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Preface
Kach year, the pace of events in areas of direct interest to the Agency
appears to quicken.
The period under review in these pages was no exception. As nonproliferation assumes ever greater importance on the political agenda, the
Agency's role at the leading edge of verification received increased attention and support from the international community. Agency teams continued, in particular, their important and painstaking work, mandated by the
Security Council, of mapping and neutralizing elements of Iraq's clandestine nuclear programme.
Other inspectors were engaged meanwhile in the task of verifying the
initial inventories of nuclear materials at facilities in countries that had recently opened these to the safeguards regime. Most notable in this regard
were South Africa and the Democratic People's Republic of Korea. We
also secured a safeguards agreement with Algeria, albeit outside the NPT
framework, permitting visits to the new research reactor there.
More broadly, it is worth noting that several additional nations have rallied to the Non-Proliferation Treaty, including the two remaining nuclear
weapon states, China and France. This was a further important step in the
direction of universality, as we approach the 1995 NPT Review Conference.
In parallel with the expanded support for and adherence to non-proliferation, there has been growing support for strengthening the Agency's
safeguards system as a whole to better meet future challenges and to rectify
certain shortcomings that had become apparent, not least as a result of experience in Iraq.
Progress was also made on identifying ways of containing the cost of
safeguards operations while simultaneously enhancing their effectiveness,
an endeavour to which the Board of Governors and the Secretariat continue to devote much time and energy. We are concurrently addressing the
task of preparing for or introducing safeguards in the newly independent
States of the former Soviet Union.
On the nuclear safety front, work progressed on assisting Member
States in their national efforts and in analyzing, in co-operation with the
countries concerned, the particular shortcomings in reactor types designed
in the former Soviet Union, covering both those of pressurized water design and the RBMKs. The results of this work were fed into the various international discussions that seek to define both appropriate remedial
actions and ways to finance these.
Discussions also continued on an international safety convention,
whose terms would be mandatory for states which ratify it. Agreement on
a full text dealing at present only with nuclear power reactors may be
achieved in 199*.

The field of technical cooperation is central to the Agency's work to
transfer knowledge and know-how in the field on nuclear technology. It
needs to be nourished with fresh resources and support each year, whatever the economic climate. There was a growing trend to emphasize highvalue — though not necessarily high-cast — model projects as one way of
giving greater focus to the efforts that are channelled through the IAEA.
One major event in 1992 that heightened significantly the world's
awareness of the degradation of our planet, its resources and its climate,
wa.s the I Jnited Nations Conference on Environment and Development in
Rio. The Agency took that opportunity to stress again the contribution of
nuclear techniques to sustainable development and to remind the world
community of the substantial part that well-managed nuclear power can
play in the energy mix — and is playing fifty years after the first controlled
nuclear chain reaction — in curbing harmful emissions, including carbon dioxide.
As the Agency sought to tackle all of the numerous challenges it faces,
it was again paradoxically obliged to reduce many activities and keep many
posts vacant to compensate for the late payment or non-payment of dues
by certain Member States. The Agency has yet to see the results in financial terms of the sharpened perception of its crucial role, even inasmuch as
enabling it to avoid recurring cash-flow difficulties in the fall of each year.
Nevertheless, the Agency and its staff are, I believe, responding vigorously and well both to traditional and new demands which are made on
them by the Member States whom they serve.

Hans Blix
IAEA Director General
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Some 16 countries (including
Taiwan, China) relied upon nuclear power plants to supply at
least a quarter of their total electricity needs. Worldwide in 1992, total
nuclear power generation amounted
to more than 2027.6 terawatt-hours
of electricity. This is more than the
world's total electricity generation —
1912 terawatt-hours — from all
sources in 1958. Cumulative worldwide operating experience from civil
nuclear reactors at the end of 1992
was almost 6500 years.

built around the world in 1992.
Six nuclear power plants representing 4809 MW(e) were newly
connected to electricity grids in
Canada, France, India, and Japan,
bringing the world's total number
of operating reactors to 424 in 29
countries and Taiwan, China. Additionally, a total of 72 reactors were
being constructed in 19 countries,
including two reactors in Japan on
which work started in 1992.
The growing demand for dependable electricity and the increasing concerns to reduce, or at
least limit, the global level of fossil

A total of 496 nuclear power
plants were operating or being

Nuclear power reactors in operation and under construction
(as of 31 December 1992)
Reactors in operation
Country

Argentina
Belgium
Brazil
Bulgaria
Canada
China
Cuba
Czech Republic
Finland
France
Germany
Hungary
India
Iran
Japan
Kazakhastan
Korea RP
Lithuania
Mexico
Netherlands
Pakistan
Romania
Russia
S. Africa
Slovak R
Slovenia
Spain
Sweden
Switzerland
UK
Ukraine

USA
Total

Number of
units
2
7
1
6

21
1
4
4
56

Total
MW(e)

935
5484
626
3538
14874

288

9

1632
2310
57688
22559
1729
1593

44
1
9
2
1
2
1

34238
135
7220
2760
654
504
125

21
4

28
2
4
1
9
12
5
37
15

111
424

18893
1842
1632
632
7101
10002
2952
12066
13020
99757
330651

Reactors under
construction
Number
of units

Nuclear electricity
supplied in 1991

Total
MW(e)

TW(e).h

1

692

1

1245

6.6
40.9
1.8
11.6
76

1

881

2
2
2

1812
816
1784

5

7125

5
2
9

1010
2392
8129

.5

14.4
59.9
0.7
32.5
15.2
.1

12.3
18.2
321.7
150
13.1
5.6

20.7
33.2
72.9
30.1
46.4
3.3

217

27.7
0.6
43.2
60.0*
3.2
4.9

0.5
3
1
1

2550
1380
654

5
18

3155
14175

4

1552

1
6
3
72

1188
5700
3480
59720

Percent
of Total

56.5
15.6*
3.9
3.6
0.5
119.6
9.3
11.1
3.8
53.4
60.8
22.1
69.1
71.0*
612.6
2027.6

1.2
11.8
6.0
49.5
34.6
36.4
43.2
39.6
23.2
25.0*
21.7

Vite Taiwan. China has 6 reactors m operation (4890 MW(e)l. nuclear electncift supplied in 1W2 was 12 < TWle) h percent of total equalled IS 4% Reactors for the former I SSR
are shown for 1W2 Value with asterisk is IAEA estimate Source 1AKA PRIS
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I'reivntive
maintenance is
crucial to power plant
management (IM'O).

fuel combustion, point to the likelihood of an expanded use of nuclear power in the future.

Nuclear power
planning and
implementation
Member States have demonstrated increasing interest in the
Agency's development of an integrated package approach to energy, electricity and nuclear power
programme planning. Methodologies and planning models were updated in 1992 and are being used
by international organizations including the World Hank, the Asian
Development Bank, and the InterAmerican Development Bank.
In response to inquiries from
Member States, the financing of nuclear projects, particularly in developing countries, was reviewed in
an effort to provide basic information and guidance in planning the

introduction of nuclear power as
part of a state's electricity generation systems. A reference book
on financing arrangements for
such projects was prepared.
The Agency provided assistance in energy and nuclear power
planning studies, project feasibility
studies, infrastructure development planning, manpower planning and project management to
Members States including China,
Peru, Romania, Czech and Slovak
Republics, Kgypt, and Indonesia.
In an effort to achieve shorter
construction times, better economic performance and a high
level of operational safety, a draft
document on good practices in nuclear power plant construction will
be published in 1993- Kmphasis
was placed on documenting the
way some suppliers achieve higher
quality in construction work and
shorter construction times creating
economic benefits from nuclear

t

[lower plants constructed to high
quality standards. Achievement of
good performance paranv.ters during operation is a critical condition
to ensure that nuclear power can
be seen as a viable option for long
term electricity supply.

Nuclear power plant
performance
Nuclear power plant performance indicators were monitored
systematically during 1992 and the
Power Reactor Information System
(PRIS) database was expanded to
improve worldwide coverage of
operating experience and response
capability. Information services
were provided to 64 on-line users
of PRIS in 26 countries and several
international organizations and a
subset of PRIS was distributed to
147 users in 50 states.
Efforts also were concentrated
on areas significant to attain and
maintain a high and stable level of
operational safety. In this connection, co-ordinated work to assess
the effects of ageing on major
plant components was conducted
to assist in understanding the process and to provide data for decision making in plant life
management evaluations.
Documents were prepared or
meetings held on the integrity of
pressure-retaining components;
optimizing reactor pressure vessel surveillance; quality assurance programme management;
man-machine interface; guidelines
for control room design; instrumentation and control; and the
economics and decision-making
aspects of nuclear power plant
life management.
A fast breeder reactor (FBKj in Japan.

Improvement of
reactor technologies
Improvements in power reactor technologies including evolutionary as well as innovative
designs were reviewed. Agency efforts included extensive activities
in information exchange, international co-operation and the publication of documents on technology improvements for watercooled reactors. Water-cooled reactors represent the greatest
number of all types of nuclear
power reactors, have the most operational experience and are expected to remain the most widely
used nuclear power option for the
foreseeable future.
The status and current trends
in national and international liquidmetal fast reactor (LMFR) development programmes were discussed
at the 25th annual meeting of the
International Working Group on
Fast Reactors. These included spe-

r
cific reports on issues such as the
concept design and validation
stages of the Kuropean Fast Reactors unii the inuhoriy.inion in China
of the First Fast Reactor (FFR) project. Others include the design of
a prototype in India; the experimental and prototype reactors in
Japan and the four in operation in
the former I'SSR; continued funding of the 1:K prototype; and the
advanced Liquid Metal Reactor programme in the USA.
Meetings were held on the
use of fast breeder reactors for actinide transmutation and sodium
void reactivity. In addition, progress was made in the co-ordinated research programme (CRP)
on safe core management with
burnable absorbers in WWERs.

Advanced reactor
systems
The Agency's efforts in the estabishment of internationally agreed

upon desired characteristics in die
development of advanced nuclear
power plants included meetings to
finalize a document on objectives
to improve future design concepts.
It is predicted that the advanced gas-cooled reactor designs
currently under development will
achieve a high degree of safety
through reliance on passive systems for heat removal during accidents.
A technical committee meeting and workshop on high temperature applications of nuclear
energy resulted in a recommendation for a CRP on the design and
evaluation of the high temperature
test reactor (HTTR) heat utilization
system, currently under construction in Japan. The goal is to establish a conceptual design and to
develop and evaluate candidate
systems which effectively use high,
medium and low temperature heat
through heat cascading. Work
also continued on the CRP on the
validation of safety-related physics
calculations for low enriched nuclear fuels for gas-cooled reactors.

Desalination
Although the worldwide availability of potable water exceeds
the amount of water being used,
water resources are not evenly distributed. It is estimated that about
three quarters of the world's population lack safe drinking water. Additionally, population growth,
increased pollution and reduction
of existing groundwater and surface water resources are expected
to aggravate water supply problems, particularly in arid regions.
In response to a request by the
IAEA General Conference, the
Agency prepared a study on the
technical and economic viability of

'//)<' nwlor block of
tin1 Sitficrfihi'iiix at
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l-'reiiici:

using nuclear energy to produce
fresh water through desalination.
As part of the study, a report
on desalination, containing information on the most promising
processes, energy sources and nuclear reactor systems proposed
by potential suppliers worldwide,
was produced. The economic viability of seawater desalination
using nuclear energy compared
to fossil fuels is reviewed as well
as relevant safety and institutional aspects.
Overall, the study resulted in
the conclusion that the use of nuclear energy i.s technically feasible
and economically competitive for
medium to large-size units integrated into the electricity grid system. The most cost advantageous
option consists of large nuclear
plants integrated into the grid and
the supply of electricity to separately located desalination plants
using reverse osmosis. In response to requests, technical assis-

tance was provided to five African
Member States for feasibility studies on the use of nuclear energy
for seawater desalination.

Nuclear fusion
In the area of nuclear fusion
research and engineering, the CMP
on lifetime predictions for the first
wall of fusion machines continues
in an effort to validate the existing
computer code through a benchmark exercise. The lith Conference on Plasma Physics and
Controlled Nuclear Fusion Research demonstrated that stead}'
progress in magnetic and inertial
fusion research continues and that
encouraging results on large
tokamaks were obtained in experiments carried out in Germany, lapan and the PSA. In addition, the
Agency i.s considering a proposal
to establish a plasma physio training centre for developing countries
to be located in Cairo.

Nuclear fuel cycle
The- Agency's efforts in the nuclear fuel cycle are geared towards
enhancing the safety, reliability,
and economics of nuclear fuel cycle facilities while minimizing their
environmental and health impact.
Programmes continue to focus on
raw materials for reactor fuels, uranium resources production and demand, reactor fuel performance
and management of spent fuel.

around 25 000 t U, while the uranium requirements for the former
WOCA countries are expected to
grow to 57 000 t U. This estimated
production gap, which will reach
nearly 40 000 t U in 2010 and cumulatively about 350 000 t U, may
be partly filled by WOCA stocks
and imports, but will require production centres in addition to existing ones.

Nuclear raw
materials

New data collected as part of
the effort to update the Agency's
joint report with the OECD/Nuclear Energy Agency on uranium
resources, production and demand
(the Red Book) resulted in a new
edition that is closer to being a
complete and authoritative source
of worldwide information including supply and demand projections to the year 2010.

The status of the uranium industry and its likely future development was the focus of efforts to
maintain and improve the quality
and coverage of supply and demand estimates relating to world
nuclear fuel resources. Uranium
production in 1992 in the former
WOCA (world outside centrally
planned economies area) is expected to further decline by about
3000 to 25 000 t U in response to
continuing unfavourable market
conditions with nine countries producing nearly 95% of the total, and
eight countries contributing the remaining 5%.

Other activities, meetings and
publications focussed on the potential impact of the latest International Commission on Radiological
Protection (ICRP) recommendations for uranium producers. They
cover occupational dose limits;

A quality assurance
check of the fuel pin
for ait advanced
gas-cooled reactor
(BNFL).

For 1992, it is estimated that
uranium production will reach
38 000 t U, with Canada, Kazakhstan. Russia, the USA and Uzbekistan as the leading producer
countries with a combined share
of more than 55% of the world total. The reactor related requirements are predicted at 57 000 t U
worldwide, about 19 000 t U
above the world uranium production.
I'p to the year 2010, the low
cost supply based on the expected
production is projected to be

m P

Other meetings and publications in this area covered the be
havior of core materials and
fission product releases in accident conditions; fission gas release and fuel rod chemistry
related to extended burnup; an<
corrosion mechanisms of zirconium-based alloys in nuclear
power plant environments.

Spent fuel
management,
technology and
safety

Technicians as- mineral resource assessment and
semble a 217 [>in environment studies; guidelines for
mixed oxide fuel
bundle. organizing and managing earth sci-

ences data; uranium production
feasibility studies; uranium deposit
development and production; and
a world map of uranium deposits.

Reactor fuel
technology and
performance
In support of safe technology
and use, a meeting on fuel failure
determined that the rate of such
failures continues to fall due to the
introduction of countermeasures.
Activities in this area included a
CRP on water chemistry control
and coolant interactions in water
cooled reactors; a CRP on examination and documentation methodology for water-cooled reactors;
and a report on the decontamination of primary circuits of watercooled reactors.

In 1992, the Agency reviewc
the strategies, options and trends
in spent fuel management to allo
Members States to achieve an int
grated approach to spent fuel mi:
agement. A spent fuel management database was compiled, a s
of information parameters to ensure the safe and reliable handlir
of spent fuel was evaluated, and
the main categories of data requi
merits relating to each of the bac
end stages of the fuel cycle,
including handling and transport,
were identified.

A new manual on design, tei
nology and operation experience
on spent fuel storage options anc
practices has been prepared citin
examples of experience from sev
eral countries. A CRP on the irra
diation degradation of materials i;
spent fuel storage facilities was i
itiated to address concerns about
the corrosive environments founc
in some facilities.

The Agency continued to as
sist developing Member States in
the safe storage and management
of fuel from research and power i
actors and held missions in Hungary and the I'kraine while the
status and problems of spent fuel
management were reviewed.

Radioactive waste
management

1
Agency activities under its newly
restructured radioactive waste management programme focused on
improving the awareness of Member States, particularly those that
generate nuclear wastes without using nuclear power, on the need to
couple such applications with a national waste management system.
Increasing recognition of the value
of international consensus on approaches to the safe management
of radioactive wastes was central
to Agency efforts as well.
A special project linked with
the Waste Management Advisory
Programme (WAMAP) continued
to provide Member States with advice on locating missing spent radiation sources and standardized
design for conditioning, interim
storage facilities for spent-sealed
sources, and a database registry to
track such sources. In addition,
two WAMAP missions and one fact
finding mission were conducted
during the year while the Agency
emphasized follow-up mechanisms
to previous WAMAP missions.

Handling, treatment,
conditioning and
storage
Activities during the year included technical guidance to Member States on minimizing
radioactive wastes from nuclear
fuel cycle facilities; a publication
on quality assurance and control
for radioactive waste packages;
and a technical report series on
advanced technologies for processing radioactive wastes. Research was sponsored through

co-ordinated research programmes
on the use of inorganic sorbents to
concentrate radionuclidcs in waste
streams into solid materials and on
waste treatment and immobilization technologies.
Direct assistance for waste
management programmes in developing countries included increased attention to improve
waste management practices at
nuclear power plants of some Soviet-design WWER-type reactors.
The regional technical assistance

A container of
vitrified waste
being transported
at Sellafield in the
United Kingdom.
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project in this area centered on
communication channels, information exchange, waste management practices, and the status of
radioactive waste management
for WWTlR-type reactors.
In addition, the preparation of
numerous technical manuals continued to provide Member States
with safe, straightforward, reliable
and low-cost solutions to waste
management problems from lowlevel wastes, waste minimization
and segregation, and storage.

Radioactive waste
disposal
Reports on the siting and design of near surface radioactive
waste disposal facilities were initiated during the year as well as a
document on quality assurance for
siting, design, construction, operation, closure and [lost closure of radioactive waste disposal facilities.
Technologies for deep gcologi
lal disposal systems tor radioactive

I

waste was ihi' subject of work during the year in an effort to compile
Member State experience in siting
strategies, the stages of the site selection process, and the technical,
social and economic factors considered.

commissioning policies and regulatory frameworks. In an effort to
compare various approaches, it
contains specific examples as well
as factual information on particular
choices made and the reasoning
behind them.

Principal geological media currently under consideration — including clay, crystallite rock, salt
and volcanic tuff — were discussed at a symposium in Belgium
on geological disposal of spent
fuel, high level, and alpha bearing
wastes. Results indicate that the
technical problems are well identified, the research and development programmes on such
problems are concentrating on
them, and that the demonstrated
confidence in geological disposal
is justified.

Efforts began in the production
of a guidebook for planning and
managing the decommissioning of
research reactors and other small nuclear facilities. The guidebook describes a typical planning process
for decommissioning, identifies the
general requirements necessary to
fulfill the appropriate regulatory
body, and provides a brief overview
of activities required to complete the
programme. In addition, a technical report assessing the rehabilitation, decommissioning and disposal
alternatives for nuclear reactor
cleanup after a serious accident
was published.

Decontamination
and decommissioning of nuclear
installations
A new guidebook on policy,
regulation and planning for decommissioning large nuclear facilities
was produced. Meant to assist in future decision making, it includes an
overview of the various national de-

Radiological and
environmental
aspects
The project to produce a set
of unrestricted release levels in
solid materials in the application
of exemption principles to radioactive waste management continued

Low-level
radioactive
wastes are
stored above
ground.
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throughout the year. Agreement
on exempt values was reached at
an advisory group meeting, the results of which will be published in
a Safety Series report.
In response to concern over
the possible health and environmental consequences of dumping
high-level radioactive wastes in the
shallow waters of the Kara and Barents Seas, the Agency has established a programme with Norway
and the Russian Federation to investigate and assess such disposals. 'Hie
programme aims to evaluate present
and future health and environmental impacts of the dumping
and to consider the feasibility of remedial actions.
There was increasing demand
for IAEA's Marine Environment
Laboratory (IAKA-.V1EL) services for
a widening range of high priority
projects. In particular, the laboratory participated in cruises taking
samples and making analyses of
the recently revealed past disposals of high activity reactor components in the marginal seas of the
Arctic Ocean.
IAEA-MEL provided analytical
quality control services to some

150 Member State institutions to
support marine radioactivity monitoring. Programmes on marine
contaminant and sediment transport and the application of tracer
techniques in the study of processes and pollution continued. A
programme was initiated to develop modern, sensitive and costeffective methods to monitor
radioactivity as part of emergency
response efforts and IAEA-MEL participated in oceanographic cruises

to perform ink-rcomparison analyses in water samples collected
above the sea-bed at waste disposal sites.
IA1-'A-.MKL continued partieipalion in oceanographic cruises in
the northwestern Mediterranean
Sea and elsewhere to measure the
vertical (lux and inventories of radionuclides and globally important
elements such as carbon. Results
indicate the downward sinking of
paniculate carbon is primarily
driven by the biological productivity in the overlying surface waters.
These studies are crucial to understanding and predicting the fate of
radionudides in the oceans.

Waste management
planning and
infrastructure
The Agency continues to compile and expand its information database on waste management and
published the first biennial issue
of the waste management research abstracts during 1992.
S Kmvler.'lAF.A-MliL

The publication contains more
than 700 research abstracts from
35 countries and international organizations.

IAEA-MEL
.'.dentists deploy a
sediment trap
array in the
Pacific Ocean to
determine the fate
Significant progress was
of pollutants in
achieved in the Radioactive Waste the marine
Safety Standards programme (RAD- emnornment.
WASS) through a series of consult- (MEL).

ants and technical committee
meetings held to draft and review
the highest priority documents, including the waste management
safety fundamentals and four
safety standards.
In consideration of the urgency of the programmes, steps
were taken to ensure that the target of nine RADWASS publications
to be completed by 1994 would be
met. A significant milestone was
achieved with the publication of
the first book in the series, a safety
practice on the application of exemption principles to the recycle
and reuse of materials from nuclear facilities.
The 1AEA-MEI. uses nuclear techniques in
the analysts of pollution, '/he photo shows
Manila Hay, northwestern Saudi Arabian
coast, heatity contaminated with crude oil
following the (iiilf War

Comparative assessment of
energy sources
The cost of generating electricity remains a cornerstone for evaluating
different options and strategies. In
1992, the Agency compiled and analysed information on cost experience in nuclear and fossil fuelled
power plants and a technical document on nuclear and conventional
baseload electricity generation cost
experience was published. In most
of the surveyed countries, nuclear
power has proven to be competitive
with coal. A document also has
been prepared on the economic
evaluation of renewable energy
sources for grid integrated electricity
generation systems.
Concerns about the health and
environmental effects of electricity
generation systems are growing and
there is a need to design and implement sustainable strategies in the
electricity sector. Such strategies
should aim towards providing the
.services required, especially in devel-

oping countries, for supporting
economic growth and improving
quality of life, but also to alleviate
as much as possible the health and
environmental impacts of industrial development.
To assist Member States in addressing these issues, the Agency
has pursued a comprehensive programme of activities on comparative
assessment of nuclear power and
other energy systems for electricity
generation since the late 1980s. In
May 1991, a Senior Expert Symposium on Electricity and the Environment, organized jointly by the
Agency and 10 other international organizations, was held in Helsinki,
Finland to discuss key issues related
to electricity supply and environmental protection. Following the
recommendations of the Symposium, the Agency initiated an interagency project in 1992 on databases
and methodologies for comparative

assessment of different energy
sources for electricity generation,
called DKADES.
Project work has focused on
collecting comprehensive information on the different energy chains
for electricity generation including
technical, economic, health and environmental indicators; designing a
software package for accessing, displaying and processing the data; and
reviewing the various approaches to
comparative assessment that may be
used in the planning and decisionmaking process.
'I he co-operative framework
among international organizations
adopted for the project ensures access to a broad range of international expertise and viewpoints
covering all aspects of the different
energy chains. Participating organizations include the Commission of the
European Communities (CEC), the
International Bank for Reconstruction and Development (IBRD), the
International Institute Applied Systems Analysis (IIASA), the Nuclear
Energy Agency (NEA/ OECD), the
Organizations of Petroleum Exporting
Countries (OPEC), the United Nations
Industrial Development Organization
(IINIDO), and the World Meteorological Organization (WMO).
Net energy analysis of different
electricity generation systems is the
focus of an Agency document providing a review of the state of the
knowledge on this approach and illustrating its potential application to
address environmental issues.
A document on comparative assessment of the environmental impacts of wastes from electricity
generation systems was completed
and an assessment and comparative
study of waste management system
costs for nuclear and fossil fuel electricity generation also was com-

pleted. Results indicated that for
nuclear and fossil fuel cycles, the
waste management costs represented a small to moderate fraction
of the overall cost of electricity
generation. The assessment also
found that the highest waste management costs were those associated with a conventional coal plant
with controls to manage the emissions of particulates SO2 and NOx.
The lowest costs were those associated with the gas-fueled combined
cycle.
Work continued on the interagency project, with the UN Environment Programme (UNEP), UNIDO
and the World Health Organization
(WHO), on the assessment and management of the health and environmental risks of energy and other
complex industrial systems. Activities under the project included production of a procedural guide for
Member States on risk management,
case studies on 15 countries, and
computer codes developed for risk
assessment and the management of
air and surface waste at large industrial complexes.
In view of the potential role of
the electricity sector, and particularly
nuclear power, in reducing carbon
dioxide emissions and its potential
effects on global climate change, the
Agency continues to investigate
these issues and is participating in
the preparation of the second assessment report of the Intergovernmental Panel on Climate Change (IPCC).
Methods and models for estimating
global circulation of selected environmental emissions from energy
generation have been reviewed
and a document has been prepared. A study has been undertaken, using statistical data, on the
correlation between energy and
electricity production and carbon
dioxide emissions.

IAEA laboratories
O n e of the few organizations with
its own laboratories to support
technology transfer, the IAEA provides research and scientific assistance to developing countries at
their request. The Agency's laboratories at its Headquarters and at
Seibersdorf near Vienna provide
services for Agency programmes in
physics, chemistry, hydrology, nuclear medicine, and agriculture
jointly with the Food and Agriculture Organization (FAO). Mainly
through training courses, on-thejob-training and laboratory services, they help to transfer nuclear
techniques used to combat a variety of problems in agriculture,
medicine, and industiy. For example, the Laboratories support establishment of measurement stan-

dards for radiation therapy. They
also produce and distribute standardized kits used to improve animal breeding practices and to
control disease.
The IAEA-Marine Environment Laboratory (IAEA-MEL) in
Monaco carries out studies of radioactivity in the marine environment,
collaborating with ocoanographic
institutes worldwide and conducting projects in co-operation with
the United Nations Environment
Programme (UNEP), for example.

I.MHMI1 marine scientists perform ennmtimental
n'search <»: the Mwtiourof'pesticides in a tropical
lagoon luboi x'/. scientists at work at the
Si'ilx'rstlttrflalxmttories (right), the puparia of the
tsetse fly is sorted according to size in the
enlnmoltigv unit at Sciljcrsdorf, a scientist prepares
ii contmllcd-relcase formulation of herbicides (left)
ii>hl a sedtnient trap is deployed in the Western
Mediten-anean by lAE\-\UiI. scientists (farleft).

&**&&*-

^

.3*

Food and agriculture
T h e improvement of food production, reduction of food losses and
protection of the environment continue to be the focus of the food
and agriculture programme. Careful management of water and soil,
together with the use of state-ofthe-art techniques to get the most
from natural resources, while still
maintaining a healthy environment, are essential for economic
and social development. In keeping with worldwide trends, greater
emphasis in Agency activities in
1992 was placed on nuclear
biotechnology tools and on environmental concerns.
Activities are co-ordinated
with the Food and Agriculture Or-

ganization of the I tnited Nations
(FAO) through the joint FAO/IAKA
division of nuclear techniques in
food and agriculture founded in
1964. Co-operative efforts aim to
solve practical problems related to
agriculture and food production in
the developing world through the
application of nuclear techniques.

k'

Soil fertility, irrigation
and crop production
Maximizing biological nitrogen fixation and yield of pasture
and grain legumes is the focus of a
co-ordinated research programme
(CRP) in Southeast Asia while another CRP seeks to enhance soil
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fertility and conservation through
the measurement and management
of nitrogen fixation by selected
trees. In an effort to optimize the
use of fertilizers for plant productivity, a CKP to increase and stabilize plant productivity in low
phosphate soils in the tropics and
sub-tropics has included the
search for genotypes of food crops
and trees which are highly efficient when there are limited supplies of water and phosphorus.
Both high grain yield and high
water use efficiency were discovered in the .same genotype, a rare
find that will have substantial implications for increasing and sustaining wheat production in drought
prone regions.
Activities continued in the assessment of irrigation schedules of
field crops to optimize the use of
water in irrigation projects. These
have generated new approaches
that reduce the need for irrigation
at particular growth stages. The
use of nuclear techniques to improve crop production in salt-affected soils has shown that a wide
range of genetic variability for salt
tolerance exists in crops and tree

species. The crops studied included lentil, rice, soybean, wheat,
barley, sorghum and millet.
Among the trees tested were
Casuarina, Kucalyptus, Parkinsonia, Terminalia and Sesbania.
Laboratory activities included
work on biological nitrogen fixation of grain legumes, microbial
ecology and training of fellows
from Member States in the use of
nuclear techniques in soil/plant, relationships and isotope analysis.
Analytical services, mainly nitrogen
isotope determinations for some
10,000 samples, were provided in
support of research contract and
technical co-operation programmes.

Plant breeding and
genetics
Intensive training, expert services and a research network were
the major activities to integrate
modern mutation techniques into
plant breeding practices on a large
scale in an effort to improve cereals in Latin America. Recently established laboratories for biotechnology/mutation techniques in
most of the participating countries
Importance is
attached to
developing new
types of fertilizers as
well as the
environmental
effects of their use
(Norsk Hydro).
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are producing new, mutated plant
material. Students and young
plant breeders are being trained in
these technologies.
In a project on the genetic improvement of basic food crops in
Africa, efforts are concentrated on
domestication of local plant species used as a source of food. The
project demonstrated that mutation techniques, in combination
with the use of advanced biotechnologies, are most suitable for accelerating the domestication
process.
Results from a CRP confirmed
the potential of seed irradiation
techniques for improvement of oil
seed crops. Participants from
Bangladesh, China, Egypt, Germany, Greece, India, Israel, Korea,
Pakistan, the Philippines, Poland,
Suclear
techniques are
used to improve
cereals and other
grain crops,
including rice, in
Member Slates.

Romania, Sri Lanka and Thailand
have developed numerous valuable mutants in sesame, rape, sunflower, castor and poppy seeds.
Activities also continued on mutations and related biotechnologies
to improve cereals and other
grain crops which resulted in
valuable mutants for hybrid rice
production in China.
Laboratory activities included
researcJi and development on in
vitro mutation breeding systems
for vegetatively propagated tropical crops including banana and
plantain to improve quality and disease resistance, cassava to induce
desired genetic variation, sugarcane to increase tolerance to salinity and drought and AzotlciAnabaena to improve tolerance
to salinity, acidity and aluminum
tolerance in rice paddies.
Training was provided to fellows in advanced mutation techniques, related biotechnologies
and molecular biology methods in
plant breeding. A mutation induction service was provided to 43 developing Member States.

Animal production and
health
The development of diets and
feeding strategics for ruminant livestock was the focus of regional
and interregional CRPs to improve
cattle, sheep and goat productivity
in areas where the nutrient supply
fluctuates. Studies on the use of locally available grasses, crop residues
and agro-industrial by-products resulted in substantial increases in
the growth rates of cattle and
sheep, and in some cases improved reproductive efficiency.
Measurements of the reproductive hormone progesterone by ra-

dioimmunoassay (RIA) coupled
wifh the analysis of breeding records were used in three regional
CRPs to identify factors adversely
influencing the ovarian activity of
animals kept by resource-poor
farmers in Africa, Asia and Latin
America. Dramatic variations in
i he recorded data not only demonstrated the great scope for improving overall productivity, but
confirmed that developing Member States have animal genetic resources which can be highly
productive even under conditions
of suboptimal management.
'The importance of nutrition
was also demonstrated and — in
areas where nutritional interventions arc limited — more disciplined management of livestock
breeding would significantly improve individual animal and herd
performance.
Support was provided to 12 institutes in 19 African counties in
the use of standardized immunoassay techniques to test the blood of
cattle for the presence of antibodies against rinderpest. The tests
were conducted after the animals
had been vaccinated against the

disease to assess the efficiency of
national vaccination campaigns.
Results indicated that the regionwide campaigns in most of the
participating countries were successful in protecting animals
against infections, while in three
countries, the number of animals
with antibodies remained too
low, a situation which could affect
regional eradication efforts.

Efforts include
the study of the
reproductive
efficiency of
cattle using
radioimmtuioassay techniques.

Agency activities also continued in 11 African Member States in
the validation and use of immunoassay tests to diagnose trypanosomiasis in African livestock.
In addition, activities continued in
the international standardization of
diagnostic techniques for animal
diseases. These included international guidelines on how to express the results of immunoassay
diagnostic methods, contributions
to standardization of such methods
through the distribution of diagnostic kits and reference standards,
and organization of quality control
of assays.
The Agency's Laboratories at
Seibersdorf provided technical support through the production and
distribution of standardized and
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validated kits for hormone measurement and disease diagnostics.
Radioimmunoassay kits to measure
progesterone in milk and blood
were distributed to some 70 laboratories and kits were developed
and validated to assess the nutritional status of indigenous livestock species. In an effort to
diagnose infectious diseases,
700,000 enzyme linked immunosorbent assay tests were distributed to
75 Member States in Africa, Asia
and Latin America.

Insect and pest control
Efforts continued to increase
the efficacy and reduce the costs
of using the sterile insect technique (SIT) for eradication of the
medfly including the evaluation
of the performance of genetically
altered medfly strains. Numerous genetic sexing strains were
successfully reared in the medfly
mass rearing facility while field
tests using these strains gave promising results.
In activities to transfer medfly
eradication technology, a project
to evaluate eradication feasibility
in four countries in North Africa —
Algeria, the Libyan Arabjamahiriya, Morocco and Tunisia —
continued. The medfly is responsible for direct losses of $90 million
per year in these countries. The
next step in the project — called
Maghrebmed — will be pilot eradication projects to begin implementing an eradication programme.
Other species of fruit fly are the targets of activities in Pakistan, the
Philippines and Thailand.
Libyan children in the countryside release
sterile A'ra1 World Screuwortns from a box
that did not open when drop/>ed from an
aircraft (FAO).

Improved tsetse rearing technology was the result of efforts to
reduce required workloads, decrease the costs of in vitro blood
diets, and introduce reliable quality control procedures. Studies
were conducted on tsetse genetics
and molecular biology techniques
and further progress was achieved
in the transfer of area wide tsetse
eradication technology using the
SIT in Zanzibar, Nigeria, Mali,
Ghana and Uganda.
A new technique combining
the use of natural enemies of the
diamondback moth and inherited
sterility in Lepidoptera pests
which destroy crops has been
used in several technical co-operation projects in Cuba, Indonesia, Malaysia, Mauritius and the
Syrian Arab Republic. Efforts
continue in developments in genetic engineering and biotechnology used to manipulate insect
pests and in the eradication of the
screwworm fly from North Africa
where the last case of infested animals occurred in early 1991.

Agrochemicals and
residues
In its efforts to monitor pesticides in food and the environment,

the Agency supported work to determine which methods for extracting and refining vegetable
oil are most effective in reducing
pesticide residues. Activities continue in the programme to study
the effects of organochlorine insecticides on agricultural ecosystems
in Africa.
Laboratory work included
training in the use of radioisotope
techniques in research on agrochemicals and the development
of improved pesticide formulations. Controlled-release formulations of the herbicide
thiobencarb were developed.
These were safer to rice and fish
growing in the paddy water than
conventional materials, but were at
least as effective against weeds.
Formulations developed for tsetse
fly targets are substantially more
persistent than the commercial
product, ihus extending the effective life of the targets.
Member State laboratories receiving technical co-operation support, together with some
participants in co-ordinated research programmes, have partici-

pated in an interlaboratory comparison programme to receive analytical quality assurrance services.
This is the first step in the development of an international analytical
quality control programme for pesticides.

Food irradiation
The International Consultative
group on Food Irradiation (ICGFI)
issued a compilation of technical
data for the authorization and control of irradiation of spices and an
International Inventory of Authorized Food Irradiation Facilities. It
reviewed wholesomeness data for
food treated above 10 kGy and the
potential of irradiation for the processing of foods of significance in
public health (including foods for
vulnerable groups and sterile
foods); prepared guidelines for the
regulator^' control of irradiation
processing and of irradiated food;
and issued ten codes of good irradiation practice. Workshops were
held on public information for the
mass media, and collaboration
with consumer organizations was
strengthened.

Nuclear techniques
are used to study
the effects of
pesticides on crops
(NRPB).

Agency efforts included the finalization of a training manual for
operators of food irradiation facilities. A seminar co-sponsored by
WHO was held on the harmonization of regulations on food irradiation in Asia and the Pacific. An
international meeting on radiation
processing, held in Beijing, considered food irradiation technology
as a major issue. Transfer of
food irradiation technology to developing counties, through demonstration of techno-economic
feasibility of food irradiation and
assistance in developing regulations or process control, continued
for Bangladesh, Ghana, Viet Nam,
Malaysia, Pakistan, the Philippines,
Sri Lanka and Morocco.
Following a meeting with the
Pan-American Health Organization
(PAHO), a jointly sponsored co-ordinated research programme (CRP)
on the ineffectiveness of foodborne parasites is being implemented as part of an effort to draw
up an action plan to use food irradiation as a public health intervention measure to control food-borne
diseases in Latin America and the
Caribbean. On the basis of data
/•'ood irradiation
as a means to
preserve food is
gaining wider
acceptance
worldwide (CliA).

generated through co-operative research, food irradiation was recognized by the Regional Plant
Protection Organization (RPPO)
as an effective plant quarantine
measure.
Databases were maintained
on various food irradiation topics,
including regulatory control, scientific data, public information materials, and public acceptance data.
The Agency supported ICGFI in
its efforts to ensure the safety of
the irradiation process and of irradiated food, techno-economic feasibility, training, regulatory control
and issuance of technical and public information.
A project proposal prepared
by the Agency for the transfer of irradiation technology to developing
countries was adopted by the
Board of Governors in June 1993Action was initiated to facilitate the
establishment of commercial food
irradiation facilities in China, Chile,
Mexico and Morocco. A large commercial food irradiation facility commenced operations in die USA
(Vindicator, Florida), bringing the
total number of such facilities to 54.

Human health
Agency activities in the life sciences focused on issues where nuclear techniques are particularly
efficient and cost-effective in the
prevention, diagnosis, prognosis
and treuiment of disease, or in the
analysis of health problems related
to the environment such as pollution and the availability of nutrients. Programmes of special
significance to developing countries, and often designed in consultation with the World Health
Organization (WHO), emphasize
techniques suitable for the study
and management of communicable diseases, nutritional problems,
and cancer, heart and brain diseases. Projects during the year
sought to strengthen indigenous
skills and capabilities in methodology, reagent production, maintenance and repair and upgrading
nuclear instruments.

Nuclear medicine
In an effort to improve quality
control and preventive mainte-

nance of nuclear and related equipment in medicine, a regional endusers union was initiated and
began with a pilot project involving four countries, 282 gamma
cameras and eight manufacturers.
The effort is co-ordinated by the
Agency and should improve the
maintenance and repair services offered by firms in the Asian region
and result in the computerized
management of equipment preventive maintenance. A pilot scheme
was also launched to train nuclear
medicine technologists in the region through multimedia distancelearning techniques.
Enhancing the ability of developing countries to perform dynamic functional studies of the
heart and brain is expected to occur with the formulation of new
strategies to develop a computer
interface to link gamma cameras
with personal computers. Technical contracts were awarded to institutions in India and the United
Kingdom to build an interface prototype and to design the software.
A computerized
tomography (CT)
body scanner
represents
state-of-the-art
X-ray techniques
in the diagnosis
of disease (NRPB).

Other nuclear medicine activities continued in the screening for
neonatal hypothyroidism, the diagnosis of communicable diseases
such as malaria, and the cost effectiveness of nuclear and non-nuclear diagnostic procedures such
as liver imaging.

brachytherapy techniques used in
the management of cancer.

Dosimetry
The jointly operated
IAEA/WHO Secondary Standard
Dosimetry Laboratory (SSDL) network now includes 65 laboratories
and six national organizations in
52 Member States. The network
continues to provide dose inter
comparison and assurance services
as well as support for technology
transfer.
The operation of the
IAEA/WHO Thermolumineseent
Dosimetry (TLD) Service was extended to include medical accelerators in addition to Cobalt 60
teletherapy units and the international dose assurance service for radiation processing facilities
continued.

Mosquitoes collected from households are identified
dud prepared for
radioimmunoassay
to detect malaria.

Applied radiation
biology and
radiotherapy
New research began on the
comparative assessment of the mutagenic and carcinogenic effects of
low level radiation and toxic
chemicals released from energy cycles which will help to provide
methodologies for the quantitative
evaluation of the potential risk to
health imposed by emissions from
fossil fueled energy sources.
Efforts in the exploration of
the stimulation effects of low
dose radiation continued in areas
including human health risk assessments, responsiveness criteria for human tumors, and

Nutritional and
health related
environmental
studies
Isotope techniques used in human nutrition is the focus of new
research programmes on amino
acid requirements and protein-energy interactions in malnourished
children suffering from infections
and nutritional and other issues in
the aetiology and prevention of
osteoporosis, a bone disease affecting some 200 million people
worldwide.
An international symposium
on the applications of isotopes and
radiation in the conservation of the
environment demonstrated that nuclear analytical techniques and isotopic tracers have retained someunique advantages in environmental research and monitoring.
Particularly favourable applications

include isotopic tracer studies of
waste depositories, borehole logging, certification of analytical reference materials and multi-element
nondestructive analysis of environmental specimens. Barriers to successful transfer of these
technologies continue to hinder
more widespread application.
A co-ordinated research programme involving some 20 countries underscored the usefulness of
nuclear techniques in projects associated with environmental pollution from solid wastes while
another research programme provided new evidence of the potential impact of mercury in some
population groups exposed
through consumption of contaminated fish.
The Agency and the IAEA-Marine Environment Laboratory (IAEAMEL) continued to provide
services in the international monitoring of pollution including evalu-

ations on Lake Manzala in Egypt
and assessment of contamination
of the Danube River which
showed the existence of contamination 'hot spots' with clear gradient movement of pesticide
concentrations.
In collaboration with the UN
Environment Programme (UNEP),
IAEA-MEL conducted an assessment of pollution in the Black Sea
and participated in the design of
the $9.3 million Global Environmental Facility (GEF) programme
for environmental protection and
management of the Black Sea.
Other studies included a review of
the damage to ecosystems from
the spillage of petroleum and the
burning of oil wells in Kuwait indicating that severe oil pollution was
restricted to the Saudi Arabian
coastline.
Laboratory activities included
training in low-level radioactivity
separation and measurement techniques to fellows
and scientific visitors
as part of a study to
determine natural
and man-made radionuclides in food
chains and environmental samples.
Other activities included the continuation of the
programme to monitor accidentally released radionuclides in environmental and food
samples and a research programme
on rapid instrumental and radio-chemical methods.
Thyroid disorders are
treated with unclear
techniques in South
America

Industry and

Increasing interest in industrial applications of low-cost nuclear techniques, tracer technology, efforts to
preserve the environment, and the
identification of water resources
drove the Agency's programme in industrial and earth sciences. Knhanced energy efficiency, by-product recover}- and less toxic gas were
the successful results of a CRP on radiation processing of combustion
Hue gases and the operation of a
demonstration facility in Poland using the electron beam process for
flue gas purification.
A.s part of the research programme on nuclear methods to
monitor wear and corrosion in industry, activities centered on evaluating
the thin layer activation method to
monitor erosion and the technology
of irradiating machine parts in
charged particle accelerators. Work
also was initiated on nuclear data for
thick target yields, the depth distribution of radionudides, the influence
of charged-partiele irradiation on the
properties of objects, and the fast recoil technique as applied to metals,
plastics and ceramics.
In the assessment and transfer
of nucleonic control systems for the
mineral industry7, activities continued
in the use of nuclear techniques for
the exploration and analysis of coal
in China. Indonesia, the Islamic Republic of Iran, Poland, Turkey and
Viet Nam, as well as the use of nuclear techniques for environmental
preservation in resource extraction
and processing in an effort to ensure
minimum environmental damage.

Development of water
resources
In the development of new
methods to assess water resources
using isotope techniques, a regional technical co-operation pro-

ject in the Middle East aims to
transfer such technology to Member States by setting up analytical
facilities and carrying out demonstration studies for water resources
assessment, development and management. Isotope field studies in
the project are focused on groundwater, the major source of water in
most arid and semi-arid regions, to
establish its origin and to assess
the occurrence of modern recharge.
Hydrological studies on water
resource investigations were initiated in areas of the Peruvian Altiplano (above 4 000 meters
elevation) using environmental
and artificial tracers in an effort to
improve the understanding of the
origin, age and hydrological behavior of a number of water bodies.
On the basis of isotope analyses
and hydraulic conductivity, climatological and hydrological data,
groundwater recharge was evalu-

Radioisotopic tracing
methods are used
extensively in
industry (opposite
page/ANSTO). Latest
model of a
techneticum-99 gel
generator used in the
radiophannaceutical
unit of a hospital
(ahoiv).

ated for the Makutapora Basin
which is the major source of water
for Dodoma City in the United Republic of Tanzania.
Within the framework of the
regional programme in Latin America (ARCAL), field activities on the
connection between surface water
and groundwater and groundwater
pollution were conducted in Argentina, Bolivia, Brazil, Colombia,
Costa Rica, Cuba, Fxuador, Guatemala, Mexico, Peru, Uruguay and
Venezuela. Geochemical and isotopic exploration studies were carried out in many areas with
geothermal potential in Indonesia
and the Philippines and neutron activation and X-ray fluorescence
analyses were used to identify the
origin and composition of sediments in rivers in the Dominican
Republic and Ecuador. Other studies on water resources were conducted in Viet Nam, Cameroon,
Mali, Niger and Senegal.

.1 Malian scientist trains
a scientific fellow on the
use of tracer dilution
techniques to assess the
dynamics of sediment
transport in the Doiirou
River Basin in Mali. A
small nuclear gauge on
the wall continuously
records sediment
A research programme on nutransport when the river
floods. clear techniques in the study of

pollutant transport in the environment was completed and the hydraulic connection between
surface water and groundwater
was studied in Mauritius using artificial tracers. At two sites, it was
found that groundwater used for
drinking water was endangered by
surface water contaminated by industrial wastes. Other environmental investigations using isotope
techniques were conducted in
Peru, the Amazon Basin, and the
Black Sea.
Efforts to set up radiocarbon
laboratories to meet the growing
demand for radiocarbon analyses
in Ecuador, Nicaragua and Uruguay were initiated as part of
Agency activities in analytical and
intercalibration services. Laboratory activities included the analysis of some 4 000 water samples
in support of technical co-operation projects, research contracts
and regional programmes, as
well as for the global network to
monitor the isotopic composition
of precipitation.

Physical and chemical
sciences

The blue flame of
the plasma torch
provides
extremely high
temperaturesfor
plasma emission
spectroscopy
analysis of trace
elements in the
atmosphere
(s\DB/Seibersdorf).

Nuclear and atomic
data for applications
Activities continued in efforts
to provide nuclear scientists in
Agency Member States with reliable and up-to-date nuclear data
libraries ami to encourage the international exchange of nuclear and
atomic data worldwide in compatible computer file formats. A new
service allows on-line access to the
Nuclear Data Information System
(NDIS) which contains numerical
nuclear physics data files which describe the interactions of radiation
with mailer. These databases are
maintained and updated through
an international network of nuclear data centres.

The Agency responded to
more than 700 requests from 69
Member States during 1992 for experimental and evaluated nuclear
data, related data processing computer codes and nuclear data publications.
A special purpose nuclear
data library was created to establish an international reference for
use in fusion reactor technology.
It will support the International
Thermonuclear Experimental Reactor (ITKR) programme, and the
validated computer codes and data
files will serve other applications
as well. In the development of databases for non-energy applications, a handbook in production
compiles contributions from partici-

pants in a research programme on
atomic and molecular data for radiotherapy.

Nuclear
instrumentation
Regional co-operation projects
in Latin America and Asia focused
on the maintenance and servicing
of nuclear instruments while a programme to provide spare parts in
the regions continued.
In the area of nuclear spectroscopy, the development of
computer software for nuclear applications continued, and the
codes for gamma and X-ray analsysis were improved. Laboratory
activities included technical support in establishing or upgrading
infrastructures for the repair and
maintenance of nuclear instruments in developing Member
States, particularly in the Africa region. A manual on the installation, maintenance, troubleshooting
and repair of an X-ray generator
for X-ray fluorescence analysis was
completed and a technical document was produced on the protection of nuclear instruments.
Other activities included an advisory- group meeting on nuclear
spectroscopy software and the circuit and design and construction
of special instruments not available
commercially such as a temperature control unit used in the irradiation compartment of the Agency's
gamma cells.

Theoretical physics
'Che main fields of research
and training at the International
Centre for Theoretical Physics
(ICTP) during the year included
fundamental physics, condensed
matter physics, mathematics, physics and energy, physics and the en-

vironment, physics of the living
state, and applied physics and
high technology. Some 400 scientists took part in activities at the
Center and in the programme for
training at Italian laboratories with
more than half coming from developing countries..
The financial agreement with
the Italian Government to provide
funding for the Centre was renewed through 1994 by the Italian
Parliament. Other contributions towards the funding of the Centre
came from UNESCO, Sweden,
UNIDO, Japan, Switzerland, Brazil,
France, Denmark, Norway, Spain,
the United Kingdom and the
United Nations University.
The Adriatico Research Conference series for 1992 included short
meetings on polarization dynamics, clusters and fullerenes, wrinkling of surfaces, synergetics in
condensed matter and hydrogen atoms. Seventy-nine scientists from
developing countries took part.
External activities included
courses, workshops and symposia
in 16 countries in the fields of
physics and pure and applied

mathematics. A conference on the
essential role of science in technological progress and economic development was held with more
than ST scientists, economists, and
eminent professionals from Third
World countries. The conference
sought to help narrow the gap between science and economics and
evolve a strategy to be adopted for
the future.

velopment of ergodic theory and
its applications to dynamical systems, in particular billiards, phase
transitions, quantum chaos and hydrodynamics.
The 1992 ICTP Prize in honour of V.F. Weisskopf was
awarded to Elcio Abdalla, from the
Universidade de Sao Paulo, Brazil,
for his two dimensional quantum
field theory.

As pan of the Agency's book
and equipment donation programme, ihe Centre distributed
more than 36,000 journals, proceedings, books and other publications to some 1*500 institutions in
100 developing countries.

Research reactors
and particle
accelerators

The 1992 Dime Medals of the
K.TP were awarded to N.N. Bogolubov (posthumously), formerly
of the Joint Institute for Nuclear Research, Moscow in recognition of
his many fundamental contributions in physics and mathematics.
The Dirac Medal was also awarded
to Y.Cr. Sinai, from the Landau Institute for Theoretical Physics, Moscow, for his outstanding
contribution to theoretical physics
and mathematics through the de-

Support continued for activities related to the improved use
and safe operation of research facilities including conversion of reactors for operation with low
enrichment uranium fuels, for fundamental and applied research programmes, and technical and safety
issues in the use of old research reactors. Guidance and advice for
establishing new research reactors
and for the upgrading, refurbishing
and improved facilities were provided to Member States.

Chemistry
Progress was made in the synthesis, analysis, evaluation and kit
formulation of bulk reagents for
the production of w Tc'" radiopharmaceuticals. In the indigenous production of reagents for
assays of thyroid-related hormones, magnetic particles with excellent characteristics for antibody
immobilization were produced in
three user centres in Hungary and
China.
'Ihe ICFP main lecture hall isfrpqiiently
"home" la many of the world's leading
scientists i/('ITK

Radiation
Technology
The advantages of radiation
processing in industry are well
known. Industrial radiation sterilization, for example, is a widely
used technology in industrialized
countries where about 50-60% of
all medical products are sterilized
by radiation.

Research and deivtopmmt in unclear instrumentation is the focus
of this laboratory
in Colombia.

In the area of analytical quality control, new methods for selective separation and preconcentration were cieveloped for analytically reliable assays of trace elements of environmental interest as
part of a co-ordinated research programme. The programme centered
on the use of radiotracers in the
development of new separation
techniques for trace element analysis using nuclear methods, with
special emphasis on environmental
research.
Laboratory activities in (his
area included intercomparisons using Uranium ore (phosphate), soil,
grass, spinach and cabbage — two
of which (soil and grass) were collected near the Chernobyl nuclear
power stations.
One intercomparison as part
of quality assurance studies of the
long term consequences of nuclear
accidents was conducted in co-operation with the Radium Institute,
St. Petersburg, Russia. Under the
programme for the determination
of '^I in soil, two different soil materials were collected and prepared to determine different types
of radionuclides.

Through the Agency's technical assistance and co-operation
programme, radiation sterilization
technology has been transferred to
China, Bangladesh, Malaysia, Indonesia, Turkey, Peru, Syria, Colombia and the Philippines. Through
regional projects in Asia (RCA),
Latin America (ARCAL) and the
Middle East and Europe (RER), progress lias been made to improve
process control and quality assurance in accordance with international standards.
The environmental concerns
associated with coal burning electric and heat power stations have
prompted recognition of the advantages and potential of radiation
processing of flue gases as an efficient single step to remove SO2
and Nox and recover a useful byproduct fertilizer.
Radiation chemical processes
taking place in the irradiated flue
gas system, and parameters and
conditions influencing them were
investigated in detail under an
'
Agency CRp. Results included
valuable data that will help to optimize this technology and make it
available to other countries that
have expressed interest. A feasibility study to upgrade the technique
to an industrial scale has begun at
the pilot plant in Poland.
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Radiation protection
T h e safety of radiation sources
and protection against ionizing radiation continue to be the target in
Agency efforts to develop new
safety principles, criteria and standards for radiation protection.
The revision of Basic Safety
Standards is conducted jointly with
the [-bod and Agriculture Organization (FAO), International Labour
Organisation (ILO), Nuclear Energy Agency (OECDNNEA), the
Pan American Health Organiization, and the World Health Organization (WHO). Results included
new guidance on requirements for
the safety of radiation sources to
restrict potential exposures following accidents or equipment failures. New guidance on controlling occupational exposure to
naturally occurring sources of radiation in uranium mining and
other workplaces were prepared.
It includes requirements for intervention to reduce exposures from
sources that exist as a result of earlier practices.
A comprehensive proposal for
education and training in radiation
protection and nuclear safety to be
transmitted to the Agency's General Conference was completed.
The programme will include
courses based on a standard syllabus for post graduate educational
courses in the six official United
Nations languages.

Occupational
radiation protection
Some 16 documents on occupational radiation protection in design and operations are planned as
part of Agency activities to provide
practical guidance on the princi-

ples and practices of occupational
radiation protection. In the area of
individual monitoring for external
radiation, guidance on a new set
of operational quantities provided
by the International Commission
on Radiological Protection (ICRP)
resulted in an Agency co-ordinated
research programme to evaluate
the impact of the recommendations on dosimetry programmes in
Member States. The programme
determined that more work was
necessary to ensure proper interpretation of dosimetry results.
Other activities included guidance on accurate internal
dosimetry for occupationally exposed workers and for members
of the public as well as guidance
and assistance in how to handle
and assess overexposure. A new
register of radiological accidents —
Radiation Accident Database
(RADAC) — was initiated to store
Dosimeters are
calibrated in Latin
information on radiological acciAmerica as part of
dents involving significant expoa regional
sure to individuals or resulting in programme
(CNEN).
economic loss.

pean Communities (CEO continRadiation protection
ued during the year.
of the public and the
environment
Safe transport of
radioactive materials
In efforts to limit radioactive
releases, concepts for the protection of the public and environment
were revised and work to develop
numerical guidance to be used in
Basic Safety Standards was initiated. Documents were prepared
on source related dose constraints
for limiting routine releases, efforts
to harmonize international intervention levels for accidents and monitoring of routine discharges.
As part of Agency activities in
post-accident environmental monitoring, the Agency is participating
in the planning for a project — the
European Tracer Experiment — to
take pb.ee in 1994. Under the project, an inert tracer will be released
to compare the dispersion of gas
predicted by models run in real
time with measurements made by
participating laboratories.
Under a joint project with
FAO on the use of caesium binders to reduce radiocaesium contamination in the milk and meat of
grazing animals, laboratory studies
and limited field trials were completed in three areas affected by
the Chernobyl accident. Within
the framework of the Chernobyl
Centre for International Research,
a scientific research team from Japan concluded a research project
agreement for studies on issues
such as decontamination at the
Centre.
With extensive financial and
technical support from the U.S. Environmental Protection Agency, the
co-ordinated research programme
on radon exposures in the human
environment conducted jointly
with the Commission of the Euro-

Activities continued in the
maintenance and implementation
of the Agency's transport regulations as they lead up to revision in
1996 to be consistent with evolving Basic Safety Standards. In response to growing interest in the
international transport of high toxicity materials in large quantities, a
joint IAEA/International Maritime
Organization working group was
established to collaborate on matters relating to the safety of radioactive material transported by sea.
Guidance on compliance assurance for the benefit of competent authorities and on quality
assurance for the management of
transport operations, as well as
training material for safe transport
was prepared. Transport related
databases on valid package approval certificates, research and development, accidents and
incidents, shipments of radioactive
material in the nuclear fuel cycle
and exposures during transport
continued to be maintained.

Emergency planning
and preparedness
The Agency published new
guidelines on the international exchange of information and data following a major nuclear accident or
radiological emergency designed
for organizations which operate national emergency response programmes and are responsible for
implementing international conventions and protecting and informing
the public.

International slan
require that trans/
workers cany
documentation oh
radioactive mciten
being transported
(Mairs).

I
The Agency's Emergency Response System (MRS) operated 24
hours a day throughout the year
with some 30 staff members serving as emergency duty officers.
A second comprehensive exercise of the system was conducted
to lest procedures developed to
support the Conventions on Early
Notification of a Nuclear Accident
and Assistance in the Case of a Nuclear Accident of Radiological
Emergency.
The exercise resulted in the review of implementation procedures anil lessons learned. In
addition, arrangements were com-

pleted for the KRS to receive messages by facsimile under the Conventions.
An incident at Unit 3 of the
Sosnovyi Bor nuclear power plant
near St. Petersburg, Russia in
March prompted the Agency to activate the emergency response system to collect details about the
incident, assess the available data,
and provide the information and
assessments to the media. Member
States and other international organizations.
The Agency participated in an
Organization for Economic Co-operation and Development (OECD)

I

Nuclear Knergy Agency (NKA) expert group set up to prepare for
the first international exercise on
response to a nuclear accident
and the final draft of a Safety Series document on emergency
planning and preparedness for
the re-entry of a nuclear powered satellite was completed.
Activities continued in the design, control and safe use of radiation sources including a video film
on the safety of industrial irradiators. Work continues on a co-ordinated research programme on
radiation doses in diagnostic radiology and methods for reduction.

A report on use of PSA techniques for nuclear facilities other
than reactors was also expanded
to include sources in industrial,
medical and other applications.

Radiation safety
services

Three Radiation Protection
Advisory Team (RAPAT) mission
were concluded in 1992 in Albania, Poland and the United Arab
Emirates. A survey indicated tha
RAP AT recommendations were
being followed closely and led t<
a considerably high level of radi;
tion protection in many developing countries.
A project to provide ra
diation protection services
to 16 African Member State
included appraisal of the
status of radiation protection in those States. Result
showed that 11 had enforced radiation protection
legislation and 4 had
drafted legislation. Fourteen of the 16 now have a
well-defined nation and
competent authority and al
16 have radiation protection services at various
stages of development.

/•'mergency planning
A fatal radiation accident in
inn/ ptv/Kirvcliiess for Nesvish, Belarus was discussed at
nuclear facilities is an
inif>i)iiifi j>n>cess cil thea post-accident review meeting
which determined that the operaAgency

tor of an irradiation unit received
an estimated whole body dose of
12 Gy. Probalistic safety assessment (PSA) techniques used to improve the safety of radiation
sources are enhanced by a new
computerized model for use in
transport accidents involving radioactive materials.

Laboratory activities included routine monitoring o
more than 400 Agency staff
categorized as radiation workers.
There were no cases of internal or
overexposure and, as in the previous year, all individual doses
were maintained far below the an
nual dose limits. Individual monitoring .services continued to be
provided to Member States, some
in co-operation with the World
Health Organization (WHO) with
some 9000 monitoring badges and
1000 finger dosimeters being distributed to Member States.

I

Safety of nuclear
installations

k
In continuing efforts to raise the
general level of nuclear safety
worldwide, the Agency continued
its endeavours to draft a nuclear
safety Convention. A group of experts reviewed the main outstanding issues in a spirit of compromise and agreed to limit the
Convention to civil nuclear power
plants. This was agreed with the
understanding that a concomitant
political commitment would be
made, such as through an IAEA
General Conference resolution, to
begin negotiations on an international instrument on the safety of
waste management as soon as
safety fundamentals for waste management could be agreed. It also
was determined that the Convention should address so-called "existing situations" such as the question

of operating installations not in
line with the Convention's safety
principles; and should include an
obligation to provide appropriate
information to the public.
The International Nuclear
Safety Advisory Group (1NSAG)
continued to advise the Director
General in nuclear safety issues
and prepared a report on the merits and limitations of probalistic
safety assessment (PSA) stemming
from concerns about its misapplication, its methods and the misinterpretation of its results.
A new publication updating
earlier information on the Chernobyl accident reports that design
factors played a greater role in the
. . .
. ,
,
accident than previously acknowledged and includes conclusions

Reactor auxiliary
h*Udto& under
construction at a
nuclear power
plant site.

Simulator training in
control rooms such (is
this one at the liugcy tmclmr [>ouvr plant, is part
ii/'oiifioinfi safety efforts.

and safety measures to enhance
the safety of RBMK Chernobyltype reactors in general.
Other issues discussed by INSAG included the safety of older reactors, approaches for upgrading
nuclear power plants to recent
standards, implementation of defence in depth for current and future reactors, and a consistent
approach to potential exposures to
radiation in all nuclear activities.
The Agency's Nuclear Safety
Standards Advisory Group (NUSSAG) reviewed drafts or proposed
Safety Series publications on the
safety of nuclear installations, quality assurance at nuclear power
plants, and regulatory inspection
and enforcement of good practices
for nuclear power plants.
Technical and regulatory review services are provided to Member States to help strengthen and
enhance the effectiveness of nuclear regulator)' bodies while recognizing the ultimate responsibility
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of each State for the safety of its
nuclear installations. An International Regulatory Review Team
(IRRT), the second such visit since
the first in Brazil in 1989, was conducted in Romania during the
year. The IRRT mission reviewed
national approaches to the regulation of nuclear safety based on international consensus guidelines
and gocd practices.

Safe siting and
design of nuclear
installations
Site characteristics and external hazards for nuclear installations were the main issues in a
series of reports and meetings on
the treatment of external hazards
in PSA, structural safety issues,
simplified methods for earthquake resistant design and verification of nuclear facilities,
including those with a limited radioactive inventory.

Site seismic safety reviews
;iml follow-up activities were carried out during the year at Koy.loduy in Bulgaria, Bohunice in
Czechoslovakia. Muria in IndoneMa. Chashma in Pakistan, Armenia
nuclear power plant in Armenia
and Krsko in Slovenia. New research is planned on seismic analysis and testing of VCWKR-type
nuclear power plants.
I-Afiliations of advanced plant
designs from the safety viewpoint included activities in safety principles
for future nuclear power plants, the
safety role of containment, and the
safety aspects of future light weight
reactor (LWH) designs.

1

Within the framework of the
Agency's activities to review the
safety of WWER-440 Model 230 nuclear power plants, the applicability of the leak before break (LBB)
concept was identified as an issue
of major safety significance. A
comprehensive compilation of
technical information available in
the field was prepared for publication providing an overview of the
LBB concept, a review of the regulatory approach and the status of
application o( the concept in various centres.

Operational safety of
nuclear power plants
A new safety guide on the periodic safety review of nuclear
power plants will address concerns about the assessment of the
safety level of operating nuclear
power plants built to earlier standards. During 1992, there was a
substantial expansion of activities
in the use of PSA to optimize a variety of operational tasks in nuclear power generation. A planned
document on the subject highlights
the use of PSA to optimize operational limits and conditions and in-

cludes relevant methodological issues, a review of recent applications worldwide and case studies
that explain in detail the application of the methodology.
PSAPACK, an integrated personal computer-based code to
carry out a PSA, has been supplemented to include a module to
support operational safety and was
distributed to more than 50 external users. Information on unusual
events in nuclear power plants as
part of the Incident Reporting System (IRS) was used to provide lessons on redundancy, diversity and
dependent failures in addition to
safety culture attributes.
It has been recommended that
the International Nuclear Event
Scale (INES), as applied to power
reactors, should be presented to
Member States with a recommendation for its formal adoption following a trial. A technical committee
meeting concluded that Member
States be informed that an extended scale applicable to all nonreactor nuclear installations was
An IAEA OSARTteam at
available. As a result of the exten- work.

sion of INES to non-reactor facilities, 47 countries have now joined
the INES Information System; Japan confirmed it is now using
INES, it is being unofficially applied in France and the USA is using INES to rate a limited number

over the years, remained fundamentally sound and should be continued. A pilot exercise for a
possible new service, Assessment
of Safety Culture in Organizations
Team (ASCOT), was conducted in
an effort to develop guidelines for
the new service.
In 1992, 18 Assessment of
Safety Significant Events Team (ASSET) missions were carried out.
The reviews of operational safety
performance were carried out at
nuclear power plants in France,
Hungary, Russia and the United
Kingdom by experts from operating and regulatory organizations.
They concluded that the prevention of incidents at these plants
showed positive trends in recent
years, but had not yet reached a
satisfactory level because all the latent defects in software and hardware could not be detected.

at Sosnovyi Bor near St. Petersburg, Russia when a rating was
available within a few hours.

Pending safety issues were
identified and specific recommendations were made to prevent incidents and failures in operation and
to assist plant management in
eliminating the potential root
causes of accidents.

Operational safety
services to nuclear
power plants

Management and
mitigation of
accidents in plants

ne plant manager at the of events. The value of the scale
Dukorany nuclear power was demonstrated by the response
plant escorts the OSART
to the event at the RBMK reactor
team.

Operational Safety Review Team
(OSART) missions during the year
brought the total number of OSART
missions to 65 visits to 53 nuclear
power plant sites in 25 Member
States, with 18 follow-up visits since
the inception of the programme.
In efforts to match the
changes in approaches to nuclear
safety, a consultants meeting was
held to evaluate the effectiveness
of the programme and found that
the OSART process had matured

Attention is increasing on the
extension of safety analysis beyond design in an effort to assess
accident prevention and mitigation
capabilities in design and operation in nuclear power plants. Activities concentrated on severe
accident analysis for the WWER440 and WWER-1000 reactor designs, applying the most advanced
methodologies and associated computer codes and transferring the
technology through training, hard-

ware and software to selected
Member States.
A guidebook of strategies and
procedures for the management of
severe accidents is intended to provide a systematic and structured approach to the development and
implementation of an accident
management programme.

Research reactor
safety
Progress was made on a comprehensive set of safety standards
and guides for research reactors
with specific activities on safety
codes on design and operation,
commissioning, operating procedures, operational limits, conditions and maintenance, safety
assessment and preparation of a
safety analysis report.
Integrated Safety Assessment
of Research Reactor Reviews (INSAAR) were conducted during the
year in Peru, Portugal and Turkey
with INSARR teams visiting research reactors in Argentina, Peru,
Romania, Slovenia and Turkey to
review the application of safety
standards and measures. INSARR
experience is the centerpiece of
new guidelines for safety reviews
of research reactors that could be
used for other types of safety
evaluations such as peer reviews
and regulatory inspections.

Safety assessment of
nuclear facilities
Recommendations to develop
an international guidance document on probabilistic safety assessment (PSA) techniques resulted in
a document highlighting the fact
that current PSAs, with a few exceptions, do not include modelling
of accident sequences during shut-

down and low power conditions.
In addition, a status report on PSA
methodology, technique and applications was elaborated and includes a review of the experience
from PSAs for different types of facilities, a structured framework for
conducting a PSA for non-reactor
nuclear facilities and recommendations for further work in the field.
Other PSA activities included a
technical meeting which considered
the use of plant specific PSAs to optimize operational tasks such as maintenance and the prospects for the
wider use of PSA in the actual licensing of nuclear power plants.
International Peer Review
Service (IPERS) missions or workshops were conducted at the
Miihleberg nuclear power plant in
Switzerland for fire analysis in the
PSA of the plant; PSA in the Dodewaard nuclear power plant in the
Netherlands; and PSA for the Kola
1 WWER-440 nuclear power plant
in Russia. Past PSAs have demonstrated that there is a need for basic human reliability data that
reflect the environment in the
plant under consideration. A user
oriented structure for collecting,
evaluating and applying human reliability data was defined in a draft
report meant to complement the
procedure for conducting human
reliability analysis in PSA.

Safety of Russian
Design Reactors
Over the past several years,
the IAEA has carried out a series
of actions to identify the major
safety issues for the various types
of nuclear power reactors designed by Russia. A report published in May 1992 with the assistance
of specialists from 21 countries
itemized for the first time the various deficiencies found in the first

generation of Russian designed
pressurized water reactors
(WWKR 440 Model 230). It has
enabled international assistance
efforts to focus their attention on
priority safety issues.
The safety issues identified by
a consultants meeting held to prepare the technical basis for a new
programme dedicated to WWER1000 plants included the integrity
of steam generators, the applicability of LBB, core power stability,
and instrumentation and control.
In a continuing effort to bring
about an international consensus on
the principal safety issues and required upgrading for the Chernobyl
type RBMK reactors, the Agency
brought together international specialists to a progress review meeting
at Desnogorsk, in Russia where
there are 3 RBMK Units.
Twenty-nine experts from 10
Member States and Agency Staff
discussed safety design and operation of Unit 3 at Smolensk with
some 63 specialists from Russia,
the Ukraine and Lithuania. Most
of the international experts are currently involved in bilateral and mul-
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Bobitnice nuclear
power plant in the
Slovak Republic,
with VCWER reactors
(Moltcbkitil

tilateral safety studies of Russian
designed reactors. The 1000 MWe
Unit 3 at Smolensk is the latest
RBMK placed in operation and
contains significant improvements
over earlier generation plants. The
safety upgrades are based on the
lessons learned from the Chernobyl accident and the numerous
national as well as international
studies undertaken in recent years.
There are a number of positive safety features found in this
"top of the line" RBMK plant.
There is substantially more redundancy of equipment in some important safety systems and a more
rapid insertion of emergency core
cooling during serious accidents
than the international team of experts had expected to find. From
the results of the accident analysis
presented, the design seems to exclude multiple ruptures in the 1600
pressure tubes which could lead to
reactor cavity over-pressurization
with potentially severe consequences. Independent international verification of the material
presented is necessary and will be
undertaken through a number of
assistance projects.

Safeguards and
non-proliferation activities
Nuclear non-proliferation issues
and ihe Agency's safeguards were
at the forefront of international
headlines throughout the year. In
particular, a safeguards agreement
pursuant to the Treaty on the NonProliferation of Nuclear Weapons
(\'PT) entered into force during
the year with the Democratic People's Republic of Korea (DPRK).
Inspection missions were performed in order to verify the correctness and assess the
completeness of the State's initial
report on nuclear material to be
subject to Agency safeguards.
Apparent inconsistencies between the DPRK's initial report

and the Agency's findings resulted in a series of consultations
between the Agency and the
DPRK. The Agency concluded
that it could not confirm the correctness and completeness of the
initial report, and for this reason
the Agency subsequently requested access to additional information and sites. The issue
was still being discussed at the
time of publication.
Inspections continued to verify the correctness and assess the
completeness of the inventory of
South Africa's nuclear installations
and material. The results of the inspections in 1992 supported an in-

Number of installations under safeguards or
containing safeguarded material
(as of31 December 1992)

Category

Nuclear
INFCIRC/153a INFCIRC/66
Rev.2h
weapon States

Total

Power reactors

182

17

2

201

Research reactors and

145

22

2

169

7

3

0

10

34

9

1

44

Reprocessing plants

5

1

0

6

Enrichment plants

5

1

1

7

Separate storage facilities

36

6

5

47

Other facilities

57

4

0

61

11

545

critical assemblies
Conversion plants
Fuel fabrication plants

Subtotals

471

63

Other locations

468

32

0

500

0

3

0

3

939

98

10

1048

Non-nuclear installations
Total

a Covering safeguards agreements pursuant to NPT and or Treats of Tlatclolco. excludes locations in Iraq
b deluding installations in nuclear-weapon States; including installations in Taiv.an. China

IAIi\ insfK'ctors I dhoti11 terim conclusion that the verificaoften tvecitv training tion activities had found no eviin Member State
faci/ities such as the dence that the list of facilities or
Ispra establishment of the inventory of nuclear material
the Commission of the in the initial report was incomplete.
liiirojteau Communities
in Italy. Sum/ties lire
Other genera] safeguards isanalyzed at the
safeguards analytical sues included the initiation of a
ktboralor\x at new "partnership approach" on
Seibersdorfi right). the implementation of safeguards

in the European Community by EURATOM and the Agency. A document was signed to guide the
practical arrangements for the newpartnership approach. A technical
working group has been established to work out the details for
implementation.
The Agency carried out eight
inspections in Iraq, bringing the total number of inspections to 16,
and implemented the essential elements of the plan for the destruction, removal or rendering
harmless of the items indicated in
Security Council resolution 68"\ including the large Iraqi facilities at

Al Atheer, Ash Sharqat and Tarmiya. Negotiations continued with
the Russian Federation for the removal of the high enriched uranium contained in the irradiated
fuel elements of the Iraqi nuclear
research reactors still stored in Iracj
at the end of the year under
Agency custody, with plans to remove it during 1993Asof 31 December 1992, 188
safeguards agreements were in
force with 110 States (and with Tai-

wan. China) compared to 180
agreements with 105 States (and
with Taiwan, China) at the end of
1991. During the year, safeguards
agreements pursuant to NPT entered into force with St Vincent
and the Grenadines, the Democratic People's Republic of Korea,
the Syrian Arab Republic, Malawi,
Lithuania and Trinidad and Tobago.
China and France acceded to
the NPT in 1992 resulting in all
five nuclear weapons states now
being Parties to the Treaty. At the
end of the year, safeguards agreements were in force with 94 states
pursuant io NPT. As a result of
the dissolution of the former USSR
and the formation of a number of
newly independent States, at the
end of 1992 there were several
States with significant nuclear activities but without any safeguards
agreements in force.

Safeguards operations
The Agency continued its safeguards verification activities including the installation of a dual
containment/surveillance system at
a CANDII type facility, Agency
monitoring of the receipt of fresh
MOX fuel assemblies by a prototype fast breeder reactor, the testing of a new non-destructive
analysis verification method as
well as a facility specific containment and surveillance system, and
the verification of a shipment of
plutonium from France to Japan.
The Agency conducted negotiations of subsidiary arrangements
and facility attachments with member states, in particular with teams
from South Africa, Algeria, Argentina and Brazil, the Democratic
People's Republic of Korea and
Pakistan. The Board of Governors
began consideration of a proposal
for universal reporting on the ex-

port and import of nuclear material and specified equipment and
non-nuclear material. The Board
concluded that States might be willing to provide such information on
a voluntary basis pending further
consideration of the proposal.

Safeguards support and
development
In the area of instrumentation
development and field support,
some 200 projects were under
way during the year, addressing
safeguards needs identified by
the Agency in research and development and safeguards implementation. A new programme to
co-ordinate longer term safeguards instrumentation was formulated and adopted and new
optical surveillance tape generic
review stations (GRS) were designed and built in two Member
States. The new GRS is meant to
reduce substantially the amount of
time necessary to review optical
surveillance data and should be
available during 1993.

Radiation monitoring systems,
authentication systems, and instrumentation for specific facilities
were designed and the MIVS performance monitoring database
made possible the evaluation of
the performance statistics for these
surveillance systems which cover
preventive maintenance, reactive
maintenance and replacement.
The Safeguards Analytical
Laboratory (SAL) and the Network
of Analytical Laboratories performed more than 4600 measurements for calibration and quality
control of non-destructive analysis
(NDA) techniques, certification of
secondary reference samples, maintenance and improvement of offsite destructive analysis and
testing procedures for destructive
analysis.
Some 2700 measurements
were performed for routine quality
control of the analyses of inspection samples, more than 600
measurements of samples taken
in Iraq during inspections were
analyzed, and nearly 300 analytical results on environmental samples were obtained.
Ibe IA1L\ Board of
(,'oivniors met
set will limes to
discuss the
implementation of
the Safeguards
agreement with the
DPRK.

Other activities included development of a safeguards system for
a large reprocessing plant in Japan, a multi-unit on-load reactor in
Canada, for a Siemens MOX fuel
fabrication facility in Germany, for
the CANDU-600 nuclear power
complex in Romania and for
RBMK reactors.
The Standing Advisory Group
on Safeguards Implementation
(SAGSI) continued its critical study
of new and improved safeguards
procedures, refocusing them on
ways to reduce costs while meeting new requirements and maintaining effectiveness. This could
be accomplished through the use
of new techniques, procedures to
detect undeclared facilities, increased co-operation with State systems of accounting and control of
nuclear materials, and the use of alternative safeguards approaches.
SAGSI discussed and made recommendations on new procedures
to verify spent fuel at light-water reactors, possible applications of randomized inspections, and delays
encountered in reaching agreement
on facility attachments.
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Public and technical
information

A high level of media attention
and public interest was focused
on Agency activities in Iraq under United Nations Security Council Resolution 687 as well as on
safeguards activities in a wider
context, including those in the
Middle Kast and Kast Asia. Numerous television networks pro'luced documentaries on the
Agency's work and publications
and films were produced in support of such activities.
Five public information seminars were held during the year —

School children learn
in Egypt, Hong Kong, Indonesia,
about nuclear energy
Malaysia and Japan — the last of
(BNFL).
which was specifically designed
for educators, a feature that will become a main focus of future seminars. In addition, communication
specialists from more than 30 Member States came together at the
Agency's public information forum
which is held in conjunction with
the Genera] Conference each year.

The Agency has long been regarded as the central international
authority and source of information on nuclear energy. Extensive

Reference tools and databases
IAKA computerized databases and reference systems covering nuclear energy's international development include:
• International Nuclear Information System (IN1S), a
bibliographic database covering most of the world's
nuclear literature
• Power Reactor Information System (PRIS), a database
on nuclear plant operations, construction, and
performance
• Research Reactor Database (RRDB), a database on
training reactors, test reactors, prototype reactors, and
critical assemblies
• Nuclear Fuel Cycle Information System (1NFCIS), a
database covering existing and planned nuclear facilities
ranging from uranium ore processing to waste
management
• International Uranium Geology Information System
(INTURCFEO), a database on the location and
characteristics of world uranium deposits and occurrences
• Energy and Economic Databank (EEDB), a database
on energy consumption, national production, economic,
and demographic statistics
• Incident Reporting System (IRS), a database of reports
submitted on significant events which have occurred at
nuclear power plants.
• Nuclear Data System (NDS), a database on numerical
data for scientific research in various fields
• Package and Shipment Approvals (PACKTRAM), a
database covering valid certificates for packages and
shipments of radioactive materials.

I 'sing the IAEA /INIS
CD-ROM disc, information specialists in
Member States can perform sophisticated
searches.

bibliographic, numerical and factual databases provide statistics
and references in response to specific needs on specialized topics ir
nuclear energy and related fields.
And, as a resource to its Member
States, the Agency's information
base serves as a breeding ground
for national and regional data and
information centres.

By the end of 1992, the International Nuclear Information System (INS), the Agency's largest
database, contained more than 1.6
million references covering about
90% of the world's published nuclear literature, including documents that are not easily
commercially available. In 1992,
INIS was expanded to include the
economic and environmental effects of using non-nuclear energy
sources. The quality control of the
input submitted by Member States
was significantly improved by a
new expert system adapted to the
changes made in the subject scope
and categorization, in addition to a
personal computer software package called FIBRE (Friendly Inputting of Bibliographic Records) for
INIS input, which is continuously
improved to help INIS inputting

Life-size model of
a modern nuclear
reactor in Japan
(Chuba Electric
Power Co.).

centres submit records on diskettes
efficiently and consistently. The
\V.\]O and Bolivia joined INIS during the year, bringing the number
of participating international organizations to I"7 and the number
of Member Slates to 81.
I-or the first time in the history
of INIS. the lull electronic database, comprising more than 1.4
million references, was made available to IMS Member States on CDROM discs. With five archival
discs, plus a quarterly updated current disc. Member States tune access to the full electronic INIS
database on ihe desktop of any scientist or information specialist who

has a personal computer with a
CD-ROM drive.
The installation of new telecommunications software and hardware has enhanced the Agency's
information management structure
of local area networks. The
Agency also has been defined as a
major node within the international scientific INTERNET network
which makes data available to
Agency staff from computers in
more than 100 countries.
The preparation, publishing, distribution and sale of journals, books,
and reports continued during the
year with more than 100 titles and
journal issues being released.

IAEA information resources
'i he IAKA prepares and publishes a variety of journals, reports, and documents for scientific, technical, and general readers. Among them:
• IAEA Yearbook, an annual comprehensive review of specific topics in
the major areas of the "nuclear world" and the Agency's contribution
• Nuclear Safety Review, a report on international events and developments focusing on the safety of nuclear power plants, radiological protection, and IAEA programmes
• Nuclear Power Fuel and Cycle: Status and Trends, a report of national and international developments and highlights of the IAEA's work
• Nuclear Power Reactors in the World, a statistical reference booklet
covering research reactors in operation and under construction,
planned, and shut clown
• Energy, Electricity and Nuclear Power Estimates for the Period
up to 2005, a statistical reference booklet summarizing current forecasts and historical developments
• Operating Experience with Power Reactors in Member States, a
listing of operating data covering most of the world's nuclear power
plants
• INIS Atomindex, an abstract journal containing bibliographic citations
of material in the IAEA's International Nuclear Information System
• Bulletin on Atomic and Molecular Data for Fusion, a semi-annual
bibliographic reference of numerical data for researchers
• Computer Index of Neutron Data, a semi-annual bibliographic reference of numerical data for researchers
• Analytical Quality Control Services Catalogue, a report providing information about intercomparison runs and available radionuclide and
trace element reference materials for scientific laboratories and institutes
• Nuclear Fusion, a monthly scientific journal featuring scientific papers
on fusion research and development
• ITER Newsletter, a report inaugurated in 1988 reviewing fusion research and development of the International Thermonuclear Experimental Reactor project under auspices of the IAEA
• Meetings on Atomic Energy, a quarterly catalogue of international conferences, symposia, and seminars organized by the IAEA and other organizations
• The IAEA Bulletin, a quarterly journal issued in six languages covering
international nuclear developments and the IAEA's programmes
• IAEA Newsbriefs, a newsletter issued 10 times a year featuring highlights of the Agency's work and upcoming events
• IAEA News Features, periodic reports on selected topics on the international development of nuclear energy

Research and technical
co-operation

Technical assistance activities are
targeted toward helping Member
States achieve self-reliance in nuclear science and technology. To assist Member States in developing
their nuclear application programmes, whether the ultimate goal
is to improve food and agricultural
productivity or to produce electricity, the Agency provides assistance
tailored to the specific needs of its
Member States.
Technical experts were sent to
research centres and laboratories
as advisers or lecturers: group and
individual training was conducted
in conjunction with national host
institutes: and equipment was supplied for research and technical
pn ijects in the field. 'Ihrough these
.ind other avenues, the tools, skills.

and experience vital to die safe development of nuclear energy and
science are transferred to where
they are most needed.
In 1992, a total of 1 094 technical co-operation projects were operational. During the year, 193 projects
and 37 interregional training courses
were completed. Some 2 258 expert
assignments were carried out, 3 315
purchase orders for equipment and
supplies were processed, and programmes for 2 154 fellows, visiting
scientists and training course participants were devised.
Organizationally, technical cooperation activities are supported
by the IAKA's technical divisions
and its laboratories and research
centres, which additionally plan

Fellows from Member
Stales are trained by
scientists at the
Agency's Scibersdorf
laboratories in
nuclear techniques
such as plant breeding.

and implement other programmes
for Member States. In addition, coordinated research programmes
(CRPs), as well as agreements and
contracts, are concluded with national institutes in developing and
industrialized countries. Active
CRPs at year end totalled 129
while active research contracts and
agreements totalled 1 862.
The overall implementation
rate of 59-3% in 1992 was within
the range prevailing in the last five
years (from 56.5 to 67.8%).

Technical assistance
co-operation implementation by
region in 1992
Asia & Pacific

Africa
22 5%

26.3%

Middle East
2.8%

Europe
15.2%

Latin America
25.1%

Interregional
8.1%

Technical assistance co-operation
disbursements by area of activity in 1992
(in thousands of dollars)
Nuclear power
Nuclear fuel cycle
Waste management
Comparative assessment
Food and agriculture
Human health
Industry earth sciences
Phys chemical sciences
Radiation protection
Safety
Safeguards
Direction support
2.000

4.000

6,000

8.000
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Fields of activity
Basic human needs
• water resources development
- assessment of ground and
surface water resources and
dynamics
• agriculture
- mutation breeding
- fertilizer and soil nutrition
- pest control
- use of agrochemicals
• livestock
- reproduction
- health
- nutrition
• health care
- radiation therapy
- nuclear medicine/diagnostics
Industrial applications
• non-destructive testing
• hydrology
- silt
movements/desimentology
- geochermal studies
• radiation processing
- surface coating
- radiation sterilization
- food preservation
- sterilization of medical
products
• isotopic tracers for industry
• nuclear gauging for industry
- paper
- steel
- food processing
- mining industries
• radioisotope and radiopharmaceutical production
• research reactor design and use
Electricity generation
• geology, mining, and processing of nuclear raw materials
• fuel element fabrication
• metallurgy and materials testing
• power reactor design
• reactor electronics instrumentation and control
• reactor engineering and quality
assurance
• electricity system planning
Support activities
• nuclear centres and laboratories
• nuclear safety
- regulation
- safety standards
- radiation protection and
dosimetry
- radioactive waste
management
- safety assessment of nuclear
installations
• physics
- atomic, nuclear,
high-energy, solid state
- mass spectrometry
• chemistry
- nuclear, radio, radiation,
nuclear analytical

Training is an
important vehicle in
the promotion of
national self-reliance
through technical
co-operation projects.

Financing sources for technical co-operation
Technical assistance and co-operation fund (TACF)
• These are voluntary contributions made by Member States towards a target established by the Board of Governors and augmented by miscellaneous income. The fund supports the
regular programme (individual projects comprised of expert
services, equipment, and fellowships that are approved annually by the IAEA Board of Governors), the major portions of
the fellowship programme (for individual training) and the
training course programme (for group training).
Extrabudgetaty
funds
• These are cash contributions made by Member States over
and above those to the TACF. Sometimes, they are used for
the special programme, which consists of projects, usually
large-scale, that are identified jointly by donor and recipient
countries.
Assistance-in-kind
• These are contributions made by Member States in the form
of cost-free experts, equipment, and fellowships. Along with
extrabudgetary funds, they arc used for projects under the
special programme.
United Nations Development Programme (UNDP)
• Funds are received for the implementation of UNDP projects
for which the IAEA has been designated as the executing
agency.

IAEA secretariat, organization
and administration
The International Atomic Energy Agency (IAEA) serves as the
world's central intergovernmental
forum for scientific and technical
co-operation in the field of the
peaceful use of nuclear energy. It
is an autonomous organization, established on 29 July 1957, in accordance with a decision of die
General Assembly of the United Nations. It carries out its mandate in
close co-operation with other organizations, both national and international. There are currently 113
Member States. The Headquarters
of the IAEA are located in Vienna,
Austria.

Director ileiieral
I Inns Mix

Article II of the IAEA Statute
states that: "The Agency shall seek
to accelerate and enlarge the contribution of atomic energy to
peace, health and prosperity
throughout the world. It shall ensure, so far as it is able, that assistance provided by it or at its
request or under its supervision or
control is not used in such a way
as to further any military purpose."
Director (ii'W'ml
Ditrid B. Waller
Department of
Administration

The next Article describes
how the objectives are to be

Deputy Director (iencral
Bruno Pellaud
Department <>f Safeguards

achieved. The IAKA is authorized to
•encourage and assist research on,
and development and practical application of atomic energy; make
provisions...for materials, services,
equipment, and facilities to meet
the needs of research on, and development and practical application of atomic energy; foster the
exchange of scientific and technical information; encourage and administer safeguards; and establish
or adopt...standards of safety for
protection of health and minimization of danger to life and property."

Deputy Director (totem,
Sueo Machi
Department of Research
and Isotopes

The IA I*'A Secretariat, headed
by the Director General, is charged
with the responsibility of implementing programmes and activities approved by Member States. Five
Deputy Directors General are responsible for work in specific areas.
Financial resources pledged
or available to tile IAKA in 1992
amounted to about US $243.8 million, including voluntary contributions pledged for technical cooperation programmes and extrabudgetary contributions offered
for various activities.

Deputy Director Cienera
Boris Semenov
Department ofNuclear
Energy and Safety

Deputy Director General
Jibui Qian
Department of Technical Co-operation

Highlights of the 1992 IAEA
General Conference
Actions in key areas of nuclear development were taken at the 36th
regular session of the IAEA General Conference. The week-long
session, which was attended by
high-level governmental representatives including 17 ministers
from 90 countries, concluded on
25 September in Vienna. Serving
as President of the Conference was
Ambassador Simeon Adewale
Adekanye of Nigeria.
The Conference adopted resolutions related to nuclear safety,
safeguards, technical co-operr,tion,
and other matters:
Measures to strengthen international co-operation in matters relating to nuclear safety
and radiological protection. A
number of resolutions were adopted.
One resolution urges the Board of
Governors and Director General to intensify actions related to the development of a common basis for judging
the acceptable safety levels of all operating nuclear power plants that
were built to earlier safety standards;
consideration of a more thorough
and transparent nuclear safety overview process with the objective of
achieving a high safety performance in all operating nuclear installations; and continuation of a
process of developing safety principles for future reactors. It further
urges continuation of work to draft
a nuclear safety convention.
Other resolutions address the
revision of the IAEA's Basic Safety
Standards for Radiation Protection;
'/he mi6th IAEA General Conference at the
Hoflwrg Palace.

education and training in radiation
protection and nuclear safety; and
liability for nuclear damage.
South Africa's nuclear capabilities. The resolution requests
South Africa to continue to co-operate with the Agency in implementing a safeguards agreement
that entered into force in September 1991, following South Africa's
accession to the Treaty on the NonProliferation of Nuclear Weapons.
It also requests the IAEA Director
General to assist African States in
their efforts towards the establishment of a nuclear-weapon-free
zone in Africa, and to report on

I
tin." progress with respect to "the
denuclearization of Africa" to the
IAEA Hoard of Governors and the
(ieneral Conference.

Iraq's non-compliance
with its safeguards obligations.
The resolution strongly condemns
Iraq's non-compliance with its safeguards agreement with the
Agency. It demands that Iraq "immediately and fully comply" with
all its obligations under its safeguards agreement with the IAEA
and under relevant Security Council resolutions, including the requirement to submit a full, final,
ami complete declaration of Iraq's
nuclear programme. The resolu-

tion further commends the IAEA
for its strenuous efforts in the implementation of Security Council
resolutions, in particular the detection and destruction or otherwise
rendering harmless of equipment
and material which could be used
for nuclear weapons; and it inter
alia requests the Director General
to take as soon as possible, the
necessary measures in the implementation of the long-term monitoring plan as approved by the Security
Council, and to report the views of
the General Conference to the Secretary General of the United Nations.

Application of IAEA safeguards in the Middle East. The
resolution requests the Director
Genera) to continue consultations
with the States of the Middle East
to facilitate the early application of
full scope Agency safeguards to all
nuclear activities in the region as
relevant to the preparation of
model agreements, as a necessary
step towards the establishment of
a nuclear-free zone in the region.

Strengthening the safeguards system. 'Hie resolution requests die Director General to
continue and intensify his efforts towards improving the effectiveness
and cost efficiency of the safeguards
system, and welcomed measures
that have been taken over the past
12 months.

Practical utilization of
food irradation in developing
countries. Citing the benefits to
many countries of using irradation
to reduce food spoilage, to control
food-borne deceases, and to facilitate international trade in food
items, the resolution requests the

IA HA to prepare a detailed project
proposal covering technical, legislative, public acceptance, and financial aspects for the practical
utilization of food inadation in developing countries. The proposal
is to be prepared in consultation
with other United Nations organizations, such as the Food and Agriculture Organization and the
World Health Organization, for the
final decision of the IAKA Hoard of
Governors.

Plan for reducing potable
water economically. Noting that
a recent IAEA technical study has
concluded that the use of nuclear
energy is a technically feasible and
economically competitive option
for supplying energy for sea
water desalination, the resolution

calls upon Member States in a position to do so to provide expert
services and extrabudgetary resources in support of the Agency's
activities in this area. It further requests the Director General to convey to relevant United Nations'
and other international organizations the main conclusions of the
IAEA study.
IAEA budget and the extrabudgetary resources for
1993- The adopted budget expenditures of US $191 million at an exchange rate of 12.7 Austrian
schillings per dollar. 'Ilus represents
a growth of 0.8% in real terms. Also
approved was the target amount of
US $55.5 million for the IAKA Technical Assistance and Co-operation
Fund for 1993.

IAEA Board of Governors for 1992-93
The IAEA's newly constituted Board of Governors for 199293 has elected the Governor from Algeria, Mr Ramtane Lamamra
as Chairman, succeeding Dr Manuel Mondino from Argentina.
Mr Lamamra has been Algeria's Ambassador to Austria and
permanent Representative to the United Nations organizations
in Vienna since January 1992, following senior diplomatic positions in Africa, Europe, and the United States. His distinguished record of service includes Chairmanship of the African
Group to the Vienna-based international organizations in 1992, and
Special Envoy of the President of the Republic of Algeria to African Heads of State. He has been Algeria's Governor on the IAEA
Board since 1992.
Elected Vice Chairmen were Mr Ramon Perez-Simarro, the
Governor of Spain, and Mr Mihai Balanescu, Chairman of the
Comission for Ecological Balance and the Protection of the Environment of Romania.
The 35 Member States on the Board of 1992-93 are Algeria,
Argentina, Australia, Brazil, Bulgaria, Canada, Chile, China, Ecuador, Egypt, Finland, France, Germany, Greece, Hungary, India,
Japan, Republic of Korea, Lybian Arab Jamahiriya, Malaysia,
Mexico, Nigeria, Norway, Pakistan, Paraguay, Romania, Russian
Federation, Saudi Arabia, Spain, Sweden, Syria, United Kingdom, United States, Viet Nam and Zaire.

IAEA Member States
Afghanistan
Albania
Algeria
Argentina
Australia
Austria
Bangladesh
Belarus
Belgium
Bolivia
Brazil
Bulgaria
Cambodia
Cameroun
Canada
Chile
China, People's Republic of
Colombia
Costa Rica
Coted'lvoire
Croatia
Cuba
Cyprus
Democratic People's
Republic of Korea
Denmark
Dominican Republic
Kcuador
l-gypt
HI Salvador
' Hstonia
Hthiopia
Tin land
France
Gabon
Germany
Ghana
Greece
Guatemala
Haiti
Holy See
Hungary
Iceland
India
Indonesia
Iran. Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kenya
Korea. Republic of
Kuwait
Lebanon
Liberia

Libyan Arab Jamahiriya
Liechtenstein
Luxembourg
Madagascar
Malaysia
Mali
Mauritius
Mexico
Monaco
Mongolia
Morocco
Myanmar
Namibia
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philipines
Poland
Portugal
Qatar
Romania
Russian Federation
Saudi Arabia
Senegal
Sierra Leone
Singapore
Slovenia
South Africa
Spain
Sri Lanka
Sudan
Sweden
Switzerland
Syrian Arab Republic
Thailand
Tunisia
Turkey
Uganda
Ukraine
United Arab Emirates
United Kingdom of Great Britain
and Northern Ireland
United Republic of Tanzania
United States of America
Uruguay
Venezuela
Viet Nam
Yugoslavia
Zaire
Zambia
Zimbabwe

I Membership approved, not yet ratified: Lithuania. Yemen
I Applied for membership, bul not yet approved: Slovakia, Czech Republic. Kazakhstan, Marshall Islands. Armenia

IAEA at a glance
1 1 4 Member Slates
3 4 non-governmental & international organizations with
consultative status or co-operation agreements
3 5 years of international service
2 1 3 5 professional & support staff
US $ 2 0 6 . 2 million 1992 regular budget ( at an exchange
rale of 11.65 Austrian Schillings to the dollar)
US $ 40.3million technical assistance and co-operation
fund & extra-budgetary resources for technical co-operation
programme in 1992
3 international laboratories & research centres
4 liaison and field offices worldwide
1 0 9 4 operational technical co-operation projects in 1992
2 2 5 8 expert assignments in the field in 1992
2 1 5 4 scientific fellows & visiting scientists trained
1 2 9 co-ordinated research programmes ongoing
1 8 6 2 active research contracts & agreements
1 0 4 7 facilities in 59 States under international safeguards
2 0 4 7 safeguards inspections performed in 1992
1 8 6 million pages printed in 1992 for Agency publications
1.6 million records in the International Nuclear Information
System (INIS), the Agency's largest database

IAEA network
Headquarters: Wagramerstrasse 5, A-1400 Vienna. Austria
Mailing Address: P.O. Box 100, Vienna International Centre, A-1400 Vienna, Austria
Telephone: (-431 )2360 and extension for direct dialling or 'O' for switchboard
Telefax: (+431) 234564
Cable address: INATOM Vii-NNA
Dr. Mans Blix, Director General
1AMA 1.iasion Office at United Nations Headq'jarters
1AI-A I.iasion Office, 1'oom DCI-1155, United Nations, New York, N.Y., 10017, USA
Telephone: (+1)212 9636010/12
Telefax: 0 1)212 751 4117
Telex: 42 05 44 UNH or 68 01 501
Cable Address: UN HQ New York
Telex/Cable: via UN HQ only
IAEA Office in Geneva
Room B 426, Palais des Nations, CH-121) Geneva 10, Switzerland
Telephone: (»41) 22917 ext. 3620 or 3632
Telefax: (+41)9170066
Telex: 289696 UNO
Cable address: INATOM
Seibersdorf Laboratory. A-2444 Seibersdorf, Austria
Telephone: (t 43) 2254-225 f-2 OR 2254-3361-4 OR 2254-3951-6
Telefax: ((43) 1-234564
Telex: 1-112645 ATOM A
Cable address: INATOM VIENNA
IAKA Marine [Environment Laboratory
19, Avenue des Castellans, MC 98000 Monaco
Telephone: (+3 3) 92 05 2222
Telefax: (+33) 92 05 7744
Telex: 479 378 ILMR
International Centre for Theoretical Physics
P.O. Box 586, Strada Costiera 11, Miramare, 1-34100 Trieste, Italy
Telephone: (* 40) 40-22-401
Telefax: (<40)40-224163
Telex: 460392 1CTP1
Cable address: CENTRATOM TRIESTE
IAEA Office in Canada
Suite 1702/Box 20, 365 Bloor Street East, Toronto, Ont. M4W 3L4, Canada
Telephone: (+1) 416-928 9149 or 928 9202
Telefax: ( + 1)416 928 0046
Telex: 06-218 180 INATOM TOR
Cable address: INATOM TOR
IAEA Office in Japan
Seibunkan Buildiim. 5-9 lidabashi 1 Chome, Chiyoda-ku, Tokyo 102, Japan
Telephone: (+81) 3 3234 7186 or 3 3234 7203
Telefax: (*81) 3-234 7214

