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Preface

Once again, the Agency's recent activities as mirrored in these pages have fea-
tured frequently and prominently in the public domain. Not only the media, hut
the public at large, have followed closely developments related not only to non-
proliferation and safeguards, but also to nuclear safety.

At the same lime the Agency has been engaged — less visibly perhaps, hut no
less actively and importantly — in efforts to revitalize the content of its technical co-op-
eration programme, putting more emphasis on substantive "model projects" and on
benefits to end receivers. These efforts have been welcomed by the membership and
will continue to be pursued with vigour.

A significant step forward in the safety field lias been achieved with finaliza-
tion of the International Nuclear Safety Convention which is about to be opened to
all States for signature. Through patient and persistent work, Member Slates have
agreed on an instrument which covers in broad terms the main elements which im-
pact on the safety of land-based nuclear power plants worldwide, whose accumu-
lated operating experience passed the 7000 year milestone in 1994. The
Convention establishes for the first time a legally binding international framework
within which nuclear power plants are to operate. While in no way substituting for
national regulatory responsibilities, it should help to reinforce both national safety
regimes and public confidence. The "peer review" process envisaged in the Con-
vention will not only provide an opportunity for mutual scrutiny and critical ap-
praisal of performance by Contracting Parties at regular intervals, but should also
serve to identify positively where timely, co-operative efforts may be required to
remedy situations which may be acknowledged as being unsatisfactory.

Apart from the steady growth of nuclear power in Asia, there is so far no tan-
gible evidence of a renaissance elsewhere. Yet the signs arc that difficult decisions
lie ahead for policy-planners, parliaments and the public alike, in determining envi-
ronmentally responsible energy mixes for the future. To disregard the contribution
nuclear power can make — and is already making — to reduce greenhouse gas
emissions would surely be a serious omission in a world where few such options
are realistically available and the burning of fossil fuels advances apace.

The Agency has continued to devote considerable attention to the safety of So-
viet-designed pressurized water and RBMK reactors, including the two still operat-
ing at Chernobyl. This latter issue is currently under consideration in the Ukraine,
as it confronts its acute economic and energy dilemmas, and at the highest political
levels among the largest industrialized nations as potential donors in the context of
assistance.

Public concerns about nuclear power arc nourished by such problems, as
well as by reports of low-level radioactive waste disposal at sea. The recent
ban on such disposal agreed in the context of the International Maritime Organi-
zation reflects governmental efforts to alleviate these concerns.

The most prominent dimension of nuclear affairs, however, as reflected in the
world's headlines, has continued to be the non-proliferation of nuclear weapons.
There has been good news, and less good news. The good news has come mainly



from positive developments in South Africa and the African continent as a
whole, as well as from Latin America: a nuclear weapon-free zone in Africa
seems now within reach, as does entry into force of the Tlatelolco Treaty; more-
over, Algeria and Argentina have announced their intention to join the Treaty on
the Non-Proliferation of Nuclear Weapons (NPT). With the NPT Review Confer-
ence on the horizon for the spring of 1995, at which the Treaty is up for exten-
sion, efforts are being deployed across a wide spectrum to bolster the regime as
a whole. They encompass individual approaches to the new republics of the
former Soviet Union, the negotiation of a Comprehensive Test Han Treaty, the
proposal for a cut-off of production ol fissile material for weapons purposes
and the concept of international storage and management of surplus plutonium.
They also include initiatives within the Agency itself to strengthen and optimize
the safeguards system and to compile data on the import and export of sensitive
nuclear materials and technology-

The less good news comes from North-Hast Asia. The period under review
saw the Democratic People's Republic of Korea (OPRK) announce its withdrawal
from the NPT, although the effectuation ol this withdrawal was suspended in mid-
1993- It look until March 1994 before the Agency was able to perform certain re-
quested inspection activities, and upon the discharge of the fuel from the 5 MWe
experimental power reactor at Yongbyon, it was denied the opportunity lo select,
segregate and secure a representative sample of rods for subsequent examination
to verify the operating history of the core. Following resultant action taken by the
Board of Governors at its June 1994 meeting, the DPRK notified its withdrawal
from the Agency effective June 13- Although this does not affect the DPRK's obliga-
tions under the NPT and its relevant safeguards agreement with the Agency, the ac-
tual possibility to conduct effective safeguards inspections in the DPRK is among
various elements clouded by uncertainly at the time of writing. Yet, it is indispensa-
ble for the DPRK, as a party lo ihe NPT and to a comprehensive safeguards agree-
ment, to accept the verification measures necessary in order to provide assurance
about the peaceful nature of its nuclear activities. Hist as the DPRK is entitled to ex-
pect other parties lo the NPT and full-scope safeguards to comply, these parties are
entitled to expect the DPRK lo do likewise.

It seems fair to say thai the lAHA's balance-sheet in the past year has been a
positive one. ILS promotional activities remain increasingly important for develop-
ment efforts. Nuclear safely activities are entering a new phase with adoption oi
the Convention, to be followed in due course by a Convention on the safe disposal
of nuclear waste. The commitment to non-proliferation continues to widen at the
same time as decision-oriented measures toward nuclear disarmament are in hand.
The Agency's experience in verification is a great asset in this situation, and keep-
ing the safeguards system up-to-date in terms of effectiveness and efficiency is cur-
rently one of its primary objectives.

I would venture the view in closing thai maintaining positive momentum de-
pends in no small measure on the continuing dedication and skill of those working
wild, and for the Agency in accomplishing its many tasks.

Hans Blix
Director General



Nuclear power

Nuclear power continued its trend
of modest growth in 1993- A total
of 485 nuclear power plants were
operating or being built around
the world during the year, accord-
ing to data reported to the Interna-
tional Atomic Energy Agency
(IAEA) Power Reactor Information
System (PRIS).

Nine nuclear power plants rep-
resenting 8988 MW(e) were newly
connected to electricity grids in
Canada, China, France, Japan, Rus-
sia and the USA, bringing the
world's total number of operating
reactors to 430 in 29 countries and
Taiwan, China. A total of 55 reac-
tors were reported to be under
construction in 18 countries.

Construction of six reactors with
a total capacity of 3665 MW(e) was
begun in Japan (1), Republic of Ko-
rea (2), Pakistan (1), and Russia (2).

Nuclear power's share of elec-
tricity production remained high in
eight countries representing close
to half or more of their total elec-
tricity use:

• Lithuania 87.2%

• France 77.7%

• Belgium 58.9%

• Slovak Republic 53.6%

• Hungary 43-3%

• Slovenia 43.3%

• Sweden 42.0%

• Republic of Korea 40.3%

Some 17 countries (including
Taiwan, China) relied upon nu-
clear power plants to supply at
least a quarter of their total electric-
ity needs. Worldwide in 1993, total
nuclear power generation

Workers perform a
hydrostatic test at
Kashiwazaki-
Kariwa, japan
(Toshiba).



Nuclear

Country

Argentina
Belgium
Brazil
Bulgaria
Canada
China
Cuba
Czech Republic
F'inland
France
Germany

Hungary
India
Iran
Japan
Kazakhstan
Korea, Rep. of
Lithuania
Mexico
Netherlands
Pakistan
Romania
Russia
South Africa
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
IJK
Ukraine
USA
Total

power reactors in operation and under construction
(as

Reactors in operation

No. of
units

2
7
1
6

22
2

4
4

57
21
4
9

48
1
9
2
1

2
1

29
2
4
1
9

12
5

35
15

109
430

Note: Taiwan, China has 6 units.

Total
MW(c)

935
5527
626

3538
15755
1194

1648
2310

59033
22559

1729
1593

38029
70

7220
2370

654
504
125

19843
1842
1632
632

7101
10002
2985

11909
12679
98784

337718

of 31 December

Reactors under
construction

No. of
units

1

1

1

2
2

4

5
2
6

7

1

1
5
4

4

1
6
2

55
4890 MW(e) in operation

Total
MW(e)

692

1245

906
816

1824

5815

1010
2392
5645

5770

654

300
3155
3375

1552

1188
5700
2330

44369

1993)

Electricity supplied
by nuclear power
reactors in 1993

TW(e).h °

7.2
39.5
0.4

14.0
88.6

2.5

12.6
18.8

350.2
145.0

13.0
5.4

246.3
0.4

55.4
12.3
3.7
3.7

0.4*

119.2
7.2

11.0
3.8

53.6
58.9
22.0
79.8

75.2*
610.3

2093.4

/oof total

14.2
58.9
0.2

36.9
17.3
0.3

29.2
32.4
11.1
29.7
43.3

1.9

30.9
0.5

40.3
87.2
3.0
5.1

0.9*

12.5
4.5

53.6
43.3
36.0
42.0
37.9
26.3
32.9
21.2

Total operating
experience to end

1993

Years

30
121

11
71

304
2

30
59

766
469

34
110

603
20
81
16
4

45
22

468
18
53
12

128
195
93

994
143

1810
6902

Months

7
7
9
1

11
5

8
4
5
1
2
3

7
6
1
6
9
9
3

6
3

5
3
8
2

10
2

11
8
2

33 TW(e).h of nuclear electricity generation, representing
33.5% of total electricity generated there; 74 years 1 month of total operating experience. Values with asterisk arc IAEA
estimates. Source: IAEA PRIS.

amounted to more than 2096.6
terawatt-hours of electricity. This
is more than the world's total elec-
tricity generation — 1912 terawatt-
hours — from all sources in 1958.
Cumulative worldwide operating
experience from civil nuclear reac-
tors at the end of 1993 was more
than 6900 reactor years.

The availability of inexpensive
coal and reduced demand for elec-
tricity in general have resulted in
less demand for power plants.
The demand for power in Hast

Asia, however, is growing with sev-
eral countries considering new nu-
clear power programmes in
addition to those already operat-
ing. Eastern and Central Europe
continue to confirm plans for fu-
ture nuclear programmes, as well.

Developing countries are ex-
pected to substantially increase
their demand for electricity as they
strive to improve their national
economies and quality of life.
Growing awareness of potential
health and environmental impacts



of electricity generation systems
are likely to continue to make the
nuclear option more attractive in a
broader range of countries.

Nuclear power
planning and
implementation

The Agency welcomed the
growing requests from Member
States for energy, electricity and nu-
clear power planning packages as
well as support and assistance in
carrying out energy, electricity and
nuclear power planning studies.
International organizations such as
the World Bank, the Asian Devel-
opment Bank and the Inter-Ameri-
can Development Bank have
adopted the Agency's planning
models for use in their Member
States. In particular, a computer
package for electricity expansion
planning has been adapted to the
specific needs of Latin American
countries with co-operation from
the Organization of Latin American
Developing Economies.

Member States received sup-
port for their technical co-opera-
tion projects in areas including
nuclear power programme plan-
ning and development, project fea-
sibility studies, infrastructure
development planning, manpower
development and project manage-
ment in countries including China,
Colombia, Egypt, Indonesia, Peru,
the Islamic Republic of Iran, Thai-
land, Romania, the Philippines, the
Czech Republic and the Slovak Re-
public.

In a persistent effort to main-
tain safe, reliable and economical
nuclear power, an IAEA review
meeting highlighted the current
training needs of plant personnel
in Member States to ensure that
high standards of qualifications

and competence were met. In co-
operation with the G-24 technical
working group on training, coun-
tries in Central and Eastern Europe
and in the former Soviet Union are
receiving assistance for personnel
training needs and priorities.

A personal computer version
of the updated Energy and Eco-
nomic Data Bank, Micro-EEDB,
will be released during 1994.
Country files on nuclear pro-
grammes in Member States have
been created and a special report
reviewing political, governmental,
economic, financial and technical
issues for decision makers to con-
sider prior to making a commit-
ment to a safe, economical and
reliable nuclear powc v programme
was published.

during the
manufacturing of
components is vital to
quality control.
(General Electric)



Nuclear power plant
performance

The Power Reactor Informa-
tion System (PRIS) database was
maintained and updated with re-
ports from the Agency's constant
monitoring activities at 430 nuclear
power plants. Access to this infor-
mation through an on-line service
provides a baseline of information
from which individual plants can
evaluate their performance and
provides increased public aware-
ness of the safety and reliability of
the world's nuclear power plants.

Quality assurance (QA) was
the focus of several efforts meant
to help instill a new culture into ex-
isting QA practices. In addition to a
review of QA documents, review
and assessment missions were com-
pleted in the Czech Republic, Hun-
gary and Pakistan. Other activities
covered nuclear power plant life
management, reactor pressure vessel
surveillance, and power plant instru-
mentation and control.

Advanced reactor
developments

A symposium held jointly
with the Korea Electric Power
Corporation in Seoul focused on
design and safety objectives, im-
pediments to and strategies for
the introduction of advanced nu-
clear power systems, as well as
options for international co-op-
eration in the improvement of re-
actor technologies. It was
agreed that the next generation
of water-cooled reactors cur-
rently under design and licensing
review would be the catalyst for
a revival of nuclear power in the
short- and medium-term.

A potential market for small
and medium-sized nuclear reactors

has been identified while in the
longer term, breeder reactors and
more innovative reactors may be
needed. Advanced reactor sys-
tems continue to attract interest be-
cause they harmonize enhanced
safety with greater simplicity and
they are economically competitive
with the current generation of nu-
clear power plants.

The Korean symposium high-
lighted the technical, economic and
sociopolitical factors which impede
future strategies to deploy nuclear
power. Some elements identified
were: insufficient public confi-
dence, the need to demonstrate that
solutions for waste disposal exist,
the need for a stable and efficient li-
censing process and the necessity
for regaining investor interest.
Greater efforts to enhance public
awareness of the economic and envi-
ronmental advantages of nuclear
power were recommended.



The turbine hall of Unit 3 at Forsniark
nuclear power plant, Sweden (Hansson/N).

The status of and progress in
advanced technology for existing
and new reactor designs, to-
gether with related national tech-
nology programmes, were
reviewed by the International
Working Group on Fast Reactors
(IWGFR). General findings in-
cluded the following:

• Most countries are in a pe-
riod of slow growth in de-
mand for new electrical gen-
erating capacity. (The Repub-
lic of Korea and Japan are
notable exceptions.)

• There is a trend towards evo-
lutionary or near term pas-
sive advanced water-cooled
reactors (AWRs) based on
proven technology that

would not require a proto-
type.

• There is an increasing empha-
sis by utility leadership on
harmonizing requirements for
future designs and implementa-
tion programmes and on the
need for greater collaboration
and standardization among
various utility interests.

Meetings held in Switzerland,
Canada and Beijing focused on the
thermohydraulics of advanced
water reactors and recent advances
in hot water reactors technology.
The IWGFR reviewed and dis-
cussed fast reactor programmes in
China, Japan, India, the Russian
Federation, Switzerland, UK, USA,
France, Germany and Italy. Meet-
ings on the evaluation of decay
heat removal by natural conven-
tion and the influence of low-dose
irradiation on design criticism in
fast-breeder reactors were also
held.

The International Working
Group on Gas Cooled Reactors
(IWGGCR) renewed the status of
national programmes in China,
Japan, the UK, France, and Swit-
zerland. Co-ordinated research
programmes continued on valu-
ation of safety-related physics cal-
culation, and predictive models
lor fuel and fission product be-
haviour and on heat transport
and after heat removal during ac-
cident conditions.

Desalination
Although the worldwide avail-

ability of potable water exceeds
the amount of water being used,
water resources are not evenly dis-
tributed. It is estimated that about
three quarters of the world's popu-
lation lacks safe drinking water.
Additionally, population growth, in-
creased pollution and reduction of



The 'iokamak
fusion reactor {AliA

Technology).

existing groundwater and surface
water resources are expected to ag-
grav.ite water supply problems,
particularly in arid regions.

The 1993 General Conference
reiterated its interest in desalina-
tion and encouraged Member
Stales to provide further support
for Agency activities in this area.
Recent efforts focused on the cou-
pling of nuclear reactors with de-
salination processes and studying
the feasibility of seawater desalina-
tion using nuclear energy. Studies
were carried out under the regular
programme of technical co-opera-
tion assistance to North African
countries and Saudi Arabia. In ad-
dition, information and data are be-
ing obtained on freshwater
resources and potable water de-
mands for selected subregions
through contacts with other inter-
national organizations.

Nuclear fusion
Various institutes participated

in a co-ordinated research pro-
gramme on lifetime predictions for
the first wall of fiision machines at
the thermal cycling facility of the
Joint Research Center of the Euro-
pean Union at Ispra. Future re-

search projects include a bench-
mark exercise on lifetime predic-
tion and an investigation on the
influence of delects on first wall
lifetime under thermal cycling con-
ditions.

A technical committee meet-
ing in the USA on fusion reactor
design and technology focused on
the status of programmes in China,
Japan, the Russian Federation, the
USA and the European Union. Dis-
cussions were also held on design
and technology issues beyond the
objectives of the International Ther-
monuclear Experimental Reactor
(1TER) project. Delegations from
the ITER parties met in Vienna to
sign Protocol 2 of the engineering

gn activities.

Under Protocol 2, the parties
will develop an engineering de-
sign to demonstrate the scientific
and technological feasibility of fu-
sion energy for peaceful purposes.
Information developed during the
course of the engineering design
activities will provide the basis for
future decisions on the construc-
tion of ITER. Protocol 2 specifi-
cally covers the parties' detailed
technical work through the end of
the agreement on 21 July 1998.



Nuclear fuel cycle

Agency efforts in the nuclear
fuel cycle are focused on assur-
ing the safety, reliability and eco-
nomic viability of nuclear fuel
cycle facilities, while minimizing
their environmental and health
impact. The programme focuses
on raw materials for nuclear fuel
performance and spent fuel man-
agement.

Nuclear raw materials
Efforts in the area of nuclear

fuel materials were directed to-
ward the compilation of informa-
tion on uranium resources and
production in Eastern European
countries and in the former Soviet
republics. Newly acquired infor-
mation was incorporated into the
new edition of the "Red Book" on
uranium resources, production and
demand in conjunction with the

Nuclear Energy Agency of the
OECD. The book now includes re-
ports from the Czech Republic,
Kazakhstan, Lithuania, Mongolia,
the Russian Federation, Slovakia,
Ukraine and Uzbekistan.

Overall world production of
uranium has continued to decline
since 1988, with estimated ura-
nium production in 1993 amount-
ing to about 32,700 t U. World-
wide reactor related requirements
for 1993 were estimated at over
59,OOC t U resulting in only 55% of
world requirements being met by
current production.

The projected 2010 uranium
demand is 230 percent of 1993 pro-
duction. The huge imbalance be-
tween present production and
projected demand causes an unsta-
ble situation for both uranium pro-
ducers and nuclear utilities.

An underground
uranium mine.
(Cogema/France)



Remote dismantling
of a hot cell. (AEA

Technology)

While part of the future re-
quirements may be met from de-
militarized HEU and mixed oxide
fuel from reprocessing, a substan-
tial amount must come from the
expansion of existing facilities and
the development of new produc-
tion centres. It is also expected
that market prices will have to rise
within the next few years.

A comprehensive report on
state-of-the-art uranium extraction
technology is the subject of a new
IAEA publication designed to pre-
serve the technology and operat-
ing 'know-how' developed during
the past decade. In addition, a
world map of uranium deposits
produced in co-opeTation with the
Geological Survey of Canada will
be published during 1994. The at-
las is viewed as an important con-
tribution to understanding the
world uranium supply.

Reactor fuel technology
and performance

A co-ordinated research pro-
gramme (CRP) on burnable absorb-
ers for light water reactor fuels
concluded that the use of burnable
absorber fuel is a well-established
technology following more than
20 years of commercial use in boil-

ing water reactors. A new CRP on
stress corrosion cracking in zirco-
nium alloys was initiated to gain in-
sight into the fundamental
mechanism of stress corrosion
cracking and to provide a means
to transfer technological know-
how in this experimental field
from the host laboratory to partici-
pating institutes in developing
Member States.

The influence of water chemis-
try on fuel cladding behaviour was
discussed at a meeting in the
Czech Republic. Issues reviewed
included corrosion and hydriding
with increasing burnup; the status
of studies contributing to the un-
derstanding of these phenomena
and their modelling, particularly in
the area of alternative water chemis-
try and improved cladding materials.

As a follow-up, a CRP on high
temperature, on-line monitoring of
water chemistry and corrosion was
recommended. Another CRP, in-
volving 13 countries, on fuel mod-
elling at extended burnup began
with a blind exercise carried out
on the basis of six experiments ir-
radiated in the Halden reactor.

Control materials presently
used in water-cooled reactors, as
well as improved materials, were
discussed at a meeting in Vienna.



Discussions focused on the per-
formance of absorber materials,
cladding, guide-tubes and guide-
cards and, more particularly, on is-
sues affecting and limiting the
lifetimes of control assemblies.

Spent fuel management,
technology and safety

There is an ongoing need for
additional storage pertaining to
fuel management, reported an advi-
sory group meeting on spent fuel
management. The group deter-
mined that spent fuel management
is a maturing and safe technology
and reviewed the Agency's pro-
gramme on spent fuel manage-
ment for 1995-96.

During a technical committee
meeting on away-from-reactor stor-
age (AFR) concepts and their im-
plementation, participants
exchanged information on the ex-
perience and prospects of design,
construction and operation of AFR
storage and defined areas for fu-
ture activity. A spent fuel manage-
ment database has been initiated
to provide information in support
of safe spent fuel management op-
erations.

Because of the abandonment
of the reprocessing option in some
countries and delays in the avail-
ability of final spent fuel disposal
in almost all countries, the prob-
lems of the management and ex-
tended interim storage of spent
fuel have increased in importance.
To provide a means of rapidly re-
sponding to requests for assistance
in this area, the Irradiated Fuel
Management Advisory Programme
(IFMAP) has been implemented. In-
terest in participating in IFMAP
has been expressed by several
countries. Hungary, for example,
was visited, at its request, by an ex-

pert team, which provided advice
on the safety of spent fuel storage.
To complement IFMAP, an inter-re-
gional training course on the man-
agement and storage of spent fuel
at power and research reactors
was held in France and attended
by participants from 20 countries.

A CRP on irradiation en-
hanced degradation of materials in
spent fuel storage facilities was
started to investigate materials be-
haviour in wet and dry storage fa-
cilities and to construct a
quantitative database to predict the
viability of extending the storage
of the materials over several more
decades.

Information on the
nuclear fuel cycle

The Nuclear Fuel Cycle Infor-
mation System database (NFCIS)
was updated to include a docu-
ment, to be published in 1994, pro-
viding information on 448 civilian
fuel cycle facilities in 43 countries.

Development work continued
on the nuclear fuel cycle and acti-
nide database that calculates acti-
nide inventories and fuel cycle
related data such as spent fuel aris-
ings, fuel fabrication requirements,
enrichment services and natural
uranium needs from the known
electricity generation outputs of
power reactors.

Another area attracting inter-
est is the increasing amount of plu-
tonium resulting from reprocessing
of spent civilian nuclear fuel and
nuclear disarmament measures.
The Agency started to develop a
worldwide database on separated
plutonium in civilian nuclear pro-
grammes. It is estimated the inven-
tory passed 100 ton during the first
half of 1994.



Radioactive waste
management

In response to increasing requests
from Member States for more inter-
national guidance and co-ordination
in radioactive waste management,
Agency activities in this area have
been heightened and re-focused.
They include the development and
promulgation of the radioactive
waste safety standards (RAD-
WASS), providing assistance to
build and strengthen waste man-
agement infrastructures in Member
States; developing radiological cri-
teria for waste disposal; and co-or-
dinating international radio-
logical/environmental assessment
projects.

The Agency's implementation
strategy also was shifted to pro-
vide more direct assistance to Mem-
ber States through advisory
services, expert missions, standard
design packages and tools for the
management of radioactive waste.

Handling, treatment,
conditioning and storage
of radioactive waste

The potential for advanced
technologies for the processing of
radioactive waste from the nuclear
fuel cycle is reviewed in a status re-
port of new technologies, empha-
sizing their applications to large-
scale operations.

The standardized design for a
conditioning and storage facility
for spent radiation sources will en-
able Member States to proceed di-
rectly with the construction of a
facility for the safe handling, proc-
essing and storage of spent radia-
lion sources. 'iTie standardized

design provides information on fa-
cility layout options for different cli-
mates as well as operating pro-
cedures, a generic safety assess-
ment and a model quality system
manual for the preparation of
waste packages.

A computerized database for
• racking sealed radiation sources
up to the point of final disposal, or
its return to the supplier, is being
developed. A lest programme for
field application is scheduled to
start in 1994 in selected Member
States. The database will assist
Member States in the management
of sealed radiation sources and re-
duce the risk of their being lost or
removed from proper radiation
protection controls.



Radioactive waste
disposal

Practical guidance on proce-
dures and guidelines to identify
and evaluate suitable near surface
disposal sites for countries produc-
ing small volumes of radioactive
waste is available in a new techni-
cal report. It includes technical ap-
proaches, procedures and
guidelines to identify and evaluate
potentially suitable sites; the re-
quired level of technical detail and
the relationship between the vari-
ous activities in each stage of the
siting process; and the importance
of public involvement.

Another technical report on
hydrogeological investigations of
sites for the geological disposal of
radioactive waste is being devel-
oped and will address Member
States' experiences; characterize
the hydrogeological system for vari-

ous geological host rock types;
and describe the disposal system
from the perspectives of hydro-
geology, stability and dynamic
processes.

A new research programme
will assess the long-term perform-
ance of waste isolation systems
through long-term predictiors
based on short-term laboratory
and field studies.

Decontamination,
decommissioning and
environmental restoration

The long term storage of shut-
down nuclear installations is the
subject of an Agency report which
aims to establish conditions and
safety requirements for nuclear in-
stallations that are left dormant
until final dismantling takes place.
Another technical report covers the
design and construction of nuclear

Research being
conducted in an
underground
test-site in
Switzerland to
study potential
effects of
radioactive waste
disposal.
(Nagra)



The hecii'V
manipulator

vehicle (HMV) is a
mobile handling
system designed

for remote control
operation in

life-endangering
environmental

conditions. (Mak
System GmbH)

power plants to facilitate decom-
missioning.

A technical report on decom-
missioning techniques for research
reactors will involve technical ex-
perience gained from individual re-
ports on first-of-its-kind projects.
General conclusions on decommis-
sioning techniques for different
types of research reactors can now
be drawn as the number of decom-
missioning projects has increased.

Undiscovered details of envi-
ronmental conditions are being re-
vealed as a result of recent
changes in Central and Eastern
Europe. The Agency has launched
a regional technical co-operation
project on environmental restora-
tion to identify and characterize in-
dustries as well as medical and
research facilities that are contami-
nated. The project will also deter-
mine the assessment risks and
environmental hazards posed by
those sites and foster the exchange
of technology and information on
site cleanup processes.

Radiological and
environmental aspects of
waste management

Recognizing the need to de-
velop safety criteria and resolve
other issues for radioactive waste
repositories, particularly for waste
requiring long time-scale isolation,
a special sub-group of the Interna-
tional Radioactive Waste Manage-
ment Advisory Committee
(INWAC) was founded in 1991.

To date, the sub-group has
tackled a number of important is-
sues including the time periods
into the future for which it is neces-
sary to perform safety assessments;
the nature of the indicators of
safety which should be used at dif-
ferent times in the future; the inter-
face between the requirements for
international safeguards and those
of radioactive waste management;
and the actions required in the
post-closure phase of a repository.

Since 1974, the Agency has ful-
filled the role as the competent in-



ternational body on matters related
to radioactivity to the Convention
on Prevention of Marine Pollution
by Dumping of Wastes and Other
Matter (London Convention 1972).
The Agency has developed and
provided most of the scientific
bases of the Convention as well as
most of the scientific input in-
cluded in technical reports. These
include the reports considered at
the 16th meeting of contracting par-
ties to the London Convention in
late 1993 where a decision was
taken to totally prohibit the dump-
ing of all types of radioactive
waste at sea.

In response to concern ex-
pressed by the contracting parties
of the London Convention over
the disclosure of high level radioac-
tive waste dumping in the Arctic
seas, the Agency initiated the Inter-
national Arctic Seas Assessment
Project (IASAP) to evaluate the
health and environmental risks
posed by wastes that have been
dumped and to evaluate the need
for, and feasibility of, possible re-

medial actions. Under the pro-
gramme, the IAEA Marine Environ-
mental Laboratory (IAEA-MEL)
participated in the Norwegian-Rus-
sian exploratory cruise to the Kara
Sea to sample and analyze sea
water and sediment samples, and
organized analytical laboratory con-
trol exercises for the participating
laboratories.

Waste management
planning and
infrastructure

The Radioactive Waste Safety
Standards programme (RADWASS)
continues to be the foundation
block of the Agency's waste man-
agement programme reviewed by
the International Radioactive
Waste Management Advisory
Committee (INWAC). The pro-
gramme now includes 55 docu-
ments comprising 1 safety
fundamental, 6 safety standards,
28 safety guides and 20 safety
practices.

Storage facility for
irradiated reactor

fuel. (AECL)
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INWAC also recommended
that the Agency link technical assis-
tance involving nuclear materials
with the requirement that a na-
tional waste management pro-
gramme be planned or established.

Direct assistance and support
for national waste management
programmes continued through
the radioactive Waste Management
Advisory Programme (WAMAP).
Two regular WAMAP missions
were conducted in 1993-

International peer reviews of
the national waste management
programmes of Finland and the
Czech Republic were conducted as
part of the Agency's Waste Manage-
ment Assessment and Technical Re-
view Programme (WATRP).

In response to 'Agenda 21' of
the United Nations Conference on
Environment and Development, a
series of four national waste man-
agement projects with significant
impact on the protection of the en-

vironment have been developed.
In addition, a programme for assis-
tance to the newly established
states of the former Soviet Union
on radiation protection and waste
management has been initiated.

Marine radioactivity
monitoring

The IAEA-MEL provided ana-
lytical quality control services to
more than 150 Member State insti-
tutions. The IAEA-MEL also acts
as a central facility for the collec-
tion and synthesis of data on radio-
activity in the world's oceans and
seas for a database that will pro-
vide information on the levels of
radioactivity in sea water, sedi-
ments and biota.

The laboratory continued the
development of modern, sensitive
and cost effective methods of ra-
dioactivity monitoring and emer-
gency response, including in situ
underwater and sea-bed gamma
spectrometry and aerial gamma
spectrometry.

IAEA-MEL continued its work
on the application of nuclear and
isotopic techniques to study ma-
rine carbon fluxes, by participating
in oceanographic cruises in the
Mediterranean and Adriatic Seas.
Shorter surveys off the Rhone and
Po rivers were also made to exam-
ine the importance of river outflow
on offshore fluxes of particulate
carbon and associated elements
and radionuclides.

IAEA-MEL also joined the
Agency's Emergency Response Sys-
tem and began an assessment of the
feasibility of its involvement in an ex-
panded environmental monitoring
programme in which waste effluents
may provide useful signals in the
marine and aquatic environment.



Comparative assessment
of energy sources

There is an increasing need to in-
corporate health and environ-
mental aspects in planning and
decision making for the electricity
sector. Members States are seeking
to design and implement electricity
supply strategies aimed towards
meeting demand at the lowest cost
while minimizing the impacts of
electricity generation and use on
human health and the environment.

To assist Member States to as-
sess and compare the potential
role of nuclear power and alterna-
tive energy sources in electricity
supply strategies, the Agency is
pursuing, in co-operation with
other international organisations,
a programme leading to the de-
velopment and dissemination of
data bases and analytical tools.

The programme, an inter-agency
joint project called DECADES [Data
bases and mEthodologies for Com-
parative Assessment of Different
Energy Sources for electricity gen-
eration] is being carried out jointly
by nine international organisations.
These include the Commission of
the European Communities (CEC),
the United Nations Economic and
Social Commission for Asia and
the Pacific (ESCAP), IAEA, the In-
ternational Bank for Research and
Development (IBRD), the Interna-
tional Institute for Applied Systems
Analysis (IIASA), the Nuclear En-
ergy Agency (NEA/OECD), the Or-
ganizations of Petroleum Exporting
Countries (OPEC), the United Na-
tions Industrial Development Or-
ganization (UNIDO) and the World
Meteorological Organization

The combustion of
fossil fuels leads to the
release of massive
quantities of carbon
dioxide, and sulfur
and nitrogen oxides.
(Wretling/Tiofoto)



Alternative energy
sources include

geothermal plants
such as this one at
Larderello in Italy.
(Mouchkin/IAEA)

(WMO), with support from other
organisations such as the United
Nations Environment Programme
(UNEP) and the World Health Or-
ganization (WHO).

Computer tools for comparative
assessment of different electricity
generation options and strategies
have been reviewed and publish-
ed. Computerized databases on
the technical, economic, health
and environmental aspects of elec-
tricity generation chains are being
developed. These databases are de-
signed for use on personal comput-
ers and will be maintained and
disseminated through workshops
and seminars. The reference tech-
nology database (RTDB), which
contains technical and economic
parameters and emissions and re-
siduals from electricity generation
chains using fossil fuels, nuclear
power and renewable energy
sources, will be released in 1995.
An analytical tool for incorporating
health and environment aspects in
electricity system expansion plan-
ning also is being developed.

Specific aspects of the nuclear
fuel chain have been analyzed in de-
tail and a study on the assessment of
the health and environmental im-

pacts of nuclear fuel cycle facilities
has been undertaken. Studies on
comparative assessment of the en-
vironmental impacts of waste from
electricity generation systems and
on waste management costs for nu-
clear power and other electricity gen-
eration sources also have been
completed.

Two co-ordinated research
programmes (CRPs) on case stud-
ies to assess and compare the emis-
sions, residuals and health and
environmental impacts of nuclear
power and other options have
been initiated to strengthen the co-
operation between national insti-
tutes working on these topics in
different Member States. Some 30
projects are being carried out in
the framework of these two CRPs.

An international symposium
on "Electricity Health and the Envi-
ronment", will be held in the
framework of the DECADES pro-
ject in October 1995, hosted by
Sweden. The symposium will
bring together analysts and plan-
ners to exchange information and
views on approaches to compara-
tive assessment and their use in
the decision making process for
the electricity sector.

In the field of comparative as-
sessment of global environmental
impacts of different electricity sys-
tems, the Agency has contributed
to the preparation of the second-as-
sessment report (SAR) of the Inter-
governmental Panel on Climate
Change. Jointly with NEA/OECD,
the Agency has been responsible
for drafting the sections of the SAR
dealing with nuclear power and its
potential role in alleviating green-
house gas emissions from the elec-
tricity sector. The Agency is also
participating in the peer review of
some chapters of the SAR which
will be published in 1995.



One of the few organizations with
its own laboratories to support
technology transfer, the IAEA pro-
vides research and scientific assis-
tance to developing countries at
their request.

The Agency's laboratories at
its headquarters and at Seibers-
dorf near Vienna provide services
for Agency programmes in phys-
ics, chemistry, hydrology, nuclear
medicine and agriculture jointly
with the Food and Agriculture Or-
ganization (FAO).

Mainly through training
courses, on-the-job-training and
laboratory services, the Laborato-
ries help to transfer nuclear tech-

IAEA laboratories
niques used to combat a variety of
problems in agriculture, medicine
and industry. For example, the
Laboratories support establishment
of measurement standards for ra-
diation therapy. They also produce
and distribute standardized kits
used to improve animal breeding
practices and to control disease.

The IAEA-Marine Environ-
ment Laboratory (IAEA-MEL) in
Monaco carries out studies of radio-
activity in the marine environment,
collaborating with oceanographic
institutes worldwide and conduct-
ing projects in c operation with
the United Nations Environment
Programme (UNEP).

Visiting fellows from
IAEA Member States
are trained in the use
of nuclear techniques
at IAEA Laboratories.



IAEA-MEL scientists collect marine
organisms off the coast of Monaco
(above), studies in soil science are

conducted at the Seibersdorf
laboratories (right) and samples

are tested at the Safeguards
Analytical Laboratory (below).



Food and agriculture

A food market in
Guatemala (Norsk
Hydro).

The joint Food and Agricultural
Organization (FAO)/IAEA pro-
gramme in food and agriculture is
designed to assist Member States
in using nuclear techniques in
their agricultural research and devel-
opment efforts to improve the quan-
tity and quality of food produced on
a sustainable basis, reduce food

losses, improve soil fertility, crop
production and water availability
and protect the environment.

Progress was made in the
genetic improvement of crops
through the combined use of in-
duced mutations and various other
techniques such as in vitro propa-



Agricultural
research is key in

the development of
new types of

fertilizers as ivell as
the enmronnmental

effects of their use.
(ENEL)

gation and cloning, double hap-
loids, DNA-based marker muta-
tions, electrophoresis of proteins
and flow cell cytometry for measur-
ing ploidy.

Additional improvements
were achieved in wheat, rice, bar-
ley and common bean in the first
phase of ARCAL VII, the Latin
American regional project. Pro-
gress has also been made in im-
proving plant architecture as well
as oil quality and content by
means of a co-ordinated research
programme (CRP) on genetic im-
provement of oil seed and indus-
trial crops.

In Africa, improvements
have been made in the cooking
quality of cassava, grain quality
of African rice and drought toler-
ance of sorghum. The transfer of
advanced mutation and plant
breeding technologies was facili-
tated through training activities.
Many participants in interre-
gional training courses held at
the Agency's Laboratory at
Seibersdorf became counterparts

in technical co-operation projects
and contract holders in CRPs.

Soil fertility, irrigation
and crop production

Significant advances were
made in 1993 in work to restore
damaged soils and improving the
efficiency of water use and phos-
phorous uptake by crops. Certain
sorghum and millet cultivars which
are productive when grown on
salty soils have been identified.
More economical use of water for
irrigated sugar cane became possi-
ble with the discovery that irriga-
tion can be greatly reduced or
omitted during the period when
the plant tillers, thereby reducing
water requirement by 30% without
loss in yield.

Also identified were geno-
types of wheat that are superior in
water use efficiency and yields, as
well as provenances of the gum-
arabic tree Acacia smregal that are
productive in drought prone areas.
These studies seek to optimize the
use of plant nutrients lor sustain-



able agricultural practices and envi-
ronmental protection through the
search for genotypes of food crops
that are highly efficient in the use
of limited supplies of water and
phosphorus.

In a four-year study the yields
of cowpea increased between 37
and 86% in salt-affected soils pre-
viously cropped with salt-tolerant
cultivars of millet and sorghum.
Similar observations have been
made with lentil, rice, soybean,
wheat, barley and tree species
such as Casuarina, Terminalia,
and Sesbania.

The agriculture laboratory at
Seibersdorf continued to support
the programme to optimize the
use of plant nutrients for sustain-
able agricultural practices and envi-
ronmental protection. Activities
included preliminary studies on
greenhouse gases such as methane
and nitrous oxide, training in the
use of nuclear technologies in
soil/plant studies and isotope
analysis, international quality assur-
ance services and the use of the
mass spectrometer to determine

stable carbon isotope ratios of 13C
enriched materials.

Plant breeding and
genetics

Progress was made in the ge-
netic improvement of crops
through the combined use of in-
duced mutations and various other
techniques.

Useful mutations were in-
duced in banana clones, which cul-
minated in the development of a
new variety showing superior char-
acteristics in advanced trials in Aus-
tralia, Columbia, Cuba, Egypt,
Honduras, Malaysia and Pakistan.
Improvements were achieved in
wheat, rice, barley and common
bean in the first phase of ARCAL VII.

Progress was also made in im-
proving plant architecture and oil
quality and content through a CRP
on genetic improvement of oil
seed and industrial crops. Mutant
varieties released include three
rapeseed varieties in Bangladesh
and China, and 19 sesame varie-
ties in Egypt and the Republic of

Nuclear techniques
are used to improve
the quality and yield
of banana plants as
part of the FAO/IAEA
plant breeding
programme.
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in developing
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Korea. These results have gener-
ated the realistic expectation that
the techniques can be employed
to modify the quality of oil and
proteins according to the specific
needs of human nutrition, animal
feeding and industrial applications.

In Africa, increased emphasis
is placed on basic food crops
which has already resulted in im-
proved yields of locally adapted va-
rieties of cassava, yam, sweet
potato, plantain, sorghum, African
rice and some legumes.

Protocols and techniques spe-
cifically developed at the Agency's
Laboratory for genetic improve-
ment of a crop genotype are being
directly applied in national pro-
grammes. More than 600 radiation
service treatments for 48 Member
States were provided by the IAEA
Laboratory.

Animal production and
health

The quality and quantity of
nutrient supply is the principle de-
terminant of productivity through-
out a wide spectrum of animal
species and production systems.
Studies based on isotopic methods
have led to dramatic increases in
growth rates, milk production

and/or reproductive efficiency by
improving the nutrition of rumi-
nant livestock through supplemen-
tal feeding with locally available
agroinduslrial by-products such as
urea, molasses, palm kernel cake,
rice polishings and legume tree
leaves.

The development of feeding
and breeding strategies to improve
the productivity of ruminant live-
stock in developing countries was
the subject of two regional and
one interregional co-ordinated re-
search programmes.

Covering a wide variety of
livestock species (cattle, sheep,
goats, old and new world camels
and buffaloes) and agroecological
zones in Africa, Asia and Latin
America, the programmes focus on
isotopic methods to define nutri-
tional and reproductive problems
with respect to producing milk,
meat and fibre, and to research
ways to overcome constraints cost
effectively. A major recommenda-
tion arising from the programmes
was the need to better identify the
objectives of feed supplementation
since individuals within animal
populations have different re-
quirements.

Work continued on provid-
ing technical guidance and stand-



ardized immunoassay kits to detect
antibodies in cattle blood forsero-
monitoring of rinderpest in sup-
port of the Pan-African Rinderpest
Campaign (PARC).

A co-ordinated research pro-
gramme (CRP) resulted in the suc-
cessful transler to African
institutes of highly sensitive and
specific antigen enzyme linked
immunosorbent assay (IiLISA) di-
agnostic tests for cattle and
camel trypanosomiases. This has
substantially enhanced national
and regional capabilities to diag-
nose these diseases.

The Agency recently estab-
lished, with FAO, a central labora-
tory within the existing animal
production unit of the Agency's
laboratory at Seibersdorf. It will de-
velop and distribute immunoassay
based disease diagnostic kits in
support of programmes assisting
veterinary services in developing
countries to control and eradicate
major diseases as well as to pro-
vide validation and international
standardization of immunoassay
test kits for the diagnosis and sur-
veillance of selected viral, bacterial
and parasitic diseases of livestock
in developing countries.

The Seibersdorf laboratory
also has provided technical sup-
port for projects in animal repro-
duction and nutrition through the
production and distribution of
standardized and validated kits for
measurements of hormones and
metabolites.

Insect and pest control
A greatly expanded sterile in-

sect technique (SIT) project to
eradicate the medfly was initiated
in Zanzibar, United Republic of
Tanzania to eradicate trypanosomi-
asis by eradicating the tsetse fly.

Progress is also being made on de-
veloping I:i sterility for control of
the diamondback moth, a major
pest of vegetables throughout the
world.

Development of radiation in-
duced Fi sterility lor control of
Lepidoptera pests affecting major
food and fibre crops in developing
countries continues. Prospects for
increasing the efficacy and econ-
omy of using SIT have been en-
hanced by the successful
development of the "Vienna 42" ge-
netic sexing strain of the medfly.

Efforts continue on develop-
ing an overall genetic sexing sys-
tem for insects. This third phase
of the project is based on the use
of molecular biology and genetic
engineering techniques combined
with radiation induced genetic
changes and concentrates on fruit
flies and tsetse flies.

Laboratory activities in sup-
port of the insect control pro-
gramme included the provision of
more than one million tsetse flies
to the SIT project in Zanzibar.

The sterile insect
technique (S/T) is used
to reduce food losses in
Member States.



Agrochemicals and
residues

As a follow-up to 'Agenda 21'
of the United Nations Conference
on Environment and Develop-
ment, assistance has been given to
Member States to obtain analytical
facilities to control the quality of
pesticide formulations (products)
on the market and to monitor pesti-
cide residue levels in food and the
environment to support the enforce-
ment of relevant legislation. In addi-
tion, analytical quality assurance
procedures are being introduced in
CRPs, technical co-operation projects
and interregional training courses.

chlorine insecticides on agricul-
tural ecosystems in Africa.

The IAEA and FAO encourage
the development of controlled re-
lease and other formulations of
pesticides using nuclear tech-
niques. Two major outcomes of a
CRP, with assistance from the
Agency's Laboratories, was a for-
mulation of deltamethrin, for use
on target screens deployed in
tsetse fly control programmes. In
this formulation deltamethrin re-
tains its insecticidal properties in
the field much longer than in the
commercially available formula-
tion. A controlled release formula-
tion of the herbicide thiobencarb
was developed for use in paddy rice.

Nuclear techniques
are used to study the

effects of pesticides
and fertilizers on

crops and the
enmronment. (ENEL)

In its efforts to monitor pesti-
cide residues in food and the envi-
ronment, the Agency supported
work to determine which methods
for extracting and refining vegeta-
ble oil are most effective in reduc-
ing pesticide residues. In tropical
soils, DDT dissipates relatively
quickly, a recent CRP determined.
Fifty percent of an application dis-
appears in a few months, as com-
pared with the 4-10 years that are
normal in temperate regions. Ac-
tivities continue in the programme
to study the effects of organo-

Food preservation

According to the World
Health Organization (WHO), para-
sitic and bacterial diseases com-
bined represent the most frequent
cause of death (35%) worldwide in
1990, the majority of which oc-
curred in developing countries.
Diarrheal diseases cause about
25% of deaths in developing coun-
tries, and it is estimated that in up
to 70% of cases, food is the vehi-
cle for transmission of causative
agents. In developed countries
such as the USA, up to 33 million
cases of food-borne diseases occur
each year. Salmonellosis alone ac-
counts for about 2 million of these
cases and is estimated to cost the
U.S. economy $2.5 billion annually.

Use of irradiation in combina-
tion with other food processes
would result in increased variety
and improved quality of food and
would facilitate wide food distribu-
tion in both advanced and devel-
oping countries, a new report
concludes.



The Agency and FAO contin-
ued efforts to facilitate the use of
food irradiation on a commercial
scale in developing countries with
the first group of countries to be
identified for assistance including
Chile, China, Mexico and Morocco.

The major economic benefits
of food irradiation became clear at
a symposium held in France where
it was determined that food irradia-
tion, especially of fruits and vegeta-
bles, was found to have economic
advantages for disinfestation over
the use of methyl bromide — the
most widely used fumiganl for
food and agricultural products.

The International Consultative
Group on Food Irradiation (ICGFI)
was extended until May 1999- It
works closely on food irradiation
issues with the IAEA, FAO, the
Genera! Agreement on Tariffs and
Trade (GATT), the International
Trade Centre (ITC) and the World
Health Organization (WHO). Fu-
ture work will place emphasis on
the requirements for overcoming
food problems in trade along with
close collaboration from other in-
terested international organizations
and those representing consumers
and food industry.

A UNDP funded co-ordinated
research programme (CRP), con-
ducted as part of the Asian re-
gional co-operative project on
food irradiation, was concluded. At
the final meeting held in the Re-
public of Korea, the process con-
trol and acceptance of the food
irradiation process was empha-
sized.

Participants from 13 countries
reported successful test marketing
of several irradiated food items
and reported that irradiation has
been used for processing food for
commercial purposes in China, In-
donesia, Japan, the Republic of Ko-

rea and 'Ihailand. During the pro-
ject, large demonstration irradia-
tion facilities were built in
Bangladesh, China and Vietnam
and one commercial irradiator was
built in Indonesia. More than
130,000 tonnes of food have been
irradiated in these countries during
the last five years.

A detailed proposal for intro-
ducing commercial scale food irra-
diation in developing countries
was approved by the Board of
Governors. The proposal de-
scribes the purpose and prereq-
uisites for governments to
participate, the types and extent of
assistance, information to be pro-
vided by the IAEA and FAO, and
estimates of the costs of such assis-
tance, including the costs of an irra-
diation facility and associated
infrastructure.

Food irradiation
continues to gain
acceptance
worldwide.
(CFA/Jacuzzi).

une qualitefmicbeur
4 him



Human health
The Agency's human health pro-
gramme places greater emphasis
on creating mechanisms to reach
the users of nuclear medicine and
radiotherapy instruments in devel-
oping countries. It also aims to
promote schemes lor quality assur-
ance in clinical processes to in-
crease effectiveness.

Nuclear medicine
In an effort to strengthen

and upgrade nuclear medicine
capabilities in Member States, the
Agency has set up technical co-
operation projects and regional
co-operation programmes in
which gamma cameras and com-
puter systems have been installed;
several in the Africa region. To-
mographic imaging systems also
were procured to upgrade capabili-
ties in organ imaging.

Preventive maintenance and
fault repair of nuclear medical in-
struments have been integrated
with quality control checks
through new co-ordinated research
programmes (CRP) in Asia and
Latin America. Significant steps
were taken towards establishing lo-
cal supplies of reagents for screen-
ing of hepatitis B infection in Asia.
I "he screening programme was
based on bulk reagent radioimmu-
noassay methodology to reduce
costs while maintaining the reliabil-
ity of assay results.

Agency efforts to enhance the
capabilities of developing coun-
tries to perform dynamic func-
tional studies included recent
advances in the application of ra-
dionuclide techniques in the diag-

An MRIscan of the head. (NRPB)

nosis and management of disor-
ders of the kidney and the urinary
and gastrointestinal tract.

Progress also was made in
screening for neonatal hypothyroid-
ism and optimizing radionuclide
based molecular techniques to di-
agnose tuberculosis and blood
borne diseases such as hepatitis,
Chagas disease, AIDS and malaria.

Nuclear techniques used in
the early diagnosis of cancer are
the locus of other significant work
in several Agency CRPs. One has
introduced the use of labelled
monoclonal antibodies to diagnose
colorectal cancer. Results are en-
couraging in that the accuracy of
the method for early detection of



local recurrences and distant metas-
tasis was found to be at least as
good as, and in many cases supe-
rior to, that obtained by alternative
methods.

Another covers therapeutic-
strategies in patients with breast
cancer by studying the biological
sensitivity of tumours in order to
identify those that would be ame-
nable to hormonal therapy.

Applied radiation
biology and radiotherapy

In the field of applied radia-
tion biology and radiotherapy, em-
phasis was placed on upgrading
and strengthening indigenous
.skills and capabilities in develop-
ing countries for therapeutic man-
agement of malignant tumours.
The main topics dealt with were

computer assisted radiotherapy
planning for cancer of the cervix
and head and neck tumours, the in-
troduction of new techniques for
brachytherapy of cancer, and the
building up of a database of radio-
biological criteria to determine the
responsiveness of human tumours
to radiation.

ITie Agency has instituted a tis-
sue bank programme which was
extended to include 12 developing
Asian Member States, permitting lo-
cal production of tissue grafts in ac-
cordance with the regional criteria
for clinical safety and quality.

The development of after-load-
ing techniques, which effectively
eliminate the exposure of staff to
radiation, has resulted in a general
resurgence of interest and an in-
creasing role for brachytherapy in
cancer management. A new CRP
in this area is aimed at exploring
the potential for introducing high
dose rate brachytherapy tech-
niques and transferring the skill
and technology to developing
countries.

Other CRPs in the field of ra-
diation biology have included an
assessment of the mechanism in-
volved in mutagenic and carcino-
genic effects from exposures to
low level radiation and genotoxk
chemical pollutants, respectively
Results confirming the existence of
an adaptive response to low dose
radiation were obtained through
another CRP. The findings may
have an impact on the interpreta-
tion of low dose radiobiological ef-
fects and, in particular, may be
important in related risk assess-
ment studies

Dosimetry
The jointly operated

IAEA/WHO network of Secondary



Standard Dosimetry Laboratories
(SSDL) now includes 67 laborato-
ries and six national organizations
in 54 Member States. The network
continues to provide dose inter-
comparison and assurance services
as well as support for technology
transfer.

In the area of dose intercom-
parison and assurance, the Agency
continued operation of the
IAEA/WHO Thermoluminescent
Dosimetry (TLD) Service for radio-
therapy centers of Member States.
A trial dose intercomparison was
performed for 17 electron beam
qualities of medical accelerators.
The different steps in the transfer
of calibrations for dosimeters from
the primary via secondary standard
laboratories to the users were dis-
cussed at a symposium on meas-
urement assurance in dosimetry.

A quality assurance pro-
gramme for radiation therapy has
been started in co-operation with
the European Society for Thera-
peutic Radiology and Oncology
(ESTRO) in order to improve ra-
diation dosimetry at radiation
therapy centres.

Nutritional and health
related environmental
studies

The Agency's human nutrition
programme has achieved new rec-
ognition in efforts to provide assis-
tance in the development and
application of nuclear techniques
to solve problems in developing
countries. Work conducted during
1993 focused on a number of pro-
jects relating to protein energy mal-
nutrition and micronutrient
malnutrition.

A CRP was initiated on the ap-
plication of stable isotope tracer

methods in studies of amino acids,
protein and energy metabolism in
malnourished populations of devel-
oping countries. Its goal is to pro-
vide a scientific basis to tailor
dietary intake to meet nutrient re-
quirements during recovery follow-
ing infection in malnourished
children.

Work continued under a CRP
on micronutrient malnutrition in 11
countries focusing on iron defi-
ciency anaemia, the world's most
prevalent nutritional deficiency
which affects more than 2 billion
people in more than 100 develop-
ing countries. These techniques
are expected to simplify research
aimed at improving iron nutrition
through better selection and
preparation of locally available
foodstulls.

Applied research on air pollu-
tion using nuclear related analytical
techniques is the focus of another
Agency CRP under which agreement
was reached on the detailed proto-
cols to be followed for the collection
and analysis of airborne paniculate
matter in urban and remote areas of
each of the participating countries.
At a regional seminar on environ-
mental applications of radiation and
isotopes in Santiago, Chile, it was
concluded that nuclear analytical
techniques are highly suitable for
multi-element instrumental analysis
of a wide range of environmental
samples.

Many of the same themes
also have been taken up in a sub-
project on nuclear analytical tech-
niques which is part of a recently
established joint UNDP/Regional
Co-operative Agreement for Re-
search, Development and Training
Related to Nuclear Science and
Technology (RCA) project on the
use of isotopes and radiation to
strengthen technology and support



environmentally sustainable devel-
opment.

In conjunction with 'Agenda
21' of the United Nations Confer-
ence on Environment and Develop-
ment, the Agency signed a new
memorandum of understanding
with the Intergovernmental
Oceanographic Commission (IOC)
of the United Nations Educational,
Scientific and Cultural Organiza-
tion (UNESCO) and the United Na-
tions Environment Programmme
(UNEP). The programme is to en-
sure co-ordination of joint pro-
grammes centred at IAEA-MEL.

Last year saw the introduction
of a new 'umbrella' project be-
tween UNEP and IAEA-MEL to in-
crease support of the programme.
Within this framework, IAEA-MEL
provides comprehensive technical
support to assess marine pollution
as well as services to international
pollution monitoring programmes.

For example, work continued to as-
sess the impact of oil related pollu-
tion in Kuwait and Saudia Arabia
stemming from the 1991 Gulf War.

Radiotracer techniques have
been developed to study the trans-
fer and fate of pesticides in tropical
lagoon systems. In collaboration
with the Mazatlan Marine Station of
the National Autonomous University
of Mexico, an assessment of con-
tamination and cycling of pesticide
residues in a coastal lagoon in
northwestern Mexico has been
completed.

The Agency provided Member
States with advice on rapid and in-
strumental separation methods for
monitoring radionuclides in food
and environmental samples. Sup-
port also continued in the develop-
ment and selection of analytical
techniques and procedures to
measure accidentally released ra-
dionuclides in the environment.

New technologies have
improved diagnostics
and treatments. (AEA
Technology)





The Agency's activities in the area
of industrial applications of radia-
tion and radioisotopes have fo-
cused on non-destructive testing
(NDT), nucleonic control systems
for on-line mineral analysis and
methods to minimize industry-
related environmental pollution.

Activities continue in the use
of radiation technology to remove
toxic gases from coal fired power
stations, while evaluation of some
geothermal fields in Asia indicate
new lines of investigation for fu-
ture applications of isotope tech-
niques in geothermal exploration.

Industrial applications

The use of nuclear techniques
in the preservation and authentica-
tion of cultural heritage was re-
viewed by consultants which
recommended new co-ordinated
research projects (CRP) be initiated
in this area. Such preservation
and authentication activities will in-
clude the use of gamma radiation
to help conserve archive materials
and tracer techniques to study dete-
rioration of cultural objects.

Nuclear techniques used to
evaluate healing pathways of pol-
lutant damage in the environment
is the subject of a new CRP. The in-
itial meeting in Warsaw deter-
.mned the plan to evaluate one of
ihe pathways of chromium, an in-
Juslrial pollutant released to the
ecosystem of rivers. The specia-
tion, complexity and distribution
of heavy metal pollutants have
been investigated.

Industry and earth
sciences

Poland has been selected as
the site of a model project as part
of the ongoing efforts in the proc-
essing of flue gases from coal burn-
ing and the reduction of the
emission of toxic gases to the at-
mosphere using electron beam
technology. Work has begun on a
feasibility study for a large-scale in-
dustrial project.

Development of water
resources

Work continued in 1993
with field studies and applications
in numerous Member Stales, in-
cluding water resources assess
menl and interrelations between
surface waters and groundwaters.

A large water resource re-
gional project, funded by Germany
and involving 13 Latin American
countries and 14 field projects, has
been completed. The projects cov-
ered surface water and groundwa-
ter pollution, the connection
between river and aquifer systems,
salinization problems, groundwaler
resource evaluation and vulnerabil-
ity to pollution and lake dynamics.

An ongoing regional techni-
cal co-operation project covering
some eight countries in the Middle
East includes various hydrological
field investigations carried out with
isotope techniques. Field studies
associated with the project have
shown good results.

isotope technology has con-
tributed to the identification of
groundwater origin as well as infor-
mation about the altitude of re-
charge and hydrogeological



In the energy industry, various radiation technologies are used for assessing potential oil and
gas resenvs. (CEA)

characteristics of aquifers in Peru.
These techniques have been valu-
able in the identification of new
water resources to respond to the
scarcity of resources in coastal ar-
eas of Peru.

The results of a CRP study of
isotope data in hydrology showed
that linear lumped parameter mod-
els, based on input-output isotope
concentration variations, are useful
to describe hydrological systems.

New methods to assess water
resources using isotope techniques
continue to be the focus of a CRP
for Asia and the Pacific, Africa and
the Middle East. Investigations
have demonstrated powerful re-
sults from the use of isotope meth-
ods in geothermal exploration as
well as assessment of geothermal
resources.

Groundwater pollution studies
should emphasize protection from



industrial, agricultural, urban and
domestic pollution and rational
(sustainable) exploitation of
groundwater resources, according
to a consultants group on isotope
techniques in groundwater pollu-
tion studies. The group endorsed
the use of isotope techniques in
identifying the origin, paths and
fates of pollutants in groundwater,
as well as the assessment of aqui-
fer vulnerability to pollutants.

A recent symposium on the
application of isotope techniques
in studying past and current envi-
ronmental changes in the hydro-
sphere and the atmosphere
demonstrated that isotopes are
among the most powerful tools to
investigate past environmental and
climate changes and their causes.

These studies could help to formu-
late hypotheses and predictions of
changes in the 21st century.

Consultants also discussed the
status of stable isotope reference
standards and intercomparison
samples distributed by the Agency
for isotope analyses performed for
hydrological, geochemical and en-
vironmental studies.

The Isotope Hydrology Labo-
ratory continued to support
Agency projects and programmes
through the analysis of water sam-
ples. Assistance and training serv-
ices were provided by the
laboratory to Member States setting
up new laboratory facilities for en-
vironmental isotope analysis, or
for the upgrading and strengthen-
ing of existing facilities.

In Senegal, locally
excavated ivells are
often the main source
of water, lixperis
involved in an lAliA
project are among the
scientific teams
studying
groundivater sources
in the region



Physical and chemical
sciences

Magnetic tape units
ttsed for information

storage (Pfiefer)

Activities continued in ellorts lo
provide nuclear scientists in
Agency Member Slates with reli-
able and up-to-date nuclear dala
libraries and to ensure that data
measured and evaluated in one
country are available to scientists
and engineers in all Member
Stales. Improved data centre ser\ -
ices were offered through the com-
puterized on-line Nuclear Data
Information System (NDIS) and the
Atomic and Molecular Data Infor-
mation System (AMDIS).

A 1993 programme at the In-
ternational Center for Theoretical
Physics encompassed a range of
activities that included research,
high level training courses, train-
ing at Italian laboratories, confer-
ences, workshops and topical
meetings

The Agency continued to pro-
vide support in activities related to
the improved operation and utiliza-
tion of research reactors in Mem-
ber States and guidance and
advice were given to establish new
research reactors and to upgrade.

refurbish a n d i m p r o v e e x i s t i n g la-
c i l i t i e s .

Nuclear and atomic data
for applications

A direct link from the
Agency's VAX computer to the
international computer network
INTHRNKT was installed to pro-
vide improved remote access to
Agency databases. All data re-
ceived are checked, documented
and made available to researchers
in Member Stales on magnetic
tapes or personal computer disk-
ettes, as printed materials, or
through the on-line Nuclear Data
Information System (NDIS).

During 1993. the Agency ful-
filled about ""()() requests Ironi sci-
entists in -5 Member Slates for
experimental and evaluated data
and related documentation, data
processing codes and publication^

Progress had been made in
the development of the Agency's
atomic and molecular plasma-male-
rial interaction database system.



ALADDIN, which now operates
with on-line access and contains
about 20 fusion research relevant
specific databases

The Agency also has been ac-
tive in the establishment of interna-
tional reference libraries of nuclear
and atomic data for use in fission
as well as fusion reactor technol-
ogy. Some 23 laboratories from 18
countries participated in the pro-
ject to establish improved nuclear
data sets for fission reactor technol-
ogy and safety.

Several new atomic and mo-
lecular databases in the fusion area
were released, including a recom-
mended database for the collision
process of hydrogen atoms with
electrons, protons and multiply
charged ions, a similar database
for lithium atoms, an evaluated da-
tabase for the sputtering of fusion
relevant materials upon light ion
impact and a database on the light
ion particle and energy reflection
coefficients from material surfaces.
Consultants meetings have recom-
mended that data libraries be estab-
lished for tritium retention in
fusion reactor plasma facing and
structural materials and for atomic
and plasma-surface interaction
data needed for detaiJed predictive
modelling of fusion plasma disrup-
tions and the associated erosion of
reactor wall materials.

A new handbook was com-
piled on atomic and molecular
data for radiotherapy. It contains
data on physical processes which
occur in human tissues exposed to
different types of radiation: pro-
ions, neutrons and charged parti-
cles. Recommended sets of data
needed for dose determination
and evaluation of radiation in-
duced effects in tissues at molecu-
lar and biological levels are also
presented. The handbook is in-

tended lor use by specialists in ba-
sic radiation research, dosimetry in
tissues (including microdosimetry)
and radiation therapy.

Nuclear instrumentation
More than 50 technical co-op-

eration projects on nuclear instru-
mentation were given support
during the year In an effort lo
make recipient countries self-reli-
ant in nuclear instrument mainte-
nance, national, regional and
interregional training courses and
workshops were conducted in
China, Indonesia, Kenya, Madagas-
car, Myanmar and Viet Nam.

Regional co-operation projects
in Latin America and Asia focused
on the maintenance and servicing
of nuclear instruments while a pro-
gramme to provide spare parts in
the regions continued.

In the area of nuclear spectros-
copy, the development of com-
puter software for nuclear
applications continued, with an im-
proved version of SPEDAC, a pro-
gramme for the transfer and
reformatting of spectra, for Mi-
crosoft DOS and a new version of
SPEDAC for the Microsoft Win-
dows environment.

Laboratory activities included
technical assistance to establish
and/or upgrade infrastructures for
the repair and maintenance of nu
clear instruments in developing
Member States, particularly in thi
Africa region. Other special insiru
ments developed with Agency as
sislance included a spectrum
stabilizer module and an energv
dependent area monitoring system

The laboratory was also in
volved in the design and construc-
tion of special instruments and
training kits, including construction
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of a stack monitoring system for a
research reactor in Viet Nam. This
system will be used to monitor
gaseous samples containing radio-
active particulate, iodine and no-
ble gases released from a reactor
stack. In addition, the laboratory
used a new capillary-based X-ray
microfluorescence system for local
analysis and elemental mapping of
geological materials, coal-rock in-
terfaces, individual air particles
and fused glass discs.

Group fellowship training
courses were conducted in the re-
pair, servicing and design of nu-
clear instruments and computer
interfaces, and in methodology
and applications of XRF techniques.

Theoretical physics
The main fields of research

and training for research at the In-
ternational Centre for theoretical
Physics (ICTP) in 1993 were funda-
mental physics and astrophysics,
condensed matter physics, mathe-

matics physics and energy, physics
and the environment, physics of
the living state, applied physics
and high technology.

More than 150 scientists from
developing countries carried out re-
search at Italian academic and in-
dustrial laboratories under a
programme which started in 1982
with the financial support of the
Italian Ministry for Foreign Affairs
in Rome. The Centre also spon-
sored 63 activities, courses, work-
shops and symposia in 29
countries.

The 1993 Dirac Medals of the
ICTP were awarded to S. Ferrara
(Theory Division, CERN, Geneva),
D.Z. Freedman (Department of
Mathematics, Massachusetts Insti-
tute of Technology) and P. van
Nieuwenhuizen (Department of
Physics, State University of New
York at Stony Brook), for their dis-
covery of supergravity theory in
1976 and their major contributions
in the subsequent developments of
the theory.



In addition, the 1993 ICTP
Prize, in honor of J.F. Schrieffer,
was awarded to D. Dhar, Tata Insti-
tute of Fundamental Research,
Bombay, India, in recognition of
his contributions in the field of
condensed matter physics.

Research reactors and
particle accelerators

Support continued for activi-
ties related to the improved opera-
tion and utilization of research
reactors in Member States, with em-
phasis on conversion to low enrich-
ment fuels, support of funda-
mental and applied research pro-
grammes and technical issues aris-
ing from the continued operation
of old reactors. Guidance and ad-
vice were given for establishing
new research reactors and for up-
grading, refurbishing and improv-
ing existing facilities,

Chemistry
In chemistry, the focus was

on the production of high quality
radioisotopes, radiopharmaceutical

development, in irivo diagnostic
kits, radioimmunoassay/immunora-
diometric reagents and assay proce-
dures. Technical support was
provided for expanding applications
of new radiopharmaceuticals for
functional studies of the heart and
brain, and for SPECT imaging.

Progress was made in a CRP
on alternative technologies for
99Tcm generators based on low tem-
perature sublimation and gel elu-
tion. A new CRP on optimization
of the production and quality con-
trol of radiotherapeutic radionu-
clides and radiopharmaceuticals
was initiated.

At a meeting held in Rabat,
Morocco, actions were taken to ex-
pand the applications of radioim-
munoassy (RIA) in a cost effective
manner and to streamline the pro-
duction of RIA reagents kits at
three production centres in Africa
which are at various stages of de-
velopment. The publication of an
Agency booklet, entitled RIA Prac-
tice for Africa, has been initiated to
expand the awareness of the po-
tential of RIA in Africa.

Scientists from
developing
countries recieve
in-depih training
in physical and
chemical sciences
at the Agency's
laboratories.



Radiation protection

International
radiation

fimU'clUm efforts
include «>i

emphasis <»>
t'/t>nimttmf> the

abuse of the world >
environment

i>a>1icnlarly its
oceans.

T h e continued evolution of the
new international standards for pro-
tection against ionizing radiation
;ind the safety of radiation .sources
was at the heart of the Agency's ra-
diation protection programme dur-
ing the year.

Agency efforts have contin-
ued on an integrated programme
to incorporate the ideas and con-
cepts from the new standards into
the guidelines for the safe trans-
port of radioactive material. Other
activities focused on practical assis-
tance to Member States in the sale

handling, use and disposal of radia-
tion sources and development of
national information for radiation
protection.

Basic radiation safety
policy

New standards for protection
against ionizing radiation and the
safety of radiation sources are
nearing completion under the
sponsorship of six international
organizations including the



Agency, Food and Agriculture Or-
ganization of the United Nations
(FAO), International Labour Organi-
sation (ILO), Nuclear Energy
Agency (NEA) of the OECD, Pan
American I leallh Organization
(PA1IO) and World Health Organi-
zation (WHO).

Working groups addressed
control of exposures to radon in
work places other than under-
ground mines, as well as possible
variations of the dose limitation re-
quirements in exceptional circum-
stances and the limitation of
potential exposures' that could oc-
cur following unplanned events
such as accidents, errors or equip-
ment failures. Approval of the ba-
sic principles, criteria and
standards for radiation safety is ex-
pected during 1994.

A programme for education
and training in radiological protec-
tion and nuclear safety was en-
dorsed by the IAEA General
Conference. The programme aims
to strengthen national radiation/nu-
clear safety infrastructures to en-
able long term education and
training in the subject areas to be-
come self-supporting.

A joint IAEA-United Nations
Development Programme (UNDP)
initiative to strengthen radiation
protection and nuclear safety infra-
structures in countries of the for-
mer Soviet Union was launched
with a forum for information ex-
change held at the IAEA. It was at-
tended by senior representatives
from 13 Republics of the former So-
viet Union. Statements were pre-
sented outlining the current status
of radiation protection and nuclear
safety and identifying areas where
improvements, as well as interna-
tional assistance, were needed.

Several fact finding missions
have been conducted to Armenia,
Estonia, Kazakhstan, Kyrgyzstan.
Latvia, Lithuania, and Uzbekistan.
The second phase of the pro
gramme, now underway, is the
preparation of assistance packages
lor the countries concerned. 'Ihis
will be followed by the third phase,
implementation of the assistance,
during the second half of 1994.

Occupational radiation
protection

In providing support and guid-
ance lor occupational radiation
safety, Agency activities have in-
cluded new guidance in response
to anticipated increases in decom-
missioning efforts that will involve
large unskilled labour forces. The
NEA/OECD and the Agency signed
an agreement to co-operate in the
development of an information sys-
tem on occupational exposures
(ISOE) to stimulate the exchange
of data on methods to reduce ra-
diation exposure in nuclear powei
plants. Other activities included as-
sistance in the selection, use, main-
tenance and training for personal
protective equipment used in nu-
clear facilities including respiratory
protection, protective suits, hoods,
gloves and boots.

In providing support and guid-
ance for the workplace and in indi-
vidual monitoring, the Agency and
the Commission of the European
Communities (CEO conducted the
first international criticality
dosimetry intercomparison in
nearly 20 years. Participants used
accident dosimeters and simulated
biological dosimetric techniques to
evaluate the dose that would have
been received by exposed individu-
als following an accident.
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Documents were prepared on
workplace monitoring, personal
monitoring, dosimeter require-
ments, calibration of radiation
protection monitoring instru-
ments and occupational expo-
sures to external radiation.

New guidance for the medi-
cal community on the assessment
and treatment of internal and ex-
ternal contamination as the result
of an accident was prepared. The
document summarizes interna-
tional experience, including the
decontamination measures used in
the Chernobyl and Goiania acci-
dents. Additionally, a new docu-
ment was prepared paying special
attention to the medical manage-
ment of local skin radiation inju-
ries, which are considered to be
the most frequent type of injury in
radiation accidents.

Radiation protection of
the public and the
environment

Background work on limiting
releases of radioactive materials
continued and a new programme
to collect and review environ-

mental monitoring data with the
collaboration of United Nations Sci-
entific Committee on the Effects of
Atomic Radiation (UNSCEAR) and
World Health Organization (WHO)
was initiated.

A final product of the pro-
gramme will be a database includ-
ing external radiation levels and
radioactivity concentrations in at-
mospheric aerosols, precipitation,
drinking water, groundwater, sur-
face water, sea water, selected bio-
indicators and food items under
normal conditions.

Other Agency activities in-
cluded the review of the assess-
ment and control of radon
exposures. Steps were taken to im-
prove the quality of radon meas-
urements, which, in turn, will
facilitate the international intercom-
parability of data.

Safe transport of
radioactive materials

Member States have reviewed
and updated the Agency's regula-
tions for the safe transport of radio-
active material and work continues
to incorporate the new Interna-
tional Commission on Radiological
Protection (ICRP) recommenda-
tions and the Agency's new stand-
ards for protection against
ionizing radiation and safety of ra-
diation sources into the transport
regulations.

New material for genera! pro-
visions on radiation protection was
developed with special attention
on salient issues such as the devel-
opment of new values to measure
maximum quantities of radionudides
that could be released in an accident,
radiation levels around packages, ex-
emption levels, and radionuclide
specific contamination levels.



The International Maritime Or-
ganization (IMO) recently adopted
a code for the safe carriage of irra-
diated nuclear fuel, plutonium and
high-level radioactive wastes in
flasks on board ships. During its
second session in Vienna, the joint
IAEA/World Meterological Organi-
zation (WMO)/United Nations Envi-
ronment Programme (UNEP)
working group considered a num-
ber of issues related to accidents at
sea, accident statistics, risk studies
and emergency response. It was
concluded that all the available infor-
mation demonstrates very low levels
of radiological risk and environ-
mental consequences from the ma-
rine transport of radioactive material.

Emergency planning and
preparedness

In the development and imple-
mentation of guidelines for emer-
gency planning and preparedness,
the Agency has developed a safety
guide on criteria for intervention
after a nuclear or radiological
emergency. The document con-
solidates the work performed and
the international consensus
reached for the key protective ac-
tions that may be instigated follow-
ing an accident. It recommends
single generic values for interven-

tion levels for sheltering, evacu-
ation, iodine prophylaxis, tempo-
rary relocation, permanent
resettlement and food intervention.

A major achievement during
the past year was to secure agree-
ment on generic intervention lev-
els in the event of a nuclear
accident. These levels will be of
direct use to Member States that
have not developed their own in-
tervention values. If widely ac-
cepted and implemented, these
intervention levels will improve
harmonization among actions
taken by different Member States
that can cause widespread public
concern and anxiety.

Another document stresses
the need to rapidly assess the sig-
nificance of environmental meas-
urement results after an accident.
For example, it will allow measure-
ments of radionuclide concentra-
tion on the ground and dose rates
to be compared with the interven-
tion level for relocation to assist in
making decisions about protective
action.

New guidelines for planners
and agricultural ministries to de-
velop national guidelines for emer-
gency response is the focus of a
joint document with FAO. It con-
tains options to reduce radionu-

Transportation
of radioactive
materials is
carefully
regulated.



elide concentrations in foodstuffs
by employing agricultural counter-
measures, together with a discus-
sion of the advantages and disad-
vantages with respect to financial
costs, practicality, occupational
doses and sustainability.

Work continued on improving
the capabilities of the Emergency
Response Unit and the overall ef-
fectiveness of the Agency to re-
spond to a nuclear accident or
radiological emergency.

A new technical document
provides national authorities with
a suggested model to use in the de-
velopment of a national emer-
gency response plan for
radiological acccidents. This docu-
ment was the direct result of mis-
sions to developing countries to
assist them in establishing their na-
tional response plans.

Safety of radiation
sources

A research programme on the
design, control and safe use of ra-
diation sources included a pilot
programme on dose reduction in
which several Member States were
able to achieve reductions of be-
tween 30% and 80% in patient en-
trance dose in radiography.

After a review of accidents
in the field of radiotherapy, prob-
lem areas were identified, includ-
ing errors in the verification of
new equipment, sources of treat-
ment planning systems, equip-
ment failures, maintenance errors
and essential communication
problems.

Radiation safety services
Radiation protection advisory

team (RAPAT) missions were con-

ducted in 1993 in Mauritius, Leba-
non, Croatia, Kuwait and Myanmar.
ILfforLs continued to be made for an
effective and systematic RAP AT fol-
low-up programme to support the
implementation of RAP AT recom-
mendations. Progress was reported
in the development of national infra-
structures in several Member States,
including radiation protection legisla-
tion and capabilities in providing ra-
diation safety services.

The Radiation Protection Labo-
ratory continued to routinely moni-
tor more than 400 Agency staff
categorized as radiation workers.
Individual monitoring services con-
tinued to be provided to Member
States and co-operation with WFfO
continued with some 10,000 do-
simeters distributed to Member
States.

Radiological
consequences of the
Chernobyl accident

International support contin-
ued in research and development
of Chernobyl-related issues. A
joint project with FAO on the use
of caesium binders for reducing
radiocaesium contamination in
the milk and meat of grazing ani-
mals was implemented on a large
scale in three affected Republics.

The project involved adminis-
tering a compound called 'Prussian
Blue' to cattle in the areas affected.
In Belarus, for example, modest
investments have resulted in sav-
ings amounting to several times
the investment.

A register of projects related
to assessing and/or mitigating the
radiological consequences of the
Chernobyl accident also has been
established.



Safety of nuclear
installations

In ongoing efforts to raise the gen-
eral level of nuclear safety world-
wide, the Agency continued its
endeavors to support the drafting
of an international nuclear safety
convention. During 1993, a group
of technical and legal experts met
four times and elaborated a draft
text of the convention which will
be open for signature by States dur-
ing 1994.

Following the accident in
April 1993 at the Tomsk-7 nuclear
centre in Siberia in the Russian
Federation, the need to obtain
authoritative and accurate open re-
ports about serious nuclear events
was crystallized. Less than 24
hours after the Agency received an
invitation to review the situation,
three experts left for Siberia to
seek first-hand information about
the effects of the accident and
their consequences for the popula-
tions and the environment.

As part of a joint IAEA-UNDP
project on strengthening nuclear
safety infrastructures and radiation
protection in the States of the for-
mer Soviet Union, an information
exchange forum was held and fact-
finding missions were sent to Ar-
menia, Estonia, Kazakhstan,
Kyrgyzstan, Latvia, Lithuania and
Uzbekistan.

Major efforts are under way to
upgrade the safety of nuclear instal-
lations in the former Soviet Union
and in Eastern Europe through as-
sistance offered by the G-24
Group of OECD countries, the
CEC and the World Association of
Nuclear Operators (WANO). The
Agency's focus has been on deter-
mining the most urgently needed

safety improvements, many of
which are being made by the coun-
tries in which the plants are located.

Basic nuclear safely
principles and criteria

Safety fundamentals relating
to the safety of nuclear installa-
tions were agreed presenting an in-
ternational consensus on the basic
concepts underlying the principles
for the regulation, safety manage-
ment and operation of nuclear in-
stallations.

The International Nuclear
Safety Advisory Group (INSAG)
continued to consider safety issues
important to the nuclear commu-
nity and to advise the Director
General in the field of nuclear

At the Nuclear
Safety Research
Reactor in Japan,
studies are
conducted on the
reactivity of fuel
behaviour in
accident
situations. (JAERI)



Kozloduy safety. Reports from the group in-
mtclearpower eluded issues such as work on the

„ ^ an.' safety of older reactors, defense-in-
Biilgana }

(Demail/IPSN). tlepth and potential exposures.
A new series of peer discus-

sions was held to consider the pol-
icy used for setting and assessing
regulatory safety goals with the ob-
jective of promoting higher stand-
ards of nuclear safety.

In efforts to enhance the per-
formance of regulatory bodies, the
Agency, at the request of Member
States, continued to organize inter-
national regulatory review team
(IRRT) missions to carry out peer
reviews and to provide advice and
assistance to Member States to
strengthen and enhance the effec-
tiveness of their nuclear regulatory
bodies, while recognizing the ulti-
mate responsibility of each Mem-
ber State for the safety of its
nuclear installations.

Developments in fusion safety
were reviewed at an international
gathering which covered the status
of national/international pro-
grammes, safe handling of tritium,
operational safety and occupa-
tional protection, accident analysis
(mainly loss of coolant and loss of
flow accidents), safety assessment,
environmental protection, licens-

ing and radioactive waste from fu-
sion reactors.

Engineering safety
issues for nuclear
power plants

In the review of the engineer-
ing aspects of site safety, activities
covered areas such as the seismic
ana'ysis and testing of WWER type
nuclear power plants, a proposed
database of plant sites and design
bases for external events and the
validation of accident and safety
analysis methodology.

A new report on the safely as-
pects of ageing nuclear power
plants provides guidance on the in-
tegration of existing operation,
maintenance, engineering and re-
search and development pro-
grammes into a coherent and
effective ageing management pro-
gramme aimed at maintaining
plant safety and reliability. It also
outlines guidance on ongoing and
periodic reviews of the effective-
ness of the related regulatory over-
sight process.

Agency activities in fire safety
included a new project to develop
a safety guide on fire safety inspec-



tion in nuclear power plants, fire
fighting techniques, evaluation of
fire hazard analysis and a fire
safety mission to the Ukraine.

Safety assessment of
nuclear power plants

As an additional tool for as-
sessing the safety of nuclear reac-
tors, a plant specific probabalistic
safety assessment (PSA) is being re-
quested by regulatory bodies
worldwide. A specialists meeting
concluded that while there are sig-
nificant differences between Mem-
ber States, the general trend is
pointing towards a hroader use of
PSA in regulation A document on
the use of PSA in optimizing tech-
nical specifications and mainte-
nance was prepared and detailed
current problem areas, as well as
the prerequisites for broader use
of PSA for maintenance optimiza-
tion, were reviewed.

In the collection of informa-
tion on unusual events in nuclear
power plants, the Agency's Inci-
dent Reporting System file contains
some 2150 national reports. A
joint meeting with the Nuclear En-
ergy Agency of the OECD re-
viewed current developments in
this area. The root cause analysis
of incidents were reviewed along
with the existing methodologies

best suited for the analysis of vari-
ous event types.

After carrying out a generic
study in 1993, the Agency con-
cluded that human failures can be
reduced through appropriate meas-
ures, but such failures cannot be
avoided completely. The safety
provisions and possible solutions
for corrective actions depend
strongly on the particular situation
at a nuclear power plant. Efforts
to minimize the influence of hu-
man failures on plant safely in-
cluded comprehensive task
analysis, improvement of work or-
ganization and supervision, im-
provement of content and
scheduling of tests and improve-
ment of procedures.

Safety review services
to nuclear power plants

Six operational safety review
team (OSART) missions took place
during the year as did five follow-
up visits.

Safety culture is now being ex-
plicitly analyzed as an integral part
of OSART missions. Questions
raised in the Agency's Safely Series
No. 75-1NSAG-4, Safety Culture,
most of which already exist in the
OSART guidelines, are the basis of
these reviews. Safety culture re-
lated problems and good practices
were reported in the appropriate
review areas and an overall per-
spective of safety culture was pro-
vided in the report.

Assessment of safety signifi-
cant events team (ASSET) missions
were carried out at 12 sites which
reviewed the operational safety
performance of installations and
exchanged views on effective inci-

Members of an OSART learn and their
Japanese counterpaiis in the control mom
o/Takahama nuclear pouvr plant.



dent prevention at nuclear power
plants in the Czech Republic, the
Netherlands, the Russian Federa-
tion and the Ukraine. Each re-
sulted in a list of recommendations
for further measures to prevent in-
cidents at the plants. Follow-up
visits are meant to assess progress of
implementation of ASSET recom-
mendations. Generally, it was
found that 80% of such recommen-
dations had been or were being im-
plemented. It also was found that
there was an improvement in the
prevention of accidents.

ASSET services and methodol-
ogy, practices and experience
were reviewed which generated
recommendation lor further en-
hancement. A new a set of recom-
mendations relating further to
nuclear installation safety was pro-
duced. They included improve-
ment of plant procedures,
extension of and improvements in
the use of plant specific simulator
based training for control room op-
erators, improvement of mainte-
nance programmes and practices,
and the need to further encourage
personnel to have a questioning atti-
tude aimed at constant improvement
of all aspects of safety at the plant.

Management and
mitigation of accidents

Attention is increasing on the
extension of safety analysis be-
yond design in an effort to assess
accident prevention and mitigation
capabilities in design and opera-
tion of nuclear power plants. The
MELSIM severe accident simulation
trainer, for example, is being devel-
oped to train nuclear power plant
operators and to evaluate accident
management strategies. In addi-
tion, a guidebook on the develop-
ment of accident management
programmes will guide control

room staff in terminating the pro-
gression of potential severe acci-
dents, in mitigating their
consequences and making maxi-
mum use of all existing plant
equipment.

Research reactor safety
The Agency continued activi-

ties in the development of safety
standards for research reactors. A
research programme produced a
comprehensive database contain-
ing data from 13 facilities on fail-
ure rates, failure probabilities and
uncertainty bounds for more than
500 component types.

Four integrated safety assess-
ment of research reactor (INSARR)
missions visited research reactors
in Greece, Hungary, Kazakhstan
and Uzbekistan in 1993 and recom-
mended various ways to improve
research reactor safety. A new in-
cident reporting system for re-
search reactors (IRSRR) has been
established to collect information
on unusual occurrences to enable
the exchange of research operat-
ing experience among the system
participants.

Application of safety
analysis techniques

Five international peer review
service (IPERS) missions consid-
ered PSAs for nuclear power
plants in Hungary, the Republic of
Korea, the Netherlands, the Rus-
sian Federation and Slovakia. A
major part of the reviews consid-
ered the first state-of-the-art PSAs
developed currently for the WWER-
440/230 and WWER-440/213 nu-
clear power plants. Plant specific
reviews are underway for most
WWER reactor sites.

Assessment of safety culture in
organizations team (ASCOT) mis-



sions review the effectiveness of
safety culture in Member State or-
ganizations based on Agency prin-
ciples and recommendations.
More than a dozen ASCOT semi-
nars were held throughout the
year.

A technical document on the
establishment of a cost effective
data collection and processing sys-
tem on reliability data collected at
particular plants was finalized. It
describes such multi-purpose pro-
grammes as PSA, spares manage-
ment, maintenance optimization
and reliability centred mainte-
nance. In addition, specific infor-
mation was gathered from 10
participating countries to produce
a guidelines document which con-
cisely presents the methods
needed to develop a comprehen-
sive data set for PSA.

An Agency technical commit-
tee meeting confirmed new devel-
opments in the area of diagnostic
systems for nuclear power plants.
The integration of diagnostic sys-
tems into an overall control system
was recognized as a major chal-
lenge for the future.

Safety of future
nuclear power plants

In response to General Confer-
ence resolutions, advisory and
technical meetings were held to
prepare the final draft of a docu-
ment on the development of safety
principles for the design of future nu-
clear power plants. It was discussed
that in future plants some severe
situations, called 'realistically con-
ceivable severe accidents', should
be considered at the design stage.

After conducting a survey to
evaluate the safety of nuclear power
plants and to investigate whether
there are limitations or problems in
using such methods for future
power plants, it was felt that addi-
tional studies were needed on the
use and applicability of severe acci-
dent codes, to identify events and ac-
cident sequences and to improve
PSA methodology.

A technical document on the
safety aspects of designs for future
LWRs (evolutionaiy reactors) was
published. It describes the major
innovations of proposed designs
and provides a general overview

Under an IAEA
regional project, a
severe accident
simulation trainer
known as MELSIM
is Ixing developed
for operarors of
Ri issia n-desig ned
VCWER-440/213
n uclearpla nts
(Quevenco).



ol the most important safely as-
pects related to future reactors.

Safety of plants built to
earlier standards

The Agency began develop-
ment of a common basis on which
the acceptable level of safety of op-
erating nuclear power plants built
to earlier standards can be judged.
The procedure will include a prac-
tical approach for expert judge-
ment on a case by case basis.

A compilation of proposed
safety improvements in Bulgaria,
the Czech Republic, the Russian
Federation and Slovakia was pre-
pared as part of the ongoing
WWER-440/230 programme. Pre-
vious recommendations were re-
viewed and substantial progress in
implementation of safety improve-
ments have been realized. Guid-
ance in the application of the leak
before break concept is the focus
of" a new document. Consequently,
the Agency reviewed the safety ap-
proach underlying the fundamental
reconstruction of Bohunice Units 1
and 2 and concluded that significant
safety improvements can be
achieved through the proposed
backJitting programme.

Additional efforts in this area
include the RBMK programme in-
cluding the review of solutions
and proposed safety improve-
ments to the Smolensk Unit 3
RBMK nuclear power plant in the
Russian Federation and the WWER-
1000 programme which has re-
viewed and analyzed
improvements for WWER-1000 nu-
clear power plants.

The WWER-440/213 pro-
gramme includes a technical co-op-
eration project that will provide
training and information ex-

changes in the area of design basis
and beyond design basis accidents.

The Agency is assisting the
Ci-24 to establish a database on
nuclear salety assistance to coun-
tries of Eastern Europe and the
former Soviet Union which
should serve as a management
tool for the co-ordination of assis-
tance projects. The Agency also
is helping collect and update
data — particularly data from na-
tional projects — and has pro-
vided information from its
W'WER and RBMK programmes.
A new methodology was devel-
oped to analyze gaps and over-
laps in assistance activity,
coupling the Agency's technical
databases on W'WER and RBMK
reactors with the G-24 Project
Data Bank.

Safety appraisal of
facilities

Safety appraisal of facilities
has been included in project agree-
ments with the Agency. In the
case of research reactors, the
Agency has developed a pro-
gramme to deal with various tasks
and responsibilities and to imple-
ment safety assessments in the
form of INSARR missions. A for-
mal programme to assess the
safety of Agency supplied sources
is being considered.

Safety-related
communication

The International Nuclear Event
Scale (11MES) system continued to be
used for nuclear power plants and
on a trial basis for all other nuclear
facilities except medical and military
installations. As of 1993, 53 coun-
tries are committed to the use of
the INES information system.



Safeguards and
non-proliferation

Safeguards and non-proliferation
issues again were at the forefront
of international headlines through-
out the year. In particular, the
Agency continued negotiations
with the Democratic People's Repub-
lic of Korea (DPRK) to enable it to
fully discharge its responsibilities un-
der the safeguards agreement.

The Board called upon the
DPRK to respond positively to the
request for access to additional in-
formation and to sites seemingly re-
lated to nuclear waste which had
been requested to resolve inconsis-
tencies between the DPRK's initial
declaration of its nuclear material
subject to safeguards and the
Agency's findings. On 12 March,
the DPRK announced its intention
to withdraw from the Treaty on
the Non-Proliferation of Nuclear
Weapons (NPT). As a result of
lack of progress over attempts to
resolve inconsistencies and to en-
sure verification of compliance with

the safeguards agreement, the
Board reported to the United Na-
tions Security Council the DPRK's
non-compliance with its safe-
guards agreement and the inabil-
ity of the Agency to verify
non-diversion.

The Security Council called
upon the DPRK to reconsider its
stated intention to withdraw from
the NPT, and to comply fully with
its safeguards agreement. The
Council also requested the Direc-
tor General to continue to consult
with the DPRK with a view to re-
solving the issues which were the
subject of the findings of the
Board of Governors. In June, the
DPRK suspended the effectuation
of its withdrawl from the NPT.
The issues continued to be unre-
solved at the end of the year.

During the year, the President
of South Africa announced that his
country had previously developed
a limited nuclear deterrent capabil-

Rendering harmless
the Kalahari test
shafts in South
Africa.
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ity and that all nuclear devices
produced under that programme
had been dismantled and de-
stroyed before South Africa ac-
ceded to the NPT.

Agency experts visited facili-
ties of the abandoned nuclear
weapons programme and con-
cluded that the quantities of highly
enriched uranium declared by

South Africa in their initial report
were judged to be consistent with
what could have been produced
during the 12 year operation ol
the pilot enrichment plant. The
material had been returned to the
Atomic Iinergy Corporation (AKO
and was subject to Agency sale-
guards at the time of entry into
force of the safeguards agreement.

The Standing Advisory Group
on Safeguards Implementation
(SAGSI), acting on a request by
the Director General, reported its
recommendations to improve the
cost effectiveness of the safeguards
system characterized by greater
transparency and openness and
the implementation of new techni-
cal measures specifically for the
purpose of gaining assurances re-
garding the absence of undeclared
activities.

At the meetings of the Board
in December, the Agency's devel-
opment programme for a strength-
ened and more cost effective
safeguards system was presented.

Number of installations under safeguards or
containing safeguarded

(as of 31 December 1993)

Category ENFCIRC/153a

Power reactors
Research reactors and
critical assemblies
Conversion plants
Fuel fabrication plants
Reprocessing plants
Enrichment plants
Separate storage facilities
Other facilities

Subtotals
Other locations
Non-nuclear installations

Tota!

185

144
7

34
5
5

39
60

479
439

0
918

material

ENFCIRC/66 Nuclear
Rev.2b

17

22
4

10
1
1
5
4

64
30

3
97

Weapon States

1

1
0
0
0
2
5
0
9
0
0
9

Total

203

167
11
44

6
8

49
64

552
469

3
1024

a Covering safeguards agreements pursuant to NPT and/or Treaty of Tlatelolco; excludes locations in Iraq.
b Excluding installations in nuclear-weapon States; including installations in Taiwan, China.



The programme provides lor the
evaluation of the technical, legal
and financial implications of the
SAGSI recommendations.

As of 31 December, 1993, 194
safeguards agreements were in force
with 116 Suites and Taiwan, China.
Safeguards agreements pursuant to
NPT entered into force with the
Solomon Islands, Tonga, and Lat-
via. The previous safeguards
agreement concluded with the
Czechoslovak Socialist Republic
continues to be applied in the
Czech Republic and in the Slovak
Republic to the extent relevant to
the territory of each of these States.

Two project agreements with
Indonesia, covering the supply of
enriched uranium, entered into
force, and a unilateral agreement
with Pakistan for the application of
safeguards to a nuclear power plant
supplied by China entered into
force. Additionally, the Board of
Governors approved a draft safe-
guards agreement pursuant to NIT
with Armenia in addition to a project
agreement with Colombia covering
the supply of enriched uranium.

Safeguards were applied in 47
States during the year under agree-
ments pursuant to NPT and/or the
Treaty of Tlatelolco, and in 9 states
under Agency agreements
(INFCIRC/66/REV.2).

United Nations Security Coun-
cil Resolution 687 (1991) requested

the Agency to carry out on-site in-
spections to determine the scope
of Iraq's nuclear weapons capabili-
ties and subsequently to destroy,
remove or render harmless any nu-
clear weapons, usable material,
subsystems or components, or any
related research, development, sup-
port or manufacturing facilities.

During 1993, the Agency car-
ried out six inspections in Iraq,
bringing the total to 22. The re-
moval of spent fuel from Iraq was
begun under a contract with the
Russian Ministry for Atomic Energy.

A series of high-level technical
talks began in July 1993 in the
course of which Iraq provided addi-
tional information regarding its for-
mer nuclear weapons programme
with respect to supply and procure-
ment channels and sources of exter-
nal technical support with particular
regard to their centrifuge enrichment
programme.

IAEA officials
visiting a reactor
in the Democratic
People's Refmblic
of Korea (DPRK).

IAEA safeguards seals
are regularly checked
and verified at Agency
beadqualers.



Seals are ivrijiecl with
laser disk recording.

In November 1993, Iraq for-
mally acknowledged its obligations
under Security Council resolution
715 (I99D and has provided to
the IAEA the reports, required un-
der that resolution, to enable the
IAliA to complete the necessary
preparations for the implementa-
tion of the ongoing monitoring
and verification plan.

Safeguards operation
Implementation of the new

partnership approach (NFA) with
EURATOM was progressively intro-
duced at different facility types.
With full implementation expected
by the end of 1994, work on imple-
mentation of the NPA for facility
types not already covered is con-
tinuing.

The application of safeguards
on irradiated fuel assemblies at a
receipt and storage facility in a nu-
clear-weapon state began and an
initial inventory verification and
subsequent monthly interum in-
spections were carried out on fuel
assemblies being received and
stored in multi-element bottles.

Some progress was made in
the negotiation of subsidiary ar-
rangements with three new and
six revised general parts of such ar-
rangements and 22 facility attach-
ments entering into force. The

general part of subsidiary arrange-
ments with Algeria, Cuba and Paki-
stan entered into force. Other
arrangements were discussed and
or completed with South Africa
and Lithuania.

Committee meetings and
other regular forms of contact be-
tween the Agency and Member
States continued to contribute to
the further improvement of safe-
guards implementation. In particu-
lar, emphasis was placed on
measures endorsed by the Board
of Governors to enhance the effec-
tiveness and efficiency of the safe-
guards system, including the early
provision and use of design infor-
mation and a reporting scheme on
nuclear material and specified
equipment and non-nuclear male-
rial. Efforts continue in the
strengthening of the safeguards sys-
tem through greater transparency
in Member State nuclear activities.

Preliminary discussions were
held with US authorities alter a pro-
posal made by the President of the
United States of America to place
under Agency safeguards, material
from dismantled nuclear weapons.
Some 18 fact linding missions or
technical visits were carried out at
most of the facilities in Armenia,
Belarus, Kazakhstan, Ukraine and
Uzbekistan. These visits served as
an opportunity to introduce the fa-



cility operators to the various as-
pects of safeguards implementa-
tion.

To further enhance the
Agency's ability to optimize its veri-
fication activities, the Board of
Governors endorsed a plan encour-
aging all Member States to report
on a voluntary basis information
on the export and import of all nu-
clear material, as well as information
on the export of specified equip-
ment and non-nuclear material.

Support and
development

The extra budgetary Member
State support programme contin-
ued to provide major contributions
to the research and development
and safeguards implementation
support activities. Some 250 pro-
jects were under way addressing
safeguards needs indentified by
the Agency. Also, bilateral meet-
ings were held during the year to
review the status and activities of
the programmes.

Work continued on the devel-
opment of instruments for spe-
cific applications in particular
facilities as well as for general
use. The following development
and application tasks were suc-
cessfully carried out:

• Test measurements and a fa-
cility procedure for CANDU
spent fuel dry storage canisters,

• An in-facility test of an under-
water telescope,

• An acceptance test for a BWR
spent fuel attribute tester for
old fuel stored in a long-term
storage facility,

• The Darlington core dis-
charge monitor system and
the compact surveillance and

monitoring system (COS-
MOS), and

• A demonstration of the improved
Cerenkov viewing system.

In the field of instrumentation
development and field support,
the Agency carried out acceptance
testing on two generic optical sur-
veillance tape review stations, the
multi-system optical review station
and the MIVS advanced review sta-
tion. When implemented, these
systems will greatly reduce the ef-
fort required to review surveillance
tapes.

Further improvements were
made in the safeguards equipment
management information system in
which programming and design
standards were established.

Performance monitoring activi-
ties continued on a number of safe-
guards instrumentation systems,
such as data from the performance
monitoring programme resulting in
increased equipment reliability. A
systematic monitoring programme
for other surveillance systems as
well as for NDA equipment is be-
ing developed.

lAliA Sajegitara
inspectors iisinf.
CVD to iviify
irradiated fuel.
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The development of a new
generation of unattended radiation
monitoring systems was initiated
under a Member State support pro-
gramme as a pilot project to ex-
plore a new equipment design
standard, leading to a high degree
of standardization of future safe-
guards equipment used by the
Agency.

Implementation, maintenance
and calibration services for safe-
guards equipment used by the in-
spectorate continued to be
provided, including preventive
maintenance and the servicing of
equipment installed in facilities.

The Safeguards Analytical
Laboratory (SAL) and the Network
of Analytical Laboratories (NWAL)
performed 4095 measurements for
calibration and quality control of
NDA techniques, for certification
of secondary reference samples,
lor maintenance and improvement
of off-site destructive analysis (DA)
and for testing procedures for on-
site DA. Work on the technical re-
quirements, design and siting of a
clean-room facility for handling,
screening and distributing environ-
mental samples has been started
with the assistance of Member
States.

Work also progressed on
preparations for safeguards imple-
mentation at a large commercial re-
processing plant in Japan.
Discussions concentrated on safe-
guards concepts providing for unat-
tended verification and dual C/S
systems to minimize inspection ef-
fort and reduce or eliminate the
need for remeasuremenls of the
stored inventory. The Agency
plans to operate, with the Japa-
nese Nuclear Material control Cen-
ter, a joint laboratory to carry out
high accuracy measurements at the
Rokkasho site. Detailed discus-
sions centred on the measure-
ments to be carried out, the
equipment required, the layout of
the 600m" laboratory and working
arrangements.

The development of a safe-
guards system for a Siemens-MOX
fuel fabrication facility in Germany
is nearly complete. However, com-
missioning and operation have
been delayed at least into 1995
pending resolution of licensing
matters.

An investigation continued
into alternative interim safeguards
approaches designed to improve,
in the short term, the attainment of
inspection goals for core fuel at



multi-unit on-load refuelled reac-
tors. A safeguards approach
which makes use of the unique
identification number inscribed on
each CANDU fuel bundle contin-
ued to be elaborated. The Agency
has been active in connection with
preparatory work for the imple-
mentation of safeguards in states
of the former Soviet Union.

Following the entry into force of
the safeguards agreement between
Lithuania and the Agency, a safe-
guards approach for RBMK-type re-
actors was further developed to
take into account differences in
specific reactor designs.

Previous studies for improving
the cost effectiveness of safeguards
implementation by broader use of
the randomization principle were
continued with a field test of short
notice random inspections for flow
verification al a I.KU fuel fabrica-
tion plant with the assistance of a
Member State support programme.
Preliminary evaluation showed a
significant potential for improving
effectiveness.

In the area of statistical analy-
sis, steps were initiated to improve
statistical methods and software for
personal computers, which contrib-
ute to further optimization of rou-
tine inspections. The development
of new software which allows on-
site material balance, as well as on-
site operator-inspector difference
evaluations, is in progress.

At a meeting on environ-
mental monitoring and special
analysis methods for safeguards, a
group of consultants recom-
mended that the Agency expand
its analytical resources with certain
specialized equipment and facili-
ties. The report from the consult-
ants meeting was provided to
SAGSI in support of its work on de-
veloping recommendations for a

strengthened and more cost effec-
tive safeguards system.

Detailed recommendations on
environmental monitoring and spe-
cial analysis methods for safeguards
were provided by a group of con-
sultants. Such methods are meant
to develop and assess measures
for detecting undeclared facilities
and detecting undeclared activities al
safeguarded facilities.

The safeguards approach for
the Cernavoda (iindu-6(X) complex
was prepared, together with some
further equipment development
which includes a reliable vault sur-
veillance system based on new off-
the-shelf-contained radiation
hardened tube cameras, a new
Mark II spent fuel bundle counter
developed under a Member State
support programme and prepara-
tion for the later installation of a
core discharge monitor.

Safeguards
management

SAGSI continued to re-examine
safeguards implementation and pre-
sented recommendations to the
Board. Areas in which inspection
goals could not be fully attained, for fi-
nancial or other reasons, were identi-
fied and analysed as part of Agency
activities in the evaluation of effective-
ness. Provisional evaluations of in-
spection goals attainment were also
performed on a continuous basis to as-
sist inspectors to resolve problem ar-
eas and to aid in effective planning of
subsequent inspection activities.

The Agency also circulated a
mid-term review of the 1991-1995
criteria, with special emphasis on
the need for clarifications arising
out of implementation experience
and for incorporating inspection re-
quirements for new types of facili-
ties coming under safeguards.



Public and technical
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The Agency has been especially
oriented toward meeting the de-
mand generated by the growing
level of media and public interest
in its activities. Attention concen-
trated on the difficulties experi-
enced by safeguards inspection
teams in the Democratic People's
Republic of Korea and the many re-
lated discussions and resolutions
of the Board of Governors. In ad-
dition, there was continuing media
interest in the Agency's activities in
Iraq under United Nations Security
Council Resolution 687, as well as
in the ongoing Agency safeguards
activities in South Africa. The
safety related activities of the
Agency, notably in Central and
Eastern Europe and the former So-
viet Union, also attracted major me-
dia attention.

Developments in the Interna-
tional Nuclear Information System
(INIS) were aimed at simplifying
the process of preparing input to
the database to reduce costs at the

national centres of Member States.
A redesign of the data processing
system is in progress to make bet-
ter use of innovative information
technology. New members in the
INIS in 1993 included Ethiopia,
Kenya, Nicaragua, Slovakia and
Slovenia, bringing the number of
participating Member States to 86,
together with 17 international or-
ganizations.

The INIS database currently is
being sent on CD-ROM to 82 INIS
members and on tape or cartridge
to 23 members. In addition,
through arrangements made by a
number of Member States with da-
tabase hosts, the INIS database is
available on-line in many countries
from various commercial and non-
commercial sources and continues
to be available on-line from the
Agency's computer system in
Vienna.

The Vienna International Center
(VIC) library implemented major
changes in its computer and telecom-
munications infrastructure. In par-
ticular, new personal computer
workstations were installed along
with a local area network and stand-
ard software packages for word
processing, mail and spreadsheets,
bringing the Library in line with the
Agency's Standard Technology Archi-
tecture (STA). Other major projects
included an in-depth review of all
journals received via gift or ex-
change; the review and documenta-
tion of the Library's collection
management policy; and the institu-
tion of a new individualized current
awareness profile service covering
new issues of a large number of im-
portant journals.



In 1993, the Agency intro-
duced departmental local area net-
works (LANs) and all dependence
on Wang equipment for word proc-
essing was discontinued. Approxi-
mately hall' of the Agency's staff
attended training courses lor basic
standard PC and LAN skills (DOS
and Windows and WordPerfect),
plus courses in spreadsheets, data-
bases, graphics and electronic
mail. The latter was introduced as
a service in the LAN environment
in mid-1993, replacing the main-
frame based mail service.

The Agency became an active
participant in the international net-
work community in 1993, with the
introduction of INTERNET services
for Agency staff and the provision
of Agency public information to
the worldwide community. The
first Agency information to be pro-
vided is the listing of Agency pro-
fessional vacancy notices.

Nearly two-hundred titles and
journals were prepared for press
and published including four
books in Chinese, seven in French,
ten in Russian and nine in Spanish.

Visitors Centre at Trillo I Nuclear Power Plant, Spain.
(Alcarria Alta)

Reference tools and databases

International Nuclear Information System (INIS), a bibliographic database covering most of the
world's nuclear literature.

• Power Reactor Information System (PR1S), 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 (INFCIS), 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), a database of reports submitted on significant events which have
occurred at nuclear power plants.

• Nuclear Data System (NDS), a database on numerical data for scientific research in various fields.
• Package and Shipment Approvals (PACKTRAM), a database covering valid certificates for packages

and shipments of radioactive materials.



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.

> 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 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 b 2005, a
statistical reference booklet summarizing current forecasts and historic 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.

Computer Index of Neutron Data, a semi-annual bibliographic reference of
numerical data for researchers.

Analytical Quality Control Services Catalogue, a report providing information about
intercomparison runs and available radionuclide and trace element reference materials
for scientific laboratories and institutes.

Nuclear Fusion, a monthly scientific journal featuring scientific papers on fusion
research and development.

ITER Newsletter, a report inaugurated in 1988 reviewing fusion research and
development of the International Thermonuclear Experimental Reactor Project under
auspices of the IAEA.

Meetings on Atomic Energy, a quarterly catalogue of international conferences,
symposia, and seminars organized by the IAEA and other organizations.

The IAEA Bulletin, a quarterly journal issued in six languages covering international
nuclear developments and the IAEA's programmes.

IAEA Newsbriefs, a newsletter issued 10 times a year featuring highlights of the
Agency's work and upcoming events.

IAEA News Features, periodic reports on selected topics on the international
development of nuclear energy.



Research and technical
co-operation

Self-reliance in nuclear science
and technology is the ultimate goal
of Agency technical assistance to
its Member States. Assistance is
tailored to the specific needs of
each Member State whether it be
to assist in the development of nu-
clear application programmes to
improve food and agricultural pro-
ductivity or to produce electricity.
In line with worldwide trends in
technical assistance, special empha-
sis has been placed on the use of
nuclear techniques to evaluate and
solve environmental problems.

The model project concept,
which centres on responding to
real needs and is designed to have

a socioeconomic impact on end-us-
ers, has been introduced as a new
approach in the Agency's technical
co-operation programme. The first
12 model projects were approved
by the Board.

In 1993, new resources avail-
able for technical co-operation to-
talled a recrod high $52.9 million.
During the year, there were 1373 op-
erational projects of which 860 were
continued from 1992, and 412 newly
approved core projects. Some 172
training courses took place.

The area of activity which re-
ceived the largest share of disburse-
ments in 1993 was food and

Scientists study geological
maps during a uranium
training course in
Saskatchewan, organized
through the IAEA's
scientific fellowship
programme.



agriculture, at 20.2%. This was fol-
lowed by safety-related activities,
comprising radioactive waste man-
agement, radiation protection and
the safety of nuclear installations,
which received 19-7%. Physical
and chemical sciences accounted
for 18.1% of the total.

Other significant programmes
included industry and earth sci-
ences with 14.5%, and human
health with 14.4%. The Agency
also has instituted in depth desk
evaluations of one industrial and
three agricultural-technical co-op-
eration projects. At the request of
the Board of Governors, these
evaluations included for the first
time reviews of two projects some
time after their completion.

Routine evaluation activities in
1993 included the preparation of
22 ten-year country programme
summaries intended to provide a
comprehensive picture of the
Agency's technical co-operation ac-
tivities with Member States which
are particularly useful for program-
ming decisions.

Co-ordinated research pro-
grammes (CRPs), as well as agree-
ments and contracts, are
concluded with national institutes
in Member States. Active CRPs at
year end totalled 144 while active
research contracts and agreements
totalled 1900.

Technical assistance
co-operation implementation

by region in 1993

Asia & Pacific 28.1%

Europe 14.3%

Africa 23.7%

Interregional 9.2%

Middle East 2.7%

Latin America 22.0%

Fields of activity
Basic human needs

• water resources development
- assessment of ground and

surface water resources and
dynamics

• ag-i'-uiture
- mutation breeding
- fertilizer and soil nutrition
- pest control
- use of agrochemicals

• livestock
- reproduction
- health
- nutrition

• health care
- radiation therapy
- nuclear medicine/diagnostics

Industrial applications
• non-destructive testing
• hydrology

- silt
- movements/desimentology
- 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 radiophar-
maceutical production

• research reactor design and use

Electricity generation
• geology, mining, and process-

ing of nuclear raw materials
• fuel element fabrication
• metallutgy and materials testing
• power reactor design
• reactor electronics instrumenta-

tion 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 co-operation
disbursements by area of activity in 1992

(in thousands of dollars)
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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. They are mainly used to finance
projects (footnote-a) approved by the Board for which
resources could be identified.

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.

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.



IAEA secretariat, organization
and administration

Director General
Hans Blix

Deputy Director General
David B. Waller

Departtnent of
Administration

Deputy Director General
Bruno Pellaud

Department of Safeguards

The International Atomic Energy
Agency (IAEA) serves as the
world's central intergovernmental
forum for scientific and technical
co-operation in the field of the
peaceful use of nuclear energy. It
is an autonomous organization, es-
tablished on 29 July 1957, in ac-
cordance with a decision of the
General Assembly of the United
Nations. It carries out its mandate
in close co-operation with other or-
ganizations, both national and in-
ternational. There are currently
122 Member States. The headquar-
ters of the IAEA is located in
Vienna, Austria.

Article II of the IAEA Statute
states that: The Agency shall seek
to accelerate and enlarge the con-
tribution of atomic energy to
peace, health and prosperity
throughout the world. It shall en-
sure, so far as it is able, that assis-
tance 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



achieved . 'Jhe 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 develop-
ment and practical application of
atomic energy; foster the exchange
of scientific and technical informa-
tion; encourage and administer safe-
guards; and establish or
adopt...standards of safety for protec-
tion of health and minimization of
danger to life and property."

The IAEA Secretariat, headed
by the Director General, is charged
with the responsibility of imple-
menting programmes and activities
approved by Member States. Five
Deputy Directors General are re-
sponsible for work in specific areas.

Financial resources pledged
or available to the IAEA in 1993
amounted to about US $261 mil-
lion, including voluntary contribu-
tions pJedged for technical
co-operation programmes and ex-
trabudgetary contributions offered
for various activities.

Deputy Director General
Sueo Machi
DefMrtment oj Research
and Isotopes

Deputy Director General
Boris Semenov
Defjartment of Nuclear
Energy and Safety

Deputy Director General
Jihui Qian
Defjartment of Technical Co-operation



Highlights of the 1993 IAEA
General Conference

The 37th Regular
Session of the
IAEA General

Conference at the
Austria Center

(Pavlicek).

High-level governmental repre-
sentatives, including 12 ministers
from 96 countries, adopted reso-
lutions in key areas of nuclear de-
velopment at the 37th regular
session of the IAEA General Con-
ference. By acclamation, the
Conference approved the reap-
pointment of Dr. Hans Blix to a
forth consecutive 4-year term of
office as the IAEA's Director Gen-
eral. The week-long session con-
cluded 1 October 1993 in Vienna.
Elected as President of the Gen-
eral Conference was Mr. Saleh
Abdulrahman Al-Athed of Saudi
Arabia. The resolutions adopted
included those relating to:

Safeguards in the Demo-
cratic People's Republic of Ko-
rea (DPRK). The Conference
adopted a resolution on the imple-
mentation of the agreement be-
tween the Agency and the DPRK
for the application of safeguards in
connection with the Treaty on the
Non-Proliferation of Nuclear Weap-
ons (NPT). It urges the DPRK to
"co-operate immediately" in allow-
ing the IAEA to fully implement
the comprehensive safeguards
agreement for verifying the State's
declared nuclear activities. The
resolution strongly endorses ac-
tions that have been taken so far
by the IAEA to implement the safe-



guards agreement, which the
DPRK concluded with the Agency
pursuant to the NPT and which
has been in force since April 1992.
U further expresses the General
Conference's "grave concern that
the DPRK has failed to discharge
its safeguards obligations and has
recently widened the area of non-
compliance by not accepting
scheduled Agency ad hoc and rou-
tine inspections as required by its
safeguards agreement." The resolu-
tion was adopted by vote, with 12
Member States in favour, two
against, and eleven abstentions.

Strengthening the IAEA's
safeguards system. The resolu-
tion expressed the conviction that
Agency standards can increase con-
fidence among Slates and help
strengthen their collective security.
It requests the IAEA Director Gen-
eral "to continue and intensify his
efforts towards improving the effec-
tiveness and cost-efficiency" of the
safeguards system. It particularly re-
quests the Director General to "pur-
sue the effort of re-examination of
safeguards implementation" so that a
more effective and cost-efficient sys-
tem may be achieved covering all
nuclear material in all peaceful nu-
clear activities within the territory of
a State having a comprehensive safe-
guards agreement.

Nuclear safety • The resolu-
tion urges the Group of Experts
convened under IAEA auspices to
continue its work on a nuclear
safety convention, and stresses the
desirability of holding a diplomatic
conference in 1994 on the basis of
a comprehensive draft text worked
out by the Group.

Radioactive waste manage-
ment. The resolution stresses the
"vital necessity" of the Agency's
continuing to promote and
strengthen international co-opera-

tion in the field of radioactive
waste management, and it invites
the IAEA's Board of Governors
and Director General to consider
what further measures should be
taken to enhance international co-
operation activities in this field, in-
cluding assessing the impact of the
land and sea disposal of wastes.

Strengthening of the IAEA's
main activities. The resolution re-
quests the Director General to pre-
sent, in consultation with Member
States, new initiatives to strengthen
the main activities of the Agency,
particularly technical co-operation
activities, through the development
of effective programmes aimed at
improving the scientific and tech-
nological capabilities of develop-
ing countries in the fields of
peaceful applications of nuclear en-
ergy and achieving sustainable de-
velopment.

Practical utilization of
food irradiation in developing
countries. The resolution en-
dorses the IAEA Board of Gover-
nors' approval of projects that
have been proposed for the practi-
cal utilization of food irradiation in
developing countries, requesting
that particular attention be given to
technical, legislative, public accep-
tance, and financial aspects in the
implementation of the proposals.

Mr. Saleh Abdul-rabman
Al-Athed of Saudi Arabia
(right) president of the
37th IAEA General
Conference, with IAEA
Director General Mr.
Hans Blix (Pavlicek).



IAEA Board of Governors 1993-94

The IAEA's newly constituted Board of Governors for 1993-94 has
elected the Governor of Australia, Mr. Ronald Alfred Walker as Chair-
man, succeeding Mr. Ramtame Lamamra from Algeria.

Eleaed Vice Chairmen were Mr. Jozsef Vigassy, the Governor from
Hungary, and Mr. Argus Tarmidi, the Governor from Indonesia.

The 35 Member States on the Board for 1993-94 are Argentina, Aus-
tralia, Brazil, Canada, Chile, Colombia, Cuba, Egypt, Ethiopia, Finland,
France, Germany, Hungary, India, Indonesia, Ireland, Italy, Japan, Leba-
non, Libyan Arab Jamahiriya, Malaysia, Nigeria, Paraguay, Philippines,
Poland, Russian Federation, Saudi Arabia, Sweden, Switzerland, Syrian
Arab Republic, Tunisia, Ukraine, United Kingdom, and United States.

Plan for producing potable
water economically. Noting the
interest of some States in activities
relating to sea water desalination
using nuclear energy, the resolu-
tion calls upon Member States in a
position to do so to provide expert
services and extrabudgetary re-
sources in support of these activi-
ties. It further requests the
Director General to consult with in-
terested States, the relevant organi-
zations of the United Nations
family, and other relevant interna-
tional organizations concerning the
implementation of demonstration
facilities and related activities.

IAEA budget and technical
assistance fund for 1993' The
budget resolution approved expendi-
tures for 1994 of US $200 million.
This represents zero growth in real
terms. The Conference further ap-
proved the target amount of US
$58.5 million for the IAEA Technical
Assistance and Co-operation Fund
for 1994.

Denuclearization of Africa.
The Conference adopted a resolu-
tion by acclamation on an African
nuclear-weapon-free-zone
(NWFZ). In recognizing that the
full disclosure of South Africa's nu-

clear facilities and materials is a
contributing factor to the region's
peace and security and to current
efforts for establishing a NWFZ, the
resolution specifically requests South
Africa to continue "its stated policy
of full transparency." It further com-
mends the African States for their ef-
forts directed towards establishing
an African NWFZ, and asks the
IAEA's Director General to continue
to assist them in these efforts.

Nuclear inspections in
Iraq. In deciding to remain seized
of this issue, the Conference
adopted a resolution on the imple-
mentation of United Nations Secu-
rity Council Resolutions 687, 707,
and 715 relating to Iraq. The reso-
lution demands that Iraq "immedi-
ately and fully comply" with all of
its obligations under relevant Secu-
rity Council resolutions, including
the requirement that Iraq submit a
"full, final and complete declara-
tion of its nuclear programme"
which includes all information
called for by the Security Council,
particularly on outstanding ques-
tions about the foreign suppliers of
specific items used in Iraq's nu-
clear programme and the sources
which provided Iraq with technical
advice, and including acceptance



of the plan for future ongoing
monitoring. The resolution re-
quests the Agency's Director Gen-
eral to continue putting into
place the necessary measures for
implementing the future monitor-
ing plan in Iraq, and to report
the views of the General Confer-
ence to the Secretary-General of
the United Nations. The resolu-
tion was adopted by vote, with
73 Member States in favour, nil
against, and four abstentions.

Safeguards in the Middle
East. The Conference adopted by
acclamation a resolution on the ap-

plication of IAEA safeguards in the
Middle East. It specifically re-
quests the IAEA's Director General
to continue consultations with the
States of the Middle East to facili-
tate the early application of full-
scope Agency safeguards to all
nuclear activities in the region as
relevant to the preparation of
model agreements, a necessary
step towards the establislunent of
a NWFZ. It calls upon all Stales
in the region to lake measures, in-
cluding confidence-building and
verification measures, aimed at
establishing a NWEZ in the Mid-
dle East.

Scientific programme
In conjunction with the General Conference, representatives from

Member States attended a scientific programme on three topics: nuclear
technologies for industrial development and the environment, health
consequences of radiation exposure, and options for the back-end of
the nuclear fuel cycle.

The programme on nuclear technologies, chaired by Mr. M.
Mondino of Argentina, provided an opportunity for non-specialists to
learn about the economic and ecological benefits of non-power applica-
tions of nuclear technology for environmentally sustainable industrial
development. It featured presentations on industrial projects in the
Asia and Pacific region supported by the IAEA and United Nations De-
velopment Programme; radiation technologies for environmental protec-
tion; industrial applications of radioisotopes and radiation; and
nucleonic control systems. The programme on health consequences of
radiation exposure was designed to provide insight into the ways in
which the risks of radiation exposure are determined, and to put them
into perspective. Topical issues that were discussed included the limita-
tions of radioepidemiological assessment; natural radiation exposure
and associated health risks; and radiation accidents and their health
consequences. The programme on the back-end of the nuclear fuel cy-
cle discussed and evaluated issues from short- and long-term perspec-
tives regarding options for an open or closed fuel cycle. The various
strategies being followed in France, Japan, India, Russian Federation,
United States, and Switzerland were presented.

Additionally during the General Conference, a traditional meeting
of senior national and international officials in areas of nuclear safety
and radiation protection was convened, as were meetings for repre-
sentatives from Member States participating in regional technical co-op-
eration arrangements for Africa, Latin America, and Asia and the Pacific.



IAEA at a glance

1 2 2 Member States

2 8 non-governmental and international organizations with
consultative status or co-operation agreements

3 6 years of international service

2 1 8 8 professional and support staff

US $ 206.9million 1993 regular budget (at an exchange rate
of 11.58 Austrian Schillings to the dollar)

US $ 5 2 . 9 million technical assistance and co-operation fund
and extra-budgetary resources for technical co-operation
programme in 1993

3 international laboratories and research centres

4 liaison and field offices worldwide

1 3 7 3 operational technical co-operation projects in 1993

2 9 7 8 expert assignments in the field in 1993

1 0 5 4 scientific fellows and visiting scientists trained

1 4 4 co-ordinated research contracts and agreements

1900 active research contracts and agreements

1 9 4 safeguards agreements in force in 116 member states

2 0 4 2 safeguards inspections performed in 1993

4 5 million pages printed in 1993 for Agency publications

1.7 million records in the International Nuclear Information
System (INIS), the Agency's largest database



IAEA Member States

Afghanistan
Albania
Algeria
Argentina
Armenia
Australia
Austria
Bangladesh
Belarus
Belgium
Bolivia
Brazil
Bulgaria
Cambodia
Cameroon
Canada
Chile
China
Colombia
Costa Rica
Cote D'lvoire
Croatia
Cuba
Cyprus
Czech Republic
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
Kazakhstan
Kenya
Korea, Republic of
Kuwait
Lebanon
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Madagascar
Malaysia
Mali
Marshall Islands
Mauritius
Mexico
Monaco
Mongolia
Morocco
Myanmar (Burma)
Namibia
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru

Philippines
Poland
Portugal
Qatar
Romania
Russian Federation
Saudia Arabia
Senegal
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain
Sri Lanka
Sudan
Sweden
Switzerland
Syrian Arab Republic
Thailand
The Former Yugoslav

Republic of Macedonia
Tunisia
Turkey
Uganda
Ukraine
United Arab Emirates
United Kingdom of Great

Britain and Northern
Ireland

United Republic of
Tanzania

United States of America
Uruguay
Uzbekistan
Venezuela
Viet Nam
Yugoslavia
Zaire
Zambia
Zimbabwe



IAEA Network
Headquarters: Wagrammerstrasse 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 '0 ' for switchboard

Telefax: (+431) 234564
Cable Address: INATOM VIENNA

Dr. Hans Blix, General Director

IAEA Liasion Office at United Nations Headquarters
IAEA Liasion Office, Room DCI-1155, United Nations. New York, NY.. 10017, USA

Telephone: (+1) 2129636010/12
Telefax: (+1)2127514117

Telex: 42 05 44 UNH or 68 01 501
Cable Address: UN HQ New York

Telex/Cable: via UN HQ only

IAEA Office in Geneva
Room B 426, Palais des Nations. CH-1211 Geneva 10, Switzerland

Telephone: (+41) 22917 ext. 3620 or 3632
Telefax:(+41) 9170066

Telex: 289696 UNO
Cable address: rNATOM

Seibersdorf Laboratory, A-2444 Seibersdorf. Austria
Telephone: (+43) 2254-2251-2 OR 2254-3361-4 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) 92 05 2222
Telefax: )+33) 92 05 7744

Telex: 479 378 ILMR

International Centre for Theoretical Physics
P.O. Box 596, Strada Costiera 11, Miramare. 1-34100 Trieste, Italy

Telephone: (+40) 40-22-401
Telefax: (+40) 40-224163

Telex: 460392 ICTPI
Cable address: CENTRATOM TRIESTE

IAEA Office in Canada
Suite 1702/Box 20, 365 Bloor Street East, Toronto, Ont. M4W 3L4, Canada

Telephone.^]) 416-928 9149 or 928 9202
Telefax: (+1) 416 928 0046

Telex: 06-218 180 INATOM TOR
Cable address: INATOM TOR

IAEA Office in Japan
Seibunkan Building, 5-9 Iidabashi 1 Chome, Chiyoda-ku, Tokyo 102, Japan

Telephone: (+81) 3 3234 7186 or 3 3234 7203 '
Telefax: (+81) 3-234 7214


