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Foreword

In the wake of the Chernobyl accident in April 1986 and the nuclear near disaster at Three
Mile Island in 1979, public concern about the safety of nuclear power has increased. Some of
the opponents of nuclear power see it as a unique and ominous danger. Some critics see opposition
to it as a moral crusade associated with the struggle for nuclear disarmament. Some describe
nuclear power or almost any tampering with radioactivity as evil. Others see it as simply a
potentially dangerous technology that is insufficiently understood but argue that it is being
developed without adequate protection for public safety.

Recently some supporters of nuclear power have argued that it is the answer to the
greenhouse effect' as it does not produce the gases responsible for global warming. On the other

side opponents have argued that the full social and economic costs are never properly considered
when assessments are made of the viability or desirability of nuclear power.

Meanwhile, many of the workers who have given their skills and working lives to develop
nuclear power, or support its development, continue to see it as a great hope for the future, safer
and environmentally cleaner than most other energy sources. Many of them find it puzzling and
frustrating that others are so hostile, and are angry that the evidence about nuclear energy, as they
see it, is woefully misrepresented.

At times, this clash of perspectives has completely obscured the possibility of rational
debate. At the extremes, some people have argued that there is no alternative to reliance on
nuclear power while others have alleged that nuclear power only exists as a cover for nuclear
bomb-making, that all radiation is deadly and evil and that people who support nuclear power
are concealing this.

Against this background, unions find themselves in a unique position and they have a
special responsibility. Within the membership of the ICFIU, some affiliates have a policy against
the use of nuclear power, some are strong proponents of its use and others have said that they are
only prepared to accept its application if safety controls are substantially improved. All affiliates
of the ICFrU are convinced that energy policy options must be widened through increased
research and development of new and renewable sources and through extensive energy
conservation measures. ne environmental impact of all methods of energy generation must be
assessed on the basis of the public availability of all relevant information. It is in this context,
that whatever their views about the desirability or otherwise of nuclear power, all ICFrU
affiliates recognise the immediate needto assure the highest possible level of safety for all nuclear
plants and activities everywhere - for example to deal with radioactive wastes created over the
last 30 years. Even if some countries opt out of nuclear power it is likely that many others will
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be committed to it for many years. Given the widespread effects of a catastrophic failure
anywhere in the world we must therefore all be concerned to strengthen the international safety
regime. Because of their historic role in campaigning for health and safety at work, unions are
well placed to exercise an independent watchdog role - making use of the knowledge and skills
of their members in the nuclear industry - and are also able to speak on behalf of a largemern-
bership which is representative representative of the wide public concern about nuclear safety.

Immediately following the Chernobyl disaster, the ICFIU Executive Board adopted a
resolution (reproduced as Appendix 2 to this document) calling for immediate steps to tighten up
nuclear safety. In the light of subsequent developments, the Confederation has now given further
detailed consideration to the whole question of nuclear safety and has decided to publish this
report which contains detailed proposals for tighter international control of nuclear energy via
theInternational Atomic Energy Agency (IAEA). The report is aimed not only at international
regulatory agencies, national governments, and nuclear plant operators, but at all those who
are seriously concerned with the safety of nuclear energy activities. Its message is simple: a
nuclear disaster on the scale of Chernobyl must never be allowed to happen again; high levels
of nuclear safety assurance must be demonstrated in all countries at an international level in view
of widespread and legitimate public scepticism about the safety and the acceptability of nuclear
power.

The ICFIU has strong views about the need for worldwide nuclear disarmament and has
recently published a report on its efforts to promote peace, security and disarmament. The
military applications of nuclear technology are however beyond the scope of this report which
is concerned only with the control of the nuclear power generating industry and with civil
research reactors.

We believe that the recommendations it contains deserve thorough consideration by
governments, and indeed by all those concerned with the large and still growing use of nuclear
power.

John Vanderveken
General Secretary

20 March 1989
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A. INTRODUCTION

1. Ever since the discovery of radioactivity at the turn of the century, understanding of the
atomic nucleus has continued to unleash hitherto unimagined possibilities and consequences.
Today, nuclear science has become an integral part of modem life with applications in fields as
diverse as medicine, industry, agriculture, and scientific research generally.

2. In the field of electricity production, nuclear physics has enabled scientists and technolo-
gists to split (or fission) the nuclei of heavy atoms, like those of uranium, and thereby tap the
immense forces which bind together the tiny particles which make tip the atomic nucleus. By
developing technology to control the fission process, it has been possible to generate large
amounts of heat which can be used to raise steam to generate electricity on a commercial scale.
(As opposed to uncontrolled fission in nuclear weapons in which similarly large amounts of
energy are released more or less instantaneously with incredibly destructive power).

3. Whatever its potential benefits, nuclear science has also placed in mankind's hands, on a
greater scale than ever before, natural forces, which if not adequately controlled, can also cause
enormous harm. The horrific consequences of nuclear warfare are obvious (but are beyond the
scope of this report). However the fissioning of uranium in nuclear ractors also produces very
large amounts of radioactivity as an inevitable by-product. The ionising radiations to which this
gives rise are inherently harmful to all living things (depending o the sensitivity of tissues
affected and the dose received - see Appendix 1).

4. It is this aspect of nuclear energy which continues to be the greatest cause of public concern
- particularly given continuing uncertainties about the precise extent ofhealth risks from radiation
exposure as well as the growing realisation of the need to isolate nuclear wastes permanently and
reliably from the human environment.

5 . From its early beginnings in the USA, Britain, France and the USSR in the 1950s, nuclear
power has today established itself as a major contributor to world electricity production.

6. But this has not been without opposition. In recent years, public pinion in many countries,
including opinion within their trade union Movements, has become quite sharply divided about
the future role which nuclear energy should play in meeting expanding world energy needs. In
the light of ecent events - including the accident at Three Nfile Island in Pennsylvania in 1979
and the much more serious reactor accident at Chernobyl in 1986 - that debate has intensified and
continues to develop.

7. In the meantime however, whatever view is taken about the long term future of nuclear
power, there is also growing agreement that, in the short to medium term, urgent action is needed
to improve controls over the risks presented by existing nuclear activities and installations, whose
operation, if not expansion, is likely to continue in the foreseeable future.

8. In grappling with this question, it is increasingly apparent that nuclear power is one of the
most international of all technologies. Nuclear science and technology traverse geographical and
ideological boundaries as does radioactive pollution when things go disastrously wrong - as they
did at Chernobyl. It is for this reason above all that the ICFTU believes that urgent steps are
necessary to enhance the safety of civil nuclear energy at an international level through effective
institutions and mechanisms which can assure the ighest possible level of safety control over
civil nuclear activities in all countries.
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9. Following the Chernobyl accident, the ICFTU Executive Board adopted a resolution (see
appendix 2 which drew attention to serious issues aised by the disaster and called for stronger
international regulation. The Executive Board has since given further detailed consideration to
this question and has now agreed to publish this report which contains major conclusions and
recommendations aimed at restructuring and strengthening international arrangements for the
control of civil nuclear energy.

10. These are aimed not only at international institutions, national regulatory authorities,
Governments and nuclear plant operators but also at trade unions who themselves have a major
role to play in exercising constant vigilance over safety and environmental matters and in
expressing wider public concern about the control of nuclear risks.

B. THE DEVELOPMENT OF CIVIL NUCLEAR ENERGY WORLDWIDE

1 1. Nuclear energy makes a substantial contribution to world energy supplies. While its total
contribution to primary energy consumption (about five per cent of commercially traded fuels)
is small compared with oil 38 per cent) or coal 31 per cent), and is still below hydroelectricity
(nearly seven per cent), it is growing and, in 1987, it was producing about 160 terawatt hours TW)
of electricity in 26 countries, with a further 101 gigawatts (GW) under construction.

12. On a world scale therefore, although considerably less than coal, oil and gas and somewhat
less than hydroelectricity worldwide, nuclear energy still contributes 500-600 million tonnes of
coal equivalent (mtce) per year to world energy supplies.

13. The commercial development of nuclear power began in the 1950 - although the early
reactors were generally small and there were few of them until the 1970s, when nuclear energy
expanded rapidly throughout the world. It has continued to expand rapidly in the 1980s, partly
based on completion of reactors ordered a decade earlier.

14. Amongst the countries with nuclear power, the proportion of electricity generated by it
varies greatly. The highest percentage is France where it is now about 70%, followed (in round
numbers) by Belgium 66 per cent), Sweden and the Republic of China (Taiwan) (about 50 per
cent), Finland and Switzerland 40 per cent), the Federal Republic of Germany and Bulgaria 30
per cent), Hungary, Japan, South Korea and Spain (over 20 per cent).

15. ThelargestabsolutenuclearcapacityisintheUSAwithoverlooreactorsinoperationwith
about 90 gigawatts (GW) of capacity, followed by France, the USSR, Japan and West Germany.

16. The largest nuclear energy construction programme is that of the Soviet Union, which,
although very rich in fossil fuel and hydropower resources, still wishes to double or treble its
capacity by the year 2000 and already has 39 more reactors under construction. Japan is planning
to expand its nuclear capacity from 23 per cent of electricity capacity in 1985 to 40 per cent by
2000. And France has about ten more reactors under construction, despite already getting three
quarters of its electricity from nuclear power.

17. Since the Chernobyl accident, there has been some reconsideration of nuclear energy policy
in many countries. The outcome has varied. Some countries, like Spain and the Netherlands, have
deferred new nuclear capacity; Austria decided to dismantle its only reactor unused since it was
completed in 1978); Italy has had areferendurn, the outcome of which has made expansion of their
small nuclear industry (only 4 per cent of their electricity) very unlikely; and Sweden, already
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committed to phasing out nuclear power by 2010, has come under pressure from neighbouring
Denmark to close the reactors at Barsebeck, only a few miles from the Danish capital. A decision
has recently been taken not to commission a new reactor at Shoreharn in New York state in the
USA.

18. Ontheotherhand,theSovietUnion,otherSovietbloccountriesFranceJapanBritainand
several developing countries have decided to expand their nuclear programmes, while leaming
from the lessons of Chernobyl.

19. ThepositionattheendofDecemberl987wasthattherewere4l7:reactorsintheworld,with
120 more under construction. Thus although nuclear development in some countries is being cut
back, the conclusion must be that it will continue to be used on a large scale around the world in
the foreseeable future whatever some countries decide. Even if withdrawal from nuclear energy
was to intensify, there could still be at least 300-400 nuclear reactors somewhere in the world for
some decades to come, and more if countries like the Soviet Union carry out their plans to press
ahead.

20. Inthissituation,thelCFI'Utakestheviewthatitisabsolutelyessentialtosecuremaximum
possiblecooperationandregulationofnuclear activitiesinallcountries. Alreadyunderthe
auspices of bodies such as the International Atomic Energy Agency (IAEA), the Organisation for
Economic Cooperation and Development's (OECD) Nuclear Energy Agency (NEA), Euratom
and counterparts in the Soviet bloc, national nuclear industries maintain close liaison with their
counterparts around the world. Round the clock computer links keep operators, designers and
engineers informed of the latest technical information and discussions. Cooperation and
assistance continues to develop. That kind of co-operation needs to be rnaximised and, wherever
possible, made open to public scrutiny.

21. In that context, it is important that the trade union Movement worldwide plays a full part
in discussion of international nuclear regulation, whatever energy strategy is pursued in particular
countries.

C. RISKS TO WORKERS, THE PUBLIC AND THE ENVIRONMENT

22. When nuclear fuel is fissioned in the controlled neutron flux created inside a nuclear
reactor, the fragments of uranium nuclei which have been split in this Nvay rearrange themselves
into a whole range of new species of atoms which, being unstable, continue to undergo radioactive
decay (at different rates) until they reach more stable states. Some new atoms are also created
by neutrons being captured by uranium nuclei producing new substances (eg plutonium) which
are also radioactive. In addition, the intense neutron field produced within the reactor makes
much of the material within and surrounding its core radioactive as well.

23. Radioactivityisanaturalphenomenon.Alllivingthingsareexposedtonaturalbackground
radiation and people may be exposed to various man-made radiation sources such as radioiso-
topes or x-rays. Natural radiation is also dangerous but, because nuclear reactors are machines
designed to split atoms on a large scale, they present a much greater concentration of radioactivity
than is found in any other natural or industrial process. Ionising radiations can be harmful when
their energy is absorbed in living tissue since there is a chance that this can disrupt the subtle
chemistry of the cell - leading potentially to a whole range of ill effects depending on the
sensitivity of the particular tissues affected and radiation dose received. Broadly speaking, below
the relatively high dose levels where acute radiation effects are more or less inevitable, the
chances of those affected subsequently developing diseases or health problems, such as cancer
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or birth defects, increase with the radiation dose received. (ie the higher the dose, the higher the
risk - although there is a measure of uncertainty about radiation risk estimates - see Appendix 1).

24. This means that, from the startup of nuclear reactors onwards, people have to be kept well
apart from the radioactive materials to which their operation gives rise and doses of radiation -
whether to workers or the public - must be very strictly controlled. Control also has to be
exercised over natural radiation doses to uranium miners and fuel fabrication workers, and over
pollution from uranium mining wastes.

25. Furthermore, when the nuclear fuel in a reactor is used up and is no longer of any value for
making further nuclear reactions - or when a reactor core or radioactive parts of plant have to be
scrapped - the resulting radioactive debris must be contained and reliably isolated from the
environment on a permanent basis. his is a considerable technical challenge and raises many
difficult political and economic problems which may last for hundreds of years.

26. Safety and environmental control in the nuclearenergy cycle are also necessary to deal with
normal industrial risks in areas such as mining, construction, transport, or plant activities, but
they are primarily concerned with controlling radiological risks. These can be considered under
three main headings:

(i) controlling radiation doses to workers over the whole cycle - for example, mining
uranium ore, processing new or spent nuclear fuel, producing power or handling
wastes;

(ii) making sure that radioactive substances from such activities - including those in
waste facilities or discharges - do not contaminate the environment and find their way
to an unacceptable extent into human bodies - for example, via the food chain; and

(iii) preventing accidental or catastrophic releases of radioactivity - for example, in a
reactor accident or through loss of contents of a transport flask containing spent
nuclear fuel.

27. In a these areas, complex technological, legal and administrative systems have been
evolved to control the risk of things going wrong.

28. So far as major accidents which would release large quantities of radioactivity are
concerned, the overriding aim of regulatory authorities is to ensure that those responsible for
nuclear plants pay rigorous attention to the design, construction, operation and maintenance of
plants in order to make the chances of an event which could tgger such an accident as remote
as possible. Operators also have to ensure that sufficient defence and emergency provisions are
built in order to cope with such events if they do occur.

29. Similarly, thereareregulatorycontrolstolimitexposureof workerstoradiationandtolimit
discharges of radioactivity to the environment - although there are different views about whether
dose and discharge limits are tight enough (see Appendix - on Radiological Potection).

30. Although plant and operating integrity (including systems of work) are the prime
requirement, nuclear installations also have to be sited away from centres of population, areas of
geological instability, or major agricultural or water resources in order to minimise the impact
of catastrophic releases of radioactivity should they occur. In addition, there must also be
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adequate local emergency plans.

31. Despite adherence to these standards however, no nuclear safety regime will claim to
provide an assurance of absolute safety since this is accepted as impossible in the context of
human activity generally, where unanticipated can always occur. Rather, the aim in every part
of the nuclear cycle is to develop a comprehensive safety case - for example by seeking rigorously
to predict the probability and consequences of both plant and operator failures so that these can
be reduced as far as possible - the aim being to get to a point where the: chances of failure become
so remote that they can be deemed 'incredible'.

32. The main priorities therefore, in assuring control of risks to workers, the public and the
environment from nuclear power are:

- establishing sufficiently stringent standards for the design, construction, commis
sion, operation, maintenance and eventual decommissioning of plant in order to
prevent major accidental releases of radioactivity;

- controlling radiation doses to workers over the whole nuclear cycle to reduce risks to
their health to the lowest level possible;

- reducing discharges of radioactivity (especially long lived nuclides) during the
normal operation of plant sufficiently to give a high level of protection to even the
most exposed members of the public - eg. critical groups (see appendix 3,glossary

- developing sound siting criteria for nuclear plants including consideration of all
factors which have an may impact on the safety of the plant, as wen as comprehensive
local and national emergency plans to deal with accidents, based on strict emergency
dose criteria;

- ensuring proper continuous monitoring of activity levels around power plants and
reactors;

- developing effective radioactive waste management strategies - including high
quality engineered solutions for the permanent isolation of low, intermediate and
highly active radioactive wastes. (This is closely connected with policy on repro-
cessing iadiated nuclear fuel and decommissioning old nuclear plants); and

providing safe systems for the transport of nuclear materials (including irradiated
nuclear fuel).

33. The ICFrU considers that every nuclear nation must demonstrate assurance of high
standards of risk control in all the above areas.

D. REQUIREMENTS FOR SAFETY

34. In normal everyday usage, the term 'safe' tends to be used in an absolute sense to imply
no possibility of harin or an assurance of reliability. But when considering complex engineered
systems (like nuclear reactors, ships or aircraft), it is generally recognised that, despite design,
construction, operation and maintenance to high standards, accidental failures can never be
totally discounted. Accidents may still (and sometimes do) occur owing to unforeseen failures
in design, an unlikely component failure, a construction fault, or an operator error.
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35. In the case of hazardous plant such as a nuclear reactor, this means that standards must be
imposed which will reduce the chances of failure to a very low level and ensure that, if failures
do occur, design and operating parameters incorporate sufficient safety features to prevent
catastrophic releases of radioactivity. The resulting standard of safety is then expressed as the sum
of a series of expert assessments of the very small numerical probabilities of serious faults of
various kinds occurring or escalating into a major release.

36. Following this approach, the nuclear regulatory agencies of most countries require that, in
order for a nuclear reactor to be accepted for commercial operation, they must be satisfied that
the standards achieved by its operators will reduce the chances of failure to a level well below
that at which those chances would be held to be unacceptable if the consequences of such failure
were serious. (This is normally defined in terms of a maximum tolerable probability of an
accidental release of radioactivity big enough to require emergency action beyond the site
boundary, ie when the chances of long term harm to individuals, health from radiation exposure
exceed a certain level).

37. he nuclear industry can only meet these targets by achieving sufficiently high levels of
integrity in the design, construction, maintenance and operation of nuclear reactors and providing
adequate emergency arrangements to cope with accidents if they do occur. The challenge for
the future is to develop new designs and operating systems which can provide the best level of
assurance of the three essential features of a reactor safety - namely, control of the reaction,
containment of pressure and radioactivity, and the reliability of core cooling.

38. In addition, radiation doses to nuclear workers must be reduced to the 'lowest level that is
reasonably achievable' (ALARA) and, in any event, must not exceed certain dose limits. The
ICFTU believes that, on the basis of latest information, the present International Corrunission on
Radiological Protection's (ICRP) recommended annual dose limit of 50 millisieverts (mSv is
too high and should be reduced. here should also be corresponding tightening in radiological
protection targets for the public. The implications of latest studies are discussed at Appendix One.

39. In most countries, no nuclear plant can be constructed or operated without a licence and
before this can be granted, licence applicants are required to either meet certain standards laid
down by regulatory authorities or to make an exhaustive demonstration of their safety case. This
latter process, which can be very extensive, goes through a series of stages in very great technical
detail - examining and re-examining in depth every design and operational feature of the plant
which can affect safety, in order to ensure that sufficiently high levels of integrity and reliability
will be achieved for the plant to be considered acceptably safe.

40. The extent of direct supervision of operators by regulatory authorities throughout the
process of licence application, design, construction, commissioning and eventual operation and
maintenance of plant varies considerably from country to country. In some countries the
approach is to require strict adherence to detailed criteria set down in regulations. In others it is
largely for operators to demonstrate their safety case to the licensing authority. In general
however, whatever the extent of these differences, the essential elements of an effective nuclear
safety regime can be said to comprise:

a primary legal duty on bodies which operate nuclearplants to ensure their safety with
full liability to criminal and civil action if they fail to meet their obligations;

a properly staffed and fully resourced national nuclear regulatory agency, fully inde-
pendent but ultimately accountable to government authority, with extensive powers

ICFTU Nuclear Safety 9



to inspect plant and operations and, through licensing and enforcement procedures,
to impose any requirement or condition which they deem ecessary to assure safety
and the necessary standards of radiological protection;

agreed principles and standards necessary to provide an aceptable level of safety for
plant as well as for the protection of workers and for members of the public;

adequate emergency plans, including training and procedures development, to take
account of likely exposure levels in emergency situations (e.g. emergency dose limits
for key staff and emergency services workers);

openness and public accountability - including full trade uion involvement at plant,
industry and national level in decision-making and in scrutiny of compliance; and

continuous assessment of the work operations for problems or signs of potential
problems especially regarding stress levels, hours of work and communications
networks.

41. Although nuclear safety assured in this way might appear to be purely a matter of adherence
to high technical and organisational. standards, it is ultimately dependent on the creation and
continuing development of what can be described as a thoroughgoing 'safety culture' in which
exhaustive attention to risk control permeates every aspect of the operational and regulatory
process - from the actions of individual operating staff to the highest level of Governmental
authority. In addition, whilst the achievement of high levels of plant integrity is clearly the prime
objective, recent experience of accidents and incidents in nuclear plants has confirmed that more
attention must be devoted to the role of human factors in the assurance of safety - including
exhaustive examination of man/machine interface questions and ensuring the ability of operating
systems to prevent or cope with the consequences of operator errors.

42. In the light of the continuing development of nuclear energy on a world scale, public
concern at past accidents and incidents and realisation of the disastrous consequences of the
Chernobyl disaster, the ICF1U considers that an exhaustive audit of safety and regulatory
systems must be carried out in all nuclear nations with full trade union participation (see also
Section G).

E. THEINTERNATIONALAGENCIES

43. In a civilised society, stewardship of any industry carries with it a responsibility to strive
for ever higher levels of safety in an open and publicly accountable way. For the nuclear industry,
this means that if it is to be regarded as acceptable, no matter how rigorous it may currently
consider its approach to safety to be, it must continue to tighten its safety case as scientific
knowledge, technology and social aspirations advance.

44. Although the prime responsibility for developing an effective nuclear safety regime must
ultimately be with operators and authorities within each nuclear state, confidence in the integrity
of that regime can only be assured if it is exposed to regular, detailed and independent
examination at an international level and if it is able to benefit from advances in nuclear safety
philosophy and practice occurring in other countries.

ICFTU Nuclear Safety 



45. A sophisicated international system of standards, information exchange and technical
assistance does already exist - primarily under the auspices of the IAEA. The Agency was
established in the early 1950s stemming from the strongly international nature of nuclear science
and the nuclear scientific community, the need to attempt to control the military application of
nuclear technology and the need for all countries with nuclear programmes to benefit from
exchange of information and expertise. he Agency is not only concerned with those member
countries which are at present using nuclear power plants for electricity generation. It also
advises on the use of nuclear techniques in food and agriculture, the life sciences and the physical
sciences.

46. What the ICF1U now wants to see is a significant tightening of the role and authority of
the IAEA to provide a far higher level of assurance of nuclear safety at an international level.

47. One of the main tasks of the Agency, which is based in Vienna, has been to promote the
peaceful uses of atomic energy throughout the world and to do so in ways which safeguard nuclear
energy materials and processes from being diverted into military uses. The Agency currently has
112 member states (see Table 2 which contribute to an annual budget of 140 million.

48. It is headed by a Director General (currently Dr Hans Blix) and has a secretariat which is
organised in four main programme areas: nuclear power and the fuel cycle; nuclear applications
(including food and agriculture, human health, physical sciences and technology, the Agency's
laboratories and the International Centre for Theoretical Physics); nuclear safety and radiation
protection; and safeguards (see Appendix 3 A Standing Advisory Group on Safeguards
Implementation (SAGSI) advises the Director General on technical aspects of safeguards
concerned with preventing diversion of nuclear materials for military purposes.

49. A General Conference of government representatives is convened once a year for a general
debate on the Agency's policy and programme, to review and approve the budget and the annual
report, to approve applications for membership and to elect new and replacement members of the
Board of Governors.

50. The Agency's activities in the field of nuclear safety are coordinated by the Division of
Nuclear Safety. The Division comprises sections responsible forradiological protection services,
for radiation protection, the safety of nuclear installations, and a reliability and risk assessment
programme. The nuclear safety programme of the IAEA is among those reviewed by a scientific
advisory committee, which advises on the structure and content of the Agency's work. The
Director General has appointed 13 experts, the International Nuclear Safety Advisory Group
(INSAG), to give him additional advice on important issues in the field of nuclear safety.

51. Although national approaches to regulation of safety vary in detail in different countries,
there are many similarities particularly in relation to general principles and goals. The IAEA has
sought to build on these similarities in establishing safety standards and promoting their
application.

52. Amongst the extensive work of the Agency in the fields of nuclear safety and security some
of its principal activities include:

setting agreed standards NUSS, Nuclear Safety Standards) by laying down essential
guidelines for reactors and other plant, based on experience from countries with
advanced reactor programmes, which it seeks to have included in any agreements,
contracts and treaties that it signs with member states:
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developing Probabilistic Risk Analysis (PRA) techniques to help assess safety cases
for nuclear plant;

sending inspection and review teams (OSARTS, Operational Safety Review
Teams) upon request from plant operators and/or governments to monitor and
evaluate operational safety and performance in different ountries and to help
national regulatory authorities enforce high standards;

operating the Agency's Incident Reporting System (IRS) which facilitates rapid
exchange of information between operators in various countries about safety related
events;

providing an ASSET (Analysis of Safety Significant Event Teams) service to
examineaccidents and incidents reported to the Agency i order to identify lessons
which can be learned;

developing standards, recommendations and guidance across the whole field of
radiological protection;

assisting in the coordination of additional emergency assistance to member states in
the event of nuclear accidents (this role has been expanded following the Chernobyl
disaster, by transforming existing IAEA guidelines on rapid information exchange
and mutual assistance into binding international conventions;

operating a system of accounting, to identify quantities of.Fissile material within civil
nuclear programmes, to prevent such materials being iegally transferred to nuclear
weapons programmes (die safeguards system); and

coordinating nuclear energy research generally around te world, and pooling
information from different countries.

53. Although the Agency has a majorrole in extending nuclear safety, the lCFI`U considers that
its credibility in carrying out this responsibility is compromised to sorne extent by the fact that it
also has the role of promoting the peaceful use of nuclear power. The ICFr`U believes that all
inspection and regulatory bodies should be separate from bodies tat promote the industries
concerned and therefore wants to see a clear and formal separation of those two functions. But
it also continues to believe that, as a United Nations body, the IAEA provides the most effective
basis for international regulation. 'Me Confederation believes that the best way to tighten
international standards is through a reformed and adequately fanced MEA, maintaining the
highest possible standards of expertise and integrity aongst its own ranks. Countries wishing
to operate nuclear energy programmes must be obliged to join the IAEA ranks, membership of
which should entail rigorous observance of all agreed guidelines as a minimum, with mutual
pressure and support for even tighter standards of operation where countries are able to achieve
them.

54. Thereare,inadditontotheIAEAanumberofotherbodieswhichhaveimportantregulatory
and supervisory functions. 'Me European Community operates the Euratom Treaty, with the Eu-
ropean Cornmission's Energy Directorate General carrying out regulatory functions in member
states. The Organisation for Economic Co-operation and Development (OECD), which com-
prises the western industrialised nations, has a Nuclear Energy Agency (NEA), which largely
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monitors and promotes nuclear power capacity in member states. The International Commission
for Radiological Protection (ICRP) is a self-appointed group of scientists that examines radiologi-
cal protection questions, sets risk estimates and advises nuclear nations on how tightly such risks
should be controlled. And the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) also conducts regular reviews of the effects of all kinds of radiation.
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TABLE 2 EM13ERS OF THE INTERNATIONAL ATOMIC ENERGY AGENCY

Afganistan Libya
Albania Liechtenstein
Algeria Luxembourg
Argentina Madagascar
Australia Malaysia
Austria Mali
Bangladesh Mauritius
Belgium Mexico
Bolivia Monaco
Brazil Mongolia
Bulgaria Morocco
Burma Namibia
Byelorussian Soviet Socialist Republic Netherlands
Cameroon New Zealand
Canada Nicaragua
Chile Niger
China Nigeria
Colombia Norway
Costa Rica Pakistan
Cuba Panama
Cyprus Paraguay
Czechoslovakia Peru
Democratic Kampuchea Philippines
Democratic Peoples' Republic of Korea Poland
Denmark Portugal
Dominican Republic Qatar
Ecuador Romania
Egypt Saudi Arabia
El Salvador Senegal
Ethiopia Sierra Leone
Finland Singapore
France South Africa
Gabon Spain
German Democratic Republic SriLanka
Germany, Federal Rebublic of Sudan
Ghana Sweden
Greece Switzerland
Guatemala Syria
Haiti Tanzania
Holy See Thailand
Hungary Tunisia
Iceland Turkey
India Uganda
Indonesia Ukrainian Soviet Socialist Republic
Iran Union of Soviet Socialist Republics
Iraq United Arab Emirates
Ireland United Kingdom
Israel United States of America
Italy Uruguay
Ivory Coast Venezuela
Jamaica Vietnam
Japan Yugoslavia
Jordan Zaire
Kenya Zambia
Korea, Republic of
Kuwait
Lebanon

ICFTU Nuclear Safety 14



55. ThetntemationalLabourOrganisation(ILO)isinvolvedbothwiththelAEAandwithother
organisations dealing with radiation safety. Together with the IAEA and the World Health
Organisation (WHO), the ILO has taken part in the production of a number of guides published
by the WHO on radiation protection in hospitals, and on general practices. A manual dealing with
the medical supervision of workers has been published by the IAEA under the auspices of these
three organisations. The ILO, WHO and IAEA have alsojointly sponsored a number of symposia
and other similar meetings. For example, the ILO, WHO, IAEA and NEA jointly sponsored the
revision of the 1967 edition of the IAEA Basic Safety Standards for Radiation Protection. he
ICFTU feels that such cooperation with the ILO should be increased particularly with regard to
the development of safe working practices in nuclear power plants based on the principles of ELO
Conventions 155, 161, and the accompanying Recommendations.

56. The ICFI`U welcomes plans announced in Paris in October 1987 to establish the World
Association of Nuclear Operators WANO). This new rganisation, to be established by the end
of 1989, will include representatives of nuclear power utilities throughout the world. It will have
the ission of maximising safety and reliability of nuclear power plants by exchanging
information, encouraging comparison and stimulating emulation amongst its members and will
establish a number of coordinating centres in major national capitals. The ICFTU wishes to see
this and other bodies contributing to improved nuclear safety assurance on an international level.
Euratom, in particular, needs to play an active role. For a long time, many in the trade union
Movement have wanted to see the structure of the ICRP reformed because it is self-appointed, in
some respects is too close to the nuclear industry, and has no trade union representatives. This is
clearly unacceptable in such a powerful and influential body. The IAEA is however, the focal
point for international action for the improvement of nuclear safety and the ICFI`U's proposals
are therefore primarily directed to strengthening its role and developing trade union involvement
in its activities.

F. TOWARDS TIGHTER INTERNATIONAL CONTROL

57. The main aim of tightening international control must be to make sure that every country
in the world that has nuclear power takes the best possible care of all the operations involved and
benefits from the experience of all other nuclear nations. No country should be able to operate
a plant that is considered by the majority of other countries to be of unsound design, nor to adopt
unsafe methods of operation. Through the IAEA a strong body of international opinion should
be marshalled to keep member nations in line, by means of a powerful world consensus.

58. The ICFTU recognises that for a United Nations body to take on such a role will only be
possible given an atmosphere of genuine openness, trust, commitment and goodwill by all
participating member states.

59. The Confederation also recognises that it is never easy to get agreement about international
standards and methods of enforcing them. In the nuclear field it is vital that an international
system become more than a set of minimum or lowest common denominator standards, which
individual countries might do little to improve upon.

60. There is however, no alternative to a tightening of standards and arrangements on an
international basis. The public will rightly demand it. The Confederation believes that it is
possible to reach international agreement on improved nuclear safety arrangements based on
thorough preparation and clear commitment to make it work.
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61. The IAEA's existing standards and systems are important and, in most cases, are very
useful. But some of them could be tightened. Member states could be persuaded to commit
themselves more wholeheartedly to upholding and improving them, and the whole fabric of
international standards could be made much more intelligible to the public - not shrouded in
technical language.

62. Amongst the more important steps which should be taken, the.[CFIU has identified the
following measures:

the role of the IAEA must be expanded in nuclear safety - building on developments
which have occurred post-Chemobyl;

all nuclear nations must be obliged to participate fully within the IAEA - for example
by reporting all safety significant events;

within the Agency there must be a clear separation of safety and promotional
functions in relation to nuclear energy - with a separate Board for nuclear safety
established under its own Directorate with full trade union representation;

- the IAEA's role in international inspection, in training, ad in analysis of accidents
and incidents, must be supplemented by regular review of the safety and regulatory
regime in each member state - with power to require necessary improvements. A new
high level Review Body should be set up for this purpose and member states should
be bound by its recommendations;

- in addition, besides government representatives, public interests, including trade
unions, should have a strong role in the UEA's General Conference;

the IAEA must ensure the adoption of common and rigorous generic safety principles
for nuclear reactors and other active plant building on its present Nuclear Safety
Standards (NUSS) which must be made fully binding in au IAEA contracts and
agreements with member states;

it must publish full information on the adequacy of safety judgements for nuclear
plant - for example in relation to siting and emergency plans - which must be made
publicly available in all countries concerned;

the IAEA must have a stronger role in radiological protection (RP - reviewing risk
estimates, setting tighter RP targets and monitoring RP performance. 'Ibis must
include effective opportunities for trade union representatives to discuss and agree
risk assessment and risk acceptancejudgements - with full information on dose trends
in each member state;

the IAEA must set minimum standards for the safe management of radioactive wastes
- including the design and siting of facilities;

IAEA inspection of nuclear plants must be expanded - with 'prompt challenge' ar-
rangements to enable realistic assessment of day to day operating conditions -
paralleling the already extensive powers of IAEA safeguards inspectors;
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measures to protect installations against war and terrorism must be subject to constant
review and, where necessary, improvement;

the IAEA must insist on the complete separation, in all countries, of civil and military
nuclear programmes and develop stronger accounting and other measures to prevent
illicit trade in fissile materials;

IAEA work on safe transport of radioactive materials must continue - for example to
tackle new problems such as transport of plutonium by air,

work on emergency response, mutual assistance and early warning must continue to
be developed in the light of 1AEA response to Chernobyl and incidents such as
Goiania;

LkEA collaboration with the ILO must be enhanced so as to ensure that the
provisions of general ILO standards on occupational health and safety, particularly
withregardtotheroleoftradeunion safetyconunitteesandrepresentatives,become
fully integrated into the operating policies and practices in all countries; and

the IAEA must undertake a detailed study into the nature and extent of the use of
contract or temporary workers in nuclear power plants.

63. Although many of these recommendations build on existing 1AEA programmes and
activities, taken together, the ICF1FU believes they constitute a realistic programme for a much
needed shift in the Agency's overall role. Up to now, the Confederation believes, this has been
largely one of mutual cooperation and assistance between states - particularly on important
technical issues. In the light of Chernobyl, the ICFI`U believes this must now change so that the
Agency develops a much stronger role in the surveillance of day-to-day regulation of nuclear
safety in member states.

64. But above all there must also be a continuing movement towards developing greater
openness - for example publishing a quarterly statement for all incidents, as well as details of all
safety significant events, instituting enquiry procedures and receiving submissions and delega-
tions. The overriding objective must be to enhance public confidence at all levels.

65. The above proposals however should not be interpreted as implying a shift in the primary
responsibility for the control of nuclear risks which rests with nuclear plant operators whose
activities in turn are overseen by national regulatory authorities. What the ICFrU wants to see
is a means of developing, assisting, promoting, scrutinising, and supervising nuclear safety
systems in all countries engaged in civil nuclear power generation.

66. The Confederation urges all those with influence in this area to campaign for these
proposals. It also calls on the IAEA to convene regular consultative meetings to allow for
discussion o tese proposals with representatives of unions at an international level.

G. INDUSTRIALRELATIONSANDSAFETY:THETRADEUNIONROLE

67. In view of the special hazards presented by nuclear power, the ICFI`U consider that the trade
union Movement has a special role to play in ensuring that nuclear risks are properly controlled
and dangerous occurrences prevented. Not only must trade unions exercise particular vigilance
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over all health, safety and environmental matters at plant and industry level but, at national and
at international level also, trade union organisations have a major responsibility to campaign for
the highest possible standards. In doing so they will help protect their members in the industry
and the wider community.

68. In this respect, the ICF1U believes that trade unions are uniquely placed in society for
carrying out such a task. Through their members in the nuclear industry, they have a detailed
knowledge of safety problems and practice, whilst at the same time tey are also able to speak
from a knowledge of wider public concern on nuclear safety issues. he ICF17U believes that,
in each country, the trade unions, as of right, should be involved in nuclear safety policy making
institutions and in standing arrangements for surveillance of nuclear safety regimes generally.
The basic rights to freedom of association, Organisation and collective argaining must be applied
in the nuclear industry as for other workers in all countries. Furthermore, application of these
widely agreed principles of industrial relations will contribute greatly to the strengthening of an
effective safety culture in the nuclear industry by promoting the full participation of workers in
the control of potentially hazardous processes.

69. At plant level too, unions need legally guaranteed rights and functions for their safety
delegates if they are to carry out an effective and independent watchdog role. Minimum rights,
based on the provision of' ILO Convention 155 and Recommendation 164, for plant level trade
union health and safety representatives in all nuclear states should include the following:

- the right to represent their members on all health and safety matters in discussions
with employers and regulatory, authorities;

- the right to be consulted by eployers and nuclear health and safety inspectors;

- the right to inspect regularly all parts of the workplace;

- the right to investigate potential hazards, accidents, incidents and complaints;

- the right to receive information and assistance including opies of all official docu
mentation and reports;

- the right to require safety committees to e set up and to attend meetings as members;

- the right to receive time off with pay to carry out their functions and to undergo
union organised or approved health and safety training.

70. In addition to campaigning for the full implementation of these rights, unions also have a
key role to play in providing information and guidance to their members and in acting as a link
withthewidercommunityinpublicizingproblemsandprogressinstrengtheningriskcontrol. The
ICFIU, together with the International Trade Secretariats, will develop regular international
exchange of information and experience between unions on their role in ensuring safe practice in
the nuclear industry.
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71. For the ICFTU, the full exercise of trade union freedoms and the development of
constructiverelations between employers and trade unions are essential elements in the creation
of an effective safety culture. It is now widely recognised by governments employers and trade
unions that the involvement of workers through their own freely chosen organisations is a vital
mechanism for building a safe working environment. 'Me nuclear industry is no exception. The
basic principles of this approach are set out in ELO Convention 155 and Recommendation 164
which were adopted by the tripartite International abour Conference in 1981 (see Appendix 3.
The IAEA should, in its work on nuclear safety, take full account of these standards. In this regard,
the industry's relative isolation from the expanding field of safety systems should e remedied
with, for example, the application of best principles in the area of ergonomics to the design of
works tasks and machinery.

72. The IAEA should act to encourage the development of safe working practices in the
industry by:

- undertaking a worldwide survey, jointly with the ILO, of the extent to which the
principles of the relevant ILO Conventions and Recommendations are applied in the
industry;

- including within its secretariat staff experts with experience from other industries
concerning safety systems management;

including such experts in its safety review teams;

ensuring that safety review teams meet trade union representatives as well as
management during their visits; and

developing international training standards for managers and workers based on the
best technical knowledge available and on internationally recognized occupational
health and safety procedures.

H. CONCLUSIONS AND RECOMMENDATIONS

73. In this report the ICFIU has set out an overview of the main health, safety and environ-
mental challenges posed by nuclear energy in the world today, together with a series of broad
conclusions and recommendations on the tasks facing nuclear operators, trade unions, regulatory
authorities, national governments and international agencies. In summary, the Confederation
concludes and recommends as follows:

nuclear energy makes a substantial contribution to world energy supplies;

in the light of recent events, including Chernobyl, there is increasingf public concern
about the safety of nuclear activities, particularly, given continuing uncertainties
about the precise degree of risk associated with exposure to raddiation;

whatever view is taken about the future contribution of nuclear power to future world
energy needs, there is widespread agreement about the need to further tighten
standards of control over existing nuclear activities

nuclear power is one of the most international of technologies. In order to enhance
nuclear safety worldwide there is an urgent need to restructure and strengthen
international arrangements for the control of civil nuclear energy;
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trade unions have a central role to play, at plant, industry and national level, in
ensuring the highest possible standards of safety. Key tasks fr unions in all countries
include:

pressing for stringent standards for te design, construction, conunis
sioning, operation and eventual decommissioning of nuclear plant to pre
vent major radiological accidents;

tightening control over radiation doses to workers (including uranium miners)
and members of the public - and to press for lower dome limits;

seeking reductions in discharges of radioactivity during normal operation of
plant to the lowest levels practicable;

developing the role of union safety representatives and committees in the
scrutiny of operating practices and job design;

seeking sound internationally accepted criteria for siting of plant as well as
adequate emergency plans;

pressing for effective and agreed radioactive waste management strategies -
with high quality engineered solutions for the permanent isolation of radioac-
tive wastes;

pressing for safe systems for transport of all nuclear materials; and

pressing for the highest possible standards of training for all workers in nuclear
power plants, including those who may work irregularly in the plant on a
temporary or sub-contract basis.

whilst there can be no guarantee of absolute safety in any walk of life, standards must
be imposed on nuclear activities which will reduce levels of isk both to society and
individuals to a point where they become acceptably remote;

key elements for an effective nuclear safety regime in each country include:

a primary legal duty for safety on bodies which operate nuclear plant;

a fully independent, accountable and properly staffed regulatory authority with
extensive enforcement powers;

agreed minimum generic safety principles and standards for plant safety and
radiological protection;

openness and accountability - including full trade union involvement;

a thoroughgoing 'safety culture' permeating every part of the operational and
regulatory process; and

full recognition of the role of trade unions in all matters concerning safety and
health
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there must be a continuing audit of nuclear safety systems in all countries;

although primary responsibility for developing an effective nuclear safety regime ul-
timately rests with national regulatory authorities, the integrity of that regime must
also be assured by exposing it to independent detailed examination and scrutiny at
international level;

an important mechanism for such international surveillance and control already exists
in the form of the IAEA. The Agency's role in nuclear safety, however, is compro-
mised by its role in promoting nuclear energy. A separation of these two functions
is urgently needed;

Major changes are needed in IAEA including:

a separate and strengthened Directorate for nuclear safety with trade union
involvement at board level;

a closer collaboration with the ILO on the application of the general principles
of safety management and the role of trade unions in hazard prevention;

a new high level LNEA Review Body to review regularly the safety and
regulatory regime in each member state with power to require necessary
improvements;

adoption of minimum generic safety standards, including siting criteria, which
must be made binding in all contracts and agreements between the Agency and
member states;

full public information on a safety significant events and safetyjudgements;

a stronger role in radiological protection - including lower dose limits and
provision for trade union involvement;

minimum standards for high quality engineered facilities to manage radioac-
tive wastes;

expanded international inspection of nuclear plants - including 'prompt chal-
lenge' inspections;

a continuous review of steps to protect nuclear plants from war and terrorism;

separation of civil and military nuclear activities with tighter control over all
fissile materials and key nuclear processes;

strengthening work on the safe transport of nuclear materials; and

expanding existing work on emergency response.

trades unions, as of right, must be involved in nuclear safety policy making at national
and international levels. Workplace safety representatives must have certain basic
rights:
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to inspect the workplace regularly;

to investigate accidents and incidents;

to be consulted by management and nuclear inspectors;

to require a safety committee to be set up and to attend meetings;

to pursue members'complaints; and

to receive information and training to enable them to carry out their health and
safety role.

In view of unions' understanding and experience of the special hazards presented by
nuclear activities, and their ability to speak from a knowledge of wider public
concern, they mustexercise particularvigilance over all health and safety matters and
press for the highest possible standards.

74. The ICFIU believes that the above recommendations represent a minimum but realistic
programme for action which it strongly commends to all bodies concerned with nuclear safety.
The control of nuclear technology constitutes one of the greatest challenges currently facing
humanity and a high level of control of nuclear activities in all countries must be clearly
demonstrated at an international level, in view of legitimate public concern over nuclear energy.
The 1CF1FU Executive Board therefore calls on the IAEA to convene regular consultative
meetings to discuss these issues with trade union representatives at a international level.
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APPENDIX ONE

RADIOLOGICAL PROTECTION

Risk issues

Assessing levels of risk at different stages in the nuclear cycle, and thus the adequacy of
measures to control them, is very much dependent on estimating the potential for harm of
exposuretoionisingradiations. Althoughthewholesubjectofradiationriskarousesconsiderable
public concemandappearstechnicallycomplex,itcanneverthelessbeconsidered inmuchthe
same way as risks presented by other harmful factors connected with work activity; for example,
toxic substances or physical or microbiological hazards.

When viewed in this way it is possible to identify a broad range of key questions such as:
what harm can radiation cause? how is exposure controlled? what doses do workers actually
receive? what risks do they run? how much dose is too much? how can it be decided if doses
have been reduced to the lowest level possible? what about protection of the public? and, most
important of all, who is responsible for making decisions about these kinds of issues?

Radiation effects

If the body is exposed to relatively high radiation doses above recognised thresholds,
certain effects appear to be more or less inevitable. These include radiation bums and sickness,
sterility and, where doses are high enough, even death. The science of radiation protection also
makes a cautious presumption that any radiation exposure, however small, will increase the
likelihood of other subsequent disease effects - even if only to a very small extent.This is because:
below the relatively high dose levels where radiation sickness occurs, even though such radiation
exposure produces no readily visible symptoms, it nevertheless rises the chances of those
exposed developing certain kinds of ill effects which may not appear until sometime later. This
is because, when radiation energy is absorbed in living tissue, it can cause very small changes
in the material which carries the coded information necessary for the successful functioning of
the cells of which every part of the body is composed. If these changes are big enough and if they
are not counteracted by other body mechanisms, they can lead to effects such as:

abnormalities or diseases in childhood in children bom f mothers exposed during
pregnancy to radiation;

cancer of various kinds; or

possibly hereditary defects in later generations as a result of eggs or sperm being
damaged in potential parents.

Research shows that cells which are rapidly dividing (like stem cells in the red bone marrow
or cells in the developing foetus) are more vulnerable to radiation damage because the chances
of disruption are greater than when cells are in a more stable state.

This shows up in the difference between the chances of a given radiation dose producing
each of the three different kinds of effect. The chance of foetal damage is highest and that is why
pregnant women have to be protected from radiation sources. The next highest risk is that of
people exposed to radiation developing cancer. The lowest risk is thought to be that of genetic
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defects, although this effect has only been observed in animal experiments and no evidence has
actually been seen in humans. In very rough terms, the risk to the foetus is about 50 times the
genetic risk.

Controls

These dangers have been recognised with gradually increasing clarity since the inception
of nuclear activities. Increasingly comprehensive arrangements to control exposure to radiation
have been evolved by the International Commission on Radiological Protection (ICRP), a self-
appointed body of scientists who review radiological issues.

Broadly speaking the ICRP advises that all radiation exposure should be justified by the
benefits of the activities involved; that exposure of workers and the public should be reduced to
4 as low a level as is reasonably achievable' (ALARA); and that annual radiation doses should
never exceed 50 millisieverts (mSv) for workers and mSv for members of the public. Although
the annual effective dose equivalent limit for members of the public is mSv, it is permissible
to use a subsidiary dose limit of 5 mSv in a year for some years, provided that the average annual
dose equivalent over a lifetime does not exceed the principal limit of I mSv in a year. The annual
dose equivalent limit for both the skin and the lens of the eye is 50 mSv (ICRP statement, Paris,
1985).

How dangerous?

These international principles of protection are based on the idea that there is a linear
relationship between radiation dose and the probability of subsequently developing disease. In
other words, the higher the dose, the higher the likelihood of some effect. It is assumed that this
relationship applies right down to zero dose, because no one is sure what level of dose can be
safely assumed to be risk-free. Further, it is assumed that a series of small exposures every day
over a lifetime carries the same risk as a larger dose received over a shorter period.

In its document, ICRP 26, the risk of developing fatal cancer has been estimated by the
ICRP to be of the order of 125 per 10,000 per Sievert (Sv). This means that if 10,000 people each
received a whole body radiation dose of Sv, (or, say, one million each received one ten
thousandth of a Sievert - 10 millisieverts (mSv)), 125 could be expected to develop fatal cancers
as a result.

It is not possible to attribute individual cancer cases to past exposure to radiation because
cancers can have many causes. Risk estimates, therefore, relate merely to the probability of an
individual contracting disease as a result of receiving a radiation dose.

For foetal abnormalities caused by radiation exposure of the abdomen of pregnant women
- for example, during the period of - weeks following conception - the level of risk is higher
- about 4,000 per 10,000 per Sv according to the ICRP. The risk for hereditary defects in all later
generations from genetic damage caused by radiation exposure of a potential parent is thought
to be lower - about 80 per 10,000 per Sv. In practice no excess incidence of such hereditary defects
has been observed in human populations - for example amongst the children of the Hiroshima
and Nagasaki bomb survivors - and so this latter estimate has had to be based on the results of
animal studies.

Besides helping to judge standards of protection for workers, radiation risk estimates are
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also important in deciding how many excess cancers might be expected from an accidental release
of radioactivity or in setting emergency action levels and maximum tolerable levels of radioactive
contamination in the environment or in foodstuffs.

The values ascribed by the ICRP to different radiation risk estimates for various effects have
been criticised by a number of radiation specialists as being too low and are currently being
revised by the Commission in the light of the latest available evidence. They are likely to be
revised upwards by a factor of 2 (or perhaps more) but the precise relationship will still be subject
to a fairly wide margin of uncertainty - particularly in the low dose region. Some scientists claim,
for example, that the risk of developing cancer and other problems may be higher at low doses
than is suggested by the linear model. This view is not shared, however, by the majority of
scientific opinion in this field and some specialists even suggest a smewhat lower risk at low
doses.

Although the approach to risk estimates developed by ICRP has some merits, the trade
union Movement has been critical of the fact that the Commission is largely self-selecting, is
dominated by people associated with the nuclear industry, and includes no trade union represen-
tatives.

Research problems

Debates about risk estimates for radiation are complex and ivolve disputes between
scientists about the interpretation of evidence of death and disease rates in populations which have
been exposed to radiation. Available data in this area are limited, being derived mainly from
studies of populations exposed to relatively high levels of radiation for short periods - including
the Japanese bomb survivors, people exposed to radiation for diagnostic and therapeutic
purposes, and workers who applied radium paint for luminous dials. Except at high doses, the
relatively long period involved between exposure to radiation and the onset of symptoms or
death, makes the collection of reliable data difficult. In addition, data on fatal disease have proved
easier to study than data which include non-fatal effects - since the ltter are often incomplete.

In employed populations, where the overall level of health of orkers tends to be above
average, it is difficult to make accurate comparisons of disease and death rates with similar data
for the population as a whole. In addition, because of the high incidence of fatal cancers (some
20 per cent of all deaths are caused by cancer), small excesses which may have been caused by
past radiation exposure are very difficult to detect.

The biggest single study population remains that of the Hiroshima and Nagasaki survivors,
where recent recalculation of dose estimates from nutrons in the explosions and updated
information on solid cancers, now suggest radiation estimates should be higher than previously
thought. Death and disease data from the Chernobyl population are not yet available, although
studies which are now being set up may provide further information but not for some years.

Risks to nuclear workers

Although for many nuclear workers, average annual levels of radiation exposure are
relatively low, in some areas, pockets of significantly higher exposure are still to be found. 'Me
overwhelming view in radiological protection circles is that all radiation exposure should be
presumed to increase the chances of those involved suffering some ill effect as a result (even if
onlytoaverysmallextent).Inmany casesevenonthebasisof current][CRPriskestimateslevels
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of risk associated with current patterns of exposure over a whole lifetime are quite significant
and, when viewed in the light of new risk information, are unacceptably high.

On the basis of the risk estimates in ICRP 26, the fatal cancer chances of those accumulating
lifetime doses of the order of 100-200 mSv are in the region between in 800 and I in 400. Tis
is an unacceptably high level of risk.

There are difficulties in comparing cumulative disease risks (such as those associated with
harmful factors like ionising radiations which have a latent effect) with other kinds of risk such
as accidents (where average risk levels are more or less constant over a working lifetime).
Nevertheless it is worth noting that, on the basis of ICRP 26, the risk of fatal cancer associated
with a lifetime dose of 100-200 mSv is equivalent to the average level of risk of fatal accident
faced over a lifetime by workers in industries such as shipbuilding and marine engineering;
bricks, pottery, glass and cement; gas, electricity and water; transport and communications; and
timber and furniture - all industrial sectors where unions and health and safety authorities have
recognised the need for urgent action to reduce accident rates.

If risk estimates are revised upwards, for example by a factor of two, lifetime doses in the
100-200 mSv range imply a level of fatal isk equivalent to that confronted over a working lifetime
by those employed in the most dangerous industries.

Critique of ALARA

The approach to control of radiological risks advocated by ICRP does not regard dose limits
as a sharp dividing line between safety and danger since such limits do not relate to any observable
biological threshold effect. Rather they are somewhat arbitrarily drawn outer boundaries in a
spectrum of risk. The overriding requirement therefore is to reduce doses to 'as low a level as is
reasonably achieveable' (ALARA). Broadly speaking, this approach can be defined as the
requirement to reduce doses to the lowest level technically achievable consistent with the
resources necessary to achieve such reduction. Many unions have criticised this combination of
technical and economic assessments and would wish to see the separation of the two issues more
clearly by the presentation of information on the lowest levels achievable regardless of cost
factors (As Low as Achievable - ALAA).

Various quantitative decision-aiding techiques have been developed to try and help decide
when doses are ALARA - but they are extremely complex and are based on contentious
assumptions about the cost of control measures and the monetary value to be ascribed to a unit
of radiation dose. As a result, they cannot be easily applied by workers and/or the public in
specific circumstances to check on the adequacy of particular aspects of radiological protection
practice, performance or enforcement. Although the greater prominence which has been given
to the ALARA principle in recent years has undoubtedly been an important factor in securing a
downward trend in occupational doses, it has also attracted fundamental criticism in that such
quantitative approaches cannot be regarded as a realistic alternative to developing consensus
about complex moral, and technical, judgements. The principle, by its very nature, allows a
considerable margin of flexibility - a problem made worse by the fact that the permissible annual
exposure range in ICRP 26 is far too wide. In practice, dose limitation is more likely to be
determined either by simple design targets or as a result of management, trade union or
enforcement pressure.
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An alternative approach is to establish annual 'investigation' ad quarterly 'notification'
levels at three tenths and three fifths of the dose limit respectively (see below) which act as
'tripwires - causing employers to carry out ALARA investigations and notify regulatory
authorities of cases of over-exposure.

Present dose limits too high

The rationale for present dose limits in ICRP 26 is that they should represent the outer
boundary of an occupational risk spectrum faced by the employed population generally.
Exposure for 40 years at the ICRP limit of 50 mSv, however, would imply a fatal cancer risk of
about in 40. Clearly such a notional level of risk is quite unacceptable even for workers
undertaking highly dangerous kinds of work. (eg divers, steeplejacks etc). It in no way
corresponds to an outer limit of risk appropriate to most people at work - and indeed radiological
protection authorities recognise that workers should rarely, if ever, approach this dose limit and
no one should ever be exposed at this level for a number of years.

Given re-evaluation of risk data (discussed above), the present ICRP dose limits (for whole
body - including young people and women of reproductive capacity - and single organs) are
clearly far too high and must be reduced substantially. In addition, urther compliance targets
must be adopted which will create additional pressure for tighter and more effective ALARA
judgements. Annual dose limits should be replaced by a new lifetime dose limit based on annual
averaging.

The case for more stringent dose limitation

The case for more stringent dose limitation (including new dose limits and compliance
targets proposed) rests on a number of different arguments (set out below) which together dictate
the need for a more rigorous system of radiological protection.

(1) Uncertainty

An important conclusion from all scientific reviews of the risk from low level radiation
exposure is that radiation risk estimates are based on incomplete data and involve a large degree
of uncertainty, especially in the low dose region. It is prudent therefore to err on the side of
caution when choosing exposure limits.

(2) Risk estimates embrace a range of possible answers

All major scientific reviews except that of ICRP, give a range of answers in their risk
estimates largely because of uncertainty. Prudence and caution demand taking account of the
upper end of the range of possible risks if workers and the public are to be given the benefit of
the scientific doubt.

(3) Experts question ICRP risk estimates

In comparison to the period from 1930-1975, which was largely one of consensus on
radiation risks, a number of experts have questioned ICRP risk estimates. This has occurred
because uncertainty has increased, following the emergence of both new data and new
interpretations, and because many did not agree with the new procedures and recommendations
of 1CRP 26 1977), which are the basis of ICRP's current exposure limits.
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(4) Cancer induction is likely to follow the Relative Risk and not the Absolute Risk model

ICRP chose to use the Absolute Risk (AR) model in 1977 but since then the latest data from
Japan and elsewhere suggest that the Relative Risk (RR) model is more likely to represent the risk
of cancer induction. As the RR model rises proportionately with the rising background risk of
cancer, the overall lifetime risk is greater than that predicted from the AR model, where risk is
a fixed constant, irrespective of the background risk. The lifetime risk difference, from 20 years
of age, is estimated at 1. - 20 times greater for the RR model.

(5) New data from the Japanese bomb data

It appears likely that the revision to the estimated radiation doses received by the Japanese
people in Hiroshima and Nagasaki, which has emerged since the publication of ICRP 26, looks
like producing an increase of 1. - 20 in radiation risk estimates. In addition, the latest cancer
statistics from the bomb victims, especially the morbidity figures, are suggesting greater risks
than ICRP estimates.

(6) Non-bomb data may yield higher risks

Ever since research showed an excess of cancer in the children of mothers who had been
x-rayed during pregnancy, there have been those who have questioned the validity of using the
Japanese bomb data as the main evidence for estimating the effects of longterm exposure of
workers to low level radiation. Others have criticised the Japanese control groups, which also
received some radiation dose. Risk estimates from the non-bomb data fall within the range of
1-4 times the ICRP value. Although some large-scale studies of nuclear workers have been
published, the numbers involved are still too small to give reliable results allowing conclusions
from the range that there is either no radiation risk from low level radiation to the possibility that
the ICRP grossly underestimates the risk.

(7) Risk estimates should include cancer morbidity, not just cancer mortality

The cancer risk estimates which underlie ICRP's radiation dose limits are based on cancer
deaths. In many cases, radiation-induced cancer does not have a fatal outcome especially in the
case of skin, breast and thyroid cancers. Developing cancer, however, is not a trivial matter since
it involves obvious personal and social cost. Dose limits should therefore reflect the risk of
developing cancer rather than just the risk of dying from cancer, which is lower.

(8) Exposure limits should protect the minority, not the "average"

ICRP dose limits are based on the "average" person and no account is taken of biological
differences between workers, except for teratogenic effects (effects on the foetus), even though
there is considerable evidence about these differences.

(9) Cancer victims need just compensation

In addition to providing assurance of risk control, radiation risk estimates and dose limits
also have major significance for those seeking damages for radiation linked disease. A major
difficulty however has been demonstrating a sufficiently strong casual link between past
occupational exposure and the subsequent development of disease largely because of widespread
acceptance of current ICRP risk estimates.
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New dose limits and ALARA compliance targets

On the basis of the arguments set out above, a new set of dose limits and ALARA
compliance targets should be introduced as follows:

Cumulative lifetime limit

In order to protect those workers who are likely to be exposed to radiation throughout their
working life, a new lifetime limit should be introduced to ensure that., annual average exposure
does not exceed mSv. (is would constitute a fivefold reduction in the present maximum
permitted lifetime dose).

Annual limit

The present annual dose limit should be reduced by a factor of at least two (ie. should not
exceed 25 mSv). Annual doses should, where possible, be calculated on the basis of a rolling
average.

Compliance targets

There should be a requirement for formal investigation at three tenths of the above annual
limit (ie 75 mSv) to see if doses are ALARA. There should also be statutory notification of
enforcing authorities by employers of cases in which doses exceed three fifths of the annual limit
(ie 15 mSv) in any calendar quarter.

Other limits

Dose limits for individual organs and tissues (including the lens of the eye) and for the
abdomen of pregnant women or women of reproductive capacity should be reduced by a factor
of two.

Risks to the public

Public concern about possible health effects of radioactive discharges and emissions from
nuclear plants has grown considerably in recent years. This has been further reinforced by the
statistical evidence about the raised incidence of childhood leukaernia around nuclear plants
which have emerged from research studies. So far, these have failed to identify a causal link
between discharges and leukaemia but further research studies are being carried out.

Whether small local excesses of certain kinds of cancer (which also occur in areas not
associated with nuclearplants) are to be explained by environmental radiation or statistical factors
(or are due to some other agency), further research is urgently needed to confirm or discount a
link with radioactivity originating from plants which handle large quantities of radioactive
materials.

On the basis of present environmental monitoring and risk estimates, radiation doses
received by the public from the nuclear industry (and thus the risks they face) would appear to
be very low indeed. This is believesd to apply even to groups most likely to be exposed - for
example, by eating above average quantities of certain food stuffs inwhich very small amounts
of radioactivity from nuclear plants can be detected. Indeed, average doses to members of the
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public from natural background and medical irradiation are very much greater. Nevertheless,
there is considerable public scepticism about the adequacy of present environmental controls -
particularly given disclosures about past mistakes - and there should be continued pressure for
further reductions in radioactive discharges and emissions - particularly of long-lived alpha-
emitting nuclides.

In addition, in view of new information emerging about risk estimates, the annual dose limit
for the public from nuclear activities should be reduced to I mSv per annum - compliance to take
account of all likely sources of such exposure.

Conclusions

As with any other harmful factor which is capable of disturbing the subtle workings of the
cell with potentially disastrous results, it is prudent to assume that there is no absolutely 'safe'
level of exposure to ionising radiations. Mis means that, in any activity which involves radiation
exposure, doses should be reduced as far as possible in order to reduce risks to health to the lowest
possible level. Mis obviously involves making careful judgements based on the best possible
scientific understanding of the dose/risk relationship. Because there is acknowledged uncer-
tainty about such risk estimates, particularly at low doses, it seems wise to adopt a very cautious
approach when making radiological protection decisions.

It has to be accepted that more stringent dose limitation on the above lines would require
the commitment of additional effort and resources in some areas of nuclear activities. Such
commitment would be juftified, however, by the resulting reduction in levels of risk faced by
individuals. le percentage of workers affected in many sectors is relatively small and there is
little evidence to support the view that a wider margin of flexibility is required which would
permit more substantial excursions in dose in particular years.
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APPENDIX 2

INTERNATIONAL CONFEDERATION OF FREE TRADE UNIONS
EXECUTIVE BOARD

Brussels, May 14 15 1986

RESOLUTION ON THE CHERNOBYL DISASTER AND INTERNATIONAL
REGULATION OF THE NUCLEAR ENERGY INDUSTRY

The Executive Board of the International Confederation of Free Trade Unions meeting in
Brussels on May 14 - 15 1986.

EXPRESSES its sincere sympathy for the workers at Chernobyl power station and
the population of the surrounding areas who have become victims of the
recent extremely serious nuclear accident;

IS GRAVELY thatradiation andradioactive fall-out arising from the disastercould have
CONCERNED serious consequences for the health of very large numbers of people liv-

ing in the western Soviet Union, large parts of Europe, and possibly even
countries far distant from the Ukraine;

URGES the authorities of the Soviet Union to continue theirefforts to reduce the
impact of the disaster on the people affected and on the environment, and
to take full advantage of the offers of medical and technical assistance
made by many governments;

SIMILARLY governments of all countries threatened by radioactive contamination to
URGES maintain the closest scrutiny of the potential threats to health and the en-

vironment;

DEPLORES the failure of the Soviet authorities to provide immediate and full informa.
tion concerning the accident to neighbouring countries and the Interna
tional Atomic Energy Agency;

IS ALARMED that safety procedures in the design and operation of that plant failed to
prevent this major accident, that the authorities were apparently slow in
instituting disaster control measures commensurate with the scale and
spread of the threat to the health of the population of the western Soviet
Union and neighbouring countries, and over the paucity of information
on the disaster that was made public in the Soviet Union immediately
after the accident;

WELCOMES the talks taking place between the Soviet authorities and the Director-
General of the International Atomic Energy Agency;
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NOTES WITH the increasing frequency of safety failures at nuclear installations in
CONCERN many countries;

DEMANDS thaturgentmeasures betaken toincreasethe authorityof theInternational
Atomic Energy Agency, and other relevant international organisations,
to regulate the operation of the nuclear energy industry worldwide so as
to ensure;

a) the codification and application of the highest safety standards for
the design and operation of all nuclear energy facilities;

b) the regular inspection by international experts of all nuclear energy
facilities;

c) the full and early disclosure to the IAEA of the details of all
accidents which cause leakage of radiation or radioactive fall-out
both within and outside nuclear energy facilities; and

d) that rigorous procedures for the protection of workers, established
in consultation with trade unions, are an integral part of general
safety guidelines for the nuclear industry.

STRESSES that, as a first step towards increased international co-operation, the
SovietUnionmustprovidethenecessaryfacilitiestothelAEA, together
with the World Health Organisation, the United Nations Environment
Programme and the International Labour Organisation, for the urgent
and thorough investigation of the causes of the accident and its health and
environmental impact with a view to the publication of comprehensive
reports on the action needed to:

a) prevent any further spread of contan-fination;

b) clean-up radioactive fall-out;

c) treat all those affected by increased radiation and radioactive fall-
out; and

d) improve the design and operation of its nuclear power plants to
prevent any future disasters;

CALLS UPON all countries operating nuclear power facilities to review the measures
needed to prevent nuclear accidents, their policies for the control of
leakages of radioactivity and the steps needed to strengthen their
participation in the IAEA. Similarly the work of the Nuclear Energy
Agency (NEA) in this area should be reinforced by the member countries
of the Organisation for Economic Co-operation Development (OECD).
All countries should publish in full the policy guidelines, operational
regulations and safety procedures established for the nuclear energy
industry.
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APPENDIX THREE

ILO CONVENTION 5 AND RECOMMENDATION 164 - EXTRACTS

Convention 155

Article 19

There shall be arrangements at the level of the undertaking under which-

(a) workers, in the course of performing their work, co-operate in the fulfilment by their
employer of the obligations placed upon him;

(b) representatives of workers in the undertaking co-operate with the employer in the
field of occupational safety and health 

(c) representatives of workers in an undertaking are given adequate information on
measures taken by the employer to secure occupational safety and health and may
consult their representative organisations about such information provided they do
not disclose commercial secrets 

(d) workers and their representatives in the undertaking are gven appropriate training in
occupational safety and health 

(e) workers or their representatives and, as the case may be, their representative
organisations in an undertaking, in accordance with national law and practice, are
enabled to enquire into, and are consulted by the employer on, all aspects of
occupational safety and health associated with their work; fr this purpose technical
advisers may, by mutual agreement, be brought in from outside the undertaking 

(f) a worker reports forthwith to his immediate supervisor an situation which he has
reasonable justification to believes presents an imminent and serious danger to his
life or health until the employer has taken remedial action, if necessary, the
employer cannot require workers to return to a work situation where there is
continuing imminent and serious danger to life or health.

Recommendation 164

Article 12

(1) The measures taken to facilitate the co-operation referred to in Article 20 of the
Convention should include, where appropriate and necessary, the appointment, in ac-
cordance with national practice, of workers' safety delegates, of workers' safety and
health committees, and/or of joint safety and health committees. In joint safety and
health committees, workers should have at least equal representation with employ-
ers' representatives.

(2) Workers' safety delegates, workers' safety and health committees, and joint safety
and health committees or, as appropriate, other workers' representatives should -
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(a) be given adequate information on safety and health matters, enabled to examine
factors affecting safety and health, and encouraged to propose measures on the
subject 

(b) be consulted when major new safety and health measures are envisaged and
before they are carried out, and seek to obtain the support of the workers for such
measures 

(c) be consulted in planning alterations of work processes, work content or
Organisation of work, which may have safety or health implications for the
workers 

(d) be given protection from dismissal and other measures prejudicial to them
while exercising their functions in the field of occupational safety and health as
workers' representatives or as members of safety and health committees

(e) be able to contribute to the decision-making process at the level of the
undertaking regarding matters of safety and health 

(f) have access to all parts of the workplace and be able to communicate with the
workers on safety and health matters during working hours at the workplace

(g) be free to contact labour inspectors 

(h) be able to contribute to negotiations in the undertaking on occupational safety
and health matters 

(i) have reasonable time during paid working hours to exercise their safety and
health functions and to receive training related to these functions and

have recourse to specialists to advise on particular safety and health problems.
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APPENDDC FOUR

GLOSSARY OF TECHNICAL TERMS

Activity

The rate at which atomic disintegrations are taking place in a sample of radioactive material.
Measured in a unit called the becquerel. Formerly measured in curies.

Alpha radiation

Radiation consisting of fast-moving particles made up of 2 protons and 2 neutrons
combined together. Emitted by a radionuclide. Low external hazard. More hazardous if absorbed
inside the body.

As low as reasonably achievable (ALARA)

Of radiation protection, the requirement to reduce dose levels as far as technically possible
consistent with resources required to achieve such reduction.

Atom

The smallest particle into which an element can be divided whilst sll retaining the properties
of the element. Each atom is composed of a nucleus (made up of protons. and neutrons) surrounded
by orbitting electrons.

Background radiation

Radiation of natural origin including; cosmic radiation reaching earth from outer space;
terrestrial gamma rays; radon decay products; and radionuclides in food.

Binding energy

The energy theoretically needed to separate a nucleus into its constituent nucleons. It is a
measure of stability of the nucleus.

Core

The central region of a reactor where the nuclear chain reaction takes place and heat is thereby
generated.

Critical group

The group of people likely to be most exposed to a radiation source a result of their particular
habits, eg diet, location, etc.

Fissile material

Material which is capable of undergoing fission. Normally used t describe nuclear reactor
fuel.
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Fission

The splitting of a heavy nucleus into two parts (fragments) accompanied by the release of
energy and two or more neutrons. It may occur spontaneously or be induced by the capture of
bombarding particles, particularly neutrons.

Foetal abnormalities

Defects in the developing embryo - for example caused by exposure to harmful factors
(including radiation) during pregnancy.

Genes

The biological units of heredity. Complex chemical structures arranged along the length of
chromosomes.

Gigawatt (GW)

One thousand million watts (measure of electrical power output) = 1,000 megawatts MW).
(See also watt). A typical large modem power station has an electrical output of one to two GW
(1,000-2,000 MW).

Hereditary defects

Effects (usually malformations of various kinds) produced in the offspring of an organism
as a result of genetic damage to eggs or sperm in a parent. Can persist in the offspring of future
generations. Considered a possible risk from radiation exposure though no evidence of such
radiation -induced effects has yet been observed in humans (only in animals).

High level waste (HLW)

Highly radioactive fission products, present in concentrations ofone to three per cent in spent
nuclear fuel, which can be concentrated into liquid form by reprocessing. High level waste gives
off heat. It must be carefully contained and not released into the environment.

Hydroelectricity

Electricity generated from natural water flow in rivers. It is a renewable energy resource
dependent only on geography and rainfall. A relatively large source in countries such as Sweden,
Canada, and the USSR. Subject to environmental controversy in many countries.

Ionising radiations

Radiations that produce ionisation in matter (the process by which a neutral atom or molecule
acquires an electric charge). Examples are alpha and beta particles, gamma rays, x-rays and
neutrons.

Irradiated nuclear fuel

Nuclear fuel which has been irradiated in a reactor core and which no longer contains
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sufficient fissile material for efficient reactor operation. Contains radioactive fission products.

Leukaemia

A malignant disease of the blood. Carries a high mortality rate.

Licensing

Of nuclear installations, the process of granting permission for the construction and operation
of plants. Licensing involves detailed assessment of an applicant's safety case and the stipulation
of safety conditions which must be followed throughout the life of a plant.

Low level waste LW)

Lightly contaminated radioactive material eg, contaminated rubbish arising from work with
radioactive materials, gloves, overalls. Less dangerous than intermediate and high level wastes.

Megawatt MW)

Megawatt (electrical) - one million watts - the electrical power output of a turbo-generator
and therefore used as a measure of the output of a power station. (See also watt).

Million tonnes coal equivalent (mtce)

The amount of energy equivalent to burning one million tonnes f coal.

MilliSievert (mSv)

See Sievert

Neutron

Sub-atomic particle carrying no electrical charge.

Nucleus

Central part of an atom composed of at least one proton, but normally having a number of
protons and neutrons. (See also atom).

Nuclide

Any particular type of nucleus, not necessarily radioactive.

Plutonium

A fissile metallic element produced in nuclear reactors when Uranium 238 absorbs additional
neutrons in its nucleus. Emits alpha radiation. Highly toxic.
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Probabilistic Risk Analysis (PRA)

Quantitative analysis of the changes of possible initiating events and successive failures
occurring in engineered systems.

Prompt Challenge

Inspection without prior notice.

Radiation

In its widest sense, the emission of energy as waves or particles or the energy thus radiated.
Examples include radiant heat, sunlight, radiowaves. Frequently used in the text for ionising
radiation (see also ionising radiation).

Radioactive decay

Disintegration of a nucleus through the emission of radioactivity, leading to transformation
of an unstable chemical element into successively different elements until a stable state is reached.

Radiation dose

The quantity of radiation energy absorbed by a given material. Measured in a unit called the
gray. (Formerly measured in rads. Also known as radiation absorbed dose.)

Radioactivity

The property possessed by some atoms of disintegrating spontaneously and emitting
radiation in the process. (See also activity and radioactive decay).

Reprocessing

The physical and chemical treatment of spent nuclear fuel to remove uranium and plutonium
for re-use.

Risk estimate

In radiation protection, the probability of cancer and leukaernia or hereditary damage per unit
of radiation dose. The International Commission on Radiological Protection's current estimate
for fatal cancer in adults exposed to radiation is 125 deaths for every 10,000 people receiving one
Sievert - but this is now being revised upwards by a factor of two to three.
Safety culture

A system of values and practices designed to ensure the protection of workers, the public and
the environment by going beyond and supplementing statutory safety requirements.

Sievert (Sv)

A unit of radiation dose which incorporates adjustments to take account of the different
characteristics of various radiations and the different sensitivities of various bdy tissues.
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Replaces the old unit, the rem. one Sv = 00 rem.

Terawatt

One million megawatts - see also megawatt and watt.

Three Mile Island

Site in Pennsylvania where an accident occurred with a pressurised water reactor in March
1979.

Uranium

A heavy metallic element with 92 protons in the nucleus. The two most common isotopes
of uranium, U235 and U238, also have 143 and 146 neutrons in the ncleus respectively.

Watt

A measure of power, or the rate of energy flow. One watt is that power level represented by
a unit of force called a newton moving at one metre per second, ie, ljoule per second.

I Kilowatt (KW) = ,000 watts.
1 Megawatt MW) = I million watts.
1 Gigawatt (GW) 1,000 million watts.
1 Terawatt (TW) I million megawatts.
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