essrcabs Cordfuton

IAEA Training Course for Research Reactor Emergency Response 6



Block No. 5, Module No. 21 Tabletop Exercise

Injects

e Follow the Master Event List and release
you information injects on time

e You might want to highlight your inject
actions on the Master Event List

e All injects have a time to initiate
expressed as H:MM after start of the
exercise

Y
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Master Event List

e We are unlikely to change the injects if
they seem inappropriate, but we may
delete some, please consult with the IAEA
Controller if you think that is advisable

e Lets take several minutes to review each
event on the list

e 21 - Tabieleg Essrcabs Cordfuton
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Radiological Protection Coordinator

e Start in the simulated Reactor Control
Room

e Monitoring teams are asked to inform you
when they are directed to perform surveys

e Ask what protective actions they were told
to implement

e Provide the data after several minutes, see
the Injects

e If Section 5 doesn’t have the data, the
readings are background

&
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Operator Controller

¢ No additional support until the operators
tell you who they will call, and place a
phone call to the Standby Room to ask for
that support.

= On-site response team may be a single
call

m Off-site response team may be a single
call, but must be a separate call

e Note if the operators make a
classification, don’t prompt them for one

&)
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Controller with on-site Response Team

¢ Start in the Standby Room, move to the response
team room when the team get notified

e Observe the turnover from the operators, what
information is exchanged

e Note if classification is announced, but don’t
prompt for one

e Response teams asked to write out and sign
announcements and news releases and give
them to you

o Please inform the IAEA controller of significant

announcements to on-site personnel and of any
press release

L C
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Block No. 5, Module No. 21 Tabletop Exercise

Controllers with off-site Response Team

e Start in the Standby Room, move to the response
team room when the teams get notified

¢ Response teams asked to write out and sign
announcements and news releases and give
them to you

¢ Note if the off-site response team is informed of
the emergency class

e Please inform the IAEA controller of
announcements to on-site personnel and of any
press release

L [C
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Reporter

e Be aggressive in asking questions

¢ If you feel comfortable, act as if you don’t
believe the answers to your questions

e At one point, attempt to enter the room
where the response team is working to
ask questions

e If allowed to talk to the facility emergency
team, attempt to talk to the off-site team to
compare information

@)

One individual will be assigned the position of an outside reporter who is
diligently attempting to collect information, but not by subterfuge.
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Concerned Public

e These are:
= Facility Medical Clinic
= Concerned wife of employee
= School

e Work from the Standby Room

o Attempt to use the phone, but if you can’t
connect due to busy phones, provide the
inject to the controller associated with the
group you are trying to contact

@)

One person will actually play three roles with phone calls or communication
through the Controllers. The injects are far enough apart in time that this
shouldn’t cause conflicts.
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Hospital Simulator

e Work from the Standby Room

* No hospital support will be provided until
Inject 190 at T+2:10, same for ambulance
transport

e Only provide support if site agrees to the
conditions listed in Inject 190

Y
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This role may be the same person playing the three roles of Concerned Public.
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Critique

e Prompt and brief critique after the
exercise

e More detailed critique Friday morning

= Please prepare written comments for
this, be thoughtful and objective

e The responders may be asked to deliver a
press briefing within a specific time after
the end of the exercise.

Y
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Presentation of the press briefing will depend on amount of time available.
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Conclusion

e Any questions?

&)
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