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PREFACE

The situation with respect to hazardous materials has changed very much in the last 20 years.
For example, the sophistication of spill modeling has increased significantly. During the same
time, however, the technology for cleaning up chemical spills has changed little. This variance is largely a reflection of technological changes in society as well as funding levels for
research into hazardous materials spills.
Hazardous materials have been and will continue to be articles of commerce that, when
used correctly, provide many of the materials that are an everyday part of our high standard
of living. When hazardous materials are properly handled, they pose no threat or danger.
Unfortunately, no matter how careful the planning and how great the care, accidents will
occur. It is then critical that we minimize the effects of such accidents on the population
and the environment. This can only be done by applying the best available knowledge and
technology to the problem.
Systematic work in developing methodologies for containment and mitigation of hazardous materials began in about 1970. Funding for these efforts has been variable since that
time. After major, publicized accidents have occurred in an area, funding increases and then
wanes as the attention of the public and funders is focused on other problems. It is very
important then to capture the knowledge and developments of an era so that they can be
transmitted to the next group of spill responders to focus their attention on problems with
hazardous materials spills. This Handbook will, we hope, fulfill that role.
This Handbook would not be possible without the many contributors and the efforts of
the more than 100 persons who reviewed papers. The contributors represent the world’s
foremost experts in their fields and bring a great wealth of experience to this Handbook.
This expertise is now made available to a broad range of Handbook users and will improve
our capability for planning and conducting response to hazardous material incidents.
Merv Fingas, Ph.D.
Editor-in-Chief
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RESPONSE TO ACCIDENTAL
MARINE POLLUTION—A REGIONAL
PERSPECTIVE
Stefan Micallef
Regional Marine Pollution Emergency,
Response Centre for the Mediterranean Sea (REMPEC),
Manoel Island, Gzira, Malta

1.1

INTRODUCTION
In March 1967, the tanker Torrey Canyon ran aground off the coast of Cornwall in the
southwest of England, spilling some 120,000 tons of oil into the sea (IMO, 1997a). It was
the biggest marine pollution disaster in history at the time. Perhaps for the first time, the
general public was made aware of the threat the marine transport of oil and other products
poses to the marine environment.
Since the Torrey Canyon spill, the spate of accidents that have occurred shows that the
threat from accidental marine pollution remains (Amoco Cadiz, 1978, off Brittany, France;
Kark V, 1989, off the Atlantic coast of Morocco; Exxon Valdez, 1989, Prince William Sound,
Alaska, U.S.A.; Haven, 1991, Genoa, Italy; Braer, 1993, Shetland Islands, U.K.; Sea Empress, 1996, Milford Haven, Wales, U.K.; and Erika, 1999, off Brittany, France).
Although accidents involving the marine transport of oil are recognized as a major threat
to the marine environment, concern has also been growing about accidental marine pollution
arising from events involving substances other than oil. This concern arises from the fact
that many of these substances are far more dangerous to the marine environment on a weightfor-weight basis. Many of the substances carried in bulk form are transported in tankers
specially designed for the purpose, and although they are generally smaller than oil tankers,
the vessels can carry various substances at the same time, each having different chemical
properties.
Chemical substances are also carried in packages such as drums, intermediate bulk containers, and portable tanks. Again, the environmental threat that these substances represent
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bears no relation to the size of the unit in which they are carried. This is, in fact, one reason
why some of these substances are not carried in bulk, but only in package form.

1.2

GLOBAL INITIATIVES FOR DEALING WITH ACCIDENTAL
MARINE POLLUTION
The Torrey Canyon incident raised certain questions about the measures then in place to
prevent oil pollution from ships. It also made the world aware of the inadequacies for providing compensation following accidents at sea. For the next few years, initiatives were taken
to find solutions to these questions (IMO, 1989), mainly through the International Maritime
Organization (IMO), at the time known as the Inter-Governmental Maritime Consultative
Organization (IMCO).
In 1969, the IMO adopted two Conventions. The first, the International Convention Relating to the Intervention on the High Seas, dealt with the rights of nations to take action to
prevent, mitigate, or eliminate the danger of oil pollution accidents involving foreign flagged
ships outside their territorial waters. It entered into force in 1975. A Protocol extending the
Convention to other hazardous substances entered into force in 1983. The second, the International Convention on Civil Liability for Oil Pollution Damage (CLC 69), established a
system for providing compensation to victims of oil pollution damage, placing strict liability
upon the owner of the ship from which oil was lost.
The 1969 CLC Convention was supplemented by another Convention in 1971, the International Convention on the Establishment of an International Fund for Compensation for Oil
Pollution Damage (Fund 71), which was intended to provide further compensation to victims
of oil pollution since, although CLC 69 placed the burden of compensation on the ship
owner, at the same time it limited the compensation payable. The Fund provided further
compensation when the limits laid down by the CLC 69 were exceeded. The Convention
entered into force in 1978.
These two Conventions were updated in 1992 by Protocols that increased the compensation limits and broadened the scope of the two instruments. These amended conventions
are usually termed 1992 CLC and the 1992 Fund Convention. They entered into force in
May 1996.
At the same time, the IMO was also urging governments to establish arrangements for
dealing with oil pollution accidents (IMCO, 1969). In November 1968, its Assembly adopted
three important interrelated resolutions:
1. Resolution A.148 (ES.IV), National Arrangements for Dealing with Significant Spillages
of Oil
2. Resolution A.149 (ES.IV), Regional Co-operation in Dealing with Significant Spillages
of Oil
3. Resolution A.150 (ES.IV), Research and Exchange of Information on Methods for Disposal of Oil in Cases of Significant Spillages
In 1969, the first regional agreement for cooperation in combating oil pollution in case
of emergency was adopted by the coastal states of the North Sea (Bonn Agreement). This
originated following the grounding of the Torrey Canyon. The concern that pollution arising
from maritime accidents should be mitigated by cooperative action between neighboring
states was again reiterated by the IMO in its November 1979 Assembly Resolution A.448
(XI), by which governments were urged first to develop or improve national contingency
arrangements to the extent feasible and secondly to develop, as appropriate, joint contingency
arrangements at a regional, subregional, or sectoral level or on a bilateral level (IMO, 1979).
The grounding of the tanker Exxon Valdez near the Alaskan coast in 1989 revealed once
again the need for responding immediately to oil spills. One result of the disaster was the
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adoption of the IMO’s International Convention on Oil Pollution Preparedness Response and
Cooperation (OPRC), 1990, which came into force in May 1995 (IMO, 1994). The aim of
the Convention was to provide a global framework for international cooperation and mutual
assistance in dealing with major oil pollution threats.
The international conference, which adopted the Convention in November 1990, also
adopted a number of resolutions, one of which related to the expansion of the scope of the
convention to include hazardous and noxious substances. A diplomatic conference in March
2000 adopted a Protocol on Preparedness, Response and Co-operation to Pollution Incidents
by Hazardous and Noxious Substances, 2000 (OPRC-HNS 2000 Protocol).
The initiatives by the IMO to tackle pollution were not taken in a vacuum. By the early
1970s, the world had come to realize the problems of the environment and, as a consequence,
environmental concern was also increasing. There was also a general feeling that pollution,
in particular marine pollution, should be tackled at an international level (IMO, 1992). This
global concern culminated in the organization of the United Nations Conference on the
Human Environment (UNCHE) in Stockholm in 1972. Of particular relevance to the issue
of international cooperation and mutual assistance to abate marine pollution was the recommendation for governments to take early action to adopt ‘‘effective national measures for
the control of all significant sources of marine pollution and concentrate and coordinate their
actions regionally and where appropriate on a wider international basis.’’ The Stockholm
conference also led to the establishment of the United Nations Environment Programme
(UNEP).
The United Nations Conference on Environment and Development (UNCED), held 20
years later in Rio de Janeiro, Brazil, rekindled public interest in the environment. The conference adopted two conventions: one on biological diversity and the second on climatic
change. It also adopted the Rio Declaration on Environment and Development and Agenda
21.
The Rio Declaration contained a set of sixteen principles directed at achieving environmentally sustainable development. The ones often considered of particular significance are
the principles of ‘‘sustainable development’’ (Principle 1), the ‘‘precautionary approach’’
(Principle 15) and the ‘‘polluter should pay’’ (Principle 16). Agenda 21, which elaborates
more fully on the Rio Declaration, is a comprehensive plan of action for the global community containing numerous chapters. Chapter 17 of Agenda 21 deals with protection of the
oceans. Chapter 39 has a specific objective that, through global and multilateral negotiated
agreements, international standards for the protection of the environment that take into account the different situations, capabilities, needs, and concerns of all countries, developed
and developing, should be promoted (IMO, 1993a).
The United Nations Convention on the Law of the Sea (UNCLOS), which entered into
force on November 16, 1994, is considered to provide the umbrella or common framework
for the development of laws and policies for managing the oceans (Matthews, 1992). This
Convention expressly recognizes regional cooperation on marine environmental protection
and management in cases of accidental marine pollution. Article 198 provides that when a
state becomes aware of cases in which the marine environment is in danger of being damaged
or has been damaged by pollution, it must immediately notify states likely to be affected by
such damage and competent international organizations. Article 199 provides that affected
States shall cooperate with the competent international organizations, to the extent possible,
in eliminating the effects of pollution and preventing or minimizing the damage (IMO,
1997b). States are further required to jointly develop and promote contingency plans for
responding to marine pollution incidents. The regional agreements developed for combating
accidental marine pollution underline these principles.

1.3

UNEP’S REGIONAL SEAS PROGRAMME
A direct result of the Stockholm conference was the decision in December 1972 by the
United Nations General Assembly to establish, in 1973, the United Nations Environment
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Programme. The Governing Council of UNEP subsequently identified ‘‘Oceans’’ as one of
its priority areas in which efforts would be focused and activities developed (Jeftic, 1992).
The Governing Council of UNEP also endorsed a regional approach to the control of
marine pollution and management of marine coastal resources and requested that regional
action plans be developed. As a consequence, UNEP’s Regional Seas Programme was initiated in 1974. The major objective of the program was to promote regional marine pollution
control programs in areas that, for geographical, ecological, or political reasons, were perceived to have common elements and therefore give rise to a regional entity (Hulm, 1983a;
Jeftic, 1992).
The program has steadily grown and today covers almost the whole marine global environment, as shown in Fig. 1.1. Among the different sea areas covered by regional programs
of action are the Mediterranean, Red Sea and Gulf of Aden, Kuwait Region, Wider Caribbean, West and Central Africa, East Asian Seas, South Pacific, and Black Sea.
The approach taken in developing UNEP’s Regional Seas Programme is an action plan
tailored to the needs and priorities of a region, but it can also be applied to other regions
(Hulm, 1983b; Manos, 1991).
A regional action plan is built on five interdependent components:
1. Environmental assessment where an assessment of the state of marine environment is
made through a continuous coordinated pollution research program and exchange of information to identify the problems that need priority attention in the region.
2. Environmental management involving integrated planning activities related to developing
and managing coastal areas aimed at controlling and preventing problems.
3. A legal component consisting of an umbrella Convention embodying the general commitments of the parties to the Convention, supported by technical and specific Protocols
dealing with individual issues such as: preparedness and response to accidental marine
pollution, dumping, seabed activities, all of which are aimed at strengthening cooperation
among states in managing the regional pollution problems identified and committing the
states to an active program, beyond mere declarations. By ratifying a protocol, a state
accepts more specific areas of pollution control.
4. An institutional component consisting of regular meetings of contracting parties to the
regional convention, which provides an intergovernmental forum for consultation and

FIGURE 1.1 Regionalization of the oceans.

(Source: The Siren, 1991).
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decision making and a regional coordinating mechanism consisting of a coordinating unit
and / or regional activity centers that service specific programs and act as a secretariat for
the action plan or parts of it.
5. A financial component that provides the back-up for the other four parts and ensures the
continuity of the action plan with funds earmarked for it.
As the United Nations’ specialized agency concerned with the prevention of pollution
from ships, the IMO plays an important contributory role in UNEP’s Regional Seas Programme (IMO, 1997b).

1.4

THE MEDITERRANEAN ACTION PLAN (MAP)
Following a sequence of pleas in the early 1970s for remedial action on an overall Mediterranean scale, including recommendations emerging from various political and technical
conferences, one of the first initiatives under UNEP’s Regional Seas Programme was assistance to the Mediterranean countries (Saliba, 1989). An intergovernmental meeting held in
Barcelona in 1975 approved an action plan for the protection of the Mediterranean Sea within
UNEP’s Regional Seas Programme and called for a legal framework to be prepared. This
action, the Mediterranean Action Plan (MAP), was the first of its kind and has served as a
model for establishing regional action plans elsewhere.
The following year in Barcelona, the Convention for the Protection of the Mediterranean
Sea against Pollution, known as the Barcelona Convention, was adopted by 16 coastal states
as well as the European Economic Community, together with two Protocols—one against
dumping from ships or aircraft and the other for cooperation in cases of pollution emergencies.
To date, within the framework of the Barcelona Convention, six Protocols have been
adopted, four of which are in force. These cover the following areas of the protection of the
marine environment:
1.
2.
3.
4.
5.
6.

Limitation of dumping at sea
Cooperation in cases of marine pollution emergencies
Protection from land-based sources of pollution
Protection of special marine areas and biodiversity
Control of pollution from offshore activities
Prevention of pollution caused by transboundary movements of hazardous wastes

The Secretariat’s functions were assigned to UNEP that established a dedicated coordinating unit in July 1982 for the whole of the Mediterranean Action Plan, which was hosted
by Greece in Athens (Hulm, 1983b). Apart from its secretariat function, it is also responsible
for planning, organization, information, and cooperation with intergovernmental and nongovernmental organizations. In addition, regional activity centers (RACs) dealing with specific components of the Mediterranean Action Plan have been set up. To date, the following
have been established:

•
•
•
•

Blue Plan Regional Activity Centre (BP / RAC), Sophia Antipolis, France
Priority Actions Program Regional Activity Centre (PAP / RAC), Split, Croatia
Specially Protected Areas Regional Activity Centre (SPA / RAC), Tunis, Tunisia
Regional Marine Pollution Emergency Response Centre for the Mediterranean Sea (REMPEC), Malta.
• Historic Sites Secretariat (RAC / APVM), Marseilles, France

TABLE 1.1 Status of Ratification of the Barcelona Convention and its related Protocols as of 17 February 2000

Barcelona
Conventiona
Contracting Parties
Albania
Algeria
Bosnia and Herzegovina
Croatia
Cyprus
European Community
Egypt
France
Greece
Israel
Italy
Lebanon
Libya
Malta
Monaco
Morocco
Slovenia
Spain
Syria
Tunisia
Turkey

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Acceptance
of
amendments

X
X

X
X

X
X

Dumping
Protocolb

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Acceptance
of
amendments

X
X

X
X
X
X
X

Emergency
Protocolc

Land-based
sources
Protocold

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Acceptance
of
amendments

X
X
X
X
X

Specially
protected
areas
Protocole

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

SPA and
biodiversity
Protocol f

Offshore
Protocolg

Hazardous
wastes
Protocolh

X

X

X
X

X
X

X

X

X

X
X
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TABLE 1.1 Status of Ratification of the Barcelona Convention and its related Protocols as of 17 February 2000 (Continued )
Source: UNEP, 2000.
a
Convention for the Protection of the Mediterranean Sea against Pollution
Adopted (Barcelona):
16 February 1976
Entry into force:
12 February 1978
b
The Protocol for the Prevention of Pollution of the Mediterranean Sea by Dumping from Ships and Aircraft
(Dumping Protocol)
Adopted (Barcelona):
16 February 1976
Entry into force:
12 February 1978
c
The Protocol concerning Co-operation in Combating Pollution of the Mediterranean Sea by Oil and other Harmful
Substances in Cases of Emergency (Emergency Protocol)
Adopted (Barcelona):
16 February 1976
Entry into force:
12 February 1978
d
The Protocol for the Protection of the Mediterranean Sea against Pollution from Land-based Sources (LBS Protocol)
Adopted (Athens):
17 May 1980
Entry into force:
17 June 1983
e
The Protocol concerning Mediterranean Specially Protected Areas (SPA Protocol)
Adopted (Geneva):
3 April 1982
Entry into force:
23 March 1986
f
The Protocol concerning Specially Protected Areas and Biological Diversity in the Mediterranean (SPA & Biodiversity Protocol)
Adopted (Barcelona):
10 June 1995
Entry into force:
—
g
Protocol for the Protection of the Mediterranean Sea against Pollution resulting from Exploration and Exploitation
of the Continental Shelf and the Seabed and its Subsoil (Offshore Protocol)
Adopted (Madrid):
14 October 1994
Entry into force:
—
h
Protocol on the Prevention of Pollution of the Mediterranean Sea by Transboundary Movements of Hazardous
Wastes and their Disposal (Hazardous Wastes Protocol)
Adopted (Izmir):
1 October 1996
Entry into force:
—
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TABLE 1.2 Examples of Regional Arrangements / Agreements for Co-operation in Combating Accidental Marine Pollution

Region
North Sea

Nordic Area

Baltic Sea Area

Legal instrument
Agreement for Co-operation
in Dealing with Pollution
of the North Sea by Oil
and by other Harmful
Substances (Bonn
Agreement).
Agreement between
Denmark, Finland,
Norway and Sweden
concerning Co-operation
in Measures to Deal with
Pollution of the Sea by
Oil (Copenhagen
Agreement).
Convention on the Protection
of the Marine
Environment of the Baltic
Sea Area (Helsinki
Convention), 1974: Annex
VI — Co-operation in
Combating Marine
Pollution.

Date of entry
into force

States involved /
contracting parties

August 1969

Belgium, Denmark, E.C.,
France, Germany,
Netherlands, Norway,
Sweden, U.K.

September 1991

Denmark, Finland,
Norway, Sweden

May 1980

Denmark, Estonia, E.C.,
Finland, Germany,
Latvia, Lithuania,
Poland, Russia, Sweden

Organization
responsible for
secretariat duties
Secretariat of the
OSPAR
Commission,
London, U.K.

Remarks
1969 Agreement replaced
by the 1983 Agreement
which entered into force
in 1989.
No organization
responsible for
secretariat duties but
direct cooperation
between governments.

Baltic Marine
Environment
Protection
Commission,
Helsinki, Finland

1974 Convention replaced
by the 1992 Helsinki
Convention which
entered into force in
2000.
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TABLE 1.2 Examples of Regional Arrangements / Agreements for Co-operation in Combating Accidental Marine Pollution (Continued )

Region

Legal instrument

Date of entry
into force

States involved /
contracting parties

Organization
responsible for
secretariat duties

Mediterranean Sea

Protocol concerning Cooperation in Combating
Pollution of the
Mediterranean Sea by Oil
and other Harmful
Substances in Cases of
Emergency.

February 1978

All Mediterranean coastal
states and E.C.

UNEP performs
secretariat
functions through a
Co-ordinating Unit
for the
Mediterranean
Action Plan based
in Greece

Kuwait Action
Plan Region

Protocol concerning
Regional Co-operation in
Combating Pollution by
Oil and other Harmful
Substances in Cases of
Emergency.

June 1979

Bahrain, Iran, Iraq, Kuwait,
Oman, Qatar, Saudi
Arabia, United Arab
Emirates

West and Central
African Region

Protocol concerning Cooperation in Combating
Pollution in Cases of
Emergency.

August 1984

Cameroon, Congo, Gabon,
Gambia, Ghana, Guinea,
Ivory Coast, Nigeria,
Senegal, Togo
Signatories: Benin, Liberia,
Mauritania

Regional Organization
for the Protection
of the Marine
Environment
(ROPME) performs
secretariat
functions based in
Kuwait
UNEP performs
secretariat
functions through
Co-ordinating Unit
based in the Ivory
Coast

Remarks
The Regional Marine
Pollution Emergency
Response Centre for the
Mediterranean Sea
(REMPEC) was
established in 1976 to
assist the parties with
their commitments under
the Protocol.
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TABLE 1.2 Examples of Regional Arrangements / Agreements for Co-operation in Combating Accidental Marine Pollution (Continued )

Region
Wider Caribbean
Region

Legal instrument
Protocol concerning Cooperation in Combating
Oil Spills in the Wider
Caribbean.

Date of entry
into force
October 1986

States involved /
contracting parties
Antigua and Barbados,
Bahamas, British Virgin
Islands, Cayman Islands,
Costa Rica, Colombia,
Cuba, Dominica,
Dominican Republic,
France, Grenada,
Guadeloupe, Guatemala,
Guyana, Jamaica,
Martinique, Mexico,
Netherlands, Netherlands
Antilles, Panama, Puerto
Rico, St. Croix, St.
Lucia, St. Vincent & the
Grenadines, Trinidad &
Tobago, U.K., U.S.A.,
Venezuela, E.C.

Organization
responsible for
secretariat duties
UNEP performs
secretariat
functions through a
Co-ordinating Unit
based in Jamaica

Remarks

1.12

The Caribbean countries
drafted a Sub-Regional
Oil Spill Contingency
Plan for the Islands,
States, and Territories of
the Wider Caribbean
Region (St. Lucia, May
1984) — the
‘‘Caribbean Plan,’’ which
was updated in
November 1992 at a
meeting convened by
IMO — the Caribbean
Island OPRC
Contingency Plan. The
Regional Marine
Pollution Emergency
Information and Training
Centre for the Wider
Caribbean (REMPEITC
— Caribbean) was
opened in June 1995
under the management
of UNEP — CAR / RCU
and IMO with support
from the Netherlands
Antilles, the
Netherlands, and the
U.S.A.

TABLE 1.2 Examples of Regional Arrangements / Agreements for Co-operation in Combating Accidental Marine Pollution (Continued )

Date of entry
into force

States involved /
contracting parties

Region

Legal instrument

Northeast Atlantic

Agreement for the Protection
of the coasts and waters
of the Northeast Atlantic
against pollution.

Signed October
1990

Portugal, France, Spain,
Morocco, E.C.

Denger Plan

Joint Maritime Contingency
Plan for Oil Combating
revised in February 1993
following its extension to
hazardous substances.

September 1982

Germany, Denmark

Manche Plan

Anglo-French Joint Maritime
Contingency Plan.

May 1978

France, U.K.

Organization
responsible for
secretariat duties
See remarks

Remarks

1.13

Centre International de
Lutte contre la Pollution
de l’Atlantique du N.E.
(CILPLAN) performs
the secretariat duties as
well as the role of an
emergency coordinating
center.
Its area of application is
the German Bight and
Western Baltic Sea, and
it is aimed at increasing
the effectiveness of
contingency
arrangements already in
place.
Its area of application is
the English Channel or
the ‘‘Manche.’’ The plan
sets out how a joint
zone of responsibility
should be exercised for
incidents where both
parties are to be
affected. The plan
covers both counterpollution and searchand-rescue operations.

TABLE 1.2 Examples of Regional Arrangements / Agreements for Co-operation in Combating Accidental Marine Pollution (Continued )

Date of entry
into force

States Involved /
contracting parties

Region

Legal instrument

Waters of mutual
interest to
Canada and the
U.S.A.

Canada / U.S. Joint Marine
Pollution Contingency
Plan for Spills of Oil and
other Noxious Substances.

June 1974

Canada and U.S.A.

Bering and
Chukchi Seas

U.S. / U.S.S.R. Joint
Contingency Plan against
Pollution in the Bering
and Chukchi Seas.

August 1989

U.S.A., U.S.S.R.

Source: Beer-Gabel, 2000; IMO, 1985, 1992; OTSOPA, 1995; Skinner and Reilly, 1990; Transport Canada, 1974.

Organization
responsible for
secretariat duties

Remarks
The Canada / U.S. Joint
Marine Pollution
Contingency Plan is the
basis for all contingency
planning and emergency
response activities along
the maritime boundaries
of the United States and
Canada and includes the
following areas: the
Atlantic Coast, the
Pacific Coast, the
Beaufort Sea, the Dixon
Entrance of the Pacific
Coast, and the Great
Lakes.
The joint contingency plan
resulted from the U.S.
Coast Guard-headed
project entitled
‘‘Prevention and Cleanup of Pollution of the
Marine Environment
from Shipping’’ under a
U.S. / U.S.S.R.
environmental
Agreement.
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• Environmental Remote Sensing Regional Activity Centre (ERS / RAC), Palermo, Italy
• Regional Activity Centre for Cleaner Production (CP / RAC), Barcelona, Spain
Whereas all RACs are national centers that take on a regional dimension, REMPEC has
the status of a UN duty station.
Internal coordination at country level is affected by a MAP national focal point, while
national authorities might also be designated as focal points to maintain liaison with individual components of the Plan.
Up to 1978, the MAP was financed mainly from UNEP’s Environment Fund with contributions in cash and kind from UN specialized agencies, as well as from other sources.
Since 1979, the main cost has been borne by the governments of the region, who contribute
in agreed proportions, based on the UN scale, to a Mediterranean Trust Fund (MTF). United
Nations specialized agencies also contribute, together with governments hosting regional
activity centers that cover part of the cost of hosting these centers in addition to their regular
contributions to the MTF.
The introduction of the concept of sustainable development with the approach of the Rio
Conference in 1992 led the member states of the Barcelona Convention to draw up an
Agenda 21 for the Mediterranean (Vallega, 1995). This concept adapted to the Mediterranean
context forms an integral part of the objectives of the MAP. In Barcelona in June 1995, the
Mediterranean Action Plan, which was adopted in 1975, was replaced by the Action Plan
for the Protection of the Marine Environment and the Sustainable Development of the Coastal
Areas of the Mediterranean (renamed MAP Phase II) by the Contracting Parties at a Conference of Plenipotentiaries, which also adopted priority fields of activities for the period
1996–2005 (UNEP, 1997a,b).
As a consequence, the legal instruments have been updated to reflect and ensure coherence
with the progress made in international environmental law. The Barcelona Convention was
itself thoroughly amended in June 1995 by the same Conference of Plenipotentiaries, while
the Dumping Protocol was made more stringent and the Protocol on Specially Protected
Areas was extended to include biodiversity. The Protocol dealing with Cooperation in Cases
of Emergency is currently under review to include the prevention of pollution by ships. The
status of ratification by contracting parties to the Barcelona Convention and its related protocols is shown in Table 1.1.

1.5

REGIONAL AGREEMENTS ON PREPAREDNESS FOR AND
RESPONSE TO ACCIDENTAL MARINE POLLUTION
In most sea areas covered by UNEP’s action plans, a technical protocol has been adopted
providing the legal basis for international cooperation and mutual assistance in combating
pollution aimed at mitigating the effects of accidents involving spills (IMO, 1985).
The regional approach of UNEP-sponsored agreements on cooperation in combating accidental marine pollution finds its basis in the 1969 North Sea Agreement, which was also
a forerunner of other non-UN regional arrangements or agreements, namely the Helsinki
Convention (Hulm, 1983a).
Furthermore, a number of bilateral operational agreements based on the same principles
found in regional agreements have been established between neighboring countries. Table
1.2 gives examples of such arrangements or agreements.
By pooling resources and expertise, these types of agreements provide a cost-effective,
immediate way of responding to a major spill that cannot be dealt with by any one country
on its own.
Furthermore, these agreements provide a legal framework that facilitates:
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• Early notification of a pollution incident
• Continuous exchange of information at the preparedness and response phases
• Mutual assistance between neighbouring countries
The common elements to these regional agreements (IMO, 1985) are briefly described
below under the following headings:

•
•
•
•
•
1.5.1

Pollution reporting
Mutual assistance
National response capability
Information exchange
Institutional arrangements

Pollution Reporting

A fundamental feature for the success of a regional agreement is the notification between
contracting parties when one party learns of incidents that may affect other contracting
parties. All regional agreements include this obligation. They also include the undertaking
that a state party to the agreement will instruct masters of ships flying its flag, pilots of
aircraft, and, in some cases, offshore operators under its jurisdiction to report to it marine
pollution incidents, or to other contracting states likely to be affected by such incidents.
Pollution incident reporting procedures, as well as the standard message formats, have to
be established to ensure the rapid transmission of information and requests for assistance.
With a view to harmonizing pollution reporting systems, a standard alert message format
(POLREP) has been developed, which is used within a number of regional agreements (IMO,
1995).

1.5.2

Mutual Assistance

Regional agreements contain an undertaking that coastal states party to the agreement use
their best endeavors to assist other parties that may request assistance in a marine pollution
incident. The term best endeavors is generally found to embrace a valuable concept facilitating cooperation, without which there may be a reluctance to negotiate practical arrangements for fear of incurring unacceptable responsibilities and obligations. This is important
in regions where the national response capabilities are limited and there is an imbalance in
response capability among coastal states. This caveat also implies that an affected state has
to assess the situation and determine the kind of assistance that should be requested.

1.5.3

National Response Capability

A national response capability is a prerequisite without which regional agreements and mutual assistance would be ineffective. Many agreements require contracting states to establish
and maintain the means to respond to accidental marine pollution. The development of
regional agreements has served to encourage the development of national response systems
and contingency plans of contracting parties, with regional agreements serving as a supplement to, rather than a substitute for the national response capability of an individual coastal
state.
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Information Exchange

Regional agreements provide that contracting states exchange information and keep each
other informed on:

• The competent national authorities responsible for implementing the regional agreement

and in charge of preparedness for and response to accidental marine pollution and for
providing mutual assistance, which could be different from the former authority
• Means available for international assistance
• Technological developments in the field of responding to accidental marine pollution
• Operational procedures, guidelines, and regulations put in place relating to preparedness
for and response to marine pollution incidents

1.5.5

Institutional Arrangements

All regional agreements are embodied by a treaty that is either an independent legal instrument (e.g., the Bonn Agreement) or part of a comprehensive umbrella Convention, as is the
case with UNEP’s Regional Seas Programme (e.g., Protocol to the Barcelona Convention
dealing with Co-operation in Cases of Emergency). All agreements provide for regular meetings of contracting parties, the purpose of which is to monitor the implementation of the
agreement, decide on financial matters related to its implementation, consider revisions or
amendments to the agreement, and provide guidance to the secretariat.
Functions of the secretariat are provided primarily by existing organizations, e.g., UNEP
in the case of the Barcelona and Cartagena Conventions, or by a regional organization either
established or designated by the Convention, e.g., Helsinki Commission; Regional Organization for the Protection of the Marine Environment (ROPME).
In some instances, to support the operational and technical aspects of the regional agreement, a regional center or coordinating unit has also been established (e.g., Marine Emergency Mutual Aid Centre [MEMAC], established in 1983 in Bahrain for the Gulf Region).
Centers of this type do not have the resources (equipment and personnel) to carry out operational response at the site of an incident.
A few of the regional agreements have established permanent working groups of experts
for the exchange of information on scientific operational and technical matters. These work
by correspondence or meet periodically, e.g., the Bonn Agreement Working Group on
Operational, Technical and Scientific Questions concerning Counter Pollution Activities
(OTSOPA). Conclusions from such meetings are reported to the meetings of contracting
parties for approval and any action is incorporated in the workplan of the regional agreement.

1.6

THE MEDITERRANEAN SEA
The Mediterranean Sea consists of a series of interconnecting and adjacent seas (Jeftic et
al., 1990), with two major basins, an eastern and a western one. The western basin (approximately 0.85 million km2) consists of the Alboran Sea, the Algero-Provençal basin, the
Ligurian Sea, and the Tyrrhenian Sea, while the eastern basin (about 1.65 million km2)
consists of the Adriatic Sea, the Ionian Sea, the Aegean Sea, and the Levant. These are
shown in Fig. 1.2.
The Mediterranean Sea lies 46⬚N, 30⬚N, 6⬚W, and 36⬚E and is bordered by the African,
Asian, and European continents. It is sometimes described as a tideless seawater pool. The
surface water current system of the Mediterranean shows a migration of Atlantic water
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FIGURE 1.2 The Mediterranean Sea.

(Source: European Environmental Agency, 1999).

entering from the Straits of Gibraltar towards the east with numerous spin-off eddies and the
generation of local current systems due to the complexity of the topography and the presence
of islands (Fig. 1.3). The return of the Mediterranean water is by way of the Levantine
intermediate water for the most part and deep water flowing from east to west and exiting
over the Gibraltar sill below the incoming Atlantic surface water jet (European Environment
Agency, 1999; Jeftic et al., 1990). Some basic features of the Mediterranean Sea are outlined
in Table 1.3.
From the point of view of international relations, the region is enclosed by the three
continents of Asia, Africa, and Europe with the coastal states belonging to different political
affiliations, such as the Arab League, European Union, and the Organisation of African Unity.
The economic status of these states is also quite heterogenous, some being developed while
others are developing or in transition.

FIGURE 1.3 Major circulation patterns in the Mediterranean Sea.

(Source: Pinardi et al., 1997).
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TABLE 1.3 Characteristics of the Mediterranean Sea Basin

Coastline

(including islands)
(excluding islands)
Surface area
30% of total surface area
20% of total surface area
Volume (total)
50% of total volume
1.5% of total volume
Average depth
Maximum length (Gibraltar–Syria)
Maximum width (France–Algeria)
Turnover time
Salinity
Bottlenecks
Straits of Gibraltar
Straits of Boniface
Sea of Marmara (by the Dardanelles)
Suez Canal
High density of merchant traffic
Special Area under MARPOL 73 / 78

46,267 km
26,993 km
2.5 ⫻ 106 km2
0.7% of world maritime surface
contained in 2000–3000 m depth contour
contained in less than 200 m depth contour
3.7 ⫻ 106 km3
contained 2000—3000 m depth contour
contained in less than 200 m depth contour
1500 m
3800 km
900 km
80 years
Surface water: slightly above 36%
Deep water: 38.4–39%
15 km wide and 290 m deep
450 m to 7.4 km wide and 55 m deep
365–300 m max width and depth dredged to
19.5–20 m
Annex I—Regulations for the Prevention of Pollution by Oil

Source: Lloyd’s, 1991; Jeftic et al., 1990.

1.7

ESTIMATES OF SEABORNE TRAFFIC
Among the world oceans, the density of maritime traffic in the Mediterranean is particularly
significant. Some documented estimates of seaborne traffic are:

• Excluding vessels that are in seaports for any reason, 1,500 cargo vessels of over 150 grt
sail the Mediterranean Sea at any one time (IMO, 1990)

• 200 vessels (ferries, passenger ships, and warships) navigate the Mediterranean Sea at the

same time (IMO, 1990)
• 2,000,000 commercial ships over 100 grt cross the Mediterranean annually and about 2,000
of these ships, of which 250 to 300 are oil tankers, are at sea at any moment (UNEP,
1989; World Bank / European Investment Bank, 1990)
A recent study has shown that a daily average of 1,900 commercial vessels ply the
Mediterranean Sea routes or call at Mediterranean ports (Dobler, 1997). This number is
distributed among 490 cargo-carrying vessels: 129 tankers, 232 bulk carriers, and 129 general
cargo vessels; and 1,400 passenger ships and car ferries. Based on these figures, it was also
estimated that about 30% of the cargo-carrying vessels were in ports, either loading or
unloading cargoes or waiting for repairs, and the remaining 70% were at sea, loaded or in
ballast.
Specific areas in the Mediterranean that might have a bearing on the accident potential
in the region are the so-called bottlenecks:
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•
•
•
•

Straits of Gibraltar
Suez Canal
Dardanelles / Sea of Marmara / Bosphorus complex
Strait of Boniface

Although traffic transiting the Mediterranean Sea from the Atlantic through the Strait of
Gibraltar, from the Black Sea through the Bosphorus, and from the Red Sea through the
Suez Canal, might have no direct economic impact on Mediterranean commercial ports, from
the point of view of contributing to the risk of an accident, this traffic cannot be ignored.
Table 1.4 gives a breakdown of the transits for the Suez Canal in recent years. It has also
been estimated that for 1991, 3,549 oil tankers transited the Suez Canal: 1,910 were directed
southbound; and 1,639 were directed northbound (INTERTANKO, 1992).
Another significant bottleneck is the Dardanelles / Sea of Marmara / Bosphorus complex,
which opens into the Aegean Sea in the northeast Mediterranean. The Bosphorus is a unique
waterway in that, while it is bound by the same country, it is in fact an international waterway. Passage through this waterway is regulated by the applicable Conventions of the 1963
Montreux Convention and Article 23 of the 1923 Lausanne Treaty of Peace and by the straits
regime of the 1982 UNCLOS Convention in relation to matters falling outside the scope of
the two previously mentioned Conventions.
Over the years, there has been a significant increase in traffic. In 1938, an average of 15
ships per day navigated the waterway. This rose to 125 per day in 1995 and 137 in 1996
(Lloyd’s, 1997b). Furthermore, it is estimated that at least one large LPG carrier passes
through each week (Lloyd’s, 1994a).
According to the Bosphorus traffic control center, 38,400 vessels passed through this
stretch of water in 1994 (Lloyd’s, 1995a), and figures as high as 42,000 vessels per annum
have been reported (Lloyd’s, 1995b). The urban commuter traffic must be added to these
numbers. It is estimated that 1,300 craft daily carry more than 1.5 million people between
Istanbul’s European and Asian shores (Lloyd’s, 1996). It is envisaged that the projected
expansion of oil production in the Caspian Sea region will increase dramatically the amount
of shipping passing through this unique waterway (Oil and Gas International, 1994).
A bottleneck of recent concern is the Strait of Boniface, where the traffic of laden oil
tankers and of ships carrying dangerous chemicals has increased by 40% since 1985 (IMO,
1993b).

1.8

MARITIME PATTERNS IN THE MEDITERRANEAN
Maritime traffic flow in the Mediterranean is characterized by:

• The presence of traffic that transits across the sea, not entering any of the Mediterranean
ports

• Four locations for traffic separation schemes
TABLE 1.4 Transits for the Suez Canal

Year

Transits

1988
1991
1995

18,190
17,473
15,051

Source: Lloyd’s, 1991, 1997a
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• Captive nature of traffic
• Navigation time for this captive traffic between origin and destination is generally not
more than two days

• Coexistence of various kinds of vessels
• High density of ports
The current state and expected development of maritime trade in and outside the Mediterranean region indicate that it is and shall remain a major route for maritime transport from
the Middle East and North Africa to Europe and North America and vice versa. Figure 1.4
shows the major maritime petrochemical routes in the Mediterranean.

1.9

PORTS’ SYSTEM IN THE MEDITERRANEAN
Merchant vessel traffic in the Mediterranean either passes through the Mediterranean or
originates from or is directed to the 305 ports scattered along the basin’s coastline. There is
a variety of port types in the Mediterranean, including:

• Small ports, which, regardless of their size, contribute to the economy of the country
• Single-user complexes whose infrastructure could be owned by a major industrial organization, which could be national, parastatal, or private

• Multipurpose facilities offering a wide range of services to the port user
Other aspects that characterize the Mediterranean ports are:

• The absence of long approach channels
• A high urbanization in the vicinities of the ports
Of the total vessel calls involved in the Mediterranean trade in 1993, 53% of these were
made by general cargo vessels, 23% tankers, 13% bulkers, and 7% container vessels (EC,
1995). Of the total vessel movement in that same year, 45% of these were made by general

FIGURE 1.4 Activities of the oil industry in the Mediterranean Sea.
vironmental Agency, 1999).

(Source: European En-
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cargo vessels, 25% tankers, 9% bulkers, and 18% container vessels. Although accounting
for only 7% of all vessels trading in the Mediterranean region, container vessels account for
18% of all port activity.

1.10

HAZARDOUS CARGO FLOW AND TRADE
It is difficult to find explicit information on the tonnage of hazardous cargo transiting the
Mediterranean Sea. However, data collected from official national sources by the United
Nations Statistical Division and from estimates based on research done by the United Nations
Conference on Trade and Development (UNCTAD) and presented to the IMO show that in
1990, the total amount of goods handled (goods loaded / unloaded) in international maritime
trade by Mediterranean countries accounted for 1264 ⫻ 106 mt, or approximately 16% of
the world’s total.
According to more recent data, crude oil is the biggest export commodity of the non-EU
Mediterranean coastal states and accounted for 57% of the total exports by maritime means
in 1992. Crude oil was in fact three times larger than the most significant export — petroleum
products (EC, 1995).
There is no doubt that if plans go ahead for upgrading existing pipelines and developing
of new ones in North Africa, the Middle and Near East, crude oil transport strategies in the
Mediterranean will alter, in particular the Red and Mediterranean Seas (Lloyd’s, 1995c) and
those linking the Caspian Sea to the Black and Mediterranean Seas (Oil and Gas International, 1994), as well as LNG-transport strategies originating from the South West Mediterranean (Lloyd’s, 1994b).
Very little data exist that help quantify the movement of bulk gases, solids, and liquids
at the regional level. From profiles of key ship operators, however, as well as information
on marine casualties, gas products such as LPG, LNG, propane and ammonia; solid bulk
products such as bauxite, phosphates, and fertilizers; and liquid bulk products such as vegetable oils, alcohols, wines, and inorganic acids are being handled by ports (Hazardous Cargo
Bulletin, 1998a, b; REMPEC, 1998b). Likewise, data on the movement of packaged dangerous goods are difficult to obtain, although one can presume that products belonging to
the nine main classes of the IMO’s International Maritime Dangerous Goods Code (IMDG
Code) are transported within and through the Mediterranean.

1.11

ACCIDENTAL MARINE POLLUTION IN THE MEDITERRANEAN
Data on accidents causing or likely to cause pollution of the Mediterranean Sea by oil and
other harmful substances between 1977 and 1997 show the following (REMPEC, 1998a):

•
•
•
•
•
•

Accidents
Accidents
Accidents
Accidents
Accidents
Accidents

involving
involving
involving
involving
involving
involving

oil (1977–1997)
other harmful substances (1988–1997)
oil (1996 only)
oil (1997 only)
other harmful substances (1996 only)
other harmful substances (1997 only)

242
79
24
16
8
5

Of the 53 accidents registered in 1996 and 1997, 23 (43%) occurred in ports or in their
approaches, while 30 (57%) occurred in open sea.
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FIGURE 1.5 Location of accidents causing or likely to cause pollution of the Mediterranean Sea,
1977–1997. (Source: REMPEC, 1998a).

According to these data, the category ‘‘other harmful substances’’ includes chemical products transported in bulk and as packaged dangerous goods, as well as certain commodities
carried in large quantities such as coal and grains, which can also present a certain ecological
risk to the marine environment if a cargo load of several thousand tons were to be spilled
in shallow areas. Consequently, events involving the spillage or likely spillage of such products are included in the data above. This is justified by the accident involving the M / V
Fenes, which ran aground in the Strait of Boniface close to a sensitive ecological area,
Lavezzi Island, on September 25, 1996, carrying 2,650 tons of wheat (IMO, 1998a). A week
later, a storm damaged the ship and the entire cargo of wheat was spilled to depths of 10 to
20 m, over an area of approximately 1 hectare. The wheat immediately smothered the Posidonia herberium beds. A further environmental and safety problem was the effect of the
organic matter present in the wheat which encouraged the development of sulfate-reducing
anaerobic microflora and subsequently promoted the production of hydrogen sulfide from
the unlimited supply of sulfate ions in the seawater. The presence of toxic hydrogen sulfide
hindered the work of divers involved in the response and affected the marine flora and fauna.
The map in Fig. 1.5 represents the geographical distribution of accidents and illustrates
the accident-prone areas in the Mediterranean, namely the approaches of Gibraltar and the
Malta–Sicily channel and accesses around the areas of Genoa and Leghorn, Venice and
Trieste, Piraeus, Beirut, and Alexandria.
A report presented to IMO identified a number of common issues, mostly relating to the
human aspect of ship operations that have contributed to marine casualties worldwide.
Although no in depth study has been undertaken as to the cause of major pollution
accidents in the Mediterranean, the findings of this report as summarized in Table 1.5 would
probably equally apply to the Mediterranean setting (IMO, 1998b).

1.12

THE EMERGENCY PROTOCOL TO THE BARCELONA
CONVENTION
The Mediterranean region was the third region (after the Bonn Agreement for the North Sea
and the Helsinki Convention for the Baltic Sea) for which a regional agreement for coop-
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TABLE 1.5 Maritime Casualties and Human Contributing Factors

Casualty category
Collision
Contact
Stranding / grounding

Fire or explosion

Other

Contributing factors
•
•
•
•
•
•

Fatigue
Duty system of pilots
Bridge resource management
Management of the ship
Working relationship pilot / bridge team
Hours of darkness / adverse weather
• Welding / cutting operations in vicinity of spaces
containing flammable gases
• Human element aspects
• Tank venting operations

Source: IMO, 1998b

eration in combating pollution in cases of emergency has been adopted, and the first under
the UNEP Regional Seas Programme (Sainlos, 1992).
Within the legal framework of the Mediterranean Action Plan, a Conference of Plenipotentiaries of the coastal states of the Mediterranean Region was convened in Barcelona in
February 1976. This Conference adopted the following:

• Convention for the Protection of the Mediterranean Sea against Pollution (Barcelona Con-

vention); and
• Two Protocols, one of which concerned Co-operation in Combating Pollution of the Mediterranean by Oil and Other Harmful Substances in Cases of Emergency (known in short
as the Emergency Protocol or the Protocol for Co-operation in Cases of Emergency).
For the purpose of this Convention and hence of the Protocols adopted by the Conference
and any other subsequent related Protocols, the Mediterranean Sea Area was taken to mean
the maritime waters of the Mediterranean Sea proper, including its gulfs and seas, bound to
the west by the meridian passing through Cape Spartel lighthouse at the entrance of the
Straits of Gibraltar and to the east, by the southern limits of the Straits of the Dardanelles
between Mehmetcik and Kumakale lighthouses (UNEP, 1978).
The rationale behind the Emergency Protocol and the elements on which the Protocol are
based are those found in other regional agreements for cooperation in combating accidental
marine pollution. These consist of building response capabilities, pollution, reporting for
early notification of an incident, and mutual assistance. Interestingly, the importance that
bilateral and regional agreements have in enhancing the capacity of countries to respond to
major pollution accidents is highlighted in article 10 of the OPRC Convention, which stipulates that parties should try to conclude such agreements (IMO, 1991). There are many
elements common to both the OPRC and the Emergency Protocol, as shown in Table 1.6.
In order to assist the Mediterannean coastal states in their obligations under the Emergency Protocol, in 1976 the same Conference decided to create the Regional Oil Combating
Centre (ROCC), which was established in December 1976 in Malta. The IMO is directly
responsible for the technical and administrative management of the Centre. Previously, its
financial resources were provided by UNEP’s Environment Fund but, as with other components of the Mediterranean Action Plan, since 1979 funding has been provided by the
Mediterranean Trust Fund.
In September 1987, the Fifth Ordinary Meeting of the Contracting Parties to the Barcelona
Convention held in Athens decided to extend the mandate of the Centre to ‘‘other harmful
substances’’ and two years later, the same contracting parties approved new objectives and

TABLE 1.6 Elements Common to OPRC and the Emergency Protocol

Salient features

OPRC convention

International cooperation and mutual assistance
Pollution reporting
Oil pollution emergency plans covering:
• oil tankersb
• fixed or floating offshore facility
• seaport / oil handling facility

Articles 7, 10
Article 4

National and regional preparedness and response capability
Technical cooperation and transfer of technology
Institutional arrangements
Application to harmful substances

Article 6
Articles 8, 9
IMO has been designated
Through a diplomatic Conference that
took place in March 2000

Article 3

Emergency Protocol a
Article 10
Articles 6b, 7, 8, 9c
Does not cover ship-based contingency plans;
Article 2 defines ports as being an interest of a
coastal state that could be threatened, while
Article 3 requests states to promote their
contingency plans; Article 16 of the Offshore
Protocol covers contingency planning to combat
pollution from exploration and exploitation of
the seabed.
Articles 3, 6a, 9
Article 6c
REMPEC has been designated
Yes

a
The Emergency Protocol is currently under review to bring it in line with modern international legal instruments on preparedness and response, as well as to include the prevention
of pollution from ships.
b
Implemented through Regulation 26 of Annex I of MARPOL 73 / 78.
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functions of the Regional Centre and also a change in name to Regional Marine Pollution
Emergency Response Centre for the Mediterranean Sea (REMPEC).
In June 1995, MAP Phase II, which had as one of its components the prevention of and
response to pollution of the marine environment from sea-based activities, was adopted. This
was aimed at proposing strategies and activities that would support and supplement national
efforts to promote the prevention of, preparedness for, and response to pollution of the marine
environment from sea-based activities (UNEP, 1997). In November 1997, the Contracting
Parties to the Barcelona Convention adopted a regional strategy on the prevention of pollution
in the marine environment by ships (REMPEC, 1998b). Initiatives are currently underway
to revise the Emergency Protocol to introduce the necessary legal provisions as well as to
amend the objectives and functions of REMPEC, both of which will give the required legal
impetus to implement the strategy.
When the Centre was established, it was considered whether it should be given the means
to become an operational institution at the regional level. This seemed an unrealistic option,
and it was decided instead to pool resources together in case of a spill of catastrophic
consequences. The Centre was therefore assigned the following objectives:

• To provide a framework for the exchange of information on operational, scientific, legal,

and financial matters related to preparedness for and response to accidental marine pollution
• To strengthen the preparedness and response capacities of the Mediterranean coastal states
• To facilitate cooperation among the Mediterranean states to respond to accidental marine
pollution
The priorities and the program of activities of REMPEC are decided biennially by the
contracting parties themselves, taking into consideration the recommendations and proposals
made to them by REMPEC’s Focal Points. These are the national authorities designated by
their respective governments responsible for preparedness, response, and mutual assistance
in cases of accidental marine pollution.

1.13

THE ROLE OF REMPEC IN PREPAREDNESS, RESPONSE,
AND COOPERATION FOR ACCIDENTAL MARINE POLLUTION
While responsibility of combating a major pollution spill will always rest with the affected
coastal state, certain conditions need to be satisfied in order for regional cooperation to be
effective in such incidents. The following are imperative:

• The timely dissemination of appropriate information
• The establishment and maintenance of a national organization for preparedness and response

• The development of contacts between national authorities from different coastal states prior
to the event

• A basis for cooperation among countries
• The determination of the conditions under which this cooperation is to take place
In conformity with its objectives and taking into consideration the requirements that need
to be satisfied, the Centre has developed its activities along four main lines:
1. Dissemination of information
2. Training of personnel

PREPAREDNESS FOR AND RESPONSE TO ACCIDENTAL MARINE POLLUTION

1.27

3. Assistance in the preparation of contingency plans
4. Facilitation of cooperation in cases of emergency

1.13.1

Dissemination of Information

In order to respond to the necessity for coastal states to have the information to initiate their
own response operations and operations of mutual assistance, the Centre has developed a
regional information system. This system is intended to be used by the national authorities
of the coastal states, not only in an emergency situation, but also to develop and adapt their
national contingency plans taking into consideration their commitments under the Emergency
Protocol.

1.13.2

Training of Personnel

The establishment and maintenance of an effective national organization and the subsequent
development of subregional and regional systems are dependent on the existence of highly
trained personnel. The role of REMPEC in the field of training has always been considered
essential. The training program is directed at the following personnel:

• Decision makers / senior officers
• Those involved in on-site operations
• Personnel who provide support in the decision-making process
At the regional level, this comprehensive program consists of general and specialized
training courses of a practical nature. The aim of training personnel at the regional level is
not only to impart knowledge, give confidence, and instill a sense of intuition, but also to
promote contact among those individuals who could be involved in a multilateral response
operation. In addition, the Centre also provides assistance in organizing national training
courses when requested by individual countries. Since its inception in 1976, as of June 2000,
it is estimated that around 1,800 persons from the region have gone through REMPEC’s
training program.

1.13.3

Assistance in Preparing Contingency Plans

A functional national system is a prerequisite for organizing effective response to accidental
marine pollution, and it also forms the basis for efficient regional cooperation. Some of the
needs of the coastal states surpass the assistance that can be provided for by the core budget
of REMPEC. To satisfy these needs, the Centre has prepared projects based on specific
requests of the countries, which are then submitted to external funding sources, in particular
those available from the European Union. The projects mainly focus on capacity building at
the port, national, and subregional levels.

1.13.4

Facilitation of Cooperation in Cases of Emergency

Regional cooperation at the time of a marine pollution accident can only be effective if it is
planned, organized and based on the principle of mutual assistance. For this purpose, a
number of recommendations, principles, and guidelines have been prepared by the Centre
and subsequently approved by contracting parties that concern finance, administration, customs clearance, and other operational aspects of mutual assistance. To further facilitate co-
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operation and mutual assistance, REMPEC has developed and keeps up to date a regional
communication network to ensure the timely reception and transmission of alerts and requests
for assistance. Exercises are periodically organized to test this communications network and
information exchange among parties.
Depending on the scale of a pollution accident, the assistance provided to a coastal state
can take the form of collecting and providing information including technical advice, assistance in obtaining international aid, and coordinating such aid regardless of whether the
resources originate from the governmental or private sector. The state can also activate the
Mediterranean Assistance Unit (MAU). The MAU, established in 1993 by a decision of the
Contracting Parties to the Barcelona Convention, is made up of a limited number of qualified
experts and centers of expertise that can provide advice to national authorities in the event
of a pollution accident. The Unit is activated and mobilized at the request of a country under
the management of REMPEC, the cost being borne by the Centre’s core funding.
In the EU’s capacity as a contracting party to the Barcelona Convention, governments of
non-Mediterranean EU member states can also provide assistance, with requests for assistance being coordinated between the European Commission and REMPEC.
Recognizing the important contribution that the chemical, oil, and shipping industries can
make to preparedness for and response to accidental marine pollution, REMPEC has sought
to strengthen mutual cooperation between governments and these sectors of the industries
by actively involving certain key organizations representing these sectors in its activities.

1.14

THE STATE OF PREPAREDNESS IN THE MEDITERRANEAN
REGION
When the Centre was set up in 1976, only a minority of coastal states were considered to
have the means for actual oil spill response. Today, with the assistance of the Centre, the
region has reached a certain level of preparedness, in particular for marine oil emergencies.
This is shown in Table 1.7.
In addition to the state of preparedness of the individual coastal States to combat major
accidental pollution, a number of subregional operational plans have also been established
between neighbouring countries for example:

• France, Monaco, and Italy (RAMOGEPOL plan for the Ligurian Sea)
• Cyprus, Egypt, and Israel (for the southeast Mediterranean)
1.15

THE ROLE OF REMPEC IN THE FIELD OF PREVENTION OF
MARINE POLLUTION FROM SHIPS
The new amendments envisaged for the Emergency Protocol are expected to expand the
Centre’s activities, which, in cooperation with the IMO, will be carried out as follows:

• At regional level:
• To implement the Action Plan concerning the provision of adequate port reception facilities within the Mediterranean region (adopted in Cairo in December 1991)

• To promote regional cooperation in the field of port state control
• To promote regional cooperation in monitoring marine pollution from ships, especially
illegal discharges, by enforcing the provisions of MARPOL 73 / 78 more rigorously

• To develop technical guidelines for the establishment and operation of shore reception
facilities for wastes generated by maritime-related activities

TABLE 1.7 The State of Preparedness in the Mediterranean Region

Compensation4

Coastal state
Albania
Algeria
Bosnia and
Herzegovina
Croatia
Cyprus
Egypt
France
Greece
Israel
Italy
Lebanon
Libya
Malta
Monaco
Morocco
Slovenia
Spain
Syria
Tunisia
Turkey

24h
contact
point1

[YES]
[YES]
YES
YES
[YES]
YES
YES
YES
[YES]
YES
YES
[YES]
[YES]
[YES]
YES
[YES]
[YES]

National
contingency plan
Operational
focal point

Oil clean-up
resources3

Oil

HNS

Tier 1

YES
YES
YES

DRAFT
YES

DRAFT
YES



YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
DRAFT
YES

YES

DRAFT
DRAFT
YES2
YES
YES
YES
DRAFT
YES
DRAFT

YES
YES
DRAFT
YES

YES2
YES
YES
YES
YES

Tier 2

Party to
emergency
protocol

Subregional
operational
plans

YES
YES
YES



































YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

Source: ITOFP, 1998; REMPEC
1 [ ] ⫽ denotes when 24h contact point responsible for receiving marine pollution accident reports is a different
authority to the operational focal point.
2 ⫽ included in national contingency plan for France.
3 ⫽ a Tier 1 capability indicates that most, if not all, of the oil ports and terminals in a country have resources to
combat oil spills associated with routine oil transfer operations usually less than 50 barrels. A tier 2 capability indicates
that there are combined resources in a country to respond to a spill (a few hundred barrels) affecting a wider area.
4 ⫽ as at July 2000; no Mediterranean coastal state has so far ratified the OPRC / HNS 2000 Protocol
d ⫽ denunciation effective.
(d) ⫽ Italy denounced membership of the CLC 71 of Fund 71 and became a member of the CLC 92 and Fund 92
in September 2000

YES
YES
YES
YES
YES

YES

Fund

CLC

Party
to
OPRC
904

69

92

71

92

YES
d

YES

YES
d

YES

d
d
YES
d
d

YES
YES
YES
YES
YES

d

YES
YES

d
d

YES
YES

(d)
YES

(YES)

(d)

(YES)

YES
YES
YES
YES
YES

YES
d
YES
YES
d
YES
d

YES
YES

YES
d
YES
YES
d
YES
d

YES
YES

YES

YES
YES

YES

YES

YES

YES
YES

YES
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• At national level:
• To assist in the design and implementation of projects related to the establishment and
operation of port reception facilities

• To assist coastal states that face difficulties in ratifying, implementing, and enforcing the
relevant international Conventions

1.16

CONCLUSION
Away from the spotlight of the mass media and the commonly adopted gloomy attitude of
the Mediterranean being a dead sea, the coastal states and the European Union have, over
the years, patiently and steadily woven the threads of their cooperation to implement a
regional spill response program with a relatively modest budget. This program has had its
successes, but there is still much to be achieved in areas such as maintaining the state of
readiness for oil spill response, contingency planning for hazardous substances other than
oil, and providing the trained manpower and necessary equipment to implement the plans
once a marine chemical emergency occurs.
Future efforts dedicated to preventing marine pollution from ships will lessen the frequency and impact of marine emergencies. Future success in prevention, preparedness, and
response is linked to a coordinated approach supported by technical and administrative means
together with the continual commitment of states that will implement the measures they
themselves adopt. Indeed, this may mean large financial investments for certain coastal states,
but if innovative ways are sought to obtain the necessary finances to assist in implementing
these measures, this may alleviate part of the burden.

1.17

REFERENCES
Beer-Gabel, J. 2000. ‘‘Conventions Régionales relatives à la lutte contre la Pollution des Mers: Panorama
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AWARENESS AND PREPAREDNESS
FOR EMERGENCIES AT LOCAL
LEVEL
Ernst Goldschmitt
United Nations Environment Program, Paris

2.1

WHAT IS APELL?
Awareness and Preparedness for Emergencies at Local Level (APELL) is a tool developed
by the United Nations Environment Program’s Division of Technology, Industry and Economics office (UNEP DTIE) in conjunction with governments and industry. Its purpose is
to minimize the occurrence and harmful effects of technological accidents and emergencies,
particularly, though not exclusively, in developing countries. APELL provides a well structured, detailed description of how to develop a coordinated, integrated, and well functioning
emergency response plan for local communities. The strategy of the APELL approach is to
identify and create awareness of risks in an industrialized community, to initiate measures
for risk reduction and mitigation, and to develop preparedness for emergencies in industries,
the local governments, and the population.
APELL was launched in 1988 following various industrial accidents that had adverse
impacts on health and the environment. Well-known examples of such accidents include
Bhopal in 1984 and the Sandoz warehouse fire near Basel in 1986, which resulted in extensive contamination of the Rhine.
APELL can be useful in any situation that requires joint planning for disasters by several
parties, e.g., government, industry, and local communities. Being aware and prepared means
having workable, realistic plans if an accident occurs. It also means creating a better understanding of local hazards, which in turn should lead to action designed to prevent accidents
from happening at all.
It is now universally acknowledged that every disaster, whatever the cause, may have an
environmental impact. While some major industrial accidents can be contained within the
boundaries of the plant, in other cases, there are impacts on the surrounding neighborhood,
with adverse short- or long-term consequences affecting life, life-support systems, society,
or property. This is even more so for accidents arising from transport of dangerous goods,
e.g., by road, rail, or pipeline, through or close to populated areas, since by definition, there
is no boundary fence in these cases. The extent of the losses from these accidents depends
largely on the actions of the first responders to an emergency, both at the scene of the accident
and within the surrounding community.
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Clearly, adequate response to such situations calls for cooperation between various institutions and individuals. This can be achieved only if there is awareness within the community
of possible risks and of the need for joint preparedness to cope with the consequences of
these risks.

2.2

THE OBJECTIVES OF THE APELL HANDBOOK
The APELL Handbook describes a process for improving community awareness and emergency preparedness and achieving cooperation between the various parties involved.
The APELL Handbook is a detailed guide to a process that trains the reader to:

• Develop and practice a community emergency response plan for any type of accident or
disaster.

• Consider all kinds of risks, i.e., hazardous installations, storage facilities and transport of
hazardous goods, earthquakes and flooding.

• Identify and initiate measures to reduce risks (see Fig. 2.1 for probability of incidents and
seriousness of risks).

• Provide information to the community, thus creating community awareness.
• Combine all technical resources and expertise available in an industrialized community for
responding to emergencies.

Any member of the following involved groups may initiate the APELL process: industry
managers, local authorities, or community leaders. However, there must then be direct and
close interaction between the representatives of the three partners. A bridge is created by
means of the APELL Coordinating Group. The Coordinating Group is the critical management team that develops and oversees the APELL process at the local level. Their job is to
gather facts and opinions, assess risks, initiate measures for risk reduction, evaluate approaches, and generally organize the personnel and the resources available in the community
to produce an emergency response plan.
APELL addresses all emergencies with potential for fire, explosion, spills, or releases of
hazardous materials. The possibility of combination accidents should be noted at this point—

A
Very probable

B

C

D

E

5

More than once a year
Once in 1–10 years

Quite probable
Once per 10 to 100
years
Once per 100 to
1000 years

Improbable

4
3
2
1

Less than once per
1000 years
Unimportant

Limited Serious Very serious

Catastrophic

FIGURE 2.1 The key to awareness and preparedness is the
identification and evaluation of risks, the probability of an incident, and the potential consequences.
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for example, an earthquake that triggers an emergency in a refinery or chemical factory. The
determination of which potential hazards should be covered by the APELL process is in
principle the result of a risk assessment. In most cases, however, common sense will be
sufficient to identify the facilities or areas that present a risk of a major accident. The criteria
of accidents (lists of substances and threshold levels) given in international or national regulations or recommendations may also provide guidance.
APELL is flexible. Countries differ in culture, value systems, legal and regulatory requirements, community infrastructure, and response capabilities and resources. Their industries present different potential dangers. However, they have one common need—the need
to cope with a major technological accident affecting a local community.
The APELL Handbook provides the basic concepts for the development of action plans
that can be adapted to local conditions. No legislation or regulations are needed. Since the
lessening of health and environmental impacts depends on the speed and scope of the initial
local response, local participation is emphasized. It is recognized, however, that national
governments and the chief executive officers of industries have a fundamental role in promoting and supporting these local efforts. Industry associations also have an important part
to play in encouraging industry participation.

2.3

THE APELL PARTNERS AND THEIR RESPONSIBILITIES
When analyzing past disasters that have caused traumatic loss of lives, serious health problems, environmental damages, or property losses, it becomes obvious that these damages
could have been avoided to a large extent. Some of the most common observations are:

• Lack of awareness of actual risks, mainly within the population living adjacent to such
risks.

• Inadequate preparedness of emergency responders and the entire organization responsible
for response, mitigation, and relief, particularly concerning technological risks (i.e., riskspecific training and suitability of available equipment, coordination between the acting
agencies, practising of emergency plans, provision of medical services).
• Inadequate capacity for handling emergencies at the local level. Any kind of emergency
requires the most competent, efficient, and immediate response capacity in the community.
Emergency response strategies have to focus on strengthening these capabilities at the local
level as the main key for effective mitigation.
At the local level, three very important partners must be involved if APELL is to succeed
(see Fig. 2.2):

• Local authorities. These may include provincial, district, and city or town officials, either

elected or appointed, who are responsible for safety, public health, and environmental
protection in their area.
• Industry. Industrial plant managers from either state-owned or private companies are responsible for safety and accident prevention in their operations. They prepare specific
emergency measures within the plant and review their application. But their responsibilities
do not stop at the boundary fence. As leaders of industrial growth and development, they
are in the best position to interact with leaders of local authorities and community groups
in order to create awareness of how the industrial facility operates and how it could affect
the environment and to help prepare appropriate community response plans in the event
of an emergency. The involvement and active participation of the plant’s workforce is also
very important.
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FIGURE 2.2 The basic principles of the APELL process: communication and cooperation.

• Local community and interest groups. These include environmental, health, social, and

religious organizations and leaders in the educational and business sectors, and the media,
who represent the concerns and views of their members or constituents in the community.

There are other partners, such as nongovernmental organizations (NGOs). The APELL process is designed to work with other initiatives to reduce risks and their consequences, not
to replace them.

2.4

THE APELL PROCESS
The process itself in action is the mainspring of the emergency response plan. The APELL
Coordinating Group, in which all stakeholders should be represented, does not itself have
any operational role during an emergency but exists to prepare the various partners for their
tasks if an accident does occur. Members must be able to command the respect of their
various constituencies and be willing to work together in the interests of local safety, wellbeing, and property security. In particular, local plant managers need to be active participants
and local authority and community leaders need to know that they are acting with the blessing and full authority of the most senior managers in their companies. Ideally, the leader of
the Coordinating Group should be able to motivate all sections of local society, regardless
of cultural, economic, educational, and other differences, and to ensure their cooperation.
This needs to be kept in mind when choosing the leader.
The APELL process consists of 10 steps.
1. Identify the emergency response participants and establish their roles, resources, and
concerns.
2. Evaluate the hazards and risks that may result in emergency situations in the community.
3. Have participants review their own emergency response plans to ensure a coordinated
response.
4. Identify the required response tasks not covered by existing plans.
5. Match these tasks to the resources of the identified participants.
6. Make the changes necessary to improve existing plans, integrate them into an overall
community plan, and gain agreement.
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7. Commit the integrated community plan to writing and obtain approval from local governments.
8. Educate participating groups about the integrated plan and ensure that all emergency
responders are trained.
9. Establish procedures for periodic testing, review, and updating of the plan.
10. Educate the community about the integrated plan.
The APELL process is designed to build on any and all existing emergency plans to
create a single coordinated local plan. There may be national government emergency plans
in place, but there is always the need for an effective structure at the local level. Industrial
facilities should already have on-site emergency plans. Local authorities and rescue services
should have plans to deal with the consequences of major emergencies. Local hospitals
should certainly have their own major accident plans for dealing with large numbers of
seriously injured people. The APELL process ensures that all existing plans contribute to
the overall integrated, cooperative plan.

2.5

COMMUNITY AWARENESS
Citizens have the right to know if potentially hazardous materials are being produced, stored,
used, or transported in their communities. There is nothing mysterious about a community
awareness program. A fenced-in industrial plant can look threatening to the public, but much
of the threat disappears when people know what the plant uses and manufactures and that
it has a good safety record and an effective emergency plan. People need to be informed
about potential risks in order to understand why an emergency plan has been established,
how it works, and what action they are expected to take in an emergency.

2.6

APELL WORLDWIDE
Industries all over the world, particularly the chemical and gas industry, have cooperated
with UNEP DTIE in supporting the application of APELL.
The APELL concept has been successfully introduced in more than 30 countries and over
80 industrialized communities worldwide: in Latin America (i.e., Brazil, Colombia, Chile,
Argentina), in Asia (i.e., China, India, Thailand, Indonesia, and Korea) and in Russia. The
guiding principles of the APELL process for emergency planning are also practised in the
United States and Canada.
Remarkable changes have occurred in many of the communities that have implemented
APELL, such as a general safety consciousness and an increased concern for environmental
issues.
APELL is part of a broad cleaner and safer production program that UNEP DTIE has
launched with the objective of promoting worldwide sustainable production and consumption
patterns.

2.7

THE APELL HANDBOOK AND NEWSLETTER
More than 10,000 copies of the Apell Handbook have been distributed throughout the world.
The APELL Newsletter is published twice a year as a supplement to UNEP DTIE’s quarterly
publication Industry and Environment Review.
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UNEP DTIE TECHNICAL REPORTS (RELATED TO APELL AND
TECHNOLOGICAL ACCIDENTS )

• TR 3, Storage of Hazardous Materials
• TR 8, International Directory of Emergency Response Centres (in cooperation with OECD,
•
•
•
•
•
•
•
•
•

second edition in preparation)
TR 12, Hazard Identification and Evaluation in a Local Community (prepared with help
from Sweden)
TR 19, Health Aspects of Chemical Accidents
TR 21, APELL Annotated Bibliography (prepared with help from Canada)
TR 28, Safety, Health and Environmental Management Systems (in preparation)
TR 35, TransAPELL—APELL for accidents arising from dangerous goods transport
APELL for Port Areas, prepared in conjunction with the International Maritime Organization (IMO) and published by IMO
APELL World-wide, national accounts of the development of APELL in 12 countries
Management of Industrial Accident Prevention and Preparedness, a training resource kit
for use in universities and colleges
LP Gas Safety, Guidelines for Good Safety Practice in the LP Gas Industry, prepared in
conjunction with the World LPG Association.

For copies of these publications or for more information about UNEP, contact:
www.uneptie.org.
Forthcoming publications:

• APELL in the Mining Industry, with a special focus on tailing dam failures.

CHAPTER 3

RESPONSE OPTIONS FOR
ACCIDENTS AND SPILLS OF
HAZARDOUS MATERIALS
IN FRANCE
Michel Marchand
Rue Alain Colas, BP 20 413, 29604 BREST (France)

3.1

INTRODUCTION
There are many types of accidents and spills involving hazardous materials. In 1992, the
Ministry of the Environment listed 710 such accidents, which resulted, separately or simultaneously, in fires and explosions (47%), water pollution (30%), atmospheric pollution (20%),
ground pollution (19%) (BARPI, 1992). Fifty-seven percent of these accidents were from
industrial establishments. The transport of hazardous materials is often involved (16% of
cases). Accidental pollution of unknown origin, which essentially damages natural environments, is caused by a significant number of the cases listed (15%). Agriculture is the source
of 6% of these accidents, and 5% are from various trades and activities.

3.2

TRANSPORT OF HAZARDOUS MATERIALS
The transport of hazardous materials represents 45% of the major accidents listed by the
Organization for Economic Cooperation and Development (OECD) over the last decade. In
France, there were 234 accidents involving the transport of hazardous materials in 1996, of
which 40% caused consequences linked to the type of materials being transported (explosion,
fire, gas leak, spreading, and related injuries) (MTMD, 1997).
To facilitate the intervention of firefighters at the site of such accidents, special Conventions and Agreements have been established between the public authorities and the industrial
manufacturers, users, or carriers of chemical products. As a result, an Aid Convention,
TRANSAID, was signed in 1987 by the Interior Minister and the French Chemical Industries
Union (UIC), requiring the chemical industries to provide technical aid to the public authorities at the time of an accident involving hazardous materials (Le Guillier, 1997). This
includes accidents that happen off industrial sites or outside warehouses, either during transport, by road, rail, or on inland waterways, or in transit, and during handling in stations,
3.1
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ports, airports, or on road platforms. The TRANSAID Convention applies only to the authorities responsible for aid intervention. The substances concerned (identifiable by their UN
number or alphabetical order) belong to those classified as explosives, liquid gases, flammable liquids, toxic products, and corrosive products. Radioactive materials, for which there
are specific regulatory measures, are not included in the aid Convention. In all, more than
1,000 products are covered by the TRANSAID Agreement.
Firms participating in the aid Convention do so on a voluntary basis (generally adopted
within the framework of a commitment to progress). They offer help according to their
competence, either by giving information by phone on the product concerned in the accident
(role of advisor), or by helping directly through providing personnel and / or material at the
site of the disaster (intervening role). Advice by telephone generally involves providing the
safety data sheets for the products and specific advice related to the circumstances of the
accident.
The second level of aid, on-site intervention, necessitates an application from the public
authorities for the requisitioning of both personnel and material means from the voluntary
firms. A total of 173 firms are members of the TRANSAID Convention. Moreover, specialized aid agreements have already been signed by the Interior Minister and the professional
unions of manufacturers of the following chemicals: chlorine, cyanhydric acid, ethylene,
alkyl lead compounds, and liquefied gases.
These agreements, dating from the 1970s, are integrated into the TRANSAID Convention,
which is the French Chemical Industries Union’s (UIC) commitment to progress (‘‘responsible care’’), which applies not only to French authorities in the case of an accident during
the transport of hazardous materials in France, but also to authorities in European countries
within the framework of the ICE network (International Chemical Environment), started by
the CEFIC (Conseil Européen des Industries Chimiques). In the latter, the TRANSAID file
is used by the Cedre (Centre de documentation, de recherche et d’expérimentations sur les
pollutions accidentelles des eaux), which is, in the name of the UIC, the French national
point of contact in the ICE network.
In addition, the CEFIC has provided the public authorities of the member states of the
European Union with a system of intervention cards used during emergencies for accidents
involving the transport of hazardous materials. This system, called ERIC (Emergency Response Intervention Cards), provides instructions for fire and emergency services, either on
paper or on computer software (http: / / www.ericards.net). The distribution of the software
in France is the result of cooperation between the public authorities (community financing),
CEFIC (conception), the UIC (reproduction, distribution), and the national federation of
firefighters (advice). The ERIC system is complementary to the TRANSAID aid system,
offering to evaluate the situation and risks involved or to provide operational assistance in
the case of an accidental situation. On the basis of the name of the substance or its UN
number, it is possible to obtain the following information on more than 1,800 substances:

•
•
•
•
•
•
•
•
•
•

Characteristics of the substance
Potential risks
Personal protection
General intervention
Control of spreading
Firefighting
First-aid treatment in cases of intoxication
Recuperation
Cleanup precautions after an intervention
Cleaning of equipment used
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TRANSPORT BY RAIL
Dangerous goods are not the cause of accidents, but risks are increased when the rail system
breaks down. For this reason, the transport of hazardous materials by rail is the object of
specific actions and measures taken by the French Rail Company (SNCF) together with the
public authorities, professions involved, and other European rail networks (International Union of Railways, 1995). In 1993, the SNCF transported 17.6 million tons (Mt) of hazardous
materials in approximately 350,000 shipments, most of them in tankers (95%). The main
products transported are liquid oil products (7.4 Mt), chemical products (6.4 Mt), and liquid
oil gases (1.6 Mt) (SNCF, 1994). The level of safety for transporting these goods by rail
cannot be judged by the number of accidents involving hazardous materials, estimated at 66
accidents over a period of 10 years (1982–1991). Over the same period, there were 2,080
accidents involving road transport of hazardous materials, 15 times more than the amount
using rail transport. However, the study of risks of hazardous materials transported by rail,
especially on the Paris–Lyon–Marseille line, shows that the probability of a train accident
on this line is not to be ignored (0.1 accident / year) (Chapron et al., 1994).
The demand for safety led the SNCF to create an operational service, the ‘‘Présence Frêt,’’
in 1993, whose two aims were to constantly follow the movement of rail cars loaded with
hazardous merchandise and to provide useful information to the response team at the time
of accidents or incidents involving hazardous materials. The service is located in Dijon, a
central point of national hazardous material traffic, and consists of about 20 people linked
to the central SNCF computers and computerized software dealing with hazardous products.
Events are classified into three levels, corresponding to the seriousness of the events: incident
(small leak, seepage, drop by drop), accident (smoke, odor, shock, derailing), and serious
accident (accident made worse by fire, explosion, serious derailing, pollution, or victims).

3.4

WATER POLLUTION
When water pollution is caused by an accidental spill of chemical products or an accident
involving hazardous materials, the public authorities can call the Cedre for assistance. An
operational service, available 24 hours a day, provides permanent and free assistance in the
form of information on spilled products (gasoline, chemical products) and on actions to take
in cases of accidental water pollution (Chemical Industries Union, 1998). The Cedre has the
computerized means of answering such demands. The Cedre is also the National French
contact within the framework of the European aid network ICE, established by the CEFIC
for accidents involving hazardous materials. The Cedre, which depends on the Ministry of
the Environment, has direct links with operators in charge of steps taken against accidental
pollution of sea and mainland water. The Cedre was set up more than 20 years ago following
the major oil pollution of the Amoco Cadiz on the French coast. Its present interventions
cover accidental oil and chemical pollution in sea and mainland waters.

3.5

STATISTICAL ANALYSIS OF THE ACCIDENTS
In 1992, the French Ministry of the Environment created the Bureau d’analyse des risques
et pollutions industrielles (BARPI). This Department centralizes and analyzes data related to
accidents, serious pollution, and fires linked to what may be industrial, commercial, agricultural, or other types of activities, particularly the transport of hazardous materials (BARPI,
1992). Information is listed on the ARIA database (Analyse, Recherche et Information sur
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les Accidents) started in 1993. The ARIA database allows for a multi-criteria selection and
statistical analyses on one or several of the 2,200 descriptors used. In 1992, 710 accidents
involving hazardous materials were listed in France, the origins and effects of which are
stated in the introduction. This statistical analysis of accidents reinforces a program of risk
prevention using an assessment of repeated events.
In addition to its national function, the OECD, the Economic Commission for Europe,
and the United Nations (EC-UN) have also made BARPI responsible for providing and
promoting information given to these organizations by member countries. It groups together
a subset of 40 countries in Western Europe, Eastern Europe, the United States, and Canada.
The BARPI directly cooperates with the European Community system, which, according to
European Directive SEVESO, obliges the member states to submit an analysis report in cases
of major accidents. For that purpose, the database MARS (Major Accident Reporting System), which is run by the community research center ISPRA (Italy), allows information
concerning reported accidents to be centralized (Kirchsteiger, 1997).
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des Industries Chimiques (UIC), La lettre du Département Technique, Paris, France, no. 52, pp. 3–4.
International Union of Railways. 1995. ‘‘Le transport ferroviaire des marchandises dangereuses en Europe,’’ Union Internationale des chemins de fer, Paris, France.
Kirchsteiger, C. 1997. ‘‘The Functioning of the Major Accident Reporting System in the European Union
Seminar on Lessons Learned from Accidents,’’ Linz, Austria, October.
Le Guiller. 1997. ‘‘TRANSAID: une assistance de l’industrie chimique dans les accidents de TMD,’’ Le
Sapeur-Pompier, no. 887, pp. 772–775.
Mission des Transports des Matières Dangereuses (MTMD). 1997. ‘‘Les accidents de transport de marchandises dangereuses par voie routière et ferroviaire en France,’’ Bilan 1996, Ministère de
l’Equipement, des Transports et du Logement, Paris, France.
SNCF. 1994. ‘‘Les exemples de progrès du transport des marchandises dangereuses (TMD) par la SNCF,’’
Doc. SNCF, Paris, France.

CHAPTER 4

HAZARDOUS MATERIALS
EMERGENCIES IN
NEW ZEALAND
A. J. (Tony) Haggerty
Hazardous Substance Advisor, Auckland Region,
New Zealand Fire Service

4.1

NEW ZEALAND—A BACKGROUND
New Zealand is a collection of South Pacific islands about the size of Great Britain, 2,000
km east of Australia. The two main islands are simply known as the North Island (pop. 2.8
million) and the South Island (pop. 0.9 million), and to the south of the South Island is
Stewart Island (pop. 400) a haven for fishermen and tourists.
For many years New Zealand was perceived as a traditionally agricultural economy that
supplied the United Kingdom with lamb, beef, and dairy products. There were few major
industries, and those that did exist consisted of dairy factories (milk, butter, and cheese
production) and freezing works (abattoirs). The only large-scale chemicals used were nitric
acid, sodium hydroxide, and sodium hypochlorite for cleaning the dairy factories and ammonia in the refrigeration systems of freezing works. Although the economy was predominantly agricultural, chemicals were being used in other areas, but they were seen as part of
the agricultural scene. Sulphur was imported to make sulphuric acid, which was then converted to ammonium sulphate. Ammonium nitrate was used to fertilize the soil, and selenium
was added to soils in the volcanic central plateau of the North Island to bring them from
their barren state to a level of productivity. This allowed the planting of pine trees, which
led to the development of a timber industry, which in turn led to a paper-making industry
using tons of chemicals, including chlorine.
Despite the predominance of agriculture, there are pockets of heavy industry scattered
through the country. There is an aluminum smelter at Bluff in the deep south and an oil
refinery at Marsden Point in the north. Just south of Auckland there is a steel mill extracting
iron directly from the iron sands of the west coast. In 1964 Dow formed an alliance with a
local manufacturer, Ivon Watkins (Ivon Watkins Dow [IWD]), to manufacture pesticide
chemicals in the heart of the New Zealand dairy industry in the province of Taranaki in the
western North Island. Here, among other things, they produced the infamous chloro-phenoxies 2,4 D and 2,4,5 T. 2,4,5 T was particularly essential to New Zealand farmers because
it was the only economical means of killing woody pests such as gorse. Gorse was imported
from England as a hedging material that because of its thorns does not need to be particularly
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big to keep stock under control. In the relatively mild climate of New Zealand, with very
few severe frosts to kill it off, it rapidly covered hillsides and paddocks and threatened to
drive out the stock. New Zealand farmers clung to the use of this very high-purity 2,4,5 T
for as long as possible. IWD was one of the last manufacturers in the world to succumb to
international pressure to have it banned.
The oil crisis of the mid-1970s prompted the development of the gas and oil fields that
had been known to exist in the Taranaki area for over 100 years. Suddenly this most rural
area of New Zealand, which had been known for its butter and cheese, suddenly became the
energy capital of the country. Two major gas and oil wells, Maui and Kapuni, were opened
up, and natural gas, liquid petroleum gas, and some light crude were pumped to processing
plants. The light crude is sent off to supplement the imported crude at the country’s only
oil refinery, in Whangarei. The natural gas is sent to gas utilities in the North Island, where
in the early days much of it was reformed to be fed into the low-pressure gas streams from
the old gas works. Some of the methane is sidetracked and used in the manufacture of
methanol, which has become a major export item. More methane is converted in a unique
process to synthetic gasoline. This is probably the only plant of this type in the world.
The liquid petroleum gas (LPG) was initially distributed by road tanker, primarily for use
as a heating fuel where natural or coal gas are not reticulated. When the price of gasoline
rises, LPG is used as an automotive fuel at a savings of about a third. Compressed natural
gas (CNG) is also used when the savings can be as much as 50%. This booming industry
led to the establishment of gas storage, both LPG and CNG, at service stations throughout
the country, much to the concern of surrounding residents.
In the early 1980s, there was a strong anti-LPG lobby from those who were aware of
incidents such as those in Kingman, Arizona, Waverley, Tennessee, and the Spanish campsite
disaster at Los Alfraques. The New Zealand Fire Service came under particular pressure
because the public looked to it as the expert in handling emergencies. In response, the Fire
Service produced operational orders and guidelines that recommended evacuation distances
of up to a mile based on the effects of these incidents. This did little to allay public fears
because no one wanted to live within a mile of a proposed two-ton (1,200 U.S. gallon) tank.
Nobody seemed to appreciate that the incidents they read about overseas usually involved
much larger quantities—i.e., 20 tons at Los Alfraques and 90 tons at Kingman.
Even firefighters, to whom this was all quite new, were concerned and took every precaution at even the smallest of incidents.
Another byproduct of the gas industry, carbon dioxide, was separated from the hydrocarbons and was used to make urea fertilizer. The hydrogen byproduct of this reaction was
combined with atmospheric nitrogen to produce ammonia.
It was hoped at the time that this sudden surge in chemical would turn around New
Zealand’s economy. Unfortunately, by the time it was completed, the oil price had dropped
and the great bonanza never materialized. Nevertheless, it did provide New Zealand with a
degree of buffering from world prices, but not the complete independence that was hoped
for.

4.2

THE NEW ZEALAND FIRE SERVICE
Fire departments were formed in many small towns in New Zealand in the early 1800s. The
first municipal fire department appeared in Auckland, New Zealand’s largest city, around
1850 and vied with the old insurance company brigades until 1874, when the two groups
formed one brigade with some of their funding coming from insurance companies and the
balance from local councils.
In the late 1940s a serious department store fire in Christchurch, with a severe loss of
life, led to the formation of a national body, the New Zealand Fire Service Council. Its role
was to coordinate the brigades and introduce standardized equipment. In 1976, following
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another series of fires where brigades failed to liaise and request support, the brigades were
amalgamated into a national Fire Service.
The Fire Service Act of that time gave chief officers the powers to protect life and property
from fire and to act where life and property were in danger but with no direct reference to
hazardous materials. At this time chemical incidents started to be recognized and the Fire
Service started to attend motor vehicle accidents and perform extrications as a matter of
course, although they had attended and dealt with spills for many years before.
In 1990 the Act was revised to give the Fire Service full power to act at hazardous
materials emergencies.
The Police are still legally the prime agency in dealing with hazardous materials emergencies, although in practice the New Zealand Fire Service actually handles the spills while
the Police handle any breaches of legislation and control the surrounding area, giving the
Fire Service a secure area to work in.
Hazardous materials incidents, as we would call them now, were apparently virtually
unknown in New Zealand before 1973. However, a stroll through local history references
and fire brigade records show that there were several ‘‘chemical’’ fires, at least in the Auckland province. One of the earliest occurred in 1894.

4.3

EARLY CHEMICAL FIRES
The first recorded hazardous materials emergency in New Zealand occurred in April 1894,
when a fire broke out in Kempthorne and Prossers drug and pharmaceutical warehouse. The
New Zealand Herald reported: ‘‘A lead of hose was passed in, but though the branchmen
wore respirators, the fumes of the acid well nigh suffocated them, and they had to be relieved
by others every few minutes and led out into the open air.’’
The following day the paper reported that several of the firemen were ‘‘temporarily disabled from their normal duties.’’ The paper went on to suggest that ‘‘there should be a bylaw or other provision to prevent the storage of combustible acids in the heart of the city.’’
In 1899 firefighters suffered injury to their eyes from acid used inadvertently to fight a
fire. They drafted from a 400-gallon tank on the premises, presuming it to be water, but in
fact it was an acid solution.
In 1928 a major fire occurred at an oil refinery less than half a mile from downtown
Auckland. Storage tanks ignited, and the fire was so severe that one firefighter lost his life.
The next 35 years seem to have been quiet, but then, from 1963 until 1973, a series of
fires occurred involving hazardous materials. Even so, they caused little comment for their
chemical content.
In 1963 a fire was reported on the MV Suffolk as it approached Auckland harbor. The
ship was carrying general cargo, chemicals, and explosives. The Auckland brigade did not
have a fire boat, so firemen went to sea on harbor tugs and dealt with it in the same way as
any other fire at that time, by pouring on water. Fortunately, the fire was confined to a single
hold, which contained only jute sacks, cork, and timber. The chemicals on board were
ammonium chloride and sodium carbonate, which other than making access difficult were
unaffected. Fortunately, the explosives were not affected.
In 1966 a 4.5-million liter capacity tank exploded while being filled with kerosene from
the SS Korenia. There were 1.2 million liters of fuel in the tank at the time. Although the
tank had two fixed foam pourers, one was damaged in the blast and so firefighters supplemented the foam attack by using hand-held deliveries fired through holes in the roof. The
alarm had been raised at 6:15 on a Sunday evening and was under control by 7:38, with
damage limited to the one tank.
In 1968 a shed full of black powder exploded at an ammunition store quite close to the
city and beside the city jail at Mount Eden. Fortunately, the store had been placed in a
natural extinct volcanic crater and the force of the blast went largely upwards. Damage to

4.4

CHAPTER FOUR

FIGURE 4.1 Winstone’s oil fire, Freemans Bay, 1928. Fireman R. Beuth killed while fighting
fire.

surrounding buildings including the jail was minimal, although debris was scattered for some
distance.
In 1970 a chemical warehouse and plastic fabricator caught fire, completely destroying
the building. The site was owned by a subsidiary of New Zealand’s only agrichemical manufacturing company at that time. Besides the plastic manufacturing, the warehouse contained
a range of pesticides, about 2,000 aerosols and drums of general chemicals, including some
acids and alkalis.
Fumes and thick smoke filled the air around the plant, but even so this provoked very
little comment about toxic smoke after the event, unlike today’s fires.
Thirteen firefighters, one ambulance officer, and three bystanders were hospitalized after
exposure to the fumes but released the next day. After discussion with the National Poisons
Centre, the hospital medical superintendent issued a statement declaring that the fumes were
an irritant rather than toxic. This indicates the low level of concern for the environment and
personal well-being 30 years ago.
What was also interesting in conversations with firefighters and their wives years after
the fire were the health effects, such as lethargy, listlessness, and irritability, suffered by
some of them for a long time afterwards. Firefighters noted gaps in their memory of events
after the fire, and yet no mention was ever made of chemical poisoning. Much of this was
put down to the stresses of attending several large fires in extremely hot weather. The brigade
had just been restructured following a long fight for improved working hours and pay.
In 1971 the lid blew off a 90,000-liter tank containing vinyl acetate monomer. It was
later thought that the vapor above the 22,000 liters of liquid in the tank started to polymerize
after moisture got into the tank through a defective drier on a tank breather. Although the
tank was small diameter, the lid came right off and drifted like a frisbee across the tank
farm, fortunately without hitting any other tanks.
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In this case there were no fixed foam lines and other chemical tanks were situated quite
close by. Because aerial application of foam from hydraulic platforms was only moderately
successful, two firefighters advanced a foam line up an outside staircase and dropped it over
the rim of the tank. It was secured and the crew withdrew. It proved very effective and the
fire was extinguished in under 15 minutes. The firefighters involved received recognition
awards for their bravery.
4.3.1

Parnell Fumes Incident—1973

Parnell is an inner city residential suburb close to the wharf. In 1973 it was still reasonably
populated, unlike the commercial area it has since become.
This is the first solely chemical incident in which the brigade was involved and is still
viewed as the landmark incident that led to the revision of hazardous substances legislation
in New Zealand.
In February 1973 the cargo ship the SS Good Navigator had left San Francisco with a
mixed cargo including drums of a cotton defoliant that were stored on the forward deck.
Two days out, she struck a typhoon-strength storm that dislodged some deck cargo and
damaged the drums of defoliant. The damage to the vessel was negligible and she steamed
on to Auckland, her first destination.
On arrival, a strange odor was noticed and various authorities were called in for advice.
The ‘‘wharfies’’ (dock workers) refused to work the ship because of the offensive odor,
although after much discussion they decided that for another $2 an hour they could work.
The ship’s agents were reluctant to have the offending cargo unloaded because it was destined
for Australia. Health and Dangerous Goods officials attended, but it was the first time they
had been called upon to deal with an incident on such a scale. The black drums were
identified with just the word ‘‘merphos’’ stenciled in white on the black drums. There were
no toxic labels and no manifest declaring the cargo as dangerous. Attempts to identify the
chemical proved fruitless because there were no New Zealand agents and the Australian
consignees were refusing to disclose the technical name on the grounds of commercial sensitivity. All they would say was that it was not particularly harmful. Information gleaned
locally suggested that it might in fact be highly toxic. After a whole day of discussion, it
was agreed that the drums should be unloaded and the undamaged drums sent to the agent’s
warehouse and the damaged ones sent to a nearby warehouse in Parnell. When the truck
arrived at the warehouse, it was parked in the open. It seems that the delivery was not
supervised by the authorities, and indeed at the later inquiry it came out that there was
confusion as to what should happen to the drums.
When the truck driver arrived the following morning, he was instructed to take the truck
from outside the warehouse to a piece of nearby vacant land. Another truckload of drums
that were thought to be sound was found to be leaking. The driver took them to a dangerous
goods store to unload them but was told to take them to the same piece of vacant land that
the others were on.
In the hot summer sun, the drums soon became heated, increasing the odor in the surrounding area. The warehouse manager called the fire brigade, which duly arrived and
donned the gas-tight suits that they used to deal with ammonia leaks. They reidentified the
trade name on the drum and confirmed the leaks but were not really geared up to do much
more.
Meanwhile, the citizens of Parnell were starting to be affected by the smell and were
turning up at local hospitals in great numbers. As the chemical was unknown, doctors could
only treat the patients symptomatically. Much of the first day was spent evacuating residents
while the authorities attempted to get a positive lead on the nature of the material. After
much questioning of local chemical experts, it was concluded that the substance was a thio
organo phosphate, i.e., an organo phosphate with some of the oxygen replaced by sulphur.
We now know that these materials can have extremely strong odors detectable at parts per
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billion. Generally, the odor comes not from the chemical but from mercaptans produced as
contaminants in the manufacture. Mercaptans are used as stenching agents in gas plants. It
was eventually identified through analysis as tributyl phosphorothioite, although some
sources identified it as phosphorothioate.
Despite the brigade’s best efforts to stem the leaks and reseal the damaged drums, the
odor continued to spread and more and more people reported to the hospitals. There was so
much congestion that many were treated on stretchers in the car park.
The other problem starting to emerge was who was responsible for dealing with the
incident and more importantly who was going to pay for it. The Fire Service did not feel
that it was their responsibility because legislation in New Zealand at that time only gave
them authority to deal with fires or the threat of fire and this was neither. The Police felt it
was not under their jurisdiction, because, although they were charged with protecting life
and property from danger, they were not sure that dealing with chemical spills came within
that definition. The Civil Defence Act, however, gave the controller of Civil Defence ultimate
powers once a declaration was made, which allowed him to direct anyone to do almost
anything. The controller was usually designated as the local mayor, who knew little or
nothing about controlling emergencies, but the declaration gave him the power to spend
whatever money was necessary on equipment and resources and subsequently to reclaim it
from central government. He duly made the declaration and then immediately gave the power
of control to the Police, who passed on the responsibility of dealing with the chemical to
the Fire Service.
Now they could go out and requisition trucks and diggers to move the material and the
chemicals necessary to neutralize the spills. It took nearly five days to resolve this incident.
It became clear that because the material had been moved, there were several sites that
needed decontaminating. The truck originally transporting the drums was contaminated and
needed to be treated. Both the ship and the wharf were contaminated. The hospital, which
had been totally overwhelmed, was also collecting the odor from contaminated firefighters
and members of the public arriving for treatment. Over the five days, around 4,000 were
treated. Some people who were close to the incident undoubtedly were affected, if only by
the terrible stench. Although others came from far away and in an upwind direction, if they
said they felt ill, they had to be seen. It was important to identify the genuine cases because
in the worst cases they needed to be treated with the antidote atropine to restore their
cholinesterase.
The ‘‘neutralizer’’ for organo phosphates is fortunately quite simple. Because sodium
hydroxide (caustic soda) solution breaks it down quite readily, every contaminated item had
to be treated with caustic solution. It was at this point that some of the purely academic
scientists recommended that the truck be cut into small pieces to be soaked in decontaminant.
The Chief Fire Officer simply had his men pour caustic over every surface of the truck,
which ran onto the contaminated soil underneath, helping to decontaminate it. The soil was
then trucked to a secure landfill and buried along with more caustic. The ship was sand
blasted and steam cleaned from stem to stern and the residue was washed into the harbor.
Environmental awareness was not too high in those days.
A Royal Commission of Enquiry was set up to investigate the circumstances of the
incident and the subsequent handling. The Commission generally did not criticize any actions
taken by emergency services, but it did make some strong recommendations on how such
incidents might be better handled in the future. As a result, emergency services coordinating
groups were set up with joint exercises focused on nonfire emergencies. There was also a
hazardous materials advisory group formed, which could give advice to emergency services
when such events occurred in the future. These groups have proved extremely beneficial.
It was from that point on that the Fire Service was called more and more often to chemical
spills and their expertise increased. A new position was established to act as a liaison between
the scientists and the firefighters. The Technical Liaison Officer (TLO) position was filled
initially by a Fire Service officer with chemical expertise and subsequently by civilians. This
post was the equivalent of what we now call a Hazmat Responder. Many of the problems
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during the incident at Parnell were caused by poor communications between scientists and
the emergency services, and the TLO position has eliminated most of these problems.
Although the brigade was now attending hazardous materials incidents as a matter of
course, the decade from 1973 to 1984 was a reasonably quiet time for chemical incidents
but a bad time for fires generally. There were two major fires at one printing company. A
furniture factory was completely gutted and a warehouse full of paraffin wax and jute sacks
burnt like a large candle.
4.3.2

Revertex Fire—1984

One of the biggest chemical fires to date in New Zealand occurred in a resin and emulsion
blending plant in 1984. The plant was not large by world standards but was a major New
Zealand supplier of blended resins and ran a 24-hour operation. The fire occurred in the
reactor tower, which fed raw material and additives in at the top, dropped them into the
reactor kettle, and at the end of the reaction time dropped the product into a solvent-blending
tank at the base. At the time of the fire, the resin cook was running through a steady heating
phase and the solvent, a hydrocarbon blend, had been loaded into the blending tank ready
for the next phase.
The night staff was just a skeleton crew that kept the resin kettles in operation. It consisted
of a supervisor and three operators. At about 4.30 a.m., they broke for refreshments and
retired to the restroom, which was only about 10 meters from the reactor but in a separate
building. The reaction was one that they had done hundreds of times before and required
very little supervision, so the reactor tower was empty of people.
At 4:50 a.m., there was an explosion that appears to have occurred in the space between
the reactor tower and the walls of the building. The wall nearest the restroom fell over as a
slab and came to a stop leaning on the restroom walls. The three with their backs to the
door heard the bang and ran through the door and ducked under the fallen wall. They
managed to escape successfully. The worker facing the door had seen a flash and threw a
chair through a window to escape to the street.
The ensuing fire was successfully contained but burned for about 4 to 5 hours. The
damage to surrounding buildings was confined to windows and doors being sucked out by
the rush of air into the explosion. The heat of the fire was sufficient to cause semiburied
tanks to rupture.
Although this was a major fire involving petrochemicals, the chemical effect seemed
negligible. Odors from acrylates in the plant were detected up to 8 km away. Fish were
killed in a nearby harbor, but this was attributed to the large volumes of fresh water going
into saltwater.
An even more significant chemical fire in New Zealand’s history occurred later that year
at an ICI warehouse on the banks of the Tamaki River.
4.3.3

ICI Warehouse Fire 1984

On December 21, 1984, at about 5 p.m., a fire started alongside a pallet of calcium hypochlorite in a corner of the store. The cause was thought to have been a small spillage from
a container, which then reacted with some other organic material and ignited. Two employees
attempted to extinguish the fire with portable extinguishers. The building was not sprinkler
protected and was not required to be under the codes of the time. Unfortunately, one of the
workers tried to escape across an open mezzanine landing above the fire. The fire flashed
over and he suffered 80% burns. He died four months later.
The section of warehouse involved in the fire contained a wide variety of materials ranging
from pesticides such as paraquat and 245 T to fiberglassing resins and cylinders of sterethox,
a mixture of ethylene oxide and CFCs. The calcium hypochlorite, which was not supposed
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to be in that area, helped to fuel the fire and made it difficult to extinguish. Thirty-one-ton
chlorine cylinders stored close to the building caused great consternation but because of
wind direction were not affected.
The fire burned for about four hours, during which time the light steel truss roof collapsed
into the fire, making access very difficult. At the height of the fire, 5,000 liters per second
of water were being poured into the fire, and a large proportion of this was flowing out of
the debris into the nearby Tamaki River. Fortunately, the river is still tidal at this point, with
an approximately three-meter tide fall. As the tide was high for the greater duration of the
fire, the runoff was held in the estuary. As the tide fell, it took the pollution out to sea in a
moderately concentrated slug, which then dispersed. Apart from two trees that died on the
riverbank at the point where the runoff flowed into the river, there was very little environmental damage. The company commissioned an independent ecologist to survey the area
over the next 12 months. Little damage was found to the immediate environment, and no
signs were found of long-term effects on the next generation of plant and marine life.
The same could not be said for firefighters who were involved. Immediate effects were
irritation, particularly of the legs, from slipping into deep puddles of contaminated water.
All firefighters wore self contained breathing apparatus (SCBA) most of the time but not
necessarily all of the time. There does not seem to have been any respiratory damage.
Over the ensuing two to three years there was an ongoing battle as to whether firefighters
had been affected by the fire. An inquiry was eventually held into the health of firefighters
who had attended the fire, which concluded that most of the problems after the initial physical
effects were brought about by worry that they may have been affected.
The fire generated a huge amount of interest throughout the country and dozens of medical
insurance claims were made. Those who were involved are still being monitored, but there
have been no signs of anything unusual to date.
Another incident occurred in 1985 when 400 liters of chlorosulphonic acid spilled from
a partially overturned container. Chlorosulphonic acid in contact with moisture gives off
clouds of sulphur dioxide and hydrogen chloride. Seventy people were evacuated for about
eight hours while the spill was dealt with.

4.4

STORAGE AND HANDLING OF HAZARDOUS MATERIALS IN
NEW ZEALAND
Because of New Zealand’s relatively small size, chemicals of different types are often warehoused and stored on the same site. In the good places, segregation is well maintained,
usually by having separate storage buildings or areas for each class of chemical. Some other
places are not so good. Difficulties in control sometimes come about because of the fragmented legislation that has grown up in New Zealand over the years.
Up until early 2001, flammable materials, including gases, were controlled by the Dangerous Goods Act and Regulations administered by the Department of Labour. This legislation evolved, as in most countries, from the need to control the storage and sale of gasoline
with the advent of the motor car. Over the years this has expanded to include gases, flammable solids, and oxidizers. The Department of Labour already controlled explosives under
its own Act and Regulations and so it had control of all materials with a flammable nature
or an ability to cause fire.
The Dangerous Goods Division of the Department of Labour controlled all of these
materials by specifying the construction of buildings and segregation from other activities.
They also controlled the containers and tanks used for storing flammables or explosives. The
compliance was usually in line with international practice such as UN codes.
Toxic, corrosive, and radioactive materials were under the control of the Ministry of
Health. Toxics and corrosives were controlled by the Toxic Substances Act and Regulations,
while radioactive materials came under the Radiation Protection Act and Regulations.
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The Toxic Substances Act evolved in the late 1970s from an old Poisons Act, which was
designed to control the packaging, labeling, and selling of poisons, which was done primarily
through pharmacies. The Poisons Act placed very little control on storage or bulk handling
other than to require that poisons be ‘‘securely’’ stored and kept out of the reach of children.
Even when control was introduced through the Toxic Substances Act, the wording still
seemed geared to relatively small quantities.
Around these two core Acts (the Dangerous Goods Act and Toxic Substances Act) were
acts such as the Pesticides Act, which imposed additional controls on toxic pesticides, and
the Health Act, which required the reporting of poisonings. The building regulations of the
time recognized flammable liquids only as a hazard, and no controls were placed on buildings
storing other substances.
To set up and run a hazardous materials warehouse in New Zealand is a bureaucratic
nightmare with a myriad of Acts covering different aspects. And this was before there was
any serious environmental protection legislation. It was in this environment that the ICI
warehouse fire occurred.

4.5

LEGISLATION REVIEW
The ICI fire, like the incident in Parnell 12 years before, served to focus concern on the
legislation for controlling hazardous materials. The event brought a realization that there
were some shortcomings in the legislation.
In 1985 the wheels were set in motion to review all of New Zealand’s legislation related
to hazardous materials. The intention was to produce a single piece of legislation for all
classes of hazardous material. ‘‘One Act, one authority’’ was the catch phrase of the time.
Over the next 15 years most of New Zealand’s safety and environmental legislation was
reviewed and rewritten.
Most of the recent reviews of legislation around the world have tended towards a nonprescriptive approach, and New Zealand has followed this trend. So where the old legislation
might prescribe that a building should be constructed of a four-hour fire-rated material and
should be at least a fixed distance from other buildings or public places, the new legislation
would require that persons or property not be injured in trying to exit from a site and that
there be minimal effects on those not on the site. Such nonprescriptive legislation allows
innovation in techniques and materials. The difficult side is that it requires those giving
approvals to have some real knowledge of building safety, chemicals, and combustion chemistry and physics and then to be able to trust their own judgment rather than relying on
figures in a book.
One of the first new pieces of legislation to be introduced was an amendment to the
Transport Act in 1989 imposing controls on the Transport of Hazardous Substances on Land.
There had always been some legislation, but it was dispersed through several other Acts and
agencies. Now the police had powers in their own right.
Next came the Building Act of 1991, which replaced New Zealand Standard NZS19001964. In essence, this Act requires a building to be safe and to have a safe means of egress
based on the activity in the building and the construction. Specific sections deal with buildings storing hazardous substances. How this is achieved is not prescribed but must be justifiable. This usually means these buildings must be built according to another recognized
standard or that the building proposal has been thoroughly tested. ‘‘Acceptable solutions’’
are published with the Act, which are intended as a guide but more often than not become
the only solution. Human nature doesn’t like making decisions.
The Resource Management Act also came into effect in 1991. This is an all-encompassing
piece of legislation aimed at protecting the environment not only from accidental damage
such as spills but also from deliberate acts such as building unsightly buildings or additions
to existing buildings. The environmental protection sections are working well.

4.10
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In 1992 the Health and Safety in Employment Act clarified the requirements for a safe
workplace and among other things gave employees the right to know about hazards that may
affect them. This included chemical hazards and made it obligatory to have material safety
data sheets available in the workplace.
All of this new legislation tidied up the building, workplace, and transport controls, but
the base Dangerous Goods and Toxic Substances Acts still remained and distorted some of
the authority in the new legislation. Since 1987 committees and groups have been working
towards producing an up-to-date and comprehensive Hazardous Substances law that would
be all-encompassing. The Hazardous Substances and New Organisms Act was introduced in
1996.

4.6

HAZARDOUS SUBSTANCES AND NEW ORGANISMS ACT
The Hazardous Substances and New Organisms Act set up an Environmental Resource Management Authority (ERMA) that controls and monitors any new Regulations to be made
under the Act.
The New Organisms sections of the Regulations came into force in 1998, no doubt encouraged by the looming on the horizon of genetically modified plants and animals, although
its real purpose of monitoring the introduction of any new plant or species into New Zealand
is much more mundane. Any new species of tree, plant, or animal goes through an assessment
process. For example, this law will ensure that we never have snakes in New Zealand, or
for that matter any other species that may endanger our indigenous species of plant or animal.
The Hazardous Substance Regulation sections, which at the time of writing are still in
the process of being enacted, will formalize classification and labeling according to best
international practice. They will require an appropriate standard for storage, packaging, and
identification and also require emergency plans to be in place and tested as appropriate. For
instance, the classification and labeling will follow the Global Harmonization criteria, which
were agreed upon at the Rio Conference in 1992.
Early drafts of the Regulations had a requirement for ecotoxic data to be supplied with
every application for the importation or manufacture of a new chemical. When the cost of
providing such information, which did not appear to be required anywhere else in the world
in such detail, was assessed, it was agreed that generic or best practice information would
be acceptable in most cases. If a completely new type of chemical were to be proposed, then
the ecotoxic data would probably be required.
We believe that the Hazardous Substances Regulations will be among the best and most
complete available anywhere and will give manufacturers and importers very clear direction
on what can and cannot be introduced into New Zealand and under what controls and
conditions. The Regulations will provide clear guidance on the controls that will be required
for those substances that are permitted. There is no intention to be overrestrictive, and for
low-level substances, the Regulations will only require the sorts of controls that are often
already required in other legislation but not clearly spelled out. At the time of writing, there
is trepidation about the effects of this legislation, but overall simplification should overcome
any concerns about tightened requirements.

4.7

CONCLUSIONS
New Zealand is entering the 21st century looking very different from the rural economy of
160 years ago. It underwent its industrial revolution quite late in life, during the 1960s and
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1970s. Fortunately, the environmental protection movement was gathering strength at that
time, which means that New Zealand has avoided many of the polluting practices that have
affected older nations. Emergency services are also evolving and developing strategies that
protect the environment. The days of the big washdown are long gone. Containment and
controlled disposal are all part of a modern firefighter’s armory.

CHAPTER 5

CHEMTREC (THE CHEMICAL
TRANSPORTATION EMERGENCY
CENTER)
C. A. Leif Ericson and Thomas K. Warnock
CHEMTREC, Arlington, VA

5.1

INTRODUCTION
The Chemical Transportation Emergency Center (CHEMTREC) was established as a public
service by the American Chemistry Council (ACC) in 1971. It was organized in response to
several accidental chemical releases for which responders could not obtain adequate information to mitigate the hazards. ACC’s approximately 190 member companies represent more
than 90% of the productive capacity for basic industrial chemicals in the United States.
CHEMTREC is a 24-hour resource center that provides technical and emergency response
information, shipper contact, and medical assistance for incidents involving chemicals and
other hazardous materials to first responders, the transportation industry, medical professionals, and others. The Center also provides access to industry mutual aid programs and is
involved in prevention by providing training assistance and materials and educational programs.
CHEMTREC also assists shippers of hazardous materials to satisfy regulatory requirements related to shipping chemicals and assists in chemical incidents and medical emergencies not related to transportation. Anyone with a chemical emergency may call, free of
charge, to receive appropriate emergency response advice.
CHEMTREC provides immediate technical assistance from chemical product safety specialists, emergency response coordinators, toxicologists, physicians, and other industry experts. The Center serves as a communications link for the responder, facilitating the rapid
transfer of information and allocation of resources. Calls are received from all over the world,
including from ships at sea. Translation services are available for callers who do not speak
English. ACC employees who are fluent in foreign languages also provide translation assistance.
The emergency response information provided by CHEMTREC comes from a number of
sources. Some is from Material Safety Data Sheets (MSDSs), which are product-specific
documents containing health and safety information provided by the manufacturer. Shippers
provide MSDSs on their products to CHEMTREC for distribution to responders during an
emergency. Other sources of information include the North American Emergency Response
Guidebook (NAERG), standard industry text references such as the Emergency Action
5.1

5.2

CHAPTER FIVE

FIGURE 5.1 CHEMTREC Emergency Call Center, Arlington
VA.

Guides published by the Association of American Railroads (AAR), and programs on CDROM such as Tomes.
CHEMTREC’s Emergency Services specialists are hazardous materials professionals,
many of whom are experienced in the emergency response field. They attend a 40-hour,
technician-level course on hazmat response as well as additional specialized training courses
throughout their career. They have access to an extensive database of contacts with manufacturers, shippers, carriers, and contractors if further chemical or technical assistance is
required.
As shown in Table 5.1, CHEMTREC receives more than 100,000 calls each year and
handles nearly 20,000 incidents annually. The number of employees at the Center has increased by 50% in the last three years as their services become better known and the number
of calls increases. In addition, shippers and carriers are now required to report 100% of
incidents through CHEMTREC and Responsible Care outreach to carriers and the industry.
CHEMTREC can be reached 24 hours a day, every day of the year, from anywhere in
the United States, Canada, Puerto Rico, and the Virgin Islands through a toll-free emergency
number (1-800-424-9300). Callers outside the United States and ships at sea can contact the
Center using CHEMTREC’s international and maritime number (1-703-527-3887). Emergency collect calls are accepted.

5.2

CHEMTREC’S RESPONSE TO AN EMERGENCY CALL
When CHEMTREC receives an emergency call, an Emergency Services specialist obtains
the caller’s name and organization, telephone and fax number, the location of the incident,
the shipper, consignee, and carrier, the product name, and the nature of the incident. CHEMTREC then provides immediate emergency response information about the chemical(s) involved, often obtained from the manufacturer’s product-specific MSDS in the Center’s library
of nearly 2.5 million such documents. These are accessed in seconds and faxed to responders
on-scene at a hazardous materials incident. Other sources of information are other technical
text references and computer databases.
The details of the incident are quickly relayed to the shipper or manufacturer of the
product involved, and the carrier can be notified as necessary. The shipper is put in contact
with the incident scene to provide follow-up technical advice and assistance, including dispatching personnel to the scene if required.
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TABLE 5.1 Total Calls to CHEMTREC (1995 to 1998)
1995: 44,179 total calls (25,020 emergency-related, 19,159 non-emergency)

5,000

Total Calls Related to
Emergencies for the
Month (both incoming &
outgoing):

4,000
3,000
2,000
1,000
0
JAN '95

Total Non-Emergency
Calls for the Month:

MARCH
'95

MAY
'95

JULY
'95

SEP '95

NOV
'95

1998: 110,973 total calls (84,685 emergency-related, 26,288 non-emergency)

Total Calls Related to
Emergencies for the
Month (both incoming &
outgoing):

10,000
8,000
6,000
4,000

Total Non-Emergency
Calls for the Month:

2,000
0
JAN '98

MARCH
'98

MAY
'98

JULY
'98

SEP '98

NOV
'98

FIGURE 5.2 CHEMTREC’s original reference library: Tub files with documents on 1,700 different
products.
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While not a government agency, CHEMTREC maintains contacts with several U.S. government response organizations that provide response information and assistance. Through
a Memorandum of Understanding, the U.S. Department of Transportation recognizes that
CHEMTREC will assist any caller with a chemical emergency. The Center can contact those
government agencies that ship hazardous materials if their shipments are involved in accidents while in transit. CHEMTREC also liaises with emergency call centers in countries
outside the United States.
It is important to identify the shipper and the specific product name to minimize the time
needed to provide information and assistance in an emergency. Shipping papers, which normally accompany hazardous materials in transportation, are the primary source for this information. If shipping papers are unavailable, rail car numbers, truck numbers, container
markings, and carrier names can help to identify cargoes and shippers. Shippers want to
know about emergencies quickly so they can provide needed emergency response information and solve customer service problems.
Even when only limited information is available about the product or the nature of the
problem, personnel at the Center can usually provide valuable information and guidance by
using the network of company contacts, extensive reference library, product-specific mutualaid networks, and other resources. The more detailed the information provided, however, the
faster and better service can be provided.
The CHEMTREC Emergency Assistance Guidelines form is included in this chapter. This
form can be reproduced and used as a checklist for gathering and organizing information
during a hazardous materials incident.

5.3

MEDICAL EMERGENCIES
CHEMTREC can assist those providing emergency medical treatment for chemical exposure.
Assistance is provided by medical specialists from the manufacturer, the shipper, or those
under contract to CHEMTREC. This assistance is best used by the physician at the receiving
hospital. While the Center can provide assistance to emergency medical service personnel
on the scene if necessary, CHEMTREC normally advises on-scene personnel to prepare and
transport the patient in accordance with local protocols. The physician at the receiving medical facility should then contact CHEMTREC for further medical assistance.

FIGURE 5.3 CHEMTREC’s data center includes optical disk
storage equipment for 2.5 million MSDSs.
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NEW HAZARDS: RESOURCES FOR INCIDENTS INVOLVING
WEAPONS OF MASS DESTRUCTION (WMD)
With the growing threat posed by terrorism and weapons of mass destruction (WMD),
CHEMTREC has developed resources to meet the response community’s need for information about these new hazards. In addition to assembling product information on chemical
and biological agents that can be immediately relayed to responders, CHEMTREC has an
up-to-date network of contacts with military, health services, and law enforcement personnel.
The Center can quickly put emergency responders in touch with experts in this field.
The U.S. Coast Guard National Response Center (NRC) must also be notified of all
known or suspected incidents involving acts of terrorism and weapons of mass destruction
occurring in the United States. NRC then notifies the appropriate federal authorities. While
CHEMTREC does not make that notification, it can arrange a conference call between responders and the NRC. Responders can contact the NRC directly by calling 1-800-424-8802.

5.5

PRODUCT-SPECIFIC, MUTUAL-AID NETWORKS
Mutual aid networks are organized by chemical industry trade associations or by agreement
between producers to ensure that resources are available for mutual assistance in case of an
emergency involving specific chemical products. CHEMTREC serves as a central reporting
and coordination point for several of these networks. When advised of an incident, shippers
can instruct CHEMTREC to activate a mutual-aid program to dispatch specialized teams to
the scene for incidents involving chlorine, compressed gases, vinyl chloride, pool chemicals,
and many other products.
For more information on CHEMTREC mutual-aid programs, contact CHEMTREC’s Director of Information Services and Marketing at 1-703-741-5503, by fax at 1-703-741-6503,
or by e-mail at CHEMTREC@americanchemistry.com.

5.6

EMERGENCY SERVICES SPECIALISTS
CHEMTREC’s Emergency Services specialists are people with extensive experience in civilian and military emergency response. The current staff of 14 Emergency Services specialists includes active and retired firefighters, former U.S. Coast Guard personnel, retired
military explosive ordnance disposal personnel, and a chemist.
Emergency Services specialists receive ongoing training throughout their career. In addition to a monthly refresher / drill program, they attend advanced training courses in telecommunications skills, crisis management, and hazardous materials response. Each year,
several personnel receive specialized training on railroad and intermodal equipment at the
Association of American Railroads Transportation Test Center training facility.
While CHEMTREC personnel do not actually go to the scene of hazardous materials
incidents, this training coupled with prior experience allows them to understand conditions
faced by responders and to provide guidance on technical issues, such as selecting air monitoring or personal protective equipment.
Most of CHEMTREC’s Emergency Services specialists work a rotating shift of two 12hour days, two 12-hour nights, and four days off. In addition to the 12 personnel assigned
to shifts, two people work on weekdays during peak periods. The staffing schedule ensures
that there are always enough personnel to handle the number of calls, which can be as many
as 250 calls per day.
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FIGURE 5.4 A CHEMTREC Emergency Services
specialist (with an industry response team member)
receives training in chlorine leak control.

5.7

TRAINING RESOURCES
The following emergency response training resources are available.

• Handling Hazardous Materials Incidents: A Lending Library of Audiovisual Training Pro-

grams for Emergency Response Personnel. Several of the programs in this catalog were
developed by emergency response experts from ACC member companies. Others are produced by other chemical industry trade associations, carriers, and carrier associations, or
hazardous materials training consultants. These materials provide responders with technical
information and instruction on safely mitigating incidents involving a variety of hazardous
materials. Library materials are available on loan at no cost. Many of the programs can

FIGURE 5.5 Handling Hazardous Materials Incidents.
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also be purchased and some can be reproduced at no charge. For a copy of the catalog,
please contact CHEMTREC at 1-703-741-5726 or by fax at 1-703-741-6082.
• CHEMTREC Workshops. These workshops are hands-on training courses for emergency
responders. Two classes are offered—a basic course and a 36-hour course designed for
intermediate and advanced responders. In both classes, students participate in realistic
scenarios and learn how to mitigate incidents involving various trucks, rail cars, and other

FIGURE 5.6 CHEMTREC Emergency Assistance Guidelines.
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FIGURE 5.7 Training workshop at the Association of American Railroads Transportation Test
Center in Pueblo, Colorado.

containers. The classes also cover working in the Incident Command System, container
features, containment and confinement, and personal protective equipment. For more information on training opportunities, contact CHEMTREC at 1-703-741-5259 or by fax 1703-741-6259.
• The North American Emergency Response Guidebook. In 1996, the U.S., Canadian, and
Mexican governments developed a single Emergency Response Guidebook for North
America. The new book replaces previous versions of both the U.S. Department of Transport (DOT) Emergency Response Guidebook and Canada’s Dangerous Goods Initial Emergency Response Guide. This book is available free of charge to emergency response organizations through DOT-designated coordinators in each state. CHEMTREC personnel
review proposed revisions of this publication prior to release. CHEMTREC is listed in the
document as an organization that can be called for assistance in a hazardous materials
emergency.

5.8

DRILLS FOR EMERGENCIES
In many cases, CHEMTREC is called for the first time during an actual emergency. If
CHEMTREC is involved in a drill for a hazardous materials response, an additional dimension of realism can be added to the exercise. CHEMTREC handles drills in exactly the same
manner as an actual emergency. By working together in advance, emergency responders will
better understand what resources and services are available. This facilitates smoother operations if an actual incident occurs.

FIGURE 5.8 The North American Emergency Response Guidebook.
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CHEMTREC’s Hazardous Materials Exercise Scenario form, which is included at the end
of this chapter, asks for the basic details about the exercise (who, what, where, and when)
and a local contact person. The expected time of the drill must be included, as well as the
time that participants are expected to call CHEMTREC. Because an emergency services
specialist is assigned to each exercise, it is very important that an accurate time be given
for an incoming call. If a call does not come in to the center at the indicated time, the staff
person will attempt to reach the drill coordinator. If CHEMTREC is unable to participate
for any reason, every effort will be made to contact the coordinator in advance.
The completed form must be faxed or e-mailed back to CHEMTREC at least 48 hours
before the drill or mailed at least 10 days before the drill. The fax number is 1-703-7416090, the e-mail address is CHEMTREC@americanchemistry.com, and the mailing address
is 1300 Wilson Boulevard, Arlington, VA 22209. Call the Center at 1-703-741-5525 to
confirm that the form was received. For a drill involving specific products or chemicals, it
can also be arranged for a product shipper or manufacturer to participate in the drill.
CHEMTREC must be advised about drills as early as possible to allow for scheduling.
CHEMTREC must also be advised if the drill is canceled or postponed for any reason, so
that any special scheduling can be changed. The Center sends out a brief survey form after
a drill to evaluate their performance and to obtain feedback on ways to improve their service.
Further information is available by contacting the Senior Staff Assistant at 1-703-741-5525,
or by fax or e-mail.

5.9

TYPICAL CHEMTREC INCIDENTS
CHEMTREC is committed to providing emergency response personnel, law enforcement
agencies, and other interested persons with information and advice for dealing with emergencies associated with hazardous materials. The following incidents are representative of
the emergencies handled at the Center every day.

• A driver for a trucking company called CHEMTREC from a highway in New Mexico to

report that tetramethyl ammonium hydroxide was leaking from a tote bin inside his trailer.
He could not identify the shipper or consignee for his load, but did provide his company’s
safety department contact and his trailer and tractor number. The Emergency Service specialist contacted the carrier’s safety department and identified the shipper and the consignee. The shipper was contacted and asked to call the carrier’s safety department. The
safety manager for the carrier called back stating that the shipper had contacted him to
provide product information and advising that the local fire department had arrived on the
scene. He also advised that the consignee was sending a cleanup crew. CHEMTREC was
also contacted by the New Mexico State Police, who were put in touch with the shipper
to answer their concerns about the product.
• A fire brigade in South Africa called the CHEMTREC Emergency Center reporting that a
truck carrying purified terephthalic acid had been involved in an accident. An undetermined
amount of product had spilled onto the highway and the shipper was not known. The caller
wanted information on the product and advice on mitigation. While the caller was on the
line, the Emergency Services specialist faxed out an MSDS from a basic producer in the
United States. CHEMTREC offered to contact the basic producer and the caller accepted
the offer. The specialist then passed all known details to the U.S. producer of the chemical,
who agreed to assist. The producer later called back to advise that a chemist from the U.S.
producer’s plant had contacted the fire brigade to provide needed information.
• A trucking company dispatcher called CHEMTREC to report that an unknown product
was leaking from a trailer parked at a truck stop in Arizona. After the local fire department
was called, they called CHEMTREC for assistance in identifying the products in the trailer.
As there were multiple shippers’ products in the truck, CHEMTREC asked that the bill of

5.10

CHAPTER FIVE

CHEMTREC Hazardous Materials Exercise Request
Thank you for requesting CHEMTREC assistance for your hazardous materials exercise. To ensure the exercise proceeds
smoothly, please provide us with the following information. We suggest that you contact us at (703) 741-5524 the business
day before the drill to confirm the drill or let us know if the drill has been cancelled or rescheduled.
IMPORTANT: WHEN CALLING, USE THE CHEMTREC EMERGENCY NUMBER (800) 424-9300 AND
CLEARLY STATE TO THE COMMUNICATOR ANSWERING THAT THE CALL IS FOR A DRILL.
DATE OF EXERCISE:
TIME OF EXERCISE:

EASTERN

CENTRAL

MOUNTAIN

PACIFIC

OTHER (specify)

DRILL COORDINATOR NAME/TITLE:
ORGANIZATION:
ADDRESS:

CITY/STATE/ZIP:

TELEPHONE:

FAX:

PRODUCT(S) INVOLVED:
(Chemical/product name and/or UN number)
CONTAINER TYPE/SIZE(S):
AMT. OF PRODUCT INVOLVED:

RELEASED:

LOCATION OF INCIDENT:
INCIDENT SITE TELEPHONE:

FAX:

BRIEF DESCRIPTION OF INCIDENT:

EXPECTED TIME THAT DRILL PARTICIPANTS WILL CALL CHEMTREC:
EASTERN
CENTRAL
MOUNTAIN
PACIFIC

OTHER (specify)

ARE ANY OF THE FOLLOWING PARTICIPATING?
MANUFACTURER:
SHIPPER:
CARRIER:
PLEASE PROVIDE THE NAME(S) AND NUMBER(S) FOR ANY SHIPPER, CARRIER OR MANUFACTURER
REPRESENTATIVES PARTICIPATING, AS WELL AS ANY SPECIAL INSTRUCTIONS FOR THIS
EXERCISE.

PLEASE RETURN THIS FORM BY FAX AT LEAST 48 HOURS IN ADVANCE, OR BY MAIL 10 DAYS IN ADVANCE TO:
CHEMTREC
1300 WILSON BOULEVARD, ARLINGTON, VIRGINIA 22209
voice:(703)741-5525
fax:(703)741-6090
e-mail: chemtrec @ americanchemistry.com

FIGURE 5.9 CHEMTREC Hazardous Materials Exercise Request.
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lading be faxed to the Emergency Center and determined that there were two shippers
involved, shipping hydrofluoric acid solutions and ethylene glycol. The Emergency Services specialist contacted each shipper, requesting that each company contact the reporting
carrier’s dispatcher. In turn, the shippers called back to advise that their respective emergency coordinators had made contact and that responders had been given information on
the product.
• CHEMTREC received a call from a railroad reporting a train derailment. The report stated
that derailed tank cars contained sulfuric acid, a naphtha / xylene mixture, and residue of
silicon tetrachloride. It was reported that an unknown amount of product was leaking from
the rail cars. Adverse weather conditions in the area were hampering response and evaluation of the incident. CHEMTREC faxed MSDSs to the local fire department and to the
nearest poison control center and arranged a conference call between the shippers, the fire
department, and railroad representatives.

CHAPTER 6

SQAS: SAFETY AND QUALITY
ASSESSMENT SYSTEMS FOR THE
TRANSPORT/STORAGE/HANDLING
OF CHEMICALS
J. Verlinden
Trade and Environment Services, European Chemical Industry
Council / Conseil Européen de l’industrie chimique (CEFIC),
Brussels

6.1

BACKGROUND
The chemical industry in Europe often uses the logistics services offered by third parties to
store, handle, and transport feedstock, intermediates, and finished chemical products. Chemical companies have always needed to be assured that these operations were carried out in
a safe and high-quality manner with due regard for the protection of employees, the public,
and the environment. In the past, this assurance has often been obtained by individual chemical companies undertaking periodic audits of their logistics service providers, leading to a
fragmented approach and a multiplicity of auditing programs, which has been costly and
inefficient for both industries.
In the early 1990s, chemical companies recognized the need to take a fresh look at the
safety, quality, and environmental aspects related to the provision of logistics services. Within
the framework of the Responsible Care Programme, initiatives were started that have since
evolved into a number of safety and quality assessment systems (SQAS), each related to a
particular transport mode or logistics operation.

6.2

OBJECTIVE
Safety and quality assessment systems enable chemical companies to have the quality and
safety management systems of their logistics service providers assessed in a uniform manner,
thereby avoiding multiple assessments by individual chemical companies. The results of an
SQAS assessment carried out by an independent body do not lead to a certificate but are
used by an individual chemical company to evaluate the performance of service providers
6.1
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according to its own requirements. Among other tools and criteria, SQAS help in the process
of selecting suppliers and in defining areas of improvement for each of them.
Although this assessment system does not guarantee the safety, quality, and value of the
service provided, it does offer a mechanism for promoting and monitoring continuous improvement. The system not only offers impartial information on strengths and weaknesses
directly to the service provider but also provides the opportunity for customer-specific feedback by the chemical company that evaluated the assessment results. This creates or strengthens a foundation for true partnership that is mutually beneficial.
Safety and quality assessment systems are the ‘‘prevention’’ part of the European Chemical Industry Council’s International Chemical Environment (ICE) initiative, complementing
the ICE Emergency Response Programme in the field of chemical transport safety.

6.3

ASSESSMENT DOCUMENTS
The assessment documents are developed by CEFIC working groups made up of representatives from both chemical companies and service providers. This guarantees that the concerns, knowledge, and expertise of the overall industry are fully taken into account.
An SQAS package consists of a questionnaire and corresponding guidance notes for the
assessor. Each question must be answered with ‘‘1’’ (yes), ‘‘0’’ (no), or ‘‘na’’ (not applicable),
based on verbal replies by the auditee and objective evidence seen by the assessor. There is
no mechanism within SQAS for differentiated scoring of individual questions relative to their
importance. However, chemical companies can apply their own company-specific weighting
factors when evaluating the SQAS results.
For certain SQAS packages, there are questions for which the aspects of Safety & Health
(SH), care for the Environment (E), and Quality (Q) are considered separately. One question
can therefore require up to three replies. Most SQAS questionnaires contain the following
three categories of questions.
1. ‘‘M’’ questions represent basic safety requirements that should be met by all logistics
service providers. They cover items that are a statutory requirement in most countries in
Europe, but not necessarily in all countries.
2. ‘‘I’’ questions refer to good industry practices according to which the chemical industry
requires its logistics service providers to act.
3. ‘‘D’’ questions cover items for further improvements.
An SQAS questionnaire typically covers areas such as management policy, training and
recruitment, safety, health and environmental procedures, safety equipment, emergency response, customer focus, equipment maintenance and inspection, operational instructions,
communications, security, and site inspection (where appropriate).

6.4

ASSESSMENT PROCESS
The following are the steps in a typical SQAS process.
1. In responding to a request from chemical companies, the logistics service provider usually
contracts an independent qualified assessor to carry out an SQAS assessment and become
familiar with the appropriate SQAS package.
2. The assessor carries out the assessment, producing a factual, signed and dated report,
which is supplemented with eventual comments from the logistics service provider. The
report does not give recommendations for improvement nor does it constitute a certificate.
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3. Depending on the SQAS package involved, the logistics service provider supplies, at his
or her discretion, a copy of the report to any requesting chemical company or agrees that
the assessment data can be accessed from a central database.
4. The individual client evaluates the factual assessment results against his or her own requirements and agrees with the logistics service provider on priorities for continuous
improvement.
5. The logistics service provider arranges for periodic reassessment.
Unless mentioned otherwise, e.g., marine bulk, tank storage terminals, the chemical industry considers that all aspects of the service provided by a logistics service provider should
undergo a full SQAS assessment every three years. It is left to the discretion of the logistics
service provider to arrange for intermediate follow-up assessments, e.g., in accordance with
ISO 9000 procedures.

6.5

BENEFITS OF SQAS
An SQAS assessment provides the following benefits:

•
•
•
•
•

6.6

One concerted industry approach, which encourages mutual understanding
Objective evaluation adapted to individual needs
Systematic focus on issues requiring attention
Cost-effectiveness (in money and time)
An essential tool in the process of continual improvement

OVERVIEW OF SQAS PACKAGES
The following is a general overview of the key aspects of each SQAS package.

6.6.1

Marine Bulk

Two assessment documents have been developed addressing chemical tankers and liquefied
gas carriers.
The questionnaires address the status of the management and operational standards of a
vessel in areas such as certification, manning, navigation, mooring, cargo operations, firefighting, pollution prevention, and hull and superstructure.
In order to operate the scheme, the Chemical Distribution Institute (CDI) was set up as
a foundation and incorporated under Dutch law in 1994 by 13 founding members. By early
1999, this number had risen to 29 chemical companies and 313 ship owners had made an
operational agreement with CDI.
The role of CDI is to establish an inspection system that provides inspection data on
chemical and gas ships. This information is accessible (electronically) only to chemical
companies participating in CDI. The CDI also qualifies, trains, and accredits inspectors. By
early 1999, more than 2,200 inspections had been carried out worldwide (continuing at a
rate of 75 inspections per month) and 50 inspectors had been trained and accredited. The
results of a ship inspection remain valid for 1 year.
Further information is available from:
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Chemical Distribution Institute
St. Martins House Business Centre
Ockham Road South
East Horsley
Surrey, U.K. KT24 6RX
Tel 44-(0)1483-281268
Fax 44-(0)1483-285474
E-mail: chemdist@aol.com
http: / / www.enter.co.uk / cdi
6.6.2

Tank Storage Terminals

The following two assessment documents have been developed:
1. A management questionnaire (630 questions) addressing management responsibility, training, personnel, procedures, maintenance, etc.
2. A technical questionnaire (935 questions) addressing site firefighting, tank cleaning, waste
treatment, pumping stations and transfer lines, jetty, etc.
In order to operate the scheme, the activities of CDI were extended with a CDI-T part in
1997 with identical objectives as those of SQAS Marine Bulk. These objectives are:

• To establish an inspection system that provides inspection data on bulk storage terminals
to participating chemical companies. Unlike the CDI scheme for marine bulk vessels, this
information, accessible to chemical companies participating in CDI-T only, is not presently
accessible electronically in view of the limited number of chemical bulk storage terminals
in Europe.
• To qualify, train, and accredit inspectors
By mid-1999, 13 chemical companies and 14 terminal operators were participating in
CDI-T. By the end of 1999, 16 terminals (out of a total of 60 that could be subject to an
assessment in Europe) had been assessed and 10 inspectors had been trained and accredited.
The results of a terminal assessment remain valid for 27 months.
6.6.3

Road Haulage

The SQAS package for road haulage operations primarily deals with the managerial aspects
of a transport company. However, a depot inspection is part of the assessment in order to
verify that the management system has been effectively and consistently implemented and
that the company is providing a high level of operational quality and safety.
SQAS documents for road haulage (questionnaire and corresponding guidance document)
were first issued in September 1994 and revised in the following manner in 1997:

• Taking into account comments from users (chemical and haulage companies and certification bodies) collected during three years of operating practice

• Introducing a substantial number of questions related to the protection of the environment
following the growing importance of tools such as the ISO 14001, Environmental Management System Standard
• Introducing the modular approach as described here
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Modular Approach. More and more transport companies now offer a range of logistics
services such as tanker cleaning and intermodal transport. It became clear that a number of
these companies would be unnecessarily duplicating assessments as the various SQAS packages had a substantial number of common questions.
These common or core questions address the same aspects of the safety, health, environmental, and quality management system of any company providing logistics services. They
have now been put into a separate questionnaire and guidelines, i.e., one questionnaire (with
corresponding guidelines) with all core questions. Questions (and corresponding guidelines)
that relate to a specific logistics service have been put in separate documents.
This prevents a road haulage company that also operates a cleaning station from being
subject to two full assessments: SQAS Road and SQAS Cleaning Stations. With this modular
approach, one single core assessment can be followed by two separate but specific assessments of the road transport and the cleaning station activities.
This modular approach now applies to:

•
•
•
•
•

Road haulage
Cleaning stations
Rail carriers (not yet issued)
Intermodal service providers
Intermodal railway operators

Both the core and the road-specific documents (questionnaire and guidelines) are available
in several languages. More guidance on the questionnaire and the assessment process, specific to SQAS Road, is given in the guidelines. This means that a complete SQAS assessment
document for road haulage consists of a completed core document (226 questions) and a
completed road-specific document (284 questions). The 510 questions related to road haulage
have been mapped against ISO 9002 (1994) and ISO 14001 (1996).
An SQAS assessment of a road hauler is carried out by an assessor of an ISO 9000 /
14000 certifying body. The list of qualified assessors from several certification bodies is
regularly updated. Although this list should not be considered as a formal accreditation, it
is highly recommended that haulers select an assessor from this list and verify that they
effectively comply with the qualification criteria mentioned in this list.
Between 1995 and 1998, approximately 400 assessments were carried out covering most
European countries. The list of assessed haulers is regularly updated and provides the name
of the haulage company, the location(s) assessed, the year of the assessment, the name of
the assessing certification body, and the name of the assessor. The results of the assessment
are not included on this list, nor are they stored in a central database, but they can be obtained
from the individual road haulage company.
6.6.4

Cleaning Stations

In cooperation with EFTCO (European Federation of Tank Cleaning Organisations), the
modular approach, as described for SQAS Road Haulage, has also been adopted for SQAS
Cleaning Stations. This means that a complete SQAS assessment document for cleaning
stations consists of a completed core document (226 questions) and a completed cleaning
stations-specific document (223 questions). The list of qualified assessors with corresponding
recommendations, applicable for SQAS Road, can also be used for SQAS Cleaning Stations.
The list of cleaning stations assessed since 1998 is updated regularly.
6.6.5

Intermodal Transport

The modular approach described for SQAS Road Haulage has also been adopted for SQAS
Intermodal Transport. Two documents have been developed covering the different aspects of
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intermodal transport: the intermodal service provider and the intermodal railway operator.
This means that a complete SQAS assessment document for intermodal transport consists of
a completed core document (226 questions) and a completed intermodal transport-specific
document (181 or 131 questions).
An intermodal transfer terminal can be assessed by using the SQAS Transfer Terminal
questionnaire of SQAS Marine Packed Cargo (see Section 6.6.7). This questionnaire does
not make use of the modular concept. The list of qualified assessors with corresponding
recommendations, applicable for SQAS Road, can also be used for SQAS Intermodal Transport.
6.6.6

Rail Carriage

In cooperation with UIC (Union Internationale de Chemins de Fer / International Association
of Railway Companies a SQAS package is being developed for rail carriers. It will include
all 226 core questions (see Section 6.6.3), supplemented by approximately 400 questions
specific to rail operations. A draft version is being tested in a number of countries, and the
package is expected to be launched in early 2000.
6.6.7

Marine Packed Cargo Operations

The CEFIC Marine Packed Cargo (MPC) Working Group initially looked at ferry operations,
but it was soon evident that a number of other sectors also needed to be covered. As a result,
a specific SQAS package was developed including assessment questionnaires for the following six elements within the marine packed cargo operations chain:
1.
2.
3.
4.
5.
6.

Freight forwarder
Port agency
Container stuffing and stripping contractor
Transfer terminal
Shipping line
Ships (ferries, container ships, general cargo)

Because road and rail operations had already been addressed in separate SQAS documents, the Working Group did not get involved with these aspects although they form part
of the whole supply chain. The package was launched in March 1999.
A consolidated questionnaire including the questions (not the Guidelines) of all packages
(except Ship) has also been developed. A substantial number of questions are common
among the questionnaires and therefore the use of this working document will help to minimize duplication for larger companies that carry out several MPC activities. The Transfer
Terminal questionnaire can also be used to assess land-based intermodal transfer terminals.
The required qualifications, training, and experience of the assessors are described in the
respective documents. With the exception of Ships, an assessor of an ISO 9000 / 14000 certifying body carries out the SQAS assessment. In the case of Port Agencies or Forwarders,
however, self-assessment of the subsidiary may be considered, provided the subsidiary operates under the same safety and quality management system as the head office. In the case
of Ships, the chemical company carries out the SQAS assessment on a spot basis.
6.6.8

Barges

This package has been developed by a group of representatives from both oil and chemical
companies with the objective of setting up a scheme for the inspection of oil, chemical, and
gas barges operating on inland waterways in Europe, particularly on the Rhine.
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The questionnaire, originally containing 92 questions, is currently being revised to address
more chemical-specific issues and will include approximately 200 questions. Questions relate
to barge certificates, manning, health / safety / environmental aspects, firefighting, navigation,
cargo operations, etc.
The inspection scheme started in mid-1998 and is operated by EBIS (European Barge
Inspection Scheme), which is currently made up of 19 oil and chemical companies. Inspectors, trained and accredited by EBIS, carry out the barge inspections. The scheme operates
a database of inspection reports, which are electronically accessible only to members participating in EBIS.
More information (in 4 languages) about the questionnaire, the list of accredited inspectors, the list of members, and the EBIS procedures, is available at http: / / www.ebis.nl.
6.6.9

Chemical Distributors

This package was developed jointly by representatives from the chemical industry (CEFIC)
and the distributing industry (FECC—European Federation of Chemical Distributors—http:
/ / www.fecc / org / ). In contrast with other SQAS documents, this document is structured
around the 8 Guiding Principles of the Responsible Care / Distribution Programme of the
International Council of Chemical Trade Associations (ICCTA). These Principles and the
corresponding 52 self-assessment questions have been made more explicit by integrating a
number of more detailed questions. This makes it possible:

• To measure a distributor’s compliance with these Principles as part of the Responsible
Care / Distribution Programme

• To provide a common tool for suppliers of chemicals to evaluate, against their individual
requirements, the health, safety, and environmental performance of their distributors in one
single assessment

The document (216 questions), called ESAD (European Single Assessment Document),
was launched in early 1999. The questionnaire concentrates on managerial aspects but also
contains two appendices:
1. A site-inspection questionnaire (69 questions) addressing a number of hardware aspects
in order to get an impression of how well policies and procedures are actually being
complied with
2. An additional questionnaire (98 questions) for completion by distributors of Food, Cosmetic, and / or Pharma Grade products only. In view of the specific requirement, this
assessment needs to be carried out by a pharmacist / chemist with at least two years of
practical experience with current Good Manufacturing Practices (GMPs).
Although a list of qualified assessors is not yet available, it can be assumed that until
sufficient experience has been gained, the assessors qualified for SQAS Road assessments
are also qualified for an ESAD assessment.

6.7

HOW TO USE SQAS
The safety and quality aspects of the logistics operations of a chemical company are normally
addressed by its management system. Such a system is expected to identify, evaluate, and
continually reduce the risks posed to humans, the environment, or property by the transport
and storage of the company’s chemical products. Such a process typically consists of the
following sequential steps, in which the application of SQAS is described in steps 5 and 6
in this section.

6.8

CHAPTER SIX

6.7.1

Step 1—Listing the Chemicals

At least all transported chemicals that are classified as dangerous according to the United
Nations Recommendations on the Transport of Dangerous Goods—Model Regulations
(‘‘Orange Book’’) should be considered. At a further stage, companies may decide to also
take into account the chemicals that are not classified by these Recommendations.

6.7.2

Step 2—Ranking the Chemicals by Hazard

Experts in international transport have classified dangerous goods into three degrees of acute
danger—high, medium, and low—according to their inherent potential to affect adversely
humans, the environment, or property. This potential is based on a number of factors, such
as vapor pressure, flash point, toxicity, and corrosivity. This is reflected in the packing groups
(I, II, III) of the UN Recommendations or in the corresponding letters (a, b, c) of international
transport agreements such as ADR or RID. This categorization makes it easy to rank the
chemicals being distributed into three groups of hazards.

6.7.3

Step 3—Ranking the Chemicals by Exposure / Impact Potential

If not properly confined during transport or in the event of an accident, there is a potential
for chemicals to adversely impact the public, the environment, or property. In order to rank
the chemicals according to their exposure / impact potential, a major indicator is (estimated)
ton-km per year. This may be adjusted, however, by company-specific weighting factors, for
example related to storage or transport in densely populated or environmentally sensitive
areas.
This relative ranking results in grouping the transported chemicals into three broad categories of potential exposure / impact: high, medium, and low.

6.7.4

Step 4—Prioritizing Risk Reviews

The two rankings of each chemical can be put into a hazard / exposure matrix as shown in
Fig. 6.1. This offers a simple and practical way for prioritizing and grouping the review of
the risks posed by the transport of chemicals.
Initially, attention should be focused on the group of chemicals situated in the black area.
These should first be subject to a risk assessment and, in the future, should undergo more
frequent reviews than the other groups. At a later stage, the group of chemicals in the gray
area should be addressed. Individual companies may introduce their own or additional criteria
for prioritization.

FIGURE 6.1 Hazard / exposure matrix.
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Step 5—Conducting Risk Reviews

This step involves a more detailed consideration of the exposure / impact assessment combined with the assessment of the likelihood of accidents and resulting consequences. This
helps to evaluate the acceptability of current practices and procedures.
The following are some typical tools and processes for conducting such reviews.

• Consult historical accident data and reports from the company’s own database or from

publicly available databases such as the European Community Documentation Centre on
Industrial Risk1 or the U.S. DOT accident database.2 These provide information, such as
relative accident rates per transport mode or likelihood of leaks resulting from an accident,
which can then be used as input to risk-calculating computer models.
• Exchange information within sectorial associations (e.g., CEFIC Sector Groups) about
lessons learned from accidents and effects of training programs.
• Apply ‘‘what if’’ scenarios.
• Request the results of SQAS assessments, offering information about the procedures and
practices operated by the companies that provide logistics services, e.g., information related
to emergency preparedness, accident reporting, training of personnel, maintenance of
equipment, and raising safety and quality awareness.
In order to extract the relevant information from these assessment reports, each chemical
company will need to develop a template. This template is a list of those questions from the
SQAS questionnaire for which a positive reply is requested, and is normally the result of an
in-depth discussion among company logistics experts. It is suggested that chemical companies not yet familiar with this process and getting involved with SQAS consider the set of
‘‘M’’ (statutory requirements) and ‘‘I’’ (good industry practices) questions marked in most
SQAS packages as a first step in the development of their template.
Figure 6.2 illustrates how the results could be presented in order to facilitate the evaluation
of the assessment data. The x-axis lists the references of the chapters in the SQAS questionnaire, e.g., training and security. The y-axis is the percentage of negative replies in each
chapter for each category of question, i.e., ‘‘M,’’ ‘‘I,’’ and optionally ‘‘D.’’ High scores indicate that steps for improvement will need to be discussed with the assessed company.
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FIGURE 6.2 Evaluation of assessment data.

1
2

CDCIR, JRC, Ispra (I)—Tel ⫹39-332-789244, Fax ⫹39-332-789007, e-mail claudio.carnevali@jrc.it.
U.S. Department of Transportation, Office of Hazardous Materials Safety, hazmat.dot.gov / spills.htm.
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It should be noted that a company might have various templates depending on the hazard
and exposure ranking of the products involved and may therefore consider a stepwise implementation of SQAS, e.g., starting with bulk transport by road of its most hazardous
chemicals.
6.7.6

Step 6—Developing and Implementing Risk-Reduction Alternatives

Depending on the need to reduce the risks identified, a number of alternatives will need to
be formulated and implemented. The following options will result from consulting databases
or reports and the exchange of experience and information within the industry sector:

•
•
•
•
•

Container selection and design (e.g., construction material, fittings, insulation)
Selection of transport mode (road, rail, inland waterway, sea, pipe)
Route selection (e.g., highways only, avoiding tunnels and big agglomerations)
Alteration of chemical and physical properties (e.g., diluting, inhibiting)
Selection of package type (e.g., portable tank, IBC, drum)

In addition, the evaluation of the SQAS assessment results will lead to the following
additional set of risk-reducing proposals:

• Revision of operating procedures, particularly those related to loading and unloading
• Availability of adequate and regularly tested emergency response plans (with the logistics
service provider as well as with the chemical company)

• Establishment of proper accident reporting procedures and analysis of root causes
• Training of personnel, especially when conditions or procedures have changed (involving
own as well as subcontracted personnel)

• An element in the selection of logistics service providers, as SQAS assessment results
allow a chemical company to benchmark them according to specific safety and quality
requirements

It is absolutely essential that feedback be given to the SQAS-assessed logistics service
provider in such a way that both parties agree upon priorities and targets for any action to
rectify deficiencies or to implement improvements. This fundamental objective of continual
improvement is a shared issue and requires input and commitment from both parties. Consequently, this joint effort will be mutually beneficial and lead to a productive partnership.
Even before being requested, responsible logistics service providers may send a copy of the
assessment results to their major chemical customers.
6.7.7

Follow-up

The implementation of the actions defined in step 6 needs to be monitored and followed by
a new cycle of risk review whereby a number of products may have moved in the hazard /
exposure matrix from the black area into the gray or white area. This repetitive process will
make information that is more pertinent available, focusing attention on specific areas and
therefore helping to reduce further the risk related to the transport of chemicals. It is expected
that this process will result in a decrease in the number of logistics accidents, which could
be used as one objective yardstick to measure the improvements achieved.
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REGULATIONS FOR
TRANSPORTING HAZARDOUS
MATERIALS IN FRANCE
Michel Marchand
Rue Alain Colas, BP 20 413, 29604 BREST (France)

7.1

INTRODUCTION
Each year about 115 million tons of hazardous materials are transported in France, 78 million
tons of gasoline and 37 million tons of chemical products (Sari, 1990). In 1997, the total
port traffic in most metropolitan ports amounted to an annual sum of 324 million tons, with
150 million tons of petroleum products and 12 million tons of chemical products (Babillot
and Marchand, 1999).
When the industrial age began in the second half of the 19th century, public authorities
began to control the transport of hazardous materials by water and road (Law of June 18,
1870) and by rail (Regulation of November 12, 1897). French legislation has changed since
then. These regulations were abolished on April 15, 1945, when a Regulation for the Transport of Hazardous Materials came into force, still called the TMD or RTMD Regulation.
The common regulations for ground transport come from the Law of February 5, 1942,
which regulates loading, unloading, packing, storing, and handling conditions. The regulations and ensuing changes have been developed by the Interministerial Commission for the
Transport of Hazardous Materials (CIMITD), whose mission is to adapt regulations to technical changes in the context of international regulations. The Commission is based on work
done by the Mission of Transport of Hazardous Materials, which depends directly on the
TABLE 7.1 Annual Transport of Hazardous Materials in

France (million tons / year)

䡲
䡲
䡲
䡲

Ports
Road
Rail
Waterways

Petroleum products

Chemical products

150
62
12
4

12
24
11
2

Source: Sari, 1990 and Babillot and Marchand, 1999.
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Ministry of Equipment and Transport. French regulations concerning the transport of hazardous materials are RTMDR for road transport and RTMDF for rail transport. Regulations
for the transport of hazardous materials (RTMD) do not apply to rigid transport (gas pipelines, oil pipelines), which are treated according to specific laws concerning the type of
materials (petroleum products, gas, or chemical products). Nuclear material falls under a
special category with special measures; all major transport of radioactive materials is directed
by the Ministry of the Interior’s Direction of Defence and Civil Safety.
French regulations on transporting hazardous materials are classified into two large
groups, depending on whether transport is domestic or international.

7.2

DOMESTIC TRANSPORT
When the view of the interministerial commission for transporting hazardous materials
(CITMD) was adopted in December 1998, it was decided to adopt the same rules for transporting hazardous materials in France, whether national or international (J.O., 1999). These
new conditions apply to road, rail, and domestic transport. French regulations, therefore,
comply with international road (ADR), rail (RID), and waterway (ADNR) regulations.

7.2.1

International Road Transport

This is subject to an international Convention, the European Agreement concerning International Road Transport of Hazardous Materials (ADR), developed under the auspices of
the United Nations’ European Economic Commission (EEC / UNO) and signed in Geneva in
1957. The ADR, which came into force in France on January 29, 1968, contains the text of
the agreement and two annexes.
The text of the agreement outlines the measures that apply to the transport of hazardous
goods: materials and packing, transport materials, loading and unloading, information concerning transport, and transport and parking. Annex A, concerning hazardous materials and
objects, gives the categories and particular instructions according to the nine transport classifications: packing conditions, registration and hazard labeling, notification in the transport
documents, and instructions for empty packaging. Annex B concerns the material transported
and the transport itself, including general and particular conditions according to transport
classification, as well as a number of technical appendices concerning transport (tanks, tank
containers, electric equipment, approved vehicle certificate, and driver training).

7.2.2

Rail Transport

This is subject to the Regulation concerning International Rail Transport (RID), dating from
1883. Thirty-six countries have joined the RID (UIC, 1995). The RID is made up of three
distinct sections relating to both general and particular conditions according to transport
classifications and the technical appendix. General instructions of the RID provide a certain
number of essential guidelines concerning various operators and carriers, materials and packing, loading and unloading, and information about transport and parking.
The second part of the RID is devoted to the study of various hazard classifications,
according to the same classification of materials and transport conditions applicable to packs,
inscriptions and labeling, material and means of transport, and the illegality of collective
loading and empty packages.
Finally, the RID contains 11 technical appendices covering a variety of aspects. The RID
edition, published by the French Rail Company (SNCF), contains an alphabetical list of the
materials, giving the hazard identification number for each product, its material identification
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number (UN number), its classification, hazard label, and the NHM code (Nomenclature
Harmonisée Marchandises).
7.2.3

Waterway Transport

Rules for domestic transport are subject to regulations concerning the transport of hazardous
materials on the Rhine, the ADNR Law, which was adopted by the Central Commission for
Navigation on the Rhine (CNNR) on December 1, 1993.

7.3
7.3.1

INTERNATIONAL TRANSPORT
Port Transit

Port installations must conform to a certain number of instructions and safety measures
during entrance and exit of goods in and out of ports, loading and unloading of ships and
traffic circulation, and handling and storing of goods in port zones. These instructions are
in the Regulation for the Transport and Handling of Hazardous Materials in Sea Ports, still
called the RPM regulation. The RPM is completed by local regulations in the form of bylaws
so as to respect the differences of each port. The RPM includes general instructions applicable to all hazardous goods and specific instructions applicable to groups of materials for
which similar or identical safety measures are to be taken. The regulation is generally applied
to operations carried out off the ships, meaning that it concerns measures to be taken on
land or in the port itself. The Port Authority is responsible for controlling the application of
port regulation.
Safety measures to be taken on board ship must comply with international conventions
adopted and put into force in the French merchant navy. They concern the 1974 SOLAS
Convention for the Safety of Human Life at Sea (the establishment of an acceptable level
of safety onboard ship), the MARPOL 73 / 78 Convention for the Prevention of Sea Pollution
by Ships, and the 1972 Container Safety Convention (CSC).
The IMDG Code (International Maritime Dangerous Goods Code) establishes international rules for maritime transport of dangerous goods. It is aimed at facilitating the application of the SOLAS Convention for the safety of human life at sea concerning the maritime
transport of dangerous goods in packs or in solid form in bulk. It is also designed to provide
a basis for national regulations for countries that practice such transport. Annex III of the
MARPOL 73 / 78 Convention addresses the prevention of pollution by hazardous substances
carried at sea in packages and draws on the recommendations of the IMDG Code. In the
framework of the CSC Convention, a certain number of organizations are authorized to carry
out controls and to issue CSC approval of international containers transported by sea and
land.
To avoid discrepancies between national regulations and international measures for maritime transport of dangerous goods, French shipping regulations (RMF) have adopted measures of the IMDG Code, certain points being completed by instructions specific to France.
This is the Bureau des Affaires Maritimes (Centre de Sécurité des Navires), responsible for
verifying that the shipping of dangerous goods conforms to the instructions of the IMDG
Code.
7.3.2

Air Traffic

Until 1983, air transport of hazardous materials was controlled by a law dating from August
22, 1957, stating that air companies could not transport hazardous materials without special
authorization from the Director General of Civil Aviation. Authorized permission was given
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when companies transported the materials in accordance with the International Air Transport
Association (IATA), applicable to almost all air companies. In accordance with work carried
out by the IATA in 1981, the International Civil Aviation Organization (ICAO), an institution
linked to the United Nations, adopted a document entitled Technical Instructions for Safe
Air Transport of Hazardous Materials. These technical instructions, which must be respected
by professional personnel involved in the air transport of hazardous materials, are applicable
in France according to the law of January 14, 1983. The ICAO regulations include nine
sections particularly concerned with the classification of dangerous goods, packing instructions, the responsibility of the sender and the user, and required training. The 34th edition
of the IATA regulations of 1993, concerning the transport of dangerous goods, covers all the
ICAO instructions. Operators are advised to use the IATA text, which is easier to handle.
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8.1
8.1.1

GENERAL CONCEPT
Objective

Within the framework of responsible care, the chemical industry makes every effort to transport goods to and from its manufacturing sites and storage locations safely and in full
accordance with relevant regulations and codes of practice. If, nevertheless, a chemical distribution incident happens, the chemical industry will provide information, practical help,
and, if necessary and possible, intervention equipment to the competent emergency authorities in order to minimize adverse effects.
International chemical environment (ICE) is the cooperative program of chemical companies established to achieve this goal. It aims to set up a framework for effectively providing
this competent assistance in each European country by:

• Using the existing emergency response schemes of individual chemical companies
• Building on existing local, regional, and product-related emergency response schemes (e.g.,
for chlorine, isocyanates, and ethylene oxide)

• Cooperating with national authorities through the National Chemical Federation
• Communicating and exchanging information with other national ICE schemes
• Promoting mutual assistance within the chemical industry
This framework or national ICE scheme is intended only for distribution incidents, such
as those outside manufacturing sites, and is formalized in a Protocol between the National
Chemical Industry Federation and the national competent authorities, such as police and fire
brigades.
8.1.2

Level of Chemical Industry Support

Participation in a national emergency scheme is voluntary but requires the commitment of
a company to provide help in (land-based) distribution incidents at the request of the com8.1
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petent authorities. Taking into account the capabilities and resources of a company, there are
three levels of intervention:
Level 1: remote product information and general advice by telephone or fax
Level 2: advice from an expert at the scene of an incident
Level 3: assistance with personnel / equipment at the scene of an incident
Such a commitment is first applied to products manufactured by the company itself. This
is normally incorporated into the company’s own distribution emergency response scheme.
The emergency services may also require advice or help if the product supplier is not known
or cannot be contacted. In such cases, companies may offer assistance on the basis of a prior
arrangement with the national ICE scheme. However, safeguarding their own site facilities
takes priority over level 2 and level 3 intervention.
The ultimate responsibility for any intervention on the site remains with the competent
emergency authorities.
The key document in the Protocol between the competent national authorities and the
chemical industry (represented by the National Chemical Federation) is the list of participating companies. Details for each participant are provided, such as address, telephone and
fax numbers, range of products (hazardous products are identified by the four-digit UN
number), time availability, intervention equipment, and area of intervention (if limited). This
normally includes a map showing the location of the participating companies so that the
competent authorities can contact the site nearest to the transport accident.

8.1.3

National ICE Center

The focal point of a national ICE scheme is the national ICE center, which the emergency
authorities can call when:

• The supplier cannot be contacted.
• An incident happens involving international movements, necessitating contacts with na-

tional ICE centers in other countries.
• Mutual assistance within the national ICE scheme needs to be mobilized.
• The product or the producing company cannot be readily identified because of missing
information.
When called by the authorities, the national ICE center will provide initial telephone
advice for the immediate control of the incident in the local language. It will promptly alert
the producing company, obtain further information (possibly via other national ICE centers),
or mobilize mutual assistance. To do this, the center has at its disposal appropriate communications equipment, a library of reference books or databases, and up-to-date telephone
and fax numbers of contacts within the chemical industry. The center is manned 24 hours a
day by at least one person who can communicate in English as well as the local language(s)
in order to facilitate communication between the national ICE centers.

8.1.4

Information Sources

Safety data sheets (SDSs) are the main source of information. Participating companies must
therefore ensure that these sheets are accessible for their own products at all times at the
locations indicated as company contacts in the national ICE scheme. A series of reference
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books or databases are available at national ICE centers to provide initial advice, or the
centers may have access to a set of SDSs.
In 1993, the European Chemical Industry Council (ECIC) published a guidance document
on the use of SDS entitled Distribution Emergency Response—Guide to Use Safety Data
Sheets.

8.1.5

Typical Flow of Response

The typical flow of response in transport emergencies is illustrated in Fig. 8.1. However,
each country can adapt the operation of a national ICE scheme to its own specific needs and
practices already in place.

8.1.6

Liability

All chemical companies that may provide assistance or advice in case of distribution incidents should confirm with their insurance companies that their policies do cover potential
claims arising from such service for their own products. Those companies that may be
involved in giving assistance or advice with respect to products other than their own should
notify their insurance companies specifically of this fact and obtain confirmation that their
general public liability policy will provide coverage for these activities. This should not lead
to increases in insurance premiums.
In 1994, CEFIC published a brochure entitled Distribution Emergency Response—Legal
and Financial Aspects of Mutual Assistance between Companies.

8.1.7

Responder Profile

In order to provide competent assistance, responders in the national ICE center or in a
company must meet a number of minimum requirements, either through training or experience. These requirements have been agreed upon within the chemical industry and are outlined in a CEFIC publication entitled Distribution Emergency Response—Guidelines for Use
by the Chemical Industry, published in 1993.

8.1.8

Membership

A national ICE scheme is a voluntary initiative normally open to all manufacturers and
distributors of chemical products. It is administered by the national Chemical Industry Federation, which keeps a register of participating members and arranges for financial contributions. Up-to-date information about available assistance is communicated promptly to the
national competent authorities.

8.2

CURRENTLY OPERATIONAL NATIONAL ICE SCHEMES AND
CENTERS
Because all national ICE schemes fit into the concepts already described, the following
concentrates on their specific aspects. ‘‘Companies’’ should be understood as ‘‘sites’’ or
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FIGURE 8.1 Flow of response in transport emergencies.

‘‘contact points.’’ In fact, one company might have various manufacturing sites that participate in the national ICE scheme of the same country.

8.2.1

Germany

In Germany, the national ICE scheme is called TUIS (Transport Unfall Information und
Hilfeleistungs system). There are 10 centers:
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BASF—Ludwigshafen (acting as the national ICE center for international contacts)
Bayer—Leverkusen
Hoechst—Frankfurt
Henkel—Düsseldorf
Hüls—Marl
Infra Leuna—Leuna
Merck—Darmstadt
Schering—Berlin
Wacker—Chemie—Burghausen
BASF—Schwarzheide

An official Protocol has been signed between the German Chemical Industry Federation
(VCI) and the competent authorities of the various Bundesländer. TUIS is recognized as a
valuable source of assistance in chemical transport accidents and is to be called upon by the
emergency authorities when required.
Some 130 companies are listed in the TUIS Manual, which specifies such information as
addresses, contact numbers, level of assistance, and products (by name and UN number).
Competent authorities may directly contact the nearest company listed in the TUIS Manual
for the product(s) involved or one of the 10 centers that can act for all products. All three
levels of assistance are provided.
Further information can be obtained from VCI (H. Koehler) at telephone 49-(0) 69-25560;
fax 49-(0) 69-225561607; or e-mail koehler@vci.de.

8.2.2

Austria

In Austria, the national ICE scheme is called TUIS (Transport Unfall Information und Hilfeleistungs system), with 34 companies participating. These companies are listed in a manual
and may be contacted directly by the national competent authorities (such as police and fire
brigades) in case of transport accidents. All three levels of assistance are provided.
Based on an agreement between the Austrian Chemical Industry Federation (FCIO) and
the German Chemical Industry Federation, BASF, Ludwigshafen (Germany), also acts as
national ICE center for Austria.
Further information can be obtained from FCIO (E. Tomschik) at telephone 43-(0) 150105; fax 43-(0) 1-50206280; or e-mail TomschikE@fcio.wk.or.at.

8.2.3

Belgium

In Belgium, the national ICE scheme is called BELINTRA (Belgian Intervention System for
Transport Accidents). Under a formal agreement between the Belgian Chemical Industry
Federation (Fedichem) and the competent authorities, the authorities can contact either BASF,
Antwerp (Dutch-speaking), or Solvay, Jemeppe (French-speaking). They will provide assistance themselves or call on one of the approximately 30 participating companies for support.
All three levels of assistance are provided.
BASF, Antwerp, acts as national ICE center for international contacts. Further information
can be obtained from Fedichem (R. Dillen) at telephone 32-(0) 2-2389711; fax 32-(0) 22311301; or e-mail rdillen@fedichem.be.
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8.2.4

Czech Republic

In the Czech Republic, the national ICE scheme is called TRINS and 10 companies participate. Under a formal agreement between the Czech Chemical Industry Federation (SHCP)
and the competent authorities, the emergency authorities may either directly contact the
companies listed in a Manual or contact the Czech national ICE center in case of an accident.
All three levels of assistance are provided. The emergency department of the chemical company Chemopetrol, Litvinov, acts as the national ICE center. Further information can be
obtained from SCHP (I. Zika) at telephone 420-(0) 2-67154131; fax 420-(0) 2-67154130; or
e-mail mail@schp.cz.

8.2.5

Denmark

In Denmark, the national ICE scheme is called RVK and 24 companies participate. There is
a formal agreement between the Danish Chemical Industry Federation (FDKI) and the Emergency Management Agency (Copenhagen) of the Danish Ministry of Interior on emergency
response by the chemical industry. The Agency maintains a 24-hour service to fire brigades
by providing relevant information on chemicals. Under the agreement, the Agency can request advice or assistance (at all three levels) from any of the 24 companies, according to
the product(s) involved in the accident. The Agency also acts as the national ICE center.
Further information can be obtained from FDKI (J. Jessen) at telephone 45-33151748;
fax 45-33151722; or e-mail jj@fdki.dk.

8.2.6

Finland

In Finland, the national ICE scheme is called FINTERC. Some 30 companies participate,
including the major Finnish chemical producers. Under a formal agreement between the
Finnish Chemical Industry Federation (KT ry) and the public Helsinki Area Emergency
center of the Finnish Ministry of Interior, the Center deals with all requests for information
from emergency authorities in case of chemical transport accidents. The Center is linked to
the Finnish Register of Chemical Products, containing the safety data sheets of chemicals
that may endanger health or the environment. KT ry has provided the Center with the list
of names and contacts (per product) of the experts within the chemical industry who can be
called upon in case of accidents. All three levels of assistance are provided. The Center also
acts as national ICE center.
Further information can be obtained from KT ry (S. Loikkanen) at telephone 358-(0) 9172841; fax 358-(0) 9-630225; or e-mail seppo.loikkanen@kemia.ttliitot.fi.

8.2.7

France

In France, the national ICE scheme is called Transaid and some 160 companies participate.
Under a formal agreement between the French Chemical Industry Federation (UIC) and the
Ministry of the Interior, the competent authorities can call participating companies for assistance. Whereas level 1 assistance will be provided at all times without any formalities,
assistance at level 3 involves the requisitioning of intervening persons by the authorities
according to an official procedure.
All operational data related to Transaid, such as company addresses and contact numbers,
level of assistance, product names, and corresponding UN numbers, are accessible by the
competent authorities via the French electronic Minitel system. Based on an agreement between the French Chemical Industry Federation and Cedre (Marine Pollution Expert Centre
in Brest, Brittany), Cedre assumes the role of national ICE center for contacts with national
ICE centers in other countries.
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Further information can be obtained from UIC (D. Rain) at telephone 33-(0) 1-46531100;
fax 33-(0) 1-46531105; or e-mail drain@uic.fr.
8.2.8

Hungary

In Hungary, the national ICE scheme is called VERIK and seven companies participate.
Under a formal agreement between the Hungarian Chemical Industry Federation (MAVESZ)
and the competent authorities, the emergency authorities may either directly contact the
companies listed in a manual or contact the Hungarian national ICE center. All three levels
of assistance are provided. The Fire Department of the Hungarian Oil and Gas Corporation
(Szazhalombatta) acts as the national ICE center.
Further information can be obtained from MAVESZ (L. Bondar) at telephone 36-(0) 13438920; fax 36-(0) 1-3430980; or e-mail l.bondar.mavesz@mail.datanet.hu.
8.2.9

Italy

In Italy, the national ICE scheme is called SET (Servizio Emergenze Trasporti) and participation is restricted to companies adhering to the responsible care program of the Italian
Chemical Industry Federation (Federchimica). This program calls for provision of 24-hour,
level-1 assistance as a mandatory requirement. Seventy companies are now participating.
Under a formal agreement between Federchimica and the competent authorities, the Emergency Authorities may either directly contact a participating company or contact the Italian
national ICE center. This centre will make sure that a company participating in SET and
competent for the product(s) involved in the transport accident, provides the requested level
of intervention to the emergency authorities. All three levels of assistance are provided and
a list of standard intervention equipment for the 17 companies that provide level-3 support
is included in the SET Manual. The emergency Department of the chemical company Enichem (Porto Marghera) acts as the national ICE center.
Further information can be obtained from Federchimica (R. Mari) at telephone 39-02268101; fax 39-02-26810209; or e-mail tes1@federchimica.it.
8.2.10

Netherlands

In the Netherlands, the national ICE scheme is called TRC (Transport Responsible Care)
and some 15 companies participate. There is a formal agreement between the Dutch Chemical Industry Federation (VNCI) and DCMR (Dienst Centraal Milieubeheer Rijnmond, Rotterdam). On behalf of the Dutch Ministry of the Interior, DCMR maintains a 24-hour service
to fire brigades on emergency response by providing relevant information on chemicals.
Under this agreement, DCMR can request advice from any of the participating companies,
according to the product(s) involved in the accident. DCMR also acts as national ICE center.
Further information can be obtained from VNCI (D. Schuddebeurs) at telephone 31-(0)
70-3378787; fax 31-(0) 70-3203903; or e-mail schuddebeurs@vnci.nl.
8.2.11

Spain

The Spanish Chemical Industry Federation (FEIQUE), in cooperation with the Spanish Ministry of the Interior, has set up a national ICE scheme called CERET. A national ICE center
has been established within the Ministry of the Interior in Madrid that became fully operational in 1999. The center maintains a 24-hour service to competent authorities by providing
relevant information on chemicals. Under the CERET scheme, the participating companies
(currently 90) provide emergency information about all their transported products to the
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database of the national ICE center. In case of an accident, the national ICE center can
request further assistance from a participating company, depending on the product(s) involved
in the accident. All three levels of assistance are provided.
Since early 1997, a regional scheme, called ICECAT and covering the Catalan region,
has been operational. It is the result of a formal agreement between the Catalan Chemical
Industry Federations (FEDEQUIM and AEQT) and the Catalan Civil Protection center in
Barcelona according to a concept that is identical to the future CERET. Some 20 companies
based in the Catalan region are participating in ICECAT. In addition to its regional role, the
center in Barcelona acted as national ICE center for Spain until CERET became fully operational. It now operates as a subsidiary center.
Further information can be obtained from FEIQUE (F. Perez Garcia) at telephone 34-(0)
91-4317964; fax 34-(0) 91-5763381; or e-mail feique@interbook.net.
8.2.12

Sweden

In Sweden, the national ICE scheme is called ERC (Emergency Response Center). Under a
formal agreement between the Swedish Chemical Industry Federation (Kemikontoret) and
the Swedish Poison Information Center (GIC) in Stockholm, the center can be contacted in
case of a chemical accident. The Poison Center provides only level-1 assistance. Information
and advice are based on detailed knowledge of the health hazards of chemical products and
appropriate first aid measures. The Poison Information Center has more than 30 year’s experience in providing such advice, and chemical companies regularly supply them with
updated information on their products.
Because advice on fire, explosions, and other areas is the responsibility of the emergency
authorities, the Poison Information Center refers these matters immediately to the officer on
duty of the Swedish National Rescue Services Agency. Questions concerning environmental
impact may also have to be directed to industry experts. Kemikontoret provides the center
with the names of experts in approximately 100 chemical companies who can be contacted
if necessary. The Poison Information Center also acts as national ICE center.
Further information can be obtained from Kemikontoret (U. Nyman) at telephone 46-(0)
8-7838000; fax 46-(0) 8-6636323; or e-mail unn@chemind.se.
8.2.13

Switzerland

In Switzerland, the national ICE scheme is called Chemiefachberatung. The Swiss Chemical
Industry Federation (SGCI / SSCI) provides the fire brigades with a list of names of experts
in 35 companies who can be contacted for advice on health and environmental aspects in
case of a chemical transport accident. All three levels of assistance are provided. The emergency department of the chemical company Novartis in Basel assumes the role of national
ICE center for international contacts with national ICE centers in other countries.
Further information can be obtained from SGCI / SSCI (A. Grieder) at telephone 41-(0)
1-3681711; fax 41-(0) 1-3681770; or e-mail alfons.grieder@sgci.ch.
8.2.14

United Kingdom

In the United Kingdom, the national ICE scheme is called CHEMSAFE. British domestic
transport legislation requires a 24-hour emergency response telephone number to be displayed on vehicles carrying dangerous goods in bulk. The provision of level 1 response
(either through in-house resources or by using a third-party agency) is a mandatory requirement for all members of the U.K. Chemical Industries Association (CIA). Companies are
also required to provide SDS information on all their products to the National Chemical
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Emergency Centre (NCEC) at Culham, Oxfordshire, which assumes the role of national ICE
center.
Level 2 response is provided either by the product owner or by some 30 industry operational sites / centers across the country. These constitute a 24-hour mutual assistance network
for other CIA members. Arrangements for level-3 response are normally provided through
the contract haulier or, should a spillage occur, by companies specialized in the disposal of
chemical waste. The NCEC in Culham acts as national ICE center.
Further information can be obtained from CIA (A. Robinson) at telephone 44-(0) 1718343399; fax 44-(0) 171-8344469; or e-mail robinsona@cia.org.uk.
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9.1
9.1.1

INTRODUCTION
The Nature of Radiation Hazard

Thousands of devices containing potentially dangerous amounts of radioactive material are
used in the world. However, the safety record for the use of radioactive materials is incredibly
good. As shown in Table 9.1 there are only about two deaths or serious injuries worldwide
each year from accidental radiation exposure. This is because most countries have rules
requiring that dangerous amounts of radioactive material (and chemicals) be carefully controlled at all times.
Emergencies involving radioactive material are very similar to those involving hazardous
materials. In both cases, serious health effects can result. In a radiation and chemical emergency, that hazard comes from living tissue being damaged when it is exposed to either
hazardous chemicals or radiation, and the danger increases with increasing amounts of material and time of exposure. There are both chemicals and radioactive materials that can be
very hazardous in very small amounts, and there are facilities containing large amounts of
chemicals and radioactive material that could result in hazardous exposures at 100 to
thousands of meters from the source.
9.3

9.4

CHAPTER NINE

TABLE 9.1 Early Deaths from Radiation Accidents (1945–2000)a

Fatalities
Year

Location

Radiation source

1945
1958
1958
1960
1961
1961
1961
1962
1963
1964
1964
1972
1975
1978
1981
1982
1983
1984
1985
1986
1987
1989
1990
1991
1992
1994
1996
1999
2000
Total:

U.S.A.
Yugoslavia
U.S.A.
U.S.S.R.
U.S.S.R.
U.S.A.
Switzerland
Mexico
China
West Germany
U.S.A.
Bulgaria
Italy
Algeria
U.S.A.
Norway
Argentina
Morocco
U.S.A.
Chernobyl, U.S.S.R.
Goiânia, Brazil
El Salvador
Israel
Belarus
China
Estonia
Georgia
Japan
Thailand

Critical assembly
Experimental reactor
Critical assembly
Suicide Cs-137
Submarine reactor
Small military power reactor
Tritiated paint
Lost radiography source
Seed irradiator
Tritiated paint
Uranium recovery plant
Suicide
Food irradiator
Lost radiography source
Industrial radiography
Instrument sterilizer
Research reactor
Lost radiography source
Accelerator
Nuclear power plant
Stolen teletherapy source
Industrial sterilizer
Industrial sterilizer
Industrial sterilizer
Lost sealed source
Lost sealed source
Lost radiography source
Criticality
Lost sealed source

Worker

Public

2
1
1
1
8
3
1
4
2
1
1
1
1
1
1
1
1
8
2 (?)
31b
4
1
1
1
3
1
2 (?)
1
1
61

25

a

Does not include the patients who died because of misadministration.
Includes members of the fire brigade who responded from off-site; includes 2 who died due to
explosion and 1 due to thermal burns.
b

The response to radiation and chemical emergencies is also very similar. In both cases,
our senses (e.g., smell or sight) may not be able to detect hazardous levels of the material.
Therefore, the initial response is often carried out based on secondary indications of the
hazards such as signs or placards indicating the presence of a hazardous material, appearance
of medical symptoms in exposed individuals, or readings from specialized instruments.
In both a radiation and chemical emergency, the response attempts to:
1. Control the source of the hazard (release or exposure)
2. Protect emergency personnel responding to the emergency
3. Protect the public
The actions taken to protect the public are also very similar for both chemical and radiation emergencies. Actions are taken to prevent exposure, remove any contamination, and
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treat exposure. The actions used to prevent exposure are the same: evacuation, sheltering,
decontamination, and restrictions on contaminated food. The actions to protect workers are
also the same: use of protective clothing and respiratory protections and specialized training
and instruments. Local officials and emergency service personnel will typically carry out the
initial response to many chemical and radiological emergencies.
What are the differences between emergencies involving hazardous amounts of chemicals
and radioactive materials? The basic differences are:
1. Responders generally have no experience with radiation emergencies, as these emergencies are very rare.
2. Very small amounts of radioactive material and radiation (unlike many chemicals) can be
immediately detected with simple, commonly available instruments.
3. The health effects resulting from radiation exposures will not appear for days, weeks, or
even years.
4. The public, media, and responders often have an unrealistic fear of radiation due to lack
of information.

9.1.2

Uses of Radioactive Materials

This section will describe the uses of radioactive material. It will not describe other sources
of radiation exposure such as X-ray machines used in hospitals, as these machines can be
turned off, whereas radioactive sources cannot.
Radioactive material is everywhere. Our bodies, houses, air, and food are radioactive.
Devices containing small amounts of radioactive material can be found in homes, workplaces,
or schools, and radioactive materials are transported continuously and safely throughout the
world. We are bombarded by radiation from space constantly. Radioactive materials are
widely used every day in our society. Nuclear power plants are used throughout the world
to generate electricity. Radioactive material is used by the military and industry and in
research. In addition, radioactive materials are widely used in medicine to diagnose and treat
diseases.
Common Uses. One of the most common uses of radioactive materials is in medicine,
where they have been used since about 1900. Radioactive materials are used in most hospitals
and in many small clinics for two different types of medical applications. The first is diagnosis, during which a small amount of radioactive material is injected into a person. As the
amount of radioactive material used does not cause harm to the person, these uses have not
resulted in any serious emergencies. The second type of medical use is for treatment. During
treatment, radioactive material is used, in most cases, to destroy cancer cells or tissue. If the
sources can kill or destroy cancers or other organs, they can also cause injury or death if
improperly controlled.
Brachytheraphy uses radioactive needles or catheters to place a small amount of very
highly radioactive material very close to the tissue to be destroyed. There have been emergencies resulting from brachytheraphy sources being left in the person or being lost. These
emergencies have not caused serious health effects among the general public, medical personnel, or responders. However, failing to remove a brachytheraphy radioactive source has
resulted in fatal exposures to the person being treated.
Teletherapy uses a radioactive source outside the body to destroy cancerous tumors, and
the source must therefore be much larger than that used in brachytheraphy. The radioactive
source used in a teletherapy unit is very dangerous and can result in lethal doses in less than
an hour if not shielded. A typical teletherapy source is a cylinder about 5 cm in diameter
and 5 cm long. The source is housed in a large shielded device called the teletherapy head.
A serious emergency happened in Goiânia, Brazil, in 1987 when an abandoned teletherapy
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head was stolen, taken to a scrap yard, and disassembled. The thieves thought that the metal
components were valuable. The radioactive source was removed and some of the 100 g of
radioactive material were dispersed. Brazilian officials became aware of this situation when
a doctor realized he was treating effects of radiation exposure in new patients. Once alerted,
officials acted quickly to identify and isolate the important sources of radiation exposure and
treat those exposed. The response continued for months until the cleanup was completed
and public confidence was reestablished. This event resulted in 4 deaths, 20 people being
hospitalized, contamination of several square blocks of a major city, monitoring of 100,000
people, and 370 trucks full of contaminated waste.
Industrial radiography is another common use of potentially very hazardous amounts of
radioactive material. A portable camera that contains a radioactive source is used to test
welds, pipes, and so on at construction sites. These cameras weigh 25 to 250 kg, but the
radioactive sources they contain can be less than 2 cm long and 1 cm in diameter. These
sources are sometimes attached to cables that carry them remotely to where they will be
used. There have been cases when the radioactive source became disconnected from the
cable and was lost. Serious injuries and deaths have resulted from people finding these lost
sources and placing them in their pockets or taking them home.
Other portable devices containing potentially hazardous amounts of radioactive material
are also used in oil exploration, mining, and construction. These portable devices are often
stolen because they appear to be valuable construction equipment or are in or attached to a
truck being stolen. In some instances, thieves have removed and discarded the sources from
the device (shielding) in public places. In some cases, prompt action by public officials to
alert the public (and thus the thieves) of the hazard has resulted in the thieves telling officials
where to find the sources. In at least two cases, the highly publicized arrival of nationallevel monitoring teams and aircraft to look for the sources convinced the thieves to return
the sources and seek medical treatment.
There have been events in Mexico, Turkey, and Thailand resulting in fatalities from stolen,
lost, or abandoned sources. These types of events can occur in virtually any country.
There are also potentially hazardous radioactive devices (gauges) permanently installed
in facilities to measure the thickness of steel, the levels in tanks, or flows through pipes. In
some cases, these devices have been left in place when the facility was abandoned or demolished and sold for scrap and subsequently melted down at scrap yards, resulting in the
production of radioactive steel and contamination of the facility.
While several million packages containing radioactive material are safely transported
every year, accidents do occur. There are approximately two emergency responses in the
United States each day involving some type of radioactive material. Typically these involve
a package carrying small quantities being punctured or crushed. The typical response is
isolation and cleanup of a small area. Due to careful labeling and packaging, there have not
been any transportation accidents resulting in serious health effects due to radiation exposure.
There are also many uses of radioactive materials that pose no radiological threat under
any circumstances. These are called consumer products and include items such as gun sights,
smoke detectors, and exit signs. While consumer products are not hazardous, they have
resulted in emergencies. A sign containing tritium (a radioactive form of water) was stolen
by children and brought to their home. In this case, the sign was opened, resulting in tritium
contamination of the house. While this posed no health risk, it caused a major emergency
because of the public’s fear of any amount of radiation, and local officials were forced to
respond as if there were a true radiological hazard. This demonstrates one of the unique
characteristics of events involving radioactive materials. Emergency responses may be needed
not because of the radiological risk but because of the perceived risk on the part of the
public, media, or officials. In these cases, the response is intended to address the public
concern.
The hazard levels of various common uses of radioactive material if the source becomes
unshielded or ruptured are shown in Table 9.2.
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TABLE 9.2 The Radiological Hazard from Unshielded or Ruptured Radioactive Devices

Device
Brachytheraphy source ⬎400 GBqa (10 Ci)
Radiographic source ⬎400 GBq (10 Ci)
Self-shielded irradiator
Teletherapy source
Well logging source ⬎40 GBq (1 Ci)
Brachytheraphy source ⬎40 GBq (1 Ci)
Fixed gauge (level, density, thickness, etc.)
X-ray fluorescence analyzer
Radiographic source ⬍40 GBq (1 Ci)
Well logging source ⬍40 GBq (1 Ci)

Depleted uranium (shielding, ballast, etc.)
Moisture density gauge
Static eliminator
Tritium exit sign
Pu pacemaker
a

Hazard
High
Lethal doses in less than an hour of handling an
unshielded source

Moderate
Lethal doses would require hours or days of casual
possession but severe tissue damage would occur
within minutes of holding an unshielded source
Low
Lethal doses very unlikely but severe tissue damage
would occur within hours of holding an unshielded
source
Minimal
Significant health effects impossible from radiation
exposure

Section 2.1

Large Facilities. Research indicates (NRC, 1988, 1990) that nuclear power plants or facilities storing large amounts of nuclear waste from reprocessed nuclear fuel pose the only
risk of early deaths off-site resulting from a radioactive release. Other facilities containing
large amounts of radioactive material, such as industrial irradiators, can result in serious
injuries or deaths on-site.
There are over 400 commercial nuclear power plants (NPPs) operating in the world.
Unlike a coal- or gas-fueled plant, the NPP energy does not come from the chemical combustion of fuel but from a nuclear reaction that results in the fission (or splitting) of fuel
atoms. Within a few days of operation, the nuclear reaction in the core of the reactor will
produce sufficient radioactive materials (fission products) to cause serious effects off-site if
not contained. Consequently, nuclear power plants are built with numerous systems and
barriers in place to prevent a serious release of radioactive materials. Analyses (NRC, 1990a)
of NPP accidents show that, for the most severe possible releases, protective actions (e.g.,
evacuation of the people within several kilometers of the plant) should begin within one or
two hours of the start of the emergency to be effective. Extensive emergency preparations
have therefore been made both at the nuclear power plant site and in the surrounding areas.
This typically includes:
1. The designation of an emergency-planning zone around each plant in which provisions
have been made to notify the public promptly, e.g., with sirens, and implement evacuation
and sheltering of the public
2. Specialized training and radiation protection for those who will provide emergency services (e.g., fire and police protection)
3. Emergency centers at which the on- and off-site response will be coordinated
4. A center for coordination of the information provided to the media; and
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5. Provisions to promptly measure the amounts of radioactive material released and implement additional protective measures for the public if needed.
Most countries have established a system to classify significant nuclear emergencies at
large facilities. Under this system, the declaration of a certain class of emergency will immediately initiate a coordinated response, with each response agency immediately taking
preplanned actions. Upon detection, the plant will classify the event and on- and off-site
authorities will immediately respond to correct the problem and protect the public and emergency workers. The system used in the United States, which is similar to that recommended
by the International Atomic Energy Agency (IAEA), is discussed in Section 9.8.
The Chernobyl nuclear power plant accident released immense amounts of radioactive
material into the environment. The release was carried high into the atmosphere by the heat
generated by the accident and carried by the wind away from populated areas. This prevented
hundreds of early deaths or injuries off-site. As the release moved away from the reactor
site, radioactive particles were deposited (on the ground, trees, people, etc.), exposing people
at greater distances to significant amounts of contamination on the ground. Drinking of
contaminated milk and eating of contaminated food from family gardens resulted in a significant increase in thyroid cancer rates among children more than 350 km from the site.
Contamination levels in agricultural products more than a 1,000 km away exceeded national
restriction standards. Consequently, in many countries, emergency preparations have been
made hundreds of kilometers from NPPs to deal with potential food contamination resulting
from a release.
Accidents at NPPs can also result in very high doses of radiation on-site. The only early
deaths resulting from such accidents have occurred among plant personnel or off-site fire
fighters responding on-site. In the Chernobyl nuclear power plant accident, 28 people responding on-site died from radiation exposure.

9.2
9.2.1

BACKGROUND
Quantities and Units

All matter is composed of elements, which consist of characteristic atoms, also called nuclides. Atoms contain a positively charged nucleus and electrons, which carry negative electric charges. The nucleus is composed of positively charged protons and electrically neutral
neutrons.
Nuclides of an element that have the same number of protons but different number of
neutrons are called isotopes of that element. Some nuclides are stable but many are not;
these are called radionuclides. The process of transformation is called decay. Radionuclides
may decay by emitting an electron, i.e., a beta particle, or photons (gamma or X rays); or
an alpha particle consisting of two protons and two neutrons. These processes are termed
radioactivity. There can be several different isotopes for an element. Different isotopes are
indicted by the symbol for the element with the atomic mass number for the isotope. For
example, the important radioactive isotopes of iodine (I) are 129I, 131I, 132I, 134I, and 135I. Each
of these isotopes will act the same chemically but can be considerably different radiologically. 131I and I-131 are the two common ways of indicating a particular isotope.
All radionuclides are uniquely identified by three characteristics: the type of radiation
they emit, the energy of radiation, and the rate at which the spontaneous transformation
occurs—the activity. The activity is expressed in a unit called the becquerel (Bq).1 One
becquerel equals one transformation per second. Different radionuclides are transformed at

1

Activity was formerly expressed in a unit called the curie, 1 Ci ⫽ 3.7 ⫻ 1010 Bq.
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different rates, and each radionuclide has its own characteristic transformation rate. The time
required for the activity of a radionuclide to decrease to one-half of its value by decay is
called the half-life. The half-life of a radionuclide is a unique, unalterable property of the
radionuclide. Values for various radionuclides range from fractions of a second to millions
of years.
When radiation passes through matter, it deposits some of its energy in the material by
ionization or excitation of the absorber atoms. It is this ionization of tissue, accompanied by
chemical changes, that causes the harmful biological effects of radiation. Radiation damage
depends on the absorption of energy from the radiation or on the dose of radiation received.
The basic unit of radiation dose is expressed in terms of absorbed energy per unit mass of
matter, such as tissue. Absorbed dose is expressed in a unit called the gray (Gy).2
The damage-producing potential of a given absorbed dose depends on the type of radiation. An absorbed dose from alpha particles, for example, is more harmful than the same
dose from beta radiation. To put all ionizing radiation on the same ground with regard to
potential of causing harm, a radiation-weighted dose called equivalent dose is introduced.
The unit is the sievert (Sv).3 The equivalent dose is equal to the absorbed dose multiplied
by a radiation-weighting factor. For gamma rays, X rays, and beta particles, the factor is set
to 1. For alpha particles, for example, that factor is 20. Equivalent dose is the basic quantity
used to assess exposure and determine the level of protection required.
In addition, the risk of harm is not the same for various tissues in the body. For example,
it is lower for the bone surfaces than for the breast. This can be dealt with by taking the
equivalent dose in each of the major organs and tissues of the body and weighting it by a
factor related to the risk associated with that organ or tissue (tissue-weighting factor). The
sum of the weighted equivalent doses is called the effective dose. Thus, the effective dose
broadly represents the risk to health from any exposure to ionizing radiation.
Exposure of a person may be external or internal and may be incurred by various exposure
pathways (see Section 9.3). External exposure may be due to direct irradiation from the
source, airborne radionuclides in the air (immersion or exposure to an overhead plume), or
radionuclides deposited onto the ground and onto a person’s clothing and skin. Internal
exposure follows from the inhalation of radioactive material either directly from a plume or
resuspended from contaminated surfaces, from the ingestion of contaminated food and water,
or through contaminated wounds. Total effective dose can be calculated by taking into account all dominant exposure pathways by which persons were exposed.
9.2.2

Health Effects

As previously stated, the process of ionization changes atoms and molecules. If cellular
damage does occur and is not adequately repaired, it may prevent the cell from surviving or
reproducing, or it may result in a viable, but modified cell. Radiation-induced effects of
concern in emergency response fall into two general categories: deterministic and stochastic
effects.
Deterministic Effects. The function of most organs and tissues of the body is unaffected
by the loss of a small or sometimes even a substantial number of cells. If enough cells are
lost, however, and the cells are important, 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 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
2
3

Absorbed dose was formerly expressed in a unit called the rad, 1 rad ⫽ 0.01 Gy.
Equivalent dose was formerly expressed in a unit called the rem, 1 rem ⫽ 0.01 Sv.
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loss of cells can be compensated for by the repopulation of cells, the effect will be relatively
short lived. Deterministic effects, also called early or acute health effects, usually occur soon,
i.e., hours to weeks after exposure. Thresholds differ depending on the organ, dose rate,
medical treatment, and other factors.
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 smaller
doses in more sensitive individuals.
Examples of deterministic effects are 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; and cataracts. A special case of deterministic effect is the
acute radiation sickness resulting from acute whole body irradiation.
The organs of the body have different sensitivities to radiation and may receive considerably different doses depending on the chemical form and exposure pathway of the radioactive material. For example, if inhaled, radioactive iodine may dissolve and travel through
the blood to concentrate in the thyroid, thus giving a very high dose to this sensitive organ
while delivering a much smaller dose to other organs. Critical organs can be identified for
many radionuclides. If the dose is kept below the threshold for deterministic health effects
in this critical organ, then deterministic health effects will be prevented in all the organs.
Deterministic health effects occur when an organ receives a very high dose over a short
period. As an example, the whole body must receive in one hour a dose over 1,000,000
times the radiation received normally (from natural sources) in one hour before deterministic
effects will appear.
The first objective of the radiological response to an emergency is to take actions to
prevent doses that could result in deterministic health effects. For the purpose of emergency
response it is also necessary to note that if the doses are caused by an identified event, it
will usually be possible to identify the affected individuals. This will allow them to receive
specialized treatment. Also, some deterministic effects have characteristics that distinguish
them from similar effects due to other causes, which may help to identify the affected
individuals. The presence of an uncontrolled dangerous source in the public domain has, in
many cases, been first indicated by the appearance of deterministic effects.
Stochastic Effects. Except as a result of serious accidents and the unwanted but inevitable
irradiation of healthy tissues in radiotherapy, the doses incurred by humans are not large
enough to produce deterministic effects. 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.
Sometimes irradiation will not kill the affected cells, but may only alter them. 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, after a prolonged
and variable period of delay termed the latent period, it may result in the development of
malignant conditions, usually termed cancers, which are the principal late somatic effects of
exposure to radiation. In contrast to deterministic effects, it is assumed that there is no
threshold of dose below which stochastic effects (e.g., cancer) cannot occur. These effects
do not occur in every exposed individual; the probability that an individual or one of his or
her descendants may develop one of these effects increases with the dose received. Thus,
even if the dose is very small, the person still has a chance, albeit a very small one, of
incurring such an effect.
There is a considerable latent period between radiation exposure and the appearance of
cancer. For most cancers in adults, the latent period is at least 10 years, or even longer. The
shortest latent period is for leukemia and thyroid cancer (3 to 5 years). The appearance of
radiation-induced cancers follows additive or multiplicative models of prediction with absolute or relative risks as main parameters. Assessment of the risk coefficients is based on
the follow-up of exposed persons through epidemiological studies.
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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 called a hereditary effect.
The cancers caused by radiation, with or without the contributions of other agents, are
not distinguishable from those that occur owing to other causes, or ‘‘spontaneously.’’ By
undertaking an epidemiological study on a large population group, however, it is possible to
determine additional cancers resulting from the exposure. It follows, therefore, that the numbers of additional cancers resulting from exposure can be predicted, but not the individuals
within the group that would be affected.
The second objective of radiological response is to take reasonable steps to reduce the
risk of stochastic health effects. ‘‘Reasonable’’ means taking actions that do more good than
harm. Any protective action has its own cost and risk. There will be a point at which taking
a protective action will cause more harm than the radiation that the action is intended to
prevent. For example, people were relocated from areas with dose rates due to Chernobyl
accident similar to dose rates found elsewhere in Europe. This resulted in considerable psychological harm. Clearly this is an example of an unreasonable protective action. After
considerable study, international organizations have established guidance for taking protective actions that will do more good than harm. This guidance will be discussed in Section
9.5.1.

9.2.3

Types of Emergencies

As seen in Section 9.1.2, the range of potential emergencies involving ionizing radiations is
enormous, ranging from a major reactor accident to accidents involving small amounts of
radioactive material. In general, emergencies may be classified into two broad categories,
nuclear and radiological having in common the radiological nature of the threat. The arbitrary
distinction between a radiological and a nuclear emergency is explained in this section.
Nuclear Emergencies. A nuclear emergency is a reactor accident or an accident at reprocessing plants or other large nuclear facilities. It is one that involves the nuclear fuel cycle
(e.g., uranium, plutonium, thorium) and the potential for criticality. Examples of nuclear
emergencies include the Three Mile Island accident in 1979 and the Chernobyl accident in
1986. The nuclear fuel damage that occurred during both of these events released fission
products consisting of noble gases, iodine, and particulates and, in the case of Chernobyl,
actinides to the environment.
An accident involving the detonation with partial nuclear yield of a nuclear weapon is
also considered a nuclear accident.
The potential for health hazards is greatest for nuclear emergencies because the affected
area can extend over hundreds of square kilometers and thousands of people can be affected.
Radiological Emergencies. A radiological emergency is one that involves sources other
than nuclear fuel. The most common type of radiological emergency is the dispersion of and
contamination from a single source, e.g., caesium, or the mishandling of a sealed source,
e.g., iridium used in industrial gamma radiography. The dispersion of material from a nuclear
weapon without a nuclear yield is also considered a radiological accident.
Accidents with radioactive sources or material include found radioactive material or contaminated areas or items, a lost or missing radioactive source, unshielded source, accidents
in a laboratory, transport accidents involving radioactive sources or material, accidents with
X-ray machines and particle accelerators, and an accidental reentry of a nuclear-powered
satellite, which may lead to impact on the earth’s surface and the spread of contamination.
Radiological emergencies that could result from deliberate acts, such as terrorist activities
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or illicit trafficking, also fall within this category, although the security aspects of the response to such events are not within the scope of this chapter.
A nuclear accident that results in very serious consequences off-site at facilities located
100 to 1,000 km outside a given country is unlikely to have consequences significant enough
to warrant urgent protective actions such as evacuation or sheltering in that country. However,
it can still significantly affect the food chain, in some cases requiring the control of national
food and water supplies. It can also have an indirect impact through, for example, food and
supplies imported from affected countries, nationals living in affected countries or wanting
to visit affected countries, and possibly from contaminated transport vehicles entering the
country. Transboundary effects also may result from an accident at a facility located on or
near major bodies of water. Radioactive material released in such an accident may be transported some distance from the accident site by water currents. Transboundary effects can
also occur from such accidents as fire involving radioactive material.

9.3

EXPOSURE PATHWAYS
Exposure pathway is the term used to describe how the tissues in a person’s body are exposed
to the radiation. The exposure pathway is important because it determines effective protective
actions for the public and emergency workers and the methodology for assessing the potential
radiological consequences of the material. The importance of the various exposure pathways
is determined by:
1. The radiological properties of the material (e.g., gamma, beta, alpha emitter, half-life)
2. The physical (e.g., gaseous, liquid, solid) and chemical properties of the material
3. The dispersal mechanism (e.g., airborne, carried by people)
A nuclear or radiological accident will involve the potential for exposure to radiation
arising primarily from alpha or beta particles and gamma rays. In many cases, it would be
a combination of those sources.
Gamma radiation is penetrating and represents the most common external radiation hazard, often referred to as ‘‘external exposure.’’ Gamma emitters are commonly used in medicine and industry where the penetrating radiation is needed (see Section 9.1.2). Because it
can penetrate matter, gamma radiation can be dangerous at considerable distances. It is thus
the primary source of early deaths and injuries during radiation accidents. Commonly available instruments can easily detect dangerous levels of gamma radiation.
The external dose from a gamma emitter can be reduced in two basic ways: shielding
(sheltering) and moving away (evacuation). Shielding can be placed between a person and
the gamma radiation to absorb the radiation. As a general rule, the denser the shielding
material the more effective it will be in reducing the external dose. As an example, the
gamma dose rate from 60Co (a strong gamma emitter) will be reduced by half by about 1 cm
of lead, 2 cm of iron, 5 cm of concrete, or 10 cm of water. While shielding (or sheltering)
could be used in an emergency, it must be done with care since the effectiveness of shielding
can only be fully assessed by use of radiation monitoring equipment. The dose rate from a
gamma emitter also decreases with distance. Doubling the distance from the gamma source
will reduce the dose rate to 1⁄4. This is called the inverse square law. Table 9.3 shows the
relative dose rates at various distances from gamma emitter and demonstrates two very
important points. First it shows that very high doses can be received by holding or carrying
a gamma source. The dose rate at 1 cm (distance to tissue in a hand holding a gamma
source) is 10,000 times the dose rate at 1 m. Thus the dose to the skin, hand, or other tissue
in contact or within a few centimetres of even a low hazard source (see Table 9.2) can result
in serious injuries within hours. Such events continue to result in horrific injuries. This
demonstrates the danger of a lost or stolen high activity gamma source. The second point
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TABLE 9.3 Gamma Dose Rate with
Distance from Gamma Emitters

Distance
(cm)

Relative
dose-rate

1
2
5
10
100 (1 m)
1000

10,000
2,500
400
100
1
0.01

demonstrated by Table 9.3 is that distance can be used as a very effective protective measure.
If it is suspected that an item is a gamma emitter, the best immediate action is to move
away. Shelter and evacuation are also effective in reducing the external exposure in the event
of an atmospheric release.
Beta particles can only penetrate through small amounts of matter, and thus the external
dose is limited to the skin. In extreme cases, beta emitters have caused severe skin burns
(e.g., among the firefighters at Chernobyl). Skin contamination could result from being in a
cloud (or plume) of radioactive material and keeping the skin covered would be an effective
protective action from the beta emitters in a plume. The more likely cause of serious skin
contamination is unknowingly handling a ruptured radioactive source containing a beta emitter. Washing with soap and water is very effective in removing dangerous levels of skin
contamination. However, early (deterministic) injuries or deaths from beta or alpha contamination are very rare.
Alpha particles are not an external radiation hazard, but they can result in significant
internal dose if inhaled or ingested. In addition, beta emitters can be major sources of dose
to internal organs if inhaled or ingested. Once the material enters the body, different radionuclides will concentrate in different organs thus greatly increasing the dose to these organs.
If the material is airborne it can be inhaled. Airborne radioactive materials can result from
an accident at a facility (e.g., nuclear power plant), a fire containing radioactive material, or
resuspension of material deposited on the ground. However, resuspension in most cases is
not an important source of dose.
Ingestion is often a very important source of dose, occurring when contaminated food is
eaten or from contamination on the hands. Ingesting milk contaminated by the Chernobyl
accident has caused many cases of thyroid cancer in Belarus and Ukraine. Very high, possibly
fatal doses have resulted from ingestion of contamination from a ruptured source. If contamination is suspected, wash your hands, do not eat or smoke, keep your hands away from
your mouth, and advise the public to do the same. However, early (deterministic) injuries
and deaths from ingestion of radioactive material are very rare.
There are two basically different types of uncontrolled releases of radioactive material
resulting in serious exposure from accidents: airborne release and nonairborne exposure.
These are discussed in Sections 9.3.1 and 9.3.2. The historically important exposure pathways for these types of releases are shown in Table 9.4 along with some examples of
accidents.
9.3.1

Non-airborne Exposure

Most radiological emergencies do not involve an airborne release of radioactive material.
Typically, a radioactive source used in industry or medicine is lost or stolen. In this case
humans are the most important method of spread and movement of the material in the
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TABLE 9.4 Historically Important Exposure Pathways

Type of
release
Nonairborne
exposure

Airborne
release

Pathways of concern
External exposure from:
● Handling or carrying a radioactive source
● Being in the vicinity of radioactive source
● Ground contamination (e.g., from ruptured
source)
● Material on the skin (e.g., from ruptured
source)
Internal exposure from:
● Ingestion of contamination on hands
External dose from:
● The plume (cloud)
● Radioactive material deposited on the
ground
● Radioactive material deposited on the skin
Internal exposure from:
● Inhalation of radioactive material in the
plume
● Ingestion of food directly contaminated by
plume and milk or meat from grazing
animals

Examples
Goiânia accident–spread of 137Cs
due to rupture of a teletherapy
sealed source

Chernobyl, Three Mile Island, or
Windscale reactor accidents

Tyumensk reactor fuel reprocessing
waste tank explosion

environment. The Goiânia accident involved a radioactive source being carried, opened, then
intentionally spread on the bodies and eaten. The source of exposure could be a point source
(e.g., small highly radioactive object) or, as was seen at Goiânia, could ultimately involve a
large and complex area of contamination if the source is ruptured. These types of radiological
accidents have been the primary source of deaths among the public, as shown by Table 9.1.
The most important sources of dose in these cases have been direct exposure from being
near the source (e.g., left in a bedroom) and contact dose from the sources being carried
(e.g., by hand or in pockets). Lethal exposures are possible within minutes from handling
some sources (see Table 9.2). This shows the importance of warning the public when a highor moderate-risk source is lost or stolen. In most cases, serious exposures can be stopped
by simple actions taken by the public, such as moving away from the source and washing
their hands, once they realize the danger.

9.3.2

Airborne Release

An emergency at a nuclear power plant or some other facilities (e.g., large spent fuel storage
or reprocessing facilities) can result in a dangerous amount of radioactive material being
released into the atmosphere, forming a plume. As the plume travels, radioactive material is
deposited on the ground, structures, etc. The deposition of radioactive material can be increased by rain forming hot spots, or areas with higher radiation or contamination levels.
The plume and deposited material are the primary sources of dose to the public in the event
of a large atmospheric release.
Figure 9.1 shows the most important pathways of exposure following a large atmospheric
release. The dose comes mostly from five pathways:
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Plume

Fresh produce

Cloud shine

Inhalation

Shine from ground
contamination
(ground shine)

Immediate
ingestion

Fresh milk

Skin
contamination

FIGURE 9.1 Major pathways of exposure following a large atmospheric release.

1. External gamma radiation from the plume, called cloud shine
2. External gamma radiation from radioactive material deposited on the ground, called
ground shine
3. Inhalation of radioactive material in the plume
4. External beta and gamma radiation from radioactive material deposited on the skin
5. Ingestion of contaminated food and milk
During a release, the dose from cloud shine, ground shine, skin contamination, and inhalation is predominant. After the plume has passed, the dose from ground shine and ingestion of contaminated food and milk becomes predominant.
The plume will travel downwind and the concentration of radioactive materials will tend
to decrease as it travels further from the plant. As the concentration of radioactive materials
in the plume decreases, the dose rate to the affected population will also decrease. Thus,
those who are further away from the plant will generally be at less risk of deterministic
(early) health effects. While the exposures further from the plant are small, they all add to
the chance of getting cancer (stochastic effects). Since the total amount of human exposure
is larger further from the plant (large number of people exposed to small amounts of radiation), this is where most cancers will occur. Following the Chernobyl release the vast
majority of the excess thyroid cancers caused by the accident occurred between 50 and 350
km from the plant.
The off-site doses and deposition from an airborne release can be very complex, as
demonstrated by the Chernobyl accident (Fig. 9.2). People were relocated from hot spots
(i.e., areas with high levels of contamination) that were more than 300 km from the plant.
Clearly, extensive environmental monitoring will be needed to characterize the contamination
resulting from a release.
Exposure from external gamma, skin contamination, and inhalation can be prevented or
reduced by what are referred to as urgent protective actions (see below, Public Protective
Actions).
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FIGURE 9.2 Map of

9.4

137

Cs deposition from the Chernobyl accident.

PREPAREDNESS REQUIREMENTS
This section discusses the preparedness and response requirements that are set to reduce the
impact of radiological and nuclear emergencies. Preparedness requirements describe what
must be in place prior to an emergency in terms of arrangements, plans, procedures, personnel, training, and equipment. Response requirements describe what must be achieved
during an emergency and follow a performance-based approach reflecting the recent international guidance on the subject (IAEA, 1996b, 1997b).

9.4.1

Radiological and Nuclear vs. Conventional Emergencies

There are very few differences between radiological / nuclear emergencies and other conventional emergencies as discussed in Section 9.1.1. Indeed, international guidance on the subject actively promotes the integration of radiological / nuclear emergency plans with existing
national, regional, local, and facility arrangements for dealing with all other types of emergencies (IAEA, 1997a).
This does not preclude the fact that there are some notable differences between
radiological / nuclear and conventional emergencies. The first of these is perception, which
plays a large role in the response to a radiological / nuclear emergency. People’s perception
of a radiological / nuclear emergency amplifies the impact, biases decisions, worsens the
trauma associated with the emergency, and can result in the mobilization of disproportionate
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levels of resources and capabilities. Another significant difference is the delayed impact that
is produced by radiological / nuclear emergencies. The deterministic effects do not appear for
days or even weeks, and the stochastic effects are ‘‘real’’ but are indiscernible until several
years later. This complicates decision making and the implementation of protective actions,
partially because people have difficulty visualizing the risk areas and feeling that they are
truly being protected. Contamination also represents a major potential factor in nuclear /
radiological emergencies. Very small amounts of contamination can be measured, and while
in most cases it poses very little risk, it can result in extensive response actions and complicate post-emergency efforts. Finally, nuclear / radiological accidents can have measured
impacts over extremely wide areas extending to several tens or hundreds of kilometers. As
a result, there is an extensive need for resources and resource coordination, often across
national boundaries.
The planning for radiological / nuclear emergencies should be done in concert with the
planning for conventional emergencies. It should rely on the same basic organization infrastructure and planning strategy while recognizing the technological differences that exist
when dealing with radiological / nuclear types of emergencies.

9.4.2

Risk Evaluation and Planning Zones

Emergency plans should be based on a sound understanding of the risk, event frequencies,
and consequences. Plans for events with high to moderate frequency should be detailed and
should aim at reducing stochastic effects as much as reasonably possible. Plans for severe
accidents with lower frequencies of occurrence should focus on the prevention of early
deterministic effects (ICRP, 1991; IAEA, 1994).
Therefore, a risk assessment should be carried out to identify the uses (practices) of
radioactive or nuclear materials requiring emergency planning. The risk assessment does not
necessarily need to be fully quantitative, but it should at a minimum include:
1.
2.
3.
4.

Identification of all the hazards associated with the practice
Process review to determine how the hazards can lead to consequences
Estimation of the likelihood of accidents
Estimation of the consequences of accidents

In general, more complex processes (e.g., nuclear reactor, isotope production facility)
require a more in-depth and quantitative risk assessment. The results of the risk assessment
should be documented in a technical planning basis document, which typically includes:
1.
2.
3.
4.
5.
6.

A description of the site
A description of the accident sequences for which emergency planning is required
Event frequencies or likelihood
Typical timing of accidents
Typical consequences of accidents in terms of dose to unprotected individuals
An appreciation of the importance of various exposure pathways, e.g., external exposure,
inhalation, or ingestion
7. A discussion on the effectiveness of various protective actions, such as sheltering, stable
iodine intake, and evacuation
8. Emergency planning zones, for which detailed plans will be developed for given emergency response strategies
9. The optimal emergency response strategy, which describes the expected timing of required
emergency response actions and their sequence
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The accidents considered should include design basis accidents and severe accidents.
Design basis accidents are event sequences used to determine the requirements for safety
systems. Safety systems are designed to prevent significant fuel damage (in the nuclear
industry) or significant dispersion of radioactive material (in other activities). Hence, by
definition, design basis accidents do not cause significant off-site consequences. The U.S.
siting guide stipulates that design basis accidents should not lead to doses higher than 250
mSv (25 rem) at the site boundary (NRC, 1984a). These accidents may still require the
implementation of emergency response actions in order to reduce the risk of stochastic
effects. Severe accidents are those at which safety systems fail to prevent significant fuel
damage or dispersion of radioactive material. For this type of accident, deterministic health
effects are possible, and plans should aim at preventing such impacts. However, in general,
severe accidents are extremely unlikely.
The timing of accidents can be determined through a severe accident progression analysis.
This can be done using a probabilistic safety analysis level 1, through the use of failure
mode and effects analysis (FMEA) techniques, or hazard operability studies (HAZOPs). The
important parameters are the time between the recognition of an accident by the operator
(i.e., the declaration of an emergency) and the onset of the release, the release rate, and the
duration of the release.
The consequences of accidents are expressed in terms of dose, which can be calculated
using standard atmospheric dispersion and dose calculation software, such as those based on
the Canadian standard (CSA, 1991). Stochastic doses are usually expressed in terms of the
effective and thyroid doses for emergencies that involve the release of radioactive iodine.
For emergencies that do not involve iodine, the critical organ dose would be based on the
main radionuclide most likely to be released. For the calculation of deterministic health
effects, it is important to use organ-specific equivalent doses because the effective dose
concept is not applicable to doses this high. It is also important to consider the rate at which
the dose is received because the thresholds for deterministic effects vary with the exposure
rate.
The exposure pathway is important because it affects the way the dose is received, the
rate at which it is received, and hence the effectiveness of any protective action. For example,
if most of the dose comes from external exposure to gamma radiation from the passing
plume, evacuation after the plume has passed will not be effective. On the other hand, if the
dose comes mainly from exposure to ground deposition, sheltering during plume passage
followed by an evacuation will be a very effective protective action.
The effectiveness of urgent protective actions, namely sheltering, stable iodine intake, and
evacuation, varies as a function of the parameters already discussed. By reducing the appropriate component of the dose received, it becomes possible to determine the effectiveness of
a single protective action, or a combination thereof. For example, numerous publications
provide dose-reduction factors of sheltering in a typical North American dwelling for the
external exposure pathway of between 0.8 and 0.05, depending on the dwelling type and
exposure pathway. An evacuation after the plume’s passage would virtually eliminate the
ground exposure dose but not the plume exposure dose.
The above analysis leads to the determination of planning zones, which define where
efforts should be directed during planning. These do not represent ‘‘response’’ zones, which
depend on the specific circumstances at the time of the accident. Depending on the type of
practice, up to three conceptual planning zones can be considered. Although definitions vary,
the International Atomic Energy Agency (IAEA) has adopted the following nomenclature: a
precautionary action zone (PAZ), an urgent protective action planning zone (UPZ), and a
longer-term protective action planning zone (LPZ). These zones are described in this section.
Precautionary Action Zone ( PAZ ). A precautionary action zone is an area where there is
the potential for severe deterministic health effects if protective actions are not taken before
or shortly after the start of a severe release. The precautionary action zone is therefore also
a response zone. In this zone, automatic protective actions are taken to reduce the risk of
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exposure to levels above the deterministic dose thresholds, i.e., to prevent deaths and injuries.
The precautionary action zone is determined on the basis of the releases expected for the
most severe accidents. The zone is delimited based on the distance at which prompt protective actions are needed to prevent exposure above the deterministic dose thresholds. Within
this zone, evacuation or substantial sheltering may be the only effective protective actions
and should be implemented as much as possible before a release takes place.
Planning based on conservative assumptions, those leading to the worst consequences,
can lead to taking unnecessary protective actions, e.g., evacuation, with its associated cost
and risks. They can also result in plans that divert resources from the population at greatest
risk (those closest to the plant). Consequently, PAZ size should be determined based on
reasonable assumptions to include:
1. Average weather conditions
2. Average individual (e.g., adults) being exposed
3. People acting normally (e.g., inside most of the time)
By definition, the risk of deterministic health effects occurring outside the PAZ is very
low.
Urgent Protective Action Planning Zone (UPZ ). This zone is the area for which detailed
urgent protective action plans, such as sheltering, stable iodine intake, and evacuation, should
be developed to minimize the risk of stochastic effects. The UPZ is difficult to define because
there is no cut-off value below which stochastic effects do not occur. Therefore, the determination of the UPZ requires an assessment of the cost / benefit value of planning beyond
certain distances. By definition, planning does not provide a significant risk-reduction benefit
beyond the UPZ. In addition, it is generally believed that detailed planning for the UPZ
would provide an adequate basis for the expansion of response actions outside that zone
should the need arise.
Several methods are available for determining the size of the UPZ. The UPZ size can be
based, for example, on any of the following:
1. The distance at which intervention levels are not exceeded for most accidents and most
weather scenarios, e.g., 90% of all events and 90% of all weather scenarios.
2. The distance at which the intervention levels are not exceeded for most of the risk, e.g.,
by considering all accidents and weather scenarios that constitute 90% of the total risk
(where risk is frequency times consequence).
3. The distance at which the probability of exceeding a certain dose (e.g., the intervention
level for evacuation) for all event types drops significantly. This means that beyond that
distance, the benefit / cost ratio of emergency planning also drops significantly; and
4. The distance at which the conditional dose drops below the intervention levels. The
conditional dose is a probabilistic quantity that takes into account all accident types and
all possible weather scenarios. It corresponds to the dose that would be received by an
individual at a given location given that an accident has happened.
Generic intervention levels are described in Section 9.5.1.
Longer-Term Protective Action Planning Zone (LPZ ). This zone is the area for which
detailed longer-term protective action plans, such as relocation, resettlement, and agricultural
countermeasures, should be developed to minimize the risk of stochastic effects. As for the
UPZ, the LPZ is difficult to define due to the absence of a stochastic effect threshold. In
addition, decisions on longer-term protective actions are typically made over the weeks
following the accident and there is time to adjust the sampling and assessment strategies
associated with the LPZ. Therefore, the size of the LPZ is not as critical as that of the UPZ
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and adequate preparations within a reasonable distance should allow longer-term protective
actions to be smoothly extended outside that zone during an emergency.

9.4.3

Threat Categories

In general, 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. Table 9.5 defines the five emergency
threat categories (IAEA, 1997a). Categories I through IV represent decreasing levels of threat
and therefore decreasing emergency preparedness and response requirements. Category IV
is the minimum level of threat assumed to exist everywhere and thus always applies possibly
along with other categories. Category V is a special category and may 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 accident. These categories apply
to both facilities or uses and governmental jurisdiction for which various levels of planning
are warranted.
This categorization does not replace the need for conducting a risk assessment for each
type of activity, but it does allow a prompt and approximate determination of the preparedness and response needs for each practice.

TABLE 9.5 Categories of Nuclear and Radiological Threat

Threat
category
I

II

III

IV

V

Description
Nuclear installations for which events that could give rise to severe deterministic health
effectsa off-site are postulated or have occurred in similar installations, including very
low-probability events.
Installations for which events that can give rise to off-site doses warranting urgent protective actions consistent with international standardsb are postulated or have occurred in
similar installations. This category (as opposed to category I threats) has no credible
events postulated that could give rise to off-site doses resulting in deterministic health
effects.
Installations for which events that could give rise to on-site doses resulting in deterministic health effects are postulated or have occurred within similar installations. This category (as opposed to category II threats) has no credible events postulated for which urgent off-site protective actions are warranted.
Minimum level of threat assumed for all countries and jurisdictions. This category also
includes (1) facilitiesc for which events could give rise to doses or contamination warranting urgent protective actions consistent with international standards on-site but for
which no credible events are postulated that could result in severe deterministic effects
and (2) mobile practices using dangerous sources.
Areas that could be contaminated to levels necessitating food restrictions consistent with
international standards as a result of events at installations in threat categories I or II,
including installations in nearby countries.

Source: IAEA, 1997a.
a
Doses in excess of those for which intervention is expected to be undertaken under any circumstances, Schedule
IV of IAEA (1996b).
b
Schedule V of IAEA, 1996b.
c
This includes medical, industrial, and research uses of sources or radioactive material for which events warranting
emergency intervention to include medical misadministration are possible.
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Threat category I includes facilities with the potential for very large releases resulting in
serious deterministic health effects off-site. This applies to nuclear power plants, research
reactors with power levels greater than approximately 100 MW(th), large spent fuel storage
facilities, and large radioactive reprocessing waste storage facilities. In all these facilities,
the size and composition (source term) of a severe release is probably unpredictable and
could result in very complex contamination, and doses off-site. On-site there may be very
high dose rates (e.g., ⬎10 Gy / h), beta emitter contamination, and other hazardous conditions
(e.g., live steam) in areas requiring actions by the staff to mitigate the accident.
Threat category II includes facilities with the potential for releases resulting in off-site
doses above intervention levels but with little or no threat of doses resulting in deterministic
health effects off-site. This applies to reactors with power levels 2 to 100 MW(th), cooling
pools containing spent reactor fuel equivalent to a 10 to 3,000 MW(th) reactor core, facilities
storing significant amounts of unsealed radioactive material, and facilities with potential for
accidental criticality or large gamma emitters located near the site boundary. On-site there
may be very high dose rates, beta emitter contamination, and other hazardous conditions
(e.g., live steam) in areas requiring actions by the staff to mitigate the accident.
Threat category III includes facilities without significant off-site risk but with the potential
for accidents resulting in deterministic health effects on-site. This applies to research reactors
of less than 2 MW(th), critical assemblies, and facilities with a potential for unshielded dose
rates of more than 10 Sv / h at 30 cm or with moderate inventory of unsealed radioactive
material. Jurisdictions that provide fire, police, or medical support to these facilities also
require this level of planning. On-site there may be high dose rates, beta emitter contamination, or other hazardous conditions in areas requiring actions by the staff to mitigate the
accident.
Threat category IV is the minimum level of planning and applies to all countries. In
general, this applies to uncontrolled source(s), transport accident, and nuclear-powered satellite reentry. Thus the threat category IV addresses the planning for response to accidents
involving dangerous sources, such as those used for radiography that have been lost, abandoned, stolen, or illegally brought into the country (uncontrolled sources); transport accidents
involving radioactive material; and reentry of nuclear powered satellites. It also includes
weapons accident (plutonium dispersal) and other unanticipated events.
Threat category V is for areas that are far enough away from category I or II facilities
not to require implementation of urgent protective actions such as evacuation, relocation,
and sheltering but where there is a potential for food and foodstuff contamination that calls
for the implementation of agricultural countermeasures and foodstuff monitoring and control.
Table 9.6 shows how the planning zones apply to each threat category.

9.4.4

General Emergency Preparedness Requirements for All Threat
Categories

Plans and capabilities for all aspects of response must be developed for all threat categories
of radiological and nuclear emergency preparedness, regardless of the category. Because
these aspects are conceptually the same for any type of emergency, radiological and nuclear
emergency response plans should be integrated with the national and local emergency response infrastructure as much as practicable. These plans should cover the following aspects:
1.
2.
3.
4.
5.

Authority, command, and control
Organizational responsibilities
Preparedness and response coordination
Plans and procedures
Logistical support and facilities
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TABLE 9.6 Planning Zone Size vs. Threat Categories

Threat
category

Precautionary action planning
zone size (PAZ)

I
II
III
IV

3 to 5 km
Limited to the facility itself.
Limited to the facility itself.
For transportation events 50 to
500 m around the accident site
and up to 1000 m downwind.
Not required.

V

Urgent protective
action planning
zone size (UPZ)

Longer-term protective action
planning zone size (LPZ)

10 to 25 km
0.5 to 2 km
Not required.

50 to 100 km
5 to 20 km
Not required.

Not required.

Not required.

Not required.

Part of the country that is
within approximately 300 km
of the reactor.

Source: IAEA, 1997a.

6. Communications
7. Training and exercises
8. Public education
These arrangements should enable response organizations to perform all required emergency functions, including:
1.
2.
3.
4.
5.
6.
7.

Initial accident assessment and classification
Notification and activation
Accident mitigation
Public instructions
Public protective actions
Protection of emergency workers
Psychosocial impact mitigation

The degree of preparedness and the type of response required depend on the potential
magnitude of emergencies, or in other words, on the threat category. In the following discussion, the needs for each threat category are examined.

9.4.5

Emergency Preparedness Requirements for Threat Categories I
and II

Threat categories I and II are the most demanding in terms of planning and response capabilities because of the severity and geographical extent of the potential accidents. This requires planning and coordination efforts at all jurisdictional levels, i.e., national, regional
(e.g., provincial or state level), local (e.g., municipality, regional municipality, or county),
and at the facility itself. Unless all plans and procedures at all levels are properly coordinated,
the response to category I and II accidents is unlikely to be effective.
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Planning Elements
Authority, Command and Control. Emergencies involving threat category I or II practices, e.g., a NPP, can have a significant impact over a wide territory, thereby directly affecting several jurisdictions and large populations. One of the most difficult challenges with
this type of situation is ensuring that there is a clear authority for determining what actions
should be carried out and, in particular, what public protective actions should be implemented.
Typically, the facility operator has full authority for response actions within the facility
itself, including other actions that can mitigate the accident at the source, e.g., operating
procedures aimed at reducing potential radioactive releases to the environment. Because the
facility organization usually has the highest degree of readiness, it is often also the authority
for recommending what immediate public protective actions should be implemented in the
area closest to the facility (e.g., within the PAZ). Local or regional off-site authorities, however, usually have command and control over the implementation of public protective actions.
Once activated, they may also have decisional authority over those public protective actions.
Therefore, it is important that the decision-making process be properly documented and
understood by all response organizations.
Depending on the scale and dynamics of the emergency, the authority in charge of command and control, and decision making may vary. For example, in the case of emergencies
causing a limited geographic impact, the local emergency management organization may
have full authority over the entire response. If the severity of the consequences were to
increase, however, and several local areas were affected, the regional or national emergency
management organization might need to take over the decisional authority and / or the command and control of operations. Such cases should be anticipated, and the process for the
transfer of authority should be well documented in the plans. The fact that this transfer may
occur during the emergency should also be considered.
Organizational Responsibilities. As for any type of emergency, it is important that preparedness and response tasks be clearly assigned. There are two major challenges related to
organizational responsibilities in preparation for radiological / nuclear emergencies.
The first challenge relates to the very nature of radiological / nuclear emergencies. Because
they are perceived to be quite different from other types of emergencies, there is a tendency
to create an organizational emergency structure that is completely unlike the one already
established to deal with other environmental or conventional emergencies. In general, this is
counterproductive and inefficient. As much as possible, the organizational emergency preparedness and response structures for radiological and nuclear emergencies should be integrated with those in place for other types of emergencies.
The second challenge relates to the complexity of decisions that must be made during
radiological / nuclear emergencies and the large number of organizations that may have jurisdiction over such decisions. For example, decisions regarding public health may involve
the national and provincial / state health ministry, the national and provincial / state environment ministries, the national and provincial / state ministries for agriculture and food products,
the nuclear regulatory organization, and the local governments. Acts and statutes that deal
with the authorities and responsibilities of these various organizations are not always clear,
or clearly interpreted. Quite often, decisions need to involve more than one government
department, ministry, or agency. When dealing with large-scale operations, resources from
more than one organization or jurisdiction may be required. Therefore, it is important that
the roles and responsibilities of all organizations be clearly defined and understood, and that
appropriate functional coordination mechanisms be established.
Preparedness and Response Coordination. Effective and practical preparedness and response coordination mechanisms must be established for any type of emergency. In the case
of threat categories I and II, coordination arrangements must be formalized within each major
emergency response organization, at each major jurisdictional level involved in the response,
and between organizations and jurisdictional levels.
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Within the facility itself, particularly those with large staff and compartmentalized departments, coordination mechanisms should be developed between all individuals and departments with a major role during the response.
Coordination agreements between the facility and the off-site authorities should also be
developed. These will usually address the levels at which notification must occur, the type
and format of the information that needs to be provided by the facility, the communication
mechanisms, and the assistance that will be provided by the facility staff and organizations
to support the off-site planning and response efforts. These agreements should also address
the need for the off-site authorities to handle the exit of facility staff in case of a site
evacuation of nonessential personnel.
At the operational level, coordination should address the need for using common units,
equipment, and communication networks. For instance, when several organizations are involved in the measurement of radioactivity (e.g., airborne, deposited on the ground, or contained in water and foodstuff), there should be preestablished and coordinated methods for
monitoring and sampling. These methods should consider measurement techniques, equipment type, sensitivity and detection effectiveness, the interpretation of data, and response
thresholds or levels (i.e., operational intervention levels). Communications present yet another challenge. When several organizations must coordinate their efforts during major operations, communicating effectively becomes paramount. This means establishing common
communication frequencies or central dispatch systems.
Coordination arrangements should also include common maps and reference grid points.
This is particularly important when geographic-based data must be communicated between
organizations. If several teams are involved in survey and sampling, maps could also include
preestablished survey and sampling points. This can help coordinate and optimize the overall
survey strategy.
When local plans may have an impact on other municipalities or jurisdictions (e.g., for
hosting a potentially large number of evacuees), mutual aid agreements should be established
as part of the planning effort. When the consequences of an accident may affect another
jurisdiction, province / state, or country, agreements should be in place to ensure the prompt
and effective coordination of communications and operations, including notification. These
agreements must take into account possible differences in intervention levels adopted by the
different jurisdictions. When a planning zone includes another country, the arrangements in
place for notifying the population in the planning zone that is outside of the accident country
should afford the same level of readiness as for those in place within the accident country.
Plans and Procedures. All response organizations should have emergency response plans
and procedures in place. Several plan models offer suggestions as to plan content and procedure format, but these will not be covered here. The particular challenge for threat categories I and II relates once again to the large number of organizations that are often involved
in response activities. This introduces the need for coordination plans and a concept of
operations. The difficulty lies in determining what periodic changes need to be made to this
multitude of plans. Complications also arise when carrying out and tracking these changes
and ensuring that all organizations are working from the same set of plans.
Establishing common coordination plans and a common concept of operations generally
necessitates the formation of emergency preparedness committees with representation from
all major organizations and jurisdictional levels involved in the response. Generally, there
would be a single overall coordination plan for all organizations and jurisdictions, which
could vary, however, depending on the existing political structure. For example, in countries
where the province / state has overall authority over the plans and response, the overall coordination plan would likely be developed and promulgated at that level. In this particular
case, the national plan would have to take into account—and comply with—the regional
disparities. Ideally though, all provinces / states should work on a common set of intervention
levels, health standards, and an interjurisdictional concept of operations.
Ensuring that all organizations work from the same version of the plans requires a wellstructured and maintained configuration management system. Such a system should not delay
the introduction of critical changes and modifications to the plans and procedures.

RESPONSE TO NUCLEAR OR RADIOLOGICAL EMERGENCIES

9.25

Logistics Support and Facilities. All response organizations should have suitable equipment and facilities for supporting their functional role. This should include the operational
rudiments for dealing with any conventional emergency, e.g., command posts, transportation,
traffic control resources, emergency shelters, and communications. For threat categories I
and II, the radiological hazard and potential involvement of large populations call for special
requirements.
Within the facilities considered in the plans, arrangements should be made to provide
emergency personnel with a room where they are adequately protected from external irradiation and airborne contamination. This means that the rooms and / or building provided for
emergency personnel and ongoing operating staff must be shielded and equipped with isolated air intake, filtered air intake, or autonomous air supply systems. For operating staff,
this could be achieved by providing an alternative control room from which it is possible to
control all essential plant safety functions. There should also be alternate off-site facilities
for the nonoperating emergency management personnel. Nonessential personnel should have
access to emergency shelters or provisions should be made to evacuate them promptly in
case of an accident.
During an accident at a threat category I or II facility, laboratory analyses of radioactive
samples must be done. Because the site itself may be contaminated, laboratory facilities for
such analyses must be established outside the potentially contaminated zone, i.e., outside the
urgent protective action zone.
Command posts and / or staging areas for off-site operational organizations should also be
established outside the urgent protective action zone. Suitable equipment for dose control,
contamination monitoring, and decontamination should be available at all staging areas for
managing of emergency personnel entering or leaving the urgent protective action zone.
People who are evacuated from a potentially contaminated zone must be monitored for
contamination and assessed for potential overexposure to radiation. This also applies to
nonessential personnel leaving the plant. Because of the potentially large number of people
involved, this generally requires that prepositioned reception centers be established outside
the UPZ. These reception centers should be designed to process the percentage of the population within that zone that is expected to use them and should provide the following basic
services:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Contamination control of people and vehicles
Decontamination of people and vehicles
First aid
Exposure screening
Registration and inquiry
Counseling and social services
Child and infant care
Evacuee assembly area
Adequate power, water, sewer, sanitation, waste disposal (including hazardous waste),
and heating, ventilation, and air conditioning services
Adequate access and exit routes
Adequate off-loading and parking areas
Health and safety arrangements and systems
Directions for evacuee centers (emergency shelters)
Transportation alternatives for confiscated, contaminated vehicles
Access to telephones
Information on how to stay informed and when to return to the affected areas
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Stable iodine prophylactic has proven to provide effective protection of the thyroid against
the intake of radioactive iodine. For threat categories I and II, where the release of radioactive
iodine to the environment is possible, the population within the urgent protective action zone
should be given access to stable iodine. In order to be effective, stable iodine must be
administered at the time of exposure or within a few hours from exposure. Approximately
12 hours after the initial exposure, stable iodine is no longer beneficial.
Communications. Good communication systems contribute a great deal to achieving an
effective response. In a large-scale radiological or nuclear emergency, it is generally anticipated that common communication systems will be vulnerable to failures due to overloads.
This applies to both landlines and cellular systems. Hence, provisions should be made to
provide key players with robust and reliable communication channels. This may include
protected or direct lines between the facility and off-site authorities and between off-site
response organizations. While satellite telephones are now being used for such communications, initial trials have revealed limitations with their directional sensitivity. Microwave
links are an effective alternative where applicable.
All main communication systems should be tested periodically and contact numbers updated on a quarterly basis.
Training and Exercises. Training and exercises are an essential part of an effective emergency preparedness programme. In general, it is recommended that training and exercises
for facility personnel be held several times a year. For off-site organizations, this constitutes
a substantial investment in finances and human resources. The training and exercise program
for off-site organizations should take into account the role of each organization, its critical
needs for responding to radiological or nuclear emergencies, and the value of the training
and exercises. For example, police forces may not need to obtain special training in traffic
control related to nuclear emergencies if their normal duties already involve this type of
activity. They should, however, undergo specific radiological hazard awareness training.
In general, each facility within threat categories I and II should hold one annual largescale coordination exercise involving off-site authorities. The training and exercises should
take into account the needs of the public living close to the facility.
In some countries, annual exercises involve the full participation of designated segments
of the population. In several Eastern European countries, sheltering and evacuation exercises
are held annually. In most Western countries, this is not practical for cultural and economic
reasons. When large-scale exercises are conducted, however, they are often widely publicized
and the facility’s surrounding population is kept informed of the results.
Public Education. Ensuring that the public reacts appropriately and in accordance with
the plan and instructions of decision makers is important in successfully managing emergencies affecting the population. A spontaneous and uncontrolled evacuation, for example,
may cause more harm than benefit. Although it is difficult, if not impossible, to control this,
educating the public on the risks of radiological or nuclear accidents can help ensure an
appropriate reaction during an emergency. Therefore, public education is an important factor
in influencing the public’s reaction to such emergencies. Nowhere is this truer than during
a radiological or nuclear emergency.
The public should receive effective information on the plans and provisions in place in
case of an emergency. They should be informed of the protective actions and their effectiveness. They should also be sensitized to the importance of obeying instructions provided
by the authorities during an emergency. The public will need to know who these authorities
are and how instructions are to be relayed. Addressing the following questions with the
public will benefit response operations. How will they be informed? Where should the public
go when instructed to evacuate? What should they do when told to shelter? What instructions
related to stable iodine distribution could they be asked to follow? How will other family
members be protected (e.g., schoolchildren, patients)?
An effective public education program can be achieved, e.g., appropriate material can be
inserted into free calendars, telephone directories, etc. It is also effective to convey the
educational material through community (e.g., doctors, teachers) or religious leaders.
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Response Elements
Initial Accident Assessment and Classification. Because accidents in threat categories I
and II are typically complex, it may take time before the initiating event is clearly understood.
Depending on the progression of the accident, operators can have difficulty assessing its
severity. There is also a tendency to wait until the accident is understood before declaring
an emergency. In some cases, facility emergency plans wait for a release to occur before
declaring an off-site emergency. This can delay on-site response and, more importantly, offsite readiness to implement effective protective actions. During the Three Mile Island accident, it took the plant operators several days to realize that a significant portion of the core
had melted. During the Chernobyl accident, operators did not initially believe that a large
release was underway.
Assessing the severity of an accident can be a complicated task. Procedures should be in
place to allow an assessment based on simple and available measurements of processes, such
as reactor core temperature, radiation inside the plant, and availability of major process and
safety systems. During severe accidents, difficulties usually arise when some instrumentation
becomes unavailable or out of range. This should be taken into account in the accident
assessment procedures.
Another challenge lies in relating the accident assessment to an adequate level of response.
It can be difficult to communicate accident severity to other emergency groups. Prompt
initiation of a coordinate response is more difficult still, unless a simple way to categorize
or classify the event is established. Facilities in threat categories I and II should therefore
have a clearly defined emergency classification system.
The IAEA recommended classification system for threat category I and II facilities is
described in Table 9.7.
There may be additional classes of emergencies, provided that they are clearly understood
by both on-site and off-site authorities and allow operators to make prompt determinations.
Classification levels should be identical for both on-site and off-site emergency response
TABLE 9.7 Classification System for Threat Categories I and II

Emergency class or
condition
General Emergency

Site Area
Emergency

Facility Emergency
Alert

Definition
Events resulting in the actual or substantial risk of a release requiring
implementation of urgent protective actions off-site. This includes:
● Actual or projected damage to the core or large amounts of spent fuel; and
● Detection of radiation levels off-site warranting implementation of urgent
protective actions.
Events resulting in a major decrease in the level of protection available to 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;
● Conditions in which any additional failures could result in damage to the
core or spent fuel; and
● High doses on- or off-site approaching the urgent protective actions
interventions levels.
Events resulting in a major decrease in the level of protection for people onsite. This class of emergency does not represent an off-site threat.
Decreased level of safety or unknown events that warrant increased readiness
or further assessments.

Source: IAEA, 1997a, b.
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organizations. Upon declaration of an emergency class, each response organization should
immediately take its assigned actions for that class.
The emergency classification should not be confused with the International Nuclear
Events Scale (INES) (IAEA, 1997c). INES is designed to indicate how serious an event was
after it is understood and is not the basis for the response. Determining the INES rating is
impossible early in an event and does not form part of the initial response, and determining
the rating should not delay any response actions.
Notification and Activation. If there is a potential for off-site impacts, notification and
activation remain the same regardless of the type of facility involved, whether nuclear or
conventional. There should be a clear and effective way for key response organizations to
be alerted of an emergency and to mobilize required personnel, 24 hours a day, seven days
a week. The requirement for notification and activation should be linked to the emergency
classification. For example, in many cases, facility operators are required to inform off-site
authorities of any event leading to an alert, and to notify them of a site area emergency or
a general emergency. Emergency response organizations are normally required to be partially
activated during a site area emergency and fully activated during a general emergency.
The timing requirement for notification varies depending on the type of facility and the
emergency class. Notification must be prompt enough to enable response organizations to
perform their required functions effectively and should be based on the emergency classification. This emphasizes the need for an easy-to-use classification procedure.
Accident Mitigation. For threat category I and II facilities, accident mitigation refers to
the need for emergency operating procedures dealing with upset events and accidental conditions. Such procedures constitute a standard licensing requirement and are normally tested
on simulators as part of the operator certification and recertification program.
Emergency operating procedures are often based on design basis accidents, i.e., accidents
that have been analyzed and are the basis for the design of safety systems. However, as
demonstrated by the accidents at the Three Mile Island NPP (1979), the Chernobyl NPP
(1986), and the Tokaimura processing facility in Japan (1999), accidents can evolve to conditions that are beyond those which were the basis for the design. This is the reason for the
recent emphasis on developing procedures for the full spectrum of accidents to include those
with a very low probability of occurring. These procedures are called severe accident management guidelines and are required by international requirements (IAEA, 2000c) and are
being implemented in nuclear facilities around the world.
Public Instructions. When an accident with the potential for off-site impacts occurs, the
affected public must be alerted promptly and be provided with instructions on appropriate
protective actions. If protective actions are not required, the public will still require instructions in order to reduce their concern and prevent them from taking inappropriate actions
when an emergency situation is announced or reported by the media or when friends tell
them.
The method used for promptly informing the public should depend on:
1.
2.
3.
4.

The population characteristics (density, transients, language) around the facility
The size of the emergency planning zones
The expected dynamics of possible accidents
The amount of time required for implementing protective actions after an emergency is
declared

Those parameters should be defined in the technical planning stage. Methods for alerting
and instructing the public include (but are not limited to):
1. Sirens
2. Sirens with a public address system
3. Automatic activating radios
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4. Automatic telephone dial systems
5. Other types of telephone-based community alerting systems, e.g., those using digital lines
and connected to dedicated displays in the homes
6. House-to-house notification (in remote areas)
In designing the public alerting system, care must be taken to ensure that the system can
reach the entire target public, including those with special needs, such as the hearing impaired. The system must also address the needs of industries within the planning zones,
where noise levels may reduce the effectiveness of an exterior siren system.
The system should also take into account the need to provide instructions to members of
the public who are outside the planning zone to prevent them from reacting in a way that
will hinder the effective implementation of protective actions within the zone. Indeed, the
unexpected evacuation of a large number of people outside the zone may prevent the orderly
evacuation of people coming from within the zone.
When designated media are called upon to alert the public, clear agreements and preset
messages should be established.
Experience has shown that siren systems with modulating signals are not always effective
in conveying the right information. Apparently, members of the public have trouble understanding or remembering what the modulations signify. Therefore, a system that combines
attention-grabbing and verbal or text-based information is the most effective for alerting the
public and giving instructions.
The accident at Three Mile Island demonstrated that the public will not follow official
recommendations unless national and local officials:
1. Provide consistent assessment and recommendations (speak with one voice)
2. Promptly and consistently explain the basis for revisions
3. Monitor and discuss different opinions and assessments being presented in the media
Consequently, immediately after the pubic is alerted they must be provided with coordinated information on emergency, the risks and protective actions. Provisions must also be in
place to promptly address concerns raised by other sources through the media. It is crucial
that all official assessments and recommendation be coordinated. This is best accomplished
by having only one spokesperson.
Public Protective Actions. Public protective actions can be divided into two types: urgent
protective actions and longer-term protective actions. Urgent protective actions must be implemented promptly to be effective and thus require quick decision-making and are applicable
over a short period of time (days / weeks). Longer-term protective actions are intended to
reduce the dose from long-term exposure; they will be applied over months to years and
implemented after radiological and psychological impact is assessed.
Urgent Protective Actions. Urgent protective actions include sheltering, evacuation, and,
where radioactive iodine may be released, stable iodine administration. They also include
immediate bans on potentially contaminated food and water.
Sheltering involves staying indoors away from exterior walls, with windows closed and
sealed and the ventilation turned off. It is an effective measure against external radiation
from a radioactive plume, as well as inhalation. It is also an effective measure against
irradiation from radioactive ground contamination. Reduction factors for inhalation vary with
the building type and can be as low as 0.005, but the effectiveness of sheltering against
inhalation decreases with time as air ingress slowly contaminates the inside of the structure.
Table 9.8 shows examples of estimated protection factors. Normally, sheltering should not
be implemented for more than one or two days.
The administration of stable iodine (nonradioactive) can be very effective against radioactive iodine intake, which tends to concentrate in the thyroid gland. Figure 9.3 shows the
variation of the protection factor as a function of the time at which the stable iodine was
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TABLE 9.8 Reduction Factors for Various Types of Buildings

Protective action

Cloud shine

Ground shine

Normal activities
Sheltered in wood-frame house
Sheltered in block-brick house
Sheltered in basement of two-story house
Sheltered in multistory building

1.0
0.9
0.8
0.4
0.2

0.7
0.4
0.2
0.03
0.005

Source: NRC, 1984b, 1996.

administered after exposure to radioactive iodine. Obviously to be effective stable iodine
must be taken before or shortly after intake of radioactive iodine. Since stable iodine only
protects the thyroid, it is not a substitute for evacuation or shelter.
Evacuation is the most common public protective action for emergencies involving possible release of hazardous materials. Evacuations are common and people do not panic and
travel during an evacuation is safer than normal travel. Evacuation is the most effective
protective action, provided that it can be implemented before or soon after a release begins.
Evacuation after a release is an effective countermeasure against irradiation from contaminated ground, which can be an important source of exposure. Evacuation can be effective
even if carried out in a plume for a long-duration release and for areas close to the release.
Normally, evacuation should not be considered for more than seven days.
If evacuation is initiated during or after a release, special precautions must be in place to
monitor evacuees for contamination and, if required, to decontaminate them prior to directing
them to evacuation centers or other emergency shelters. This unveils one of the many challenges associated with an evacuation during a radiological or nuclear emergency: a potentially large number of people and vehicles may need to be monitored and decontaminated.
In addition to effective traffic control plans, measures and equipment capabilities should be
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FIGURE 9.3 Relative dose (%) following exposure to 131I relative to time of ingestion of stable
iodine (PIT—Potassium iodide tablets). (Source: Turai and Kanyar, 1986)
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established to handle the large number of people who may need to be processed and to
prevent bottlenecks during the evacuation process.
As large areas may need to be evacuated, diversion routes should be included in evacuation plans.
Other measures that may need to be considered include banning food and water, sheltering
livestock, and protecting animal feed and providing uncontaminated feed, especially to milkproducing cows, goats, and sheep.
A major problem with many emergency plans is that urgent protective action cannot be
implemented promptly because the decision-making and planning process begins when the
emergency occurs. During the Chernobyl accident urgent protective actions were late or not
taken at all. This could have resulted in hundreds of deaths if the wind had been blowing
in a different direction and did result in over a thousand unnecessary thyroid cancers. Urgent
protective actions must be integrated into protective action strategy that will be implemented
promptly. The strategy must be based on an analysis of the possible emergencies and effectiveness of the protective actions when applied in the local area. Factors such as availability of transport and effectiveness of shelters and other local characteristics must be considered. Provisions must be in place to implement the strategy promptly. This is best
accomplished by preplanning to implement the strategy immediately upon declaration of an
emergency that is a serious and immediate off-site threat (e.g., general emergency). IAEA
(IAEA, 1997b) developed a basic strategy for severe nuclear power plant accidents. The
strategy calls for prompt implementation of the following upon declaration of a general
emergency at an NPP:
1.
2.
3.
4.
5.

Evacuation or substantial shelter for the population within the PAZ
Sheltering, in their homes, of the population within the UPZ
Restrictions on eating possible contaminated food out to 300 km
Prompt monitoring of the UPZ and beyond to identify and evacuate hot spots
Taking thyroid blocking

This strategy is based on analysis of the effectiveness of urgent protective actions and the
Chernobyl experience. Figure 9.4 shows the results of such an analysis (NRC, 1990a) for
various urgent protective actions that could be taken to protect the public in response to the
most severe type of NPP release. The numbers are the probability of a person receiving a
dose to the whole body (bone marrow) in excess of the threshold for early deaths (⬎2 Sv)
at various distances. Case 1 shows the risk is small beyond eight km even if no urgent
protective actions are taken. In addition this shows, for areas within five km, that the risk
of deaths can be reduced to almost zero by starting evacuation at walking speed one hour
before the release (case 4) and substantially reduced by substantial sheltering in a large
building (case 3). Even walking out in the plume (case 5) is better than basement shelter in
a normal home (case 2). This analysis assumes that the evacuation is conducted at walking
speed and all people in areas with significant levels of contamination are evacuated within
six hours.
This analysis and resulting protective actions strategy are valid only for NPP accidents;
analysis of other types of facilities could result in significantly different conclusions.
Longer-Term Protective Actions. Longer-term protective actions include relocation, resettlement, agricultural countermeasures, and medical follow-up of the affected population.
These measures are implemented in the recovery phase of the accident, after the release has
stopped. There will be tremendous pressure from the public, media, and political officials
after the initial response to take actions to return things to normal. During the Chernobyl
accident there were no criteria in place for implementation of longer-term protective actions.
Consequently, the criteria were developed in the charged political atmosphere immediately
after the accident. The result was a process that continues until today. The longer-term
program of relocation and compensation was implemented in the hope of reducing public
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FIGURE 9.4 Probability of exceeding the early death threshold for the worst reactor accident
and different urgent protective actions. (Source: NRC, 1990a)

concern. These programs were based on perceived impact and not on actual or projected
consequences. The result were programs that many feel have done more harm than good.
They resulted in relocation from areas with radiation levels lower than natural radiation levels
in other parts of Europe and in compensation programs that could continue for generations.
The end result was significant psychological and financial harm that the affected governments
are still struggling with. The Chernobyl accident response showed that longer-term actions
taken based on perceived threats and based on criteria and processes developed during the
event can result in actions that do more harm than good.
It is not easy to plan in detail for longer-term protective actions, but some basic planning
is essential. The basic criteria and process to be followed must be established before an
emergency. IAEA and other international organizations have developed criteria for taking
longer-term protective actions that will do more good than harm. These are discussed in
Section 5.
Key aspects that should be part of the emergency plan for any government near a threat
category I facility are:
1. Defining a transition organization to cover key recovery roles such as authority for
decisions (note that this is not necessarily the authority charged with implementing
urgent protective actions)
2. Criteria for taking longer-term protective action consistent with international guidance
3. A process for calculation of clear operational intervention levels based on the criteria
(see Section 5 for details on intervention levels)
4. Surveying and sampling plans
5. A process to determine where monitoring indicates the operational criteria are exceeded
6. A process for revising the operational intervention levels
7. A process for implementation of long-term actions (e.g., relocations)
8. Criteria for decontamination and disposal of contaminated material
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9. A plan for providing long-term financial assistance and compensation (short and long
term) to address actual impacts (e.g., loss of wages, compensation of property) of the
event that are developed considering the long term psychological impact
10. A process for medical follow-up of affected population and emergency workers
11. A process to identify and address adverse psychological impacts
Protection of Emergency Workers. By definition, emergency workers are those people
charged with attempting to reduce the impact of an accident on personnel, the population,
and / or the environment. Some of these workers risk exposing themselves to significant doses,
while most will only be expected to receive relatively low doses.
During the first few days of Chernobyl accident, 28 emergency workers and plant staff
received lethal doses and then died. This included members of the off-site fire brigade. This
tragedy was a result of not monitoring their dose and their not being properly trained. 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 dose guidance and training. This must
include off-site personnel who may respond on-site, such as fire brigades, law enforcement,
or medical teams.
According to IAEA (IAEA, 1996b), emergency workers include anyone needed to implement urgent protective action (e.g., bus drivers) or to take action to mitigate the accident
(e.g., on-site damage control). IAEA states that emergency workers should be aware of the
risks and be trained. IAEA has also established guidance concerning appropriate dose limits
for emergency workers depending on their functions. The dose to anyone in general should
not exceed their annual occupational dose limit. The only exception is for undertaking lifesaving actions or actions that can avert a large collective dose or prevent the development
of catastrophic conditions. In these cases, the dose received should be kept below 10 times
the annual dose limit and the worker should understand and accept the risk incurred. Operational levels that relate to this guidance and that are measurable in the field by the workers
must also be developed. The workers must be trained to monitor their dose and on the action
to take if the operational guidance is exceeded. When the emergency is over and recovery
operations such as decontamination and waste disposal have been initiated, the normal occupational exposure limits should apply.
In addition, as appropriate for their functions, protective clothing, continuous communications, respiratory protection, and stable iodine tablets, if radioactive iodine may be present,
should be provided to emergency workers. If the entry into contaminated areas is anticipated,
an access control point should be established; protective clothing, personal decontamination
equipment (e.g., emergency showers), and spare clothing should be available. All the hazards
possible while performing their response duties (e.g., toxic atmospheres) should be addressed.
IAEA has developed guidance on operational levels and equipment for emergency workers (IAEA, 1997a, 1997b).
Mitigation of Psychosocial Effects. The Chernobyl and Goiânia accidents demonstrated
that psychosocial impacts often outweigh the radiological health effects. Psychosocial effects
are difficult to mitigate because they are primarily related to perceived risk.
Emergency plans should explicitly recognize the significance of the psychosocial dimension and make provisions to reduce the detrimental effects it can create. Measures that should
be considered include:
1. Informing the affected population accurately and promptly of the accident’s progression,
the risks involved, and the protective actions being taken
2. Keeping sheltered, evacuated, or relocated people informed of the expected time at which
they may return to normal activities and / or return to their homes
3. Ensuring that the public trusts the response organizations and is kept aware that measures
are indeed being taken to protect them; and
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4. Providing means to reassure people who believe that they themselves, their dwellings,
and / or their properties may have been exposed or contaminated

9.4.6

Emergency Preparedness Requirements for Threat Category III

Threat category III presents a much lower risk to the public than categories I and II. Here,
the main threat is to facility workers. While the discussion on categories I and II applies in
concept, emergency preparedness arrangements are quite different. The following discussion
deals with aspects that are specific to threat category III. For general concepts, the reader
should refer to Section 9.4.5.
Planning Elements
Authority, Command, and Control. This aspect of the plans will be limited to the facility’s internal organization and must be clearly defined because the emergency response
authority may differ from the normal operations authority. The emergency director / controller
who is authorized to make key operational and strategic decisions during an emergency
should be a person who has the expertise, knowledge, and capabilities to manage crisis
situations. One of the greatest challenges is to ensure that those responsible for emergency
response and those responsible for normal operation do not interfere with each other.
Logistical Support and Facilities. Logistics and equipment requirements for threat category III facilities are limited compared to categories I and II. All equipment and emergency
management facilities will normally be located within the facility itself. Based on experience,
two areas require particular attention. The first has to do with equipment supply and storage.
Equipment and backups should be stored in areas deemed accessible during any emergency
situation. The second involves the location of emergency management centers. These centers
must be located in an area of the facility that is expected to be accessible following any
type of accident. They should be protected with special shielding and / or air filtration equipment.
Public Education. Public education is not normally required for a threat category III
facility. However, as we have discussed, the public reaction to a perceived threat can be
dramatic. To limit the psychological effects and public over reaction during an emergency
limited public education is advisable. Members of the public living near the facility, the
facility staff who are not involved in the radiological operation, and those who occasionally
visit the facility should be informed of the risks involved, the emergency response arrangements in place, and the actions to be taken in response to alerts.
Response Elements
Initial Accident Assessment and Classification. Initial accident assessment and classification is as important for this category as it is for categories I and II. The classification
scheme used for category III is often based on the following:
1. Alert: events that have or may have reduced the level of safety of people on-site or
involving requests to off-site emergency services
2. Facility emergency: events warranting implementation of protective actions on-site
Protection of Emergency Workers. Emergency workers on-site could be exposed to very
high doses. The same basic requirements apply for these workers as for threat category I
and II workers. This includes those responding from off-site into the facility (e.g., firefighters).
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Public Instructions, Public Protective Actions, and Mitigation of Psychosocial Impacts. There is generally no need for public instruction or protective action plans for threat
category III. Mitigation of psychosocial impacts is also not a consideration beyond providing
timely information to counter rumors and misinformation.

9.4.7

Emergency Preparedness Requirements for Threat Category IV

Transportation Accidents. Transportation accidents involving radioactive sources may call
for emergency service personnel such as firefighters, police officers, and paramedics from
various areas and jurisdictions. The main challenge in planning for a transportation accident
involving radioactive material comes if the event cannot be addressed by local officials
responsible for hazardous material events or if there is considerable pubic interest or concern.
In these cases a large number of staff may be called upon to respond, with their general
lack of training in radiation incidents.
The most effective way of planning for such accidents is to rely on the infrastructure that
is already in place for handling transportation accidents involving conventional hazardous
materials and to provide a national or regional capability to provide additional support personnel trained and equipped for dealing with radiation emergencies.
Authority, Command and Control. Authority, command, and control for immediate actions in a transportation accident will normally rest with the organization responsible for
responding to conventional hazardous material accidents. Once the situation has been stabilized and the spread of contamination has been confined, these organizations will often
turn the response over to qualified experts from regional or national agencies. If public
protective actions are required, however, their implementation will require the effective coordination of expert agencies and local authorities. Plans should include clear mechanisms
for this coordination to take place, recognizing the delays that may be involved in mobilizing
regional or national response organizations.
Organizational Responsibilities. These should be as close as possible to the organizational responsibilities in effect for response to accidents involving conventional hazardous
materials. The responsibilities of the owner of the radioactive material (the consignor), the
carrier, and the support agencies should be clearly defined and understood by all.
Preparedness and Response Coordination. In most cases, regional or national organizations will respond in support to local emergency services. Given the large number of
localities and emergency services in place in most countries, coordination becomes difficult.
Coordination can be improved at the planning stage by developing national, state, provincial,
or regional guidelines / procedures and to ensure that they are distributed to all local emergency services. Central organizations such as CANUTEC in Canada, that have a 1-800
telephone number, act as the national coordinator for assistance to local authorities in case
of transportation accidents anywhere in the country.
In Illinois, for example, an authorized officer from the Illinois Department of Nuclear
Safety must accompany all significant shipments of radioactive material. This officer provides
the initial radiological expertise at the scene of an accident and also provides the interface
between the local emergency services and the central specialist organizations.
Often, the owner and the carrier are not prepared to deal with the radiological aspects of
the accident. In these cases, there should be preplanned arrangements in place to promptly
acquire and dispatch the required resources. These may include a national team with the
capability to conduct radiological monitoring, assess the health and safety of workers and
public, and conduct decontamination and recovery.
Plans and Procedures. Plans and procedures for transportation accidents involving radioactive material should be integrated into standard plans for conventional hazardous material accidents.
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The owner and carrier should also have plans and procedures, up-to-date versions of
which should be submitted to the agency that regulates the transport of radioactive material
and to the central organization that coordinates the provision of assistance in case of a
transportation accident (if applicable).
Radioactive materials being shipped are clearly labeled in accordance with international
standards (IAEA, 1996a). Shipping papers, which describe the type of material, the quantity
involved, and the UN number, accompany any significant quantity of radioactive material.
Canada, Mexico, the United States, and many other countries have published guidance documents, referenced to the UN numbers, which describe the response to accidents involving
different hazardous materials including radioactive materials. Millions of copies of these
documents have been distributed to local fire departments, hazardous material response
teams, and police departments throughout the world. The local agency responsible for responding to hazardous materials events must be provided with guidance on how to respond
to transportation events tired to the UN number. IAEA is also working on guidance on the
protective actions for the public and responders for each UN number associated with radioactive material.
Logistical Support and Facilities. The only specific requirements for the threat category
IV are for survey and cleanup equipment such as dosimeters, survey and contamination
meters, protective gear, decontamination supplies, and recovery tools at the national level.
In several areas, particularly those in which the risk of a transportation accident is high,
local response services are equipped with dosimeters and survey meters. If so, training (and
periodic refresher training) must be provided, equipment must be periodically verified and
calibrated, and the emergency services staff must be provided with valid procedures.
Training and Exercises. Training specific to radiation should be integrated into existing
training program for conventional hazardous material incident response. This training must
be frequent and accompanied by several drills, otherwise emergency services staff who are
unfamiliar with and afraid of radiation may be reluctant to respond to an accident involving
radioactive material.
The effectiveness of such training can be improved by:
1. Keeping the training as simple as possible
2. Making the procedures similar to those for conventional hazardous material accidents
3. Emphasizing the effectiveness of conventional procedures designed to deal with hazardous
material emergencies
4. Emphasizing the effectiveness of universal precautions
5. Providing prompt and effective access to expert support in case of accidents
Public Education. There is no specific public education requirement for category IV.
Initial Accident Assessment and Classification. First responders will base their initial
assessment and actions on the placards, UN numbers and other observables (fire or signs of
a spill). Radiological monitoring will be needed if a ruptured package is suspected. Operational intervention levels (see Section 9.5.1) for transportation accidents must be developed
in advance in order to be able to interpret monitoring results.
In November 1999, about 20 delegates from various countries, including the United
States, France, and the United Kingdom, attended an international technical committee meeting at the International Atomic Energy Agency. These delegates suggested that there was no
need to develop a special classification system for transportation accidents involving radioactive materials. Therefore, if it is required the regular accident evaluation and classification
system should be used.
Public Protective Actions. Because the location of a potential transportation accident is
not known in advance, planning for public protective actions is limited to establishing distances within which the public should be evacuated. These distances, provided in IAEA
(2000a) for the UN numbers discussed above under Plans and Procedures, are summarized
in Table 9.9.

RESPONSE TO NUCLEAR OR RADIOLOGICAL EMERGENCIES

9.37

TABLE 9.9 Evacuation Distances in Case of a Transportation Accident with Radioactive Material

Situation
Intact package with a class I (white), class II (yellow and
white), or class III (all-yellow) label
Damaged package with a class I (white), class II (yellow
and white), or class III (all-yellow) label
Undamaged common source (consumer item) such as
smoke detector
Other unshielded or unknown source (damaged or
undamaged)
Spill
Major spill
Fire, explosion or fumes
Spent fuel
Plutonium spill
Explosion / fire involving nuclear weapons (no nuclear
yield)

Evacuation distance
Immediate area surrounding the package
30-m radius or at readings of 100 Sv / h
Immediate area surrounding the source
30-m radius or at readings of 100 Sv / h
Spill area plus 30 m of surrounding area
Spill area plus 100 m of surrounding area
300-m radius
100-m radius
100-m radius
1000-m radius

Plans should include guidance for implementation of evacuation of the public, to be
conducted by first responders, that is keyed to observables (e.g., fire) and the UN numbers.
This could be based on the guidance being developed by IAEA discussed above under Initial
Accident Assessment and Classification. In addition, first responders should be informed of
the relative risks of radiation exposure and that they should not delay life saving in the event
of an immediate threat to life (such as a fire) because of a potential for radiation exposure
or contamination. The procedures should also include provisions for gathering the public in
a safe area and recording the names of members of the public who may have been within
the distance limits at the time of the accident. If contamination is suspected, the public
should be monitored for contamination and, if required, decontaminated. The plans should
include provisions for medical follow-up and counseling of exposed and contaminated members of the public and emergency workers.
Protection of Emergency Workers. Protective equipment for responding to accidents involving conventional hazardous materials is quite effective against radioactive contamination.
If airborne contamination is suspected, respiratory protection and dosimeters should be worn,
keeping in mind that this gear will not protect workers against external gamma radiation.
An access control point with provisions for contamination monitoring should be arranged.
No one should leave the area until he or she has been controlled for contamination and, if
required, decontaminated. If the prompt arrival of radiological expertise is not expected at
the site of an accident, plans should require a precautionary decontamination of personnel.
Descriptions of the hazards (radiological and other) to responders and appropriate protective equipment and actions to be taken by first responders should be developed for each
UN number and set of observable conditions (e.g., fire). This could be based on the guidance
being developed by IAEA discussed above under Initial Accident Assessment and Classification. This basis guidance should be provided to the first responders who may respond to
an emergency involving hazardous material. Radiological teams should be provided with the
same basic protection as for threat category I and II emergency workers.
Mitigation Psychosocial Effects. Apart from one possible exception, there is no need for
mitigation of psychosocial effects for threat category IV. In highly publicized cases, such as
the transport of spent fuel or the transport of plutonium fuel from nuclear weapons, emergency plans become necessary and are generally highly publicized by the media. In these
cases, emergency plans should include provisions to monitor for possible psychosocial effects
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caused by heightened sensitivity and fear. Increased outreach, education, and other methods
can be used to counter these effects.
Contamination from an Unknown Source. The most famous accident included in threat
category IV occurred in Goiânia, Brazil, in 1987. A medical source of caesium was abandoned, taken, scraped, and disassembled. The breached source contaminated a large area of
the city. Several people died, more than 100 people were treated for contamination, and more
than 100,000 people were monitored for contamination. The emergency was discovered by
a doctor when one of the victims brought him part of the radioactive source and told him,
‘‘I think this is making us sick.’’
This type of event can occur anywhere, especially if a system for control of radioactive
sources is not in place or not effective.
Authority, Command and Control, Organizational Responsibilities, and Coordination of
Preparedness and Response. In general, a sound plan at the national or regional level is
the only emergency preparedness arrangement that can be effective against this type of
accident. Because the authorities faced with the immediate problem typically do not have
the required radiological expertise to deal with the accident, this situation presents the same
complications as those for transportation accidents involving radioactive material.
During Goiânia, problems occurred because early in the event national officials directed
the response from a location hundreds of kilometers away. These problems were resolved
when an intergraded national / local command system was developed in the vicinity of the
accident. National plans should recognize the role of local authorities in dealing with the
immediate impact and provide them the prompt assistance from qualified organizations. Although ideally central government agencies should rarely take control over the situation, in
reality, the lack of knowledge and expertise available at the local levels often forces these
agencies to assume a predominant role in the management of the response. The plans should
provide procedures for the transfer of responsibilities from local to higher-level authorities
or for a joint command located in the vicinity if the event has national significance or local
resources are overwhelmed.
Accident Mitigation. Threat category IV accidents should be treated like any other spill
of conventional hazardous material. The risks involved are similar and include the potential
contamination of people, resuspension of ground contamination, and ingestion of the contamination.
The priorities in this case are the prompt isolation and confinement of source of exposure
(find the source) and significant contamination, the identification and control of potentially
exposed individuals, and the decontamination of people and affected areas.
Public Protective Actions. These events may require monitoring large areas and screening a potentially large number of people. An effective way to be prepared for these rare
events is to develop a network of existing qualified personnel (e.g., personnel from NPPs,
research institutions, and universities) to be mobilized and coordinated on short notice.
Evacuation and relocation decisions will be based on environmental monitoring and operational intervention levels (see Section 9.5.1). People should be monitored for both external
and internal contamination. When an individual is externally contaminated, his or her home
and workplace must also be monitored. Monitoring for external contamination is done with
hand-held contamination monitors or portal monitors. Portal monitors have the advantage of
processing a large throughput.
Internal contamination can be monitored with:
1. Whole-body counters, which measure the radiation emitted from the body
2. Bioassays, which measure the quantities of radioactive material present in the blood, urine
or other human excretas
3. Special measuring devices that measure the activity present in certain organs with a
detector that is placed close to the organ (e.g., thyroid counters)
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Limits for external contamination are generally taken as background, which means that
any detectable activity should be removed. In practice, the limit is set at 50% above background. Limits for internal contamination are set by the country’s health or radiological
regulatory agencies.
If external or internal contamination is found, the individual may have received a significant dose. Therefore, plans should provide specialized medical resources to assess the dose
through such techniques as chromosome aberration counts. If these resources are not available in the country, plans should include provisions for obtaining assistance from a neighboring country (through bilateral agreements) or from international agencies such as the
World Health Organization (WHO) or the International Atomic Energy Agency’s emergency
response network (ERNET) (IAEA, 2000b).
Protection of Emergency Workers. Emergency workers would be subject to the same
provisions as those established for threat categories I and II (see above, Protection of Emergency Workers).
Mitigation of Psychosocial Effects. Psychosocial effects are one of the most significant
impacts caused by an accident involving contamination from an unknown source. Plans
should address this by ensuring the availability of:
1. Timely and accurate information pertaining to the risks involved and the actions being
taken by authorities
2. Access to qualified health specialists
3. Access to social workers
4. In some cases, access to religious leaders who are kept well informed of the risks and
issues related to the emergency (this is particularly applicable in countries where religious
leaders are considered the best—and sometimes the only—trustworthy source of information)
Lost or Stolen Source. Planning for lost or stolen source incidents is similar to planning
for contamination from an unknown source (see discussion above).
Authority, Command and Control, Organizational Responsibilities, and Coordination of
Preparedness and Response. Until the source is found, the authority for operations will
normally rest with the police or internal security services. Once the source is found, the
situation is similar to the case discussed previously for contamination from an unknown
source.
Public Instructions and Public Protective Actions. As discussed, prompt action by public
officials to alert the public (and thus the thieves) of the hazard has resulted in the thieves
telling officials where to find the sources. In at least two cases, the highly publicized arrival
of national-level monitoring teams and aircraft to look for the sources convinced the thieves
to return the sources and to seek medical treatment.
If a source is stolen, inadvertently taken, or lost, the person responsible or others may
develop symptoms of overexposure (e.g., skin burns). In several incidents of this type, the
source was retrieved because someone reported to a clinic with these symptoms. Doctors
often do not have the knowledge to recognize these symptoms as being caused by radiation.
Plans should therefore call for promptly making public announcements if a moderate- or
high-hazard device (see Table 9.2) is lost or stolen. In addition, these plans should call for
informing hospitals of the symptoms of radiation exposure so that affected people can be
identified and the source can be found.
Satellite Reentry. Several satellites carrying high-hazard sources have reentered, resulting
in debris landing on an area, called the footprint, larger than the area of Austria. None of
these has resulted in a serious exposure. The main difference between this and other category
IV events is that there is usually some warning time to activate the plan and refine it prior
to the satellite reentry. This warning also will heighten public concern. In addition, the
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operator, through the IAEA, may provide information on the hazard and an estimate of the
footprint location. However, experience shows the estimates of the location of the reentry
footprint are very imprecise or wrong.
Experience has also shown that reasonable protective actions can only be taken if the
area of impact can be accurately identified. People within the footprint then are told to report
and not to handle suspicious objects. Other protective action, such as restrictions on food,
is not warranted until monitoring is conducted. Once a suspicious object is identified, the
event is very similar to the case discussed above involving contamination from an unknown
source.
Plans for satellite reentry are normally developed for implementation by national authorities and should include provision to address heightened public concerns.

9.4.8

Emergency Preparedness Requirements for Threat Category V

A threat category V accident would result in only very small levels of airborne and ground
contamination, with the main concern being on the food chain. Therefore, planning for a
category V emergency is similar to planning for categories I and II emergencies, except that
urgent protective actions are not required and there is more time to implement protective
actions. For threat category V areas, a capability should be in place for effectively taking
agricultural countermeasures to include restriction of the consumption, distribution, and sale
of locally produced foods and agricultural products following a release. This capability
should include OILs for deposition exposure rates, deposition densities, and food concentrations, means to revise the OILs, timely monitoring for ground contamination, careful and
timely sampling and analysis of food and water, and means to enforce agricultural countermeasures locally and at international borders.
Between the time the notification of an accident is made and the time the impact on the
country is felt, plans should focus on:
1.
2.
3.
4.

Mobilization of survey and sampling teams
Early detection of plume arrival
Provisions to provide prompt instructions to agriculture industry on action to take
Precautionary implementation of food control measures in areas where it is anticipated
that OILs for food consumption will be exceeded
5. Implementation of methods for enforcement of restriction of agricultural products that
exceed the OILs
6. Implementation of methods for compensation for contaminated products

9.4.9

Medical Preparedness

Effective medical response is a necessary component of an overall response to nuclear or
radiological emergencies. Medical response to radiation accidents generally represents a difficult challenge to the authorities due to the complexity of the situation, often requiring
highly qualified specialists and organizational and material resources. Therefore, an adequate
medical preparedness is needed.
Medical preparedness begins with an awareness of what type of ionizing radiation and
radioactive materials are used in a country and where they are used. This is accomplished
by identifying the threat categories for facilities and areas in the country.
Minimum Level of Preparedness—Threat Category IV. There have been several events
during which physicians failed to diagnose radiation-induced injuries caused by lost or stolen
sources. If these injuries had been promptly diagnosed additional deaths and injuries could
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have been prevented. Consequently, general and emergency medical practitioners should be
aware of the medical symptoms indicative of a radiological emergency, of notification arrangements and of the appropriate immediate actions. A simple poster with photos of injuries
along with a description of radiation-induced symptoms has been developed by IAEA for
this purpose.
Threat category IV events can occur anywhere but are very rare; consequently, the medical
community is inexperienced in dealing with them. There have been events during which
persons exposed to lost sources have received inappropriate treatment resulting in unnecessary suffering. During the event in Goiânia, some medical professionals refused to treat
exposed people due to fear. It is therefore recommended that a limited national capability
be in place to provide the appropriate treatment for those members of the public and emergency workers who may have become exposed or contaminated. This shall also include
provisions to obtain (possibly through IAEA or WHO) consultation on treatment for any
exposure that can result in severe tissue damage or life-threatening doses (severe deterministic health effects) from physicians with experience in dealing with such injuries. The national response plan needs to identify organizations, plans, and procedures for providing such
assistance.
In the planning stage, the following should be prepared: a list of medical facilities at the
local, regional, and national levels, a list of specialized medical facilities in other countries,
a list of medical and support staff with telephone numbers and addresses in each respective
location, a list of specialized medical centers for treating patients with radiation-induced skin
lesions or immunosuppression, a list of equipment and supplies needed for emergency response, and agreements with ambulance transport services.
In the case of threat category IV accidents, a local practitioner should be ready to institute
life-saving measures, assist in decontamination procedures, initiate minimal supportive treatment, collect pathological specimens (e.g., blood, excreta), arrange the transfer of patient to
a special hospital, and convey the necessary information for continuous treatment. All major
hospitals should make some provision to accommodate exposed or contaminated individuals
so that first aid can be given.
It is recommended that the following minimum staffing, equipment, and supplies are
prepared in advance in at least one facility in the country.
Staffing. At least two physicians and three support staff should be trained annually in
the risks, precautions, and treatment of exposed and contaminated patients. In addition, a
radiation specialist experienced in dealing with radiation and contamination (e.g., from a
research facility) should be assigned to the facility at the time of the event. Provision should
also be in place to train additional medical staff at the time of the event if necessary.
Equipment and Supplies
1.
2.
3.
4.
5.
6.
7.
8.

Means to control contamination and handle contaminated samples and waste
Radiation survey and contamination instruments
Personal protective equipment
Medical equipment and drugs necessary for treatment of contaminated person
Plastic covers for preventing spread of contamination
Personal decontamination equipment
Radiation warning labels and signs
Provision to obtain consultations (e.g., through IAEA)

The reader is referred to IAEA documents (IAEA, 1988, 1997b, 1998a, b, 2000b) for
further guidance.
Threat Categories I to III. Threat categories I to III facilities can have very high dose rate
on-site. Therefore for each of these facilities, a nearby medical facility should be prepared
to treat a limited number of contaminated and exposed people that meets the recommenda-
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tions for the national facility listed above under Minimum Level of Preparedness—Threat
category IV. In addition, the treatment for a high exposed patient is determined based on the
exposure received. Consequently, the facility must have procedures, immediately after an
event, to gather information helpful in estimating the dose received.
Threat category I facilities can also have releases resulting in severe exposure and contamination off-site. Consequently plans should be in place to screen exposed people and
assign them to hospitals and other facilities for treatment. Due to the very low probability
of such an event, reliance should be placed on use of existing facilities that have made a
minimum level of preparations to include some staff training.

9.5
9.5.1

RESPONSE REQUIREMENTS
Intervention Criteria and Decision Making

The following primary objectives of emergency response are:
1. All possible effort should be made to prevent deterministic health effects
2. Reasonable effort should be made to reduce stochastic effects such as cancers
Intervention or action levels are values, in terms of radiation dose or concentrations in
food, that are used to determine when protective actions should be taken to meet these
objectives. Different countries and organizations use different names for these levels. For
example, in the United States intervention levels are referred to as protective action guides
(PAG) and action levels for food as derived intervention levels (DIL).
Obviously, any immediate protective actions should be directed toward meeting the first
objective by keeping the dose below the thresholds for deterministic health effects.
For ease of implementation, a single set of intervention levels should be established that
meets both these objectives. Establishing intervention levels that meet the first objective is
easy. The doses or food concentrations at which deterministic health effects would occur are
very high. These values would be about a million times those seen normally in an hour. But
since any dose is assumed to increase the risk of cancers, the generic intervention levels are
determined by the second objective. Consequently, the intervention levels will be established
at levels well below those at which deterministic, early health effects would be expected,
even for such sensitive populations as pregnant women and children.
Establishing intervention levels that meet the second objective is difficult because it is
assumed that any dose, no matter how small, may result in an increased risk of cancer. Since
it will be impossible to prevent all exposures if there is release, the issue is when it is
‘‘reasonable’’ to take a protective action. Any protective action, such as evacuation, has its
own risks and costs. At some point the negative impact of the protective action will be
greater than that of the dose that the protective action is attempting to prevent. The guiding
principle in meeting the second objective is therefore to establish intervention levels that do
more good than harm. In response to the Chernobyl accident, some governments took actions
to relocate people from areas where the radiation levels were no higher than those found
naturally in other parts of the world. This relocation caused people to lose their jobs and
social ties. The ultimate result was a reduction in life expectancy due to the psychological
and sociological impact of the protective actions. And tragically, these protective actions did
not reduce the risks of cancers among those relocated, because the majority of the dose was
already received before the relocation. This is a clear example of taking protective actions
that did more harm than good.
To determine the appropriate intervention and action levels to meet the second objective
requires a careful examination of the cost in terms of money and health impact of protective
actions compared to the risks of radiation exposure. IAEA (IAEA, 1994) provides a detailed
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TABLE 9.10 Generic Intervention Levels Recommended by IAEA

Protective action
Shelter
Evacuation
Iodine prophylaxis
Temporary relocation
Permanent relocation

Generic intervention
levela
10
50
100
30
10
1

mSv
mSv
mSv
mSv
mSv
Sv

Period
2 days
1 week
First month
Any subsequent month
Life time (50 to 70 years)

Source: IAEA, 1996b.
a
Dose averted (prevented) by action during the period specified

example of such an analysis. Through careful analysis, numerous international and national
organizations have determined intervention levels that meet both the response objectives
while doing more good than harm. The dose-related intervention levels are in terms of the
dose averted by the action. The cancer risk from exposure obviously cannot be reduced by
any protective actions taken after the dose received.
The generic intervention levels recommended by IAEA, WHO, and other international
organizations for various protective actions are given in Table 9.10. These generic intervention levels (GIL) were also endorsed by numerous international organizations. Table 9.11
shows the internationally recommended generic action levels (GAL) for determining when
food should be restricted. These generic levels are consistent with those adopted by many
countries, including the United States. These intervention and action levels are referred to
as generic because they may require adjustment. For example, if restricting foods will result
in starvation, then the food action levels will need to be adjusted. It is important to realize
that these levels are very conservative. In other words, it is unlikely that even much higher
doses or higher food concentrations than those specified in the intervention levels would
result in any detectable increase in cancers following a major release. Therefore, it is both
inappropriate and possibly hazardous to use intervention levels that are considerably lower
than those established by IAEA. If, for example, levels 1 / 10 of those recommended by
IAEA were used, the resulting protective action would clearly do more harm than good.
Generic intervention levels or action levels cannot be used directly in an emergency, but
they provide a basis for calculating values or developing tools such as computer programs

TABLE 9.11 Generic Action Levels Recommended by IAEA for Restriction of Food

Recommended values
(kBq / kg)

Radionuclide

Food destined for general
consumption

Milk, infant’s food, and
drinking water

Cs, 137Cs, 103Ru, 106Ru, 89Sr
I
90
Sr
241
Am, 238Pu, 239Pu, 240Pu, 242Pu

1
1
0.1
0.01

1
0.1
0.1
0.001

134
131

Source: IAEA, 1996b.
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that would be used during the actual emergency. Consequently, the IAEA and most countries
have calculated quantities that would be used during emergencies that are surrogates for the
generic intervention levels or action levels. These are values that can be measured by environmental monitoring instruments. These quantities go by many different names. IAEA refers
to them as operational intervention levels (OILs). They are also called derived response levels
(DRLs) and derived intervention levels (DILs). In every case, they are values that, if measured in the environment, indicate that protective actions should be taken at that location.
Default operational intervention levels should be calculated in advance for the various
types of releases that could occur. These default values would be used initially to assess
environmental data. Some of the IAEA default OILs for a nuclear power plant release are
shown in Table 9.12. As soon as possible, operational intervention levels should be recalculated based on the actual composition of the release and these values should replace the
default operational intervention levels if appropriate. Examples of the detailed procedures
used to calculate operational intervention levels are provided in (IAEA, 1997b). This reference also provides generic operational intervention levels for a nuclear power plant release
and the IAEA generic intervention levels.
Operational intervention levels are not restricted to power-reactor emergencies. They can
be calculated for all other types of activities based on the radionuclides present, the exposure
pathways and the types of measurement instruments available.
In summary, each country that could be impacted by major atmospheric release or contaminating event should have established intervention and action levels to be used as a basis
for implementation of protective actions. Default operational intervention levels should be
established for the mixture of radionuclides that may be released during an emergency. These
levels can then be used promptly during an emergency to determine whether environmental
measurements indicate that protective actions should be taken.
In addition, there should be procedures that allow these values to be revised to account
for the actual composition of the release and other important conditions at the time of an
emergency. It is very important that default values and procedures for their revision be
established before an emergency. The Chernobyl accident showed that if you wait until an
emergency occurs to determine such criteria, political considerations could influence the

TABLE 9.12 Example of Default Operational Intervention Levels for a Reactor Accident

Default operational
intervention levels

Measurement
Gamma dose rate
from deposition

Protective action

1 mSv / h

Evacuate or provide substantial
shelter
Consider relocation
Restrict immediate consumption of
potentially contaminated food
produced in area until sampled

0.2 mSv / h
1 Sv / h

General food

Milk

Deposition
densities

10 kBq / m2 131I
2 kBq / m2 137Cs
General food

2 kBq / m2 131I
10 kBq / m2 137Cs
Milk

Food, water, or
milk concentrations

1 kBq / kg 131I
0.2 kBq / kg 137Cs

0.1 kBq / kg
0.3 kBq / kg

Source: IAEA, 1997b.

131

I
Cs

137

Restrict immediate consumption
unless it results in food shortages
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development of the criteria. This can result in criteria that do more harm than good when
implemented.
9.5.2

Assessment of Facility or Source Conditions

Experience and research have shown that the most likely events that can result in deterministic health effects (deaths and injuries) are:
1. Reactor accidents or accidents at fuel reprocessing facilities storing very large quantities
of radioactive materials
2. Accidents involving sealed sources used in radiography or external treatment, such as
teletherapy units
In the second case, only gamma dose-rate instruments and operational intervention levels
are needed to determine where actions are needed. The first category of accidents, however,
is much more difficult to assess. For such events, protective action must be taken before or
shortly after a very severe release to be effective in reducing the risk of severe deterministic
health effects near the facility. The strategy for taking protective actions for severe reactor
accidents is discussed above under Public Protective Actions.
Before the accident at Three Mile Island Unit 2 (TMI-2) in 1979, protective action decisions would often be based on real-time environmental measurement of dose rates following a release. Once this dose rate was measured, a projected effective dose could be calculated. This effective dose could then be compared to the intervention levels and the
appropriate protective action could be selected. There is a serious problem with this approach: by definition, environmental measurements are obtained after a release. Thus, they
cannot be used to initiate protective actions before the release. Moreover, even if field measurements are taken shortly after release initiation, much time can be consumed in the process
of selecting and implementing appropriate protective responses. After gamma dose-rates are
assessed, it is necessary to select an action, obtain the concurrence of off-site authorities,
and transmit warnings to the population at risk—who must prepare to evacuate and then
drive out of the risk area. The result is that for severe releases the protective action may be
taken too late to be effective.
Nuclear power plants are constructed very safely with numerous barriers and systems that
must fail in order for a severe release to occur. For most severe accidents, it is estimated
that it will take two or more hours from the start of the event until a major release commences. There is considerable instrumentation in the plants that will allow the plant operators
to detect dangerous conditions before a release. Consequently, it was recognized that a system could be designed to detect dangerous plant conditions before a significant release and
initiate the appropriate protective actions before that release.
The IAEA (IAEA, 1997b), the United States, and others have developed guidance or
requirements for nuclear power plants and other threat category I and II facilities to establish
emergency classification systems for which various levels of off-site response are preplanned.4 The U.S. system is discussed in Section 9.8 and is very similar to that recommended by IAEA. Under these systems, each emergency class is defined by emergency action
levels (EALs) that are based on control room instrumentation that would indicate the class
of emergency and these EALs are incorporated into each plant’s emergency operating procedures. The most serious emergency class in the IAEA system is a general emergency,
which would be declared when plant conditions indicate that severe core damage is imminent

4
The emergency response classification system should not be confused with the IAEA / NEA International Nuclear
Event Scale (INES). The INES is designed for communicating the severity or estimated severity of an event to the
public and cannot be the basis for emergency response actions.
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or in progress and, thus, a very real potential exists for severe off-site health effects. A
general emergency would warrant immediate implementation of protective action by off-site
authorities. While some events have been postulated that could cause very rapid releases,
most severe accidents studied by the U.S. Nuclear Regulatory Commission (NRC) could be
classified as general emergencies well before a major release occurs.
Considerable attention has also been given to the use of computer dose projections as the
basis for initiating off-site protective actions. However, for very severe accidents, dose projections would be available too late and would not be adequate to initiate effective off-site
protective response. To be useful, dose projections require an accurate estimate of the amount
of material to be released and must project, with confidence, where the release will travel.
The problem is that it is virtually impossible to predict the time or measure the magnitude
of a severe release. Once the release does occur, its movement through the atmosphere will
be very complex. In addition, a severe release may also last several days, ultimately impacting areas in every direction around the plant. The complexity of the resulting contamination (and dose) can be seen in Fig. 5.2, which shows the extent of contamination from
the Chernobyl accident. Consequently, dose projections based on models will probably be
of little value in the early phase of a severe accident.
Once radioactive material is in the environment, monitoring will be one of the principal
methods of determining which protective actions are needed.
9.5.3

Emergency Monitoring

Ionizing radiation cannot be directly detected by the human senses, but it can be detected
and measured by a variety of other means. To obtain the data or information required in an
emergency, different types of measurements can be performed and different physical quantities can be measured. Nowadays, many measuring methods and techniques are available
and, in general, several techniques can be used to measure a given physical quantity. In the
development of an emergency monitoring strategy, national and international aspects must
be considered. The reasons for performing emergency monitoring must be the basis of the
strategy, and the intended uses of the results should guide the choice of monitoring priorities
and the technical details of what monitoring is performed.
There are several objectives of emergency monitoring. The first is to provide information
for emergency classification. As soon as they are available, monitoring data will guide decision makers on the need to take protective actions and interventions on the basis of operational intervention levels (OILs). Environmental data will also provide the required information to prevent the spread of contamination and protect emergency workers. After the
initial prompt response phase of an emergency, environmental data will enable technical and
decision-making staff to assess more accurately the level and degree of hazards as well as
the nature, extent, and duration of the hazard. Finally, environmental data will allow an
assessment of the efficiency of remedial measures such as decontamination procedures.
The actual measurements to be made in an emergency include ambient dose rate and
dose measurements, airborne radionuclide concentration measurements, environmental deposition measurements, food, water, and environmental contamination measurements, individual dose measurements, and object-surface contamination measurements.
Ambient dose-rate and integrated ambient dose measurements may be performed using
several different types of dose-rate instruments from fixed stations, from monitoring teams
with portable instruments, or from aerial measurements. The physical quantity being measured can vary and depends on the instrument used. However, it is desirable to measure
ambient equivalent dose-rate or dose. The results are expressed in Sv / h or the equivalent
(Sv / h, mSv / h, etc.) for external gamma dose-rates and in Sv or the equivalent for integrated
doses. These measurements are generally used to support decisions concerning the implementation of various protective actions.
Measurements of airborne aerosols and gases are generally made to provide early warning
of releases from unmonitored or as-yet unreported sources. The physical quantity measured
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is activity concentration. The units used are usually Bq / m3 or the equivalent (Bq / m3, mBq/
m3, etc.). These measurements are generally radionuclide-specific, but may also be of gross
alpha / beta activity. They are more sensitive than dose-rate measurements.
Environmental deposition measurements refer to the amount of radioactive material that
has been deposited on ground or surfaces. These measurements are performed to characterize
deposition, to determine the physical extent and profile of deposition, to support dose calculations and intervention decisions, and for public information purposes. The physical quantity that is measured is the radionuclide-specific surface activity. The results are usually
expressed in Bq / m2. These measurements may also refer to the specific activity of soil,
water, or plants. In this case, sampling of rain, run-off water, soil, grass, crops, etc., is
required. The results are then expressed in Bq / kg or Bq / l. These measurements may give
total surface activity or radionuclide-specific activity. Such results can be used to guide the
initial food sampling efforts, for example, by concentrating in areas where the ground contamination exceeds preset limits.
In measuring food, water, and environmental contamination, a sampling and in many
cases sample preparation is required. This is performed in fixed laboratories, although some
measurements could be performed in mobile laboratories. The quantity measured is activity
concentration, expressed generally in Bq / kg or Bq / l. This can be gross activity (alpha, beta,
or gamma) or can be radionuclide-specific.
Individual doses may arise from external irradiation or from intakes of radionuclides,
primarily by ingestion or inhalation. In general, doses to individuals cannot be measured
directly. Some combination of measurement and assessment is required. For example, personnel involved in an emergency usually wear personal dosimeters, and their external individual doses are measured and recorded. Dosimeters record the external dose, not the internal
dose. Doses from intakes of radionuclides have to be assessed by other means. External
individual doses to members of the exposed public, however, are not measured directly and
individual doses must be assessed completely. If the dose is relatively low, the relevant
quantity is effective dose or equivalent dose to an individual tissue expressed in Sv or
equivalent. Organ equivalent doses (thyroid, skin) are measured using specific counting techniques. At higher doses and dose rates at which deterministic effects may be of concern, the
relevant quantity is absorbed dose (measured in Gy). External dose or dose-rate measurements—made, for example, by thermoluminescent dosimeter or a dose rate monitor—will
provide a good indication of the doses absorbed by the whole body from penetrating gamma
radiation. For intakes, some other means of assessing body or organ radionuclide content is
required. This may be an in-vivo technique, such as whole body gamma spectrometry, or
excreta analysis. Other indirect assessment of individual dose can be made utilizing air
concentration, ground deposition, and food or environmental concentration measurements.
During any release of radioactive materials, surfaces of objects or equipment may become
contaminated. The objective of these measurements is to identify those objects that should
be decontaminated, disposed of as waste, or treated in some other controlled fashion. The
physical quantity that is generally measured is surface activity. Measurements may be radionuclide-specific or can also be assessed based on dose-rate measurements. The results are
generally expressed in Bq / m2 or Sv / h or equivalent, respectively.
In general, several techniques can be used to measure a given physical quantity. For
example, ground contamination levels can be measured in situ or by sampling as gross beta
activity or as radionuclide-specific activity, depending on the counting equipment used, and
several different types of counting equipment can be used for the same measurement (IAEA,
1999). The most commonly used techniques are listed in Table 9.13 and generic guidance
on monitoring in a nuclear and radiological emergency is given in Table 9.14.
As previously discussed, operational intervention levels should be calculated that would
indicate when different types of protective actions are needed. These operational intervention
levels will be actual readings that can be obtained by environmental monitoring instruments.
The values and the instruments used are determined by the nature of the radioactive release.
For example, operational intervention levels based on gamma dose rates can be used to
determine whether evacuations and relocations are warranted following a major release from

TABLE 9.13 Type of Measurements and Basic Features
Physical quantity
(unit)

Measuring technique

Instruments

Advantages

Disadvantages

• Automatic alarm possible
• Rapid overview over wide areas
• Time trends can be followed

• Could be complex and costly
• Representative siting is criti-

• Allows locally detailed surveys

• Doses to personnel in case of

• Covers large areas

• Complex calibration proce-

Remarks

Type of measurements: Gamma dose-rate and dose measurements

• Stationary, automatic gamma
monitoring system

• Ambient equivalent dose
•

rate
Air kerma rate

(Sv / h) or equivalent

• Ambient equivalent dose
(Sv) or equivalent

• Portable or mobile measurements

• Aerial measurements

• Integrated dose measurements

• Energy-compensated GM
•
•
•

counters
Proportional counters
Ionization chambers
NaI(Tl) detectors

• NaI(Tl) detectors
• Proportional counters

TLDs

cal
high dose rates

•
• Cheap
• Easy to use and transport
• Flexible use

dure
Costly

• Height above background is an important
parameter

• Differences in calibration
may lead to non-comparable results

• No alarm
• No dose-rate profile
• Require processing

• Representative siting is

Alarm function
Radionuclide-specific
Time trends can be followed

• Expensive

• Aerosol filters sample

Cheap
Alarm function
Time trends can be followed

• Not radionuclide-specific

critical

Type of measurements: Airborne radionuclide concentration measurements

• Activity concentration

(Bq / m3) or equivalent

• On-line gamma spectrome• Stationary filter stations
equipped for on-line measurement

• Stationary filter stations requiring filter collection for
measurement

ter

• Proportional counter for
on-line gross beta measurement

• Gamma spectrometer in
laboratory

•
•
•
•
•
•

• Radionuclide-specific
• Provides accurate results

• Sample collection, transpor•

tation, preparation, and measurement is time-consuming
Experienced staff required

• Stationary filter stations
equipped with advanced sampling device and monitors for
iodine

• Mobile air-sampling stations
and analysis of a filter sample

• Aerial sampling at high alti9.48

tudes and analysis of a filter
sample

• On-line iodine monitor
• Proportional counter for
gross beta measurements

• Gamma spectrometer

• Gamma spectrometer in
laboratory

• Time trends can be followed

• Costly

• Spatially flexible

• Do not run continuously

• Activity concentrations at various

• Contamination of aircraft
• Very expensive

elevations could be measured

only the particulate portion of iodine, missing
the gaseous portion

• Iodine sampling (elementary and organic)
with impregnated charcoal and aerosol filters

TABLE 9.13 Type of Measurements and Basic Features (Continued )
Physical quantity
(unit)

Measuring technique

Instruments

Advantages

Disadvantages

Remarks

Type of measurements: Environmental deposition measurements

• Demanding calibration pro-

• Surface activity concen-

• In-situ measurement of sur-

• In-situ gamma spectrometer

face activity on the ground

(HPGe or NaI(Tl) detector)

• Can give reliable data on radionuclide deposition

• Can give fast estimation of radionuclide composition

trations

•
•

(Bq / m2) or equivalent

• Aerial measurement of sur-

•

cation

• Ground reference calibration
• Detailed information on spatial
•
•

face activity on the ground

equipment
Limited to gamma emitting
radionuclides
Normally liquid N2 required

the depth distribution of
radionuclides in the soil
Not useful in ambient
equivalent dose-rates
above 30 to 50 Sv / h
without detector shielding

• Costly
• Limited radionuclide identifi-

• Gamma spectrometer system with NaI(Tl) detector
and GPS

• Calibration must match

cedure

• Require experienced staff
• Risk of contamination of

inhomogeneities in deposition
Rapid
Radionuclide-specific

needed

• Limited to gamma emitting
radionuclides

• Costly
• Ground reference calibration

Gamma spectrometer with
HPGe detector and GPS

• Limited to gamma emitting

• Gamma spectrometer with

• Normally liquid N2 required
• Rain samplers must be pre-

• Experienced staff needed

needed

radionuclides

• Activity concentration
(Bq / kg) or (Bq / l) or
equivalent

• Environmental sampling
(soil, vegetation, water) and
laboratory measurements

HPGe detector

• Can give fast estimates of radionuclide composition

•
•

installed
Requires sample preparation
Limited to gamma emitting
radionuclides

• Need to specify dry or
wet sample weight

• Normally liquid N2 required

Type of measurements: Food, water and environmental contamination measurements

• Activity concentration
(Bq / kg) or (Bq / l) or
equivalent

• Gamma spectrometer with
• Gamma spectrometry

HPGe detector

• Gamma spectrometer with
NaI(Tl) detector

• Excellent nuclide identification

• Need experienced personnel

• Simple operation, high sensitivity

• Limited radionuclide identification for complex spectra

• Normally liquid N2 required
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TABLE 9.13 Type of Measurements and Basic Features (Continued )
Physical Quantity
(Unit)

Measuring technique

• Beta spectrometry

• Alpha spectrometry

Instruments

• Liquid scintillation counter

• Semi-conductor counter (Si
diode)

Advantages

Disadvantages

• Large-scale automatic

• Limited radionuclide

•

measurements
Method for low energy beta
emitters

• Spectral information

Remarks

identification capability

• Relatively complex sample
preparation

• Labor intensive
• Significant sample
preparation necessary

• Long counting times

• Experienced personnel
needed

necessary

• Gross beta measurements
without radiochemical
separation

• Gross beta measurements

• High intensity

• Not radionuclide-specific

• Radionuclide-specific

• Labor intensive

• Proportional counter

• Short counting time
• Screening possible

• Not radionuclide-specific

• TLD

•
•
•
•
•
•

• Proportional counter

with radiochemical separation

• Gross alpha measurements
Type of measurements: Individual dose measurements

• External gamma dose
(Sv or Gy) or equivalent

• Surface activity concen-

• Wearing personal dosimeters
• Alpha monitoring

• Electronic dosimeter
• Scintillation or proportional

tration (external contamination)

counter

Cheap
Direct display
Alarm function

• Costly

Inexpensive
Rapid
Immediate results

• Not radionuclide-specific
• Very sensitive to distance

(Bq / m2) or equivalent

• Beta / gamma monitoring

• GM, proportional or scin-

from surface to monitor

• Monitors are fragile
• Not very accurate
• Not radionuclide-specific

tillation counters

• Activity (in the body)
(Bq) or equivalent

Internal contamination screening

• Contamination monitors or
•

dose-rate instruments
Thyroid monitor

• Quick and very portable
• Equipment inexpensive and can
be used for other purposes

• Results available immediately
• Large throughput possible
• Quite sensitive

• Not radionuclide-specific
• No automatic storage of information

• Requires trained personnel
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TABLE 9.13 Type of Measurements and Basic Features (Continued )
Physical Quantity
(Unit)

Measuring technique

Instruments

Advantages

Disadvantages

Remarks

• Possible shielding required to

Whole body, thyroid, or chest
counting

• Whole-body counter
(spectrometer) with NaI(Tl)
or / and HPGe detectors

• Radionuclide-specific
• Can be whole body or specific
•
•
•

organs
Very sensitive
Short measurement time (5 to 10
mins in emergency)
Equipment is quite robust

• Activity

• Individual accumulated
dose

•
•

procedure
Limited to gamma emitting
radionuclides
Interpretation of mixed
radionuclide spectra quite
difficult if using NaI(Tl)
detectors

• Requires experienced
personnel

• Equipment requires
maintenance

• Liquid N2 required for
HPGe detectors

• Samples require special

(in excretion samples)
(Bq) or equivalent

ensure sensitivity

• Fairly expensive
• Demanding calibration

handling

Laboratory analyses of
excretion (nose blow, urine,
feces)

• Gamma spectrometers
• Liquid scintillation
counters

• Biological dosimetry

• Radionuclide-specific
• Samples can be transported to
distant laboratories

• Applicable in connection with

(Cytogenic analysis)

• Long delay (possibly days /
•
•

weeks) for results
Problems with sample
contamination
Samples may be biological
hazard
Analyses are often expensive

•
• Limited sensitivity

• Considerable expertise
•

required for some
analyses
Transport of samples
requires careful planning

• Doses above 100 mSv

evaluation of accidental exposure

(Sv) or equivalent
Type of measurements: Object-surface contamination measurements

• Surface activity concen-

• Alpha monitoring

tration
(Bq / m2) or equivalent

• Beta / gamma monitoring

• Scintillation or proportional
counter

• GM, proportional, or scintillation counters

• Inexpensive
• Rapid
• Immediate results

• Not radionuclide-specific
• Monitors are fragile
• Not very accurate

• Requires trained person-

• Not radionuclide-specific

tance from surface to
monitor

nel

• Very sensitive to dis-
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TABLE 9.14 Generic Guidance on Emergency Monitoring

Emergency type
Nuclear accident
After declaration
of alert
During a release

After release has
ended or after
plume passage

Type of radiation measurements

1. Gamma / beta dose-rate
measurements
1. Gamma / beta dose-rate
measurements (from plume and
ground deposition)
2. Airborne radionuclide
concentration measurements
1. Environmental deposition
measurements
2. Gamma dose measurements in the
environment
3. Food, water, and environmental
contamination measurements
4. Individual dose measurements

Radiological accident
Misplaced, lost or 1. Gamma / beta dose-rate
stolen source
measurements (by foot, vehicle, or
aerial survey)
Found source or
1. Gamma / beta dose-rate
contamination
measurements
2. Ground and object contamination
measurements
3. Food, water, and environmental
contamination measurements
4. Individual dose measurements

Unshielded
sealed source

1. Gamma / beta dose-rate
measurements
2. Object contamination
measurements
3. Individual dose measurements

Objectives

1. To detect major release from the
facility and to locate plume direction
1. To identify where gamma dose rates
indicate urgent protective actions are
warranted
2. To determine radionuclide mix and
measure radionuclide concentrations
in air
1. To implement protective actions
2. To determine deposition maps for 131I
and 137Cs and other important
radionuclides
3. To identify radionuclide mix in
deposition
4. To control personal exposure and
contamination
5. To determine food and drinking water
contamination
6. To assess doses to the public
7. To plan follow-up countermeasures
and longer term protective actions
1. To locate the source

1. To set security and safety perimeter
2. To implement immediate protective
actions
3. To identify the source or
contamination
4. To determine contaminated areas and /
or objects
5. To control personal exposure and
contamination
6. To plan recovery and cleanup
operations
1. To set security and safety perimeter
2. To implement immediate protective
actions
3. To check for possible contaminated
surfaces and / or objects
4. To control personal exposure
5. To plan source recovery
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TABLE 9.14 Generic Guidance on Emergency Monitoring (Continued )

Emergency type

Type of radiation measurements

Damaged sealed
source

1. Gamma / beta dose-rate
measurements
2. Object contamination
measurements
3. Individual dose measurements

Unsealed source
accident

1. Airborne radionuclide
concentration measurements
2. Gamma / beta dose-rate
measurements
3. Ground and object contamination
measurements
4. Food, water, and environmental
contamination measurements
5. Individual dose measurements

Dispersion of
alpha emitters

1. Ground and object contamination
measurements
2. Food, water, and environmental
contamination measurements
3. Individual dose measurements

Nuclear powered
satellite
re-entry

1. Gamma / beta dose-rate
measurements (by aerial survey,
by foot)
2. Ground and object contamination
measurements
3. Food, water, and environmental
contamination measurements
4. Individual dose measurements

Trans-boundary
impact

1. Gamma / beta dose-rate
measurements
2. Airborne radionuclide
concentration measurements
3. Environmental deposition
measurements
4. Gamma dose measurements in the
environment
5. Food, water, and environmental
contamination measurements
6. Individual dose measurements

Objectives
1. To set security and safety perimeter
2. To implement immediate protective
actions
3. To determine contaminated areas and /
or objects
4. To control personal exposure and
contamination
5. To plan recovery and cleanup
operations
1. To set security and safety perimeter
2. To implement immediate protective
actions
3. To determine air contamination
4. To determine contaminated areas and /
or objects
5. To control personal exposure and
contamination
6. To plan recovery and cleanup
operations
1. To implement immediate protective
actions
2. To determine air contamination
3. To determine contaminated areas and /
or objects
4. To control personal contamination
5. To plan recovery and cleanup
operations
6. To plan post-accident activities
(follow-up) and longer term
protective actions
1. To locate debris
2. To implement immediate protective
actions
3. To determine contaminated areas and /
or objects
4. To control personal contamination
5. To plan recovery and cleanup
operations
6. To plan post-accident activities
(follow-up) and longer term
protective actions
1. To implement protective actions
2. To determine ground contamination
3. To identify radionuclide mix
4. To determine food and drinking water
contamination
5. To assess doses to the public
6. To plan follow-up measures and
longer term protective actions
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a nuclear power plant. Alpha emitter contamination (e.g., plutonium) cannot be assessed
using gamma dose rates. Operational intervention levels for this type of accident might
involve alpha exposure rates.
Examples of the types of radiation measurements that can be used as operational intervention levels for different types of emergencies are shown in Table 9.15. The table also
shows the distance at which these measurements could be made. There are basically four
different types. The first three are gross alpha, beta, and gamma. ‘‘Gross’’ refers to the fact
that the radiation measured does not discriminate between radiation energy (i.e., is not radionuclide-specific). As seen from the last column in Table 9.15 it is difficult to detect alpha
and, to a certain extent, beta levels that might indicate the need for protective actions because
these particles can only be detected at relatively short distances. Gross gamma measurements,
however, are by far the easiest to perform and, as can be seen by the table, can be easily
used to detect significant contamination levels at considerable distances. The last type of
measurement, in situ gamma spectrometry, is used to determine the actual radionuclide mixture of the contamination. This type of measurement is needed when food and milk should
be restricted. This instrumentation is expensive, and highly technical and these measurements
require considerably more time than measurements of gamma dose-rates.
The types of measurements needed for fixed facilities can be determined in advance based
on the likely composition of any release. For an event involving a radioactive substance of
unknown composition, truly dangerous levels can typically be detected by gross gamma
measurements. These should then be followed up by beta and alpha measurements.

9.5.4

Public Protective Actions

In this section we examine the most common protective actions and the practical issues
associated with their implementation in the context of a nuclear or a radiological emergency.
Because not every protective action is applicable to every type of accident, the discussion
will also highlight the types of situations for which a particular protective action should be
considered.
In many respects, the protective actions applicable to radiological / nuclear emergencies
are the same as those used for conventional hazardous material emergencies. Therefore, the
focus here will be exclusively on the key practical aspects that are directly related to the
nuclear or radiological nature of an emergency.
A given protective action is seldom used by itself. A protective action strategy, combining
two or more of the protective actions, is usually the most effective way to protect individuals.
As discussed in Section 9.3, a protective action depends on the exposure pathway.
Time, Distance and Shielding—Radiation Protection Basics for Sealed Sources. A sealed
source in most cases is a small radioactive object that is sealed to prevent dispersal of the
radioactive material. Consequently, the only important exposure pathway is external shine,
much like the shine from a light bulb. A radioactive source emits alpha, beta, or gamma
radiation. Some specialized sources such as an americium-beryllium neutron generator also
emit neutrons.
As discussed in Section 9.3, basically, individuals can effectively protect themselves by:
1. Limiting the time they spend near the source—the dose received is proportional to the
time of exposure.
2. Increasing their distance from the source—the rate of exposure is proportional to the
inverse square of the distance from the source for a point source emitting gamma radiation
(see Table 9.3); for alpha and beta radiation, which only travels a few centimeters (for
alpha) or a few meters (for beta) in air, the dose rate falls much more rapidly with
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TABLE 9.15 Instruments Needed to Detect Levels of Dose or Contamination (OILs) in the Field

Needed to detect levels of concern
Measuring
techniques

Used for OIL levels for determining need for
protective actions

Instruments

Evacuation to prevent inhalation dose resulting Alpha scintillation or
proportional
from resuspenstion of ground contamination
counters
resulting from an accident involving
Plutonium dispersal (e.g., nuclear weapon
accident).
Beta
Decontamination due to deposition on the skin GM or proportional
counters
monitoring
resulting from a release from reactor or
spent reactor fuel.
GM, proportional
Gamma doseEvacuation or resettlement due to external
counters, or
rate survey
dose from the plume or ground deposition
scintillation
from release from reactor.
counters
Evacuation due to external dose from a
radiography or teletherapy source.
Portable gamma
In situ gamma Restriction of food due to deposition
spectrometer with
spectrometry
following a release from a reactor spent
HPGe or NaI(Tl)
fuel or fuel reprocessing.
detector

Alpha
monitoring

Distance
5 to 10 cm

5 to 100 cm

meters to
kilometers

1m

distance; for large-scale surface contamination, the rate of exposure decreases approximately linearly with distance.
3. Placing some shielding between themselves and the source—the relationship between
shielding and protection depends on the type of radiation emitted by the source and the
nature of the shielding material used.
Because alpha radiation is stopped by a few centimeters of air, shielding is unnecessary.
Beta radiation travels only up to a few meters in air, depending on its energy, and is effectively stopped by a thin layer of plastic or metal. On the other hand, high-energy beta
radiation can produce low-energy gamma radiation (X rays) when it strikes another material.
Appropriate protective clothing can significantly reduce the exposure from beta radiation.
The fraction of beta radiation that is absorbed by typical protective clothing is shown in
Table 9.16.
Shielding material does not stop gamma radiation; it merely attenuates it. Indeed, gamma
radiation is able to penetrate most materials, with lead being one of the exceptions. The
effectiveness of the shielding depends on the thickness of material and on the energy of the
incident gamma radiation. For example, for 60Co, with an energy of just over 1 MeV, reducing
the dose rate by one half would require approximately 1 cm of lead, 1.5 cm of iron, 5 cm
of concrete, or 10 cm of water.
Neutrons can travel several meters in most materials. As they do, they undergo successive
collisions, which have the effect of slowing them down and reducing both their energy and
potential harmful effects. As they slow down, neutrons can also be absorbed. The best shields
against neutrons are made of material that contains light atoms (e.g., hydrogen). Water and
polyethylene are good examples of effective shields.
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TABLE 9.16 Absorption of Beta Radiation

from 90Sr
Material

Percent absorption

Safety glasses lens
Full-face respirator lens
Plastic suit
Rubber gloves
Cotton gloves
Disposable hood (for a suit)
Coveralls

95
80
10
10
0
0
0

Source: Burnham, 1992.

Sheltering. As discussed above under Public Protective Actions, sheltering can be effective
protection from exposure from the cloud shine, ground shine, and inhalation dose resulting
from a plume. The degree of effectiveness depends on the building type.
Sheltering, i.e., confining people indoors with windows closed and ventilation turned off
and closed, should be implemented downwind of a radioactive plume, or where contamination outside buildings is found on the ground, as long as the measure is justified in terms
of intervention levels or operational intervention levels. In the precautionary action zone,
substantial sheltering or evacuation should be considered in the event of a severe emergency
(e.g., general emergency).
As shown in Table 9.8, a substantial shelter (e.g., the basement of a two-story masonry
house) can be up to 60% effective in reducing the dose received from the cloud shine.
However, a typical wood frame house provides very little protection. The protection of
sheltering from receiving an internal dose from inhalation decreases rapidly with time as the
inside of the house becomes contaminated through natural air ingress. For example, most
North American houses have an air exchange rate of two air changes per hour. Sealing doors
and windows can reduce this. The air exchange rate is much lower for modern, highly
insulated dwellings and large complexes. Figure 9.5 illustrates typical reduction factors5 for
various rates of air change and release duration (equivalent to the duration of sheltering),
which are calculated assuming that the airborne contaminants are not filtered out as they
leak into the house. As can be seen from the figure, the effectiveness of sheltering against
inhalation for a dwelling with one air change per hour is almost negligible after 24 hours.
Nevertheless, sheltering remains very effective for short releases. Once the plume has passed,
ventilation of the dwelling can help get rid of the contamination that may have seeped in.
Evacuation. Evacuation can be the most effective protective action from all the exposure
pathways resulting from a plume. In general, evacuation is the preferred protective action
for areas close to any source of hazardous material release, provided that it can be implemented safely and promptly. For example, in the precautionary action zone, evacuation or
substantial shelter is appropriate for a severe accident. However, the effectiveness of an
evacuation depends on the nature of the release, time to initiate and complete, distance from
the source, duration of the release, and other factors. The effectiveness of evacuation relative
to shelter must be determined by careful study for each threat category I facility. These
studies have come to some counterintuitive conclusions. For example, as shown above under
Public Protective Actions, walking (e.g., evacuation by foot) in a plume from close to a
5

A reduction factor of 1 corresponds to no protection at all.
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1
0.9
0.8
15 min release

Reduction factor

0.7

1 h release
24 h release

0.6
0.5
0.4
0.3
0.2
0.1
0
0.01

0.1

1

10

Air change per hour

FIGURE 9.5 Typical reduction factors for rates of air exchange and duration of release.

reactor release may be more effective than shelter in a frame house. However, studies have
also shown that shelter is more effective for a plutonium (Pu) release if the evacuation cannot
be completed before exposure. This difference arises because for a reactor release shine dose
is most important and for a Pu release inhalation is most important.
If an evacuation takes place before a release, there is no risk of personal contamination.
In this case, the evacuation is operationally identical to any evacuation for conventional
hazards.
If an evacuation takes place after the plume has passed, there is a risk that the evacuees
may already be contaminated or may get contaminated during the evacuation. In this case,
it will be necessary to establish monitoring points along the evacuation route(s). The monitoring points should be outside the affected area, but not too far, so as to minimize the
spread of contamination. Both vehicles and people should be monitored and then decontaminated if contamination is detected. Alternative transportation arrangements should be provided if the immediate decontamination of vehicles is not a practical solution. Alternate
clothing may also need to be provided.
As discussed above under Public Protective Actions, evacuation during a release should
normally be avoided. A possible exception is when the release is expected to last a long
time and the dose received from the plume and ground contamination during the evacuation
is expected to be less than the dose that would be received by staying sheltered for the
duration of the release.
Stable Iodine. Stable iodine is only effective in protecting the thyroid from inhalation or
ingestion of radioactive iodine. Therefore, it is normally considered for reactor accidents.
Because it is only effective when administered before exposure or shortly after exposure (see
Fig. 9.3), the distribution strategy can have a great impact on the success of this protective
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action. In addition, because it only protects the thyroid, administration of stable iodine must
be accomplished such that it will not delay implantation of substantial shelter or evacuations
within PAZ intended to prevent early deaths.
Dosage depends on the type of tablets used and on the age group of the people to whom
it is administered. The World Health Organization has published guidelines addressing this
topic (WHO, 1999). Instructions from the manufacturer should also be consulted.
In practice, for a nuclear reactor emergency, stable iodine should be stocked and distributed at the time of an accident to all staff and emergency workers who are expected to work
within the potentially affected area. Stocks should be maintained and replaced after the shelf
time recommended by the manufacturer has been exceeded.
Distribution of stable iodine to the general population is much more complex. Basically,
three types of distribution strategies exist:
1. Predistribution
2. Wide-scale distribution at the time of an accident
3. Distribution at the time of an accident from local stockpiles
Predistribution to all members of the population living in the planning zone means that
there will be a minimal delay between the order to take the iodine and its administration.
However, there are several potential problems associated with this strategy:
1.
2.
3.
4.
5.

The perception of risk associated with the predistribution
Possible misplacing of supplies
The need to replace the supplies periodically
The need to ensure that all new arrivals in the area receive their supply
The difficulty in dealing with transient populations

Wide-scale distribution at the time of an accident can be a formidable task involving a
great deal of logistics and time, thereby delaying and reducing the effectiveness of the action.
Distribution from local stockpiles at the time of an accident is an interesting compromise
between the first two options. The management of stockpiles is easier than dealing with a
wide-scale predistribution and is less time consuming.
Relocation and Resettlement. Relocation and resettlement are protective actions intended
to reduce the dose from long-term exposure (months to years) from ground contamination
resulting from a plume or other contaminating event. Consequently, decisions on implementation do not need to be made promptly.
As discussed above under Public Protective Measures, during the Chernobyl response,
relocations and resettlement may have been performed that did more good than harm. These
are drastic measures that should only be considered in extreme cases where contamination
is such that people would have to be prevented from returning to the affected area for several
weeks or more. Before a decision to relocate or resettle people can be reached, international
criteria and the long-term social and psychological impact must be considered. In addition,
attempts at decontaminating the affected area(s) would have to be seriously considered.
Disruptions in industry and key installations as well as the social cost of relocation or
resettlement need to be examined by the government. Depending on the area, relocating
residential housing while keeping industries and key installations operational can also be a
valid option.
Food Control. Food restrictions are used to protect from ingestion of locally produced or
imported contaminated food. The implementation of food control depends on many factors,
including (but not limited to):
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1.
2.
3.
4.
5.
6.
7.

The international standards and agreements
The season
The type of soil and food grown
The availability of replacement food
The availability of alternative feed (for animals)
The nonradiological impact (e.g., economic, health effects)
The practicality and effectiveness of decontamination measures such as decontamination
of the ground as well as cleaning the food before consumption
8. Alternative (nontraditional) use of the land
9. The possible dilution of the contamination by mixing the contaminated food with uncontaminated supplies
It is prudent to impose an immediate ban on food grown in affected areas until the
radionuclide concentrations can be carefully assessed. As a guide, it is suggested that priority
for food control and sampling be established when gamma readings near the ground exceed
1 Sv / h. However, this does not apply to pure alpha or beta emitters (for which the readings
at ground level would be negligible), nor does it imply that the other areas are safe.
For example, the iodine operational intervention level for immediate restrictions on food
consumption (e.g., milk from grazing cows) is 10 kBq / m2. The dose-rate conversion factor
for external exposure from a uniformly contaminated surface is 1.33 10⫺6 mSv / h / (kBq / m2).
Therefore, for a ground contamination equal to the operational intervention level, the dose
rate at 1 m from the ground would be 13.3 10⫺6 mSv / h. This is much lower than the typical
background of 10⫺4 mSv / h and would not be detectable using hand-held gamma dose-rate
meters.
Example of Protective Action Strategies. The various protective action strategies used for
different types of emergencies are listed in Table 9.17. These are only examples and should
not be viewed as quick recipes for dealing with accidents. The actual strategy depends on
the risk assessment, the technical planning basis, and the situation at the time of the accident.
Figure 9.4 provides an example of the assessment of various protective actions for a reactor
accident.

9.5.5

Protection of Emergency Workers

During the first few days of the Chernobyl accident, 28 emergency workers and plant staff
received lethal doses and then died from radiation exposure. This was a result of workers
not monitoring their exposure and not being properly trained and equipped. Inhalation and
external exposure were important sources of doses, and burns to the skin resulting from beta
contamination were a major contributor to many of the fatalities.
To prevent such tragedies, 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 doses, and be provided with turn-back guidance, training and
protective equipment. This must also include off-site personnel such as fire brigades who
may respond on-site.
Determining the turn-back guidance is not easy if inhalation exposure is a possible hazard
since self-reading dosimeters monitor only external exposure. For such cases, emergency
worker turn-back guidance has been calculated. IAEA turn-back guidance for emergency
workers is provided in Table 9.18. Emergency workers should make all reasonable efforts
not to exceed these values.
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TABLE 9.17 Examples of Protective Action Strategies

Nuclear accident

Found shielded
source

Contamination
accident

Fire involving
radioactive sources

Upon declaration of a general emergency:
1. Evacuate or substantial shelter of the precautionary action zone (PAZ)
2. If not practical, shelter the PAZ, until evacuation is possible
3. Shelter in the urgent protective action zone (UPZ)
4. Monitor the UPZ starting with downwind
5. If OILs are exceeded, evacuate or adjust protective actions
6. When the release is over, monitor ground contamination and take ground
samples
7. Evacuate if required
8. Carefully analyze ground sample measurements
9. Determine if relocation is required
10. Decontaminate if justified
1. Evacuate to safe distance around the source
2. Check for contamination
3. If contamination is found, go to ‘‘contamination accident’’
4. Establish access control point
5. Implement dose control measures
6. Recover the source
7. Medical follow-up of potentially exposed persons
1. Evacuate to safe distance around the source
2. Confine people who were within the evacuation distance until they can be
monitored
3. Measure contamination
4. Adjust safe distance if contamination is found beyond it
5. Establish access control point
6. Implement dose control measures
7. Implement contamination control measures
8. Provide medical follow-up to potentially exposed persons
9. Clean up
1. Evacuate to safe distance around the source and downwind from the fire
2. Ensure no one is under the visible smoke
3. Confine people who were within the evacuation distance until they can be
monitored
4. Measure contamination on the ground and in the air
5. Adjust safe distance if contamination is found beyond it
6. Establish access control point
7. Implement dose control measures
8. Implement contamination control measures
9. Provide medical follow-up to potentially exposed persons
10. Clean up if contamination is present

Emergency worker turn-back guidance is given as an integrated external dose on a selfreading dosimeter. Values in Table 9.18 have been calculated to account for the inhalation
doses from a reactor core melt accident, assuming that thyroid blocking (stable iodine) has
been taken. Note that skin contamination can also be a major source of dose and can lead
to deterministic health effects for workers in highly contaminated areas if they are not provided with adequate protective clothing. Also note that if adequate respiratory protection is
worn, the inhalation dose can be reduced significantly, in accordance with the filtration
effectiveness of the equipment used.
Emergency worker turn-back doses are to serve as guidance and are not limits. Judgment
must be used in their application. If analysis of air samples or other conditions results in

RESPONSE TO NUCLEAR OR RADIOLOGICAL EMERGENCIES

9.61

emergency worker turn-back dose guidance that are significantly different from those in Table
9.18, then revised guidance should be used. Note that Table 9.18 is applicable only for a
reactor accident. Different turn-back guidance may be needed for different accidents, depending on the contribution of the inhalation dose.
Once the early phase of the accident is over, the total dose incurred (during the early
phase) must be confirmed before an emergency worker is allowed to perform activities that
may result in additional dose.
The following are some basic rules for emergency workers.
1. ALWAYS be aware of the hazards that you may encounter in the field and take the
necessary precautions.
2. NEVER attempt any field activities without the appropriate safety equipment, and always
know how to use this equipment.
3. Conduct ALL activities so that exposures are maintained as low as reasonably achievable.
4. BE AWARE of turn-back levels as shown in Table 9.18. Emergency worker turn-back
doses are to serve as guidance and not limits. Judgment must be used in their application.
5. DO NOT linger in areas where the dose rate is 1 mSv / h or greater.
6. BE CAUTIOUS proceeding to areas where the dose rate is greater than 10 mSv / h.
7. DO NOT proceed to areas in which the dose rates exceed 100 mSv / h unless otherwise
directed by qualified health physicists.
8. USE time, distance, and shielding to protect yourself.
9. PREPLAN entry into high dose-rate areas in conjunction with your supervisor.

TABLE 9.18 IAEA Reactor Accident Dose Guidance for Emergency Workers

Tasks
Type 1:
Life-saving actions
Type 2:
Prevent serious injury
Avert a large collective dose
Prevent the development of catastrophic
conditions
Type 3:
Short-term recovery operations
Implement urgent protective actions
Monitoring and sampling
Type 4:
Longer-term recovery operations
Work not directly connected with an accident

Total effective dose
guidance (mSv)

Turn-back
guidancea
[mSv]
250b

⬍500

b

⬍100

⬍50

⬍50

⬍25

Occupational exposure guidance

a
It is supposed that thyroid blocking was taken before exposure. If no thyroid blocking is provided
divide the turn-back guidance by 5; if respiratory protection is provided, multiply the turn-back guidance
by 2.
b
This dose can be exceeded if justified but every effort shall be made to keep dose below this level
and certainly below the thresholds for deterministic effects. The workers should be trained in radiation
protection and understand the risk they face. They must be volunteers and be instructed on the potential
consequences of exposure.
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10. DO NOT take unnecessary risks. DO NOT eat, drink, or smoke in any contaminated
areas.
11. WHEN in doubt, seek advice from your team leader or coordinator.
9.5.6

Medical Management

The medical preparedness needed for different threat categories is discussed in Section 9.4.9.
This section will discuss general concepts. The basic principles of the medical handling of
exposed persons are based, to a large degree, on the methods used for handling other types
of accidents, taking into account the specificity of the possible health effects of radiation
and problems with contamination.
Accidents resulting in deterministic health effects will be very rare, and usually this will
occur among employees or other professionals. However, in the case of a lost or stolen
source, limited number of the general public may receive doses that can lead to deterministic
health effects. Such a situation requires special medical care and supportive treatment for
the early effects of acute radiation. In the event of internal exposure, especially by longlived radionuclides, decorporation might be considered, even if the dose is below the threshold for deterministic health effects. The decision about decorporation levels should be based
on committed equivalent dose to the organs and the effective committed dose.
Medical handling in an emergency situation is normally divided into medical care on-site
(more often for workers) and off-site (for workers and affected population). To organize the
off-site medical response, it is recommended that a system of off-site medical assistance for
radiation emergencies be established under the supervision of national health authorities, i.e.,
Ministry for Public Health. The general structure of such a system is shown in Fig. 9.6.
The Ministry for Public Health is usually responsible for providing advice to other governmental departments on the health implications of any exposure to radiation. It is also
responsible for ensuring that plans exist to provide treatment, monitoring, and health advice

Radiological
support

Physical and biological
dosimetry

Accident
reconstruction and
dose estimation

Hospital support
(Therapy unit)

Clinical evaluation

Health prognosis
Environmental survey

Environmental and
metabolic models

Late effects

Acute effects

Medical
follow-up

Adopted
therapies

Ambulatory medical care and follow-up

FIGURE 9.6 System for medical assistance in radiological emergencies.
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to the public and to persons who have been contaminated or exposed to radiation or those
who fear they may have.
In general, there are three levels of response:
1. First aid provided at the scene of the accident
2. Initial medical examination, detailed investigation, and medical treatment in a general
hospital
3. Complete examination and treatment in a specialized medical center for treatment of
radiation injuries
Management of Victims at the Scene of the Accident. At facilities with radioactive
sources, trained personnel on every shift should normally provide any first aid required. In
case of serious injury, medical personnel from suitable off-site medical centers should be
available. The purposes of medical response on-site are to treat traumatic injuries, to assess
contamination and perform limited decontamination. If anyone receives high doses exceeding
threshold for deterministic effects, it is usually recommended that he or she be transported
directly to a highly specialized medical hospital for complete medical examination, treatments, and assessment of the dose.
At the scene of many radiation accidents, e.g., transport accident, first aid is provided by
emergency services, such as police, civil defence, or other responders. There is no risk from
exposure to those treating a contaminated or exposed individuals. However, there have been
cases of emergency personnel refusing to treat contaminated individuals due to unrealistic
fears of exposure or social pressures. Medical and emergency services personnel should
therefore be trained to deal with a radiological emergency.
All persons involved in a radiological accident should be carefully interviewed to provide
a detailed description of the emergency situation, positions of persons at the scene of an
accident, and time spent there. This is necessary for the purpose of dose reconstruction.
For situations involving a large number of exposed persons, triage may be necessary.
These are actions to sort the patients into classes on the basis of their injury and / or disease.
This is done to expedite clinical care, and maximize the use of the available clinical services
and facilities. For example, after the Goiânia accident, 112,800 persons were triaged. The
existing medical facilities can be used effectively to perform triage if provided with criteria.
Any person who is externally contaminated or who is suspected of being contaminated
should be confined in a special area to prevent the spread of contamination. He or she should
be decontaminated as soon as possible. Priority should go to persons who are heavily contaminated and to those who have open wounds or contamination near the mouth and face,
in order to reduce the risk of internal contamination. Usually it is done in the hospital.
Management of Victims at the First Off-Site Stage. 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. The following is a simple classification system.
Persons with symptoms of radiation exposure: Patients should be transported urgently to
a specialized hospital after appropriate medical care. Experience has shown that localized
external exposure, often without radioactive contamination, is the most common consequence of radiological accident. In most cases, the treatment can be offered in hospital
units specifically identified for this purpose as part of a medical emergency plan.
Persons with combined injuries (radiation plus conventional trauma): Treatment of such
patients has to be individualized in accordance with the nature and grade of the combined
injury. Usually, a combination of radiation exposure with mechanical, thermal, or chemical injuries may worsen prognosis.
Persons with external and / or internal contamination: These individuals need to be monitored to assess the degree of contamination, if any. Decontamination facilities will be
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required. Contamination alone, without physical injury or a significant dose from external
radiation, may be sufficient to cause an acute effect to the patient but not to attendants.
Decontamination is required to prevent or reduce further exposure, reduce the risk of
inhalation or ingestion of contaminating material, and reduce spreading of contamination.
Persons with potential radiation symptoms: These individuals do not require immediate
medical treatment but require urgent evaluation of the levels of dose. Because of this, the
medical staff should have sufficient knowledge, developed procedures, equipment, and
supplies to perform the first biological, medical examinations and analysis, which are
necessary immediately after the accident.
Unexposed persons with conventional trauma: Patients should be taken to the specialized
hospital where the medical treatment can be adapted to the symptoms.
Persons believed to be uninjured and unexposed: 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.
At all stages of medical care, the treatment of highly contaminated individuals will require
special facilities or isolated facilities with the special procedures that limit the spread of
contamination and disposal of contaminated waste. For the detection of radioactive contamination, radiation equipment should be available, such as specialized radiation monitoring
instruments, whole body counter, and iodine thyroid counter. Usually a radiation protection
officer or health physicist performs the measurements. For the purpose of dose reconstruction,
different instruments and methods can be used, such as electronic paramagnetic resonance
(EPR) spectrometry and cytogenetic dosimetry. Because of this, collection of various tissues
(blood, hair, and teeth) and clothes of exposed persons should be organized. Provisions
(plastic bags, labels, etc.) should be made in advance.
Medical staff dealing with contaminated persons should wear protective clothing (overalls,
masks, plastic gloves, and overshoes, as required) and personal dosimeters and should be
monitored for possible contamination. Provisions for changing clothes, necessary stocks of
clothes, and places for washing for staff should be made in advance. Contaminated clothing
should be carefully removed and discarded in well-marked plastic bags. Dry decontamination
using a towel may be a practical way to decontaminate a person if no showers are available.
Contaminated individuals should shower, using mild soap as required to wash off the contamination. Harsh scrubbing is not recommended, as it may injure the skin and lead to
internal contamination.
General Management of Human Contamination—Basic Principles
1. Before any action for decontamination is taken, careful and detailed monitoring is the
first priority.
2. Protect yourself with gloves and apron or complete surgical clothing and mask, depending
on size of the areas to be decontaminated.
3. If clothing of the victim is contaminated, remove it carefully and slowly so that deposited
material does not become airborne.
4. If the hair is heavily contaminated, cutting it off may be the simplest and most effective
solution.
5. Place all contaminated materials, clothing, linen, swabs, etc. into large, impervious plastic
bags and seal carefully. Collecting contaminated cleaning fluids is also desirable but is
often not practical.
Experience shows that the face and hands are the most likely areas to be affected. During
the survey, any wounds or abrasions should be carefully noted because these provide possible
direct transportation of the radionuclides to other parts of the body. If any damage of the
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skin surface is found, it should be immediately covered with waterproof adhesive plaster.
The wound and its surrounding area should be decontaminated first.
Rules of Human Decontamination. Simply showering and changing clothes can typically
remove dangerous amounts of skin contamination. For an event resulting in very large numbers of people being contaminated, provision should be made to implement these simple
measures. However if there are only a limited number of contaminated people, it is desirable,
for medical and psychological reasons, to remove as much contamination as reasonable.
Most radioactive contamination does not readily penetrate the skin, as it tends to stay on the
thin film of oil that covers the outer layer of the skin and the openings of follicles. One of
the exceptions is tritium, which can penetrate the oily layer and then be absorbed through
the intact skin if the contact time is long enough. Decontamination methods are based on
removing this oily film with soap and detergents. The following steps should be used in
decontamination of an individual:
1. Remove contamination around the various orifices of the body first.
2. Start the decontamination procedures from the periphery of the contaminated area and
work gently towards the center.
3. Wash gently with warm water and mild soap. Scrubbing the area with anything other than
a soft brush could irritate the skin and add the risk of absorption.
4. If soap and water fail, a weak solution of detergent may be used in the same way.
5. If contamination persists, use a saturated solution of potassium permanganate or ordinary
household bleaches, which removes some of the outer layer of the skin. These substances
should not be used near the eyes or on the hair. The potassium permanganate solution
should be left on for a few minutes only, until the skin is deeply discolored. It is then
washed off and allowed to dry; the resulting pigmented area is then treated with a 10%
solution of sodium metabisulphite to remove the coloration. If the contamination still
persists, these procedures may be repeated.
6. If the skin becomes tender or red, the procedure must be stopped. In such circumstances,
it is good practice to cover the area with a lanolin-containing cream followed by an
impervious dressing. The decontamination should continue when the skin will allow further attempts at decontamination (usually the following day).
7. Another method for decontamination of small areas with residual decontamination is to
cover the area with adhesive plaster and leave it for a day or two. The residual contamination will often come off with the removed plaster.
8. The described method will remove practically all types of contamination, and it is rarely
necessary to try another method. If, after several attempts at decontamination, radioactive
material is still present, it will probably be necessary to scrub the skin, using abrasive
powders. However, integrity of the skin should be preserved.
9. Decontamination should generally be repeated until measurements indicate background
levels.
Management of Victims at the National Level. At the national level, specialized assistance
must be provided to victims with acute radiation syndrome or serious radiological injuries
of the skin. For this purpose, highly specialized hospitals with various departments (hemotology, hemotherapy, intensive care, and plastic surgery) must be identified and agreement
developed to treat highly exposed persons at such hospitals. If the capability to treat high
exposures is not available in the country, this can be obtained at WHO Collaborating Centers
(Argentina, Australia, Brazil, France, Germany, Japan, Russia, and the United States), which
can be requested through IAEA.
Medical staff and support personnel should be trained in the purposes and principles of
radiation protection, health consequences of the exposure, and methods for dealing with
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exposed and / or contaminated persons. The training should include drills and exercises in
medical response and in performing contamination monitoring, decontamination, interviews,
etc.
Managers at every designated medical facility are responsible for the following aspects:
1.
2.
3.
4.

9.6

Designation and, if necessary, additional training of appropriate staff
Development of detailed emergency plan and procedures
Indication of space where reception and treatment can take place
Provision for special equipment and its maintenance and all necessary materials

EMERGENCY WASTE MANAGEMENT
Nuclear or radiological accidents can give rise to large amounts of radioactive wastes. These
wastes must be managed and dealt with in a safe manner.
Radioactive wastes resulting from cleanup and recovery operations can be organic in
origin (contaminated animals, food, soil, etc.) or inorganic material, such as equipment,
building material, and houses. A large amount of compressible wastes can be also generated,
such as gloves, clothes, and material contaminated during the response itself.
The removal methodology, required recovery equipment, and transport mechanisms for
dealing with such waste must be determined in relationship to the quantity of radioactive
material involved, its activity levels, and the availability of either interim or long-term storage
facilities within the jurisdiction in which the waste is generated. In some instances, such as
low-level spills, it may be possible to collect all or most contaminated waste relatively easily.
In others, however, it may be impossible to remove any material quickly due to the volume
of contaminated waste involved or high activity levels. There also may not be an available
repository for the material.
One of the first steps in managing radioactive wastes is to estimate potential quantities.
This information is required in order to:
1. Select appropriate storage facilities and locations.
2. Carry out the long-term safety assessment of the repository that will be used for the final
disposal.
3. Estimate the radioactive contamination that may remain in the environment after cleanup
operations are completed (e.g., to check for unknown contaminated areas).
4. Select an adequate type of packaging for transportation; this is necessary because the
activity that is planned to be transported may exceed the regulatory limits for the transportation of radioactive material (in this case, it would be necessary to adopt special
safety precautions or to reevaluate the transport strategy; sometimes authorities may be
willing to waive normal shipment requirements to expedite removal of the wastes from
the emergency scene; packaging may sometimes have to be improvised).
To manage the radioactive wastes adequately and ensure that packaging follows regulatory
requirements, practical guidelines and appropriate forms must be developed and distributed
to team members responsible for cleanup and recovery operations. Segregation and treatment
guidelines must also be developed before the cleanup and recovery work begins. For example:
1. Compressible waste should not be mixed with uncompressible waste.
2. Organic and inorganic waste should not be mixed.
3. Organic waste (such as animals) should be treated (e.g., with calcium-activated charcoal
for dehydration and gas retention).
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Information about each packaged quantity of waste material must be thoroughly documented before shipment, including activity levels of the material involved as well as survey
readings to be affixed to the outside of the shipping container. A copy of the documentation
must accompany each shipment from the scene to its disposal or storage destination. Four
levels of information should be included in the documentation:
1.
2.
3.
4.

Place and date of recovery
Type of packaging, number of packages, and type of waste
Surface and 1-m exposure rates of the package; instrument used for the measurements
Accountability for completing the forms (e.g., date, person name, position, signature)

The date is important for low- and intermediate-level waste so that decay corrections can
be applied. The location allows a comparison of where the wastes were collected with the
history of the accident. The type of packaging (dimension, shielding, etc.) and the type of
waste (material, density) can be used, together with the exposure rates, to estimate the activity
of the radioactive waste in the package. The surface and 1-m exposure rates are needed for
labeling the package for transport (transport category).
The 1-m exposure rate should be used instead of the surface exposure rate when:
1. The measurement is done in a location that is far from the contaminated site and is
therefore not affected by the high background.
2. The waste is not homogeneously distributed.
If the measurements are made in situ (i.e., in a high background area), using the surface
exposure rate is a better option since it is less affected by the surrounding contamination.
Ideally, the type of package should be selected from those already developed for the
nuclear industry (e.g., 200-liter drums used in a nuclear power plant—usually a type A
package). Containers can also be used for large contaminated pieces, house debris, contaminated furniture, etc. If a new packaging is required (e.g., a metal box), its dimensions should
be standardized as much as possible with respect to existing standard packages. For example,
a box of 1.2 ⫻ 1.2 ⫻ 1.2 m, or 1.7 m3, is equivalent in volume of four 200-liter drums.
This could be important for the structural stability and volume control (minimizing the void
fraction) of the final repository.
There are several computer models for package activity estimation based on exposure
rates. Models can be simple if build-up factors are not taken into account, or very sophisticated if the Compton effect is included.
To answer the question ‘‘How clean is clean enough?,’’ clearance limits should also be
established by the competent authority. The values should be derived based on conservative
scenarios taking into account the main exposure pathways. Diluting the wastes for the sole
purpose of meeting regulatory requirements should be avoided.
In general, existing waste storage facilities should be used. In some extreme cases, however, it may be necessary to build a provisional storage site. This was the case after the
Goiânia accident. As a result of the accident, approximately 3,500 m3 of wastes had to be
removed. The wastes were temporarily stored in open air on concrete platforms occupying
an area of about 8.5 ⫻ 10 m2 at a site near the village of Abadia de Goias, 23 km away
from the center of Goiânia, a city of 1 million inhabitants.
Deciding on a provisional wastes storage site can be a very complex process. The following aspects should be taken into consideration:
1. Location—far from highly populated areas, yet not too far to reduce transport requirements
2. Sources of power
3. Drainage systems
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4. Site security and access control
5. Protection against natural disasters
6. Configuration of the waste containers to minimize exposure rates at the site perimeter
Once all contaminated waste materials are removed from the scene to the extent practical,
the area should be resurveyed.
When wastes cannot be removed from the scene and may pose a continuing exposure
risk, temporary shielding and security should be provided at the scene.

9.7

INTERNATIONAL CONVENTIONS
The International Atomic Energy Agency is the depository of several international Conventions, covering safety, safeguards, and liability issues. Four Conventions are relevant to nuclear and radiological emergencies:6
1.
2.
3.
4.

Convention on Early Notification of a Nuclear Accident
Convention on Assistance in the Case of Nuclear Accident or Radiological Emergency
Vienna Convention on Civil Liability for Nuclear Damage
Convention on Nuclear Safety

The reader is referred to the following Internet address for the full text of Conventions:
http: / / www.iaea.org / worldatom / Documents / Legal / .
9.7.1

Convention on Early Notification of a Nuclear Accident (Notification
Convention)

The Convention on Early Notification of a Nuclear Accident entered into force in September
1986 (IAEA, 1987) following the Chernobyl nuclear plant accident. This Convention establishes a notification system for nuclear accidents, which have the potential for transboundary
release that could be of radiological safety significance for another state. It requires states
to report the accident’s time, location, radiation releases, and other data essential for assessing
the situation.
The preamble of the Notification Convention mentions that the states parties to the Convention are convinced of the need for States to provide relevant information about nuclear
accidents as early as possible in order that transboundary radiological consequences can be
minimized. Furthermore, the Notification Convention applies in the event of any accident
involving facilities or activities of a state party from which a release of radioactive material
occurs or is likely to occur and which has resulted or may result in an international transboundary release that could be of radiological safety significance for another state. The
facilities and activities referred to are the following:
1. Any nuclear reactor wherever located
2. Any nuclear fuel cycle facility
3. Any radioactive waste management facility

6
When a state signs a Convention, it indicates an intention to be bound by it and agrees not to introduce legislation
that will conflict with the Convention nor prevent accession at a later date. When a state ratifies or accedes to a
Convention, it becomes bound by it and must have introduced national legislation to ensure compliance with the
Convention.
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4. The transport and storage of nuclear fuels or radioactive wastes
5. The manufacture, use, storage, disposal, and transport of radioisotopes for agricultural,
industrial, medical, and related scientific and research purposes
6. The use of radioisotopes for power generation in space objects
The provision and transmission of information places obligations on a state party as well
as on the International Atomic Energy Agency Secretariat.
According to Notification Convention, a state party shall:
1. Forthwith notify, directly or through the IAEA, those states that are or may be physically
affected and the IAEA of the nuclear accident, its nature, the time of occurrence, and its
exact location where appropriate; and
2. Promptly provide the states, directly or through the IAEA, with such available information
relevant to minimizing the radiological consequences in those states.
The IAEA, according to Notification Convention, has to inform states parties, member
states, and other states that may be physically affected of a notification received and promptly
provide any state party, member state, or relevant international organizations, upon request,
with the information. The information to be provided will include the following data as then
available to the notifying state party:
1. The time, exact location where appropriate, and nature of the nuclear accident
2. The facility or activity involved
3. The assumed or established cause and the foreseeable development of the nuclear accident
relevant to the transboundary release of the radioactive materials
4. The general characteristics of the radioactive release, including, as far as is practicable
and appropriate, the nature, probable physical form, chemical form, and quantity, composition, and effective height of the radioactive release
5. Information on current and forecast meteorological and hydrological conditions necessary
for forecasting the transboundary release of the radioactive materials
6. The results of environmental monitoring relevant to the transboundary release of the
radioactive materials
7. The off-site protective actions taken or planned
8. The predicted behavior over time of the radioactive release
Such information will be supplemented at appropriate intervals by further relevant information on the development of the emergency situation, including its foreseeable or actual
termination. Information received may be used without restriction, except when such information is provided in confidence by the notifying state party.
The Notification Convention also assigns obligations to the IAEA and the states parties
that are not for response but for preparedness issues such as the following.
International Atomic Energy Agency. The IAEA is responsible for the collection and
dissemination of information concerning experts, equipment, and materials that could be
made available in the event of nuclear accidents or radiological emergencies, and methodologies, techniques and available results of research relating to response to nuclear accidents
or radiological emergencies.
State Parties. These are responsible for making known the point of contact that is responsible for issuing and receiving the notification. Information must be available continuously,
i.e., it must be manned 24 hours a day and seven days a week. The staff receiving a notification should have both the authority and means to promptly activate their own emergency
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response system as well as to make and receive requests for assistance in the case of a
nuclear accident or radiological emergency. The national contact point7 should be embedded
into the national system for emergency response (not only nuclear or radiological emergencies).
As of October 9, 2000, there were 86 states parties to the Notification Convention. The
Food and Agriculture Organization of the United Nations (FAO), the World Health Organization (WHO), and the World Meteorological Organization (WMO) are also Parties to the
Notification Convention.
9.7.2

Convention on Assistance in Case of a Nuclear or Radiological
Emergency (Assistance Convention)

Adopted in 1986 following the Chernobyl nuclear plant accident, this Convention (IAEA,
1987) sets out an international framework for cooperation among states parties and with the
IAEA to facilitate prompt assistance and support in the event of nuclear accidents or radiological emergencies. It requires states to notify the IAEA of their available experts, equipment, and other materials for providing assistance. In case of a request, each state party
decides whether it can render the requested assistance as well as its scope and terms. Assistance may be offered without costs taking into account, inter alia, the needs of developing
countries and the particular needs of countries without nuclear facilities. The IAEA serves
as the focal point for such cooperation by channeling information, supporting efforts, and
providing its available services.
The Assistance Convention defines the exact responsibilities of the state party asking for
assistance, and also of the states parties that are asked to provide the assistance. The IAEA
will make available appropriate resources, transmitting the request to other states parties and
international organizations and coordinating the assistance on an international level, if so
requested.
The IAEA is obliged to:
1. Keep a list of contact points and competent authorities
2. Collect and disseminate information concerning
3. Assist, on request, in preparing both emergency plans and appropriate legislation; developing appropriate training programs; transmitting requests for assistance and relevant
information in the event of an accident; developing appropriate radiation monitoring programs, procedures, and standards; and conducting investigations into the feasibility of
establishing radiation monitoring systems
4. Make available resources, allocated to that purpose, to conduct an initial assessment of
the accident or emergency
5. Maintain liaison with relevant international organizations
The states parties can request the IAEA to:
1. Assist a state party or a member state when requested in any of the following or other
appropriate matters: (a) preparing emergency plans in the case of nuclear accidents and
radiological emergencies and also preparing the appropriate legislation; (b) developing
appropriate training programs for personnel to deal with nuclear accidents and radiological

7
The IAEA maintains an up-to-date list of national contact points and Competent Authorities and makes it available
to all member states and states and international organizations parties to the Conventions. The national competent
authority is the authority or body within a state that can verify or arrange for verification of any data provided from
that state concerning nuclear accidents or radiological emergencies. Furthermore, the authority or body concerned has
to be in the appropriate position within the country for sending or providing information during a nuclear accident or
radiological emergency.
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emergencies; (c) transmitting requests for assistance and relevant information in the event
of a nuclear accident or radiological emergency; (d) developing appropriate radiation
monitoring programs, procedures, and standards; and (e) conducting investigations into
the feasibility of establishing appropriate radiation monitoring systems; make available to
a state party or a member state requesting assistance in the event of a nuclear accident
or radiological emergency appropriate resources allocated for the purpose of conducting
an initial assessment of the accident or emergency
2. Offer its good offices to the states parties and member states in the event of a nuclear
accident or radiological emergency
3. Establish and maintain liaison with relevant international organizations for the purposes
of obtaining and exchanging relevant information and data, and make a list of such
organizations available to states parties, member states, and the aforementioned organizations.
As of October 9, 2000, there were 82 states parties to the Assistance Convention. The
Food and Agriculture Organization of the United Nations (FAO), the World Health Organization (WHO), and the World Meteorological Organization (WMO) are also parties to the
Assistance Convention.

9.7.3

Vienna Convention on Civil Liability for Nuclear Damage

Following the Chernobyl accident, the IAEA initiated work on all aspects of nuclear liability
with a view to improving the basic Conventions and establishing a comprehensive liability
regime. In 1988, as a result of joint efforts by the IAEA and OECD / NEA, the Joint Protocol
Relating to the Application of the Vienna Convention and the Paris Convention was adopted.
The Joint Protocol established a link between the Conventions, combining them into one
expanded liability regime. Parties to the Joint Protocol are treated as though they were parties
to both Conventions, and a choice of law rule is provided to determine which of the two
Conventions should apply to the exclusion of the other in respect of the same incident.
In September 1997, a significant step forward was taken in improving the liability regime
for nuclear damage. At a Diplomatic Conference at IAEA Headquarters in Vienna, September
1997, delegates from over 80 states adopted the Protocol to Amend the 1963 Vienna Convention on Civil Liability for Nuclear Damage and also adopted the Convention on Supplementary Compensation for Nuclear Damage. The Protocol sets the possible limit of the
operator’s liability at not less than 300 million special drawing rights (SDRs) (roughly equivalent to 400 million U.S. dollars). The Convention on Supplementary Compensation defines
additional amounts to be provided through contributions by states parties on the basis of
installed nuclear capacity and UN rate of assessment. The Convention is an instrument to
which all states may adhere regardless of whether they are parties to any existing nuclear
liability conventions or have nuclear installations on their territories. The Protocol contains,
inter alia, a better definition of nuclear damage (addressing also the concept of environmental
damage and preventive measures), extends the geographical scope of the Vienna Convention,
and extends the period during which claims may be brought for loss of life and personal
injury. It also provides for jurisdiction of coastal states over actions incurring nuclear damage
during transport. Taken together, the two instruments substantially enhance the global framework for compensation.

9.7.4

Convention on Nuclear Safety

The Convention on Nuclear Safety was adopted in Vienna in June 1994. The Convention
was drawn up during a series of expert level meetings from 1992 to 1994 and was the result
of considerable work by governments, national nuclear safety authorities, and the IAEA’s
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Secretariat. Its aim is legally to commit participating states operating land-based nuclear
power plants to maintaining a high level of safety by setting international benchmarks to
which states would subscribe.
The obligations of the parties cover, for instance, sitting, design, construction, operation,
the availability of adequate financial and human resources, the assessment and verification
of safety, quality assurance, and emergency preparedness.
The Convention is an incentive instrument. It is not designed to ensure fulfilment of
obligations by parties through control and sanction but is based on their common interest to
achieve higher levels of safety, which will be developed and promoted through regular meetings of the parties.
The Convention obliges parties to submit reports on the implementation of their obligations for peer review at meetings of the parties to be held at the IAEA. This mechanism is
the main innovative and dynamic element of the Convention.

9.7.5

The Role of IAEA in a Nuclear or Radiological Emergency

Throughout the world, there are a large number of nuclear power reactors and fuel processing
facilities that have requirements to develop and maintain site-specific emergency preparedness and response plans. While the responsibility for the emergency response and public
protection under these plans remains at the national or regional level, the International
Atomic Energy Agency and its staff are expected to respond in some capacity in the event
of a serious problem.
For many years, the IAEA has been providing assistance to member states related to
nuclear accidents and radiological emergencies. The assistance provided has included:
1.
2.
3.
4.
5.

Technical advice on emergency planning, preparedness, and response
Radiological surveys
Source recovery
In situ verification of the radiological conditions and related technical advice
Facilitation of the provision of medical advice and assistance with cases of suspected
radiation exposure

Through liaison officers, the IAEA will keep in contact with the accident state, the affected states, with all other states, and the relevant international organizations (World Meteorological Organization, etc.). By frequent releases of information, the IAEA will inform
the states parties and member states about the progression of a nuclear accident or radiological emergency. Information will always be analyzed and double checked before release, but
urgent information will not be delayed unreasonably.
Requests for information will be answered either directly through the liaison officers or,
if they might be of interest to a larger group, by a fax distribution to all the contact points.
The Agency can either conduct an initial assessment of the event itself or can contact
other states parties to the Assistance Convention to determine whether they are in a position
to offer the assistance requested. In the latter case, the agency will coordinate the assistance.
The responsibilities entrusted to the Agency for the purpose of implementing the Convention on Early Notification of a Nuclear Accident and the Convention on Assistance in
the Case of a Nuclear Accident or Radiological Emergency have necessitated the establishment of a focal point within the Secretariat to which the Agency’s member states, parties to
the two Conventions, and relevant international organizations can promptly and effectively
direct its notification (in the case of an accident) or event reports, requests for emergency
assistance, requests for information, etc.
For this purpose and to facilitate the coordination of actions within the Secretariat, in
1986, the Agency’s Emergency Response Center (ERC) was established and designated by
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the Director General to serve as a center for management and control of the Agency’s
response during nuclear accident or radiological emergencies anywhere in the world. This
Center is located at the Agency Headquarters in Vienna, Austria. During normal operation,
this Center is under the supervision of the Emergency Preparedness and Response Unit,
Radiation Safety Section, Division of Radiation and Waste Safety of the Department of
Nuclear Safety.
The Emergency Preparedness and Response Unit (EPRU) is responsible for maintaining
and updating the Agency’s Emergency Preparedness and Response System. It is the focal
point in the IAEA for all emergency preparedness and response activities. The EPRU has a
program of work dedicated to improve member states’ current deficiencies in emergency
preparedness and ensure the IAEA’s quick response to a notification or request for assistance
from a member state in case of an emergency.
The ERC’s telecommunications systems allow the IAEA to fulfill its communicationsrelated obligations, responsibilities, and functions under the provisions of the Emergency
Conventions. This system operates a 24-hour contact point for notification or request for
assistance. Using communication carriers, the ERC can rapidly communicate with more than
300 contact points worldwide.
The request for IAEA’s assistance under the terms of the Assistance Convention has to
be in a form of written communication.
Under the terms of the Assistance Convention, the ERC expects to receive a request for
assistance from the Agency’s member states. If the situation requires, however, the ERC will
receive in the same format or by any other means of communication, request for emergency
assistance from a non-member state. In the request, the following information should be
provided:
1. Radiological emergency: nature of the event, location, time of its occurrence, name and
full address of the organization in charge of the response actions, and name and contact
numbers of the person assigned as counterpart to the Agency’s requested emergency
assistance
2. Type(s) of assistance required: aerial survey, radiation monitoring, radionuclide identification, source recovery, radiation safety assessment and advisory, medical support and /
or advisory, bioassay support and / or advisory, radiopathology support and / or advisory,
biodosimety support and / or advisory, waste safety support and / or advisory, and other(s),
which should be specified.
It is essential for every message to contain the name of the sender and the contact telephone and / or facsimile numbers. Messages arriving at the ERC in languages other than
English may be delayed until a proper translation is done. If the language of the message is
in any other language than one of the Agency’s official languages, an additional delay between the receipt of the message and any subsequent action may occur. Therefore, as far as
practicable, the use of English is strongly recommended in order to avoid delays in dealing
properly and promptly with any notification or request for assistance.
IAEA has provided detailed instructions for reporting emergencies to the IAEA and for
requesting assistance through IAEA (IAEA, 2000d).

9.8

NATIONAL REQUIREMENTS AND GUIDANCE—UNITED
STATES
The United States Environmental Protection Agency (EPA) and Department of Health and
Human Services (HHS) have established guidance concerning the need to take protective
actions in the event of the release of radioactive material into the environment. The United
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TABLE 9.19 U.S. EPA PAGs for the Early Phase of a Nuclear Incident

Protective action

PAG
projected dose

Evacuation (or sheltering)a

1 to 5 rem

Administration of stable iodine

25 remc

b,d

Comments
Evacuation (or, for some situations, shelteringa)
should normally be initiated at 1 rem
Requires approval of state medical officials

Source: EPA, 1992.
a
Sheltering may be the preferred protective action when it will provide protection equal to or greater than evacuation,
based on consideration of factors such as source term characteristics, and temporal or other site-specific conditions.
b
The sum of the effective dose resulting from exposure to external sources and the committed effective dose incurred
from all significant inhalation pathways during the early phase. Committed equivalent dose to the thyroid and to this
can may be five and 50 times larger, respectively.
c
Committed equivalent dose to the thyroid from inhalation.
d
100 rem ⫽ 1 Sv.

States Nuclear Regulatory Commission (NRC) has established detailed requirements concerning emergency preparedness for facilities and uses of radioactive material that it licenses.
The NRC licenses the vast majority of facilities and materials that represent a radiological
risk in the United States. The United States Department of Transportation (DOT) has published guidance for response to transportation accidents involving radiological materials.
The EPA has established levels called protective action guides (PAGs) at which various
protective actions should be taken following an atmospheric release (EPA, 1991). The protective action guides are generic intervention levels and thus are the dose that can be averted
or prevented by the action. Doses received before taking the actions are not considered
because any action after the exposure will not be effective in reducing any risk of cancers.
PAGs have been established for early phase actions, which are intended to reduce the dose
during or shortly after the release. The early-phase PAGs are summarized in Table 9.19.
PAGs have also been established for the intermediate phase, which is the first year following
implementation of the early phase protective actions. The intermediate phase PAGs are summarized in Table 9.20.
The U.S. Department of Health and Human Services has established concentrations of
radionuclides in food at which the food should be restricted. These concentrations are generic
TABLE 9.20 U.S. EPA PAGs for Exposure to Deposited Radioactivity during the Intermediate Phase

of a Nuclear Incident
Protective action

PAG (projected dose)a

Comments

Relocate the general populationb

⬎2 rem

Apply simple dose-reduction
techniquesc

⬍2 rem

Beta dose to skin may be up to 50 times
higher
These protective actions should be taken to
reduce doses to as low as practicable

Source: EPA, 1992.
a
The projected sum of effective dose from external gamma radiation and committed effected dose from inhalation
of resuspended materials, from exposure to intake during the first year. Projected doses refer to the dose that would be
received in the absence of shielding from structures or the application of dose reduction techniques.
b
Persons previously evacuated from areas outside relocation zone defined by the PAG may return to occupy their
residences. Cases involving relocation of persons at higher risk from such actions (e.g., patients under intensive care)
should be evaluated individually.
c
Simple dose-reduction techniques include scrubbing and or flushing hard surfaces, soaking or plowing soil, conducting minor removal of soil from spots where radioactive materials have concentrated, and spending more time than
usual indoors or in other low exposure rate areas.
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TABLE 9.21 U.S. HHS Derived Intervention

Levels (DIL) (Bq / kg) (radionuclide groups, most
limiting of all diets)

Radionuclide group

Derived intervention levels
(Bq / kg)

90

Sr
I
Cs group
103
Rua
106
Rua
Pu ⫹ Am group
131

160
170
1200
6800
450
2

a
Due to the large differences in DILs for 103Ru and 106Ru,
the individual concentrations of 103Ru and 106Ru are divided
by their respective DILs and then added. The sum must be
less than one.

action levels called derived intervention levels (DILs) and are shown in Table 9.21. DILs
are established for all radionuclides expected to be released in any major nuclear or radiological emergency. This includes releases from nuclear power plants, nuclear fuel cycle
facilities, and nuclear satellites.
It is important to note that the EPA’s PAGs cannot be used directly to interpret environmental measurements. For this purpose, derived response levels (DRLs, another name for
operational intervention levels) have been established for environmental survey instruments
indicating when protective actions should be taken to meet the PAGs. The DRLs will be
different for different types of releases and different times during the emergency. Default
DRLs for nuclear power plant release are shown in Table 9.22.
The DRLs established by HHS are also of only limited value early in an emergency
because they require a time-consuming laboratory analysis. Consequently, the DRLs in terms
of quantities to be directly measured in the environment have been established for use early
in an emergency for determining where a locally produced food might need to be restricted.
The DRLs for restriction on food are typically for deposition densities of a radionuclide.
Exposure rates can only be used to do a preliminary assessment because depositionwarranting restriction of food may not be detectable on gamma dose-rate measurement instruments.
The EPA has also established dose limits for emergency workers. The limits depend on
the type of activity being performed by the worker and are summarized in Table 9.23.

TABLE 9.22 Reactor Accident Exposure Rate DRL

Protective action
Evacuate to prevent early health effects
Evacuation to meet PAG
Relocation to meet PAG
Ingestion restriction
Source: DOE, 1995.

Exposure rate [mR / h]
DRL (1 to 7 days
after a release)
500
10
5
⬎background
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TABLE 9.23 U.S. EPA Guidance on Dose Limits for Workers Performing Emergency Services

Dose limita
(rem)

Activity

5
10
25
⬎25

All
Protecting valuable property
Life saving or protection of large populations
Life saving or protection of large populations

Condition

Lower dose not practicable
Lower dose not practicable
Only on a voluntary basis to persons
fully aware of the risks involved

Source: DOE, 1995.
a
Sum of external effective dose and committed effective dose to nonpregnant adults from exposure and intake during
an emergency situation. Workers performing services during emergencies should limit dose to the eyes to three times
the listed value and to any other organ (including skin and body extremities), 5 to 10 times the listed value. These
limits apply to all doses from an incident, except to those received in unrestricted areas to members of the public during
the intermediate phase of the incident.

The NRC has established detailed emergency preparedness requirements for their licensees where large releases of radioactive materials can occur no matter how small the probability of such an event (NRC, 1980, 1996). This includes nuclear power plants and fuel cycle
facilities. The United States Department of Energy (DOE) for their major facilities has implemented similar preparations. The basic objectives of these preparations are to:
1. Prevent early deaths or injuries (deterministic health effects)
2. To keep the doses and food concentrations below the EPA PAGs and HHS DILs
To meet these goals, the NRC philosophy is that protective action should be taken as soon
as dangerous conditions are detected in a facility. These protective actions can then be revised
based on environmental measurements if there is a major release.
The preparations include establishment of emergency planning zones around these facilities. There are two zones. The plume emergency planning zone (plume EPZ) typically
includes the area within 10 miles of a nuclear power plant. Within this zone, preparations
are made to promptly implement sheltering and evacuation. The second zone, called the
ingestion zone, extends out to 50 miles. Within this zone, detailed preparations are made to
protect the food supply.
The NRC has established systems for classifying emergencies at major facilities. The
NRC classification system for nuclear power plant emergencies is outlined in Table 9.24.
The system has criteria both for plant conditions and radiological conditions for implementation of various response actions. The most severe emergency is the general emergency.
This level is declared if there is core damage in the reactor because this could result in a
very serious and unpredictable release. It is also declared if radiation levels are detected in
the environment warranting the implementation of early protective actions.
The basic protective action strategy in the event of a general emergency is shown in Fig.
9.7.
Over the past 25 years there have been only two emergencies of the highest classification
involving commercial nuclear power plants, at Three Mile Island and Chernobyl. In the
United States, with about 100 nuclear power plants, there is about one site area emergency
every few years. The United States has about two to five alerts, the lowest level, each year.
In most cases these emergencies involve severe weather conditions such as hurricanes, which
warrant an increased level of preparedness.
The U.S. Department of Transportation (DOT), in cooperation with the Canadian and
Mexican governments, has established guidance for the actions to be taken in the event of
a transportation accident involving any hazardous material to include radioactive material.

TABLE 9.24 The NRC Classification System for Nuclear Power Plant Emergencies

Response actions

Event Conditions
Plant
Unusual eventa
Alert
Site area emergency

General emergency

Unusual event but
considered significant
Potential significant decrease
in safety
Major decrease in level of
safety—one more failure
or remaining at this state
for extended time could
result in core damage
(General Emergency)
Actual or projected severe
core damage

Source: NRC, 1980.
a
Not considered an emergency.

Radiological
No significant release
expected
Off-site doses a small
fraction of the PAGs
Off-site doses a fraction
of the PAGs

Off-site doses exceeding
the PAGs

Plant (on-site)

Off-site

Notify off-site officials

None

Partially activate to correct
problem
• Fully activate response
• Evacuate non-essential personnel
• Implement radiation protection
for staff
• Conduct monitoring off-site

Increased readiness

• Recommend to off-site that they
implement pre-determined
protective actions off-site

• Fully activate response
• Alert the population to the
problem

• Activate public alerting system
• Evacuate the area near the
plant and shelter remainder of
plume EPZ
• Place grazing animals on
stored feed
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Actual or projected severe core
damage or loss of control of facility
(General Emergency)
(see note a)

Evacuate a 2 mile radius and 5 miles downwind
unless conditions make evacuation dangerous and
advise the reminder of the plume EPZ to go
indoors and monitor radio broadcast
(see notes b,c,d,e)

Continue assessment based on all available plant
and field monitoring information

Modify protective actions as necessary. Locate
and evacuate hot spots. Do not relax protective
actions until the threat is clearly under control.
(see note f)
a
b
c
d
e

f

Severe core damage is indicated by instrumentation readings in the control room.
Distances are approximate; actual distances will be determined by the size of the evacuation zones established by
local governments that are based on geopolitical boundaries.
If travel conditions are dangerous, shelter rather than evacuate the population.
Transportation-dependent persons should be advised to remain indoors until transportation arrives.
Shelter may be the appropriate protective action for controlled releases of radioactive materials if there is assurance
that the release is the short-term (puff release) and any area near the plant cannot be evacuated before the plume
arrives.
Based on derived intervention levels (DRLs), based on EPA PAGs.

FIGURE 9.7 U.S. NRC protective actions for severe reactor accidents. (Source: NRC, 1996)

Actions taken to fight fires, contain spills, and protect the public and emergency workers are
keyed to the shipping name or UN number for the hazardous material. This guidance has
been widely distributed to first responders.
Following a major release or contamination event, an environmental monitoring will be
used to determine the need for response actions. In the United States, monitoring would first
be conducted by the operator of the facility, next by state and local governments, and finally
by the federal government. Monitoring efforts at the national (federal) level are directed by
Department of Energy (DOE) as part of their Federal Radiological Monitoring and Assessment Center (FRMAC) program. This includes the ability to field numerous monitoring teams
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and conduct airborne surveys. In addition, the program has established detailed guidance
used to assess environmental data.

9.9

SOURCES OF ADDITIONAL GUIDANCE
The guidance presented here has been based, to a large extent, on guidance developed by
the International Atomic Energy Agency. IAEA has established a program of developing an
integrated set of guidance based on technical analysis and operational experiences responding
to real emergencies. This includes general guidance on development of an adequate response
program (IAEA, 1997a) and example procedures for assessing and responding to nuclear
and radiological emergencies (IAEA, 1997b, 1999, 2000a). In addition, guidance has been
developed on the medical aspects (IAEA, 1998a, b) of the response to such emergencies.
These documents are continuously being revised and updated to reflect the latest technical
findings and operational experience. The reader is referred to these documents for further
guidance.
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10.1
10.1.1

RISK ASSESSMENT AND MANAGEMENT
Why Do We Live with Risk?

Industrial facilities, such as chemical plants, mines, and transportation systems, serve a useful
purpose in society by providing products that the society needs or wants. They also form
the backbone of today’s economies by providing jobs and generating wealth and help finance
the governments by paying taxes.
The operation of these facilities, however, also poses risks to the environment, the public,
the employees, and indirectly to the owners, if something goes wrong. This is because these
facilities often require the use of hazardous materials and / or disruption of the environment
by the very nature of the processes they employ for making the products that the society
uses. Hazardous by-products are also formed, which need to be discharged into the environment or stored for long periods of time before discharge. Hence, there are certain hazards
that are inherent in the operation of these facilities. The broader society accepts having to
deal with these hazards in order to gain the benefits from the products made by these facilities.

10.1.2

How to Deal with Risk?

Risk management is the process whereby the risks of operating these facilities are balanced
against the benefits gained. There are many established methods of analyzing, evaluating,
and controlling risks. We will discuss a risk management process model and some of these
methods employed by industries. However, we will first clarify some of the terminology and
concepts.
10.3
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• Hazard: A chemical, physical, social, or political condition that has the potential to cause
damage or any kind of harm to people, property / production, or the environment

• Risk: A measure of potential damage due to a hazard, taking into account both the likelihood and magnitude of damage
• Safety: A judgment of the acceptability of risk

A thing is ‘‘safe’’ if its risks are judged to be acceptable. There are degrees of risk, and
consequently there are degrees of safety.
The concept of risk includes five components:
• Hazard inherent in an activity that is otherwise deemed to be beneficial
• A potential undesirable event, which has the capability to bring out the hazard
• Adverse consequence of that undesirable event
• Uncertainty as to whether or not the undesirable event will happen (likelihood)
• Perception about the combination of the above
We base our decisions on perception. Accurate understanding of the inherent hazards, the
potential undesirable events, and consequences and the likelihood of these events will lead
to more balanced perceptions and hence to better decisions in managing that activity. It is
important to recognize that, although it is necessary to do a good job in understanding these
components of risk for achieving high performance in risk management, this is by no means
sufficient. Other factors that influence perception, such as outrage, must also be taken into
account.
We will now discuss these components and factors in some detail.

10.1.3

Risk Analysis and Assessment

The process of understanding the hazards, events, consequences, and likelihood is called risk
analysis. Its primary components are hazard identification, consequence analysis, frequency
analysis, and risk estimation. These are shown in Fig. 10.1 in flowchart form. Once the risks
are understood, decision making involves evaluating acceptability of these risks (risk evaluation) and examining different risk control options for reducing the risks that are deemed
to be too high, taking into account the cost of implementing these measures (cost / benefit
analysis). Often, the term risk assessment refers to the risk analysis and the risk evaluation
steps taken together.
Let us now examine the steps within risk analysis in some detail.
Hazard identification refers to the identification of hazards and potential hazardous events
that could occur due to the operation of the facility. This step requires a good knowledge of
the manufacturing processes used in the facility, the hazardous materials used, and their
toxicological properties.
Consequence analysis refers to understanding the damage that the hazardous events could
inflict on the receptors which might be exposed to the events. Consequence analysis can be
based on historical experience or may involve the use of sophisticated mathematical models.
Identification of the receptors that are valued by the society is an important component of
this step.
Frequency analysis refers to understanding the likelihood of the hazardous events.
Risk estimation refers to putting the frequency and consequence components together,
either through a formula such as Risk ⫽ frequency ⫻ consequence, or by placing the hazardous event on a scatter graph or matrix of frequency versus consequence.
For the remainder of this discussion, we shall limit ourselves to people as the valued
receptors, although many of the concepts will be equally applicable to the ecosystem or
property.
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Risk Analysis
Hazard Identification
Identify hazards, potential
hazardous events

Frequency Analysis

Consequence Analysis

Estimate exposure or event
frequency

Estimate dose and damage

Risk Estimation
Estimate chance of fatality
over a time period

Risk
Evaluation

FIGURE 10.1 Framework for risk analysis.

Health Risk versus Safety Risk. At this stage, it is also important to distinguish between
assessments of health risk and safety risk. The terminology used in these two different types
of assessments tends to be similar, with the same word sometimes having different meanings.
This tends to create much confusion, even among experienced practitioners.
Health risk, also called chronic risk, relates to fatalities or illnesses due to long-term
exposure of individuals to hazardous materials discharged into the environment more or less
continuously or routinely.
Safety risk, also called acute risk, relates to ‘‘immediate’’ fatalities or injuries due to
accidental events, such as fire, explosion, falling debris, or a concentrated toxic gas cloud.
It should be noted that some accidental undesirable events might also lead to health risks
due to environmental contamination during that single event and long-term exposure of the
receptors to this contamination afterwards.
In health risk analysis, the significant parameter is the total dose of the hazardous material
received by an individual over a lifetime through repeated exposures to a contaminant that
is in the environment more or less all the time (the contaminant may be coming from a
single facility or from different sources). Total dose is estimated from frequency of exposure,
exposure time per exposure, and level of concentration that the individual experiences during
each exposure. Total dose is then used to calculate a consequence, usually expressed in terms
of ‘‘the chance of fatality of an individual’’ due to exposure to that contaminant. This parameter is also called the individual risk. The total annual number of fatalities that might
result due to exposure to that same contaminant is called the societal risk. The process of
calculating frequency of exposure is called frequency analysis. The process for calculating
the risk parameters is sometimes also called risk estimation or risk characterization. This
process involves examining the pathways whereby a given contaminant from a given facility
can enter the environment, estimating the amount of material entering the environment,
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modeling its transport and dispersion in the environment, modeling how this contaminant
might get into the food chain, the water we drink, and the air we breathe, and modeling the
damage that the contaminant might cause on exposed individuals of different susceptibilities.
This would also take into account where these receptors live relative to the facility and their
lifestyle.
In safety risk analysis, the important parameters are the frequency of occurrence of an
accidental event and the single dose received by an individual during that single event. That
single dose is then used to calculate an event consequence, which is usually expressed in
terms of the chance of fatality of the exposed individual from that event. The consequence
analysis process involves estimating the pathways whereby the material can be released from
the facility, the amount released, how fast and how far it can travel, and the damage it can
inflict on exposed individuals in its path. For fires, we are interested in thermal radiation.
For explosions, we are interested in overpressures. For toxic gas clouds, we are interested
in concentration in air, etc. Frequency of the event is estimated using frequency analysis
techniques, and is generally expressed in terms of events per year. The consequence parameter is then multiplied by the frequency parameter, to arrive at the event individual risk,
expressed in units such as chance of fatality of an individual per year as a result of a given
type of potential event at a given facility. This parameter varies as a function of location
relative to the facility. At a given location, the sum of the event individual risks for all
possible events at that facility is called the facility individual risk. The total annual number
of fatalities that might result from one type of event is called the event societal risk. The
total number of fatalities that might result from all types of events is called the facility
societal risk. The process of calculating the risk parameters is called risk estimation.
No wonder there is so much confusion about risk. What would you call the sum of facility
societal safety risk and societal health risk from the facility?
10.1.4

Risk Evaluation

Once we estimate the risk, the next step in the risk management process is to evaluate its
acceptability or tolerability. The basic principles, depicted in Fig. 10.2, are relatively straightforward.

FIGURE 10.2 Framework for risk acceptability (tolerability) criteria.
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In general, there is a level of risk that people will not tolerate going above. Similarly,
there is a lower level below which people will not be concerned. People will tolerate higher
levels of risk if they are exposed to it voluntarily. Conceptually, these principles are more
or less universal. The problem comes when we try to define these levels, because they differ
from one individual to the other and from society to society. Nevertheless, there are some
established guidelines, which are different for health and safety risks.
For health risks, a commonly used guideline for individual health risk is 10⫺6 (involuntary
exposure), expressed in terms of chance of fatality of an exposed individual over a lifetime,
due to a given industrial activity or chemical. This value is for both the upper and lower
level of risk (i.e., no ALARP region).
For safety risks, the criteria for individual safety risk varies among jurisdictions, ranging
from 10⫺6 to 10⫺8 for the lower level and from 10⫺4 to 10⫺6 for the upper level (again for
involuntary exposure), expressed in terms of chance of fatality of an exposed individual over
a year. The Canadian guidelines developed by the Major Industrial Accidents Council of
Canada are shown in Fig. 10.3 as an example of how these can be used for land use planning
(MIACC, 1994).
Guidelines are also available for societal risk, commonly expressed in terms of complementary cumulative frequency distributions. An example is shown in Fig. 10.4.

10.1.5

The Risk Management Process

Risk analysis and risk evaluation are part of a broader process of decision making and
implementing risk control measures for managing risks. A model for this process that has
been used successfully by companies and government in Canada is shown in Fig. 10.5. Other
models are also available (e.g., CAN / CSA, 1997).
This process starts with identifying the stakeholders of a given activity, such as building
an industrial facility. The next step is to define the limits of the activity to be managed and
to identify the stakeholders’ needs. The importance of this step cannot be overemphasized
if acceptance by all stakeholders, such as the affected public, businesses, and government
agencies, is important to the success of the activity. A significant component of stakeholder
participation is risk communication, which will be discussed in the next section.

Annual Individual Risk
(chance of fatality per year)
100 in a million
(10-4)

Risk
source

No other
land use

10 in a million
(10-5)

Manufacturing,
warehouses, open space
(parkland, golf courses,
etc.)

1 in a million
(10-6)

Commercial, offices, All other uses including
low-density
institutions,
residential
high-density residential,
etc.

Allowable Land Uses
FIGURE 10.3 MIACC’s risk acceptability guidelines for land-use planning (1994).
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10-1
10-2
10-3
10-4
De Manifestis

10-5
Gray
Region

10-6
10-7
10-8

De Minimis

1

10

100

1000

10000

Fatalities (N)

FIGURE 10.4 Example off-site societal risk guidelines.

Once the stakeholder participation process is established and the activity is defined, the
next step is analyzing the risks of that activity. The steps involved in risk analysis have
already been discussed in some detail. The risk evaluation step follows the risk analysis step.
Participation of the stakeholders is again critical in evaluating acceptability or tolerability of
these risks. Guidelines established by others should only be used for demonstration purposes,

The General Risk Management Process indicates the requisite steps
and stakeholder interaction for achieving Superior Performance
Initiate Process
Identify Stakeholders

Learning
Loop

Broaden
Scope

Define Scope of
Activity to be Managed
Understand
Stakeholder Needs

Continuous Improvement and
Innovation Loop
★ Stakeholder
Participation
for Feedback
and Decision
Making

Analyze Risks of
Activity to be Managed

Cannot
Decide,
Need More
Information

Evaluate Risk
Tolerability

Risks Too High

Risks OK
Carry Out the Activity, Monitor and
Audit Controlled Risks

FIGURE 10.5 The general risk management process.

Plan and
Implement
Risk Management
Systems and
Controls
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and not for pressing for decisions or acceptance by all stakeholders. The reasons for and
importance of this statement will become clearer in the risk communication section.
At the risk evaluation step, if the risks are found to be unacceptable, then further risk
control measures will be necessary. These include measures for preventing incidents and
impacts (such as implementing process safety and loss management systems for minimizing
chances and consequences of hazardous material releases), and measures for responding to
incidents should they occur. Cost / benefit considerations will also play a role in selecting the
risk control measures for implementation. Each additional risk control measure changes the
risk level, and the process of improvement continues until the risks become acceptable to
the stakeholders. The involvement of the stakeholders in each step in the process is indicated
in Fig. 10.5 by double-headed arrows.
Once the risks are deemed to be ‘‘OK,’’ then the activity is carried out. The risks are
continuously monitored through safety, environmental, insurance, and financial audits to ensure that the activity is carried out as intended. If risks are found to increase to an unacceptable level, this can be recognized through the audit process and corrected through additional risk control measures, if necessary.
If a decision to proceed one way or the other cannot be made at the risk evaluation step
due to lack of sufficient information, then the process calls for further study and analysis.
Let us now focus on the stakeholder participation component and risk communication,
which play a significant role in the overall process.

10.1.6

Stakeholder Participation and Risk Communication

If you make a list of risks in order of how many people they kill each year, and then list
them again in order of how alarming they are to the general public, the two lists will be
very different. Risk managers in industry and government often deduce from this that public
perception of risk is uninformed or irrational. But a better way to conceptualize the problem
is that the public defines risk more broadly than the risk assessment profession.
It has already been mentioned that although it is necessary to do a good job in understanding the technical components of risk to achieve high performance in risk management,
this is by no means sufficient. Other factors that influence perception (therefore influencing
the decision-making process) and that are commonly summarized as ‘‘outrage,’’ must also
be taken into account.
People perceive certain activities to be high risk (dangerous) even though the technical
risk may be low. This occurs when people feel outrage. The factors that cause outrage include
whether the exposure is voluntary versus coerced, familiar versus unfamiliar, controlled by
individual versus controlled by others, fair versus unfair, and imposed by institutions that
are trustworthy versus untrustworthy.
Efforts to explain the risk are unlikely to succeed as long as the outrage is high. To
decrease public concern about low-risk activities, risk managers must therefore work to
diminish outrage.
The following are the four stages of risk communication that progressively improve stakeholder understanding and help achieve rational decision making.
1. Stonewall stage: No communication—Ignore the public.
2. Missionary stage: One-way communication—Show the public why you are right and they
are wrong.
3. Dialogue stage: Two-way communication—Learn from the public the ways in which they
are right and you are wrong.
4. Organizational stage: Ongoing communication—Become the sort of organization that
finds dialogues with the public natural.
Here are the seven cardinal rules of risk communication:
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1.
2.
3.
4.
5.
6.
7.

Accept and involve each stakeholder as a legitimate partner.
Plan carefully and evaluate your efforts.
Listen to the stakeholders’ specific concerns.
Be honest, frank, and open.
Coordinate and collaborate with other credible sources.
Meet the needs of the media.
Speak clearly and with compassion.

And the papal rule:
8. Know what you are talking about.
Application of these principles throughout the risk management process will help ease
the tensions and result in high performance in risk management for companies and government organizations (much of the above material is based on Covello et al., 1988).
10.1.7

Risk Management Systems and Controls

Risk can be reduced by decreasing the likelihood and / or consequences of hazardous events
through implementation of risk management systems and controls (see box in Fig 10.5).
Risk control measures can be broadly classified into:

• Safety management of the hazardous facility. This includes process safety management

practices, such as technological measures (e.g., design changes and inventory reduction),
risk elimination (avoidance), risk transfer (insurance), and management measures (e.g.,
auditing, inspection, maintenance, training and work practices).
• Incident management, such as emergency response, emergency response plans and exercises.
• Land-use restrictions.
The facility safety management type of risk control measures can generally only be taken
by the organization operating the hazardous facility. These include process safety, occupational health and safety, and environmental management systems and controls. Incident management issues are generally addressed by municipal fire departments or hazardous materials
teams in cooperation with the operators of the facility. Municipal planners, often in consultation with all stakeholders, including companies operating the hazardous facilities, address
the third type of risk control measures.
Another set of commonly used terminology for risk control is prevention, preparedness
and response. Facility safety management and land-use restrictions can generally be considered as prevention measures, whereas incident management methods can be considered as
preparedness and response.
Certain costs are associated with risk control measures. By estimating the risk reduction
possible for each option, the costs and benefits for each option can be assessed and informed
decisions can be made on which option should be selected. A good understanding of the
factors contributing to risk (and of the frequency and consequences of potential hazardous
events) through risk analysis is essential for this purpose.

10.2

RISK ANALYSIS TECHNIQUES
Let us now review the tools that are available to us in understanding the risks. We will be
focusing on the tools used in safety risk assessments related to spills of hazardous materials
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with the potential to cause fatalities or injuries, damage the environment or property, or result
in loss of reputation of the organization operating a hazardous facility.

10.2.1

Qualitative versus Quantitative Techniques for Safety Risk
Assessments

Risk analysis and evaluation can take place at different levels of detail, depending on the
requirements at hand. In general, the available techniques can be grouped into three categories:
1. Qualitative techniques, consisting of techniques for primarily hazard identification, such
as SLRA (screening level risk analysis), checklist, what-if, what-if / checklist, HAZOP
(guide-word hazard and operability study), and FMEA (failure modes and effects analysis).
2. Semi-quantitative techniques, consisting of index and matrix methods. Examples are Dow
Fire and Explosion Index, Mond Index, and Pipeline Index for risk ranking of different
facilities of the same type, and the matrix method for risk ranking of potential hazardous
events that a given facility or organization can face.
3. Quantitative techniques, consisting of frequency and consequence modeling and risk estimation techniques.
The first group of techniques is primarily for identifying hazards and potential hazardous
events that can occur at a given facility. Often, if the person or persons undertaking the
qualitative analysis can quickly come up with recommendations for reducing the risk or
mitigating the hazard, these recommendations will also be noted and action will be taken
without further (qualitative or quantitative) analysis. Again, often the recommendations for
action do not consider importance of a hazard relative to others and the cost of the recommended measures other than in a superficial manner based on the experience of the team
undertaking the study. In the last 10 years or so, in order to get around this difficulty and
bring some degree of objectivity into the analysis, these qualitative techniques have been
coupled with the matrix method for risk ranking. This combination has become a very
powerful and practical tool for routine application in the design and upkeep of hazardous
facilities. We will describe these methods in some detail starting with the next section.
The index methods are also very powerful methods for understanding the risks of a facility
and comparing one facility to others of the same type (e.g., a pipeline segment against
another pipeline segment using the pipeline index, or one refinery against another using the
fire and explosion index, but not a pipeline segment against a refinery). This is because, as
the name of the method implies, the end result of applying the index methods is an index,
often without any units of measurement associated with it. Hence, each indexing system is
consistent within itself, but not when comparing different types of facilities, and not when
trying to make cost-benefit comparisons on a global basis.
Quantitative methods of risk analysis, on the other hand, do provide results in readily
understandable terms, such as fatalities per year, injuries per year, lost production per year,
cleanup cost per year. As such, they are indispensable for undertaking cost / benefit analyses
of risk reduction or risk control measures for organizations operating hazardous facilities and
also serve as a reminder of potential costs to society as a whole of releases of major hazardous materials. Another area where quantitative tools have been used very effectively is
in land-use planning regarding location of hazardous facilities relative to other forms of
development. The quantitative estimation of the consequence component of risk again provides invaluable information to emergency response planners in deciding what kind of events
they should prepare for and what kind and size of resources they would need should the
emergency event occur.

10.12

CHAPTER TEN

10.2.2

Using a Hierarchy of Risk Analysis Techniques for Decision Making

Risk analysis is a tool for decision making. As evidenced by the previous section, a large
number of techniques is available. However, not all techniques are appropriate or useful for
all cases. A hierarchy of techniques from simple to more complex should be utilized for
decision making, depending on whether the hazards are well understood, the magnitude of
consequences, and the cost of the risk control or mitigation measures that are being considered for a given situation.
The following hierarchical protocol has been found to be very effective in risk management decisions at hazardous facilities.
Referring back to the risk management process model discussed earlier (Fig 10.5), the
starting point for analyzing the risks of an existing or proposed facility is to conduct a
screening level risk analysis (SLRA), which is discussed in the next section. This is especially
true for an organization that is at an introductory stage in its application of risk analysis
tools.
The result of an SLRA is a list of potential hazardous events that could occur at that
facility, all ranked using a risk matrix (made up of frequency and consequence components),
based on the experience and knowledge of the analysts undertaking the assessment. The
ranking process involves assigning each hazardous event to an appropriate frequency and
consequence class.
The SLRA should be followed with more detailed (qualitative and / or quantitative) analyses for hazards that warrant further examination for decision making and for development
of risk control or mitigation measures.
As facilities become familiar with the screening level risk analysis method, they may start
using other methods as well, with each method having its own advantages and disadvantages.
One of the above methods—the guide word ‘‘HAZOP’’—is recommended for detailed
qualitative analysis if a detailed hazard identification is warranted at the end of an SLRA.
Qualitative analysis generally:

•
•
•
•

Is conducted by walk-through inspections and in sit-down team sessions
Is relatively quick
Does not require high-level technical and scientific skills
Is based on the personal knowledge and experience of the team.

As such, there may be large uncertainties associated with the assignment of undesirable
events into frequency / consequence classes. For some events of interest (e.g., high risk, high
consequence, high mitigation cost), it may be desirable to understand their frequencies and/
or consequences with a higher level of accuracy than would be possible with a qualitative
analysis based on personal knowledge.
For events where higher accuracy is desirable, well-established quantitative techniques
are available for improving the accuracy of the analysis. For such events (especially those
with off-site consequences), the next steps are:

• Estimating their frequency using established techniques (e.g., fault trees, event trees; see

below)
• Estimating hazard levels as a function of distance from event location using mathematical
models (e.g., dispersion models for toxic gases or vapors; also see below)
This quantitative (frequency, consequence) information is used to confirm or correct the
earlier qualitative assignments and ranking, and to feed into emergency response plans.
Once event risks are quantified in appropriate units, this information will also lend itself
to:
• Making risk / cost / benefit analyses
• Estimating total facility risk for:
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• Comparing with acceptability guidelines (such as those in Figs. 10.3 and 10.4); and / or
• Understanding the total financial risk exposure of projects or facilities
10.2.3

Screening Level Risk Analysis

Screening level risk analysis (SLRA) is a systematic screening process to identify hazards
and prioritize risks for developing risk control measures.
The SLRA protocol follows the manufacturing process (business process) at the facility
(start with inputs and track their movement in the facility) to ensure systematic coverage. It
also allows participation by employees through interviews.
The following are the steps in the SLRA protocol:

• Collect and review background material on the facilities to be examined.
• Divide the facility into appropriate process sections, considering all process areas, opera•
•
•
•
•
•

tional steps or procedures, and ancillary services.
Review the hazardous properties and compatability of materials handled in each section
through a checklist of the hazards and potential consequences of materials in each section,
considering the quantities involved.
Complete a compatibility matrix for the materials in each section.
Examine the major pieces of equipment in each section through a checklist of the hazards
and significant losses associated with this equipment.
Examine the potential for external events, such as earthquake or floods, through a checklist
of such events.
Review the effectiveness of the site’s process safety by becoming familiar with the physical
safeguards and management systems in place.
List potential hazardous events for each section (following the process, answer the question
‘‘what can go wrong?’’) Events may include equipment failure, fire / explosion, toxic gas
clouds, toxic liquid / dust spills, and other accidents, such as falls or falling of heavy objects.

Equipment failures that may not in themselves lead to safety or environmental implications can also be included if the scope of the analysis includes business interruption and
production losses, thus helping to identify priorities for effective maintenance programs.
The generation of the hazardous event list is done through:

• Inspection of each section or operational step
• Reviews of previous hazard studies
• Interviews and brainstorming with knowledgeable individuals, such as operators, design
and process engineers, instrumentation and maintenance personnel

This last step allows employees to participate in the risk assessment process and helps in
their buy-in of the results of the analysis.
Once the hazardous events are identified and listed, then the consequences of each hazardous event are delineated in terms of impacts on different risk receptors (see below for an
example scheme).
The following are the remaining steps in the SLRA protocol:

• Classify each hazardous event into (see below for an example methodology):
• Frequency categories, according to the likelihood of the event
• Consequence categories, according to the expected severity of the event
• Prioritize the significance of the event using a risk-ranking matrix (see below).
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TABLE 10.1 Example Frequency Categories

Category

Description

1
2
3
4

Not expected to occur during the facility lifetime (⬍0.02 / year)
Expected to occur no more than once during the facility lifetime (0.02 to 0.05 / year)
Expected to occur several times during the facility lifetime (0.05 to 1 / year)
Expected to occur more than once in a year (⬎1 / year)

• Develop scope for more detailed hazard identification (e.g., guide word ‘‘HAZOP’’), and

quantitative analysis, such as consequence modeling for establishing hazard zones for
emergency response planning purposes.
• Identify opportunities for improvement (e.g., physical plant design / maintenance / technology, employee training, management systems / integration, emergency response).
• Assign priorities to improvement opportunities based on the priority of the risk they are
designed to address.
• Follow up.
TABLE 10.2 Example Consequence Categories

Category
1
2
3
4
Category
1
2
3
4
Category
1
2
3
4
Category
1
2
3
4
Category
1
2
3
4
Category
1
2
3
4

Public Consequences
No injury or health effects
Minor injury or health effects
Injury or moderate health effects
Death or severe health effects
Consequences in terms of Employee Safety
No injury or occupational safety impact
Minor injury or minor occupational illness
Injury or moderate occupational illness
Death or severe occupational illness
Environmental Consequences (cleanup cost / compensation cost / regulatory fines)
Less than $1,000
Between $1,000 and $10,000
Between $10,000 and $100,000
Above $100,000
Consequences in terms of Production Loss
Less than 8 hours
Between eight hours and 24 hours
Between 24 hours and one week
More than one week
Consequences in terms of Capital Loss, Facility / Equipment Damage
Less than $10,000
Between $10,000 and $100,000
Between $ 100,000 and $500,000
Above $500,000
Loss of Market Share (Dollars)
Less than 1% of annual revenue
Between 1% and 10% of annual revenue
Between 10% and 25% of annual revenue
More than 25% of annual revenue

High

M

Medium

L

Low

VL

Increasing Frequency

H

Frequency Category

RISK AND MANAGEMENT

4

VL

M

H

H

3

VL

L

M

H

2

VL VL

L

M

1

VL VL VL

L

2

4

1
Very Low

3
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Increasing Severity

Consequence Category
FIGURE 10.6 Example risk-ranking matrix.

10.2.4

Frequency / Consequence Categorization and Risk Ranking

Each hazardous event identified as part of the hazard identification step can be categorized
using broad categories of frequency and consequence. Consequences are treated in six different categories: consequences to the public, the environment, the employees, production
loss, capital loss, and finally loss of market share as a result of loss of goodwill in the
marketplace. Example definitions of these categories are presented in Tables 10.1 and 10.2.
It should be noted that these definitions, especially those for production loss, capital loss,
and environmental damage, should be reconfirmed by senior management based on the risk
tolerance of the organization. For example, if there is a zero-tolerance policy regarding
environmental consequences, then the dollar value should be established at very low levels
for each category. Environmental consequences may also be expressed in other than financial
terms if desired.
Each hazardous event, once categorized, can then be represented on a risk matrix shown
in Fig. 10.6, and prioritized with respect to the urgency of risk control measures that should
be implemented to reduce the risk from that particular type of event. A commonly used set
of definitions for each risk category on this matrix is given in Table 10.3.
10.2.5

Other Popular Hazard Identification Methods: Checklist, What-if,
HAZOP, FMEA

A number of qualitative hazard identification methods are available to the risk analyst. Some
of the more popular ones are discussed here. Further detailed information can be found in
CCPS (1992). These methods become more powerful tools if they are coupled with the
matrix-based risk-ranking scheme previously described.
Checklist Analysis. A checklist analysis uses a predefined documented list of items or
questions to assess the integrity of systems, processes, procedures, or facilities. The checklist
questions are typically answered yes or no. Using checklists is a very prescriptive technique
that is frequently applied to test for compliance with standards or regulations.
Checklists provide an opportunity to take advantage effectively of previous experience.
Questions may be structured based on previous incident data to seek out the potential for
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TABLE 10.3 Example risk-ranking Categories (CCPS, 1992).

Code

Category

Description

H

High (unacceptable)

M

Medium (not desirable)

L

Low (conditionally acceptable
with controls)
Very low (acceptable as is)

VL

Should be mitigated with engineering and / or administrative
controls to a risk ranking of L or less within a specified
period such as 6 months.
Should be mitigated with engineering and / or administrative
controls to risk ranking of L or less within a specified
time period such as 12 months.
Should be verified that procedures or controls are in place.
No mitigation required.

specific events that can lead to a release of hazardous substances. The corollary to this is
that the questions are only formulated based upon previous experience. Checklists are therefore limited by their authors’ experience and knowledge. The technique is not particularly
effective in identifying new or previously unrecognized events that can lead to a release.
Also, checklists may not apply to new or unique facilities or processes.
The rigor and thoroughness of checklists are directly proportional to their length. Unfortunately the longer the checklist, the more tedious it is to apply.
Checklists by their very nature tend toward being facility or process specific. They do,
however, have the advantage that they can be prepared by experienced staff but implemented
by those with less experience. They can be customized to specific industries, processes, or
companies. A specific example of this would be the development of a checklist relating to
the use of chemicals, particularly chlorine, in the treatment of water for swimming pools.
Within the limitations described above, particularly the potential to miss new hazards,
checklists can be a powerful, cost-effective hazard identification technique.
Checklist analysis
Applicability to hazard
identification

Advantages

Limitations

• Easy to use (requires

• Still somewhat limited by team

• Custom checklists for specific

less experience)
• Can be quick
• May be customized
• Cost effective

experience
• Repetition may lead to errors
• Minimum level of hazard
identification
• May not identify new hazards

industries, processes, and
companies
• Best applied to processes where
hazards are well understood

What-if Analysis. What-if analysis is appropriate for application to new and unusual circumstances as well as existing operations. It is essentially a brainstorming approach in which
the participants review the process or facility and repeatedly ask the question ‘‘what if?’’
Through their imagination and experience and through asking questions of themselves and
voicing concerns to their peers, the participants identify events that may lead to undesirable
consequences. It is preferable that the participants be both experienced with and knowledgeable of processes or facilities at least similar to those under review.
As a hazard evaluation technique, the strength of a what-if analysis is its ability to identify
hazards, particularly those in new or unusual circumstances. It may be used to target spe-
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cifically the consequences defined in the scope of this chapter, that is, releases of hazardous
substances that can lead to fatalities or injuries among people as our valued risk receptors.
What-if analysis can therefore be a powerful procedure for identifying specific events that
can lead to hazardous substance releases. It is, however, an analysis technique that is constrained by the knowledge, capability, and experience of the participants. If the participants
do not have the appropriate knowledge or experience, they may not have the ability to
identify events that have not yet occurred.
A what-if analysis is less structured than most of the other techniques. The lead analyst
may open the session with a few generic questions. However, other questions will be developed and new scenarios explored as the brainstorming progresses. The what-if approach
works well for evaluating procedures.

What-if analysis

Advantages
• Easy to use
• Adaptable to specific scenarios
• Works well for new and

unusual scenarios

Applicability to hazard
identification

Limitations
• Limited by participant

• Works well for evaluating

experience
• Unstructured, challenging to
retain focus

• Works well for new and

procedures
unusual circumstances

Failure Modes and Effects Analysis (FMEA). A failure modes and effects analysis
(FMEA) is more structured than a what-if analysis. The technique provides for a rigorous
analysis of equipment to identify single failure modes that can lead to an effect or incident.
The failure mode provides a description of how the equipment failed (e.g., open, closed,
stopped, running, on, off ). The effects provide a description of the undesired consequence
or incident. As a hazard evaluation technique, it may also be used to prioritize the criticality
of each effect.
This technique is adaptable to identify the undesirable consequences within the scope of
this guide. That is, an analysis can be undertaken on equipment pertinent to hazardous
substances. The effects analyzed can be limited to releases that will lead to potential for
fires fueled by flammable liquids and flammable liquefied gases, the release of toxic liquefied
gases, and the evaporation of volatile toxic liquids.
The technique focuses on single failures of equipment. Its weakness is that it does not
recognize multiple failures or multiple causes of incidents. It is also inadequate for identifying failures resulting from human error or procedural weaknesses.

Failure modes and effects analysis (FMEA)

Advantages

Limitations

Applicability to hazard
identification

• Structured and rigorous

• Limited to identification of

• Works well for evaluating specific

single failures
• Does not recognize
multiple causes
• Does not examine human
factor or procedural causes

items of equipment for physical
integrity
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Hazard and Operability Study (HAZOP). The hazard and operability study (HAZOP) uses
rigorous analytical methods to identify deviations from the design intent through a detailed
analysis of the facility design. A multidisciplined team, lead by a risk specialist, rigorously
analyzes the design, normally using piping & instrumentation diagrams (P&IDs). The analysis is structured around a systematic review of the design using guide words applied to
preselected system nodes. The guide words (no, more, less, as well as, part of, reverse, other
than) are applied to parameters such as flow, level, and pressure at the specific design nodes.
The guide words provide structure to ensure a systematic approach. The HAZOP technique
can be viewed as a structured brainstorming session.
Since the original guide word HAZOP technique was developed, some companies have
developed the knowledge-based HAZOP technique. It relies on the knowledge of team members to identify hazards with the design or operation of the facility, and as such can be
considered as more of a safety review / checklist technique. We shall focus on the guide word
technique in the remainder of this section.
The outcome of a HAZOP study includes the identification of hazards and operability
problems. A study may lead to recommendations to change the design or operating procedures or identify the need for further information and study. It is important to note that the
prime purpose of the study is to identify hazards, not to redesign the process and develop
solutions.
Although originally conceived as a process for identifying hazards and operability problems in new, untested designs, HAZOP has been shown to be an effective method for reviewing existing operations. It should be recognized that a HAZOP study is a rigorous review
of detailed design and, as such, requires extensive resources in both manpower and time. A
typical study may occupy five to seven multidisciplined specialists for a number of weeks.

Hazard and operability analysis (HAZOP)

Advantages
• Structured brainstorming
• Applicable to existing and

especially novel or
untested designs
• Addresses design and
procedures in multidisciplined manner

Limitations
• Time consuming and has large

manpower needs
• Normally assumes initial design
intent was correct (the team
could also identify that the
design intent was incorrect)

Applicability to hazard
identification
• Works well for

multidiscipline
evaluation of detail
design and procedures

• Potential to be tedious, may lead

to errors

10.2.6

Index Methods

A number of index methods have already been listed. Of these, the pipeline index will be
described here because it is possible to demonstrate the essence of index methods in a very
brief manner.
The pipeline index consists of a dimensionless parameter that represents the reciprocal of
failure frequency and another dimensionless parameter that represents the inherent hazard
associated with the material being transported.
The inverse frequency factor is then divided by the consequence parameter to arrive at a
dimensionless inverse risk parameter. Thus, a higher value of the resultant parameter indicates higher safety of a pipeline segment.
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The inverse frequency factor can have a value between two arbitrary integers selected by
the developer of the index, and it is made up of factors such as susceptibility of the pipeline
to third party damage or corrosion, as well as including factors such as the strength of the
design and operating systems. A high number implies a smaller potential for failure.
The index is a very powerful tool for comparing different pipeline segments. However,
because the index is dimensionless, it is not possible to undertake cost / benefit analyses or
make comparisons, for example, with other modes of transport using this technique.

10.2.7

Quantitative Methods of Safety Risk Analysis

Quantitative methods aim at expressing risk in understandable units. As such, the frequency
and consequence of a hazardous event are first quantified and then multiplied together to
arrive at the commonly used risk parameter
Recalling the definitions of individual and societal risk that we used in the previous
section:
Event individual risk
event individual consequence
at a receptor point ⫽ event frequency ⫻ at that receptor point
event societal risk

⫽ event frequency ⫻ event societal consequences

Note the location-dependent nature of individual risk versus the aggregate nature of societal risk.
The total facility individual risk is then the sum of all the event risks at a receptor point.
Repeating the process at different receptor points will generate a risk curve, where risk
generally decreases with increasing distance from the risk source. The units of this risk
measure can be expressed as the annual chance that a person living near the hazardous facility
might die due to potential accidents in that facility. (The MIACC risk acceptability guidelines
are for a specific receptor location and not for a specific receptor that may spend some of
his or her time away from that receptor location. Hence, the risk calculation should also
assume continuous exposure of the receptor.)
In the calculation of the total facility risk, it is important that all significant representative
accident scenarios be identified. Due to the large number of potential scenarios in complex
installations, events with similar consequences are normally grouped together to reduce the
amount of effort required to quantify their consequences. Then a representative scenario is
selected for each event category and is assigned the total frequency of all events falling into
that category of events.
The implications of this effort-saving step must be understood and evaluated very carefully
by all stakeholders.
In public risk assessments, the representative scenario selected for each event category is
generally the worst case in that category of events. This is done to ensure that the risk
estimates are conservative (i.e., risks are overestimated) so that public safety is not compromised. If the number of event categories used in the assessment is too small, this standard
practice of risk analysis may lead to unrealistically high risk estimates, thus losing their
usefulness in decision making. A balance must therefore be sought between the amount of
effort spent (which is proportional to the number of event categories used) and the degree
of overprediction tolerable in the risk estimates.
For events with little or no dependence on meteorology and wind direction (such as
explosions) in facilities that can be considered as point sources (such as chemical plants and
storage facilities), the mathematical expression for the total individual risk is relatively
straightforward:
I(R;R⬘) ⫽ 兺 Fh Pe,h(R;R⬘)

(10.1)

Here Pe,h(R;R⬘) denotes the probability of hazardous effect (e.g., fatality) at receptor lo-
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cation R due to the risk source at R⬘ and hazardous event h, Fh denotes the annual frequency
of the hazardous event h, the multiplication of the two gives the event individual risk at
receptor point R, and the sum is over all the event categories. In this discussion, Pe,h(R;R⬘)
is assumed to be known from consequence modeling (see also further below), and the process
of estimating total individual risk is described in graphical form in Fig. 10.7, where risk
from two events, each with its own risk distribution, is added together at each distance from
the event location to arrive at the total risk at that distance.
For meteorology- and wind direction-dependent events (such as gas clouds), the treatment
is more complex, requiring consideration of joint frequency of occurrence of different
weather conditions with wind direction.
For a hazard that depends on meteorology and wind direction (such as a toxic cloud),
the individual risk can be estimated by (using the coordinate system shown in Fig. 10.8):
Ie,h,m (R;R⬘) ⫽

冕

2

0

Fh Pe,h,m (R;R⬘) i,m() d

(10.2)

where Pe,h,m(R,R⬘) is the probability of effect e (e.g., death) at R due to event h taking place
at R⬘
Ie,h,m(R;R⬘) is individual risk at R due to risk source at R⬘
Fh is the frequency of event h
i,m() d is the proportion of time the wind spends between  and  ⫹ d within
wind sector i during meteorological condition m (m defined by atmospheric stability and wind speed combination).
The total risk for that event h over all (M ) meteorological conditions is then:

Calculation of Faclity Individual Risk

Individual Consequences
➤ Assume Event a and Event b represent all the events that can take place at the risk source
Pe

Pe,a = Probability of death at distance d as a result of the event a
Pe,b = Probability of death at distance d as a result of the event b

1.0

a

b

f = event frequency, assume fa = 10-4
fb = 4x10-4

0
Distance from Event Location

d

Event Location

Facility Individual Risk
I
5x10-4
4x10-4

10-4

To obtain Facility Individual Risk at distance d, add the
Event Individual Risks at distance d for Event a and Event b
b

This total risk curve can now be used for comparison against
risk acceptability criteria for making decisions about the facility

a
d

Distance from Event Location

Event Location

FIGURE 10.7 Estimation of total facility individual risk (for events with little or no dependence
on meteorology and wind direction–explosions, pool fires, simple jet fires).

RISK AND MANAGEMENT

y

North

10.21

plume centerline
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FIGURE 10.8 Coordinate system.

冘I
M

Ie,h(R;R⬘) ⫽

(R;R⬘)

(10.3)

e,h,m

m⫽i

For hazardous installations of a linear nature, such as pipelines and rail, truck, and marine
tanker transportation corridors, the estimation of individual risk also involves an integration
along the corridor. For a linear risk source of length L⬘, the individual risk at R can be
calculated by integrating the individual risk due to an infinitesimal risk source of length ds⬘
at location R⬘ (see Fig. 10.9).
Ie,h,m(R;L⬘) ⫽

冕

l0⫹L⬘

l0

Fh⬘(R⬘)

冋冕

2

0

册

Pe,h,m(R;R⬘) i,m() d ds⬘

(10.4)

where F⬘h(R⬘) is the per-unit-length event frequency.
Equation (10.3) again applies for obtaining the total risk for the event h over all meteorological conditions.
These formulations can be readily extended to estimation of societal consequences and
societal risk as shown in Alp and Zelensky (1996). The basic formula for calculating societal
consequences of a hazardous event is demonstrated in Fig. 10.10. The societal risk can then

linear risk source
of length L´
ds´
Receptor R
FIGURE 10.9 Estimation of individual risk for a risk source of a linear
nature.
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C e , h , m ,θ (R ') = ∫ ∫ ∫ Pe , h , m (R ; R ')ρ (R ) dx dy dz
ρ (R ) = population density at receptor R
The integral is over all receptors
Pe,h

FIGURE 10.10 Calculation of societal consequences of a hazardous
event.

be calculated simply by multiplying the societal consequence by the corresponding event
frequency.
For linear sources, it should be noted that the societal risk is directly proportional to the
length of the source similar to that shown by Eq. (10.4).
Practical tips for using these formulations and their limitations are also presented in Alp
and Zelensky (1996). Other simplified formulations can be found in CCPS (1989a, 1995b).
The above discussion assumed that we know the quantities:

• Pe,h(R;R⬘)—the probability of hazardous effect (e.g., fatality) at receptor location R due to
the risk source at R⬘ and hazardous event h
• Fh—the annual frequency of the hazardous event h.

Let us now discuss the methods available to us for estimating these two quantities.
10.2.8

Frequency Analysis Techniques

The risk presented by a facility is dependent on the frequency at which an undesired event
can be expected to occur and the adverse consequences that could result from the event. For
this purpose, the undesired events that were identified using the techniques described as
qualitative must be analyzed to determine their expected frequency.
Many techniques are available to estimate the frequency of a given type of major hazardous event occurring at a specific facility, on a transportation corridor, or along a pipeline.
(For detailed descriptions see TNO, 1988, and CCPS, 1989a, 1995b.) These vary in complexity and type of information they yield. Their selection depends on the desired outcome
and the amount of time and effort available. The techniques we will consider are:

•
•
•
•
•

Historical data analysis
Fault tree analysis
Event tree analysis
Human reliability analysis
External events analysis
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All of these techniques rely on past experience to a certain extent. Fault and event trees
are the most common frequency modeling techniques for complex situations that require
tracking of chains of events. Human reliability analysis and external events analysis can be
considered essentially as components of fault and event tree analysis, with the information
generated from their application to be fed into the fault and event trees.
An important factor to be considered in deciding the amount of effort to spend in improving the accuracy of event frequencies is whether the numbers will be used in an absolute
sense or for a comparative exercise. For complex land-use decisions regarding pipelines,
dangerous goods transportation corridors, or industrial plants, accuracy of the frequencies is
important because the end result will be compared to the established risk-acceptability guidelines for land use. This may not be the case for the addition of controls or mitigation for
the specific purpose of reducing overall risk. In such a study, it may be more important to
be consistent in approach than to seek high levels of accuracy in the frequency estimates.
Historical Data Analysis. Use of historical data in the estimation of hazardous event frequencies is a suitable approach if the operating experience of the equipment is sufficient to
produce a statistically meaningful database.
Historical data can be used in two different ways:

• To estimate directly the frequency of the hazardous event of interest (top event) identified
in the hazard identification step of the risk analysis; and

• To estimate frequencies of events or causes that contribute to the occurrence of the top
event

The latter is generally used in conjunction with fault trees.
There are generic types of equipment that are used in the various industries (e.g., pumps,
valves, pipelines). Industry-average failure frequency rates are available for these pieces of
equipment. However, not all facilities experience failures at the same rate. These rates can
vary considerably depending on site or company conditions, such as:

•
•
•
•
•
•
•

Management practices
Operating practices
Appropriateness of design and construction materials
Level of testing, inspection, and maintenance
Equipment age
Severity of operating conditions
Nature of the materials handled

Therefore, it is best to use site- or company-specific release data if they are available.
However, any given site or company will not generally experience a significant number of
major events to form a statistically significant database. In this case, it will be necessary to
use general industry data for overall failure rates as a first approximation.
When using general industry data, it is common practice to adjust the data up or down
by up to an order of magnitude based on engineering judgment, depending on the specific
site or company conditions.
A common problem in generating frequency information for hazardous events is lack of
divisor information. In a risk analysis, the unit of frequency needed for estimating annual
risk is events / year. For example, for a hydrocarbon storage tank fire in a facility containing
three tanks, we would need base frequency information in terms of tank fires / tank-operatingyear and multiply this quantity by three to obtain the frequency of the event we are looking
for in terms of tank fires / year in that three-tank facility. Historical data from government or
industry sources may be available in terms of tank fires / calendar year in Canada or in the
world but not in terms of tank fires / tank-operating-year. In order to estimate the base fre-

10.24

CHAPTER TEN

quency information tank fires / tank-operating-year from tank fires / calendar year in Canada
or in the world, one would need to divide it by the number of operating tanks in that calendar
year in Canada or in the world (hence the term divisor), but this parameter is generally not
easily available. The same situation generally exists for all industries, including rail transportation, pipeline transportation, chemical industries, and others. Some industries and government agencies have commissioned special studies to resolve this issue and provide base
frequency information that can be directly used in risk analyses. Examples of such data are
presented further below.
In any case, use of fault and event trees is strongly recommended instead of such approaches in all quantitative risk assessments.
Fault Tree Analysis. When failure rate data are not available for the undesired event or
the top event, or its accuracy is not judged to be sufficient, the event frequency can be
estimated using analytical methods, specifically fault tree analysis (FTA). FTA uses a ‘‘backward logic,’’ which begins with an undesired event (e.g., a release of a hazardous material
from containment), analyzes the system to determine the basic cause(s) of the undesired
event, and enables the user to quantify the likelihood of the top event. This is done through
a ‘‘top down’’ tree, with the branches identifying the main causes and influencing factors
contributing to the top event. The tree-like or branching investigation of each scenario gives
rise to the name ‘‘fault trees.’’ Since the method is deductive, it focuses on the particular
event in question, thereby eliminating time spent following trains of thought that do not lead
to hazardous situations.
FTA is a tool employed in the analysis of complex systems to estimate the likelihood of
a hazardous event. It has been applied, for example, in safety evaluations of nuclear power
plants, space missions, air, rail, highway, marine and pipeline transport, liquefied natural gas,
chemical manufacturing, and other hazardous material facilities. With this method, all material, personnel, and environmental factors of a complex system can be systematically presented. A well-constructed fault tree enables us to discover failure combinations that would
not normally be discovered and provides for both qualitative and quantitative evaluation.
FTA starts with a particular undesired top event, such as a flammable material release
and fire or explosion from a particular system. It then breaks down the causes of that event
into all the identifiable contributing sequences, and each sequence is separated into all necessary components or events. The presentation of all this information is facilitated by the
use of a logic diagram, or fault tree. The fault trees are generally developed only as far as
necessary down to a level at which failure or event frequencies are known with a reasonable
degree of accuracy from past experience or historical data. The elemental parts of a fault
tree at the bottom level are known as basic events.
The symbols commonly used in developing fault trees are shown in Fig. 10.11.
To quantify a fault tree, failure rates are assigned to the basic events at the bottom levels
of the tree. The occurrence rates for human error and equipment failure used in the fault
trees are based either on information reported in the literature, specific facility or company
history, or analyst estimates that combine information supplied by the company (operating
procedures, personnel organization and experience, and design information) with information
from other sources in the literature. If available, it is best to use site-specific failure data
when quantifying the tree. This data is often available from preventive maintenance records
or from a review of incident reports.
The sequence of events forms pathways, along which are found AND or OR gates. These
gates connect the basic initiating event and contributing events to the higher-order events.
When all of a set of lower-order events must occur in order for the next-higher-order event
to occur, these events are joined by an AND gate. Multiplying the probabilities of each event
in the set (sometimes coupled with one frequency) yields the likelihood of the next higher
event. When the occurrence of any one of the set of lower-order events is sufficient for the
next-higher-order event to take place, the events in the set are joined by an OR gate, and
their probabilities or frequencies are added. Likelihood of the top events is generally ex-
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Basic Event: Circles or ovals represent basic events. These are basic initiating
faults requiring no further development. They include initiating events with
yearly rates of occurrence, and response (demand) events with failure rates of
occurrence per demand, i.e., conditional on the prior initiating and contributing
events having occurred.
Undeveloped Event: Diamonds represent events that are not developed
further either because the event contributes insignificantly to the top event or
information relevant to further development is unavailable.
Rectangles represent states that are the product of several initiating and/or
contributing events through an “AND” or “OR” gate and may therefore have
rates of occurrence either yearly or per demand.
“AND” gate – the rates of occurrence on the incoming branches are
multiplied. All input events must occur for the output event to occur.
“OR” gate – the rates of occurrence on the incoming branches are added.
Occurrence of any one input event can result in the output event.
Hexagons represent numbers of components and serve as multipliers.

FIGURE 10.11 Symbols used in fault trees.

pressed as a yearly rate, e.g., 10⫺4 chance of occurrence per year (once in every 10,000
operating years on average).
Since the likelihood of each top event (accident scenario) is to be expressed as a yearly
rate, no more than one event leading into an AND gate can have a probability expressed as
a frequency. Otherwise, the overall rates will be in terms of something similar to ‘‘occurrence
rate per year squared’’—a meaningless concept. Thus, at most one event leading into an
AND gate can be expressed as a frequency; the remaining events are expressed as conditional
probabilities, or probabilities per demand.
At OR gates, it is essential that all the events entering the gate be quantified in the same
units, i.e., as either frequencies or probabilities, since they are to be added. The next higherorder event will be in the same units as the events preceding it.
One of the most common mistakes is to multiply two or more frequencies together,
yielding meaningless results. Hence, we sometimes use appropriate symbols to clarify which
events are given as frequencies and which are probabilities. We also try to ensure independence between events, particularly during quantification.
Figure 10.12 gives an example of a simple fault tree. The resulting fault tree provides a
visual understanding of the basic causes of the undesired event and a structure that can be
quantified to arrive at the expected frequency of the undesired event.
The literature contains several examples of fault trees that have been developed for specific situations. For example, the Health and Safety Executive of the United Kingdom has
developed a fault tree for the BLEVE of a butane storage bullet (Blything and Reeves, 1988).
They consider the ways in which a leak may occur and progress to a BLEVE and assign
failure data to arrive at a top event frequency in the range of 10⫺8 to 10⫺6 / vessel-year. Other
examples can be found in CCPS (1989a).
Event Tree Analysis. Event tree analysis is a forward-looking method that takes an initiating event, identifies post-initiating event influencing factors, and combines the information
into a logic tree in which the occurrence of each influencing factor is either ‘‘true’’ or ‘‘false.’’
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FIGURE 10.12 Example of a fault tree.
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Two types of event trees are commonly used in risk assessments: pre- and postincident
event trees.
Preincident event trees are generally used to develop and track the responses of a control
system after the system has failed, this failure being the initiating event. A typical example
is shown in Fig. 10.13. Each possible outcome following the initiating event is tracked with
a series of positive or negative branches, examining what would happen if the next line of
defense functions as designed or fails to function, each with its associated probability of
failure. In this way, likelihood of undesirable outcomes, such as releases of hazardous materials, can be estimated.
Postincident event trees are used to track possible outcomes following a hazardous material release or other top events examined by a fault tree, and to estimate the frequencies
of these outcomes. A typical example is given in Fig. 10.14, which shows the possible
outcomes of a propane release from pressure-liquefied storage.
Using event trees to develop scenarios during the hazard identification step in a risk
analysis is attractive in that it helps organize the thinking process and helps the analyst see
how all the parts fit together. The conditional probabilities used in quantifying the branches
of the event trees are commonly based on historical data and engineering judgment, also
taking into account the types of ignition sources in the surrounding area for flammable
releases.
Human Reliability Analysis. This component of frequency analysis refers to quantitative
examination of human responses to given routine and emergency situations that require
human intervention. The information is generally in the form of conditional probability of
failure to respond in the appropriate manner to a given signal or failure to perform a certain
task correctly. Failure rates will be higher for high-stress situations and will also depend on
environmental conditions, timing of events, experience, availability of written procedures,
and training levels. In risk analyses, this information is used in fault and event trees.
Human reliability analysis is an important component of risk analysis. Reviews of past
accidents show that human error accounts for the vast majority of these events. The technique
most widely used for estimating human error probabilities is called THERP (Swain and
Guttman, 1983). The method uses event trees drawn in a different format to arrive at a
human error probability. See Fig. 10.15 for an example. In these event trees, failure paths
branch right and success paths branch left.
External Events Analysis. This component of frequency analysis considers the impact of
external events (such as earthquakes, tornadoes, floods, aircraft crashes, terrorism, and vandalism) as initiating events to undesirable event scenarios. Quantitative frequency information
is then used in fault and event trees.
Quantification Based on Experience. The availability of concrete failure data is rare for
most operations, although there are standard databases available. The best data to use for
plant fault trees are those which refer directly to the site in question. Equipment failures can
often be determined from maintenance records; component failures can often be determined
from warehouse records that show the use of a given product, e.g., solenoid valves, over a
period of time.
If such information is not readily available, it is still possible to quantify a given cause
by asking other staff members how often they would expect a failure to occur using a Delphi
technique. Such an estimate is often accurate enough, especially for an initial evaluation.
The following is one possible procedure for obtaining this data:
1. Select a group of experts (usually three or more).
2. Solicit, in isolation, their independent estimates on the value of a particular parameter
and reasons for their choice.
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FIGURE 10.13 Example of a preincident event tree (for failure of a pressurized liquid storage vessel pressure
control system resulting in release from a pressure safety valve).
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FIGURE 10.14 Example of a postincident event tree following a large release of liquefied
petroleum gas.

3. Provide initial results to all experts and allow revisions to the initial estimates. In some
cases, the experts are brought together and allowed to discuss the basis for their estimates
in order to try to reach a consensus.
4. Use the average of the final estimates as the best estimate of the parameter. Use the
standard deviation of the estimates as a measure of the uncertainty.
If it is determined that the estimated event plays a critical part in the undesired event
frequency, then time can be spent to obtain more detailed data from records, from supplier
data, or by testing the components.

Success

Field gas detector alarms

Failure

First operator (see Note 1) fails to notice
alarm and diagnose required action
P1’ = 0.1 (see Note 2)

P1 = 0.9

P2 = 0.9
Operator fails to turn right
switch to close valve
P3’ = 0.003
Success path 1
S1= (P1+ P1’ P2) P3
= 0.98703
≈ 0.987

Failure path 2
F2= (P1+ P1’ P2’) P3’
= 0.00297
≈ 0.003

Second operator fails to notice
alarm and diagnose required action
P2’ = 0.1 (see Note 2)
Failure path 1
F1= P1’ x P2’
= 0.01

Ftotal= F1 + F2
= 0.013
➾ Recommended Human Error Probability = 0.02
(round up)

Notes: 1. Two operators are assumed in control area
2. Time required to take action < 10 min

FIGURE 10.15 Example of a human reliability event tree (for failing to close a remotely operated
isolation valve given a field gas detector alarm).
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Available Data on Event Frequencies. A number of sources are available where historical
data on undesirable event frequencies can be found. These data sources can be grouped into
the following three categories:
Component Failure Rate and Human Error Data. These sources provide generic data
on failure rates of components such as valves, flanges, and pipes on a per unit time or per
demand basis as appropriate. Commonly used references include CCPS (1989b), Lees (1986,
1996), Rijnmond (1982), EPRI (1981), CONCAWE (1982), HSE (1996a, 1996b, 1997),
IEEE (1983), Johnson and Welker (1981), OREDA (1997), U.S. NRC (1975), Swain and
Guttman (1983).
Industry Top Event Frequency Data. These data sources provide information on industryaverage frequencies of top events that could be used directly in risk analyses. They are
published in the following manner.

• As part of industry guidelines or recommended practices (e.g., API, 1995)
• By government agencies, e.g., Alberta Energy Utilities Board annual sour gas incident data

reports, Transportation Safety Board annual reports containing air, marine, rail accident
statistics, U.K. Health and Safety Executive annual reports containing offshore accident
and release statistics, and others, such as:
• The National Transportation Safety Board (U.S.)
• The Federal Railroad Administration (FRA, U.S.)
• The Federal Transit Administration (FTA, U.S.)
• The Federal Highway Administration (FHWA, U.S.)
• The Research and Special Programs Administration (RSPA, U.S.)
• The Office of Pipeline Safety (U.S., part of the RSPA)
• The Bureau of Transportation Statistics (U.S.)
• The Office of Hazardous Materials Safety (U.S.)
• The Transportation Research Record (National Research Council, Transportation Research Board, U.S.)
• The International Transportation Safety Association (ITSA)
• The Railroad Commission of Texas
• By consulting companies under contract to government agencies (e.g., Worldwide Offshore
Accident Databank—WOAD), or
• As occasional research papers or reports (e.g., papers on rail and truck accident rates,
reports on pipeline accident rates from groups such as the Institute for Risk Research,
University of Waterloo)
Selected industry-average information from various sources can be directly used in risk
analyses. Due to the large variability in actual experience from facility to facility and from
company to company, extreme caution should be exercised in use of such industry-average
data. Use of facility-specific data in combination with fault and event trees is recommended
wherever possible.
Government of Canada Accident Data. Various government agencies in Canada collect
and report information on accidents. These provide country-wide incident information on a
yearly basis but are not directly useful in risk analyses because they do not include appropriate divisor data (see above, Historical Data Analysis). These include the following:
• National Analysis of Trends in Emergencies System (NATES) Database
The NATES database was established in 1973 by Environment Canada to record information from voluntary reporting of pollution incidents involving hazardous substances.
The database contains spill information entered under a number of data fields, including
location, material spilled, quantity, cause, source, and sector.
NATES captures the most significant of the spill events reported each year. For the sake
of clarity, the name ‘‘NATES’’ is used to encompass all of the data sources for various

RISK AND MANAGEMENT

10.31

analyses of trends undertaken by Environment Canada. However, NATES is only one of
the data sets used; data are also obtained through the Department’s cooperative agreements
with the provincial and territorial reporting agencies and other government departments.
• National Pollutant Release Inventory (NPRI)
In addition to NATES, Environment Canada also maintains a national database called
the National Pollutant Release Inventory (NPRI). It is designed to collect and make available to the public, on a yearly basis, comprehensive national data on releases to air, water,
and land, transfers in waste, and ongoing emissions of specified substances. Under the
authority of the Canadian Environmental Protection Act (CEPA), owners or operators of
facilities that manufacture, process, or otherwise use one or more of the 176 specified
substances under prescribed conditions are required to report to the NPRI. The NPRI
reports for the years 1994 and 1995 can be found on the Environment Canada website
(http://www.ec.gc.ca / pdb / npri / ).
One of the main differences between NATES and NPRI is that reporting to NATES is
voluntary, while reporting to the NPRI is mandatory. Also, NPRI covers all emissions
including spills, whereas NATES covers only spills. In addition, the thresholds and reporting criteria exempt many fixed facilities from reporting to NPRI, whereas all spills
may be reported to NATES.
• Dangerous Goods Accident Information System (DGAIS)
Transport Canada maintains the Dangerous Goods Accident Information System
(DGAIS). All transportation incidents resulting in spills must be reported to the Transport
of Dangerous Goods Directorate by the person responsible for the dangerous goods consignment at the time of the incident. Since July 1985, dangerous goods incident information
has been submitted under the reporting requirements of Section IX of the Transportation
of Dangerous Goods Regulations.
• National Environmental Emergencies System (NEES)
Recognizing the incompatibilities among the various Environment Canada regional spill
databases, the Environmental Emergencies Program began developing the National Environmental Emergencies System (NEES) in the fall of 1993. This system incorporates historical data tables from the regional systems, as well as the NATES database, and data
from various contributing agencies.
Uncertainties in Estimating Frequency. The greatest influence on uncertainty in risk results can be attributed to uncertainties in frequency estimates arising from:

•
•
•
•

Uncertainties in modeling
Errors in modeling
Omissions in modeling of safety features
Uncertainties in failure data

Each of these can cause the estimated frequency to deviate from the true mean frequency.
Uncertainties in modeling occur for a variety of reasons. The analyst may not have sufficient
design, layout, or operating information to develop accurate logic tree models. For example,
the total length of pipeline in a plant may not be known with confidence. Another type of
uncertainty may arise from taking short cuts in the modeling in order to simplify the effort
required. Usually conservative assumptions can be made for the above factors.
Errors in modeling may arise if due care is not taken in developing fault / event tree models
or identifying appropriate failure mechanisms. For an example, let us consider an area that
has two toxic gas detectors, either of which can close an emergency isolation valve. In the
fault tree, both detectors would have to fail for leak detection failure to occur and the events
would be ‘‘ANDed’’ together. The fault tree should be described down to the power supply
level. This would ensure that the Boolean solution to the fault tree would capture the case
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in which power is supplied to the detection equipment from the same power bus. Another
example is the case of sour gas pipeline failure rates. Because of the corrosive nature of
sour gas, these failure rates are significantly higher than for sweet gas pipelines. Using a
sweet gas pipe failure rate for sour gas service will underpredict the frequency of releases.
Failing to acknowledge safety features can cause a hazardous event frequency to be
overestimated significantly (by up to two orders of magnitude or more). The magnitude of
this uncertainty alone may be greater than the cumulative uncertainties in all other estimates.
If the results are acceptable, then there is no need for a second iteration and the analyst
would be certain that frequency and risk have not been underestimated.
In the above factors, the analyst has control over the uncertainties. However, when it
comes to failure data based on historical observations, the analyst has little control over the
uncertainties. These data tend to be generic (i.e., ‘‘average’’) and limited. The unique conditions at a specific plant (e.g., component service, age, or environmental conditions) may
not be captured in the data. In addition, there may not be data available for all components
or component failure modes. Inevitably, approximations are made; these should be made
conservatively. Failure rates that are available will also have significant uncertainties—
divisors (i.e., component years of service) may not be well known or the number of component failures in the database may be underreported. This is particularly important if using
generic hazardous event frequencies (i.e., BLEVEs per tank-year) in that they are unlikely
to capture the design, layout, operational, and mitigation features of a particular plant. Here,
the uncertainty in the frequency estimates may be so significant as to render the risk results
meaningless.
In summary:

• There are a number of different factors that may result in uncertainties in frequency estimates.

• In most situations, uncertainties in frequency estimates are the greatest contributor to uncertainties in risk estimates.

• Analysts experienced in frequency estimation can minimize these uncertainties and ensure,

where possible, that they err on the safe side (i.e., overestimating frequency without going
overboard).
• In choosing the method for delivering frequency estimates, while the use of fault / event
logic trees is superior to deriving hazardous event frequency from generic historical data,
it is also more costly.
10.2.9

Consequence Analysis Methods

Once the hazardous events are identified, the next step in the risk analysis is to analyze their
consequences, i.e., estimate the magnitude of damage to the receptors of interest should
those hazardous events occur.
Consequence estimation can be accomplished by:

• Comparison to past incidents
• Expert judgment
• Using mathematical models (consequence modeling), which can be at various levels of
detail and sophistication

Consequence modeling is an analytical approach used to determine the possible physical
effects resulting from the release of a hazardous substance. The inputs to this analysis include
the physical, chemical, and toxicological characteristics of the hazardous substance and the
characteristics of the system in which it is contained (e.g., pressurized vessel, pipe, reactor,
bulk carrier container).
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The decision on the level of sophistication of the consequence analysis depends on the
desired objective and accuracy of the results. If the results and the insight gained from the
modeling will be used for emergency response planning or siting of critical plant units within
an industrial facility or in complex land use decisions, then detailed modeling should be
preferred. If a quick assessment is all that is required, such as deciding whether to install
an additional risk control measure such as an isolation valve, then sophisticated models may
not be necessary (especially if the cost of the risk control measure is not large compared to
the cost of the analysis). The rule of thumb is to undertake detailed modeling if the cost of
the risk control measure under consideration by the decision maker, or the potential consequence cost of not implementing the risk control measure, is much higher than the cost of
the modeling.
The credibility of any given modeling result depends on the credibility of the release
scenario (hazardous event) chosen, the supporting assumptions made in the analysis, and the
technical merits of the model itself. Numerous studies have attempted to develop comprehensive consequence models for the hazards of interest; however, due to the wide range of
variables that may affect the behavior of hazardous releases, there is no single model that
will satisfy all situations. There is a wide range of available models that may be based on
simple or complex equations, state-of-the-art research, and actual field test results. When the
intent of the modeling exercise is to use the results to support decisions, it is important that
the decision-makers or at least their advisors understand the key considerations that have
gone into the development of these models. This knowledge will help with the model selection and establish confidence in the final results. Considerable judgment is required to assess
which models are appropriate and relevant to a particular situation. A good understanding
of the underlying physics of the scenario is essential to the success of model selection.
Since modeling results are highly sensitive to supporting assumptions, consistency is best
achieved by having the same person(s) carry out the modeling calculations. The assumptions
are generally left to the discretion of the modeler; they must be consistent with the laws of
physics and should reflect experience for the system or location under study. They should
also recognize the broader experience gained from the history of previous events.
This section describes the important underlying physical mechanisms for some of the
more common types of hazardous material releases and gives guidance on the type of models
that should be used to provide an acceptable level of accuracy in estimates of event consequences (and hence individual risk, which is the desired end point for comparison against
the MIACC risk acceptability guidelines).
The focus is on estimating concentrations of toxic or flammable gases in the atmosphere,
thermal radiation (heat intensity) levels from fires, and explosion overpressures. Each of
these effects is capable of causing serious injuries or fatalities. Results are normally expressed
at selected receptor locations and, for time-varying hazards, as a function of time.
Consequence modeling generally involves three distinct steps:
1. Estimate the source term (source term modeling), i.e., how much material in what form
(gas / liquid / two-phase) is being released from containment as a function of time, and
develop the release scenarios or possible hazard outcomes (toxic cloud, fire, explosion,
etc.) following the release. (A powerful tool to develop and keep track of possible outcomes following a release is an event tree; event trees are commonly used in quantifying
the frequency of these various outcomes and were therefore described in Section 10.2.8.)
2. Estimate the hazard level (hazard modeling) as a function of time and at selected receptor
locations, i.e., estimate:
• Ambient concentrations for a toxic or flammable gas release (for modeling the effects
of a toxic cloud or flash fire)
• Thermal radiation flux for fires (for a jet fire, pool fire, or fireball)
• Overpressure for explosions (for a confined explosion, boiling liquid expanding vapor
explosion [BLEVE], or vapor cloud explosion [VCE])
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3. Estimate the damage level on the selected receptor, based on the hazard level at the
receptor location (vulnerability modeling).
In scenario development, usually only minimum allowance is made for active hazard
mitigating factors such as emergency shutdown or isolation devices, alarms or emergency
response plans, especially in initial stages of analysis to reduce the complexity of the analysis, thereby saving costs. This is the approach suggested in the 1996 US EPA risk management program legislation and will tend to build a degree of conservatism in the results
(i.e., overestimation of risk). When communicated appropriately, this approach may give
additional comfort to the stakeholders in making any decisions if even these overestimates
are within acceptable limits. If, however, the risks estimated using this assumption turn out
to be unrealistically high, further detailed analysis, which would take into account active
mitigation systems and their failure frequencies, is then recommended.
Physical Mechanisms and Parameters Important for Determining Source Terms and Outcomes of Hazardous Material Releases. The total mass of the release and its rate of release
are probably the most important parameters that influence the hazard zone associated with
a release.
A release rate will normally vary with time and as a function of hole size and location,
containment conditions, system inventory, and external conditions. If a mixture is involved,
the composition of the release may also vary with time.
It is important to establish the initial release rate (over the first 10 seconds or so) for
releases of high-pressure gases or liquefied gases from pipelines and vessels because these
initial release rates often control the maximum extent of the hazard zone. One of the major
difficulties is in dealing with two-phase flow since there is a high degree of variability in
how various models predict these release rates.
In the case of an instantaneous release, the source strength is specified in terms of the
total mass released. For a continuous release, the source strength is a function of outflow
expressed in terms of mass per unit of time. In order to determine the strength of the source,
the physical state of a contained substance must be defined and described. The physical
properties of the substance, together with containment pressure and ambient temperature,
determine the physical state.
In the case of a continuous release, it is necessary to determine whether a gas, a liquefied
gas, or a liquid is being released. The release rate from a breach in the containment wall
will generally be proportional to the square root of the pressure difference between the
containment and outside pressures and the area of the opening. If there is no liquefied gas
in the system, and if no new material is being supplied from within the system, the containment pressure will start decreasing as soon as the breach takes place. As a result, the
strength of the source will decrease as a function of time.
If the release point is located above the liquid level in the vessel, vapor outflow will
occur. In the case of a pressure-liquefied gas, the liquid in the vessel will start boiling as a
result of the drop in pressure as the liquid-vapor system tries to reach equilibrium at saturated
vapor pressure. The necessary heat of evaporation will be drawn from the liquid in the vessel,
the liquid thus cooling down to its boiling point at the (dropping) vessel pressure. The source
strength of the releasing vapor, being a function of the vessel pressure (unless it is choked
flow at the hole, in which case it is a function of temperature), is controlled by a balance
between the amount of material escaping from the vessel and heat transfer from the surroundings. For relatively large release rates (large hole sizes), the temperature of the liquid
will quickly reach its boiling point at near-atmospheric pressure; after this occurs, the source
strength will be controlled primarily by heat transfer from the surroundings and will remain
relatively constant until all liquid is depleted. Also, for large hole sizes, the boiling inside
the vessel will be rapid, possibly resulting in frothing of the material; this may lead to release
of some liquid along with the vapor, even when the hole is located above liquid level.
If the release point is located below the liquid level, liquid outflow will occur. In the case
of a pressure-liquefied gas, the escaping liquid will rapidly flash. As the pressure of the
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escaping material drops to atmospheric as it is going through the hole, some of the material
will become vapor, absorbing heat from the liquid and cooling it to its boiling point at
atmospheric pressure (or even below its boiling point as the droplets further evaporate),
resulting in a cold two-phase jet. Depending on the liquid content of the two-phase jet, some
of the liquid may fall to the ground and form a liquid pool. However, in most situations, as
the rapidly expanding vapor forms, it will break up any adjacent liquid particles into very
small droplets (flash atomization), commonly referred to as aerosol. Thus, assumption of no
rain-out is recommended in modeling such conditions.
The aerosol (droplets that do not fall to the ground), together with the vapor, will form
a cloud that is colder and denser than the air around it. This heavy cloud will spread laterally
under the influence of gravity and takes much longer to disperse than a buoyant gas cloud.
The cold liquid from the liquid pool and from the droplets within the cloud will continue
to evaporate and contribute to the cloud. Quasiadiabatic evaporation of the aerosols will tend
to reduce the cloud temperature to below the normal boiling point. Any humidity in the air
that gets entrained into the cloud may condense, forming small water or ice droplets, and
then reevaporate farther downwind. This humidity may also react with the hazardous material, thus influencing the behavior of the cloud through, for example, heat of reaction
effects.
If the cloud is flammable and ignites, it could result in a flash fire or vapor cloud explosion, depending on the degree of confinement, the degree of turbulence and mixing, and the
total flammable mass within the cloud.
When a refrigeration-liquefied gas is quickly released, it boils off and generally forms a
cold, heavy gas cloud. A liquid pool may also form. The boil-off is primarily controlled by
heat transfer from the surfaces that the liquid contacts. The gas cloud will contain fewer
aerosols than a release from pressure-liquefied state.
A flammable gas cloud, if ignited at a distance from its release location, may burn back
to its source and result in a jet fire and / or a pool fire, depending on the conditions at the
source.
The source modeling for the above situations should consider the thermodynamics and
dynamics of what happens inside the vessel and to the released material once it is outside
containment, the heat transfer between the vessel and its surroundings, and the heat transfer
between the released material and its surroundings, along with the appropriate chemical /
physical reactions and mass balances.
A fire-induced BLEVE is a physical explosion that can occur when flame impingement
locally overheats the vapor space of a storage vessel containing a liquefied material under
pressure. As a result of the increased temperature, the vessel pressure will increase due to
the higher vapor pressure. For vessels that lack adequate pressure relief, rupture can occur
due to local overheating because the metal may be sufficiently weakened that it is unable to
withstand even the normal vessel design pressures. When contents are noncombustible (e.g.,
water), a mechanical explosion (liquid expanding rapidly into vapor) will occur. When flammable, as with hydrocarbons, a fireball will also follow.
Missiles (projectiles) may also cause injuries or fatalities at considerable distances from
source, depending on the energy of an explosion and the mechanical integrity of the system
in which it occurs. Missiles are more likely to occur as a result of a BLEVE. The risk of
direct impact at any specified location is primarily a function of the frequency distribution
of ranges of missiles.
It is important to recognize that some fire hazards also produce toxic combustion products,
which may require modeling. This will involve estimation of the source strength followed
by dispersion modeling, plume rise being an important factor. Estimating the source strength
for such incidents presents particular challenges due to uncontrolled conditions of such fires.
For releases into water bodies, the modeling of spread and trajectory of liquids should
take into account not only evaporation, but also dissolving and sinking of the hazardous
materials. For liquid releases, the modeling of evaporation should take into account evaporative cooling, since this will affect the evaporation rate.
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TABLE 10.4 Models Required for Different Hazards

Hazard category

Potential outcome

Model required

Flammable liquids,
including those
liquefied by
refrigeration

Pool fire

Liquid discharge, liquid spread, pool fire

Flash fire

Flammable gases,
liquefied by
compression

Boiling liquid expanding vapor
explosion (BLEVE)

Liquid discharge, liquid spread,
evaporation / boil-off, (passive or
heavy), gas dispersion
BLEVE

Fireball
Jet fire
Vapor cloud explosion (VCE)
Flash fire
Pool fire
Flammable gases, gas
under pressure

Toxic liquids, including
those liquefied by
refrigeration
Toxic gases liquefied
by compression
Toxic gases, gas under
pressure
Toxic combustion
products

Fireball
Flash fire
Jet fire
Toxic vapor cloud from liquid
pool
Toxic gas cloud

Toxic gas cloud
Toxic gas cloud

Fireball
Two-phase discharge, jet fire
Two-phase discharge, heavy gas
dispersion and / or VCE
Two-phase discharge, rain-out,
evaporation / boil-off, heavy gas
dispersion
Two-phase discharge, rain-out, liquid
spread, pool fire
Gas discharge, fireball
Gas discharge (passive or heavy), gas
dispersion
Gas discharge, jet fire
Liquid discharge, liquid spread,
evaporation / boil-off (passive or
heavy), gas dispersion
Two-phase discharge, rain-out, liquid
spread, evaporation / boil-off, heavy
gas dispersion
Gas discharge (passive or heavy), gas
dispersion
Model for the combustion process, gas
dispersion

Table 10.4 summarizes the outcomes of events resulting from the release of hazardous
substances and the types of models required for their consequence analysis.
Gas Dispersion. This group of models describes the atmospheric dispersion of clouds of
gases and gas / aerosol mixtures. The objective of these models is to estimate the variation
of concentration in air of the released material as a function of time and distance from
release location. Further information can be found in CCPS (1995a).
Dispersion calculations should take into consideration the time-varying rates of gas release
(source strength), as well as atmospheric turbulence conditions.
Atmospheric turbulence is primarily a function of:
1. Solar heating / radiative cooling (determined by cloud cover, surface cover, latitude from
the equator, time of day, and time of year)
2. Wind speed
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3. Surface roughness
4. Terrain
5. Height from ground
In general, less information is required about site source details to calculate consequences
of a given release scenario at larger distances from the release location.
For toxic materials, hazard level end points are generally on the order of a fraction of a
percent of material by volume in air. Thus, the assessment of toxic hazards involves modeling
large dilutions in the atmosphere, typically on the order of 1000:1 or larger. Such high
dilutions require cloud travel over relatively large distances from the source, and it is atmospheric dispersion (together with total quantity of emitted gas and its release rate) that
primarily controls the extent of the hazard zone; source characteristics such as height, geometry, and release velocity are generally not significant.
For flammable materials, hazard level end points are generally on the order of several
percent. The assessment of flammable hazards typically involves modeling dilutions on the
order of 10:1 or 100:1. For the same amount of material released, the hazard zones are
therefore much smaller than for toxic clouds and source characteristics will play a more
important role, along with atmospheric dispersion. A knowledge of momentum jet and buoyant versus dense gas plume mixing is important to these dispersion calculations. Key variables include site source details such as:
1.
2.
3.
4.

Source diameter
Initial jet density, velocity, and orientation
Proximity and shape of impeding obstacles and confining structures
Initial chemical reactions, droplets, aerosols, and initial fallout

In modeling the behavior of gas clouds, it is very important to select between passive /
buoyant and dense gas dispersion, as appropriate for the situation.
The passive gas dispersion models are usually based on the Gaussian plume model. In
Gaussian models, atmospheric dispersion is taken into account through empirical dispersion
coefficients that vary by atmospheric turbulence class (stability class) and distance from
source. Dilution by the wind is taken into account through division by wind speed. No
consideration, however, is given to the difference of the density between the ambient air and
the gas, other than to calculate an initial plume rise if the release is hot (buoyant plumes
rise according to relatively well-established approximations and then behave as a plume
characterized by Gaussian concentration profiles). Because of this, these models must only
be used for gas mixtures with a density approximately the same as that of air.
The Gaussian model is based on analytical solutions of the general transport equation for
a point source. Steady continuous and instantaneous releases (plumes and puffs) can be
modeled. For time-varying continuous releases, time-integrated puff models should be used.
For area sources, such as a liquid pool, two approaches are possible. In the first approach,
an imaginary point source is assumed upwind of the actual source, so that the width of the
cloud matches the source dimensions at the site of the actual source. The second approach
is based on an area integration of the point source equations over the source area.
Heavy gas dispersion models are used if the gas is expected to exhibit heavy gas behavior
upon release. Not all gases with a density greater than that of the surrounding air will exhibit
heavy gas behavior. In order to establish whether a release will exhibit heavy gas behavior,
empirical formulations taking into account the density difference, release rate, source diameter, and wind speed are available.
Heavy gas clouds tend to slump, flow down sloping ground, and spread in a radial direction because of gravity, even on flat ground. In contrast to a passive gas, the gas released
may spread against the direction of the wind. Downwind from the source area, a dense gas
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will lead to a wide low-lying cloud, which is more difficult to disperse than a passive gas
cloud. Eventually, the dispersion of the cloud becomes passive due to dilution. The cloud
may also lift off and rise depending on the material and atmospheric conditions.
Most releases are influenced by buildings or structures either at the source or during the
dispersion of the plume. Most available models are unable to handle these complexities well;
they are suitable only for dispersion over flat, homogeneous terrain.
Since most model formulations contain a division by wind speed to account for dilution
by the wind, they become increasingly conservative and unreliable for calm situations with
wind speeds less than 1 to 1.5 m / s.
Recommended Atmospheric Conditions for Use in Risk Analysis. The main input parameters used in dispersion models for estimating the downwind extents of hazard zones are
atmospheric stability, wind speed, and wind direction. For any location in Canada, joint
frequency distribution for these variables can be obtained from the Atmospheric Environment
Service of Environment Canada, in terms of:

• The six Pasquill–Gifford stability classes (A–F)
• A selected number of wind speed classes, including calms (typically five)
• 36 or 16 wind direction classes
Full treatment of the range of these inputs requires a large number of modeling runs, and
this is often unnecessary for arriving at risk estimates with reasonable accuracy. Thus, the
following approach is recommended for a simplified analysis:

• Use only two meteorological conditions for modeling purposes:
• Stability D and wind speed 3 m / s (D3), with an associated probability of 0.7
• Stability F and wind speed 1.5 m / s (F1.5), with an associated probability of 0.3
• Use a uniform wind rose (equal probability in all directions), unless certain wind directions
are significantly different, such as in a deep valley. In this case, use of the local wind rose
appropriate for each grouping of stability classes is recommended.

Toxic Effects. Toxic substances can have immediate and severe physiological effects on
people and may ultimately cause death. Toxic effects are derived from a wide range of
combinations of concentration and exposure times. A relatively short-term, high-level exposure to a highly hazardous substance such as methyl isocyanate is very different from a
long-term exposure to low concentrations of benzene. In consequence modeling exercises
for accidents, the usual focus is on highly toxic substances that can kill or cause serious
injury over a relatively short time frame of minutes or hours. Such substances are normally
referred to as acutely toxic. Experience has shown that the types of acute toxicity most likely
to result in human fatalities in an industrial emergency are highly irritating or corrosive
substances like chlorine, ammonia, or hydrogen fluoride or fast-acting nervous system toxins
like hydrogen sulphide.
The relationship between concentration and effects on humans is highly nonlinear, i.e., a
doubling of concentration will generally result in more than a doubling of the damage. This
nonlinearity requires the estimation of peak and time-mean concentrations through modeling
of concentration fluctuations for improved accuracy in predicted toxic effects.
For rapid releases of toxic materials into the atmosphere, such as from a sour gas pipeline
burst or rupture of a chlorine vessel, the passage time of the toxic cloud over a receptor
point may be relatively short. This affords an opportunity for sheltering within buildings
until the cloud passes over the receptor. During the passage of the cloud, the infiltration rate
into a building will be a function of the type of building, whether the windows are open or
closed, and whether the air exchange fans are operational. The buildup of concentration
inside the building will be slower than outside. Once the cloud passes, however, the concentration within the building will remain higher than outside for a period of time. Modeling
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of these situations will provide critical input to emergency response planning near areas
where large releases of hazardous materials are possible.
Thermal Radiation Effects. Thermal radiation effects arise from flash fires, pool fires, jet
fires, or fireballs. These involve the combustion of flammable mixtures. The intensity of
thermal radiation (measured in terms of thermal radiation flux or energy per unit area and
time) at a receptor outside a fire depends on its distance from the fire, the flame height,
flame emissive power, and atmospheric transmissivity.
Flash Fires. For flash fires, the controlling factor for the amount of damage that a
receptor will suffer is whether the receptor is physically within the burning cloud or not
(and, if within the cloud, whether the clothing ignites or not). This is because most flash
fires do not burn very hot and the thermal radiation generated outside of the burning cloud
will generally not cause significant damage due to the short duration. Thus, modeling of
flash fire consequences consists primarily of an exercise in dispersion modeling, the hazard
zone being essentially the extent of the flammable zone of the cloud.
Other Types of Fires. For the other types of fires, available models are broadly classified
as either point-source models (simple or with multiple sources) or view-factor models based
on either an equivalent radiator or a solid flame approach. They differ in their required input
parameters according to the type of fire and the level of detail and complexity inherent in
the inputs and submodels needed to describe the physical event.
Point-source models are generally less complex than the view-factor models. They are
appropriate when the receptor is sufficiently separated from the fire that the specific shape
and size of the fire is no longer important. In contrast, view-factor models allow the geometry
of the flame, as well as the receptor configuration, to be taken into account in the estimation
of thermal flux. These are therefore more applicable to cases where the receptor is close to
the fire and / or when the geometric details of the fire are important (e.g., wind effects,
receptor orientation).
Explosion Effects. Explosion overpressure effects that are of interest here result either from
the rapid combustion of a fuel–air mixture (confined explosion or VCE), or a sudden release
of pressure energy (BLEVE).
BLEVE. For BLEVEs, the available models are based on the similarity of the blast waves
in the far field to those generated by high-explosive detonation. The compressed gas’s stored
energy is first calculated based on pressure at the time of burst. The energy of explosion is
obtained as the difference between the initial and final states, assuming isentropic expansion.
This energy contributes primarily to the production of a blast wave and missiles. The fraction
of pressure energy that contributes to the blast wave can be taken to be about 40%. Overpressure and impulse are then read from charts that relate detonation-blast parameters to
charges of high explosive with the same energy. In the near field, this similarity to high
explosives is not valid, and correction factors based on numerical simulations should be
used.
Missile damage from BLEVEs is more difficult to model and of relatively little importance in risk assessments. A statistical account of the extent of missile damage from actual
BLEVEs involving primarily LPG is described in Lees (1996).
Confined Explosions. Confined explosions occur when a flammable mixture in a confined space is ignited. A typical example is the case of a flammable liquids tank. When these
tanks are emptied, residual liquid may evaporate and form a flammable mixture in the tank.
If ignited, a confined explosion would be produced. The modeling of confined explosion
effects is analogous to the modeling of BLEVEs. Here the explosion energy released is
obtained from the enthalpy of combustion.
VCE. For a fuel / air mixture outside containment, conditions favoring a VCE as opposed
to a flash fire include:
1. The mass of the cloud (e.g., five metric tons appears to be a lower limit for propane
vapor cloud explosions outside containment)

10.40

CHAPTER TEN

2. Flame speed
3. Degree of confinement
4. Degree of turbulence in the cloud
A rapid violent release, if not ignited immediately, may result in sufficient mixing through
self-generated turbulence for explosive conditions to occur. The portion of the vapor cloud
within the explosive range at the time of ignition will contribute directly to the explosion.
The resulting overpressure at a given point is a function of:
1.
2.
3.
4.

Distance from source
Fuel properties
Mass of the cloud
Degree of confinement (affected by the presence of obstacles)

Two different types of models are generally used in practice for estimating VCE overpressures at a distance from a source:
1. The TNT equivalency method relates the explosive potential of a release to the total
quantity of fuel in the vapor cloud, whether or not it is within flammable limits. The
explosive power of the vapor cloud is expressed as an energy equivalent amount of TNT
located at the center of the cloud. The value of the proportionality factor is determined
from damage patterns observed in a large number of similar incidents involving vapor
cloud explosions. Calculated blast overpressures tend to be high near the cloud center
(regardless of physical surroundings), and a gradual decay is observed as distance from
the cloud center increases. This translates into a localized high-damage zone with low to
moderate damage in outlying areas.
It is important to apply conservative values to the proportionality constants used for
the TNT method. An explosion efficiency of 0.06 to 0.10 should be used even in areas
that are not tightly confined. Scaling factors should be averaged among several literature
sources and used to calculate overpressure profiles. These data are often material-specific
and, if not averaged, could introduce additional errors.
2. The multienergy method reflects current consensus that one of the controlling factors of
severe explosions is turbulence. One source of such turbulence is the high-velocity flow
of fuel being ejected from a pressurized system. Explosive combustion rates may develop
in such a turbulent fuel–air mixture. Another source of turbulence is combustion within
a partially confined / physically obstructed environment. The expansion of combustion
gases against a confining structure can cause exponential increases in the combustion rate
and an overall increase in overpressure. The explosive power of a vapor cloud is determined primarily by the energy of fuel present in the confined areas of a vapor cloud.
It should be noted that in cases where VCEs may be possible, the footprint of the flash
fire zone (the zone within the lower flammability limit [LFL] of the material) should also
be estimated and used in the overall risk estimation with its corresponding frequency.
Recommended Source Term and Hazard Models. It is difficult to specify the use of any
model for a particular application without assessing all the features of each model and
establishing the end purpose for which the modeling will be used. Table 10.5 provides a list
of model references from the public domain that are suitable for modeling hazardous releases.
Other excellent references on consequence modeling techniques are CCPS (1989a, 1994,
1995c), Lees (1996), and TNO (1992a, b).
The following are some of the available computer models that attempt to combine a
number of the above (and other) models to provide complete modeling packages for users.
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TABLE 10.5 Recommended Source Term and Hazard Models

Discharge models, liquid
Discharge models, two-phase
Discharge models, gas
Heavy gas dispersion models
Passive gas dispersion models
Concentration fluctuations in atmosphere
Building infiltration models
Liquid pool spread models
Liquid pool evaporation models
Rainout models
Jet fire models
Pool fire models
BLEVE models
VCE models
Toxic combustion products models

• Public Domain Models:
• ALOHA
• HGSYSTEM
• Proprietary Models:
• CHARM
• PHAST
• SUPERCHEMS
• TRACE / SAFER

Bernoulli equation
Fauske and Epstein (1988)
Sonic discharge equations (for choked flow)
Britter and McQuaid (1988)
SLAB (Ermak, 1990)
HGSYSTEM (Post, 1994)
Gaussian plume, puff or integrated-puff equations
Wilson (1986), CCPS (1995c)
Basic mass balance with air exchange
Cavanaugh et al. (1994)
Cavanaugh et al. (1994)
SUPERCHEMS (1998)
CCPS (1994), Lees (1996), Baker et al. (1983)
CCPS (1994), Crocker and Napier (1986)
CCPS (1994)
TNT (Baker et al., 1983)
Multienergy (Van den Berg, 1985)
TNO (1992a)

NOAA
Shell Research (Post, 1994)
Radian Corp.
DNV Technica Ltd.
Arthur D. Little
SAFER

Vulnerability Modeling. Once the hazard level (i.e., concentration, thermal radiation flux,
or overpressure) is estimated at a receptor point following a hazardous event, the next and
final step in consequence modelling is estimating the level of damage to the receptor. Although we will focus on fatality as the effect of interest, injury or other effects such as
property damage can also readily be estimated using the methods described here.
For all hazards except flash fires, there are two commonly used methods for estimating
level of damage on the receptor:
1. The fixed-limit method
2. The PROBIT method
The fixed-limit method consists of comparing the estimated average (or maximum) hazard
level to which a receptor is exposed against fixed limits which are available from the literature. For example, for toxic clouds, estimated concentration levels can be compared to IDLH
(immediately dangerous to life and health) levels to establish whether fatality or serious
injury might occur at a receptor point. Table 10.6 contains the commonly used fixed-limit
values for some toxic materials and for fires and explosions.
The advantage of the fixed-limit method is its simplicity. Its disadvantage is that it can
be very misleading for time-varying hazards, which is generally the case under major accident conditions.
For example, a short-duration toxic release may be over in a matter of minutes, with
exposure duration of receptors not much longer than that. The time variation of concentration
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TABLE 10.6 Table of Inhalation Exposure Limits for Selected Hazardous Materials

ERPG (ppm)
MIACC LIST 1 Substances
(MIACC, 1994)
Acetaldehyde
Acetylene
Ammonia
Arsine
Benzene
Bromine and bromine
solutions
Butane and butane mixtures
Chlorine
Cyclohexane
Ethylbenzene
Ethylene
Ethylene dichloride
Ethylene oxide
Fluorine
Gasoline
Hydrogen chloride / acid
Hydrogen fluoride / acid
Hydrogen sulfide
Liquefied petroleum gases
Mercury
Methane
Naphtha, petroleum naptha or
naptha solvent
Nitric acid, fuming or red
fuming
Propane, and propane
mixtures
Propylene oxide
Sodium chlorate
Sulfur dioxide
Sulfuric acid, fuming
Tetraethyl lead
Toluene
Vinyl chloride
Xylene

IDLH
(ppm)
CA (2,000)
N.D.
300
CA (3)
CA (500)
3
N.D.
10
1,300 (LEL)
800 (LEL)
Not listed
CA (50)
CA (800)
25
CA (N.D.)
50
30
100
2,000 [LEL]
10 (mg / m3) (as Hg)
Not listed
1,000 [LEL]

1

2

3

10

200

1000

50
0.2

150
1

1000
5

1

3

20

N/A
0.5

50
5

500
20

3
2
0.1

20
20
30

150
50
100

250

750

3
10 (mg / m3)

15
30 (mg / m3)

300

1000

25
21,000 [LEL]
CA (400)
Not listed
100
15 (mg / m3)
40 (mg / m3) (as PB)
500
CA (N.D.)
900

50
0.3
2 (mg / m3)
50

IDLH: Immediately dangerous to life and health. Data taken from NIOSH (1994). According to this Guide, IDLH
exposure is a condition ‘‘that poses a threat of exposure to airborne contaminants when that exposure is likely to cause
death or immediate or delayed permanent adverse health effects or prevent escape from such an environment.’’ IDLH
values are based on the effects that might occur as a consequence of a 30-minute exposure.
ERPG: Emergency response planning guidelines taken from AIHA (1998).
ERPG-1: The maximum airborne concentration below which it is believed nearly all individuals could be exposed
for up to one hour without experiencing other than mild transient adverse health effects or perceiving a clearly defined
objectionable odor.
ERPG-2: The maximum airborne concentration below which it is believed nearly all individuals could be exposed
for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.
ERPG-3: The maximum airborne concentration below which it is believed nearly all individuals could be exposed
for up to one hour without experiencing or developing life-threatening health effects.
CA: Refers to substance NIOSH considers to be potential human carcinogen. Any IDLH values accompanying a
‘‘CA’’ notation were determined before NIOSH began considering carcinogenic effects.
LEL: Indicates that the IDLH was based on 10% of the lower explosive limit for safety considerations even though
recent toxicological data indicated that irreversible health effects or impairment of escape existed only at higher concentrations.
N.D.: IDLH has not yet been determined.

RISK AND MANAGEMENT

10.43

at a given receptor point may look like that shown in Fig. 10.16. Typical dispersion models
will output what is shown as the time average in this figure.
If one compares the maximum in this curve to a fixed-limit value, such as the IDLH
(which is a 30-minute exposure limit for exposed persons to be able to leave the area unaided,
but could nevertheless lead to severe injuries), this could lead to severe overestimates of
fatality risk since the actual exposure to these levels could be only a few minutes as opposed
to 30 minutes.
Any use of the ERPG (emergency response planning guidelines) values will be even more
conservative and will not be appropriate for estimating fatalities. This information is provided
in Table 10.6 only for reference purposes and completeness.
The recommended method and a more appropriate one is to use the PROBIT method,
which can readily handle time-varying situations, including concentration fluctuations (Alp
et al., 1990).
To apply this method, a hazard load L is estimated at each receptor point:
L ⫽ 兰 C n dt for toxic clouds (C is the time-varying concentration at the receptor point,
estimated by the dispersion model)
L ⫽ 兰 I n dt for thermal radiation hazards (I is the time-varying thermal radiation flux
resulting from the fire)
L ⫽ Po for explosion hazards (Po is the overpressure resulting from the explosion)
Here, the integration essentially represents the total amount of contaminant or thermal
energy received by the receptor (weighted by the power n), and n is an empirical PROBIT
parameter appropriate for the chemical and type of hazard. The integration is performed over
the time of exposure during the hazardous event. (Effect of evacuation or sheltering in a
building can thus be incorporated into the results if desired.)
We then estimate the PROBIT (probability unit) Y:
Y ⫽ k1 ⫹ k2 ln L

(10.5)

where k1 and k2 are additional empirical PROBIT parameters.
The values of the PROBIT parameters for some common toxic chemicals are given in
Table 10.7. Information for some other toxic chemicals and description of an approximate

C
Instantaneous

Time Average

Time from release

FIGURE 10.16 Typical time variation of concentration at a down-wind receptor following a shortduration release.
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TABLE 10.7 PROBIT Constants for Lethal Toxicity (CCPS,

1989a)

Substance

k1
(ppm)

k2
(ppm)

n
(min)

Acrolein
Acrylonitrile
Ammonia
Benzene
Bromine
Carbon monoxide
Carbon tetrachloride
Chlorine
Formaldehyde
Hydrogen chloride
Hydrogen cyanide
Hydrogen fluoride
Hydrogen sulfide
Methyl bromide
Methyl isocyanate
Nitrogen dioxide
Phosgene
Propylene oxide
Sulfur dioxide
Toluene

⫺9.931
⫺29.42
⫺35.9
⫺109.78
⫺9.04
⫺37.98
⫺6.29
⫺8.29
⫺12.24
⫺16.85
⫺29.42
⫺35.87
⫺31.42
⫺56.81
⫺5.642
⫺13.79
⫺19.27
⫺7.415
⫺15.67
⫺6.794

2.049
3.008
1.85
5.3
0.92
3.7
0.408
0.92
1.3
2.00
3.008
3.354
3.008
5.27
1.637
1.4
3.686
0.509
2.10
0.408

1
1.43
2
2
2
1
2.50
2
2
1.00
1.43
1.00
1.43
1.00
2
1
1
2.00
1.00
2.50

method for estimating these parameters from LC50 data can be found in TNO (1992b).
PROBIT constants for fire and explosion effects are given in Table 10.8.
Y can then be related to the level and type of hazardous effect in terms of percent probability of death, injury, or damage occurring (Pe,h) using Table 10.9.
Flash Fires. For flash fires, the maximum extent of the hazard zone is generally based
on the lower flammable limit (LFL) of the material. Sometimes LFL / 2 is also used to take
into account the possibility of having high-concentration pockets of gas that might result
from concentration fluctuations in the atmosphere. However, this is not the whole story.
Ignition of a gas cloud can occur as the leading edge of the cloud reaches an ignition source
and the cloud will burn towards the source. Hence, the flash fire will only affect the area
between the ignition point and the release location. By estimating the probability of ignition
as the cloud reaches each ignition source, one can estimate the probability of affecting any
receptor as a function of distance from the release point.
A common assumption for probability of fatality for people caught in a flash fire is 10%
for those having protective (fire-retardant) clothing (such as NOMEX suits) and 90% for
those without such protection. Both are somewhat on the conservative side and include major
injury, which will lead to overestimates of risk of fatality.
Uncertainties in Consequence Modeling. Uncertainties in consequence estimation arise
due to uncertainties in modeling the source term, the migration of a hazard away form the
hazard source (hazard modeling), the effects of a level of hazard on receptors (vulnerability
modeling), and assumptions made about the degree of protection afforded to receptors. As
discussed here, these uncertainties are for the most part treated conservatively.
In the estimation of consequences, a major source of uncertainty is the modeling of the
source term. The source term describes the rate of release of material from containment and
into the carrying medium (e.g., atmosphere). In effect, the source term determines the amount
of the material released.
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TABLE 10.8 PROBIT Constants for Fire and Explosion Damage

Type of injury or damage

Hazard load L

k1

k2

⫺14.9

2.56

⫺77.1
⫺15.6
⫺46.1
⫺39.1
⫺27.1
⫺23.8
⫺18.1

1.91
1.93
4.82
4.45
4.26
2.92
2.79

Fire
1
兰 I4 / 3 dt
104

Burn deaths
Explosions
Death (lung hemorrhage)
Eardrum rupture
Deaths from impact
Injuries from impact
Injuries from fragments
Structural damage
Glass breakage

P0
P0
J
J
J
P0
P0

Source: Lees, 1986.
t ⫽ exposure time (s)
I ⫽ radiation intensity (W / m2 )
P0 ⫽ peak overpressure (N / m2 )
J ⫽ impulse (N s / m2)

There are a number of uncertainties related to source term, including:

•
•
•
•
•

Hole characteristics: size, location, shape
Orientation of the release: vertical, horizontal
Degree of pooling of flashing two-phase discharges
Degree and size of confinement: release outdoors / indoors, into a dyked area
Amount of material involved

With the above, conservative assumptions can usually be made to avoid underestimation
of consequences. For example, one can assume that a tank / system is full when the accident
happens and that the entire inventory is released. Also, pooling of liquid from a two-phase
release can be neglected. These conservative assumptions, however, need to be made with

TABLE 10.9 Transformation of PROBITS to Percentages

%

0

2

4

6

8

0
10
20
30
40
50
60
70
80
90
99

—
3.72
4.16
4.48
4.75
5.00
5.25
5.52
5.84
6.28
7.33

2.95
3.82
4.23
4.53
4.80
5.05
5.31
5.58
5.92
6.41
7.41

3.25
3.92
4.29
4.59
4.85
5.10
5.36
5.64
5.99
6.55
7.46

3.45
4.01
4.36
4.64
4.90
5.15
5.41
5.71
6.08
6.75
7.65

3.59
4.08
4.42
4.69
4.95
5.20
5.47
5.77
6.18
7.05
7.88

Source: CCPS, 1989a.
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care. For example, a toxic gas released indoors will likely result in a substantial hold-up of
material initially within the indoor volume and will subsequently be vented relatively slowly
to the outdoors. If it is assumed that a release indoors occurs in the same way as one
outdoors, the consequences may be substantially overestimated.
In consequence modeling, it is also important that appropriate hazard migration models
be used. An error often made is the use of a Gaussian dispersion model for gas clouds that
are initially heavier than air. This would lead to underestimating hazard distances. State-ofthe-art models have undergone various degrees of validation. However, due to the vast number of atmospheric, terrain, and material factors that complicate the prediction of hazard
levels, these models are not capable of accurately predicting experimental observations over
a large range of conditions. In fact, models that predict experimental observations within a
factor of two are considered reasonably good.
Also, due care must be taken in specifying model input parameters. Factors such as
atmospheric transmissivity in fire models, or ambient temperature in modeling cold heavierthan-air gas clouds affect model results. They are typically specified conservatively to avoid
a large number of model runs.
Modeling health effects from various hazard levels is a difficult task. Risk assessments
are typically based on the risk of death or serious injury. Obviously there are no experimental
data available on the dose-response relationship of material concentration and exposure duration, thermal radiation intensity or blast overpressures on humans. What little there is has
been inferred from actual accidents. Models that predict the impact of exposure to hazardous
materials are heavily influenced by animal experiments. Typically, they have large safety
factors built in. It is believed that models based primarily on exposure of experimental
animals are conservative when applied to humans, especially when, on a body weight difference, the animals are much smaller than humans. In fact, many will argue that they are
too conservative. These estimates are difficult to make, and unfortunately little can be done
to improve the degree of uncertainty.
Finally, in modeling the impact of a hazard level on a human, it is typically assumed that
the exposed individual is outdoors and stationary (does not retreat or take shelter). In reality,
in Canada, individuals are indoors most of the time. This affords considerable protection
from exposure to most types of hazards. Taking credit for sheltering in a risk assessment
may improve the accuracy of the results by reducing the conservatism, but it increases the
cost of the assessment because additional consequence modeling runs are required.
Summary of Consequence Modeling. Depending on the type of hazard, and at each receptor of interest, the following steps must be taken.

• Estimate the hazard level, using mathematical models (selection of the appropriate model

•

•
•
•

is critical for accuracy of risk assessment):
• Concentration, for gas clouds
• Thermal radiation flux, for fires
• Overpressure and impulse, for explosions
Calculate load, PROBIT, and probability of ‘‘effect’’ (although we have focused on ‘‘fatality’’ as the ‘‘effect’’ of interest, injury or other effects such as property damage can also
readily be estimated using the methods described here) at each receptor point (also called
event individual consequence).
Alternatively, compare the hazard level to an appropriate fixed limit, and thus estimate the
probability of effect.
For flash fires, estimate ignition probability as a function of ignition sources in the downwind direction, and thus estimate the probability of effect.
The number of receptors affected can then be calculated by integrating the product of
individual consequence and population density over the exposed area, if an estimate of
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event societal consequences is within the scope of the analysis (Alp and Zelensky, 1996).
Local municipal planning, land use, and population maps should be considered as data
sources when identifying receptors. In addition, local off-site surveys and reviews may be
considered to assess the density of permanent habitation and the frequency of habitation
by transient community members.
It is often desirable to estimate the impacts of hazardous events in terms of their financial
cost for the purposes of cost–benefit analysis and making decisions for risk mitigation and
control, such as in terms of emergency resources planning, physical design changes, or
making management system changes. The extension of the analysis to financial cost is relatively straightforward in principle. When issues such as human life and environmental quality enter into the picture, however, such practices generate controversy among practitioners,
decision makers, and other stakeholders.
10.2.10

Risk Presentation and Evaluation of Acceptability

The methods described here can be used for estimating frequency and consequence of undesirable events. The formulations described in Section 10.2.7 can then be used to estimate
risk.
A number of methods of presenting risk results are available for decision makers.
For individual risk, the usual ones are (see Fig. 10.17):

• Individual risk profiles (sometimes also called transects), which depict the variation of

individual risk (or its logarithm) as a function of distance from the risk source as an x–y
graph
• Individual risk contours, which show the variation of risk around a risk source generally
as contours superimposed on maps
Individual Risk
Individual Risk Profile: Graph of Individual Risk as a function of Distance from the
risk source
I
10-3
I d=f xP e

Distance from Event Location
d

Event Location

Individual Risk Contours (for
non-directional events, the
contours will be circular; for
directional events such as
gas clouds, the contours
would not be circular but
more elongated along the
predominant wind directions)
FIGURE 10.17 Representation of individual risk.
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Societal Risk
Risk Map
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FIGURE 10.18 Representation of societal risk.

For societal risk, the common methods of presentation are the (see Fig. 10.18):

• f–N graphs (also called risk maps), which are simply x–y scatter diagrams showing each

(frequency, consequence) pair for each hazardous event (N being expressed as total fatalities, injuries, or $ cost of a given type of event)
• F–N graphs, which are complementary cumulative distributions of the events in the ƒ–N
graphs, F having units of annual frequency of events with consequence greater than or
equal to N.
In Section 10.1, we discussed the principles of risk evaluation. With reference to that
section, land use planning often involves use of individual risk contours and comparing them
to guidelines such as those shown in Fig. 10.3. In some jurisdictions, the FN form of societal
risk is used together with guidelines such as in Fig. 10.4.
To assist emergency response planning, representations on maps of consequence contours
are very useful, as they provide information about hazard zones. Another useful presentation
method for this purpose is the risk map shown in Fig. 10.17, which puts the various hazardous events in perspective relative to others.
The FN method of presenting risk is very powerful, especially when financial consequences of hazardous events are being demonstrated to upper management of companies or
organizations. Such graphs showing the risk reductions that would be realized by implementing certain risk reduction measures under consideration, can convey powerful messages
to decision makers and justify approving investments for such measures.
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Goiǎnia, 9.5, 9.14, 9.38, 9.67
Goldfish series, 23.12–23.14
Gray (Gy), 9.9
Groundwater, 14.1–14.29
Guyana, 39.16–39.17
Handheld-computers, 17.11
Hazard and Operability Study (HAZOP), 10.18
Hazard identification, 10.4
Hazardous Substances and New Organisms Act, 4.10
HAZMAT Spill Center, 23.2–23.3
Headspace analysis, 16.5–16.6
Health risk, 10.5–10.6
Heavy gas dispersion, 19.1–19.22
Heavy Gas Dispersion Expert Group (HGDEG), 19.20
Heavy metals, 29.6–29.7
High explosives, 26.1–26.47
Homogeneous equilibrium, 18.1
Horizontal wells, 14.22–14.23
Houston, Texas ammonia spill, 32.22
HSL experiments, 21.4–21.12
Human contamination, 9.64
Human decontamination, 9.65
Human reliability analysis, 10.27
Hungary, 8.7
Hydrochloric acid, 44.3–44.46
Hydrofluoric acid, 5.11
Hydrogen fluoride, 23.12–23.14, 23.16
Hyphenated techniques, 16.7–16.8
ICE (see International Chemical Environment)
ICI warehouse fire, 4.7–4.8
Immediately dangerous to life and health (IDLH), 17.5
Immunity, 11.6–11.10
Incineration, 28.5–28.7
Individual risk, 10.47–10.48
Information campaign, 31.1–31.15
Information sources, 45.1–45.9
Injection media, 14.15–14.16
Injection system, 14.13–14.15
Intermodal transport, 6.5–6.6
International Atomic Energy Agency (IAEA), 9.69, 9.72–
9.73
International Chemical Environment, 8.1–8.9
International Conventions, 9.68–9.73
Internet, 45.1–45.9
Intervention levels, 9.43
Iodine, 9.57
Ionava, 40.3–40.11

Ion exchanges, 15.8
Italy, 8.7
Jet fuel, 20.3–20.9
Kit Fox Series, 17.13, 23.20–23.27
Kyrgystan, 39.17–39.18
Laboratory spill disposal, 29.1–29.9
Leak plugging, 13.13–13.16
Leaks, 13.13–13.16
Liability, 11.1–11.19
Light nonaqueous phase liquid, 14.3
Lignite, 15.11–15.12
Liquid natural gas, 23.5–23.7, 23.11–23.12
Lithuania ammonia accident, 40.3–40.11
LNAPL (see Light nonaqueous phase liquid)
LNG (see Liquid natural gas)
Longer-term protective action planning zone, 9.19
Longitudinal dispersion, 20.9–20.10
Lost or stolen sources, 9.39
Maine gasoline plume, 34.20–34.21
Major Hazard Incident Data Service, 41.1
Management of victims, 9.63
Marine bulk, 6.3
Marine packed cargo, 6.6
Marine spills, 43.1–43.13
Maritime transport, 43.1–43.13
Marpol, 43.1–43.2
Mass transfer mechanisms, 14.5
Material Safety Data Sheets, 5.1
Medical assistance, 9.62
Medical management, 9.62
Mediterranean, 1.3–1.32
Mediterranean Action Plan, 1.7–1.15
Membrane cell process, 33.9
Mercury, 28.12–28.13
Mercury cell process, 33.7–33.8
Mercury recovery, 28.12–28.13
Methyl tert-butyl ether, 34.1–34.24
MHIDAS (see Major Hazard Incident Data Service)
Microwave-assisted Process, 16.6
Missiles, 22.16–22.20
Mississauga train derailment, 33.17–33.18
Model evaluation, 19.1–19.22
Model for oleum, 37.11–37.18
Model validation, 19.18–19.19
Model verification, 19.17–19.18
Modeling of environmental fate, 24.1–24.12
Modeling heavy gas with aerosol, 27.1–27.17
Mole budget, 18.1–18.2
Molecular sieves, 15.7–15.8
Molecular diffusion, 25.3–25.9

I.3

I.4

INDEX

Morristown, 17.16–17.17
MSDS (see Material Safety Data Sheets)
MTBE (see Methyl tert-butyl ether)
Mutual aid network, 5.5
Naphtha, 5.11, 44.3–44.46
NAPL (see Nonaqueous phase liquid)
NATES (see National Analysis of Trends in Emergencies
Systems)
National Analysis of Trends in Emergencies Systems,
44.3
National requirements (nuclear), 9.73–9.79
National Response Center, 5.5
Natural gas, 41.1–41.13, 44.3–44.46
Natural gas accidents, 41.1–41.13
Negligence, 11.3
Netherlands, 8.7
Nevada tests, 23.1–23.30
New Zealand, 4.1–4.11
Nitrogen tetroxide, 23.1–23.10
Nonaqueous phase liquid, 14.3
North American Emergency Response Guidebook
(NAERG), 17.8–17.11
Notification Convention, 9.68–9.69
NRC (see National Response Center)
Nuclear, 9.1–9.80
Nuclear power plants, 9.7–9.8, 9.45
Nuclear Regulatory Commission (U.S.) (NRC), 9.74–9.76
Nypro, 42.1–42.31
Oil spill modeling, 20.1–20.25
Oleum, 17.15–17.16, 23.14, 23.17, 35.1–35.24, 37.1–
37.21, 44.3–44.46
Operational intervention levels, 9.46
Organic bases, 29.6
Parnell fumes incident, 4.5–4.7
PCB (see Polychlorinated biphenyls)
PCP (see Pentachlorophenol)
Penetration, 30.10
Pentachlorophenol, 38.1–38.19, 44.3–44.46
Permeation, 30.8
Permeation times, 30.15
Perry Sound derailment, 35.21
Personal protection, 30.1–30.22
Pesticides, 29.8
Pioneer chlorine leak, 33.18–33.19
Planning elements, 9.23
Polychlorinated biphenyls, 16.9–16.10, 36.1–36.20, 44.3–
44.46
Polymer fibers, 15.10–15.11
Porton Down tests, 37.7–37.9
Precautionary action zone, 9.18
Pressure leaks, 13.11–13.13
Pressure wave, 22.15–22.16

Prevention, 22.20–22.22
Priority chemicals, 44.3–44.46
Priority list, 44.3–44.46
Probability density function, 25.3–25.5
Probability density moments, 25.3–25.5
Propellant supply system, 12.13–12.14
Protection of emergency workers, 9.33, 9.37, 9.59, 9.76–
9.78
Protective Action Guides (PAGs), 9.73–9.74
Protective clothing, 30.1–30.22
Protective equipment, 30.1–30.22
Public protective actions, 9.29, 9.36, 9.54
Pulsed beds, 15.37
Questionnaire, 6.2
Radiation, 9.1–9.80
Radiation instrumentation, 9.55
Radiation measurements, 9.48–9.53
Radiation protection, 9.54
Radioactive material, 9.1–9.80
Radiological emergencies, 9.1–9.80
Radionuclides, 9.8–9.9
Radius of influence, 14.18–14.20
Rail transport, 6.6
Ranking, 6.8
Reactor accident, 9.44
Reactor Accident Dose Guidelines, 9.61
Recycle, 28.9–28.10
REDIPHEM, 19.20
Regeneration systems, 15.40
Regina, 36.17
Relocation, 9.58
REMPEC, 1.26–1.28
Respirators, 30.1–30.22
Respirator selection, 30.5–30.8
Response elements, 9.27, 9.34
Restriction of food levels, 9.43
Reuse, 28.9
Revertex fire, 4.7
Richmond, California spill, 35.23, 37.1–37.21
Risk, 6.8, 10.3–10.50
Risk analysis, 10.4
Risk analysis techniques, 10.10–10.49
Risk assessment, 9.17–9.18, 10.3–10.50
Risk communication, 31.1–31.15
Risk estimation, 10.4
Risk evaluation, 9.18, 10.6–10.7
Risk management, 10.3–10.50
Risk management plans, 17.7
Risk of ammunition explosions, 12.1–12.17
Risk presentation, 10.47
Risk reduction, 6.10
River modeling, 20.1–20.25

INDEX

Road transport, 6.5
Romania, 39.13–39.16
Safety and quality assessment, 6.1–6.10
Safety criteria for ammunition storage, 12.7–12.9
Safety Data Sheet, 8.2
Safety equipment, 30.1–30.22
Safety risk, 10.5–10.6
Satellite reentry, 9.39
Saturation concentration, 20.15–20.16
Sault St. Marie, 16.9–16.10
Screening level risk analysis, 10.12–10.14
SDS (see Safety Data Sheet)
Shallow-layer models, 19.8
Sievert (Sv), 9.9
Silica gel, 15.9–15.10
Silicon tetrachloride, 23.15
Sinking materials, 13.9–13.11
Slick spreading, 20.16–20.17
Small-scale disposal, 29.1–29.9
SMEDIS, 19.20–19.21
Sodium cyanide, 39.1–39.22, 44.3–44.46
Sodium hydroxide, 44.3–44.46
Soil extraction, 16.2–16.4
Soil vapor extraction system, 14.15
Solid-phase micro extraction, 16.6–16.7
Sorbent capacity, 15.20–15.21
Sorbents, 15.1–15.44
Source term, 17.3
Spain, 8.7–8.8
Sparge trenches, 14.23
Sparging, 14.1–14.29
Spatial variations, 20.17–20.19
Spill countermeasures, 13.1–13.16
Spill mix, 29.2–29.3
Spill treatment, 15.1–15.44
SPME (see Solid-phase micro extraction)
Spreading of cold dense clouds, 18.1–18.16
Springhill Nova Scotia spill, 35.21–35.22
SQUAS, 6.1–6.10
St. Basile le Grand, 36.17–36.18
Stable iodine, 9.57
State Emergency Management Acts, 11.9
Steingletscher explosion, 26.3–26.47
Styrene, 24.6–24.10
Sulfuric acid, 35.1–35.24, 44.3–44.46
Sulfur trioxide, 23.14, 35.1–35.24, 37.1–37.21
Sulphuric acid (see Sulfuric acid)
Superheating, 22.6–22.10
Surface slick, 20.3
Sweden, 8.8
Swiss explosion, 26.3–26.47
Switzerland, 8.8

I.5

Tank failures, 21.1–21.15, 22.1–22.27
Tank storage terminals, 6.4
Teletherapy, 9.5
Temporary emergency exposure limits (TEEL), 17.4–17.5
Terephthalic acid, 5.9
Test spills, 23.1–23.30
Thermal desorption, 28.7–28.9
Thermal radiation effects, 10.39
Thermal radiation, 22.10–22.13
Threat categories, 9.20–9.45
Three-Mile Island, 9.45
Toluene, 44.3–44.46
Tort claims, 11.13–11.15
Total Petroleum Hydrocarbons, 16.3, 16.8–16.9
Toxic effects, 10.38
TPH (see Total Petroleum Hydrocarbons)
Training resources, 5.6
Transport of hazardous materials in France, 3.1–3.4
Transport mechanisms, 14.11–14.13
Trichlorosilane, 23.15
Tritium, 9.6
Turbulence, 18.14–18.15
Uncertainty, 10.44
UNCLOS (see United Nations Convention on the Law of
the Sea)
Unconfined vapor cloud explosion, 42.1–42.31
UNEP DTIE reports, 2.6
United Kingdom, 8.8–8.9
United Nations Convention on the Law of the Sea, 1.5
United Nations’ Initiatives, 1.4–1.5
Unknown substances, 29.9
UVCE (see Unconfined vapor cloud explosion)
Vapor treatment, 14.17
Vehicle-portable analysis, 16.1–16.11
Vienna Convention on Civil Liability, 9.71
Volatilization, 14.5–14.7
Volatilization rate, 20.12–20.13
Vulnerability modeling, 10.41–10.44
Warning system, 31.5–31.6
Waste disposal, 28.1–28.13
Waste management, 9.66–9.68
Waste transportation, 28.3–28.4
Water pollution, 3.3
Water-soluble materials, 13.11
Web, 45.1–45.9
Wet adiabatic mixing, 18.4
Woodmeal, 15.13
Xylene, 5.11, 44.3–44.46

