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Preface
The past year has been one of exceptional activity and accomplishment for the
Agency as reflected in broad outline in these pages.
While it is always with some diffidence that I single out certain areas for special mention, I feel at least four "peaks" stand out from the landscape of recent
months: our work in Iraq; the expansion and strengthening of safeguards; reactor
safety enhancement; and the successful screwworm campaign.
Unprecedented work has been accomplished by over a dozen IAEA teams involving 2 600 inspection man-days, in successfully mapping Iraq's clandestine
nuclear activities and rendering them harmless in conformity with the terms of UN
Security Council Resolution 687 (1991). The long-term monitoring of Iraq's peaceful
nuclear activities will continue to present Agency teams with a challenge which I
know will be met with high professionalism under the glare of constant public and
political scrutiny worldwide.
It has been gratifying to witness various steps over recent months that will
bolster the non-proliferation regime, such as the NPT accession of China and
France. We also have had the signature of safeguards agreements by South Africa,
Argentina, Brazil, and Syria, and ad hoc inspections have been proceeding on
schedule in South Africa and North Korea. Inspections in these countries will of
course add to the Agency's outlays and workload. At the same time, the Board of
Governors has approved a series of measures proposed by the Secretariat and
designed to strengthen the safeguards system as such. It is certain that nonproliferation will continue to occupy a prominent position on the world's political
agenda. The dramatic cuts in strategic arsenals agreed to by Russia and the United
States provide further momentum and great encouragement as the 1995 NPT
Review Conference begins to appear on the horizon.
Reactor safety, notably in the former Soviet Union and in the countries of
Eastern and Central Europe, has remained a major preoccupation shared by the international community as a whole. The IAEA, having virtually completed its
analytical work on the WWER-440/230 pressurized water reactors of Soviet
design, is now turning its attention to the WWER-440/213s, the WWER-1000s
and the RBMK (Chernobyl-type) reactors. For this vital diagnostic work it has
received welcome and generous extrabudgetary financial support, notably from
Japan. At the same time, financial and expert resources are being mustered at the
international level for the much more costly and long-term remedial efforts that
will have to be put in hand and for which the necessary political will does now
seem to exist. The Agency's pioneering work in this field will no doubt offer
many useful pointers.
In an entirely different sphere, it was most heartening to see the effectiveness
of the sterile insect technique demonstrated yet again—and dramatically—in the
eradication of the screwworm threat not only to livestock in Libya, where it had
taken hold, but also potentially to cattle and game throughout Africa and the
Mediterranean Basin. The fact that the campaign—in which our staff and the

Seibersdorf Laboratory played a crucial role—was successfully completed at far
less cost than originally estimated is an additional source of satisfaction.
It would be wrong of me, however, to paint here only a rosy picture of the
past year. Dark and ominous clouds crowd the Agency's horizon as financial
problems not of its own making increasingly impair its ability to fulfil Member
States' expectations. The non-payment of financial contributions, compounded by
the late payment of dues by many Member States including some of the larger
ones, curtails our effectiveness and creates a regrettable climate at the very time
when more demands than ever before are being made of the Agency to which it
wishes wholeheartedly to respond, not least in the field of technical co-operation. I trust that this realization will help trigger the necessary action before iny
irreparable damage occurs.

X
Hans Blix
IAEA Director General
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Share of electricity
generation
Nuclear power's share of electricity
production grew slightly or remained
constant in 11 countries in 1991,
based on data reported to the IAEA
Power Reactor Information System
(PRIS). Five of these countries continued to generate close to half or
more of their total electricity by using
nuclear power:
• France

72.7%

• Belgium

59.3%

• Sweden

51.6%

• Hungary

48.4%

• Republic of Korea

47.5%

Nuclear power

Some 12 countries (including
Taiwan, China) relied upon nuclear
power plants to supply at least onefourth of their total electricity needs.
There are 25 countries in the world
which generate electricity from
nuclear power plants.
Worldwide in 1991, total nuclear
power generation amounted to 2 009
terawatt-hours of electricity. This is
more than the world's total electricity
generation—1 908 terawatt-hours—
from all sources in 1958. Cumulative
worldwide operating experience from
civil nuclear reactors at the end of
1991 was more than 6 000 years.
A total of 496 nuclear power
plants were operating or being built
around the world in 1991. Four
nuclear power plants were connected to electricity grids in Bulgaria,
China, France, and Japan, bringing

Nuclear power growth
Electricity production from
nuclear power stations rose by 4.1%
in 1990 in countries of the Organization
for Economic Co-operation and
Development (OECD) and nuclear's
share of total electricity in those
countries stood at 23%.

Preventive
maintenance is an
integral part of
n uclear po wer plant
management.

Worldwide, the IAEA estimates
that nuclear power production will
continue to maintain growth well into
the next century. In the latest edition
of Energy, Electricity and Nuclear
Power Estimates for the Period up to
2010, the Agency estimates that
nuclear energy production will grow
an average of 1.5 to 2.5% per year

the world's total number of operating
reactors to 420. Additionally, a total
of 76 reactors were being constructed
in 16 countries, including two reactors in Japan and the Republic of
Korea where work started in 1991.

Nuclear power reactors in operation and under construction
(as of 31 December 1991)
Reactors in
operation
Country
Argenlina
Belgium
Brazil
Bulgaria
Canada
China
Cuba
Czechoslovakia
Finland
France
Germany
Hungary
India
Iran
Japan
Korea RP
Mexico
Netherlands
Pakistan
Romania
S. Africa
Spain
Sweden
Switzerland
UK
USA
USSR
Yugoslavia
Total

Number of
units

Total
MW(e)

2
7
1
6
20
1

935
5484
626
3538
13993
288

8
4
56
21
4
7

3264
2310
56873
22390
1645
1374

42
9
1
2
1

32044
7220
654
508
125

2
9
12
5
37
111
45
1
420

1842
7067
9817
2952
11710
99757
34673
632
326611

Reactors under
construction

Nuclear electricity
supplied in 1991

Total
MW(e)

TW(e).h

Percent
ofTotil

1

692

1

1245

2
2
2
6

1762
1812
816
3336

7.2
40.4
1.3
13.2
80.1

19.1
59.3
0.6
34
16.4

5

7005

7
2
10
3
1

1540
2392
9192
2550
654

22.2
18.4
314.9
14<)
12.9
4.7

28.6
33.3
72.7
27.6
48.4
1.8

209.5
53.5
4.1
3.5
0.4

23.8
47.5
3.6
4.9
0.8*

5

3125
9.1
53.9
73.5
21.7
62.0
612.6
212.1
4.7
2009.1

5.9
35.9
51.6
40.0
20.6
21.7
12.6
6.3

Number
of units

1
3
25

1188
3480
21255

76

62044

Note: Taiwan, China has ft reactors in operation (4890 MW(c)); nuclear electricity supplied in 1991 was 33.9 TW (e)Ji; percent of lottl equalled
.17.8%. Reactors for the former USSR arc shown for 1 W l . Value with asterisk is 1AKA estimate. Source: IAEA PRIS.

worldwide up through the year 2010.
In addition, following the conclusion
of the Senior Expert Symposium on
Electricity and the Environment that
global demand for electricity services
will continue to increase, the potential
market for nuclear power could expand.

feasibility studies, infrastructure
development planning and manpower
planning and project management.
Assistance was provided to Czechoslovakia, Egypt, Indonesia, Islamic
Republic of Iran, Malaysia, Peru, and
Romania in these areas.

Nuclear power planning
and implementation

In addition to safety oriented
WWER-440 projects described later,
an important move was made towards
developing contacts and co-operation
with maintenance management personnel in Bulgaria, Czechoslovakia
and Hungary operating WWER-440
reactors to improve maintenance planning and performance and the introduction of an integrated maintenance
indicator system.

The approach to planning for
electricity production is becoming
more complex. The evaluation of different energy options and the criteria
applied cover not only traditional
economic aspects, bui also health and
environmental factors, such as global
climate change.
The IAEA uses a variety of planning tools to assist Members States
through technical co-operation
programmes in energy, electricity,
and nuclear power planning. There is
an increasing trend to provide more
comprehensive assistance through an
integrated package approach that can
be used by developing countries in
nuclear power programme planning.
Support for developing Member States
focussed on nuclear power programme
planning and development, project

Nuclear power plant
performance
Good practices in nuclear power
plant construction was the focus of an
international advisory group which
identified practices which would
result in shorter construction times,
improved quality and safe and reliable
performance during the operational
phase. Considerations in designing
new nuclear power plants for better
construction, ease of maintenance and
Inside a PWR
in Japan.

quick replacement of ageing equipment
and components were also identified.
Studies, seminars, and meetings
were held on nuclear power plant
availability, efficient outage planning
and management practices, nuclear
power plant ageing and plant life
management, as well as nuclear
power plant control and instrumentation. Publications and documents include a revision of quality assurance
nuclear safety codes and safety guides,
effective quality management practices,
quality assurance for nuclear power
plant siting, and a technical report on
integrated training packages to provide guidance on quality assurance
training programmes for personnel at
nuclear power plants.

Improvement of reactor
technologies
The pace of improvement in
power reactor technology is picking
up indicating that rapid technology advances will continue to be made in existing reactors, those designed for the
near future, and reactors which may
be introduced in the long term. Most
of the efforts will be based on the
large amount of performance data accumulated from existing reactors.
The status and progress on advanced technology development and
trends in water reactor designs were
reviewed at meetings of an international working group. A particular
highlight in the field of new design
concepts was the further progress in
the joint project for a 1 450-1 500
MW(e) PWR licensable in France and
Germany. The Agency's proposal to
prepare a document on development
goals for advanced reactor systems
was endorsed.
The working group and participants in other meetings on advanced water cooled reactors identified

targeted areas including the need for
public acceptance as a precondition to
building new plants; promising new
technologies should be adopted
cautiously, after exhaustive testing;
and improved containments are a possible way to increase safety of future
nuclear power plants.
The international working group
on fast reactors reviewed the status
and trends of fast reactors and
reported that France has initiated a
programme on innovative studies
aimed at proposing new concepts for
fast breeder reactors (FBRs). In Japan,
consi ruction work on a prototype reactor continued; and in the former
Soviet Union, four fast experimental
and prototype reactors were in operation and considerable operating experience has been obtained. In the
USA, emphasis was on the comprehensive development of technology for the integral fast reactor to be
followed by a period of demonstration to verify economic feasibility;
while in China, the conceptual design
of a fast reactor has been completed.

Agency to assess the costs of potable
water production with various sizes of
nuclear desalination plants at selected
sites and to compare these with the
costs of desalination by other means.
Following requests from five North
African countries for assistance to
carry out a feasibility study on
nuclear desalination for selected sites,
a pre-feasibility study was conducted.

Nuclear fusion
After successfully completing a
conceptual design for a fusion test
reactor, the four parties to the International Thermonuclear Experimental
Reactor (ITER) project are proceeding to joint engineering design activities. Parties involved in the project
include the European Community,
Japan, Russia, and the United States.
Installation of a reactor vessel.

Design activities for die European
fast reactor (EFR) continued. Major
emphasis was put on possible action
for cost reduction and further improvement of plant safety. At the
meeting of the International working
group on gas-cooled reactors, it was
noted that an important milestone in
gas-cooled reactor development had
been reached in March 1991 with the
start of the construction of the high
temperature test reactor (HTTR) at
the Oarai Research Establishment in
Japan. Technology development activities for modular high-temperature
reactors continued in the USA, the
former USSR, and Germany.

Scawatcr desalination
A shortage of potable water is a
problem of growing concern in some
parts of the world mid there is increasing interest in seawater desalination,
including use of heat produced by
nuclear reactors.
The IAEA General Conference
adopted a resolution requesting the

The ITER team of scientists and
engineers completed the conceptual
design for the experimental fusion
reactor in late 1990 as scheduled and
a report on results was presented to
the ITER Council. An idea of how
ITER might be built and operated was
also developed including suggestions
of a project plan with supporting research and development shared among
domestic programmes, a possible
schedule, and a preliminary ci,.>t estimate for construction and operation.
The team estimated that before
ITER construction could begin, a 6year effort would be required for
detailed engineering, further development of components, and consideration of possible construction sites.
While much co-ordinated research
and development work—which is the
major part of the activity from the
standpoint of cost—would be conducted in the parties' home institutions, the engineering design would
be done mainly by joint teams working at centres in Europe, Japan, and
North America.

Nuclear fuel cycle

Inspecting the
structure of a fuel
assembly.

T h e 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 center on
raw materials for reactor fuels, reactor
fuel performance, and spent fuel
management, technology and safety.
New developments in the Eastern/Central European countries and
those of the former USSR have
provided an opportunity to obtain and
compile previously unavailable information on their uranium resources
and production. This has made the
Agency's information base more comprehensive and useful.
The preparation of a set of safety
series documents for the safe longterm storage of spent fuel from
nuclear power plants will be completed in the next two years. And in
the light of the growing scale of
problems with the safe storage of
spent fuel from nuclear power plants
and old reseach and test reactors, the
Agency continues to provide advisory
services to Member States.

In 1991, the Agency continued
to promote an extensive exchange of
information to improve the safety,
reliability and economics of nuclear
fuel cycle activities through meetings,
training courses and advisory groups
on topics including environmental impact and related public concerns about
the nuclear fuel cycle, and the planning of nuclear fuel cycle facilities in
developing countries.

Nuclear raw materials
Analysis of the status of the
uranium industry and likely future
developments continued in an effort
to improve the quality and coverage
of estimates of world nuclear fuel
resources supply and demand. The
analysis found that due to current
market conditions, uranium production in WOCA (world outside centrally planned economies area) in 1992
is expected to decline further by
about 2 OOOt to 28 OOOt Uranium.
Nine countries produce nearly 95% of
the total, and eight countries contribute the remaining 5%.
A long-term analysis of uranium
supply and demand resulted in a

report covering new developments in
uranium exploration, resources, production and demand. A new edition
of the Red Book, a joint report of the
OECD/Nuclear Energy Agency and
the IAEA, will contain more statistics
on uranium resources, supply and
demand as well as supply-demand
projections through the year 2010.
Other publications and projects
include preparation of a world map of
uranium deposits, a methodology for
economic feasibility study for use
with uranium projects, guidance in
the management of earth sciences
data on personal computers, a computerized database of radioactive
minerals, and a computerized graphic
mapping programme.

Reactor fuel technology
and performance
Poolside inspection, repair and
reconstitution of water reactor fuel elements was the subject of technical
meetings. Advisory group meetings
covered the economics of recycling
uranium and plutonium and the status
of MOX fuel technology, as well as
the impact of extended bumup on the
nuclear fuel cycle.
The Agency's guidebook on
quality control of water reactor fuel is

being updated and a report on the
technical and economic aspects of
an improved scheme of fuel utilization within the framework of the
water reactor extended burnup study
was completed.

Spent fuel management,
technology and safety
The regular advisory group on
spent fuel management reviewed the
worldwide situation for the management of spent fuel. The group defined
priorities for national and international efforts, exchanged information on
the present status of programmes in
the nuclear fuel cycle, and formulated
programmes for the future.
The importance of the management of spent nuclear fuel as a high
priority to assure the optimum safe
use of nuclear energy was underlined.
It was concluded that long-term
storage will be the preferable option
for the management of spent fuel until
well into the next century.
The Agency continued work on
safety series documents on the storage
of spent nuclear fuel, design and
operation of spent fuel storage
facilities, and safety analysis reports
for spent fuel storage.
Assembling a
fuel bundle.

rw:

Radioactive waste management
Safe management of radioactive
waste remains a critical issue for
progress in the use of nuclear energy
for electricity generation and other applications. Although the technical and
engineering solutions for its safe
management exist, increased public
understanding and acceptance of such
solutions is needed.
The Agency's programme
focuses on the preparation and dissemination of international safety
standards and criteria to promote the
harmonization of national practices in

the safe management and disposal of
radioactive wastes. In the disposal
area, the Agency serves as a forum
for reaching international consensus
on safety criteria relevant to the long
time-scales that need to be taken into
account in waste disposal.
Other priority areas of the programme include advisory and peer
review services on aspects of national
programmes, assistance in the safe
management of spent radiation sources,
and the radiological assessment of the
hazards posed by radioactive wastes
to the biosphere, including the marine
environment.

Code of practice
IAEA Member States took an important step toward strengthening the
safety and environmental record of
radioactive waste management and
disposal by adopting, by consensus,
an international code of practice
governing the movement of radioactive wastes across national borders.
The code builds upon and reinforces a strong existing international
Storage of
radioactive waste
atLoviisa,
Finland (above)
and transport of
radioactive
materials by
truck (right).

foundation for environmental and
public safety in the handling of
radioactive wastes. Experts from 20
countries convened to research and
draft the code and found no need to
create new norms in this field.
The code affirms the sovereign
right of every State to prohibit the
movement of radioactive waste into,
from, or through its territory. It further requires that transboundary
movements of radioactive waste take
place in accordance with internationally accepted safety standards and
respective national laws and regulations, and with prior notification and
consent of the sending, receiving, and
transit States.
While the code is not legally
binding, its adoption by consensus underscores the political commitment of
the IAEA's Member States to prevent
any unauthorized transboundary
movement of radioactive wastes.

International collective
opinion
Advisory committees to the IAEA
and the Nuclear Energy Agency (NEA)
have developed a "collective opinion"
on safety assessment methodologies
for radioactive waste repositories.
The opinion, which has been endorsed by experts at the Commission
of the European Communities (CEC),
is said to be a landmark statement on
the status of scientific evaluation or
radioactive waste repositories. Its
development is a direct result of information presented during an international symposium on waste
management in 1989.
One of the opinion's important
conclusions is that the appropriate use
of safety assessment methods,
coupled with sufficient information
from potential disposal sites, can provide the technical basis to determine

Containers and
whether radioactive waste disposal
systems would offer society a satisfac- packaging/or
radioactive materials
tory level of safety for both current
are tested in the
and future generations. The developUnited Kingdom.
ment of the opinion is considered an
important step in raising awareness
among decision-makers and members
of the public of the state-of-the-art
technology which exists for safety
assessments of radioactive waste
management systems.

Other waste
management efforts
A 5-year project to improve safe
management of spent radiation sources
used in medicine, industry and research has been initiated. The IAEA
experts will convene national and
regional training courses and conduct
field missions to assist authorities to
identify, collect, condition, and properly
store spent radiation sources with special emphasis on developing countries.
The waste management database
system became operational in early
1991. This database contains information from Member States on waste

Waste management advisory
programme
Five waste management advisory
programme (WAMAP) missions were conducted in Member States during 1991, as well
as one special mission to Hong Kong.
WAMAP provided advice on establishing national waste management programmes and systems and technical assistance on specific waste
management issues and problems. The missions were to Greece, Yugoslavia, Ireland, Sri
Lanka, and Venezuela. The Agency has conducted 35 WAMAP missions to 34 countries
since the programme's implementation in 1987.

management activities and plans,
operational data, and national policies
and regulations. A new series of
radioactive waste safety standards
(RADWASS) are being developed.
The programme will result in a hierarchy of some 25 safety documents.

Handling, treatment,
conditioning and storage
of wastes
Quality control requirements and
methods which should be used to contribute to the safe disposal of high level,
heat generating wastes was covered in
the first in a series of Agency publications on the quality assurance/quality
control of waste packages.
The use of inorganic sorbents was
studied under a co-ordinated research
programme confirming that certain inorganic materials are effective as sorbents for radionuclides and can play
an important role in the treatment and
disposal of radioactive wastes. Other
reports included administrative, technical and procedural options for the
minimization of radioactive wastes
and options available to reduce the
volume and radioactivity of low and
intermediate level waste streams.

The Agency expanded its activities on the improvement of national radioactive waste management
systems and practices in Eastern
European countries.

Radioactive waste
disposal
The available options for low
level radioactive waste disposal were
reviewed by an Agency report
released in 1991. It provides descriptions of the different low level waste
disposal options used in Member
States, identifies the economic considerations of the different options,
and highlights the important technical
elements relevant to the selection of a
disposal option.
Plans for disposal of radioactive
wastes have raised a number of unique problems mainly due to the very
long time-scales which must be considered. While there is general agreement on disposal methods and on

Short-lived
radioactive wastes
are buried a few
meters underground
at the La Nfanche
Centre in France.

many aspects of safety principles, a
number of issues remain to be resolved such as needed guidance on
the nature of the safety assessments required at different time periods and
possible alternatives to the current
safety objectives for waste repositories based on limiting radiation risk
to people.
Experts meet annually to consider these issues and to provide a
mechanism for establishing an international consensus.

The performance of engineered
barriers in deep geological repositories was studied. The resulting
report provides technical information
on the performance of materials used
for backfill, buffers and seals in
geological repositories for the disposal of spent nuclear fuel and
solidified high level wastes from the
reprocessing of spent fuel.

Decommissioning of
nuclear facilities
Monitoring programmes for unrestricted release related to the decommissioning of nuclear facilities was
covered in an Agency report, as was
guidance on planning and management for the decommissioning of research reactors.
Other areas reviewed by the
Agency include a report on national
decommissioning policies, a technology review in the field of cleanup of
large areas contaminated as a result of
a nuclear accident, and factors
relevant to the decommissioning of
uranium mining and milling facilities
and tailings piles.
A report on measurement and
calculation of radon releases from
uranium mill tailings will be published.
The reactor pressure vessel can be removed
in one piece during decommissioning.

Food and agriculture

I o improve food production and
reduce food losses, while at the same
time protecting the environment, is
the greatest challenge facing many
IAEA Member States. Careful husbanding of water and soil, together
with the use of state-of-the-art techniques to get the most from natural
resources, while still maintaining a
healthy environment, are essential for
economic and social development.
Nuclear techniques are used to
help meet these challenges and the
IAEA technical co-operation
programme seeks to assure that they
are available to its Member States.
Techniques using radiation and
isotopes are used to improve food and
agricultural production in areas such
as soil fertility, plant breeding, animal

health, insect and pest control, pesticide use, and food preservation.
Such activities are co-ordinated
with the Food and Agriculture Organization of the United Nations (FAO)
through the Joint FAO/IAEA Division
of nuclear techniques in food and
agriculture founded in 1964. Cooperative efforts aim at solving practical problems related to agriculture
and food production in the developing
world by applying nuclear techniques.

Soil fertility, irrigation,
and crop production
Nuclear and isotopic techniques
have proven successful in improving
crop production on salt affected soils.
An Agency co-ordinated research

programme has identified new salt
tolerant crop genotypes which also improve the soil. A study in Niger found
that millet and sorghum grown in
saline soils result in a significant
decrease in soil salinity and sodicity.
Similar work in Pakistan found that
salt tolerant varieties of barley, rice,
and wheat grown in salt affected soils
reduced their alkalinity and improved
their permeability to water and roots.
Many crops tested in isotope
studies on increasing and stabilizing
plant productivity in low phosphate
and drought prone soils of the tropics
and subtropics showed considerable
differences. Work continues on research in the selection of more elite
cultivars for high water and phosphorous use efficiency, and on detailed
studies aimed at finding reasons for
their superiority.
FAO/IAEA research programmes continued on the use of isotopes
to improve nitrogen fixation and the
yield of common grain legumes and
nitrogen-fixing trees. A new strategy
is to combine high-yield abilities of
cultivars with those for nitrogen fixation to create higher productivity. Research continues on the beneficial

effect of using prunings from nitrogen
fixing trees to enhance soil fertility
and increase yields of associated food
crops.
Another problem being addressed
by co-ordinated research programmes
is that excess water application at the
farm level compounded with seepage
water along irrigation networks which
often cause a rise in the groundwater
table, triggers soil salinity problems.
Nuclear techniques are being used to
assess the irrigation schedules of field
crops to increase effective use of
water in irrigation projects. Recently
published work has suggested that exposing field crops to water stress at
specific growth stages may not cause
significant yield decreases. Therefore,
irrigation during these stages can be
omitted and excess water left in the system can be used to irrigate other areas.

Plant breeding and
genetics
Mutation techniques continue to
be applied to improve local crops
such as cassava, banana, yam, rice,
fonio, pigeonpea and cowpea in Agency programmes in Africa. Plant
breeders from seven African
Nuclear techniques
are used to improve
crops in developing
countries.

breeders from 12 countries in the
region are participating with US research workers.
Recent developments in plant
molecular genetics have shown that
radiation techniques are becoming a
powerful tool in gene identification
and mapping as well as the investigation of gene expression in crop plants.
These techniques are also being used
to create new molecular markers for
selecting superior genotypes and thus
improve the efficiency of plant breeding programmes.

Animal production and
health

A farmer winnows
rice at Madurai,
South India, where
rice is the staple
food crop.

countries, along with Italian scientists, are working to improve characters such as drought and disease
tolerance, earliness, grain or tuber
quality and lodging resistance.
In Latin America, new anther culture methods have been developed to
accelerate the mutation breeding
cycle in many important cereals such
as rice, wheat and barley. Plant

A co-ordinated
research programme
in Latin America
encourages the use
of crop residues and
by-products as an
additional source of
animalfeed.

Nuclear and other related techniques are increasingly being used in
developing countries to study and improve animal health and productivity.
The efficiency with which animals are
reared for the production of meat,
milk, wool, and other products is substantially lower in tropical and subtropical regions than in temperate
zones. This is attributed largely to
higher temperatures and humidities,
variations in the availability and
quality of feeds, and prevalence of infectious diseases. Some types of live-

stock, however, are unaffected by
these constraints, surviving and
reproducing successfully and being
highly productive.
Scientists from more than 40
countries participated in 1991 in an international symposium on the use of
nuclear techniques in animal production and health. By bringing together
scientists from various disciplines and
countries, the symposium was
designed to provide better understanding of the relationship between
animals and their environment, particularly the optimal combination of
environmental adaptation and productivity, perhaps the key to improving
animal productivity in tropical areas.

New immunoassay tests for
trypanosomiasis were succesfully
validated in the field and proved that
such tests on average are five times
more sensitive than currently available diagnostic tests, paving the way
for much more precise monitoring of
tsetse and trypanosomiasis control
programmes.
A programme in Latin American
and Asian countries validated immunoassay and DNA probes and
found them to be substantially more
specific and sensistive than conventional methods to diagnose diseases
such as brucellosis, Ieukosis, pseudorabies and bluetongue.
• .•re-

Several co-ordinated research
programmes are focussing on the
development of diets and feeding
strategies which, through resulting improvements in growth rates or
reproductive efficiency, can increase
the amount of meat or milk produced
by individual animals. These programmes involve sheep, cattle, goats and
camelids and examine the possibilities
of using locally available grasses,
crop residues and agroindustrial
byproducts as sources of feed.
Programmes that use standardized immunoassay tests and DNA
probes to diagnose animal diseases
and monitor the efficacy of national
animal disease control efforts continued in some 50 Member States. Of
particular note is the FAO/IAEA/
SIDA rinderpest seromonitoring network in Africa. The first phase of the
programme demonstrated the value
of monitoring for the presence of
rinderpest antibodies following the
wide-scale vaccination of cattle. The
results are being used to identify cattle herds which had high levels of immunity and those which were not
properly vaccinated.

and pest control
The international programme to
eradicate the life-threatening New
World screwworm fly from North
Africa achieved complete success in
1991. Only six cases of infestation
were detected during 1991, compared
to 12 068 cases in 1990. The last case
found was in April 1991. Thus the
parasite has been eradicated from
North Africa.
The programme was based largely on the release of millions of factory-reared, radiation-sterilized

Boxed sterile New
World screwworm
flies are released by
the thousands into a
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the nutritional needs of their growing
populations, but also to export fruit to
overseas markets.
A modular design for mass rearing facilities and the use of sterile
flies in eradication of the tsetse fly
have been recommended to help meet
the tsetse-trypanosomiasis plague in
Africa. The use of the sterile insect
technique has been effective in combating the tsetse fly on the island of
Zanzibar while the re-invasion of the
tsetse-free area in Nigeria has been
largely forestalled by the release of
sterile males and the use of insecticidal cloth targets that selectively attract and destroy tsetse flies.

Agrochemicals and
residues
Crop and weed plants
are grown under
laboratory conditions
for research in
controlled-released
herbicides.

screwworm flies to halt the pest's
reproduction in the infested area. The
fly is a parasite that infests open
wounds and destroys tissues and organs in warm blooded animals and
man. The benefit/cost ratio of this
programme exceeded 50:1. The collaborative effort involved the Libyan
Arab Jamahiriya, FAO, the International Fund for Agricultural Development, and the UN Development
Programme as well as the IAEA.
Direct costs to the agricultural
economies of North Africa from the
mediteranean fruit fly, a signficant
pest of fruit production, have been
found to exceed US $70 million per
year. A three-phase programme continued in 1991 to assess the economic
and environmental burden of the pest,
and to devise a regional strategy for
solving this pest problem.
Trapping networks have been installed in four countries and climatic
and phenological data are being assembled. The aim is to enable the
countries involved to not only meet

The Agency continued to study
the behavior, fate, and effects of pesticides in food and the environment as
well as the development of improved
delivery systems, primarily using formulations to control the rate of release of the pesticide.
Efforts included the development of com oil-based formulations
of pyrethroid insecticides containing
an ultraviolet absorbing compound
for use on target screens in the integrated control of tsetse flies in
Africa. Deltamethrin formulations
continued to kill tsetse flies after 120
days in the field in Kenya. In the
United Republic of Tanzania, these
formulations killed 85% of tsetse flies
after 175 days of field exposure.
A co-ordinated research
programme resulted in the identification of insecticides with potential for
use in rice-fish systems that can be
used without endangering the fish.
Also, research on controlled release
formulations of certain herbicides for
use in paddy rice continued and
several controlled release formula-

dons were tested in five countries.
Compared with commercial ones, the
controlled release formulations
resulted in better weed control and
were less toxic to rice seedlings and
fish, and higher yield of rice grain.

Food pcrscrvation
Early in 1991, an expert group
on food irradiation urged governments to adopt the use of radiation
processing to rid fruits and vegetables
of insects to overcome quarantine barriers in global trade. The recommendation was made in Washington, DC,
USA at a task force meeting of the
FAO/ IAEA/WHO International Consultative Group on Food Irradiation in
co-operation with the U.S. Department of Agriculture.
Recent international research has
confirmed that irradiation is an "effective and appropriate" alternative to
chemical and other processes now
being used for quarantine treatment of
fruits and vegetables, the group concluded. Irradiation is an "effective disinfestation treatment against many
species of fruit flies and other insect
pests associated with many commodities," it said, including apples,
melons, cherries, citrus, and tropical
fruits such as mangoes and papaya.
The Agency provided assistance
in technology transfer to a number of
developing countries including assistance in building demonstration irradiators for treating food and sterilizing medical supplies in Bangladesh,
Peru and Viet Nam. Assistance on the
technical and economic feasibilty of
food irradiation was provided to
Bolivia and Costa Rica while scores
of countries in Africa, Europe and the
Middle East received assistance on
process control, and other aspects of the
use of irradiation to reduce food losses,
and to ensure the hygienic quality of
food and enhance food trade.

Three additional irradiators became available for processing food
and other products during 1991 bringing the total number of irradiation
facilities for food processing to 50.
They are a commercial irradiator at
Isigny-sur-Mer, France, a large demonstration irradiator in Hanoi, Viet
Nam, and a pilot electron accelerator in
Wlochy, near Warsaw, Poland.
The first commercial food irradiator in North America became operational early in 1992 while two other
commercial food irradiation plants are
being built in Algiers and Brazil.
Marketing trials of irradiated
products have resulted in favorable
reports in Bangladesh, (onions and
pulses); in China (apples, seasonings
and meat); the Philippines, (onions
and garlic); and the USA (strawberries). These trials, together with earlier
ones, have shown that consumers will
buy irradiated food once they are
Irradiated strawberries
aware of its benefits.
on sale in France.
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Human health

Image of a colonic
cancer obtained by
radioimmunoscintigraphy. The
arrow shows the
concentration of the
radioactive
monoclonal antibodies
in the tumor.

Worldwide more than half of the
total number of cancer cases are in
developing countries, the World
Health Organization (WHO) estimates. Some 75% of these patients
have been found to be incurable at the
time of diagnosis. These statistics are
changing due to distinct diagnostic techniques using nuclear energy. These
methods determine the presence of a
disease and the extent to which it has
invaded the body and can help to
decide the best means of treatment.
Techniques using nuclear energy
in medical sciences have the unique
ability to show bodily functions across
time. The significance of this advantage is clear when one realizes
that one out of every three patients at-

tending a hospital in an industrialized
nation benefits from some type of
nuclear procedure. The Agency, in cooperation with WHO, plays a key role in
the development and transfer of
nuclear techniques, experience, and technical know-how to its Member States,
particularly in developing countries.

Nuclear medicine
Radioimmunoassay and related
procedures are gaining wider popularity and acceptability as diagnostic and
research tools. An international symposium in 1991 focused on these techniques and identified new areas where
radioimmunoassay methods could be
applied in developing countries.

A major research programme
was conducted to promote good
radioimmunoassay practices, awareness and commitment to quality control measures, progress towards
self-sufficiency in reagent supply and
close collaboration among the research institutions involved. Another
focused on the use of nuclear techniques for the diagnosis of tuberculosis.
Radioaerosol inhalation imaging
for the diagnosis of respiratory diseases
is the focus of work which has been extended to examine specifically the effects
of atmospheric pollution on the selective
permeability of the lungs—a physiological index sensitive to insults and injury.

Applied radiation biology
and cancer therapy
Agency efforts in the area of applied radiation biology and radiotherapy centered on strengthening
indigenous skills in developing
countries in the use of radiation techniques and technology for upgrading
health care services and standards.
To reduce the risk of cross-infection through the inadvertent use of unsterile medical supplies in Africa and
Latin America, the Agency promoted the
provision of radiation sterilized prepackaged supplies in patient-ready form.
The Agency provided Member
States in Latin America research support towards the development of technical criteria for quality control and
degree of sterility of local radiation
processed medical supplies.
A new research programme
seeks to improve the understanding of
low doses and low dose rates of ionizing radiation. Another will assess the
carcinogenic risk assessment of
chemical pollutants from fossil energy cycles. The results of this study
will be compared to the potential risks
from low dose radiation.

The use of radiation energy for the
treatment of malignant diseases, especially in developing countries where
the incidence of cancer is increasing,
continues to be a major focus of Agency programmes. About 60% of all cancers are known to require radiation
treatment at one stage or another.
Only 35% of developing countries
have radiotherapy facilities, a majority
of which are very poorly equipped.
Some 24 ongoing radiotherapy
technical co-operation projects aim to
improve or develop radiotherapy
facilities in these countries. Equipment for telelherapy and brachytherapy, manpower training, and
expert services are provided.
A new research programme on
computer assisted planning and
dosimetry in the radiation of head and
neck cancers was initiated and another
programme on cancer of the uterine
cervix in the Asia and Pacific region
is continuing, while preparatory work
is being carried out for a new
programme on brachytherapy techniques for malignant tumors in various
parts of the human body.

Dosimetry
The number of Secondary Standard Dosimetry Laboratories (SSDLs)
stands at 64 laboratories from 51
Member States. Another four SSDLs
which have been fully supported are
not yet members of the network. Services continued in the areas of dose intercomparison and assurance, as well as
support for technology transfer.
The Agency's support for setting
up SSDLs and for improving technical performance as reference standards, brought about considerable
improvements in measurement accuracy in dosimetry practices and in
the calibration services nationally.

An international co-ordination
effort involving nine Member States
centered on improving high dose
electron dosimetry, to reduce measurement uncertainty and develop new
dosimetry techniques. A preliminary
dose intercomparison has been completed for evaluation.

reference irradiations; developed intercomparison methodologies and
trained fellow and scientific visitors.
In addition, two co-ordinated research
programmes were initiated to help
convert Agency programmes into
regional/national responsibilities.

The Agency's laboratories at
Seibersdorf serve as the core of the
IAEA/WHO network of SSDLs. In
1991, its activities increased as a
result of the introduction of an alanine
dosimetry system for dose assurance
measurements at industrial irradiations
and the expansion of the thermoluminescent dose (TLD) intercomparison service for hospitals to photon
beams from medical accelerators.

Nutritional and health
related environmental
studies

The laboratory conduci r
routine dose intercomparisons for
hospitals and SSDLs worldwide;
calibration of secondary standard
dosimeters/field instruments; provided

In 1991—as part of the International Chernobyl Project—an important project completed was an
assessment of the nutritional status of
persons living in the former USSR in
regions affected by the Chernobyl accident. Data collected on more than
200 persons and from 700 samples
was analyzed for a variety of essential
and toxic elements. Many of these
analyses were carried out in the
Agency's Laboratory at Seibersdorf.
The project findings showed that
voluntary or imposed dietary restrictions had not been detrimental to
growth and there were no significant
differences in the growth of children

in control and contaminated settlements (both were well within published
USSR and US norms).
The findings also indicated that
iodine intakes and excretion were at
the low end of the acceptable range,
but apparently not low enough to
cause goiter or other thyroid abnormalities; dietary intakes of toxic elements were low in comparison with
those in many other countries; blood
lead levels were well within normal
range; and exposure to organic microcontaminants was acceptably low.
A global database on human
daily dietary intake of nutritionally
important trace elements was completed as well and the results were
prepared for publication.
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Industry and earth sciences

Industrial applications
The application of radiation and
radioisotopes in industry continues to
attract attention worldwide. The radiation processing of flue gases and industrial wastes and nuclear techniques
for monitoring and control of pollu-

tion is an area of particular interest in
the Agency's industrial applications
programme, together with other wellestablished applications of radiation
technology, radiotracers, nucleonic
control systems and non-destructive
testing. The Agency's activities focus
on determining the status of these

Pilot plant for
electron beam
cleaning of flue gas
in Warsaw, Poland.

applications to provide a forum to exchange information and help transfer
these technologies to developing
Member States. Manpower development, radiation processing, radiotracer technology, nucleonic control
systems, on-stream analyzers and nondestructive testing activities have
been conducted.

neutron flux reactors and do not
demand high cost equipment. Areas
of intent include the investigation of
ageing processes connected with
structural changes; crystallization
processes in glass ceramics and the
determination of hydrogen content in
sensitive chemical systems; and
modification of high temperature superconductors by neutron or heavy
ion irradiation.

In radiation processing, a coordinated research programme for flue
gases continued as did technology
transfer in industrial radiation
sterilization with the main emphasis
on new trends and developments in
regulations. Work has started on the
preparation of a technical report on
nuclear geophysics in modem society
highlighting many applications of
nuclear geophysics for prospecting
and exploitation of oil, gas, water,
coal, and uranium and other minerals.

Non-destructive testing methods
and techniques are widely used in
Member States to control the quality
of industrial products, provide quality
assurance for conventional and
nuclear installations and prevent
dangerous accidents during the operation of transport systems. A consultants meeting was held to advise the
Agency on expected new developments in this field.

The Agency has assessed transfer of nuclear techniques used in advanced ceramic technologies, and has
reviewed the possibility of introducing modern nuclear techniques for
material development in developing
Member States. Nuclear methods can
be successfully applied in material
technology using low and medium

A symposium on the use of
isotope techniques in water resources
development emphasized the use of
isotope techniques in solving practical problems of water resources assessment and development, especially
for groundwater protection, and in
studying environmental problems related to water.

Results showed that there is an
increasing demand for the use of
isotope methods, especially in water
resources assessment in developing
countries. Isotope methods have been
recognized as being valuable for solving problems such as characterization of
water resources, evaluation of recharge
and evaporative discharge under arid
and semi-arid conditions, reconstruction
of past climates, the study of interrelationships between surface and
groundwater, dating of grounclwater,
identification of pollution sources,
and validation of containment
transport models.
Field studies demonstrated that
isotope techniques, in combination
with other hydro- geological and
geochemical methods, have the potential to provide hydro-logical information such as indication and evaluation
of origin, replenishment and
dynamics of groundwater.
The groundwater resou-~es of
several arid and semi-arid zones have
been studied to assess recharge origin
and groundwater dynamics as well.
Apart from the usual occurrence of

fossil groundwater, the isotopic studies
have permitted a determination of
evaporation losses, the identification of
recharge from surface waters, and interconnections between aquifers.
Groundwater studies in arid and
semi-arid zones included the Figeh
limestone aquifer which has allowed
the identification of the replenishment
area and an evaluation of the
groundwater stored. In the central
Amazon, infiltration experiments with
isotopic tracers also were completed
and have shown a difference in water
balance between native rain forest and
deforested areas. Groundwater contamination and salinization studies
also were conducted in the Lake
Valencia basin and of the aquifer system of La Plata and Saltillo-Monterrey.
Geothermal investigations are
among those which benefit most from
the application of isotope techniques.
Radioactive isotopes have been used
to identify the flow direction of reinjected geothermal fluid in Costa Rica
and El Salvador. In other countries,
isotope techniques have been applied
with Agency assistance to assess
Tracer dilution
techniques are used
to assess the
dynamics of
sediment transport
in the Dourou River
basin in Mali

A scientist collects
samples at sea to be
malyzed by the IAEA
Marine Environment
Laboratory.

potential geothermal areas, evaluate
the temperature of the geothermal
fluid at depth and to establish its origin.
Sedimentation studies were carried out in several countries. In
Bangladesh, China and Malaysia, sea
bottom sediment transport in connection with dredging practices was investigated through experiments with
Af>
Sc labelled glasses. In Cuba,
Ecuador, Mali and Venezuela, sediment samples were collected from
lakes and reservoirs to obtain information on sediment origin.
Precipitation and atmospheric
studies continued through the IAEAWorld Meteorological Organization
(WMO) global network and a new research programme on isotope variations of carbon dioxide and other
trace gases in the atmosphere was
launched. The programme is devoted
to the study of the origin, atmospheric
cycle and sinks of carbon dioxide,
tetrachloride and carbon oxide, of
which the first two are important for
the greenhouse effect.
Techniques using isotopic and
geochemical precursors of earthquakes and volcanic eruptions were
reviewed, and although the process is
not fully understood and more research
is needed, it appears that variations in

the isotope ratios and variations in
helium, argon and hydrogen concentrations are the most promising
precursors.
Assistance to initiate and improve routine isotopic measurements
was given to laboratories in Colombia, Indonesia, Jordan, Mexico, the
Sudan and Uruguay. Co-operation
continued with other organizations in
the field of water resources, including
the WMO for precipitation sampling
and the United Nations Educational,
Scientific, and Cultural Organization
(UNESCO) for water resources
development.

IAEA Marine
Environment
Laboratory
The IAEA Marine Environment
Laboratory at Monaco is the only
marine labortory in the United Nations system. It continues to play an
increasingly important role in deploying nuclear and isotopic technologies
to improve understanding of the
oceans and in serving as a focal point
for practical interagency co-operation.
The scientific objectives of the
IAEA laboratories were broadened

in 1991 to include more applied areas
of marine radioactivity studies. These
include radiological assessments,
emergency response, marine modelling and database provision, isotopic
tracers within the marine carbon cycle
and comparative radiological assessments between industries. The name
of the laboratory was changed to the
IAEA Marine Environment Laboratory (MEL) and new facilities have
been co-funded by the Principality of
Monaco and are expected to be completed in 1993 or 1994.
The IAEA-MEL supports marine
radioactivity monitoring and research
activities for Member States providing services to more than 100 laboratories worldwide. IAEA-MEL
scientists play a key role in technical
co-operation projects to develop and
enhance marine radioactivity measurement and assessment capabilities of
Member State institutions, and to provide training in radionuclide
methodologies and analytical quality
control services.
A highlight of these activities
has been the active response of Member State institutions participating in
the regional Asian project on marine
contaminant and sediment transport.
Since sediments and associated contaminants can move with ocean currents, the Agency hopes to encourage
adjoining nations to plan and implement co-operative research studies in
the region and to promote the use
and applications of nuclear techniques to assess the source, trend and
impact of contaminants on the
marine environment.
In response to a request from
France, the IAEA-MEL provided assistance in the establishment of a sampling
protocol and to attest to the reliability of
the collection, handling, shipment,
storage and analyses of samples of
sea water and biota from the territorial waters around Mururoa Atol

(French Polynesia). The samples were
distributed to a small group of participants as part of a radiological intercomparison exercise. The final results
clearly show that radioactivity concentrations around Mururoa are extremely low, close to detection limits and
generally at global fallout levels. Therefore, no contamination problem in the
marine environment of the area exists.
A study of nuclear and nonnuclear contamination in the Danube
River basin, funded by the European
bank for reconstruction and development, is being implemented by the
Cousteau Foundation, which has subcontracted the IAEA-MEL for the
project. Samples of sediment are
being collected in the region.
The study involves a comparative assessment of the environmental
and radiological impacts of a range of
Eastern European industries, including fossil fuel power stations, large
chemical complexes and nuclear sites
in Hungary, Romania and Bulgaria.
The IAEA-MEL expanded its
participation in oceanographic cruises
in the Mediterranean Sea to measure
the vertical flux and changes in the inventories of radionuclides. Similar
work in the Alboran Sea focused on
the impact of oceanic frontal processes on the fate of sinking particles and
the transfer of natural elements
through the food web.

The IAEA-MEL
studies the
movement of
radioactivity in the
marine environment.

Global environment efforts

Senior expert symposium
As the global demand for
electricity continues to increase,
electric power generation choices can
contribute significantly to alleviating
pressure on the environment. Even
with expected and hoped for gains in
efficiency and conservation, there will
be a need to continue to augment
power generation and supply options
because of the expected growth.
This was agreed upon and underlined by more than 300 participants
from 38 countries and 21 international organizations at the May 1991 international senior expert symposium on
electricity and the environment. The
sympsoium provided a comprehensive assessment of the environment
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and health issues as well as the technical and economic factors involved in
supplying electricity services.
The meeting concluded that the
global demand for electricity services
will continue to increase, subject only
to constraints on economic growth.
Improving efficiency throughout the
electricity system, from generation to
end use, could significantly contribute
to reducing emissions and other environmental impacts. Efficiency improvements will not eliminate the
needs of different countries and
regions. All technology options
should be kept open.
In his opening statement, IAEA
Director General Dr. Hans Blix, said
it was not surprising that the use of

electricity was increasing faster than
the use of energy in general. "In many
industrial processes," he said, "switching to electricity allows the saving of
primary energy because electricity is
more efficient and flexible in the end
use. Moreover, there are often significant environmental gains, as the
end use of electricity is very clean."
Dr. Blix noted that the issue
papers before the Symposium emphasized that all energy sources have
some impact upon life, health and the
environment and that all will be
needed. The real question is not the inclusion or exclusion of some options,
but rather what was the optimal mix—
nationally and internationally.
In this respect, it was wise to examine the risks and consequences related to the whole fuel cycle of an
energy source, from the extraction of
gas or the mining of coal or
uranium, through transportation, to
burning and waste disposal and
emissions, to measure the total consequences for health and the environment of the use of a given quantity of
electricity. It is also necessary to compare local, regional and global impacts for each source, rather than the
global impact of one against the local
impact of another, he said.

The results of comparative risk
assessments of the different energy
systems indicate that, under routine
operating conditions, nuclear power
and renewable energy systems tend to
be at the lower end of the spectrum of
health risk and that energy systems
based on coal and oil are at the higher
end. In spite of such assessments,
however, the safety of nuclear power,
and therefore also its acceptability,
continue to be questioned.
It was noted that all major fuel
cycles, including nuclear, when fitted
with state of the art technology, are
able to deliver electricity at relatively
low risks to health and the environment. An exception is carbon dioxide
(CO2) emissions from fossil fuels, and
the associated risk of global climate
change. In this regard, the symposium
concluded that nuclear power is the
non-fossil energy source with the
greatest potential for use on a large
scale at a competitive cost, and that
the use of nuclear energy in place of
fossil fuels can result in substantial
reductions in CO2 emissions.
Renewable energy sources other
than hydropower are an essential part of
any impact reduction strategy, but are unlikely to meet a large share of the overall
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electricity demand at the current stage
of technological development.
The symposium recommended
strengthening of co-ordination and
liaison mechanisms amongst the
various international organizations
with an interest or role in the health,
environment and energy sectors. It
also called for the establishment of a
comprehensive, internationally co-ordinated database on the technical,
economic, health and environmental
parameters of various energy sources.

Assessment and
management of health
and environmental risks
There is a growing need to ensure that health, environmental and
safety issues are addressed as an integral part of social and economic
development. This can be achieved
through an integrated approach to risk
assessment and management, an initiative being implemented through a
joint programme by the Agency, the
UN Industrial Development Organization (UNIDO), the UN Environmental
Programme (UNEP), and the World

Health Organization (WHO). A major
highlight of the year was the completion of a draft procedural guide for integrated health and environmental
risk assessment and safety management in large industrial areas.
The procedural guide is a much
needed tool in the field of assessment
and management of health and environmental risks for energy and other
complex industrial systems and was
reviewed at an international workshop
in Tel Aviv, Israel. Another major
achievement was the publication on a
trial basis of a manual for the classification and prioritization of risk for
major accidents in process and related
industries, representing a new approach for the identification of priority
risk sources in large industrial areas.
Work progressed, as part of the
programme, on case studies in 15 participating countries. A joint IAEA/
UNIDO risk assessment of the Copsa
Mica area in Romania was undertaken. Training in risk assessment and
management was provided to participants from Latvia, Yugoslavia,
and the former USSR.

Physical and chemical sciences

Nuclear and atomic data
T h e Agency co-ordinates worldwide
networks of nuclear and atomic data
centers interested in nuclear reaction,
structure and decay, and atomic and
molecular data. Requests from 64
Member States for experimental and
evaluated data, related data processing computer codes and nuclear data
publications were filled and a new
computer system will provide on-line
access to data users of Agency nuclear
and atomic numerical databases.
New sources of information and
data available from the Agency include all major neutron reaction data
libraries in China, Japan, the Russian

Federation, the USA and the Nuclear
Energy Agency of the OECD, as well
as a photo nuclear data library. Other
nuclear data sources were created to
provide Member States with specialized information in detector calibration, applications in geo-physics,
quantitative activation analysis, activation and analysis of materials in fission and fusion reactors, and atomic
and molecular data in plasma material
interaction.
The Agency provided expert assistance and computer equipment
toward the development of national
nuclear data centers in China, Indonesia, and Algeria and to a computational nuclear physics laboratory
in Myanmar.

A scientist at
work at the ICTP
microprocessor
laboratory.
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Nuclear instrumentation
Activities in nuclear instrumentation focused on improving maintenance
and repair of nuclear instruments in
developing Member States and on
developing specific software for
nuclear applications. The Agency also
provided training and assistance in the
design and construction of specific instruments at Member States' requests.
Computer software development for
nuclear applications continued with
improvements made in programmes
for gamma ray and X-ray analysis, as
well as manuals for their use.
Training activities included interregional, regional, and national training courses in nuclear instrumentation.
Comprehensive laboratory manuals on
nuclear instrumentation were important
by-products of the training activities.

Theoretical physics
Some 3 700 scientists participated in research and training at the
International Centre for Theoretical
Physics (ICTP) in 1991. Subjects
covered included: fundamental and
condensed matter physics; mathematics; physics, energy, and the environment; physics of the living state;

applied physics and high technology;
physics of space; and science, high
technology and development.
Loans and contributions from
Member States and other international
organizations allowed the Center to
continue implementation of its programme, after the existing agreement
with the Italian government expired.
One of the more significant external conferences hosted by the Center focused on the scientific "brain
drain" in the Third World and in
Central and Eastern Europe. A symposium on geometry and mathematical physics also was held in cooperation with the International
Centre for Mathematical Sciences and
the Edinburgh Mathematical Society
and was attended by 100 scientists.
The ICTP distributed more than
26 000 volumes of journals, proceedings, books, and miscellaneous publications to some 1 500 institutions in
100 developing countries. In addition,
a large number of donations of complete sets of back issues of journals
were shipped directly to institutions
in developing countries.
The 1991 Dirac Medals of the
ICTP were awarded to Jeffrey
Goldstone from the Massachusetts

Institute of Technology, Cambridge,
USA, for fundamental clarification of
the phenomenon of spontaneous symmetry violation in relativistic quantum
field theory, and to Stanley Mandelstam
from the University of California,
Berkeley, USA for his work on the representation of the analytic properties
of scattering amp-litudes and path integral quantization methods in string
theory. Special Dirac Medals were
presented to Margit Dirac (UK) and
Claudio Villi (Italy) and the 1991
ICTP Prize in honour of Ettore
Majorana was awarded to Hong Van
Le, from the Institute of Mathematics, Hanoi, Viet Nam, for her
work on calibrations applied to the
theory of minimal surfaces and
Lagrangian submanifolds.

Chemistry
The Agency provided support
and assistance to laboratories in Member States involved in the analysis of
nuclear, environmental and biological
materials through analytical quality
control services. This assistance included the organization of intercomparison studies, distribution of reference

materials, and training and consulting
with fellows and scientific visitors.
Recent advances in labelling,
qu-liry control and clinical evaluation
of monoclonal antibodies for scintigraphy were reviewed as part of a coordinated research programme. The
advantages and drawbacks of the existing procedures were assessed and
protocols were agreed upon. A tumorseeking monoclonal antibody was included in the programme.
The preparation and quality control aspects of radiopharmaceuticals
as railionuclide carriers for therapeutic
applications were reviewed. Laboratory
procedures for the safe preparation of
these agents showed promising alternatives to other cancer therapy strategies, especially for bone metabases
and bone pain palliation.
Results of a research programme
on alternative technologies for technetium 99-m generators showed excellent potential for practical use in
nuclear medicine. These technologies
would provide a less expensive and
more practical route for indigenous
production and use of lechnetium 99-m
in developing countries.

Small quantities of
strontium in a
measurement solution
give an intense red color
in flame atomic
absorption
spectrophotometry.

Radiation protection

An important
component in
radiation
protection efforts
is efficient
calibration of
dosimeters.

T h e International Commission on
Radiation Protection (ICRP) released
new guidance in 1990 on international standards for radiation protection.
In response to changes in the international consensus, the Agency continues to revise its Basic Safety
Standards. Revised standards include
those on reduced occupational dose
limits; an extension of the radiation
protection system to include potential
exposures; and a more coherent treatment of the intervention required to
avert exposures following accidents
and in some situations involving
natural sources of radiation.

the development of a worldwide occupational exposure database to emphasize the importance of radiation
protection for workers in the nuclear
industry was initiated. Specifically,
efforts began on the unilateral or collaborative development of databases
of NEA/IAEA occupational exposure
statistics, a medical registry of radiation accidents, and a registry of sealed
sources and device controls.

Protection of the public following a nuclear accident was also the
focus of revised standards. Considerable progress was made on harmonizing international intervention levels,
and on defining and deriving numerical values for 'dose constraints' for
protecting members of the public
during routine operations.

The International Chernobyl
Project, in which some 200 experts
from 25 countries and 7 international
organizations participated, was completed in 1991. The project concluded
that, although there were significant
health disorders not related to radiation in the populations examined,
none of these disorders could be attributed directly to radiation. It was
noted, however, that the accident had,
and continues to have, considerable
psychological consequences. The
project results were presented to the
scientific community, the public, and
the media and its recommendations
were approved by an International Advisory Committee (IAC).

The Agency's co-ordinated research programmes on the development of information necessary for
effective application of the new
guidance continued. Collaboration in

Radiation protection of
the public and the
environment

The extensive medical data examined did not indicate a substantial
increase in the incidence of
leukaemia, cancer or hereditary effects. However, because of limitations
in the investigative and statistical
methods used in the project, the possibility of some slight increase in the
incidence of cancers cannot be excluded altogether. Cancer is responsible for more than 20% of all deaths,
and it has many causes. Unless the
number of radiation induced cancers

is large, it may be difficult to be certain that there is any effect attributable
to radiation.
Collaborative work on the use
and implementation of Prussian Blue
boli focused on its use to lower the
radiocaesium content of milk and
meat from the cattle grazing in contaminated pasture in affected areas.
Extensive field trials were carried out
with promising results. The method
seemed to be readily accepted by the
fanning community, particularly individual farmers, and it has been
shown to be an extremely cost effective
method for reducing contamination.

Radiation safety services
Four radiation protection advisory team (RAPAT) missions were
carried out in 1991 to Hong Kong,
Niger, Paraguay and Sierra Leone.
They reviewed immediate infrastructural needs and defined longer term
strategies for technical assistance and
co-operation in radiation protection.
Some 13 000 personal dose evaluations were conducted in 1991.
An international radon database
will be the depository of data from a
large number of national radon
programmes worldwide which will be
completed in the next 5 years. To
make the use of this data easier for
the scientific and regulatory community, a structured format for data
input was initiated with assistance
from the U.S. Environmental Protection Agency.

Activities at the Chernobyl
Centre for International Research continued and the legal framework,
which permits extensive international
research at the site, was established.
The actual level of interest shown in
1991 by foreign laboratories was less
than the scope of the studies offered.
The focus of current interest rests essentially with decontamination and
radioecology.

A new research programme was
initiated to assess the radiological impact of hot beta particles from the
Chernobyl fallout. It should provide
much needed data on the radiological
effects and health physics of exposure
to hot beta particles and should result
in practical recommendations on risk
estimation and radiological protection.

Sale transport of
radioactive materials
Changes proposed in the regulations governing safe transport of
radioactive materials center on the
new ICRP recommendations on radiation protection as well as the transport

Vegetables were
analyzed to determine
the radiological
consequences of the
Chernobyl accident.

of uranium hexafluoride. New draft
regulatory requirements for the
transport of large quantities of radioactive material by air are being revised.
The results of a recent research
programme on the radiation protection
implications of transport accidents involving radioactive waste were published and data was collected for
databases on accidents and incidents,
shipments of radioactive material and
exposures during transport.

Emergency planning and
preparedness
A comprehensive exercise of the
Agency's emergency response system
(ERS) was conducted in 1991 and
1992 following extensive training of
Agency staff. The exercise resulted in
modifications to organization and implementation procedures. Retraining
of the staff was conducted and preparations for the next exercise began.
The Agency continued the
development of specific guidance for
A worker is
checked as part of
radiation protection
practices for
workers at Trillo
nuclear power
plant in Spain.

Member States and international organizations for managing information and data exchanges during an
accident or emergency to avoid confusion and to promote the purposes of
the Conventions on early notification
and assistance.

Control and safe uses of
radiation sources
Three major radiological accidents that occurred in 1991 (in Spain,
France, and Belarus) resulted in overexposure of 31 people. A technical committee reviewed radiological accidents
in industrial irradiation facilities and
new information on earlier Italian and
Norwegian accidents was discussed.
A training manual on the safe
use and regulation of radiation sources is being developed and an international registry of radiation sources
and devices was set up to assist competent authorities in licensing procedures and to help identify lost and
abandoned sources and devices.

Safety of nuclear installations

T h e need to strengthen and integrate
international approaches to all aspects
of nuclear safety was underlined by
350 experts from more than 40
countries and 10 international organizations at the IAEA Nuclear Safety
Conference in 1991.

safety regime, including a step-byTomari nuclear
step approach that might ultimately in- pover plant, Japan.
elude a framework international
safety convention. The conference requested the governing bodies of the
IAEA to initiate organizational steps
in this regard.

The Conference expressed support for intensifying international
safety services such as the IAEA's assessment of safety significant events
team (ASSET) and operational safety
review team (OSART) missions and
by promoting the achievement of sufficient national regulatory oversight.
Support was expressed for using tools
such as the seven level International
Nuclear Event Scale (INES) to better
inform the media and the public
should incidents occur. There was
also agreement on exploring ways of
bolstering the international nuclear

Basic safety principles
and criteria
The Agency's international
nuclear safety advisory group
(INSAG) issued a report on current
reactor principles, the safety history
of nuclear plants, the nuclear fuel
cycle and future nuclear plant improvements. Probabilistic safety assessment (PSA) was also considered
by INSAG, which initiated the
preparation of a report on the capabilities, limitations, and development

An IAEA OSART team
at work in China.

of PSA methodology and guidance
for presentation and interpretation of
PSA results.
Safety guides on fire protection
and seismic design and qualification
were revised in 1991 by the nuclear
safety standards advisory group
(NUSSAG). The regulatory practices
relating to the monitoring and assessment of ageing nuclear power plants
was the subject of various peer discussions and meetings. A draft safety
practices document on regulatory inspection practices is under review in
13 countries.

OSART missions conducted in 1991
Country

Plant

Type

Sweden

Ringhals Units 3&4

PWR

China

Guangdong

PWR

Bulgaria

Kozloduy Unit 5

WWER

South Africa

Koeberg

PWR

Germany

Grafenheimfeld

PWR

Siting and design
As part of the Agency's engineering services, site and seismic safety
review missions were conducted at sites
in Indonesia and Tunisia, one plant
under construction in the Crimea, and
one in operation at Bohunice.
A preliminary approach to the
safety concepts for future nuclear power
plants was released in 1991 initiating
efforts to evaluate advanced plant
designs and to ensure that software
based systems contribute to safety in
nuclear power plants, and a programme
to provide guidance for safety related
software applications began.

Operational safety
The trial implementation period
of the INES for use in classifying incidents and accidents at nuclear power
plants ended in 1991. INES was extended to include research reactors, fuel
reprocessing, transportation and waste
management.

The scale was developed jointly
by experts from the IAEA and
Nuclear Energy Agency (NEA) to
standardize the reporting of nuclear
events worldwide ana facilitate communication. It categorizes events from
level zero for no safety significance to
level 7 for accidents with widespread
health and environemntal consequences. Thirty Member States committed
to use this system and 100 events
were disseminated through INES
during 1991.
While simple in concept, INES
has been shown to have a secure technical basis, and so far has proven successful as a tool for providing prompt,
clear, and consistent information on
nuclear events, whenever and wherever
they have occurred. Modifications and
minor improvements were introduced
by various consultants' meetings.
Meetings and studies conducted
on operational safety issues included
the safety aspects of maintenance at
nuclear power plants and the importance of modern diagnostic systems
that determine the status of safety related components, the exchange of

ASSET activities in 1991
Pakistan

Plant
Karachi

Belgium

Tihange/Doel

Spain

Trillo

Mexico

Laguna Verde

Republic of Korea

Seoul/Taejon

Netherlands

The Hague

Russian Federation

Kola

Russian Federation

Novovoronezh

Russian Federation

Kiev

Sweden

Stockholm

Country

safety experience with pressurized
heavy water reactors (PHWRs), and
nuclear power plant ageing.
The results of operational safety
review missions (OSART) in 1991
showed a variety of areas requiring attention. They include the need for fundamental organizational changes,
application of modem management
techniques, introduction of comprehensive quality assurance programmes,
Simulator training
improves control
room crew
performance.

Operational safety in
nuclear power plants
is the focus of Agency
effotf in many
Member States.

improved training, more qualified
operators in the control rooms, improved housekeeping, and a need to
reinforce industrial safety practices.
Follow-up visits indicated that
the recommendations and suggestions
of pre-OSART and OS ART missions
were being taken seriously by power
plant managements and had resulted
in improvements in operational safety.
The assessment of safety significant events team (ASSET) programme continued to receive attention from many countries. Two
ASSET missions to the Kola and
Novovoronezh plants in the Russian
Federation completed a series of five
ASSET missions to all plants with the
first generation Soviet designed 440
MW(e) Model 230 WWERs. A
recommendation was made to improve the operational safety of the
older WWERs to compensate for
some key design deficiencies.

Other safety issues
The final draft of a manual for
pre-planning accident management in
nuclear power plants was completed.
Emphasis was placed on generic acci-

dent management guidelines, evaluation of vulnerabilities, accident
management strategies, symptom
oriented emergency operating procedures, and systems utilization, training and organization.
In 1991, the Agency conducted
integrated safety assessment of research reactors (INSARR) missions in
Ukraine, Chile, and Brazil.
The Agency's PSA programme
and assistance activities are expanding in the area of PSA applications. A
number of case studies were prepared
by internationally recognized experts.
An international symposium on the
use of PSA was organized to provide
a forum to discuss major achievements and future directions in PSA as
well as to present practical experience
in its use for operational safety.
Other areas of interest in the
safety assessment of nuclear facilities
included decision aiding techniques
in nuclear safety and radiation protection; human factors and the safety culture; human performance indicators;
human factors in incidents reported;
and nuclear power plant automation
and robotics.

International nuclear safety assistance in Eastern/Central Europe
A number of developments are influencing
efforts to provide international assistance in
nuclear plant safety to countries in Eastern/Central Europe and the former Soviet
Union as the safety of Soviet-designed
nuclear power plants has become a matter of
great international concern.

ordination of assistance efforts. In briefing the
IAEA Board of Governors on this subject in
June 1992, IAEA Director General Hans Blix
emphasized that "a substantially strengthened
co-ordination strategy is called for" if nuclear
safety assistance is to be effective in Eastern
Europe.

In 1991, the IAEA completed the fact
finding phase of a comprehensive project to
study the safely of the first generation of
Soviet-designed water cooled and moderated
reactors (WWER-440/230) currently in operation in Bulgaria, Czechoslovakia, and the Russian Federation. Teams of international
experts visited 10 sites in Eastern Europe and
found serious design safety deficiencies as
well as hazaradous operational procedures.
However, the fact finding missions found that
WWER/230s also have features which make
them more forgiving to disturbances.

Dr. Blix further noted that, given the
IAEA's broad-based expertise and developed
infrastructure, the Agency might also be able
to carry out a substantial part of a much-needed
technical support role if sufficient resources
were made available. Such a role would include
monitoring programme implementation, interacting with regulatory bodies and financial institutions, and providing technical advice on
safety strategies and priorities.

The Agency will continue to play a key
role in the second phase of this project which
focuses—inter alia—on foilow-up assistance
to the nuclear power plant sites, assistance in
the in-depth analysis of specific safety issues
and eastablishment of a continuously updated
database containing information on plant
modifications.
Agency activities on the safety of other
reactor types in use in Eastern Europen
countries included an on-going programme to
prepare a detailed safety analysts report for
the later generation model WWER-440/213
plants; an on-going programme to review the
safety of the CANDU reactors under construction in Romania; and programmes aimed at
strengthening regulatory authorities in Eastern
Europe. The IAEA was also requested to start
a programme to assess the safety of the third
generation WWER-1000 reactors in operation in Eastern and Central Europe.
Concerning the general matter of international nuclear safety assistance to Eastern
Europe, the IAEA has offered to serve as a
clearinghouse to improve the international co-

Regarding graphite reactors (RBMKs)
in operation in the former Soviet Union, the
Ukraine, and Lithuania, the IAEA has initiated a project aimed at implementing timely
and practical improvements, and as a first
priority, plans to conduct a comprehensive
safety review of RBMKs to assist governmental organizations in the three States. The
IAEA is also exploring a liaison mechanism
to enhance co-ordination between the Agency, the Commission of the European Communities, and financial organizations,
including the World Bank and European
Bank for reconstruction and development.

Bohunice nuclear power plant in Czechoslovakia.

Safeguards
I he IAEA safeguards system has
gained wider attention as a vital tool
to assure that the world's commitment
to inhibit the spread of nuclear
weapons stays intact. Under agreements that States conclude with the
IAEA, Agency inspectors regularly
visit nuclear facilities to verify
records that States authorities keep on
the whereabouts of nuclear material
under their control, check IAEA-installed instruments and surveillance
equipment, and verify physical inventories of nuclear materials.
They record their findings which
are then evaluated; reports on inspections are then sent to the States concerned. Taken together, these and
other safeguards measures provide independent, international verification
that governments are living up to their

commitments to the peaceful uses of
nuclear technology.
As of 31 December 1991,180
safeguards agreements were in force
with 105 States (and with Taiwan,
China), compared with 177 agreements

Number of installations under Safeguards or containing
Safeguarded material
(as of31 December 1991)

Category

INFCIRC/1533 INFCIRC/66
Rev.2b

Nuclear
weapon States

Total

Power reactors

171

14

1

186

Research reactors and

146

22

1

169

7

3

0

35
4

9
1

0

10
45
5

5
36

i

i

7

6

4

46

52
456
385
0
841

3
59
28
2
89

0
8
0
0
8

55

critical assemblies
Conversion plants
Fuel fabrication plants
Reprocessing plants
Enrichment plants
Separate storage
facilities
Other facilities
Subtotals
Other locations
Non-nuclear installations
Total

a Covering safeguards agreements pursuant to NFTami/or Treaty of Tlatelolco.
b Hxcludiri£ installation* in nuclear-weapon States; including installations in Taiwan, China.

1

523
413
2
938

with 104 States (and with Taiwan,
China) at the end of 1990.
At the end of 1991, safeguards
agreements were in force with 88
States pursuant to NPT. Safeguards
agreements pursuant to the Treaty on
the Non-Proliferation of Nuclear
Weapons (NPT) entered into force
with Tuvalu and with South Africa
and in 1992 safeguards agreements
were concluded with the Democratic
People's Republic of Korea (DPRK)
and Syria.
NPT safeguards agreements have
already been concluded with 10 of the
11 signatories of the South Pacific
Nuclear Free Zone Treaty (Rarotonga
Treaty) and with 17 of the 23 Latin
American States party to the Treaty of
Tlatelolco.
During 1991, safeguards were applied in 41 States under agreements
pursuant to NPT or to NPT and the
Treaty of Tlatelolco, in one State
under agreements pursuant to the
Treaty of Tlatelolco and in 10 States
under INFCIRC/66/Rev.2-type agreements. At the end of 1991, safeguards
in one of these 10 States were being
applied pursuant to NPT.

"true milestone" in mutual efforts to
ensure the peaceful development of
nuclear energy and to establish an effective system of verification and control. President Collor described the
agreement as "one more page in the
history" of Brazil and Argentina's
"fraternal and promising relations,"
one that gives "new thrust" to the
process of non-proliferation and disarmament. The safeguards agreement
will enter into force once ratified by
the two countries.

Safeguards operations,
support and development
The Standing Advisory Group
on Safeguards Implementation
(SAGSI) continued its critical study
of new and unproved safeguards procedures. The principal areas addressed
included the categorization of nuclear
material, extended applications of randomization and advances in technology. SAGSI discussed and made
recommendations on the safeguards
research and development programme
for 1993-94.
Revised safeguards criteria were
introduced to be used for implementa-

In the presence of Presidents Dr.
Carlos Saul Menem of Argentina and
Dr. Fernando Collor de Mello of
Brazil, a comprehensive safeguards
agreement was signed in December
1991 between the Governments of Argentina, Brazil, the joint BrazilianArgentine Agency for Accounting and
Control of Nuclear Material (ABACC)
and the IAEA.
Both Presidents emphasized their
commitments to international peace
and security and their recognition of
the IAEA's central role in the process,
describing the safeguards agreement
as an historic step in their countries'
relations in the nuclear field. President Menem called the agreement a

IAEA Director General Hans Bttx (from left), Brazilian President
Collor and Argentinian President Menem at the signing of the
safeguards agreement.

tion and evaluation purposes in the
period 1991-1995. Measures were
taken, including modification of the
internal reporting system and the
development of new evaluation procedures, algorithms and software to permit evaluation of inspection goal
attainment for 1991 according to the
new criteria.
After technical review, facility
specific safeguards procedures required by these criteria were approved
for implementation. Introduction of
the revised criteria has led to increased
usage of dual containment and surveillance systems and zone approaches.
SAGSI reviewed the experience gained.
The Agency provided support
and development in areas including
Specially designed
seals are used to
prevent undetected
tampering with
safeguarded
materials and are
regularly checked
and verified (right).
Multi-camera optical
systems are used for
surveillance (below).

fuel fabrication plant safeguards; new
safeguards approaches for large-scale
reprocessing plants; instrumentation
for safeguards at a heavy water
production plant; and implementation
of the safeguards approach at a multiunit on-load reactor (OLR) nuclear
power station.
Alternative safeguards approaches
are being investigated as part of a
measure to improve safeguards goal
attainment on core fuel in the near
term at other multi-unit OLRs. Work
continued on the implementation and
further development of new safeguards
approach for OLRs under construction.
In consultation with other Member States, the Agency continued a
programme to develop safeguards requirements and methodologies for
geological repositories and to formulate a safeguards policy well before
such facilities start operation. A group
of consultants discussed safeguards
measures applicable to spent fuel
placed in geological storage, providing a basis for further development of
safeguards approaches and technical
means for its implementation.
Standardization activities increased in 1991 as a result of the implementation of the revised safeguards criteria, in particular resulting
in substantial revisions to the safeguards manual and procedures.
The Safeguards Analytical
Laboratory (SAL) and the Network of
Analytical Laboratories (NWAL) performed for calibration and quality control measurements of non-destructive
assay techniques, certification of
secondary reference samples, maintenance and improvement of off-site
destructive analysis, testing procedures for on-site destructive assay,
quality control of the analyses of inspection samples; and the measurement of samples taken in Iraq during
inspections.

IAEA inspections in Iraq
For the first time in the history of the
safeguards system, a state party to the
Non-Proliferation Treaty—Iraq—was
found to have violated its safeguards
agreement with the IAEA by not declaring and not submitting large quantities of nuclear material and related
facilities to the Agency's inspection.

AtTuwaitha,
glove boxes used
for plutonium
separation are
destroyed by
filling with
concrete (left).
IAEA inspectors
taking samples
from beryllium
rods in the field
(below).

IAEA inspection teams have
been investigating Iraq's nuclear capabilities since May 1991 following
the Gulf War under the terms of
United Nations Security Council
Resolution 687 (1991) directed at
eliminating Iraq's weapons of mass
destruction and the means to produce
and use them.
The resolution—which deals
with ballistic missiles, biological,
chemical, and nuclear weapons—expressly requested the IAEA to inspect
known or suspected nuclear sites in
Iraq; to destroy, remove or render
harmless as applicable, material and
equipment usable for nuclear weapons; and to develop a comprehensive
plan for future monitoring and verification of Iraq's compliance with the
requirements of the UNSC Resolution
687(1991).
IAEA teams, with the assistance
and co-operation of the United Nations Special Commission on Iraq,
had completed 13 on-site inspections
as of August 1992. The whole effort
in the nuclear area is being co-ordinated by a small Action Team,
which was appointed by the Director
Genera] of the IAEA in April 1991,
under the leadership of Professor M.
Zifferero.
The IAEA Board of Governors
declared Iraq in violation of its safeguards agreement at a special session
on 18 July 1991. It strongly condemned the government of Iraq for

not submitting nuclear material and
facilities in its clandestine uranium enrichment programme to the IAEA's
inspections, and expressed its grave
concern about "evident deception and
obstruction of IAEA's inspectors,"
who were denied access several times
to sites they wished to inspect. In accordance with its Statue, the IAEA
transmitted its conclusions to the
United Nations Security Council.
Iraq officially responded to the
Board's action in a letter to the United
Nations Secretary General on 23 July
1991 from its Minister of Foreign Affairs. Criticizing the action as "unfair
and unbalanced," he said the IAEA
"had rushed to pass judgment" and
that Iraq had "fully laid bare its
nuclear programme."
Results reported to the IAEA
Board and to the United Nations
Security Council show a detailed,
though not yet complete, picture of

safeguards agreement with the IAEA.
Inspections continue to investigate
the extent of Iraq's nuclear capabilities, concentrating on sites where
nuclear material or equipment may be
stored or installed and on the industrial
and technological infrastructure supporting the nuclear programme.

Centrifuge
vaccuum
housings are
destroyed by
crushing (top).
Inspection team
leader Demetrius
Perricos with an
explosives expert
(right).

Iraq's nuclear programme in the view
of the inspectors. IAEA inspection
teams have reported "conclusive
evidence" that Iraq had a "complex,
comprehensive nuclear weapons
development programme" and had
made "continued attempts to conceal
the true extent" of that programme.
Besides an ambitious and multifaceted uranium enrichment programme, the picture emerging
includes separation of gram quantities
of plutonium. Enrichment activities
were found to be substantial, and included two industrial-scale facilities
for producing highly enriched
uranium at Tarmiya and Ash Sharqat,
using the electro-magnetic isotope
separation (EM1S) method and a
broadly-based programme to produce
enriched uranium with ultracentrifuges. A chemical enrichment programme was also being pursued.
Iraq's interest in separating plutonium at its main nuclear research centre
at Tuwaitha, albeit on a very limited
scale, is considered noteworthy, especially since the activities should have
been but were not declared under its

In parallel with these inspection
activities, operations began to remove
highly enriched uranium research
reactor fuel assemblies from Iraq with
the assistance of Member States of
the Agency. IAEA inspectors have
destroyed, removed or placed under
Agency seals very large amounts of
nuclear material and equipment items
related to the enrichment and nuclear
weapons development programme.
More than 40 sites and hundreds of
buildings throughout Iraq have been
inspected.
Inspectors have collected
hundreds of samples of nuclear and
other materials for analysis by scientists at the IAEA's analytical laboratories at Seibersdorf near Vienna or
laboratories of Member States. In addition, in the course of the IAEA inspections, and in particular the sixth,
documents with thousands of pages
have been removed from Iraq for
translation and evaluation.
The eleventh IAEA inspection
focused on the destruction of key technical installations comprised of buildings and equipment at the Al Atheer/
Al Hateen nuclear weapons development site. Eight buildings covering a
surface of approximately 35 000
square meters and 29 equipment
items were designated for destruction.
During the twelfth inspection, the
destruction of the buildings and most
of the equipment was completed. The
team also initiated destruction activities
at the Tarmiya and Ash Sharqat EMIS
enrichment sites which were practically completed during the thirteenth
IAEA inspection.

With the destruction of key buildings and installations, Tuwaitha, Al
Atheer/Al Hateen, Tarmiya and Ash
Sharqat sites no longer will be equipped to undertake activities proscribed
under UNSC Resolution 687 (1991).
The verification of compliance by
Iraq with the requirements of the
resolution at these sites will rest on
the IAEA plan for future ongoing
monitoring and verification.

Strengthening of
safeguards
Apart from raising questions
about the true scope of Iraq's nuclear
capabilities, the inspections have intensified discussion about the need to
strengthen the existing IAEA safeguards system. At the February 1992
meeting of the IAEA Board, several
measures to strengthen the safeguards
system were discussed. Worldwide
focus following Iraq's non-compliance
has raised new questions about
whether the system that has operated
well for over two decades needs to be
modified, expanded and enhanced.
The very essence of nonproliferation commitments and their
verification is that neighbours,
regions and the world at large should
be able to rely upon them with confidence and without risking surprises
that could have disastrous security implications, Director General Blix told
the Board members. Although it is
not possible to reduce to zero the risk
that undeclared and impermissible
nuclear activities could take place
without detection, he has proposed
ways to considerably reduce the risk.
Following the Director General's
call to give more "teeth" to the safeguards system, the IAEA Board has
reaffirmed the Agency's ability to
conduct special inspections of undeclared facilities and activities on

which it has information in Member
States with comprehensive safeguards
agreements, when necessary and appropriate. It also agreed to expanded
requirements on the timely provision
and use of nuclear facility design data.
The Board called on states to provide preliminary information as early
as possible on programmes for new
nuclear facilities and activities, as
well as modifications to existing
facilities as soon as the decision to
construct, to authorize construction
or to modify a facility has been
taken. This information would be updated during project definition,
preliminary design, construction and
commissioning phases.
The Board also addressed proposals on universal reporting of the
export, import and production of
nuclear material, sensitive equipment and certain non-nuclear
materials. The proposals are intended to provide the IAEA with information which can be compared
to the State's declared nuclear activities. The Board will review these
proposals further at a later date.
Dies used for
calutrons are
destroyed by electric
torch (left). The
llth and 12th IAEA
inspection teams
destroyed numerous
buildings at the Al
Atheersite (below).

Technical and public information
the Agency's information base serves
as a breeding ground for national and
regional data and information centers.
By the end of 1991, the Agency's
largest database, the International
Nuclear Information System (INIS),
contained more than 1.5 million
records. INIS covers about 90% of
the world's published nuclear literature, including documents such as research reports and conference
proceedings that are not commercially
available.
This information is available
directly to Member States and organizations through officially appointed liaison officers. The Arab
Atomic Energy Agency and Albania
joined INIS in 1991, leaving total
membership at 80 countries and 16 international organizations.
Following suggestions made by
Member States and the recommendation of the 7th Advisoi> Committee
for INIS, the INIS was expanded to include the economic and environmental effects of using non-nuclear energy
sources and the subject classification
scheme was revised to conform to the
international scheme for physics.
T h e Agency has long been regarded
as the central international authority
on the peaceful development of
nuclear energy and its applications.
This clearinghouse role places the
Agency at the core in the establishment of a solid base of information on nuclear energy.
Extensive bibliographic, numerical and factual databases provide
statistics and references in response to
specific needs on specialized topics in
nuclear energy and related fields. And,
as a resource to its Member States,

The preparation, publishing, distribution, and sale of journals, books,
and reports in 1991 continued with a
cumulative total number of copies
sold during the Agency's publishing
history rising to over the 2 million
mark. The total number of copies of
priced publications which were distributed free to Member States stood
at 2.25 million at the conclusion of
the year.
A surge of media and public attention resulted in intensified public
information activities on the Agency's
Iraq-related activities in the wake of

Reference tools and databases

the Persian Gulf war and UN Security
Council Resolutions. An unusual number of newspapers and television stations produced stories on Agency
activities.
Other issues which attracted
major coverage in the media included
the International Chernobyl Project
and the Agency's safety-related work
on nuclear power plants in Central
and Eastern Europe.
In its efforts to aid public understanding of nuclear issues, the Agency has recently held information
seminars in Egypt, Hong Kong,
Japan, and Thailand, and a Public Information Forum in Vienna.

IAEA computerized databases and reference systems covering nuclear energy's international development include:
• International Nuclear Information System (INIS),
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 (INFOS),
a database covering existing and planned nuclear
facilities ranging from uranium ore processing to
waste management
• International Uranium Geology Information
System (INTURGEO), 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), database on
numerical data for scientific research in various fields
• 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.
Public acceptance and
understanding of
nuclear power and the
use of nuclear
techniques are
enhanced by public
visits to nuclear
facilities. Shown here
are a reactor model at
the Namaoka Nuclear
Exhibition Center in
Japan (opposite page),
the nuclear information
canter at KashiwazakiKariwa nuclear power
plant in Japan (top left)
andtheSelktfUU
Visitor's Center in the
United Kingdom (left).

IAEA information resources
The IAEA 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 to it
• 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 down
• 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 Thennonuclear 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

Training counts are
held at the Agency's
laboratories at
Seibersdorf.

Technical assistance activities are
geared toward helping Member States
achieve self-reliance in nuclear
science and technology. To assist Member States in the development of their
nuclear application programmes,
whether the ultimate goal is to produce
electricity or to improve food and
agricultural productivity, the Agency
provides assistance tailored to the
specific needs of its Member States.
In 1991, a total of 1 301 technical co-operation projects were operational. Some 2 306 expert assignments were carried out, 3 772 purchase orders for equipment and supplies were processed, training
programmes for 1 073 fellows and
visiting scientists were devised, and
109 regional and international training courses were organized as well as
40 national group training events.

Technical experts were sent to research centers 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 projects in the
field. Through these and other avenues,
the tools, skills, and experience vital to
the safe development of nuclear energy
and science are transferred to where
they are most needed.
Organizationally, technical cooperation activities are supported by
the IAEA's technical divisions and its
laboratories and research centres,
which additionally plan and implement other programmes for Member
States. In addition, co-ordinated 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 119 while active research contracts and agreements totalled 1 302.
During 1991, three additional
African Member States acceded to the
African regional co-operative agreement for research, development and
training related to nuclear science and
technology (AFRA). Thirteen
countries are now participating in the
programme. Four AFRA projects
were launched in 1991, one of which
was made operational with extrabudgetary contributions from France.

Technical assistance co-operation
implementation by region in 1991

Latin America
22.8%

Asia & Pacific
29.8%
Middle Easl
2.8%

Africa
21.1%

Interregional
9.1%
Europe
14.4%

Technical assistance co-operation disbursements
by area of activity in 1991
(in millions of dollars)

Nuclear power
Nuclear fuel cycle
Waste management
Food and agriculture
Human health
Industry/earth sciences
Phys/chemical sciences
Radiation protection
Safety
Safeguards
Direction/support
10

12

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
- useofagrochemicals
• livestock
- reproduction
- health
- nutrition
• healthcare
- radiation therapy
- nuclear medicine/diagnostics
Industrial applications
• non-destructive testing
• hydrology
- silt movements/desimentology
- geothermal 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

Technical assistance
is provided in the
field in areas suck as
plant breeding in
Africa.

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).
Extrabudgetary 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 are 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.

1991 IAEA General Conference
Governmental representatives including 15 ministers from 90 countries
adopted resolutions in various areas
of nuclear development at the 35th
regular session of the IAEA General
Conference. Mr. Jose Luiz de Santana
Carvalho of Brazil presided as President.
The adopted resolutions included
those relating to:
Nuclear safety and radiological
protection. Several resolutions were
adopted concerning measures to
strengthen international co-operation
in this field:
One resolution requested the
Director General to come forward
with specific proposals for actions
based on the findings of the international conference on the safety of
nuclear power to be taken within the
financial envelope of the Agency's approved 1992 budget and for consideration within the framework of the
1993-94 biennial programme and the
medium-term plan. It further invited
the Director General to prepare an outThe 35th IAEA
General Conference
at the Hofburg Palace.

line of the possible elements of a
nuclear safety convention for consideration by the IAEA Board of
Governors; to initiate a process for
developing a common basis for judging the acceptable level of safety of
all operating nuclear power plants
built to earlier standards; to set up an
expert group to develop safety principles for the design of future reactors;
and to come forward with proposals for
specific actions to address the
problems identified in the report of
the International Chernobyl Project.
Other resolutions adopted requested the Director General to
prepare a comprehensive proposal for
education and training in both radiation protection and nuclear safety; endorsed the Agency's policy and
procedures for the revision of the
Basic Safety Standards for Radiation
Protection; and requested the Director
General to transmit documentation to
the Secretary General of the UN Conference on Environment and Development (UNCED). These documents

contain important findings of the Helsinki Senior Expert Symposium on
Electricity and the Environment and
the International Conference on the
Safety of Nuclear Power; the international code of practice on the transboundary movement of radioactive
waste; and an update of a report on
IAEA activities in environmental and
other fields.
IAEA Safeguards in the Middle
East. The resolution called for the
Director General to take necessary
measures to facilitate the early application of full-scope Agency
safeguards to all nuclear activities in
the Middle East, particularly to prepare
a model agreement that includes the
views of the States in the region as a
necessary step towards creation of a
nuclear weapon free zone.
Iraq's non-compliance with its
safeguards obligations. The resolution strongly condemned Iraq's noncompliance with its nuclear nonproliferation obligations and its
safeguards agreements with the
IAEA. It demanded that Iraq immediately and fully comply with all its
nuclear non-proliferation obligations
and requested the Director General to
report the views of the General Conference to the Secretary General of
the UN and to report to the IAEA
Board of Governors and the next session of the General Conference on efforts to implement Security Council
Resolutions 687 and 707.
Israeli nuclear capabilities and
threat. This resolution once again
called for Israel to submit all its
nuclear installations to IAEA safeguards and requested the Director
General to consult with Israeli
authorities and to report on the matter
to the next General Conference session.
South Africa's nuclear
capabilities. Noting that South Africa
has signed a safeguards agreement

with the IAEA and committed itself
to early and full implementation of
the agreement, the resolution asked
the Director General to verify the
completeness of the required inventory of South Africa's nuclear installations and material.
Strengthening of IAEA activities.
Two resolutions were passed on this
subject. One requested the IAEA
Board of Governors and the Director
General to maintain and strengthen
the effectiveness and efficiency of the
safeguards system. The other requested that the Director General enhance technical co-operation activities
by developing effective programmes
aimed at improving the scientific and
technological capabilities of developing countries in the areas of peaceful
applications of nuclear energy and
achieving sustainable development.
Plan for producing potable
water economically. The resolution
stressed the importance of conducting
more regional studies on potable
water production in North Africa and
requested the Director General to
report on the progress of a detailed assessment of the cost of potable water
production with various sizes of
nuclear desalination plants at selected
promising sites.
IAEA budget and extrabudgetary
resources for 1992. The adopted
budget resolution approved expenditures of US $179 million for 1992, at
an exchange rate of 12.7 Austrian
schillings. The Conference also approved a target amount of US $52.5
million for IAEA Technical Assistance
and Co-operation Fund for 1992.
Other subjects. Other adopted
resolutions include those pertaining to
the Convention on the physical protection of nuclear material; staffing of
the IAEA Secretariat; the Statute of
the IAEA; financing of technical assistance; and the financing of safeguards.

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
organziation, established on 29 July
1957, in accordance with a decision
of the 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 General
Hans Blix

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."
The next Article describes how
the objectives are to be acheieved.

Deputy Director General
William J.Dircks
Department of
Administration

Deputy Director General
Jon Jenekens
Department of Safeguards

The IAEA 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 General

SueoMachi
Department of Research
and Isotopes

The IAEA 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 the IAEA in 1991
amounted to about US $227.9 million, including voluntary contributions
pledged for technical co-operation
programmes and extrabudgetary contributions offered for various activities.

Deputy Director General
Boris Semenov
Department of Nuclear
Energy and Safety

Deputy Director General
Jihui Qian
Department of Technical Co-operation

IAEA Member States
Afghanistan
Albania
Algeria
Argentina
Australia
Austria
Bangladesh
Belarus
Belgium
Bolivia
Brazil
Bulgaria
Cameroon
Canada
Chile
China, People's Republic of
Colombia
Costa Rica
Coted'Ivoire
Cuba
Cyprus
Czechoslovakia
Democratic Kampuchea
Democratic People's
Republic of Korea
Denmark
Dominican Republic
Ecuador
Egypt
El Salvador
Estonia
Ethiopia
Finland
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
Philippines
Poland
Portugal
Qatar
Romania
Russian Federation
Saudi Arabia
Senegal
Sierra Leone
Singapore
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

• Membership approved, not yet ratified: Lithuania, Yemen
A Applied for membership, but not yet approved: Croatia, Slovenia

Total: 113

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 'O1 for switchboard
Telefax: (+431) 234564
Cable address: INATOM VIKNNA
Dr. Hans Blix, Director General
IAEA Li;ision Office at United Nations Headquarters
IAEA Liasion Office, Foom DCI-1155, United Nations, New York, N.Y., 10017, USA
Telephone: (+1)212 9636010/12
Telefax: (+1)212 751 4117
Telex: 42 05 44 UNH or 68 01 501
Cable Address: UN HO New York
Telex/Cable: via UN HQ only
IAEA Office in Geneva
Room B 426, Palais ties Nations, CH-1211 Geneva 1, Switzerland
Telephone: (+041) 22 734 73 11 or 734 60 11 ext. 3620 or 731 02 11 ext. 3632
Telefax: (+41)22 733 16 18
Telex: 289696 UNO
Cable address: INATOM VIENNA
Seibersdorf Laboratory, A-2444 Seibersdorf, Austria
Telephone: (+43)2254-2251 OR 2254-3361 OR 2254-3951-6
Telefax: (+43) 1-234564
Telex: 1-112645 ATOM A
Cable address: INATOM VIENNA
IAEA Marine Environment Laboratory
19, Avenue des Castellans, MC 98000 Monaco
Telephone: (+33) 93 50 44 88
Telefax: (+33) 93257346
Telex: 479 378 ILMR
International Centre for Theoretical Physics
P.O. Box 586, Strada Costiera 11, Miramare. 1-34100 Trieste, Italy
Telephone: (+39)40-22-401
Telefax: (+39) 40-224163
Telex: 460392 ICTP1
Cable address: CENTRATOM TRIESTE
IAEA Office in Canada
Suite 1702/Box 20,365 Bloor Street East, Toronto, Onl. 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
Scibunkan Building, 509 Iidabashi 1 Chome, Chiyoda-ku, Tokyo 102, Japan
Telephone: (+81) 3-234 7186 or 3-234 7203
Telefax: (+81) 3-234 7214

IAEA at a glance
113 Member Slates
34 nongovernmental, intergovernmental & international organizations with consultative status or cooperation agreements
34 years of international service
2193 professional & support staff
US $ 192.4 million 1991 regular budget (at an exchange
rale of 11.65 Austrian Schillings to the dollar)
US $ 49.1 million technical assistance and co-operation
fund & extra-budgetary resources for technical co-operation
programme in 1991
3 international laboratories & research centres
4 liaison and field offices worldwide
1301 operational technical co-operation projects in 1991
2306 expert assignments in the field in 1991
2351 scientific fellows & visiting scientists trained
119 co-ordinated research programmes ongoing
1302 active research contracts & agreements
938 facilities in 5S Slates under international safeguards
2145 safeguards inspections performed in 1991
188 million pages printed in 1991 lor Agency publications
1.5 million records in the International Nuclear Information
System (INIS). the As:enc\\ lamest database.

