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ONE YEAR AFTER CHERNOBYL

It is now one year since the accident which

destroyed the fourth unit of the Chernobyl nuclear power

station, in the Ukrainian Soviet Socialist Republic.

This was a very serious accident. Its principal cause

was a flagrant disregard by operating personnel of

well-established operating rules and procedures, which

placed Unit 4 in an unstable state. This booklet

reviews some aspects of what had already been done

before the accident, and what has taken place since. It

describes, in particular, the Agency's programmes in the

field of nuclear safety.

The first measures taken by the Soviet authorities

immediately after the accident were naturally those

which were required to bring the situation under

control, and to protect people's health. Two plant

workers were killed in the accident itself, and 29 plant

workers and fire-fighters died of injuries, burns and

radiation exposure. In all, between 200 and 300

personnel had to be hospitalized for treatment of

radiation injuries and burns. A large amount of

radioactive material (3% to 4% of the core inventory)

was released, and a large area around the plant

(principally within a radius of 30 km) was

contaminated. Many people in the area experienced

exposure to radiation, although none suffered from

radiation injuries.



About 135 000 people were evacuated from a zone of

about 30 km radius around the plant. During the past

year, extensive decontamination has been undertaken; a

number of villages lying between 10 km and 30 km of the

plant will be reinhabitable this year. Additional

housing is being built in the same area for plant

workers. The damaged reactor itself has been fully and

safely encased in concrete and steel; monitoring

equipment has been placed within the structure to enable

continuous observation of parameters such as radiation

levels and temperatures.

The Soviet authorities have now changed both

operating procedures, and some design features, of

reactors of the same type in order to preclude a similar

accident in future. The changes include a requirement

that all control rods must remain partially inserted at

all times; additional absorber rods have been added;

special keys contained in a sealed display box in the

control room are now necessary to bypass important

safety systems; and (progressively) the fuel enrichment

will be increased to minimise the possibility of rapid

rises in power.

After thorough examination, Units 1 and 2 have been

returned to service, and Unit 3 is expected to be

re-commissioned this year. The resumption of work on



the construction of two other units at the site, which

are of the same (RBMK) type is being considered, and

five other similar units which are already under

construction will be completed. The Soviet Union has

indicated that although it expects to place increasing

reliance on nuclear energy for electricity generation in

future, it has no plans to start construction of

additional reactors of the same type.

National and international response

Since the pattern of deposition of radioactive

materials from the damaged reactor was extremely uneven,

the actions taken by national authorities outside the

Soviet Union to protect the health of the public ranged

from simply increasing environmental monitoring, to

restricting the consumption of domestic and imported

foodstuffs. There were major differences in the levels

of radioactive contamination at which restrictions were

introduced, and the ensuing confusion made evident the

need for a more harmonized approach.

Immediately after the accident, the Agency

established informal contacts with radiation protection

authorities in most European, and a number of

non-European, countries in order to obtain a more

complete picture. It also transmitted daily to Member

States results of measurements of contamination levels



in the USSR at seven monitoring stations, one close to

the accident site and six along the Western border of

the Soviet Union.

The WHO Regional Office for Europe in Copenhagen

convened on 6 May a meeting of experts to provide

immediate advice to health authorities on public health

aspects. The recommendations of the expert group were

circulated on 7 May, followed by a more complete report

on 10 May.

During the same period, at the invitation of the

Soviet authorities, the Director General of the IAEA, Dr

Hans Blix, and two senior colleagues visited Moscow and

the Chernobyl area. They were given an extensive

briefing on what was known about the accident at that

time. The Soviet authorities undertook to prepare for

discussion with the world nuclear community a report on

the cause of the accident, its development, and the

steps taken to contain the damage. (Dr Blix and his

colleagues made a second visit in January this year,

during which it was evident that the situation in the

area was returning to near normality.)

Also in May, the IAEA convened a meeting of

representatives of international organizations with

responsibilities in health and environmental protection



to plan for a study of the radiological consequences of

the accident. As a result, and in co-ordination with

the World Health Organization of the UN (WHO), data is

being provided to the Agency from affected countries for

assessment by the UN Scientific Committee on the Effects

of Atomic Radiation (UNSCEAR) of the resultant radiation

doses to individuals and to populations as a whole. The

Agency has established a comprehensive computerised

database for this purpose; 34 countries have already

submitted environmental data and measurements. The

UNSCEAR assessment is scheduled for completion in 1988.

Meanwhile, regional organizations such as the

Nuclear Energy Agency of the OECD (OECD/NEA) and the

Commission of the European Communities have collected

information on radioactive substances deposited in their

territories, protective actions taken, and resultant

radiation doses to the populations of their Member

States. Analyses of the data show that the average

radiation doses to individuals during the first year

after the accident are a fraction of one year's exposure

to naturally occurring radiation; the highest

individual doses are no more than ten times the average

doses, and still within the variations in annual doses

within Europe which result from exposure to other

sources, such as radon in houses.



In the USSR, the first worst-case estimates of the

consequences of the accident were made using

well-established procedures for radiation protection

planning. These entail calculating the sum of the

radiation doses to the population on the basis of a

limited number of measurements of radioactive substances

in the environment. From these measurements, external

radiation doses from the ground, and internal radiation

doses caused by ingestion of radioactive substances in

foodstuffs, are estimated. The calculated doses are

then multiplied by risk coefficients which have been

developed for planning purposes. These coefficients are

derived from the known effects of radiation at higher

doses and dose rates, assuming a direct proportionality

between dose and effect.

Media reports in the months after the accident on

the absolute numbers of potential additional cancer

deaths in the USSR, which had been calculated in this

way, alarmed many people. However, even these

worst-case figures represented only a very small

fraction of one per cent of the expected mortality from

naturally-occurring cancers among the same total

population of 75 000 000 people in the western part of

the Soviet Union over the same period. In any event,

later measurements, both in the environment and directly



of people, have shown that in the USSR and in other

countries the first dose estimates may have been several

times too high.

The USSR has now embarked on a long-term

epidemiological study of the effects of exposure to

radiation of the most-exposed population group - • the

135 000 people who were evacuated from the immediate

vicinity of the damaged plant. This study is of great

international interest, as there are very few studies on

large population groups exposed to radiation above

normal background. It will take many years. In

carrying out their study, the USSR research workers will

be able to refer to the similar study of survivors of

the bombing of Hiroshima and Nagasaki which has been

carried out by the Radiation Effects Research Foundation

in Japan.

With respect to the design and operation of nuclear

power plants themselves, national authorities are now

placing increased emphasis on the importance of training

and qualification of operators, on the man-machine

interface, and on technical improvements to existing

plants to improve their safety. Such modifications

include the addition, in some countries, of filtered

pressure relief systems, to trap radioactive materials

which might otherwise be released from the reactor
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containment to the environment in the event of an

accident. There is also discussion in many countries

about the design of the "next generation" of power

reactors.

Returning to the chronology of events: shortly

after the accident, a special session of the IAEA Board

of Governors in Hay agreed upon a programme of action to

be taken, including a meeting of experts to review the

cause and consequences of the accident at Chernobyl, and

other incidents; the drafting of international

conventions for improving the emergency response to and

reporting of accidents; & Special Session of the IAEA

General Conference to enable governmental

representatives to review nuclear safety issues; and

the establishment of an Expert Working Group to review

the Agency*s Nuclear Safety and Radiation Protection

Programme and its Nuclear Safety Standards.

International Conventions

A group of governmental experts from 62 Member

States, together with representatives of 10

international organizations, convened at the Agency's

headquarters in Vienna from 21 July to 15 August 1986,

to draft the texts of two international conventions in

the field of nuclear safety. One provides for the early



notification of accidental releases of radioactivity

with potential trans-boundary effects. The second deals

with the provision of emergency assistance. Following

consideration by the IAEA Board of Governors, these two

Conventions were adopted by unanimous resolution of a

Special Session of the IAEA General Conference in

September. Both are now in force. At the time of

writing, the Convention on Early Notification had been

signed by 63 countries; one had acceded to it, and

there were ten parties. The second Convention had been

signed by 62 countries, with one accession and six

parties.

Further co-operative arrangements are being

considered. For example, the greater awareness of the

potential trans-boundary consequences of radioactive

contamination from nuclear accidents which now exists

has led a number of countries to call for a

strengthening of international co-operation between

neighbouring States, at both the bilateral and

multilateral level. Such co-operation might include

consultation agreements with regard to nuclear safety,

radiological protection, physical security and

environmental acceptability of proposed or existing

plants, especially those close to national borders.

Existing bilateral and regional arrangements -- such as

the arrangement betr^en Nordic countries, and the
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agreements between Austria and Czechoslovakia, Argentina

and Brazil, and Finland and the Soviet Union — are

referred to as typical examples of such co-operation.

Radioactive contamination may of course result not

only from accidental damage to a nuclear facility, but

from an act of sabotage or a deliberate armed attack.

Whether there should not be some international agreement

about the level of physical protection to be given to

nuclear facilities, and in particular to power reactors,

is therefore being discussed.

The question of prohibiting armed attacks against

nuclear installations is also still open. There have

been discussions for several years on this, but no

agreement has been reached either in the IAEA, or at the

Conference on Disarmament or the recently-concluded UN

Conference on the Promotion of International

Co-operation in the Peaceful Uses of Nuclear Energy, in

Geneva. Even attacks with conventional means on nuclear

installations could have very serious consequences. It

might therefore be thought that all countries operating

nuclear installations would have a mutual interest in

prohibiting attacks against them.
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The elaboration of the Agency's recommendations on

physical protection of 1977, issued as document

INFCIRC/225/Rev. 1, and the development of the Convention

on the Physical Protection of Nuclear Material, issued

in INFCJRC/274/Rev.l, which entered into force on

8 Febru^ij- 1987, demonstrated the usefulness of the

Agency as a forum for facilitating international

co-operation in the area of physical protection. This

Convention, if the Agency's Policy-making Organs so

decided, could be extended to cover protection against

terrorist action against nuclear installations and the

development of methods to do so. Such methods could be

implemented at the national level.

Post-accident Review Meeting

The accident at Chernobyl was analysed at a

Post-Accident Review Meeting convened by the IAEA in

Vienna from 25 to 29 August. This meeting was attended

by almost 600 experts. Participants and the large

number of media representatives applauded the candid

presentation of facts and background information by

Soviet specialists.

Immediately after the post-accident review meeting,

the International Nuclear Safety Advisory Group, a body

of experts appointed to advise the Director General of
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the IAEA on nuclear safety issues (INSAG), met with a

group of USSR and other experts to prepare a summary and

interpretation of the information presented. The

resultant report (IAEA Safety Series No.75-INSAG-l)

identifies human error as the root cause of the accident

and clarifies design features of the RBMK reactor which

compounded and amplified the effects of the errors and

led to the reactivity excursion. Participants in the

post-accident review meeting, and INSAG, judged that the

Soviet authorities responded quickly and appropriately

to the situation at Chernobyl.

Expanded IAEA programme

As directed by the IAEA Board of Governors,

proposals for an expanded programme in nuclear safety

and radiation protection were developed in the months

following the accident. The special session of the

General Conference endorsed an expanded nuclear safety

and radiation protection programme. In November, the

Agency's overall programme in this area, and its nuclear

safety standard documents, were reviewed by an Expert

Working Group which outlined priorities for the various

programme tasks and for international co-operation in

this field. In December, a special session of the Board

of Governors approved the Agency's expanded nuclear

safety and radiation protection activities for 1987, and

began discussions on proposals for work in future years.
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The expanded programme entails a 30% increase in the

Agency's nuclear safety budget for 1987. It includes

activities related to operator qualification and

training, and accreditation of training programmes;

expansion of the Agency's Operational Safety Review Team

(OSART) programme; work on the management of severe

accidents, and on emergency response; the man-machine

interface; probabilistic safety assessment; and

advanced safety technology. Some of these topics are

discussed in more detail in the following paragraphs.

OSART: The IAEA's nuclear safety activities are

intended principally to support and complement the

efforts of operating organizations and national

regulatory authorities. OSART missions, which are

composed of teams of 10 to 12 experts who spend about

three weeks at each installation visited, review

operational practices, and give plant personnel the

opportunity to exchange ideas with highly-experienced

team members on all aspects of safe operation. The

OSART service was initiated in 1982; by the end of

1986, 13 missions had been carried out, and their

results reported in confidence to national authorities.

About 12 are expected to be completed in 1987, and as

many as 18 in 1988.



IRS: Since 1983, the IAEA has been collecting,

assessing and disseminating information about

safety-significant events, selected by national

authorities, which occur in the course of operation,

maintenance, inspection and testing of nuclear power

plants which are of general interest to the nuclear

community. Although an incident may be a precursor to a

more serious event, it does not necessarily follow that

any particular incident reported to the IRS could have

developed into an accident. The fact that an incident

occurs may indicate no more than that safety systems

function as required, upon demand; what is regarded as

an incident in the nuclear community might be

disregarded in many other industries.

For many years, there have been national and

regional systems for the reporting and analysis of

incidents, both those that are trivial and those that

have more serious consequences. The IAEA Incident

Reporting System is intended to supplement these

national and regional systems. Twenty-four of 25 IAEA

Member States in which nuclear power plants are in

operation now participate in the IAEA-IRS, 15 directly,

eight through the Naclear Energy Agency of the OECD

(which has a similar system) and one as an observer.

The system currently contains information on about 350

incidents. More complete and more timely reporting from
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Member States would be desirable, and steps are

therefore being taken to upgrade and expand the system.

During 1986, guidelines on reporting were revised.

ASSET: The IAEA has now initiated a new programme,

Assessment of Safety Significant Events Teams (ASSETS),

which are intended to provide to operating organizations

and regulatory authorities an independent opinion on the

causes of events which are of significance for the

safety of operation of nuclear installations, the

appropriateness of any corrective actions taken, and

additional corrective actions which might help 'prevent

the occurrence of similar events. The first mission of

this type visited the Krsko nuclear power plant in

Yugoslavia in November 1986. Other missions are planned.

RAPAT: The demand for Radiation Protection Advisory

Teams (RAPATs), first offered in 1984, has increased

significantly. RAPAT teams assess, on request, the

quality of radiation protection in Member States,

determine immediate and future radiation protection

needs, and define long-term strategy for technical

assistance in radiation protection. By the end of 1986,

17 missions had been completed, with 12 planned for

1987. An analysis of these missions has identified an

urgent need in many developing countries for the
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strengthening of national regulatory authorities, the

regulations themselves, and monitoring capabilities in

the field of radiation protection.

NUSS: For many years, the Agency has been developing

its Nuclear Safety Standards (NUSS) programme for

nuclear power plants. A total of 60 Codes of Practice

and associated Safety Guides were completed in 1985.

These are intended to serve as a reference for the

elaboration of national nuclear safety programmes: the

Agency's role is purely advisory. However, the NUSS

documents are widely regarded as being an

internationally acceptable "frame of reference" for

measures taken at the national level to assure the

safety of nuclear power plant operation. As a part of

the Agency*s expanded safety programme, the NUSS

documents are now being updated, and where necessary

revised, to incorporate lessons learned from nuclear

incidents and accidents.

Intervention: The widely differing measures taken by

national authorities to protect the health of their

peoples from the effects of contamination resulting from

the accident at Chernobyl demonstrated a need for

urgent, comprehensive, international guidance on

principles, evaluation procedures and specific values of
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contamination of foodstuffs and of the environment at

which controls on consumption or use may need to be

introduced.

The role of international organizations such as the

IAEA is of course no more than advisory. However, in

1985 the IAEA and other international organizations with

relevant responsibilities had already published

consistent guidance on the principles for establishing

intervention levels for the protection of the public in

the event of a nuclear accident or radiological

emergency. The IAEA's guidance was contained in Safety

Series No. 72. The IAEA had also begun work on a

supporting document giving guidance on the setting of

"derived" intervention levels for contamination of

foodstuffs and environmental materials. After the

Chernobyl accident, the draft of this document was

revised to give it a more practical orientation. It was

published in December 1986 as Safety Series No. 81

(Derived Intervention Levels for Application in

Controlling Radiation Doses to the Public in the Events

of a Nuclear Accident or Radiological Emergency:

Principles. Procedures and Data).

This publication deals with the so-called early and

intermediate phases of response to an accident or

radiological emergency. These may last for several
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weeks. Additional guidance is now being prepared to

include the later recovery phase; and the effects of

dispersal of radioactive materials over large distances

and populations, and over extended periods of time. The

Agency's work on intervention levels is being

co-ordinated with that of other international

organizations with responsibilities in the field,

including the Commission of the European Communities

(CEO, the Nuclear Energy Agency of the OECD (NEA), FAO

and WHO. Harmonization would be a major step forward.

It is also clear that coordination between

organizations such as the IAEA, FAO, ILO, UNDRO, UNEP,

UNSCEAR, WHO and WHO is also needed in other areas

related to response to accidental releases of

radioactive substances. An ad hoc inter-agency

committee was therefore established in September 1986;

this committee has so far addressed the co-ordination of

monitoring activities, information exchange, and

training.

We may note here that, one year after the accident,

extensive monitoring of levels of radioactive substances

in the environment (mainly caesium) is still being

carried out. Recent media reporting of increased levels

of radioactive substances of recent origin in a number

of European countries illustrate the extreme sensitivity
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of the techniques used. The levels reported were about

a million times lower than those recorded after the

Chernobyl accident, and of no radiological

significance. The observations are by no means

necessarily the result of an accident affecting a

nuclear power plant. A number of hypotheses could be

advanced to account for what was being measured.

Epidemiology: As noted earlier, the USSR is embarking

on a long-term epidemiological study of individuals who

were evacuated from the area around the damaged

reactor. This will be followed closely by the

scientific community, which has a great interest in

obtaining further information on the long-term effects

of exposure to low doses of radiation. Such data can be

obtained only from the study of large populations who

have been exposed to doses which can be accurately

estimated. Jointly with the WHO, the Agency is

organizing a workshop to discuss experience from past

epidemiological studies, and to review methodologies for

follow-up studies of this sort of groups exposed to

radiation as a result of a nuclear accident or other

radiological emergency.
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Other long-term follow-up actions

The Agency is now giving priority to measures that

may be needed to assist Member States to implement the

Conventions on early notification and on emergency

assistance, including any necessary support training.

In particular, the Agency's Emergency Response Unit has

been strengthened. This serves as a focal point for the

systematic rapid notification of Member States, and

information exchange among affected States, in the event

of an accident. The Agency is maintaining, and

reinforcing where necessary, its communications

arrangements; it is for example exploring the

possibility of using the Global Telecommunications

System operated by the World Meteorological Organization

if an accident occurs as a means of rapid

communication. The Agency is also complementing its

databases on the international availability of

equipment, materials and expertise, and on environmental

monitoring data.

Talcing account of lessons learned from the Chernobyl

accident, Agency activities in medical aspects of

radiation protection are focusing on the identification

and establishment of medical support structures for

response to radiological emergencies, on expanded and

improved training for physicians and paramedical
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personnel in the handling of over-exposures, and on

improvement of methods and techniques for assessing and

treating radiation injuries.

The effects of quite large doses of radiation on

individuals are reasonably well understood (as opposed

to the detection of enhanced statistical probabilities

of effects which may or may not be seen in any

particular individual* but can be detected only by study

of a large population). In this context, it is

interesting to note that before the accident the Agency

had already published a technical document under the

title What the General Practitioner (MD) should know

about Medical Handling of Over-exposed Individuals.

This publication has received a very wide distribution.
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Outlook

The Agency's efforts to develop guidance for Member

States on the radiation protection of the public are now

focussing particularly on problems connected with

factual and perceived trans-boundary and long-term

risks. It is evident that it will be necessary to do

more to educate and inform the public on radiation

issues if many current misconceptions are to be

eradicated.

A great deal of work is also being done on topics

such as the establishment and implementation of

effective national Quality Assurance (QA) programmes as

management control systems in order to ensure the safe

and economic operation of nuclear power plants. INSAG,

for example, has prepared a technical note that takes

recent experience into account; and the Agency is

developing a practical manual for plant managers to help

them in their work to supervise QA activities in nuclear

power plant operation. INSAG also stressed the

importance of maintaining at a low level not only the

risk of accidents but the magnitude of the source term

(the magnitude and type of radioactive materials

release) that may result in the event of a severe

accident.
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It is essential that national and international

authorities be prepared to respond appropriately in

emergency. The Agency has carried out a number of

missions to Member States during which emergency

arrangements have been assessed. The findings of these

missions are both encouraging, and discouraging. Some

national authorities have well-conceived emergency

response plans, and are well-prepared; others do not.

More generally, it is also essential that the

nuclear community do all it can to regain public

confidence in the use of nuclear energy for electricity

generation. In some countries, opinion polls show that

public confidence has returned to pre-Chernobyl levels.

However, in other cases, public anxiety has led

politicians and some political parties to endorse

policies calling for the freezing or phasing out of

nuclear power in their countries. In Finland, the

Netherlands and Yugoslavia, for example, decisions to

order new nuclear plants have been postponed. Shortly

after the accident, however, the leaders of seven major

industrial nations (Canada, France, the Federal Republic

of Germany, Italy, Japan, the United Kingdom and the

United States), meeting at a summit in Tokyo, stated

that "properly managed** nuclear power would continue to

produce an increasing share of the world's electricity;

and at about the same time the Soviet leader, Mr



Gorbachev, said it was "unthinkable" to envisage a world

economy without nuclear power. More recently, the

British Secretary of State for Energy, Mr Walker,

announced that planning permission had been given for

the Sizewell 8 nuclear power plant. This will be built

around a pressurized-water reactor, and will be the

first of its kind in the United Kingdom. The UK has

already a considerable nuclear power programme based on

the use of gas-cooled reactors. However, as noted

earlier, even in countries such as these more must be

done to regain or improve public confidence.
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Toward an international nuclear safety regime

Since the birth of the nuclear industry, operators

and regulatory authorities have sought to ensure that

nuclear power plants are operated safely, and that the

consequences of incidents and accidents are minimised.

Thus, although there have been a number of incidents

which have led in some cases to equipment damage

(notably, the accident at Three Mile Island in 1979),

until Chernobyl there had been none which had

significant off-site consequences.

But work to assure the "safety*1 of operation of

nuclear installations of all kinds is not something

static. In the same way as the designers and builders

of early steam boilers learned from their mistakes,

conditions for mine-workers were improved, and new

standards of industrial hygiene were set for workers in

the factories which sprang up in the Industrial

Revolution, the nuclear industry is also seeking to

learn from its mistakes. It is arguable that

co-operation between all who are concerned with nuclear

safety is already better than it is in other

industries. But more needs to be done before we can

claim that there is such a thing as "an international

nuclear safety regime".
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In particular, although the IAEA has and will retain

a central role in international co-operation, it has no

mandate and cannot become an international supervisory

organ to assure nuclear safety. Governments will retain

their present responsibility and competence. However,

governments can avail themselves of the IAEA's

programmes and services to strengthen safety in nuclear

installations, and to help create public confidence that

they are maintaining a level of safety which is approved

by the international community.

Before the accident at Chernobyl, the work of the

IAEA was already recognised to be valuable. With the

support of its Member States, it is ready to do more.
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