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Front Cover: The year ahead promises to bring issues
of nuclear safety into sharper focus. On many fronts,
international experts are working through IAEA-sup-
ported programmes to help raise levels of nuclear
safety — at power plants, waste sites, and research
institutes. Some are putting into practice better sys-
tems for ensuring even safer nuclear operations, while
other experts lay the groundwork for safety standards
of future plants. In other fields, specialists assess na-
tional plans for deep underground disposal of radioac-
tive wastes, even as teams of scientists from around
the world pool their expertise to move closer toward the
goal of obtaining electricity from fusion, the process
powering the sun.
(Cover design: Hannelore Wilczek, IAEA;
Stefan Brodek. Vienna.)

Facing Page: In many countries relying on nuclear
power for electricity generation, people are able to visit
plants and nearby information centres. At the El Park
Public Information Centre in Ohi, Japan, the world of
nuclear power and energy is vividly on display.
(Credit: Kepco, Japan)
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Nuclear energy & the environmental
debate: The context of choices

Through international bodies on climate change, the roles of
nuclear power and other energy options are being assessed

by Evelyne
Bertel and Joop

Van de Vate

^Environmental issues are high on international
agendas. Governments, interest groups, and citi-
zens are increasingly aware of the need to limit
environmental impacts from human activities. In
the energy sector, one focus has been on green-
house gas emissions which could lead to global
climate change. The issue is likely to be a driving
factor in choices about energy options for elec-
tricity generation during the coming decades.
Nuclear power's future will undoubtedly be in-
fluenced by this debate, and its potential role in
reducing environmental impacts from the elec-
tricity sector will be of central importance.

Scientifically there is little doubt that increas-
ing atmospheric levels of greenhouse gases, such
as carbon dioxide (CO2) and methane, will cause
climate change on a global scale. However, the
natural climate variability is still larger than the
estimated anthropogenic contributions to climate
change.

Despite uncertainties, the threat of climate
change remains a serious long-term global
risk. Scenarios with time horizons of 2100 and
beyond have to be developed, requiring insight
into long-term development of life-styles, so-
cio-economics, and technology. Such scenar-
ios are of a normative character and therefore
are inherently subjective. What is known is
that energy consumption is one of the major
sources of greenhouse gases, and nuclear
power nowadays avoids more than 8% of the
worldwide CO2 emissions.

Two major international bodies are involved
in climate change matters: the Conference of
Parties to the Framework Convention on Climate
Change (CoP/FCCC), which had its First Ses-
sion in March/April 1995, and the Intergovern-

Mr. Van de Vate is a staff member of the IAEA Planning and
Economics Studies Section in the IAEA Division of Nuclear
Power. Ms. Bertel, a former staff member of the Section, is now
on the staff of the Nuclear Energy Agency, Organization for
Economic Co-operation and Development in Paris.

mental Panel on Climate Change (IPCC), which
has been active since 1988. Since the energy
sector is responsible for the major share of an-
thropogenic greenhouse gas emissions, interna-
tional organisations having expertise and man-
date in the field of energy, such as the IAEA, are
actively involved in the activities of these bodies.
In this connection, the IAEA participated in the
preparation of the second Scientific Assessment
Report (SAR) of the Intergovernmental Panel on
Climate Change (IPCC).

The IAEA has provided the IPCC with docu-
mented information and results from its ongoing
programmes on the potential role of nuclear
power in alleviating the risk of global climate
change. In particular, the IAEA prepared, jointly
with the Nuclear Energy Agency of the Organi-
zation for Economic Co-operation and Develop-
ment (OECD/NEA), sections on nuclear power
of the SAR chapter dealing with energy supply
mitigation options. This chapter includes a de-
scription of different options to reduce green-
house gas emissions; a presentation of illustra-
tive low CO2 emission energy supply scenarios;
and a discussion on measures for implementing
low carbon emitting technologies and strategies.
The IAEA and OECD/NEA also prepared a sup-
porting document to the SAR, Nuclear Power in
the Context of Alleviating Greenhouse Gas
Emissions, which was published in the IAEA
TECDOC series in April 1995.

This article describes the main functions of
these two international bodies and reports on the
IAEA's contribution to the IPCC's second Sci-
entific Assessment Report, which is being sub-
mitted in early 1996 to the CoP/FCCC .

Global bodies related to climate change

In 1992, the UN Conference on Environment
and Development (Earth Summit) in Rio dealt
with the sustainability of the Earth in terms of
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avoiding climate change, environmental pollu-
tion, and resource depletion. In Rio, the Frame-
work Convention on Climate Change (FCCC)
was signed. It entered into force in 1994 after
being ratified by more than 50 countries. The
FCCC's objective is to lower the atmospheric
greenhouse gas concentration to non-hazardous
levels. This will require draconian measures, es-
pecially by the industrialized countries where
per capita CO2 emissions are more than ten
times those of developing countries. Industrial-
ized countries will have to compensate for the
increased CO2 emissions that are inherent to the
socio-economic development and rising popula-
tions of the developing countries. This equity
consideration, laid down in the FCCC, is a fre-
quent political discussion point in inter-govern-
mental meetings related to climate change.

The CoP/FCCC, the supreme body of the
Convention, was established by the Earth Sum-
mit in 1992 and had its first session in Berlin, in
March and April 1995. It reviews the implemen-
tation of the FCCC and makes decisions neces-
sary to promote the Convention's implementa-
tion. Several subsidiary bodies also have been
established: the Convention established the Sub-

sidiary Body for Implementation (SBI) and the
Subsidiary Body for Scientific and Technological
Advice (SBSTA). In Berlin, the CoP/FCCC set up
the Ad hoc Group on the Berlin Mandate (AG/BM)
to draft a protocol for the period beyond 2000. SBI
will develop recommendations to assist the CoP in
its review and assessment of the Convention's im-
plementation. SBSTA will be the link between the
scientific and technological assessments and the
information provided by international bodies on the
one hand, and the policy-oriented needs of the CoP
on the other hand. The IAEA will be involved in
activities carried out by these FCCC-related bodies.

The IPCC is an independent, scientific, and
technical body with a mission to help policy-
makers mitigate global climate change. As part
of its work, the IPCC produces Scientific Assess-
ment Reports on climate change. Its first report
was published in 1990 and updated in a supple-
ment in 1992. The second report was endorsed in
late 1995 at the IPCC meeting in Madrid, and is
expected to be published in early 1996. A third
assessment report is scheduled for 1998.

In a co-operative project with the OECD, the
IPCC has also produced Guidelines for National
Greenhouse Gas Inventories. They will assist gov-

Organizations related to the Framework Convention on
Climate Change
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ernments in reporting regularly to the
CoP/FCCC about the implementation of the na-
tional measures to lower their emissions of green-
house gases.

The Scientific Assessment Reports are drafted
by experts from a broad spectrum of scientific
disciplines. They are subject to review by national
and international experts before being submitted
for approval by plenary meetings of IPCC and its
three Working Groups. Working Group I, on Sci-
entific Assessment, deals with climatology. Work-
ing Group II, on Impacts, Adaptation and Mitiga-
tion, covers topics such as the rise of sea levels,
energy, and desertification. Working Group III, on
Socio-economic and Cross-cutting Issues, assesses
socio-economic literature related to climate
change. Working Groups I and II have evaluated
CO2 emission scenarios with time horizons up to
2100.

In contributing to these evaluations, the
IAEA has emphasized the potential role of nu-
clear energy in the context of comprehensive
comparative assessments.

The context of choices

All electricity generation options involve
some environmental impacts. However, when
they are fitted to state-of-the-art technologies,
the options are able to deliver electricity at rela-
tively low risks to the environment. In particular,
a number of technical options exist for alleviat-
ing or mitigating greenhouse gas emissions from
the power sector. Policy measures such as taxes,
subsidies, and emission permits can also be used
as a means to reflect the estimated full cost to
society of alternative options. The challenge for
decision-makers in the power sector is to design
and implement timely strategies based upon en-
ergy mixes that aim towards minimizing adverse
environmental, health, and social impacts at the
lowest total cost for society.

The technical options that can be considered
in the power sector range from efficiency im-
provement to CO2 sequestration through shifting
to fuels with low or no carbon content. However,
at the decision-making level, technico-economic
factors and barriers to implementation have to be
recognized and taken into account. Energy effi-
ciency improvements are not infinite and have a
cost which tends to increase very rapidly once
the straightforward savings have been achieved.

Some technological options — which might
seem extremely attractive on scientific grounds
— are far from having reached the stage of indus-
trial development or even technical feasibility
demonstration. Therefore, these options are not
likely to make any significant contribution to

reducing greenhouse gas emissions or other
health and environmental burdens in the short
and medium terms. For example, carbon dioxide
capture and disposal in deep oceans, or energy
systems based upon hydrogen as a carrier, might
contribute substantially to greenhouse gas reduc-
tion in the long term. But they will by no means
be industrially mature and economically com-
petitive within the coming decades. Renewable
sources, with the notable exceptions of hydropower
and biomass, do not offer realistic prospects for
large-scale baseload electricity generation.

Nuclear power and electricity options

Nuclear power is a proven technology available
today that can contribute significantly to reducing
greenhouse gas emissions and other environmental
burdens from the energy sector and to meeting
environmental protection objectives. In the long
term — as the executive summary of the SAR
chapter on energy supply mitigation options states
— "nuclear energy could replace baseload fossil
fuel electricity generation in most parts of the
world, if generally acceptable responses can be
found to concerns about reactor safety, radioactive
waste disposal, and proliferation".

The use of nuclear energy for electricity gen-
eration dates back to the late 1950s and it has
reached a stage of industrial maturity. At the end
of 1994, there were 432 nuclear units connected
to the grid with a total installed capacity of some
340 gigawatts-electric (GWe). In 1994, the nu-
clear electricity generated worldwide exceeded
2300 terawatt-hours (TWh), supplying 17% of
the total electricity consumption. The accumu-
lated operating experience of nuclear power
plants is now over 7200 reactor-years and the
average operating performance is improving
continuously with an energy availability factor
above 70% since the mid-1980s. This experience
places nuclear power among the technologies
that decision-makers can consider for sustain-
able electricity system expansion in the coming
years and decades.

While environmental concerns are likely to
be major driving forces in choices about electric-
ity generation, the economic competitiveness of
options will remain a cornerstone in assessing
and choosing alternative sources. Although there
are indications that technical breakthroughs
could reduce significantly the costs of electricity
generated by some renewable energy sources
other than hydropower, such as solar photovol-
taic and wind power, these options are unlikely
to be competitive with fossil fuels or nuclear
power for baseload generation before the second
or third decade of the next century. In most
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Trends in CO2 emission rates vary regionally,
reflecting differences in development of nuclear
power programmes since the mid-1960s. Overall,
nuclear power production has increased much faster
than hydropower, and their present contributions to
avoidance of CO are nearly equal. Comparing the
emission of all greenhouse gases from all energy
sources reveals low emission factors for nuclear,
hydro, and wind power. The top bar graph shows
maximum and minimum values as compiled from
studies conducted by the IAEA and other
organizations. The low CO2- equivalent emission
factor for nuclear power is an international
consensus value.
Source: British Petroleum Statistical Review of World
Energy, 1995.
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countries, oil is not considered for baseload elec-
tricity generation owing to the volatility of mar-
ket prices and concerns on security of supply.
Therefore, in most countries the choices for
baseload electricity generation plants to be com-
missioned within one or two decades will essen-
tially be limited to fossil fuels, mainly coal and
gas, nuclear power, and, where favourable sites
exist, hydropower.

The relative costs of electricity generation by
coal, gas, nuclear, and hydro power plants vary
from country to country and are highly depend-
ent on local conditions, discount rates, and ex-
pectations regarding the future coal and gas price
trends. Coal is and will remain an economically
attractive option in a number of countries having
access to cheap domestic resources. As a result
of the development of highly efficient combined
cycle technologies, gas has become competitive
for baseload electricity generation in a number of
countries. However, gas-generated electricity
costs are very sensitive to gas prices that might
increase significantly if market demand grows
rapidly. Where favourable sites exist, hydro-
power projects offer opportunities for low-cost
electricity generation. However, the number of
these sites is limited and, in many countries,
social and environmental impacts of large dams
are preventing the implementation of hydro-
power plants. Moreover, recent publications in-
dicate that hydropower generation could be un-
friendly to the climate because of emissions of
greenhouse gases from the water reservoirs.

In spite of their high investment costs, nu-
clear power plants compete favourably with fos-
sil-fuelled units in most countries. This is espe-
cially the case where nuclear programmes have
been soundly implemented and managed and
where fossil fuels are not accessible at low
prices. Ongoing research and development is ex-
pected to bring further enhancement of the per-
formance of nuclear power plants that will lead
to lower costs of nuclear electricity generation.
Moreover, owing to the comprehensive ap-
proach adopted for calculating nuclear electricity
generation costs, the non-internalized social,
health, and environmental costs are very small
relative to the direct estimated costs, and they are
much smaller than in the case of fossil-fuelled
systems. Factoring in these costs should rein-
force nuclear power's competitive margin.

Environmental Impacts. With regard to en-
vironmental impacts, nuclear power offers spe-
cific benefits. In routine operation, nuclear
power plants and the fuel cycle facilities do re-
lease small quantities of radioactive materials.
However, the rules developed and implemented
several decades ago for limiting radioactive
emissions satisfy criteria for protecting human

health and are more than adequate to protect the
environment. The other emissions, residuals, and
burdens from nuclear power plants and fuel cycle
facilities are lower than those arising from fossil-
fuel electricity generation chains and compara-
ble or lower than those from renewable energy
systems. Taking into account the entire up-
stream and down-stream energy chains for elec-
tricity generation, nuclear power emits 40 to 100
times less carbon dioxide than currently used
fossil-fuel chains. Greenhouse gas emissions
from the nuclear chain are due mainly to the use
of fossil fuels in the extraction, processing, and
enrichment of uranium and to fuels used in the
production of steel and cement for the construc-
tion of reactors and fuel cycle facilities. These
emissions, which are negligible relative to those
from the direct use of fossil fuels for electricity
generation, can be reduced even further by en-
ergy efficiency improvements. Such improve-
ments at the enrichment step include, for exam-
ple, replacing the gaseous diffusion process by
less energy-intensive processes such as centrifu-
gation or laser isotope separation.

The role that nuclear electricity already plays in
alleviating the risk of global climate change is nota-
ble. It is illustrated by the fact that if the nuclear
power plants in operation worldwide would be sub-
stituted by fossil-fuelled power plants, the CO2 emis-
sions from the energy sector would increase by more
than 8%. This level — which almost equals the
avoidance of emissions by hydropower — has been
achieved in a number of countries in about two
decades of nuclear power development.

The analysis of statistical data in different
countries over the last 20 years shows that coun-
tries which implemented large nuclear pro-
grammes, such as Belgium, France, and Sweden,
achieved simultaneously significant reductions
of their CO2 emissions. In France, for example,
both CO2 and sulphur dioxide emissions were
reduced by more than three between 1982 and
1992, although electricity production nearly
doubled, owing to the share of nuclear power in
electricity supply. In the United States, if nuclear
energy would not have been used between 1973
and 1994, some additional 1750 million metric
tons of CO2 would have been released in the
atmosphere. Countries and regions which do not
deploy nuclear power on a large scale — for
example, developing countries — had a rela-
tively high increase rate of CO2 emissions.

A long-term perspective

Over the long term, nuclear fuel resources
and existing industrial infrastructures can sup-
port a broad deployment of nuclear power pro-
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grammes in many countries. If the barriers to the
implementation of nuclear power were allevi-
ated, nuclear electricity generation could grow
steadily from now on and throughout the next
century. The long-term nuclear scenario devel-
oped by the IAEA in co-operation with the
OECD/NEA for the IPCC illustrates this point.

This scenario was set up in the context of the
global energy and electricity demand projections
outlined in IPCC's SAR chapter on energy sup-
ply mitigation options. It assumes that nuclear
power would be deployed widely for alleviating
the risk of global climate change and would
penetrate the market on grounds of its economic
competitiveness. It implies that the present pol-
icy barriers to nuclear power deployment — such
as moratoria on construction of new nuclear
power plants and political decisions to ignore the
nuclear option — will be progressively removed,
and that nuclear projects in developing countries
will be facilitated by enhanced technology adap-
tation and transfer, and financial support from
development banks.

The assumptions adopted for estimating the
penetration rates of nuclear power in different
regions reflect the need for diversity of supply
and the availability and competitiveness of alter-
native options. The options include oil and gas in
the Middle East and, in the long term, biomass
and other renewable sources. Potential uses of
nuclear power for heat and hydrogen production
have not been taken into account because of the
uncertainties regarding the competitiveness of
nuclear power for such applications.

By 2100 in this scenario, the share of nuclear
power in total electricity generation would range
from less than 20% in Africa, Australia and New
Zealand, and the Middle East to 75% in Western
Europe. The total installed nuclear capacity would
grow from the present 340 GWe to some 3300 GWe
in 2100 and nuclear power would provide 46% of the
worldwide electricity consumption, as compared to
17% today.

The technical constraints taken into account in
estimating potential nuclear capacity growth rates
include construction lead times and industrial capa-
bilities for building nuclear power plants and fuel
cycle facilities. The availability of sites for nuclear
installations, including radioactive waste reposito-
ries, was also considered by region, taking into
account seismicity, cooling water requirements and
the need to build nuclear facilities in areas with
relatively low population density. The availability
of natural resources for nuclear fuel would not
place any major constraint on the development of
nuclear power, taking into account known uranium
and thorium resources and expected technological
progress in fissile material utilization. This scenario
would require the deployment of breeder reactors

by 2025 in order to support nuclear electricity
generation over the period up to 2100 with the
presently known uranium resources. However,
within that time frame, additional uranium re-
sources would likely become available whenever
necessary. Moreover, other types of nuclear
power plants, such as thorium fuelled reactors,
hybrid systems, and even fusion reactors, might
be developed and commercially deployed.

The implementation of this nuclear scenario
would allow reductions in carbon dioxide emissions
worldwide by a factor of three as compared to the
present level. A similar reduction would be feasible
without nuclear power only if renewable energy
sources, which have not yet reached the level of
commercial development, would enter into the mar-
ket early in the next century and would be deployed
at very high rates throughout the next century.

Sustainable energy development

The years ahead will see increasing demand for
energy, and in particular the need for additional
electricity generation capacity. These challenges will
be combined with the necessity to reduce the health
and environmental burdens induced by the burning
of fossil fuels. Taken together, they call for the devel-
opment of all available energy sources and techno-
logical options that can meet environmental protec-
tion and economic efficiency goals in the short,
medium, and long term.

Nuclear power is one option for reducing emis-
sions and residuals from electricity generation and
for mitigating health and environmental impacts
from the energy sector. In order to make a signifi-
cant contribution in the implementation of sustain-
able electricity supply strategies worldwide, nu-
clear power should reinforce its competitiveness
versus fossil-fuel based systems and, in the long
term, versus renewable sources. The barriers to
nuclear power deployment should be alleviated by
continuing demonstration that reactors and fuel
cycle facilities can be operated in a reliable and safe
manner and that technical solutions already exist-
ing for final disposal of all radioactive wastes can
be implemented wherever needed.

Continuing progress is being achieved in terms
of technical performance, safety, and competitive-
ness of nuclear power plants. These advances
should enhance the viability of the nuclear op-
tion in an increasing number of countries. The
continuation or renaissance of nuclear power
programmes in all countries where it is a viable
option — based upon the assessment of its eco-
nomic and environmental benefits as compared
to alternative energy sources — would contrib-
ute significantly to enhancing the sustainabil-
ity of energy supply systems. O
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Nuclear power plant safety:
Steps toward better performance

At many nuclear plants, self-assessment processes are helping
management to review and improve levels of safety

by Keith Hide r\s part of the nuclear industry's response to
the accidents at Three Mile Island (TMI) in 1979
and at Chernobyl in 1986, programmes to evalu-
ate and encourage improvements in the opera-
tional safety performance of nuclear power
plants were initiated. In the United States, the
Institute of Nuclear Power Operations (INPO)
was founded by nuclear utilities. It performs pe-
riodic operational safety evaluations of all nu-
clear power plants in the USA. INPO also pro-
vides a number of other services to help US and
volunteer international utilities improve their
safety performance.

On a broader international scale, the IAEA
initiated the Operational Safety Review Team
(OSART) programme for voluntary reviews of
operational safety performance at power plants
worldwide. The IAEA also initiated other volun-
tary programmes — such as those on the Assess-
ment of Safety Significant Events (ASSET), As-
sessment of Safety Culture in Organizations
(ASCOT), and the Incident Reporting System
(IRS) — to assist nuclear plant operators in
evaluating and strengthening their safety per-
formance.

In September 1994, IAEA Member States
began the process of ratifying a new Convention
on Nuclear Safety. This convention will estab-
lish, for the first time, internationally agreed ob-
ligations for ensuring the safety of nuclear power
plants and the commitment of the signatory
States to meeting them. Under the Convention,
Member States with nuclear power plants will
report periodically to their peers on the measures
taken to meet their obligations.

Although the exact nature of the reports to be
made under the Convention has yet to be deter-
mined, Member States will need to determine, in

Mr. Hide is Head of the Operational Safety Section of the IAEA
Division of Nuclear Installation Safety.

some way, the degree to which the performance
of their own nuclear power plant programme is
in accordance with the obligations of the Con-
vention. Operational safety performance reviews
performed by independent organizations such as
the IAEA could provide information for this pur-
pose, but the substantial outside resources they
require limit their availability.

Many utilities have chosen to use self-assess-
ment processes to help their management obtain
current information about safety performance.
Regulatory authorities are increasingly recognizing
and using self-assessments to judge nuclear power
plant safety performance. Experience has shown
that when organizations objectively assess their
own performance, understanding of the need for
improvements and the motivation to achieve them
is significantly enhanced. Such self-assessments
might also contribute substantially to the periodic
reports required by the Convention.

For purposes of discussion, self-assessment
practices can be grouped into three general areas
as follows:
• frequent or continuous monitoring of per-

formance against established management
performance expectations;

• periodic, in-depth reviews of the effective-
ness of selected activities or programmes by
in-house teams of experienced reviewers and
technical experts; and

• one-time, in-depth reviews to probe the full
extent and basic causes of known weak per-
formance areas.
This article outlines these self-assessment

practices and the benefits they are providing.

Performance monitoring

Many utilities now use a variety of perform-
ance indicators to set and communicate their
goals or expectations for performance of plant
equipment, programmes, and personnel in areas
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that affect safety, production and efficiency. Per-
formance indicators are best expressed in clear,
numerical terms that relate to performance in a
variety of areas. They normally include the ten
major performance indicators that are reported to
the World Association of Nuclear Operators
(WANO) by nuclear utilities worldwide and a
substantial number of others that are based on the
particular needs of individual plants and groups,
such as chemistry, radiological protection, and
maintenance, within plant organizations. Many
plants use the results achieved by top-performing
plants or established industry standards as
benchmarks to set their own goals for perform-
ance and improvement.

Structured monitoring of actual performance
results against the agreed performance indicator
goals helps provide management and other plant
personnel with useful information on the current
performance and areas in need of additional at-
tention. Some utilities establish, for each per-
formance indicator or related groups of indica-
tors, a series of numerical values that reflect
significant weakness, the need for some im-
provement, satisfactory performance, or signifi-
cant strength. Periodic reports to management on
performance can then be tailored to reflect not
only the current level of performance, but the
trend in performance. Colour-coding is some-
times used to help highlight results and trends in
these reports.

Performance monitoring against goals pro-
vides management with frequent, objective in-
formation on the quality of plant operations in
the areas addressed by the performance indica-
tors. It further allows managers to address their
attention to the areas where assistance or addi-
tional support may be needed to meet station
performance goals. Another major advantage of
this type of monitoring is that reports of perform-
ance can be easily shared, by means of graphs
and visual presentations, with all plant person-
nel. This helps keep all personnel aware of cur-
rent performance in their own areas and in areas
that they support. Some utilities format these
reports in the form of annunciator panels colour-
coded to reflect the results according to specified
performance categories, and display them
throughout the plant. Many have found that the
use of such systems significantly enhances un-
derstanding and support within the plant staff of
management's goals for performance and how
they relate to their own activities.

Periodic effectiveness reviews

Though performance indicators and goals
provide information on a frequent basis, their

value is limited to the specific areas selected for
monitoring, and they do not give much insight
into the causes of performance weaknesses. Ef-
fectiveness reviews that look into qualitative as
well as quantitative information have also
proven to be valuable self-assessment tools.
These reviews do examine adherence to regula-
tory or external requirements, but the most effec-
tive reviews go well beyond that to examine the
effectiveness and efficiency of programmes and
activities in achieving their intended purpose.
Effectiveness reviews of major plant evolutions,
such as outages and plant startups, often provide
valuable insights into plant and staff perform-
ance. They may also be useful in assessing the
effectiveness of corporate support or support
from other organizations that can impact plant
operation and safety performance.

Effectiveness reviews may be accomplished
by teams of individuals who are independent of
the activity being reviewed, by those who are
closely involved in the activity on a day-to-day
basis or, ideally, by teams including both. Such
reviews may be done well by quality assurance
personnel, if they have current expertise and expe-

Members of an OSART
team at the Hamoaka
nuclear plant in Japan.
(Credit: Taylor/IAEA)
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rience in the area to be reviewed. However, many
utilities have discovered the advantages of using
personnel who are directly involved in or respon-
sible for the activity under review as members of
these teams. Such individuals bring valuable in-
sights into the review process and improve the
quality of review results. But perhaps more im-
portantly, they often gain fresh perspectives and
understanding from their participation that in-
creases their awareness of problems, the impor-
tance of correcting them and possible ways of
correcting them. In addition, the training they
receive in review techniques by virtue of their
participation often significantly improves their
ability to assess performance in their own areas
of responsibility on a day-to-day basis.

Strong support from management has been
shown to be an essential factor in achieving good
effectiveness reviews. This can be shown by se-
lection of capable review team members includ-
ing appropriate management and supervisory
personnel, support of each team's efforts to iden-
tify all contributing problems and their causes,
and responding to the results of reviews in a
positive way that supports improvement without
punitive action or embarrassment. These factors
are important to obtaining the open sharing of
information and opinion between reviewers and
those being reviewed that is needed to produce
good results.

Quality assurance programmes have tradi-
tionally provided a framework for review or
audit of station programmes and activities, using
review schedules that provide periodic examina-
tion of important performance areas and focus-
ing on adherence with quality programme re-
quirements and regulations. However, many cur-
rent self-assessment efforts expand considerably
on this framework by performing reviews at the
request of managers or staff personnel and focus-
ing more on overall effectiveness of programmes
and activities in achieving their intended pur-
pose. In some plants, more than 50% of the assess-
ments performed are a consequence of plant staff
requests, and managers and other personnel at all
levels participate in assessment teams.

One-time reviews of problem areas

Most utilities recognize that focusing self-as-
sessments or effectiveness reviews on known or
suspected problem areas is one of the most effec-
tive ways of improving performance. At least
one utility senior manager has stated that his
manager's primary responsibility is finding
problems and opportunities for improvement and
making the appropriate improvements. Opportu-
nities for improvement may be identified

through performance indicator monitoring, plant
and industry operating experience, comparison
with other nuclear power plants, and a variety of
other means. The principles for achieving good
reviews are the same as those stated above for
periodic reviews.

An example of the use of one-time problem
reviews concerns the system used at one nuclear
power plant to tag equipment that was out-of-
service for maintenance work. After a few minor
cases of errors in tagging, plant managers de-
cided to conduct an in-depth review of its tag-
ging procedures and related activities. They
formed a team that included members of the
maintenance staff, operations staff, technical
support staff, and others, and required them to
examine all aspects of the tagging system. The
team attempted to flow-chart the tagging process
and found that they were unable to do so. At the
conclusion of their work, the team had identified
many deficiencies in the effectiveness of the sys-
tem, foremost of which were its complexity and
the lack of understanding of it by those who used
it on a day-to-day basis. The plant then devel-
oped a completely new, simpler process that
could be more easily understood and used more
reliably.

In another example, a utility that had experi-
enced several indications of deteriorating per-
formance in broad areas elected to perform a
comprehensive review of the management and
effectiveness of all station activities. In this case,
the problems were considered to be so pervasive
that the utility decided the team should be com-
prised of experienced plant operations experts
from outside the company. A team of senior
experts with excellent knowledge and current
experience in plant operations and management
was assembled by the utility and given strong
support in identifying the fundamental causes of
the plant's malaise. The results initiated many
fundamental improvements in the management
of plant activities and the responsibilities given
to plant personnel. It was recognized by the na-
tional regulatory authority as an effective identi-
fication of fundamental problems at the plant. As
a result, an extensive regulatory review was
avoided. Both the regulatory authority and the
plant considered the self-assessment more useful
than a regulatory inspection, because of the ex-
pertise of the reviewers and because of the plant's
positive recognition and ownership of the results.

Peer review programmes

Utilities in at least four countries have imple-
mented their own peer review programmes and
are using their own expertise to assess perform-
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ance in each of their nuclear power plants. They
have organized programmes for peers from other
stations to assess each of their nuclear stations at
regular intervals. These programmes provide
valuable training in proven review techniques to
numerous plant personnel who participate as
peer reviewers. The knowledge and experience
they gain pay dividends when they return to their
own plants. They can view performance in their
own areas more objectively and with a fresh
perspective. Often, they get ideas from the plant
being reviewed that they use to strengthen their
own performance.

Regulatory overview

Some regulatory agencies believe that en-
couraging self-assessment and checking on the
thoroughness and results of such efforts provides
valuable insight for the regulator and promotes a
sense of ownership for problem identification
and correction within the utility, where it is most
important. As a result, they are increasing their
efforts to ensure that all utilities implement ef-
fective self-assessment programmes to detect op-
erational weaknesses and identify the fundamen-
tal causes early. It is believed that review of
self-assessment results can be an improved alter-
native to regulatory inspections as a means of
ensuring that plants maintain high standards of
performance.

International initiatives

Those involved in the use of self-assessment
programmes agree that self-assessments repre-
sent one of the most powerful tools for improve-
ment because of the following benefits:

• They are performed by individuals who are
most knowledgeable of the people and prac-
tices at the nuclear power plant.

• They can be easily tailored to the needs of
individual plants.

• They minimize the potential for embarrassing
exposure of plant weaknesses to outside per-
sons, and maximize the opportunity for can-
did, frank discussion of problem areas be-
tween reviewers and staff members.

• They strengthen insight into performance
problems, their causes, and their effects at all
levels, and thus strengthen support for im-
provement.

• They can be performed on a frequent or con-
tinuous basis, giving management current in-
formation on the effectiveness of a wide vari-
ety of programmes and activities.

The IAEA is considering how it might best
support the development and use of self-assess-
ments as a means of strengthening nuclear power
plant operational safety. Activities in progress or
under consideration include the following:

• providing guidance on self-assessment activi-
ties for utilities and regulators. An IAEA
Safety Guide is being developed;

• supplementing the OSART process and
OSART guidelines (IAEA TECDOC-744,
May 1994) to provide for reviewing the effec-
tiveness of plant self-assessment activities;

• using the OSART process to identify and col-
lect best practices in self-assessment and shar-
ing them with the industry through the
OSART Mission Results data base (OSMIR)
and other methods;

• sponsoring international conferences and
workshops on self-assessment;

• assisting Member States in implementing
self-assessment programmes, upon request;

• reviewing self-assessment processes and the
results of self-assessments upon request.
Expectations for operational safety perform-

ance are reaching higher and higher levels, and
international interest in the performance of indi-
vidual nuclear utilities and power plants is in-
creasing. In this climate, the use of effective
self-assessment processes is expected to become
more important in both well-developed and de-
veloping nuclear programmes. Frequent, critical
self-examinations of safety performance will be
required to ensure that acceptable levels of per-
formance are achieved and maintained. As part
of its safety services to Member States, the IAEA
will do its best to support and encourage the use
of self-assessments in nuclear utilities and power
plants. • Leibstadt nuclear plant,

Switzerland.
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Future nuclear power plants:
Harmonizing safety objectives

Through a number of co-operative avenues, technical features
of tomorrow's nuclear reactors are drawing close attention

by Leonid I oday's generation of nuclear power plants
Kabanov that are designed and operated to current safety

objectives and principles achieve a high level of
safety. Even though the majority of operating
plants have a good safety record, there is consid-
erable debate among safety and nuclear power
experts on how to do even better.

This quest for excellence rests upon several
factors. First, there is a tendency for any indus-
trial activity to become safer and more efficient
as it develops over time. For the nuclear industry,
this has meant upgrading plant safety levels by
incorporating the lessons learned from the many
accumulated reactor-years of operating experi-
ence, including accidents that have occurred.
Additionally, safety issues are being identified
through research, testing, and other analysis,
such as probabilistic safety assessment (PSA).
Second, there is a desire to maintain the current
low level of risk to the public from nuclear
power, as the number of nuclear plants grows in
the future. Third, there is a desire to further
reduce the likelihood and radiological conse-
quences of any potential large off-site release. By
minimizing the potential impact on public health
and safety, the need for off-site protective actions
can be reduced. Finally in some countries, efforts
to raise the level of safety is a prerequisite for
public acceptance of a new or expanded nuclear
power programme.

In 1992, the International Nuclear Safety Ad-
visory Group (INSAG), a body advising the
IAEA Director General on safety issues, pro-
posed desirable features for enhancing the safety
of future nuclear power plants.* They incorpo-
rate improved safety concepts including those
addressing human factors and specific design
features.

In the area of human factors, the features state
that the design should be user friendly, consider
operating and maintenance procedures, and re-
duce dependence on early operator actions. The
implementation of these features will allow opera-
tors more time to perform safety actions and thus
provide even greater protection against any possi-
ble release of radioactivity to the environment.

Regarding plant design, the features state that
it should, in particular, reduce the probability and
consequences of severe accidents, have confine-
ment systems to cope with pressures and tem-
peratures occurring during severe accidents, and
adequately protect against sabotage and conven-
tional armed attacks. Consideration should also
be given to passive safety features that are based
on natural forces, such as convection and gravity,
making safety functions less dependent on active
systems and components like pumps and valves.

In practice, some of these features are already
being incorporated into modern plants that are
under construction or have been recently com-
missioned. Incorporation of other features are
envisaged in new designs being developed now.

This article reviews efforts that are being
made internationally to develop safety objectives
and principles for future nuclear power plants.
The work is directed towards contributing to an
international harmonization of safety approaches
and to help ensure that future reactors worldwide
meet a high standard of safety.

Types of future nuclear plants

Tomorrow's nuclear power plants are being
referred to in a number of different ways: "next
generation", "advanced", or "future" nuclear
plants are the terms most often used. The terms,

Mr. Kabanov is Head of the Engineering Safety Section of the *See The Safety of Nuclear Power, INSAG-5, published by
IAEA Division of Nuclear Installation Safety. the IAEA (1992).
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which are used interchangeably in this article,
are primarily time-related and generally refer
to plants that comply with national or interna-
tional safety objectives and principles being
developed for nuclear power reactors that are
not yet operating or under construction.

Advanced designs under development
comprise three basic types:
• water-cooled reactors, utilizing water as

coolant and moderator;
• fast reactors, using liquid metal, e.g. so-

dium, as coolant; and
• gas-cooled reactors, using gas, e.g. helium,

as coolant and graphite as moderator.
Most, about 85%, of today's operating nu-

clear power reactors are" water-cooled reactors.
Most advanced designs that are well developed
also are water-cooled reactors. They are of two
basic types: light-water reactors (LWRs) with
ordinary water as moderator and coolant, and
heavy-water reactors (HWRs), which use deu-
terium oxide (D2O). LWRs are in turn subdi-
vided into boiling and pressurized water reac-
tors (BWRs and PWRs). Advanced LWRs
(ALWRs), sometimes called evolutionary re-
actors, are being developed along two lines:
large units in the size range of 1300-1500
megawatts-electric (MWe), and medium-size
units of about 600 MWe. As being developed
mainly by Atomic Energy of Canada Ltd., ad-
vanced HWRs similarly can be divided into
large-size units, those with a power level of
some 900 MWe, and smaller units with a
power level of about 500 MWe.

The first class of large ALWRs comprises
many designs and some of them are a joint
effort of different countries. In general, the
large units are similar to existing ones but
incorporate advanced features (relevant to
safety, control, etc.) and design changes to
make the plant more resistant to severe acci-
dents. Examples of some advanced PWRs
and BWRs which are at a developed stage of
design and are under regulatory considera-
tion include: the Advanced Boiling Water
Reactor (ABWR), a 1300-MWe plant being
developed by General Electric in the United
States; the System 80+, a 1300-MWe PWR
being developed by ABB Combustion Engi-
neering in the United States; and the Euro-
pean Pressurized Water Reactor (EPR), a
1500-MWe plant being developed by Nu-
clear Power International, France, and Ger-
many. The final safety evaluation reports
and design approvals for the ABWR and Sys-
tem 80+ were issued in 1994 by the US Nu-
clear Regulatory Commission (NRC).

The second class of ALWRs are plants
which mainly use current technology but in-

clude significant changes in order to make inten-
sive use of passive safety features. Some of them
are at an advanced stage of design and can be
considered representative examples. They in-
clude the Advanced Passive PWR (AP-600), a
600-MWe plant being developed by Westing-
house in the United States; the Simplified Boil-
ing Water Reactor (SBWR), a 600-MWe plant
being developed by General Electric in the
United States; and the WWER-640 (V-407), a
640-MWe plant being developed by Atomener-
goproject and Gidropress in Russia. The AP-600
and SBWR are presently underreview for design
certification by the NRC, and the WWER-640 is
in the stage of preliminary licensing by the Rus-
sianregulatorybody,Gosatomnadzor.

From the standpoint of nuclear plant safety,
this evolutionary process of development has
gained wide acceptance. At the same time,
there is an ongoing discussion on the need to
create a new generation of innovative plants
that incorporate radical changes in design phi-
losophy to avoid severe accidents. Such pro-
posals are still in early design stages, and their
development particularly faces problems asso-
ciated with financial and technical require-
ments for testing and verifying the designs.

Harmonizing safety objectives

Global efforts to harmonize safety objec-
tives for future nuclear power plants involves
many countries and organizations. In addition
to the IAEA, inter-governmental organizations
including the Nuclear Energy Agency of the
Organization of Economic Co-operation and
Development (OECD/NEA) and the European
Commission are closely involved in the work.

One of the IAEA's tasks is the develop-
ment of nuclear safety standards for all nuclear
activities. In the nuclear power field, these
standards are developed with assistance from
Member States as part of efforts to bridge dif-
ferent points of view and obtain consensus.
The agreed safety standards are hierarchically
organized in four levels: at the highest level are
Safety Fundamentals, followed by Safety
Standards, (or NUSS codes), Safety Guides
and Safety Practices.

The exchange of information on nuclear
safety research takes place within the working
groups of OECD/NEA. Within the EC, a Reac-
tor Safety Working Group (RSWG) of repre-
sentatives of safety authorities, vendors, and
utilities is active in exchange of information
and promoting harmonization in the field of
rules and guidelines for the design and opera-
tion of nuclear power plants. Bilateral and
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multilateral exchanges among regulatory
bodies also occur, often under the auspices
of the IAEA, OECD/NEA and Nuclear Regu-
lators' Working Group (NRWG) of the EC.

A special effort on harmonization of safety
approaches has been made by the Institute of
Nuclear Protection and Safety (IPSN), France,
and the Gesellschaft fur Anlagen und Reaktor-
sicherheit (GRS, the nuclear reactor safety in-
stitute) in Germany. The work includes publi-
cation in 1993 of the document GPRIPSK Pro-
posal for a Common Safety Approach for Fu-
ture Pressurized Water Reactors.

Among nuclear utilities, many operators
are interested in defining their needs and
goals for nuclear plants to be ordered in the
future. Toward this end, many utilities have
looked to co-operative approaches, both at
the national and international levels. In
1985, US utilities started an industry-wide
effort to establish the technical foundation
for the design of ALWRs. This ALWR pro-
gramme is being managed by the Electric
Power Research Institute (EPRI) and in-
cludes participation and sponsorship of sev-
eral international utility companies and close
co-operation with the US Department of En-
ergy (DOE). The cornerstone of the pro-
gramme is a document setting out utility
design requirements (URD). Elsewhere,
utilities also worked together to issue Euro-
pean Utility Requirements (EUR).

The URD and EUR define utility require-
ments, including safety goals set by them, in
particular to promote licensing of new reactor
designs. The URD, for example, presents a
complete statement of utility desires for next
generation nuclear plants and in particular ad-
dresses ALWR safety policy. The ALWR
safety policy features an integrated design ap-
proach to safety based on defense-in-depth
philosophy. It includes three overlapping lev-
els of safety protection: accident resistance,
core damage prevention, and accident mitiga-
tion. Top-tier safety design requirements are
developed on the basis of the safety policy
statement for each level of safety protection
and for a specific type of ALWR.

The EUR is a product of major European
electricity producers and associations and
focuses on common requirements for future
LWRs to be built in Europe. It is intended to
be a tool for promoting harmonization, in
particular of main safety objectives and
safety requirements.

In drafting and reviewing both sets of
requirements, many utilities in Asia, Europe,
and North America have taken part. Even
though these documents cover requirements

in general for the entire plant, they deal specifi-
cally with main safety objectives and de-
tailed safety approaches. These efforts also
can be seen as an important contribution to
global harmonization of safety approaches and
objectives for future nuclear power plants.

Activities through the IAEA

The IAEA's efforts in this area received
impetus in 1991 through a resolution of its
General Conference. The resolution invited in-
itiation of activities on safety principles for the
design of future nuclear power plants using a
step-by-step approach based inter alia on IN-
SAG's work.

Since then, the Agency has convened a se-
ries of meetings aimed at achieving agreement
on safety definitions, terminology, and classi-
fication of future reactors. The meetings iden-
tified desirable safety enhancements and top-
ics relevant to the development of new princi-
ples. INSAG safety reports were reviewed as
they relate to safety principles for future
plants. Parts of these documents requiring
clarification and parts requiring amplification
were identified.

In June 1995, following INSAG's review
and comment from its Member States, the
Agency published a technical document, De-
velopment of Safety Principles for the Design
of Future Nuclear Power Plants (IAEA TEC-
DOC-801). The document proposes updates to
existing safety objectives and principles which
could be used as a basis for developing those
recommended for the design of future nuclear
power plants. Accordingly, it is intended to be
useful to reactor designers, owners, operators,
researchers and regulators. The proposals are
intended to provide general guidance which, if
carefully and properly followed, will result in
reactor designs with enhanced safety charac-
teristics beyond those currently in operation.
They are derived from lessons learned from
recent operational experience, research and de-
velopment, design, testing, and analysis, as
well as from attempts to reflect current trends
in reactor design, such as the introduction of
new technologies.

The proposals represent a contribution to the
growing international consensus on what consti-
tutes an appropriate set of technical principles for
the design of future reactors. The document's
starting point was the well-established set of ob-
jectives and principles for nuclear plants laid
down in the INSAG safety report, Basic Safety
Principles for Nuclear Power Plants published
by the IAEA in 1988. According to definitions
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in this document, safety objectives state what is
to be achieved. Safety principles are state-
ments of how the objectives are to be
achieved.

The safety objectives and principles for
today's plants are to a large extent also valid for
future designs. However, the 1995 technical
document proposes some modifications of the
technical safety objective and some new princi-
ples. The key proposal is that severe accidents
beyond the existing design basis will be system-
atically considered and explicitly addressed dur-
ing the design process for future reactors.

The document also emphasizes the need to
further lower the risk of any serious radiologi-
cal consequences and to assure that the poten-
tial need for prompt off-site protective actions
can be reduced or even eliminated. Defense-
in-depth remains the main strategy to deal with
severe accidents for future nuclear plants and
it is founded on measures for effective preven-
tion and mitigation.

Areas of greater co-operation

A number of areas call for greater efforts to
harmonize technical and policy matters related
to future nuclear power plants. While many of
these areas present promising opportunities,
others do not. Some areas where a harmonized
approach is lacking are likely to remain that
way for many years because of large national
differences in geography, culture, policy, and
regulation. Other areas are likely to remain
flexible because of market forces.

Overall, greater co-operation is needed to
resolve important technical and policy differ-
ences. Increased harmonization would likely im-
prove the safety, cost, and availability of future
nuclear power plants, and would likely improve
the consistency and efficiency of the licensing
process. It might also have indirect benefits in
the area of public acceptance. The technical con-
vergence of safety experts, regulators, and utility
operating organizations around the world on a
consistent set of principles would likely increase
confidence that the right conclusions have been
reached.

Specific opportunities for greater harmoni-
zation lie in the field of safety assessment,
including severe accident assessment. Primar-
ily needed is agreement among the many or-
ganizations that conduct safety assessments on
more common approaches. Specific areas that
need concerted co-operative efforts include:

• probabilistic safety assessment (PSA)
methods, and the role of PSA in safety deci-

sion making, including the appropriate bal-
ance among PSA, deterministic methods,
and engineering judgment;

• methods and criteria for selecting those se-
vere accident sequences to be addressed in
the design of future plants;

• methods and criteria for treating uncertain-
ties, and on the practical implementation of
policies that require analysis for all severe
accident considerations;

• approaches concerning the distinction be-
tween design basis accidents, as analyzed
for the licensing case, and severe accidents
that are also considered in the design and
considered by the regulator;

• safety assessment procedures within the li-
censing process from country to country,
including technical documentation require-
ments; consideration also should be given
to harmonization steps that ease the compli-
cations inherent in licensing a plant de-
signed to the codes and standards of a dif-
ferent country;

• improved consistency in source-term evalu-
ation methods, and other methods for calcu-
lating radiological consequences of acci-
dents.

It should also be noted that national ap-
proaches for dealing with external hazards vary
substantially. Harmonization of practices for fu-
ture plants seems to be difficult because types
and levels of external hazards are site-specific.
The issue of external hazards has emerged as an
increasingly important one as greater safety lev-
els are achieved for internal hazards, leaving the
relative contribution from external hazards more
relevant.

Additionally, high-level safety goals
should be defined that allow safety targets
unique to nuclear power plants to be derived
from and compared to the broader issues of
public health and safety protection for other
enterprises. A step in this direction is the
IAEA's publication of the technical document,
Policy for Setting and Assessing Regulatory
Safety Goals (IAEA TECDOC-831). It reflects
peer group discussion of senior regulators
from 22 Member States.

The work is part of the Agency's continu-
ing effort to contribute to the process of wide
international discussion on the harmoniza-
tion of safety goals, objectives, and principles
for future nuclear power plants. The process
can help ensure that diverse and different
views are fully considered and balanced
through greater international co-operation in
this important field. •
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Global co-operation in nuclear fusion:
Record of steady progress

Working together to pool resources and expertise, countries are
moving ahead to design an experimental fusion reactor

by T. J. Dolan,
D. P. Jackson,

B.A. Kouvshinnikov,
and D. L. Banner

E n o u g h potential energy is locked in the
earth's oceans to last millions of years. Their
waters contain deuterium, a heavy isotope of
hydrogen and the main fuel for a nuclear fusion
reactor. Once extracted, the deuterium from just
one litre of water could generate as much energy
as the combustion of 300 litres of gasoline.

While it will take decades for the potential to
become reality, important strides already have
been made. Technological and scientific ad-
vances today are bringing the technology of nu-
clear fusion closer to demonstration. To a large
extent, the progress in fusion research and develop-
ment is driven by the world's growing energy needs,
environmental concerns, and population trends.

Burning fossil fuels for energy and electricity
production has its limits. Four factors in particu-
lar limit utilization:
• the human health effects of fossil fuel com-

bustion (emphysema, cancer)
• the environmental effects (acid rain, green-

house effect, etc.)
• the need to save hydrocarbons for convenient

fuels and chemical feedstocks
• the finite reserves of fossil fuels (coal, oil,

natural gas).
In estimating global energy supplies, the

World Resources Institute (WRI) has placed the
world's total proven energy reserves at about
3.5x10" joules (J). Of the total, proven coal
reserves are estimated to be about 2.44x1022 J;
proven oil reserves about 0.56x10 J; and
proven natural gas reserves about 0.50x1022 J.

There are additional fossil fuels available
called resources. They are more difficult to re-

Mr. Dolan is Head of the Physics Section of the IAEA Division
of Physical and Chemical Sciences; Mr. Jackson is Director of
Canada's fusion programme and Chairman of the IFRC; Mr.
Kouvshinnikov is an information officer in the ITER office at
the IAEA; and Mr. Banner is the former head of the IAEA's
Physics Section. The authors acknowledge the contributions of
a number of colleagues who provided information and
comments.

cover, however. Consequently their price will
escalate significantly during the transition from
the use of reserves to the use of resources.

In 1994, the world's rate of primary energy
consumption was about 11.6 terawatts (TW),
about 87% of which was from fossil fuels. At that
rate of consumption, the world's fossil fuel re-
serves would last about 120 year. However, in
spite of effective conservation measures, the en-
ergy consumption rate is growing, as developing
nations improve their standards of living. At a
growth rate of 2% in energy consumption per
year, these reserves would last only 61 years.

In the coming decades, many new power
plants will be required to increase the total capac-
ity for meeting electricity demands, to replace
ageing power plants, and to replace fossil fuel
plants for reasons related to environmental,
health, and cost concerns. Even under the most
optimistic scenarios, researchers have projected
a shortfall in energy supply by the year 2030
exceeding 5 TW. This is a staggering amount
equivalent to 5000 power plants, each capable of
generating 1000 megawatts of electricity. Major
non-fossil sources of energy must be developed
and deployed to provide more than 10% of the
world's energy within the next 40 years.*

Most renewable energy sources — although
making valuable contributions in specific situ-
ations — will be inadequate to produce the large
quantities of electric power required. Three
sources, however, can potentially meet world
needs: solar, fission, and fusion. Each has advan-
tages and disadvantages.

Solar energy is diffuse, intermittent, and not
suitable for use in some climates, and it is usually
expensive. Fission breeder reactors could extend
the world's supply of fissile fuels, but they are
not universally welcomed by the public. Fusion

*See "The need for research and development in fusion:
Economical energy for a sustainable future with low environ-
mental impact", by B.G. Logan, L.J. Perkins, R.W. Moir, and
D.D. Ryutuv, Fusion Technology 28, pgs. 236-239 (1995).
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reactors could have many desirable features,
but much more work is needed to bring them
to fruition. If fusion reactors are successfully
developed, as many believe they will be, they
could significantly brighten the world's energy
picture. (See box.)

It is also possible to develop a hybrid fu-
sion-fission reactor by putting uranium in the
blanket of a fusion reactor, in order to boost the
power output and breed fissile fuel. Such a
hybrid reactor could have economic advan-
tages, but it would be more difficult to license
because of safety, environmental, and security
concerns.

The world needs to pursue nuclear power
vigorously, to facilitate both the deployment of
advanced fission reactors and then fusion reac-
tors before shortages of fossil fuels cause an
escalation of fuel prices. Moreover, the nuclear
options will have an essential role in counter-
acting the threat of global climate change that
is increasingly being recognized as a conse-
quence of the use of fossil fuels. Fission power
already is partially replacing some carbon-
based fuels, and in the future fusion power
could be even more attractive. For these rea-
sons, fusion research and development is car-
ried out worldwide in some 40 Member States
of the IAEA. The work includes fusion safety
studies to ensure that the potential safety and
environmental advantages of fusion power
will be realized.

For many reasons, global co-operation has
characterized the research and development of
nuclear fusion. The collaboration has moved
from small experiments to the design of a large
thermonuclear reactor. This article presents an
overview of co-operative efforts and updates
the status of current work.

A history of international co-operation

There are several reasons why global co-op-
eration has been particularly valuable in fusion
research. They include the need to pool exper-
tise and share the cost of large projects; the
desire to speed progress by sharing knowledge
of plasma theory, experimental results, com-
puter codes, materials properties, and technol-
ogy developments; and the desire to help devel-
oping countries build up expertise in fusion
physics and technology.

In the 1950s, nuclear fusion experiments
were small, employed a few people, and cost
on the order of a million US dollars. Nowa-
days, some of the experiments are much larger,
they employ hundreds of highly-skilled people
(who might not all be available in one coun-

Potential Positive Characteristics of Fusion Power

In terms of many energy and environmental issues, nuclear fusion
has a number of attractive characteristics:

Fuel supply: Deuterium extraction from water without harmful
by-products; available inexpensively to all countries. Enough
deuterium in oceans to last millions of years.
Mining: Limited mining of lithium, used to breed tritium for fu-
sion reactors. (Seawater also contains 0.17 ppm lithium.)
Environmental issues: Fusion is environmentally safe.
Nuclear weapons proliferation: No plutonium or uranium pre-
sent.
Safety: The amount of fuel in the plasma is so small that even
complete burnup would not cause an explosion. Heat removal is
not difficult because of low level of decay heat, spread over a
large volume. Tritium inventory can be minimized by careful
design. Potential off-site radiation dose during accidents may be
low enough that no evacuation plans are required.
Radioactive by-products: Generation of long-lived radioactiv-
ity in the structure can be minimized by careful choice of materi-
als. The vanadium alloy, lithium coolant, and unburned deuteri-
uim-tritium fuel could be recycled.

try), and they can cost billions of dollars. There
are also many small- and medium-scale fusion
experiments that provide valuable contri-
butions to the worldwide effort.

Nevertheless, because of the potential im-
portance of fusion power in the future, coun-
tries also require strong domestic fusion pro-
grammes, so that the science and technology
results flowing from international collabora-
tion can be applied at home. While most fusion
research is at a pre-competitive stage, there are
technical areas where the protection of intel-
lectual property of contributing countries is
necessary, and this requirement must be re-
spected in establishing collaborative arrange-
ments. There is also some concern about shar-
ing technology that could have possible mili-
tary applications, such as inertial confinement
fusion.

In the early 1950s nuclear fusion research be-
gan independently in several countries, cloaked in
military secrecy. Magnetic pinches, mirrors, and
toroidal devices were studied, and some neutrons
were observed. There was optimism of "fusion
power within 20 years." Then the initial optimism
was tempered by the realization that the neutrons
were not from thermonuclear reactions and that
plasma instabilities were spoiling confinement. A
better understanding of plasma behaviour would be
required, and could be facilitated by sharing results
with other countries.

The Soviet Union led the way in 1956 by
sharing its fusion research results with Western
countries. The first major international co-opera-
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tion occurred at the Geneva Conference on
Peaceful Uses of Atomic Energy in 1958. In
that same year, the IAEA began its operations.
The first IAEA Conference on Plasma Physics
and Controlled Thermonuclear Research was
held in Salzburg in 1961, and today this meet-
ing (now renamed the "IAEA Fusion Energy
Conference") is held at 2-year intervals. In
1972, the IAEA established the International
Fusion Research Council (IFRC), which ad-
vises the Agency on its wide scope of fusion
research activities.

In parallel with the Agency's activities,
many bilateral and multilateral agreements for
collaboration in fusion research have devel-
oped among countries over the years. Histori-
cally, such agreements were often the first
steps in bringing new players into international
fusion co-operative work. In other cases, they
have proved particularly useful when a high
level of mutual collaboration is envisaged in
specific work areas. Examples of such collabo-
ration are the participation of Japan in the US
Tritium Systems Test Assembly and Doublet-
Ill projects, and the participation of Canada in
ITER through agreements with the European
Union.

The International Energy Agency (IEA),
part of the Organization for Economic Co-op-
eration and Development, was formed by the
Western industrialized countries in the 1970s
as a response to the oil price shocks of 1973.
The IEA covers all areas of energy R&D in-
cluding fusion, while its sister organization,
the Nuclear Energy Agency, covers areas of
fission.

IEA collaboration is organized by means of
implementing agreements with annexes refer-
ring to specific work areas. In principle, any
IEA member country can participate in any of
these agreements by sharing in associated costs
as a Contracting Party; other, non-member
countries can now also join as Associate Con-
tracting Parties, as Russia has done with a num-
ber of the fusion agreements. Currently, there
are active implementing agreements covering
large tokamaks; TEXTOR; ASDEX-upgrade;
stellarators; reversed field pinches; fusion mate-
rials; fusion nuclear technology; and the envi-
ronmental, safety and economic aspects of fu-
sion power.

These activities are overseen by the Fusion
Power Co-ordinating Committee, which is the
IEA counterpart of the IFRC, and the two com-
mittees have several members in common. In
recent years increasing efforts have been made
through these oversight committees to co-ordi-
nate the fusion activities of the two agencies,
in order to avoid overlap and duplication.

Origins of the ITER project

In 1978, the IAEA organized the Interna-
tional Tokamak Reactor (INTOR) workshop to
define the next major experimental tokamak, as
recommended by the IFRC. This work assem-
bled information on plasma behaviour, cross sec-
tions, and materials properties, produced a refer-
ence reactor design, and defined the key issues to
be resolved. The results were documented in a
series of IAEA reports issued from 1982-88.

The success of INTOR in demonstrating the
feasibility of sustained technical collaboration was
one factor that influenced the subsequent estab-
lishment of the International Thermonuclear Experi-
mental Reactor (ITER) project. (See figure, next
page.) An additional factor was the G-7 ("Western
Economic Summit") meetings that had identified
fusion as one of the areas with potential for increased
economic growth by mutual co-operation. These
and other factors provided a fertile background to
the immediate political impetus for the ITER pro-
ject, which was proposed by General Secretary
Gorbachev (USSR) to President Mitterand
(France), and then to President Reagan (USA) at
their 1985 Geneva Summit Meeting.

Ultimately, in 1988, the ITER Conceptual
Design Activity (CDA) was launched by four
Parties: the European Community, Japan, the
Soviet Union, and the USA, which all have ma-
jor fusion research programmes. After complet-
ing the CDA, the four Parties agreed to proceed
with the Engineering Design Activity (EDA)
from 1992-98.

The Agency played a crucial enabling role in
the inception of ITER, and it now provides the
auspices for the four-Party collaboaration and
certain facilitators, including administration of
the ITER joint funds and co-ordination with per-
tinent technical work conducted by the Agency's
Nuclear Data Section.

IAEA fusion-related activities

In addition to providing support to ITER,
the IAEA has a variety of other activities that
promote the development of international col-
laboration in nuclear fusion research. (See box
page 21.) In essence, the IAEA is a major focal
point for such multinational collaboration in
fusion research.

The monthly journal Nuclear Fusion has
been published since September 1960. The
Agency's biennial conference, which covers a
broad spectrum of topics in fusion research, typi-
cally has about 500 attendees. The IAEA Nu-
clear Data Section staff update the data libraries,
distribute the new information to researchers
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Renewed Consensus of ITER Council

Following three decades of steady progress in design and experiments, the four leading participants in
world fusion research agreed in 1992 on the objectives and requirements of the optimum next step in the
development of fusion as a source of energy. ITER was conceived as the project to achieve these objectives
through the equal partnership of the four Parties. The width and depth of fundamental physics, technology,
know-how, and research required to support ITER, as well as its cost, speak for this step to be undertaken
through international cooperation. In July 1995, about halfway through the ITER Engineering Design
Activities, a renewed consensus in the ITER Council reaffirmed that ITER is a necessary step; that its
objectives remain attainable and must not be changed; that the design can meet the objectives; that the
quadripartite co-operation has shown itself to be an efficient frame; and that the right time for such a step
is now. The success of fusion worldwide depends on this step, and ITER should continue to benefit from
full international co-operation, so that fusion physics and technological know-how can be focused and
consolidated in support of ITER, making the optimum use of large but limited resources.

Computer-generated model of the International Thermonuclear Experimental Reactor (ITER), the
fusion device that when built would be about 30 meters high. Shown are 1) the cryostat vacuum
vessel; 2) vertical access port; 3) central solenoid; 4) blanket/shield; 5) plasma chamber; 6) port
to provide access to plasma chamber; 7) divertor; 8) poloidal field magnet; 9) vacuum pump
duct for exhaust; 10) toroidal field magnet.
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around the world, and plan research to fill gaps
in existing knowledge. The Atomic & Molecular
and Plasma-Material Interaction data collected
and evaluated by the IAEA are especially useful
to the ITER project.

The IFRC provides liaison with member
states, contacts with experts in various fusion
research specialities, and guidance on planning
the IAEA fusion research activities. The IFRC
members are appointed by the IAEA Director
General.

Some technical committee meetings are held
annually, such as the one on research using small
tokamaks. Others are held every two or three
years, such as those on fusion reactor design and
on fusion safety. Held less frequently are some
technical committee meetings, as well as advi-
sory group meetings, such as those on alpha
particle physics and on H-mode physics.

Co-ordinated Research Programmes (CRP),
which may last two to five years, lead to scien-
tific reports summarizing the status of research in
a particular field. There are usually several fu-
sion-related CRPs in progress, each with five to
10 participants from both developed and devel-
oping Member States. The Agency's technical
co-operation program further includes activities
such as fellowships for scientists from develop-
ing countries to work in major laboratories. More
requests are being sought from IAEA Member
States to more fully make use of this programme
in the fusion research field.

Status of the ITER engineering design

ITER's work and Joint Central Team (JCT)
are spread among three electronically-connected
Joint Working Sites: Garching, Germany, in the
European Union (in-vessel components); Naka,
in Ibaraki Prefecture, Japan (ex-vessel compo-
nents); and San Diego, California, in the USA
(design integration, environment, safety, and
health). The formal seat of the supervisory ITER
Council is in Moscow, Russia.

In addition, each of the four Parties has a
Home Team that contributes to the design effort
and undertakes the associated R&D tasks. The
ITER Council, consisting of two representatives
from each of the four Parties, governs the project
and appoints the ITER Director, who manages
the project. A Technical Advisory Committee,
consisting of four leading scientific and technical
persons from each party designated by the ITER
Council, provides advice to the Council on all
technical matters requested by the Council. A
Management Advisory Committee, having three
representatives designated by each Party, pro-
vides advice to the Council on management and

administrative matters. This system, although
complicated and spread around the globe, is
working well.

The six-year ITER Engineering Design Activ-
ity involves design work with a total professional
manpower of 1340 person-years plus basic tech-
nology and specific engineering research and de-
velopment totaling US $750 million (in 1989 US
dollars). The ITER Interim Design Report, Cost
Review and Safety Analysis was prepared by the
ITER JCT and accepted in July 1995 by the ITER
Council for consideration by the ITER Parties. This
report is supported by detailed technical documen-
tation: the Interim Design Report and Design De-
scription Documents totalling about 4350 pages
and 1400 drawings.

In the early Spring of 1996 the IAEA will
issue the Interim Design Report as a separate
technical publication in the ITER Documenta-
tion Series. There is good progress towards reso-
lution of most of the technical issues.

The construction phase of ITER is estimated
to take about 10 years from the construction
decision to the first plasma.

Prospects for future collaboration

In the field of nuclear fusion, there will still
be major research projects conducted primarily
by one party, but even those projects will employ
some experts from other countries. Researchers
around the world have learned to respect each
other's unique skills and to appreciate the value
of exchanging viewpoints. The ITER project has
achieved great strides in international collabora-
tion, demonstrating that the problems created by
national interests and pride, geographical separa-
tion of research teams, and cultural differences
can be successfully overcome. Thus, the ITER
experience in the management of a large, multi-
national project could also be helpful to other"
projects in the future.

Since other potential new fusion devices,
such as a 14-MeV neutron source for materials
testing and a tokamak Demonstration Reactor,
will be very expensive, it is probable those pro-
jects will also seek joint funding from several
parties. Because of the worldwide political pres-
sures to cut budgets, cost-sharing is encouraged
for large fusion research projects.

Another beneficial aspect of international
collaboration is the potential for increased par-
ticipation in major projects by innovative sci-
entists from developing countries. Bringing
these scientists together to participate in a
laboratory can serve to speed up progress in
fusion research, in addition to helping the de-
veloping countries.
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IAEA Activities Related to International Collaboration in Fusion Research

Publication of the monthly scientific journal Nuclear Fusion and its
supplements, such as the World Status of Activities in Controlled
Fusion Research (periodically) and Atomic and Plasma-Material
Interaction Data for Fusion (annually)

Publication of the International Bulletin on Atomic and Molecular
Data for Fusion (biannually), distributed to more than 800
institutions and researchers among Agency Member States.

Organization of the Biennial IAEA Fusion Energy Conference and
publication of the conference proceedings

Development of libraries of nuclear data (such as FENDL), atomic &
molecular data, and plasma-material interaction data that are
relevant to fusion research. These data have been internationally
recommended for use in fusion research and reactor design work.
They are stored in the Agency's Nuclear Data Information System
(NDIS) and Atomic and Molecular Data Information System (AMDIS),
and are on-line accessible via Internet. The IAEA's International
Nuclear Information System (INIS) also includes a fusion specialist.

International Fusion Research Council (IFRC)

Technical Committee Meetings (TCM) on relevant topics, such as:
Research using small tokamaks
Advances in computer modelling of fusion plasmas
Alpha particle physics
Steady state operation of tokamaks
H-mode physics
Fusion safety
Fusion reactor design

Advisory Group Meetings (AGM)

• Third World Plasma Research

• Inertial Fusion Energy

• Technical Aspects of Atomic and Molecular Data Processing and

Exchange

Co-ordinated Research Programmes (CRP), such as:

• Software development for numerical simulation and data process-
ing

Plasma heating and diagnostics systems in developing countries
Lifetime prediction for a fusion reactor first wall
Plasma-interaction induced erosion of fusion reactor materials
Radiative cooling rates of fusion plasma impurities
Reference data for thermomechanical properties of fusion reactor
plasma facing materials

• Tritium retention and release from fusion reactor plasma facing
components

• Atomic and plasma-wall interaction data for fusion reactor divertor
modelling

Coordination of the activity of an International Atomic and Molecular
Data Centre Network, comprising 15 national data centres.

Book, Energy from Inertial Fusion (1995)

Status Report on Controlled Thermonuclear Fusion, Executive Summary
prepared by the IFRC on the current state of research around the
world, Anniversary Issue of Nuclear Fusion, Vol.30, No. 9 (1990).

Technical Co-operation projects with developing countries, such as
fellowships

Provision of auspices for the International Thermonuclear
Experimental Reactor (ITER) Engineering Design Activity (EDA)

Industrial applications of plasmas are being
commercialized around the world. These appli-
cations include plasma spray coatings, surface
modification, synthesis of new materials, chemi-
cal reaction enhancement, and processing of
chemical contaminants. The IAEA is starting a
CRP to promote collaboration in this area.

The needs of the world fusion research pro-
gramme include completion of the ITER project;
an inertial fusion energy ignition experiment;
alternative fusion concept research; development
of fusion reactor materials (a powerful neutron
source is required for irradiation testing); a
strong plasma theory and simulation pro-
gramme; and support for university research and
graduate student education in plasma sciences
and fusion technology. International collabora-
tion can help fulfill most of these needs more
efficiently than individual countries can on their
own.

In summary, the world needs nuclear fusion
research to provide a complementary energy
source to solar energy and nuclear fission reac-

tors. International collaboration can pool exper-
tise and share the cost of large projects; acceler-
ate progress by sharing knowledge; and help
developing countries build their infrastructure in
plasma sciences and fusion technology.

The IAEA, the IEA, and various bilateral
agreements promote such collaboration. The
IAEA is conducting a broad scope of activities,
including its monthly journal; the biennial con-
ference; atomic, molecular, and plasma-mate-
rial-interaction data coordination; technical
committee meetings; and Co-ordinated Research
Programmes.

Over the past half century, the worldwide
nuclear fusion research programme — from the
first Soviet initiative through the IAEA activities
to the ITER EDA — has become a premier ex-
ample of scientific co-operation. It should serve
to benefit all people, if fusion power plants are
deployed to help meet the world's energy and
electricity needs. •
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Nuclear fusion: Targeting
safety and environmental goals

Analyzing fusion power's potential for safe, reliable, and
environmentally friendly operation is integral to ongoing research

by
Franz-Nikolaus
Flakus, John C.
Cleveland, and

T. J. Dolan

I or some decades, people have looked to the
process powering the sun — nuclear fusion — as
an answer to energy problems on Earth. Whether
nuclear fusion can meet our expectations re-
mains to be seen: technological problems facing
a fusion power plant designer are complex and a
fusion power plant has not yet been built. Re-
markable progress has been made, however, to-
ward realizing fusion's potential.

Research in fields of nuclear fusion has
been pursued in various countries for decades.
The efforts include the JT-60, which has pro-
vided important results for improving plasma
confinement; the D-IIID tokamak experiment,
which has achieved record values of plasma
pressure relative to the magnetic field pres-
sure; and the Tokamak Fusion Test Reactor
(TFTR), which has generated 10 million Watts
of thermal power from fusion. The Joint Euro-
pean Torus (JET) is expected to approach
breakeven conditions, where the fusion power
generated exceeds the input power. Unre-
solved physics issues, such as plasma purity,
disruptions, and sustainment of current, should
be resolved by the International Thermonu-
clear Experimental Reactor (ITER), which is
being designed by experts of the European
Community, Japan, Russian Federation, and
the United States. (See related article begin-
ning on page 16.)

There is confidence that the engineering
design issues — including those concerning
superconducting magnets, vacuum systems,
cryogenic systems, plasma heating systems,
plasma diagnostic systems, and blanket cool-
ing systems — can eventually be solved. Other
important aspects in designing a fusion power

Mr.Flakus is a senior staff member of the IAEA Department of
Nuclear Safety, Mr Cleveland is a senior staff member of the
IAEA Department of Nuclear Energy; and Mr. Dolan is Head
of the Physics Section of the IAEA Division of Physical and
Chemical Sciences.

plant relate to safety andeconomics. This article
looks at safety aspects of fusion power plant
designs, and reviews efforts in safety-related
areas that are being made through interna-
tional co-operative activities.

Safety-related goals and considerations

Reliable predictions of the cost of electric-
ity from fusion power cannot be performed
until design details of commercial fusion
power plants have been established. Currently,
this cost is not projected to be significantly less
than the costs of other energy sources.

In areas of safety, however, fusion holds
potential advantages over other energy
sources. In nearly all studies related to the
design of a fusion power plant, safety and
environmental considerations are being in-
creasingly emphasized, and safety goals for
fusion have been extensively discussed. The
safety and environmental goals of a fusion
power plant design are to protect workers
from radiation, electromagnetic fields, and
other hazards; the public from radioactive
and toxic materials; the environment from
pollutants and waste; and the investor from
damage by accidents.

The fusion process. At sufficiently high tem-
perature, nearly all light nuclei undergo fusion re-
actions and could in principle be used to fuel a
fusion power plant. However, technical difficul-
ties increase rapidly with the nuclear charge of
the reacting isotopes. For this reason, only deu-
terium, tritium and isotopes of helium, lithium,
and boron have been proposed in practice.

The first generation of fusion power plants
will very likely use deuterium-tritium (DT)
fuel because it is the easiest to ignite. The main
reaction product, helium-4, does not pose a
health hazard. The principal energy output
from a DT fusion event is a 14 MeV neutron.
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Nearly all materials become activated to some
degree by energetic neutron bombardment.
Neutron reactions in DT fusion reactors will
inevitably create radioisotopes. The principal
radioactive materials present in a DT fusion
reactor will therefore be tritium and neutron-
activated structural materials surrounding the
reaction volume.

Safety-related considerations. Specific
fusion power plant safety studies, which are
complementary to many other safety studies,
include those related to tritium safety, the as-
sessment of tritium releases, activation product
safety, radioactive waste disposal, and analyses
of potential accidents and their consequences.

The release rate of tritium during plant op-
eration has to be kept well within an acceptable
safe range. This release of tritium is modeled
by computer codes that account for tritium
permeation through the materials present in the
power plant. Major tritium research laborato-
ries are in Canada, Germany, Italy, Japan, the
Russian Federation, and the United States.

The generation of neutron activation prod-
ucts is not a serious problem if they can be
contained and if they have short half-lives.
They are a byproduct of the fusion reaction,
not a direct reaction product. Therefore, their
generation in the blanket and structure of the
reactor is under the control of the designer and
can be minimized by proper design and appro-
priate choice of materials. The use of a variety
of low activation materials is being exten-
sively studied.

There is no potential for a runaway fusion
reaction; indeed, the problem is making the
fusion reaction proceed adequately at all. Vir-
tually all hardware problems lead to fusion
shutdown, and there are inherent limits in any
case because of the limited amount of fusion
fuel present and the nature of the fusion reac-
tion. However, a particular focus of work in
fusion safety is the analysis of various other
potential accidents, such as magnet accidents,
and "consequence calculations" are per-
formed. For categorization of accidents into
event groupings and estimation of the fre-
quency of accidents, specific component reli-
ability data are required.

The approach for conducting a general
safety analysis for fusion plants is similar to
that used for the design of other large nuclear
installations. (See box, page 25.) The results
of safety analyses indicate that fusion power
plants can meet the desired safety goals. For
example, the ESECOM study compared the
safety and economic aspects of many fusion
reactor designs.* The general safety issues of
ITER were discussed and a draft report has been

issued giving preliminary results of the ITER
safety analysis.

Fusion power plant safety studies have
been evolving for more than 20 years. They are
steadily adapting to the evolution of interna-
tionally agreed radiation safety concepts and
requirements.

In 1994 the IAEA, jointly with five other
international organizations issued revised In-
ternational Basic Safety Standards for Protec-
tion against Ionizing Radiation and for the
Safety of Radiation Sources. The Basic Safety
Standards — issued jointly with the Food and
Agriculture Organization (FAO), International
Labour Office (ILO), Nuclear Energy Agency
of the Organization for Economic Co-opera-
tion and Development (OECD/NEA), Pan-
American Health Organization (PAHO), and
World Health Organization (WHO) — take
account of new recommendations on radiation
protection of the International Commission on
Radiological Protection (ICRP). A central part
of the dose limitation system is the "optimiza-
tion of protection" principle. Fusion is a good
candidate for the successful application of this
principle. Optimization is best achieved when
safety assessment is already built into the
early design stages of a project.

As pointed out earlier, the first fusion power
plants will most likely use the DT fuel cycle.
Once a fusion power plant based on the DT
reaction has been built, advanced fuels could be
further pursued for energy exploitation. This
would bring about a lower tritium inventory.
Later fusion power plants may evolve to fuels
(such as deuterium + 3helium) that generate
fewer neutrons, and hence produce less radioac-
tivity in surrounding materials. Thus, during the
evolution to advanced fuel cycles, the safety ad-
vantages of fusion may increase with time. It
may be possible in the future to design power
plants with low enough radionuclide inventories
so that emergency planning and preparedness are
unnecessary.

Practical realization of fusion

It has been estimated that an investment of
the order of US $50-100 billion is needed to
bring fusion power to fruition. The rate of
progress in fusion research is limited by the
funding rate, which is estimated to be about US
$1.5 billion per year worldwide.

* See "Report of the Senior Committee on Environmental,
Safety, and Economic Aspects of Magnetic Fusion Energy",
by J.P. Holdren, D.H. Berwald, R.J. Budnitz, et.al., UCRL-
53766 (1989).

IAEA BULLETIN, 4/1995 23



FEATURES

Currently, expectations are that ITER
could begin significant DT operation around
2005-2010, followed by construction of a dem-
onstration power plant. A demonstration fusion
power plant could then begin operation about
two decades later. If the demonstration reactor is
successful, i.e. if sufficient operational experi-
ence warrants financing of a commercial
power plant, then early commercial fusion
power plants could begin operation by about
2050.

This estimated timetable could be delayed
or accelerated. It could be delayed by funding
shortages or by unforeseen difficulties with
plasma phenomena or technology. The sched-
ule could be accelerated by a breakthrough in
understanding of plasma behavior (such as,
perhaps, the recent success with the "reversed
shear mode" of tokamak operation), by a new
invention that enhances plasma confinement,
and by providing an increased funding rate.

Non-tokamak types of plasma confinement
are also being studied, to develop reactors that
can produce electricity at a lower cost. For
example, large stellarator experiments are un-
der construction in Japan and Europe. It is
clear that safety studies will play a major role
in earning and keeping public trust, desire, and
acceptance of fusion power.

IAEA activities in fusion safety

Guided by the International Fusion Re-
search Council (IFRC), the IAEA is conduct-
ing a range of activities that promote interna-
tional co-operation and help to enhance the
safety and environmental advantages of fusion
power. They include supporting the ITER pro-
ject, whose Engineering Design Activity has
passed the halfway point. The ITER experi-
ment will have safety built into the design, to
ensure that no fatalities can arise during a seri-
ous accident by release of radioisotopes. In
1995, the Agency published a discussion of
safety in inertial fusion reactors.

Many IAEA activities in the area of radia-
tion safety are relevant to fusion safety. They
cover topics such as safety standards for radia-
tion protection, safe transport of radioactive
materials and management of radioactive
waste, guidelines for safe handling of tritium,
and limitation of radioactivity releases into the
environment.

Since 1973, fusion safety has been a special
item on the Agency's agenda of safety activi-
ties. Over the past two decades, the Agency has
organized several technical committee meet-
ings on fusion safety which discussed pro-

Fusion Safety Philosophy

The fusion safety philosophy now includes the
following concepts:

• passive systems and inherent safety fea-
tures;

• fail-safe design;
• reliability (including redundancy of compo-

nents (pumps, valves, etc.); diversity (such
as two different ways of supplying back-up
power); independence (if one component or
system fails, it does not cause an adjacent
one to fail); simplicity; and surveillance, to
detect flawed components before an acci-
dent occurs);

• consideration of human factors;
• remote maintenance capability;
• safety culture in worker attitudes;
• quality assurance (including codes and

standards; verification and validation; and
safety analysis);

• operational controls (fault detection, auto-
matic corrective response);

• safety systems to reduce consequences of
failures;

• accident preparedness and management, to
preserve confinement integrity;

• emergency planning to mitigate effects of
radioactive releases, if needed.

gress,researchneeds,andfutureplans.Typically
about 50 experts from a dozen Member States
have attended these meetings, which were held
about every three to four years. The proceedings
of the latest meeting in this series, held in 1993
in Toronto, Canada, were published in the Jour-
nal of Fusion Energy in June 1993. The next
meeting is planned in October 1996 in Japan.

Prospects and future directions

Fusion reactors have a significant potential
for safe, environmentally benign operation.
Safety aspects of fusion power plants, which
have been designed on paper, cannot yet readily
be compared with safety aspects of fission power
reactors or other operating energy sources. In
fusion, the bulk of radioactive material is a sec-
ondary product resulting from neutron activa-
tion, leaving room for optimization of protection
through materials development and selection, or
by using advanced fuels.

To ensure that the potential safety and envi-
ronmental advantages of fusion can eventually
be utilized, safety engineering must be integrated
into fusion reactor designs. This is being done by
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Fusion Safety Analysis

As in safety studies of other large nuclear
installations, various steps are involved in
accident analysis of a fusion power plant.

Each sequence of events may be represented
by an " event tree'', and each branch of the tree has
an associated probability of occurrence. For exam-
ple, if a valve is ordered to close, it has a finite
probability of failing to do so. For loss-of-coolant
and loss-of-flow events, the temperature rise in the
first wall and blanket must be calculated as func-
tions of time. Then the mobilization of various
elements can be estimated, based upon data from
laboratory tests.

The amount of a radioisotope that is mobi-
lized during an accident constitutes the " source
term". Sometimes the source consists of an
oxide aerosol, of which most would plate out
inside the building. During a severe accident
with damage to the containment, a fraction of
the aerosol might leak out of the containment to
the atmosphere. Sophisticated computer codes
are used to model:
• neutron and gamma ray transport in the first

wall, blanket, and shield;
• generation of radioisotopes by neutron ab-

sorption;
• temperature rise due to afterheat and chemi-

cal reactions during accidents;
• mobilization of radioisotopes during acci-

dents;
• transport of aerosols inside the confinement

building (and reaction released);
• transport of released particles and gases to

the site boundary;
• radiation dose to the "maximum exposed

individual" at the site boundary.

the ITER Project, although ITER is an advanced
experimental fusion reactor and should not be
viewed as a prototype fusion power reactor.

As fusion safety studies progress, more and
more interdisciplinary work will be required. Over
the long term one can confidently expect that safety
will be strengthened as progress is made in fusion
power plant design. A statement made by CM.
Braams, Chairman of the IFRC, 20 years ago in an
introductory note to a review elaborated at that
time, remains valid today:

"... although the prospects for taking advan-
tage of the environmental merits of fusion are good,
it is dear that fusion reactors, if they become a
reality, will have an environmental impact - includ-
ing radiation hazards - whose magnitude will de-
pend on the progress of research, on the availabil-
ity of materials and on how much society is pre-
pared to spend on minimizing the impact". d

Steps of Fusion Power Plant Accident Analysis

I. Consideration of the potential hazards

These include:

• gamma radiation
• routine releases of tritium
• accidental releases of radioactive material from

- structure
- coolant
- corrosion products
-dust
- tritium in walls, blanket, coolant, vacuum s
fueling system

<
<
(
<

<

t toxic materials, such as berylium, vanadium,
• electromagnetic fields
ft vacuum
» cryogenic fluids
• asphyxiants (gases such as N2, He)
• chemical reactions

- liquid metals with water, air, or concrete
- hot surfaces with water or air
- hydrogen generation and explosion

• high voltage
• rotating machinery
• lifting heavy masses
• missiles generated by turbine blades, magnet

or high-pressure gases.

ystem,

lead

coil arcs,

II. Analysis of energy sources available to "mobilize"
radioactive materials

Examples of estimated values:
• decay heat
• chemical reactions

- coolant
- water/air + hot plasma-facing components.

4
4
4
4
4
4
4

I coolant stored energy
» magnet coil stored energy
1 fusion reaction full power
t plasma magnetic energy
t plasma thermal energy
* vessel thermal energy
t vacuum

III. Analysis of possible accidents, such as:

• plasma events
- fusion overpower
- disruptions
- delayed shutdown

4
4
4
4
4
4
4

t loss of coolant event
t loss of flow event
t loss of vacuum event
» magnet events
» loss of cryogen
1 tritium plant events
» auxiliary system events

[910] GJ in first week
[800] GJ

300 GJ
120 GJ
1.5GJ/second
1.3 GJ
1.2 GJ
small
small
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TOPICAL REPORTS

Radioactive waste management:
International peer reviews

Countries are evaluating their programmes through the IAEA's
Waste Management Assessment and Technical Review service

by Ernst
VVarnecke and
Arnold Bonne

International peer reviews have become a cen-
trai feature of the IAEA's safety-related services.
In areas of radioactive waste management, they
are gaining greater attention among countries as
an effective tool for objective technical feedback
and assessment.

The Agency's peer review service for radio-
active waste management — known as the Waste
Management Assessment and Technical Review
Programme (WATRP) — started in 1989, build-
ing upon earlier types of advisory programmes.
WATRP's international experts today provide
advice and guidance on proposed or ongoing
radioactive waste management programmes;
planning, operation, or decommissioning of
waste facilities; or on legislative, organizational,
and regulatory matters. Specific topics often
cover waste conditioning, storage, and disposal
concepts or facilities; or technical and other as-
pects of ongoing or planned research and devel-
opment programmes. The missions can thus con-
tribute to improving waste management systems
and plans, and in raising levels of public confi-
dence in them, as part of IAEA efforts to assist
countries in the safe management of radioactive
wastes.

This article presents a brief overview of re-
cent WATRP missions and the review process
itself. (See box.)

Recent peer reviews

Norway. In December 1994, the Norwegian
Radiation Protection Authority requested a
WATRP review of its work toward establishing
a combined storage/disposal facility for low- and
intermediate-level waste. The mission's main
objective was to review safety-related aspects of

Mr. Warnecke is a staff member in the IAEA Department of
Nuclear Safety and Mr. Bonne is Acting Head of the Waste
Technology Section. Department of Nuclear Energy.

the approach to the selection of the site, the
technical concept, and the long-term safety of the
facility.

A team of five experts from Canada, France,
Germany, Switzerland, and the United States
was formed to conduct this review. The team
received background documents in June and July
1995. After reviewing the documents, the team
prepared a questionnaire for the Norwegian ex-
perts in advance of a review meeting with them
during the last week of September 1995. The
team's final report has been prepared and sub-
mitted to the Norwegian Radiation Protection
Authority.

The team found that the legal system and the
licensing process as they are applied to the pro-
jected facility correspond to international stand-
ards. The criteria which have been applied for the
selection of the site for the planned facility are
comprehensive and consider the important fac-
tors for both environmental protection and long-
term safety.

The team recommended that it would now be
important to select a final design for the facility
and to develop the detailed plans. These plans
should also address the later conversion of the
storage part of the facility into a repository for
the plutonium-bearing waste or the removal of
this waste from the facility.

Slovak Republic. In December 1993, the
Nuclear Regulatory Authority of the Slovak Re-
public requested a review of the Mochovce dis-
posal facility for short-lived low- and intermedi-
ate-level radioactive waste. As requested, the
review's scope was limited to parts of Slovakia's
Pre-operational Safety Report that are related to
the evaluation of the facility's safety. The team's
work was based on written material provided,
discussions with Slovak experts and their con-
sultants, and the evaluation of some of the ar-
chived design and construction records.

Five experts from Canada, Finland, France,
Germany and Spain conducted the review. The
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ftThe "right
stuff
In the rugged Peruvian highlands
around Acobamba District, about
350 kilometres east of Peru's capi-
tal Lima, some unusual things
have been happening this summer
and autumn, even though the
tenor of everyday work and life
may not have been disturbed too
much. The centre of activity has
been four schools and especially 300
primary school 6-to-l 1 year old chil-
dren who are being nutritionally
evaluated using stable isotopes.

The exercise is the first part of a
Technical Co-operation Model
Project which began in July. TC's
$700,000 funding is riding piggy-
back on an on-going $15 million
government programme that pro-
vides 524,000 breakfasts each day
to poor school children; a number
which President Alberto Fujimori

continued on page 3

Sri Lanka sets sights
beyond the human eye
A large facility to irradiate and
store a variety of human tissues for
medical use on the Island and
throughout the region is now near
completion in the Sri Lankan capi-
tal of Colombo. A10,000 curie US-
built irradiator provided from IAEA
Technical Co-operation (TC) funds
is now in place and the tissue bank
is already in operation.

Tissue banking in Sri Lanka began
nearly 20 years ago with one man
and his home refrigerator when Dr.
Hudson Silva launched his cam-
paign to preserve eyes donated by

his patients so that others who had
lost their sight might see again.

The non-governmental organiza-
tion (NGO) that Silva set up, Sri
Lanka Eye Donation Society,
popularly known as the Eye Bank,
has since been approved by the
government as a tax-free charity.
Over 10,000 people in Sri Lanka
have regained their vision with the
aid of the society. In the last 30
years the bank has sent more than
30,000 sight-restoring corneas to

continued on page 5

Nutrition studies are part of Peru's efforts to improve children's health.
(Credit: C. Fjeld/IAEA)



Nuclear methods detect infant diseases
Congenital diseases can kill babies
and cause lasting disability to in-
fants who survive them. Neonatal
hypothyroidism is one which can
occur when the mother's diet is
short of iodine — not uncommon
in communities where nutrition is
inadequate. In some places farm
soil depleted of natural iodine is
the principal cause. Neonatal hy-
pothyroidism is seldom fatal but,
arguably a fate worse than death
for the victims and their families if
it seriously retards the child's
physical and mental growth.

Happily, if diagnosed in the first
days of life, it can be treated with
hormonal replacement regimes
that allow the child to lead a near-
normal productive life. How to de-
tect it so soon? A nuclear technique
called radioimmunoassay (RIA)
can do it. This simple, safe, and
relatively inexpensive diagnostic
tool is now widely used to detect a
large number of conditions, before
classical symptoms surface.

Technical Co-operation has helped
transfer this technology to many
developing countries. There are
variations on the RIA theme and
each disease needs its own re-
agents and diagnostic know-how.
Two of the most recent TC Model
Projects, in Tunisia and Uruguay,
target neonatal hypothyroidism.
Both satisfy all the basic criteria of
such projects: they are in tune with
national policy; they dovetail into
the country's health programme;
they are sure to reach the end-us-
ers; and they are assured of sup-
port and commitment by the
government.

Both countries have cleared the le-
gal and bureaucratic hurdles for
maximum project impact: Tunisia
by Ministerial directives and Uru-
guay by a law that mandates the
screening of newborn infants for
hypothyroidism. Both countries
have experience in the use of RIA,
from earlier Agency and RCA (see
back page) programmes. Both
have adequate infrastructure in
place to screen, analyse samples
and prescribe treatment.

Both countries, too, have high
neonatal hypothyroidism inci-
dence rates (estimated at one in

In Asia, nurses draw blood from an infant's heel to detect a thyroid
disorder causing retardation.

every 1000 live births in Tunisia, 1
in 3500 in Uruguay) which is am-
ple economic justification for the
effort. In Tunisia, in the early
months of the project this year, one
case of hypothyroidism was found
(and is being treated) among 1500
newborn babies screened. Given
an expectancy of working 30 years
and Tunisia's per capita income of
US $2000 a year, the child now has
the potential to contribute $60,000
to the economy. This almost equals
the total investment in the project's
first nine months.

Uruguay began a much less inten-
sive screening programme some
years back and identified seven
positive cases among 21,500 new-
borns screened between 1990-94.
Without the follow-up treatment,
these children would have grown
up mentally and physically im-
paired, possibly unproductive and
a burden to both family and State.
So, with an estimated occurrence
rate of 1 in 3500, a large-scale screen-
ing programme was begun with
Agency support involving more
than 60 hospitals and clinics. About
33,000 newborns (60% of all new-
borns) were screened last year. On
this basis, about 18 cases of neonatal
hypothyroidism every year can be
expected. Early treatment will per-
mit these children to develop nor-
mal and productive lives. From a
modest IAEA contribution of US
$150,000, the expected economic
benefit in Uruguay is US $1.4 million
(assuming a working life expectancy

of 30 years and average GNP of L'S
$2,560).

The RIA procedure does not intro-
duce anything radioactive into the
babies. Instead it uses reagents —
chemicals that produce chemical
reactions in blood samples — that
show whether the infant has the
specific disease. The nasty part is
the pinprick in the heel to draw out
a few drops of blood for the test.
It's in a good and healthy cause,
and someday the 4-day old babies
may just learn to appreciate that.

School children in Peru proudly
show how a blood test is done.

mm*.,



The "right" stuff: continued from page 1

has promised would rise by
3,000,000 in 1996. The TC project
goes beyond simply measuring
what nutritional benefits the chil-
dren derive from the special meals,
and hopefully will contribute to in-
tervention strategies for other un-
dernourished regions in the
developing countries.

Hunger is widespread in many de-
veloping countries. Many affected
populations benefit from supple-
mental feeding programmes, often
with bilateral and international
support. These may assuage hun-
ger but do not always provide
proper nourishment. The World
Health Organisation (WHO) calls
it hidden hunger. This is especially
true for susceptible groups such as
nursing mothers, infants and chil-
dren.

Nutritionists know a lot about
which nutrient deficiencies cause
what health problems, and doctors
increasingly prescribe diets to treat
individual patients. But it is a lot
less easy when feeding whole com-
munities, or target groups like
women of childbearing age or
young children as in Peru's school
breakfast programme. While
foods are fortified with vitamins
and proteins, it is often uncertain
whether the supplements meet the
requirements for proper nutrition.

The essence of the TC project is to
investigate definitive answers by
using isotopic methods to evaluate
the nutritional quality of foods and
diet relative to nutritional status.

For example, WHO and most nu-
tritionists recommend that green
and yellow plant foods be eaten to
combat vitamin A deficiency - the
most common cause of childhood
blindness. But, too often, interven-
tion to improve vitamin A does not
yield anticipated results. This is
probably because of a shortage of
dietary fat or poor conversion of
the pro-vitamin to vitamin A.The
shortage of this nutrient not only
causes early blindness, it also un-
dermines the immune system and
retards growth and mental devel-
opment.

The Peruvian project is assessing
which ingredients (the right
amount of fat and the best sources
of pro-vitamin A) will optimize the
conversion of the pro-vitamin into
vitamin A. Another isotopic appli-
cation will measure the vitamin A
in the whole body. Local commu-
nities prepare and distribute the
supplement to children and some
parents even help with monitoring
and sampling. On average, 87% of
the parents in these four commu-
nities have agreed to participate.

The measurements and evalu-
ations carried out in the project use
isotopic methods because no other
approach could provide answers
as quickly or with as much assur-
ance. The list includes measure-
ment of total body water and body
composition, from which nutri-
tional status can be determined
and decisions taken on which nu-
trients would be needed in dietary
intervention. It also includes meas-
uring total daily energy expendi-
ture as a basis for planning the
amount of calories required, and to
determine whether an interven-
tion would increase productive en-
ergy. Such measurements could be
done with conventional tools in
well equipped hospitals, but not in
rural communities of the Peruvian
highlands.

Measurement of the amount and
rate of protein deposition in the
body will allow selection of dietary
ingredients that most efficiently
convert food into growth — that
is, the rate at which body protein
becomes new tissue. The sensitive
isotopic method can be applied
without interfering with people's
everyday activities. Conventional

methods cause inconvenience (re-
quire people to be confined in spe-
cial rooms for days and be asked
to breathe into bags and the like),
are costly, and/or need special ex-
pertise and time. Long-term
growth of the children could be
tracked of course, but it takes a
long time and the results could be
confounded by many factors unre-
lated to the dietary supplement.

The Acobamba evaluations also
include iron, zinc, iodine, folic acid
and immune status. Of the four
schools, two are receiving the
breakfast from the national pro-
gramme, the other two, used as
"controls", will get it in the follow-
ing six months.

The project will be extended to
other parts of Peru during its 4-
year life. At the end it will provide
solid field data that will contribute
to improving fortified foods and
nutritional supplements in the fu-
ture. This information can also be
used globally to help govern-
ments, donor agencies and the
food industry plan and design ef-
fective interventions for children
and other "at risk" groups.

The TC activity in Acobamba is
already linked with a WHO vita-
min A supplement programme,
and an immunization campaign in
Peru and Ghana.

Other organizations are involved
as well. The United Nations'
Food and Agriculture Organiza-
tion (FAO) currently has an ex-
pert working with the IAEA on
nutrition projects in Vienna.
Other international bodies show-
ing interest in isotopic evalu-
ations include UNICEF and
UNFPA.

In October, the Agency hosted an
expert meeting to plan nutrition
research and evaluation pro-
grammes within the IAEA in the
coming decade. In attendance
were nutrition experts from the
US, the Netherlands, and the UN
agencies who also collaborated to
provide advice on how to acceler-
ate the process by which nutrition
science is used as a basis for food
production and public policy.



A "gel" route in China
Half a million more patients in
southwest China could have the or-
gan scans and diagnostic health care
they need when an unconventional
method for producing technetium
"generators" reaches industrial
scale, possibly as early as next year.
IAEA Technical Co-operation has
been assisting with expertise and
materials since 1994 to help the Chi-
nese ensure product quality.

Technetium (Tc) — the most
widely used tracer element in nu-
clear medicine — is extracted,
from a so-called generator by a
simple chemical process. Its parent
"generator" is molybdenum-99
(Mo-99), which is commonly pro-
duced by fissioning uranium in a
nuclear reactor. This process pro-
vides "gold standard" Mo-99,
which is very expensive and re-
quires a reactor of at least 5 mega-
watts.

It takes sophisticated technology
to fish out the six per cent of Mo-
99 from the hot fission soup
which includes hundreds of
other products including pluto-
nium. Costs of imported Mo-99
are vastly increased because the
radioactive isotope must be heav-
ily shielded. Production of Mo-99
also results in a large amount of
high-level waste which is difficult
and costly to handle.

Recently, a simpler and less costly
route has been developed by irra-
diating stable molybdenum (Mo-
98) in a research reactor with a
high neutron flux. Essentially, sci-
entists have added a neutron to Mo-
98 to get Mo-99, which is then held
in a special gel rather than in the
bulky lead shielding used for con-
ventional generators. The very
short-lived technetium tracer is ex-
tracted from the gel by the same
process used to obtain it from fis-
sion-produced Mo-99. Gel gener-
ators have now been used in more
than 100 Chinese hospitals. Clini-
cal results have been as good as
those when the technetium is ob-
tained from fission process gener-
ators.

Both Chinese and IAEA experts
anticipate that production and
quality improvements will need to
be made before the gel process

generators can be produced on an
industrial scale and be as readily
acceptable as the fission-made ones.

However, several obstacles re-
main: gel production must be
standardized, contamination with
stable molybdenum reduced and
the production process stream-
lined to enable generators to be
turned out in large numbers. TC's
three-year Model Project that
started in 1994 has helped correct
four weaknesses and introduced
several improvements to the pro-
duction system. Current efforts fo-
cus on improving generator
performance in several ways — by
experimental comparison of dif-
ferent processes; improving
equipment and methods of quality
control; enhancing the conditions
and environment of the labora-
tory; and changing the design and
construction of the production line
for greater efficiency.

A technical report now is being
prepared on the comparative stud-

ies of the performance of the gel-
type generators. The reports also
looks at the behaviour of the tech-
netium to labelled sensitive mole-
cules for its utilization in clinical
health-care practice.

China has committed human re-
sources, facilities (including two
research reactors), and more than
US 5500,000 to the project. IAEA
TC, with a budget of just over
$300,000 over three years (1994-
96), is helping with expert services
and training. Chinese scientists
have been able to visit foreign sci-
entific centres, and two fellow-
ships were completed late this
year in India and Norway.

Why is all this important? The
health and economic gains that
could result are very significant.
China now imports 1800 fission-
produced generators a year. De-
mand is projected to rise to nearly
10,000 by the turn of the century.

continued on next page

The atom and human health
The quality of health care available to our
families and friends is a common concern
for the global community.

The medical diagnostics and treatment
available over the lifetime of the young
"tiger" shown here will shape the quality
of life he enjoys and may well influence
his opportunities for success in the fu-
ture. Communities and governments
around the world strive to improve
standards of health care in order to pro-
vide a better future for their citizens.

The IAEA's mandate is to support its Member States in finding
solutions that help address national needs and priorities using
nuclear applications. The Agency's human health programme gives
top priority to the curative and palliative treatment of cancer, estab-
lishment of comprehensive quality assurance programmes for radiation
dosimetry, the detection of diseases prevalent in children and the assess-
ment of nutritional status and the planning and evaluation of applied
nutrition programmes tailored to the needs of women and children.

Its activities span many disciplines — including radioimmunoassay,
radiotherapy (especially teletherapy and brachytherapy), radio-
pharmaceutical production, human nutrition, sterilization tech-
niques for organ and skin transplants as well as for medical
instruments—and applications of nuclear medicine techniques and
procedures.



One immediate objective of the
project is to meet generator de-
mand in southwestern China. So
its immediate impact will be on the
people of this region — 500,000
more could have bone scans, liver
scans, and other diagnostic inter-
ventions a year — and on the pro-
ductivity and cost effectiveness of
health services. Equally important,
this breakthrough could have similar
impact on many other developing
countries by providing a low-cost
simpler source for technetium.

When the gel route in China to tech-
netium production is perfected, it
will progressively reduce China's
imports of fission-produced gener-
ators. It will also provide a technol-
ogy transferable to other developing
countries where patients are now de-
prived of this ideal diagnostic aid.
One avenue of transfer might be
through TCDC (Technical Co-op-
eration among Developing Coun-
tries) — an activity within the
Agency sponsored Regional Co-op-
erative Agreement (RCA). (See re-
lated story on last page).

Sri Lanka sets its sights:
continued from page 1

eye surgeons in 60 countries
around the world. These are with-
out charge, but recipient institu-
tions have made cash donations
which have enabled the bank to
thrive. The Sri Lanka Eye Dona-
tion Society has 325 branches all
over the country with the active
involvement of 15,000 volunteers.

Given such a track record, and the
fact that tissue banking is now a
proven and demonstrably viable
technology, TC had no hesitation
about helping Sri Lanka set up the
new facility, which is sited on land
in a prime residential area of
Colombo provided by the Health
Ministry. The Agency will contrib-
ute some US $375,000 over four
years (1995-98). Apart from the
governmental inputs, the Eye
Bank and local charities will do-
nate nearly $150,000.

Oblation of one's body is inherent in
Sri Lanka's religious-cultural tradi-
tions. The Eye Bank has never been
short of cornea donations. Since the
processing of amnion began this
summer, at least a dozen cadavers
have been offered for the extraction
of tissue and long bones.

Two young ladies from Lebanon are obviously happy about their restored
vision, thanks to the Sri Lanka Eye Bank.

Amnion is the inner membrane of
the placenta that cocoons the fetus.
This opaque material, as thin as
"clearwrap" is immensely rich in
hormones but is usually thrown
away after the baby is delivered.
Pharmaceutical companies pro-
cure it from maternity hospitals to
extract hormones. It is also widely
used to treat wounds and secondary
burns, but its full range of medical
applications is still being explored
(see related report on back page).

The Colombo tissue bank has be-
gun providing amnion to public
and private hospitals. Its capacity
to prepare, double package and ir-
radiate amnion is about 350 pieces
a month, while current local needs
are estimated at 200 pieces. The
rest can be sent abroad to meet
urgent needs elsewhere. In time
the Bank will similarly process and
store skin and bone tissues as well
as brain and spinal cord mem-
branes, intramuscular tissue, heart
valves, arterial and cardiovascular
graft material.

Apart from equipment, IAEA
technical co-operation will pro-
vide the expertise to establish a
total quality assurance system for
maintaining manufacturing prac-
tices at the highest international
standards, as well as training of
top staff to ensure that the activity is
sustainable after the project ends. So
far TC has provided five training
fellowships in Germany, India, Ja-
pan and the United Kingdom, as
well as scientific visits abroad.

The bank will undoubtedly have
tissue stocks in excess of the coun-
try's needs. Like the Eye Bank, it will

respond to foreign requests, free of
charge. While some religious and
cultural mores inhibit donation of
body parts in many countries, a
continuous demand for human
tissues is projected within the Asia
and Pacific Region and beyond.

The Sri Lanka Tissue Bank is a
model project. As such it satisfies
stringent criteria such as environ-
mental and economic sustainabil-
ity and cost benefit or effectiveness
advantages over conventional ap-
proaches. It must also address pri-
ority needs of the country.
Perhaps most importantly, it must
receive solid support from na-
tional or local governments or
communities. Over the years the
Agency has supported several
modest-scale tissue banking facili-
ties, but the Sri Lanka Eye Donation
Society has the proven experience
and international network to assure
that the new facility for sterilizing
tissue for human transplantation
will have significant impact both na-
tionally and internationally.

The primary social and economic
benefits of the project will be in-
creased availability of tissue grafts
to victims of traumatic accidents,
disease and congenital defects.
The very low income portion of
the population, which currently
has almost no access to such treat-
ment, will benefit most. Sri Lanka
currently spends an average of US
$200,000 per year on imported tis-
sue grafts. Savings of an equiva-
lent amount can be expected as a
direct economic benefit to the
country, plus the invaluable bene-
fits to international recipients of
donated tissue for transplantation. 5



Combatting cancer in the developing world
The IAEA is directly involved in
the campaign against cancer be-
cause treatment of tumours with
radiation — often the most effec-
tive therapy — requires radioac-
tive materials and training. The
Agency is the only UN body that
has the expertise to transfer this
technology and ensure that it is
applied safely and efficaciously.
TC activities in radiotherapy —
slow at first while the focus was on
building national infrastructures —
have increased rapidly in the past
decade from fewer than 10 projects
to nearly 50 today.

A number of developing coun-
tries, especially in Africa, still have
no radiotherapy facilities. This is
primarily because the costs of
equipment, training and infra-
structure are high. In other coun-
tries, facilities have become
obsolete and skills have been lost.

Ghana and Mongolia are typical of
the two situations, and the TC De-
partment has developed Model
Projects to help resolve some ma-
jor problems being faced.

TC assistance is delivered through
technology transfer by experts, the
provision of equipment and materi-
als, and through training via scien-
tific visits and fellowships abroad as
well as workshops and hands-on
experience at home. Special atten-
tion is invariably given to develop-
ing indigenous skills, so that the
activity is sustained after the pro-
ject's conclusion. This is why all
Model Projects demand a strong
governmental commitment to the
achievement of objectives.

Mongolia has had cancer radio-
therapy capability for many years
but facilities have been neglected
in the past few years. The overall
need is for both the facilities and
skills to be upgraded.

In August 1995, a modern Chi-
nese-built teletherapy unit (with a
new Cobalt-60 source) began treat-
ing patients in Ulan Bator. It was
provided by TC to replace a ma-
chine which was beyond repair.
Some staff are being retrained at
home with the help of experts
from more advanced neighboring

6 countries; and radiotherapists,

A national committee headed by the First Lady of Ghana, Her Excellency
Mrs. Nana Konadu Agyeman-Rawlings, will monitor the progress of the
radiotherapy center. (Credit: P. Pavlicek/IAEA)

medical physicists and other key
practitioners are being sent abroad
on TC fellowships — mostly in
China, India and Thailand — to
catch up on recent advances in
cancer treatment.

The regional emphasis in training
is a deliberate part of TC policy. It
is clearly more economical, and
the experience gained from neigh-
bours is often more valuable. Most
importantly, regional ties tend to
be more personal and longer last-
ing, and direct links with nearby
centres make it much easier for the
recipient country to sustain pro-
jects after the IAEA links end.

By 1998, when the TC project is
due to be completed, 10-12 fellow-
ships will have been completed,
staff capability will be upgraded,
and essential equipment will be
repaired or replaced. Based on this
programme, the government is al-
ready planning to set up a second
radiotherapy facility, without any
support from the Agency.

In Ghana, the radiotherapy Model
Project reflects the objectives of TC
policy to extend project benefits to
neighboring countries. But the
situation is very different from the
one in Mongolia. Ghana and most
of its neighbours have no radio-
therapy facilities whatever, and

the possibility for surgery and
chemical treatment of cancers is
further curtailed by the absence of
oncology (study of tumours)
sources.

But Ghana is committed to im-
proving its human health by
building on its capability to man-
age nuclear applications, methodi-
cally advanced with the IAEA's
help over many years. It also has a
good medical infrastructure and
two medical schools and teaching
hospitals in Accra and Kumasi.
Centered in these two cities, the pro-
ject is designed to provide
bracytherapy and teletherapy for
the needs of Ghana's patients, as
well as those in its neighboring
countries.

One important project component
is training for personnel from
Ghana and the region. Until now,
there has been no training centre
in the region for medical person-
nel in the fields of radiotherapy or
medical oncology, not even in Ni-
geria. Training of Ghanaians to
manage the centres has already
begun. Radiotherapists, radiogra-
phers, medical physicists, and
other nuclear medicine and nurs-
ing staff will receive training in
China, South Africa, India and the
United Kingdom.



In Brief: Updates of stories and news events

Caspian cruise

The TC-chartered Azerbaijan hy-
dro-meteorological research ship
Alif gadgiev took to the Caspian
Sea for the first time in September
1994. The scientific cruise 12-27
September for training and inves-
tigation returned with samples
that, on analysis, are expected to
shed light on why the level of the
enclosed sea has been dramati-
cally rising over the past 15 years.

The expedition's three principal
objectives were: to provide basic
training in use of environmental
isotope methodologies to study
the water cycle; to gather data on
current levels of natural and hu-
man-induced isotopes and physi-
cal and chemical parameters of the
Caspian; and to provide a new
platform for the riparian countries
to cooperate in solving the envi-
ronmental crisis in the region.

Water samples were gathered
from various depths at 13 locations
covering the entire sea area. Re-
sults of sample analysis are ex-
pected to make a significant
contribution to the comprehensive
international project being coordi-
nated by the UN Environment
Programme to investigate and to
help mitigate the consequences of
the Caspian's rising waters.

Operation tsetse

The battle is some way from being
won, but the TC Model Project to
rid the island of Zanzibar of the
tsetse fly — a threat to both hu-
man and animal health — has
made major advances recently.
The breeding colony of females at
the Tsetse and Trypanosomiasis
Research Institute in Tanga, Tan-
zania is now around 340,000 — up
from fewer than 23,000 this time
last year — and is now the world's
largest production system.

Average weekly releases of the
mass-reared and radiation-steril-
ized flies have now climbed to about
40,000. Soon they will total 50,000.
Even at current release rates, a
significant decline in the wild
population is being registered.

Seawater samples hold answers to
some key questions.
(Credit: IAEA-MEL)
As a result, the ratio of sterile to
wild males is increasing exponen-
tially and reached 200:1 in Novem-
ber. The induced sterility rate of
60% in the wild female population
confirms the competitiveness of
the sterile males and forecasts
good prospects for success by
1997, when the project's comple-
tion is expected.

Safety upgrade

TC has reformulated its twin Model
Projects to ensure high radiation
safety levels and proper manage-
ment of radioactive wastes in all
IAEA Member States. This step will
strengthen the Agency's co-ordina-
tion and support in both areas.

Analyses during the past 12
months has shown that the pre-
vious strategy of phased imple-
mentation of the two projects in
five-to-six countries each year will
not achieve the required objectives
soon enough. The new strategy
aims to have adequate radiation
protection and safe radwaste man-
agement infrastructures in place in
all countries receiving TC assis-
tance, preferably by the year 2000.

The reformulation of the two
Model Projects aims to rationalize
all the distinct and disparate ac-
tivities in both fields into one con-
solidated approach. Among other
benefits, this would obtain a sin-
gle set of common data, to be man-

aged by one group of managers
covering all infrastructure require-
ments and developments. This
will streamline TC efforts to
achieve greater management effi-
ciency and enhance impact, and
make it more cost-effective as well.
A key feature of this new manage-
rial approach is the co-operation
and assistance among developing
countries themselves, notably in-
volving IAEA Member States in
the African, European, East Asian
& Pacific, Latin American and
West Asian regions.

TC in Cyberspace

In September 1995, the IAEA's
Technical Co-operation Depart-
ment established its home page on
the INTERNET. Placed on the
global computer network were full
project write-ups for the 1995/1996
TC programme as well as the first
issue of INSIDE Technical Co-op-
eration. In addition, the pages pro-
vide direct links to TC-related IAEA
Bulletin articles. This medium pro-
vides a much wider access than
printed media and eventually will
significantly reduce mailing costs.
During 1996, TC plans to greatly
expand its on-line information serv-
ices, allowing limited access to the
TC databases.

Please visit the TC home page at the
following address on the Internet's
World Wide Web network services:
http://www.iaea.or.at:80/programs/
tc/index.htm.



Pioneers of regional cooperation
More than 30 years ago, the IAEA,
India and the Philippines came to-
gether under a three-way agree-
ment to jointly operate an Indian
neutron diffraction machine in the
Philippines. Other inter-country ac-
tivities on nuclear technology appli-
cations followed. Their success
begged the question: why not de-
velop a structure for promoting in-
ter-country collaboration?

So the first Regional Co-operative
Agreement (RCA) was formalized
in 1972, involving the Agency and
eight countries of the Asia and Pa-
cific region. Now there are 17 coun-
tries in the RCA, and this model of
collaboration — a pioneering ap-
proach in the United Nations — has
been replicated in two other regions:
first in Latin American (ARCAL),
then in Africa (AFRA) in 1990. Now,
the region of West Asia is preparing
to set up a similar alliance.

The IAEA has an unusual role in
these compacts. It is typically a part-
ner in projects, which run the gamut
of nuclear applications in agricul-
ture to industry to energy, hydrol-
ogy and health. But the Agency is
usually not a party of such agree-
ments. Though TC funds help initi-
ate and support projects and the
Agency is a conduit for additional
resources, all projects are owned and
run by regional partner countries.

A key indicator of regional owner-
ship of projects is that country part-
ners pay for them not just by "in
kind" contributions of personnel,
materials, services and the like, but
in hard cash. More than a third of the
cash funding for RCA activities now
comes from members, the rest from
donors elsewhere and TC in
roughly equal shares. The concept
of Technical Co-operation among
Developing Countries (TCDC) is an
ever prominent feature of the re-
gional co-operative agreements, by
which many advanced countries in
the region assist the less-developed
in the region in specific activities.

Thus Thailand is making available
its Gammation irradiator for region-
wide demonstration and training.
China and Pakistan supply re-
agents for radioimmunoassay of
thyroid hormones, free or at low

8 cost. In Latin America, there is a

trend to develop bilateral relation-
ships to the same end. Links in
radiation protection activities
have been set up between Mexico
and Guatemala, Argentina and
Costa Rica, Chile and Bolivia, Bra-
zil and Ecuador; and in the use of
radioimmunoassay between Ar-
gentina and Guatemala.

Synergy characterizes the regional
co-operative agreements: national
activities are fostered and the re-
gional whole becomes greater than
the sum of the national parts. The
experience and success of modest-
scale tissue banks set up within the
RCA Member States has spurred tis-
sue banking in the Asia/Pacific re-
gion and, in turn, led to the
TC-assisted Model Project (outside
the RCA) to set up the Sri Lanka
tissue bank in Colombo (see related
story on page 1). In this instance, the

RCA has successfully pooled na-
tional experiences. Now being final-
ized is the manual, Tissue Banking:
A Distance Learning Package,
which could be used in other regions
to develop this increasingly impor-
tant aid to surgical intervention.

The logical next stage is interre-
gional co-operation, and steps to-
wards it have already been taken.
Representatives of the regional
agreements met at IAEA head-
quarters in Vienna in 1994 to ex-
change experiences in reaching
and involving end-users of their
projects — medical personnel and
private and public health services
— and to consider how know-how
may be exchanged among regions.
As a result, an interregional TC
project was started this year, to
facilitate regular exchanges among
the regions.

Camera upgrade
IAEA regional projects can some-
times be extended as part of a re-
gional co-operative agreement.
A current example is ARCAL as-
suming control for Agency activi-
ties to upgrade aging medical
instruments in the region. A large
number of the Gamma cameras
used in medical centres in Latin
America need to be upgraded. A
survey completed in late 1994
found that 261 of 723 cameras used
in diagnostics were not up to pre-
sent standards.

A TC Model Project launched
this year will upgrade 91 of the
problem cameras in public hospi-
tals. The project will demonstrate
and transfer Agency technology,
which is based on the personal
computer, interface cards and
portable image processing soft-
ware, to counterpart institutes
who will do the upgrading. That
leaves two-thirds of the poor per-
forming instruments in need of

attention. The
new technol-
ogy can be
used by AR-
CAL members
— sixteen of
them now are
participating
in the IAEA
Model Project
— to upgrade
the other 170 cameras.
The costs are modest. A 20-year-
old unit, mothballed for eight
years, was returned to clinical
service in Argentina at a cost of
only US $3000.
But project funds are short and
new support must be found
from governments and private
clinics, within and beyond the
region. This is now the objective
of the ARCAL project, to find
the funds and deploy the needed
regional expertise and complete
the job.

INSIDE Technical Co-operation is produced for the IAEA by
Maximedia. The stories in this and subsequent issues of INSIDE
technical co-operation may be freely reproduced. For more
information contact: IAEA TC Programme Co-ordination Section,
P.O. Box 100, A-1400 Vienna, Austria. Tel: + 43 1 2060 26005 Fax: + 43
1 2060 29633 e-mail: foucharp@tcpol.iaea.or.at
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team's review meeting was held in May 1994
with Slovak experts at the Mochovce nuclear
power plant. Slovak experts provided additional
information on issues and questions raised by the
team, and arranged for a technical visit to the
Mochovce Radioactive Waste Disposal Facil-
ity.

The team considered the disposal facility's
concept a good one. It recognized the various
components of the total waste management sys-
tem that are important to ensuring safety. The
team noted, however, that the degree of empha-
sis and safety assessment work done on the vari-
ous components of the repository varied consid-
erably. Research now is being done to develop a
comprehensive and fully integrated approach for
safety. The desire of both the regulator and the
disposal facility operator to benefit from the ex-
pertise of other countries has been an important
element towards achieving safety goals.

The review team encouraged authorities re-
sponsible for the implementation of disposal at
Mochovce to continue with their programme to
further refine safety aspects of the disposal facil-
ity. Specific recommendations were detailed in
the review report, taking into consideration the
limited information reviewed. The review and
recommendations covered the legal framework
and waste disposal strategy; characterization and
inventory of waste; design, site characteristics
and construction; operation, closure and moni-
toring of the repository; performance assessment
for the operational and post-operational phases;
waste acceptance criteria; and specific quality
assurance issues.

Czech Republic. The WATRP review in the
Czech Republic was in response to a request in
May 1993 from the State Office for Nuclear
Safety and focused on the programme for the
development of a deep geological repository.
The main task was the assessment of the study of
required research and development for the pro-
gramme, which has been funded equally by the
Czech and Slovak power companies. This study
is limited to the deep underground geological
disposal of high-level and long-lived low- and
intermediate-level waste and described the
planned technical programme for waste disposal.

In view of the early stages of the country's
plans for deep geological disposal, the WATRP
review was limited to considering the general
approach to the development of the planned re-
pository and did not include detailed critique of
methodology and experimental procedures. The
review team of five experts from France, Ger-
many, Sweden, Switzerland, and the United
States evaluated documents supplied by the
Czech Republic and held discussions with Czech
and Slovak scientists and engineers. The mission

Requests for IAEA Waste
Management Advisory Reviews,

1978-95

Sweden: 1978, 1979, 1983, 1987. The re-
views focused on programme reports of re-
search and development activities associ-
ated with the handling and disposal of
high-level reprocessing waste and spent
fuel.

United Kingdom: 1988. The review fo-
cused on the NIREX research and develop-
ment programme for a repository, specifi-
cally topics related to post-closure safety
and site assessment.

Republic of Korea: 1991. The review fo-
cused on siting criteria for a disposal site
for low- and intermediate-level radioac-
tive waste.

Finland: 1992. The review focused on
the overall nuclear waste management pro-
gramme.

Czech Republic: 1993. The review fo-
cused on the programme for deep geologi-
cal disposal.

Slovak Republic: 1993. The review fo-
cused on the near-surface disposal facility
at Mochovce.

Norway: 1994. The review examined
work being carried out on a combined stor-
age and disposal facility for low- and inter-
mediate-level waste.

also included a technical visit to the Litomerice-
Richard II facility for radioactive waste from
institutional sources.

The WATRP team made recommendations
on the legal framework and organizational struc-
ture for radioactive waste disposal in the country,
in particular the necessity for a definitive separa-
tion between the operational and regulatory
functions. It also recommended that the respon-
sibilities of the regulatory body, the waste gener-
ators, and the operator of the disposal facility be
clearly defined; that a comprehensive set of regu-
lations be prepared to include clear guidance on
the responsibilities and limits of each party in the
national high-level disposal programme; that the
assignment of responsibilities for specific re-
search and development tasks should be consid-
ered a priority; and that a clear method of fund-
ing for the programme be determined.
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The team's technical recommendations in-
cluded the need to obtain the maximum possible
information from international experience, par-
ticularly on the design of waste packages, the
design of geological repositories, underground
test facilities, backfill and closure techniques,
and the use and validation of computer codes for
safety assessments. It recommended that
dose/risk criteria appropriate to the chosen re-
pository site be established in line with interna-
tional practice, and that the establishment and
implementation of a quality assurance pro-
gramme be given priority as an essential part of
the regulatory framework. The team's final re-
port, submitted to Czech authorities in 1994,
further highlighted the need for public interac-
tion and involvement in the development and
licensing of the waste repository.

Finland. The Finnish nuclear waste manage-
ment programme was reviewed following a re-
quest in November 1992 from the Finnish Min-
istry of Trade and Industry. The mission princi-
pally addressed the work being done to site and
build an encapsulation facility for spent nuclear
fuel, and a repository to be located on the same site.
The review also covered the plans and activities for
conditioning and disposal of the low- and interme-
diate-level waste from Finland's nuclear power
plants; and the plans for decommissioning Fin-
land's reactors when that becomes necessary.

Four experts from Canada, Belgium, Ger-
many, and Switzerland carried out the WATRP
review. During the early summer of 1993, they
reviewed a large amount of documentation sup-
plied by the Finnish industry, government, and
research organizations. In August 1993, the team
met in Helsinki for detailed discussions with
staff of several Finnish organizations involved in
radioactive waste management. The meeting in-
cluded a site visit to Olkiluoto, where two of
Finland's four nuclear power plants are located
and the repository for shortlived low- and inter-
mediate-level waste (LILW) is in operation. Fin-
land is among several countries studying sites for
geological repositories, and its efforts, relating to
the LILW repository were profiled in the IAEA
Yearbook for 1992.*

During the WATRP review of Finland's
programme for high-level waste disposal, the
team was impressed with the high standard of
work being done in Finland, and urged its con-
tinuance. It noted that although the Finnish
nuclear power programme is younger than
those of many other countries, Finland has re-

*The IAEA Yearbook is published annually by the Agency
and is available for purchase from the Division of Publica-
tions or sources in IAEA Member States. See the "Keep
Abreast" section of the IAEA Bulletin for ordering-
mformation.

corded notable achievements in developing its
technologies and capabilities for radioactive
waste management.

WATRP experts further noted that Finnish
scientists actively participate in many interna-
tional working groups and committees, both con-
tributing to the international understanding of a
difficult subject and obtaining knowledge that
they can apply to their own national programme.

In some cases, the team recommended
modifications to the programme. For example,
it suggested that the full-scale steel/copper
canister for the disposal of spent fuel be manu-
factured and tested so that any difficulties in its
manufacturing, loading, sealing, and sub-
sequent emplacement in the repository can be
identified as early as possible in the pro-
gramme. The team also recommended that the
Finnish regulatory body's resources should be
at least maintained and possibly increased; that
work should proceed to produce detailed regu-
lations and guides on the criteria for obtaining
approval to dispose of spent fuel; and that the
proposed microbiological method of treatment
of organic waste at the Loviisa nuclear power
plant be tested at full scale as soon as possible
with a complete range of organic compounds.

In reviewing the methodology of the planned
repository's preliminary safety report, the team
found it satisfactory. It noted that while some
data was generic in nature, the final report would
contain site-specific data. Overall, the team noted
the prodigious amount of work performed within
the site characterization programme and urged
that the same effort and quality be continued.**

Benefiting from global peer reviews

As past experience has shown, issues of ra-
dioactive waste management attract considerable
attention, particularly from the standpoint of
safety of health and environmental safety. Inter-
national peer reviews can be valuable compo-
nents of national efforts to obtain objective as-
sessments of their programmes and plans.

At the IAEA, the WATRP programme is one
of a number of advisory and technical services
through which countries can benefit from the ex-
change of international experience in this important
field. For years ahead, the IAEA is working to
promote international co-operation for the safe and
sound management of radioactive waste through
its full range of programmes and services. O

**The Finnish Ministry of Trade and Industry has published
the WATRP report, "Evaluation of the Finnish Nuclear
Waste Management Programme, Report of the WATRP Re-
view Team", Reviews B: 181, Painatuskeskus Oy, Helsinki
(1994).
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Overview of WATRP Review Process

WATRP's main objective is to provide IAEA Member States with an independent international peer
review of their radioactive waste management programmes. Reviews are made by teams of international
experts in the field.

Three principal elements are involved in the review process: a) evaluation of technical documen-
tation and other programme-related material, b) technical discussions and exchange of information with
experts of the requesting Member State or organization, and c) preparation of a report with the team's
conclusions and recommendations. Reviews generally are tailored to the needs of a particular country
at its request, and they may include technical visits to sites. Requests from a Member State for a WATRP
review of its radioactive waste management programme must be made in writing to the IAEA.

Once the review's scope and terms of reference are determined by the requesting organization, the
IAEA initiates the selection and recruitment of international experts for the review team. Selected experts
serve in their individual capacities and their opinions are not necessarily those of their respective
governments or the Agency. For each WATRP review a different team is formed. The size and expertise
of the team depends on the scope of the review and subject areas to be covered. Normally, the WATRP
team is composed of five experts, though particular requests for investigations of specific areas in greater
depth or of many issues may require a larger team. The Agency selects a WATRP team leader from
among the experts who is responsible for the co-ordination and liaison with other team members, as
well as for conducting the WATRP review meeting and drafting the final report. Also on the team is an
IAEA staff member from the Agency's Waste Management Section, who provides overall assistance
and guidance.

Before the mission takes place in the requesting country, team experts review technical documen-
tation and materials about the country's waste management programme. From their evaluation of this
information, the team prepares a ques-
tionnaire that details areas requiring
clarification. Once finalized, the ques-
tionnaire is sent to the national coun-
terpart in the requesting country be-
fore the actual review meeting takes
place.

Using the questionnaire and the
country's response to it as a basis, the
WATRP review meeting, typically
one week long, focuses on any open
questions, and on discussions of the
team's findings and recommenda-
tions. Normally attending the review
meetings along with the WATRP team
members are national representatives
from the requesting country or organi-
zations and representatives of firms or
organizations responsible for particu-
lar technical documentation submitted
for review and related research and
development activities. Following the
meeting, the WATRP team completes its
final report, which is submitted through
the IAEA to the national organization
requesting the review. The report is the
property of the requesting organization,
for use at its own discretion.

A WATRP team visits the proposed site

for storage and disposal of low- and in-

termediate-level waste at Himdalen, Nor-

way. From left, M. Bell, USA; J.-l. Kim,

Germany; D. Delattre, France; A. Bonne,

IAEA; D. Metcalfe, Canada; E. Warnecke,

IAEA; and A. Zurkinden, Switzerland.
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Radioactive waste disposal:
Radiological principles and standards

An overview of national and international efforts to establish
criteria for the safe disposal of spent fuel and high-level waste

by Dr. J. O. Snihs I he first large-scale geological repositories for
the final disposal of spent fuel from nuclear plants
are not expected to be in operation until well into
the next century. Such repositories will demand
high levels of safety to protect the environment
and the public from potential radiological risks.

While national policies differ in classifying
spent fuel as a waste product or as a resource for
recycling fuel, the safety of spent fuel storage and
radioactive waste disposal has been extensively
studied at the national and international levels. The
work includes criteria developed by Nordic coun-
tries in 1989 and subsequently revised and publish-
ed in 1993. This article briefly reviews these crite-
ria in the context of international and national stud-
ies on the disposal of high-level waste including
spent fuel.

Major national and international reports

In 1984, the Nuclear Energy Agency of the
Organization for Economic Co-operation and De-
velopment (OECD/NEA) published the report,
Long-Term Radiation Protection Objectives for
Radioactive Waste Disposal. It stands as one of the
first international reports on the special problems
connected with disposal of long-lived radioactive
waste. Among questions discussed in this report are
the limitations of individual dose or risk, the appli-
cation of optimization of protection, and the use of
collective dose for future assessments.

In 1985, the International Commission on Ra-
diological Protection (ICRP) published Radiation
Protection Principles for Disposal of Solid Radio-
active Waste (ICRP publication 46). It discusses
the concept of risk constraint for a source, prob-
abilistic events, and uncertainties about the future.
The principle of optimization should be applied but
it is only one input in the process of deciding a

Dr. Snihs is Acting Director-General of the Swedish Radiation
Protection Institute in Stockholm.

strategy and option for waste management and
disposal. Particularly emphasized are ethical
considerations in weighing the significance of
future detriments.

The IAEA, already in 1983, published an advi-
sory report on criteria for underground disposal of
radioactive wastes (Safety Series No. 60). In 1989, it
was followed by the publication Safety Principles
and Technical Criteria for Underground Disposal of
High-level Wastes (IAEA Safety Series No. 99). It
took into account recommendations and discussions
in NEA and ICRP publications.

The IAEA Radioactive Waste Management
Safety Standards (RADWASS) programme started
in 1991 and is aimed at establishing a coherent and
comprehensive set of principles and standards for
the safe management of waste and formulating the
guidelines necessary for their application. RAD-
WASS publications will provide Member States
with a comprehensive series of internationally
agreed documents that reflect an international con-
sensus. Within the RADWASS programme the
following documents of relevance to waste man-
agement have been published:

• The Principles of Radioactive Waste Manage-
ment, IAEA Safety Series No. 111-F (1995);

• Establishing a National System for Radioactive
Waste Management, IAEA Safety Series No.
111-S-l (1995);

• Siting of Geological Disposal Facilities, IAEA
Safety Series No. 11 l-G-4.1 (1994); and

• Classification of Radioactive Waste, IAEA
Safety Series No. 111-G-l.l (1994).

The set of publications in the RADWASS pro-
gramme is now being reviewed to ensure a harmo-
nized approach throughout the Safety Series.

The IAEA is also supporting the work on
drafting an international convention on radioac-
tive waste safety. Progress made so far is encour-
aging and if the pace is maintained a draft con-
vention could be finalized towards the end of 1996.
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In the ICRP's new recommendations on radio-
logical protection (ICRP Publication 60, 1990), ra-
dioactive waste problems are not particularly ad-
dressed. However, in the general system of radio-
logical protection, the optimization of protection, as
well as dose limits, now include the concept of
potential exposure. It is expressed as the likelihood
of incurring exposures where these are not certain to
be received. They should be kept as low as reason-
ably achievable (ALARA).

Another important publication on the develop-
ment of criteria for disposal of high-level waste is the
proceedings of an NEA workshop in Paris. The
report — Disposal of High-Level Wastes, Radiation
Protection and Safety Criteria, published in 1991 by
the NEA in Paris — features an informative over-
view of existing national and international ap-
proaches to problems and the current status of guide-
lines and criteria. In the report, collective dose or risk
limits are used more for comparison of repository
design alternatives. Among other points are the fol-
lowing: Individual dose limits or risk limits as safety
indicators are generally in the range of 0.1 to 1 mSv
per year or 10" to 10" per year, respectively. Opti-
mization of protection is generally agreed as a prin-
ciple but its application has to be adapted to what is
achievable in practice. A similar level of safety
should be provided for all future generations as that
provided for current generations. A special prob-
lem discussed in the report is how to demonstrate
compliance with safety criteria. There is no
straightforward answer to that question, which
has to do with an understanding of the whole
waste disposal system. High-quality and good en-
gineering practice are needed throughout the proc-
ess, using validated models and site-specific data,
and appropriately selecting scenarios and scrutiniz-
ing uncertainties.

National reports. At the national level, there
has been considerable work as well. For instance,
in a joint 1990 Swiss-Swedish report, Regulatory
Guidance for Radioactive Waste Disposal — An
Advisory Document (SKI Technical Report 90,
Stockholm), a number of principles and problems
are discussed. It addresses problems concerning
uncertainties over long time periods and urges the
validation of all models used for performance as-
sessments of assumed repository systems.

Other national documents include the French
Basic Safety Rules in 1991; a 1992 report by the
National Radiological Protection Board (NRPB) in
the United Kingdom, Radiological Protection Ob-
jectives for Land-based Disposal of Solid Radioac-
tive Wastes, and the US Environmental Protection
Agency (EPA) regulations, Environmental Radia-
tion Protection Standards for Management and
Disposal of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Waste, published in the
US Federal Register 20 December 1993.)

In the French Rules, ALARA is applied as a
principle in the criteria for a repository. The indi-
vidual dose equivalents are limited to 0.25 mSv per
year for extended exposure associated with events
which are certain or highly probable. For a period
of at least 10 000 years, the stability of the geologi-
cal barrier must be demonstrated. Beyond this time
period, the quantitative assessments may be sup-
plemented by more qualitative assessments. The
risk concept is introduced for potential exposure
situations.

In the NRPB's publication, it is recommended
that future populations shall have an equivalent
protection as that for populations today. Moreover,
the radiological risk to a critical group, attributable
to a single waste disposal facility, shall not exceed
the risk constraint of 1 in 100 000 per year, and the
ALARA principle should be applied. However, if
the individual risk to an average member of the
critical group does not exceed a design target of 1
in 1 million per year, then the ALARA principle
would be required only for the detailed design of
the facility and not in comparison of various sites
or options. Site-specific calculations relating to the
biosphere and human behaviour should not con-
tinue beyond about 10 000 years into the future. For
times greater than that, reference models of bio-
sphere and human behaviour can be used in com-
bination with constraints on radionuclide release
rates from the geosphere.

The 1993 EPA regulations stipulate that dis-
posal systems for spent nuclear fuel, high-level and
transuranic waste will have to be designed so that,
10 000 years after disposal, the undisturbed per-
formance of the system will not deliver an annual
committed effective dose of radionuclides greater
than 15 mrem to any individual in the accessible
environment.

The EPA regulations took effect 19 January
1994. Under them, the protection period has been
lengthened from 1000 years to 10,000 years. The
EPA noted that wastes placed in the disposal systems
will remain radioactive for thousands of years. Re-
sults of EPA studies show that potential radionu-
clide releases resulting in exposures to individuals
would not occur until more than 1000 years after
disposal because of the containment capabilities of
the engineered barrier system.

The EPA regulations do not apply, however,
to the Yucca Mountain Site Characterization
Project. The EPA will develop a separate stand-
ard for the potential disposal of spent fuel and
high-level waste at Yucca Mountain, under the
guidance of the National Academy of Sciences,
as directed by a 1992 congressional mandate.

The Nordic criteria. In parallel with these
national and international developments, the Nor-
dic countries developed criteria issued in 1989 and
subsequently revised in 1993 after extensive review
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by international and national experts, among oth-
ers. (Disposal of High Level Waste — Considera-
tion of Some Basic Criteria, the Radiation Protec-
tion and Nuclear Safety Authorities in Denmark,
Finland, Iceland, Norway and Sweden.)

They are in many parts very similar to those
found in international and other national docu-
ments. This is not surprising, since Nordic special-
ists have taken active part in international work in
this field. The Nordic criteria include:
• General considerations and objectives.

General objective: The objectives of disposal
of high-level waste shall be to protect human health
and the environment and to limit burdens placed on
future generations.

Objective 1 - Long-term safety: The risk to
human health and the effects on the environment
from waste disposal, at any time in the future, shall
be low and not greater than would be currently
acceptable. The judgment of the acceptability of a
disposal option shall be based on radiological im-
pacts irrespective of any national boundaries.

Objective 2 - Burden on future generations:
The burden on future generations shall be limited
by implementing at an appropriate time a safe dis-
posal option which does not rely on long-term
institutional controls or remedial actions as a nec-
essary safety factor.

• Radiation protection principles.
Applied principle 1 - Optimization: The system

of waste disposal shall be optimized. In doing so
radiation doses and risks must be compared and
balanced against many other factors that could in-
fluence the optimized solution.

Applied principle 2 - Individual protection: Up
to reasonably predictable time periods, the radiation
doses to individuals from the expected evolution of
the disposal system shall be less than 0.1 mSv per
year. In addition, the probabilities and consequences
of unlikely disruptive events shall be studied, dis-
cussed and presented in qualitative terms and when-
ever practicable, assessed in quantitative terms in
relation to the risk of death corresponding to a dose
of 0.1 mSv per year.

Because of different diets, living habits and
environmental conditions, there is always a
" tail" in individual dose or risk distribution. Some-
times this tail may exceed the respective constraints
though the average value in the critical group re-
mains low. This is not specific to waste disposal.
Acceptance of the tail is not contrary to present
practices and is consistent with the individual pro-
tection principle.

In general, dose assessments beyond about
10,000 years are very uncertain. Dose assessment
in the relative sense can be made for longer time

Swedish System for Disposal of Spent Fuel and Radioactive Waste

In Sweden, radioactive wastes from nuclear plants and other sites, such as hospitals, are disposed of in specially built repositories. Low-
and intermediate-level wastes from hospitals and nuclear plants are sent to a repository built 50 meters below ground. Spent fuel from
nuclear plants is currently stored in a storage facility. Plans call for it to be sent to a repository that will be built 500 meters underground
early in the next century.
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periods assuming hypothetical critical groups. In
that case the resulting doses or risks should be
interpreted as safety indicators (relative meas-
ures of safety), not as predictions of really occur-
ring doses.

Applied principle 3 - Long-term environ-
mental protection: The radionuclides released
from the repository shall not lead to any significant
changes in the radiation environment. This implies
that the inflows of the disposed radionuclide into
the biosphere, averaged over long time periods,
shall be low in comparison with the respective
inflows of natural alpha emitters. The activity in-
flow should be averaged over long-term periods,
i.e. 104 years or more, as it is not possible to
determine accurately when releases or their peak
values occur.

The activity inflow constraint should be such
that: the resulting peak individual doses should
not be in excess of the dose limit and even in the
most extreme cases well below the level of deter-
ministic health effects; the resulting activity con-
centrations in primary recipients at the disposal
site fall within the range of the typical concentra-
tions of long-lived natural alpha emitters in simi-
lar environments; the activity inflow from all
wastes to be disposed of globally is low com-
pared with the respective inflow of long-lived
natural alpha emitters.

Calculations indicate that an appropriate con-
straint probably would fall within the following
ranges: 10 to 100 kBq/per year for the long-lived
alpha emitters; and 100 to 1000 kBq/per year for
the other long-lived nuclides per amount of
waste, which is produced when one ton of natural
uranium is processed into nuclear fuel and then
used in a reactor.
• Assurance principles.

Assurance principle 1 - Safety assessments:
Compliance of the overall disposal system with
the radiation protection criteria shall be demon-
strated by means of safety assessments which are
based on qualitative judgment and quantitative
results from models that are validated as far as
practicable.

Assurance principle 2 - Quality assurance: A
quality assurance programme for the components
of disposal system and for all activities from site
confirmation through construction and operation to
the closure of the disposal facility shall be estab-
lished to achieve compliance with the design bases
and pertinent regulations.

Assurance principle 3 - Multibarrier principle:
The long-term safety of waste disposal shall be
based on passive multiple barriers so that deficien-
cies in one of the barriers do not substantially
impair the overall performance of the disposal sys-
tem and realistic geologic changes are likely to
affect the system of barriers only partly.

Furthermore, the Nordic criteria contain techni-
cal and geological recommendations on site geol-
ogy, repository design, backfilling and closure
and waste packaging.

Ongoing work and challenges

Continuing work on criteria is being done at the
international level through an IAEA Working
Group on Principles and Criteria for Radioactive
Waste Disposal. The group's experts are address-
ing issues concerning dose versus risk, post-closure
monitoring, safety indicators in different timefra-
mes, the applicability of optimization, retrievabil-
ity, and safeguards in the context of waste disposal.

One question of interest is the time frame for
which it is meaningful to consider the assessments
of environmental consequences of a repository for
high-level waste or spent fuel. Some experts argue
that the safety of the near generations should be the
paramount concern. Others believe that all future
generations must be equally protected. In my view,
every generation has the right either to control
safety by itself or to be ensured by earlier genera-
tions that the repository is safe. Various tools and
models may be used in the efforts to illustrate the
radiological safety of a repository over long time
periods. The first report of the IAEA Working
Group on Principles and Criteria for Radioactive
Waste Disposal was published in 1994 with the
title, Safety Indicators in Different Time Frames for
the Safety Assessment of Underground Radioactive
Waste Repositories, (IAEA TECDOC-767).

In Sweden, the programme on disposal of spent
fuel is proceeding. There is extensive research car-
ried out by the Swedish Nuclear Fuel and Waste
Management Co. (SKB) that includes suitability
studies on potential sites and planned geological,
hydrological, and other research in a laboratory 500
meters underground. Remaining problems include
those related to the criteria and methods for select-
ing suitable sites, and in planning all the radiation
safety analyses that must be made. Another con-
cern is how to make information available to
local decision-makers and citizens that they can
use for their decisions on the acceptability of
proposed repository plans. On the regulatory
side, applied requirements and regulations based
on, among others, the Nordic criteria are being
prepared for issuance. Directives will also be
issued on how to make appropriate environ-
mental impact assessments.

The resolution of issues in Sweden will re-
ceive continuing attention, as the country moves
ahead with plans to start building its final reposi-
tory for high-level waste and spent fuel by about
2010 and take it into operation a decade later.O

IAEA BULLETIN, 4/1995 33



.INTERNATIONAL NEWSBRIEFS.

IAEA Board of
Governors

meetings

Ambassador
Tengbergen, IAEA

Board Chairman

At its meetings in March 1996, the Agency's
35-member Board of Governors is expected to
continue its consideration of proposals for
strengthening the effectiveness of the nuclear
safeguards system and for improving its effi-
ciency. The proposals are part of the Agency's
safeguards development programme known as
"93+2", which includes provisions that would
broaden the Agency's access to relevant infor-
mation and sites.

During 1995, the Board approved the im-
plementation of certain measures (part-1) and
began its discussion of others, notably those
requiring complementary authority (part-2
measures). At its meetings in December 1995,
the Board discussed part-2 measures in more
detail and welcomed the Agency's efforts in
consultation with Member States towards final-
izing them. Discussions focused on a Secretar-
iat draft paper explaining the various proposed
measures and showing how the necessary com-
plementary authority could be defined in a pro-
tocol to existing comprehensive safeguards
agreements. In his remarks to the Board, IAEA
Director General Hans Blix said that efforts are
continuing to work out details of the proposals
and noted that a good deal of success had been
achieved to date. He said the challenge has been
one of striking a balance between measures that
would strengthen safeguards and the technical,
legal, and administrative constraints facing
governments.

Board Membership for 1995-96

The IAEA Board of Governors for 1995-96
is chaired by Ambassador Johan Th.H.C.
van Ebbenhorst Tengbergen of the Nether-
lands, who in September 1995 was elected
to succeed Dr. R. Chidambaram of India.
Mr. Tengbergen is Ambassador to Austria
and Resident Representative to the IAEA.

The 35 Member States on the Board for
1995-96 are Algeria, Argentina, Australia,
Belgium, Brazil, Bulgaria, Canada, China,
Chile, Denmark, Egypt, France, Germany,
Ghana, India, Japan, Republic of Korea,
Kuwait, Mexico, Morocco, Netherlands,
Nicaragua, Nigeria, Pakistan, Romania,
Russian Federation, Saudi Arabia, Slovak
Republic, South Africa, Spain, Thailand,
Turkey, United Kingdom of Great Britain
and Northern Ireland, United States, and
Uruguay.

In his Board statement, Dr. Blix addressed
a number of other matters. They included the
Agency's implementation of safeguards in the
Democratic People's Republic of Korea
(DPRK), which remains in non-compliance
with its safeguards agreement; the possible
roles of the IAEA under a Comprehensive Test
Ban Treaty (CTBT), which is being negotiated
at the Conference on Disarmament in Geneva;
and a study to assess the radiological situation
in the Mururoa and Fangataufa atolls, which
France has requested the Agency to co-ordinate.

In reviewing developments concerning the
DPRK over the past months, the Director Gen-
eral said that while limited progress had been
made on some issues, others must still be re-
solved so as to enable the Agency to verify the
correctness and completeness of the DPRK's
initial declaration of its nuclear material subject
to safeguards. These issues remain on the
agenda of technical talks with DPRK authori-
ties, he said. In expressing its concern over the
situation, the Board welcomed the Agency's
further efforts and expressed its desire to see
agreement reached on outstanding issues.

Regarding the CTBT, the Director General
said that at the request of governmental dele-
gates in Geneva the Agency had provided fac-
tual information and assessment concerning le-
gal, organizational, and financial matters rela-
tive to the role, if any, it could play in the
implementation of the Treaty. He pointed out
that if and when the Agency is asked to perform
certain tasks within the framework of a CTBT,
any substantive functions to be undertaken by
the IAEA would require prior approval by the
Agency's policy-making organs.

Concerning the Mururoa study, Dr. Blix
said the Agency has informed the French For-
eign Ministry that it is ready in principle to
co-ordinate the study, which would assess the
radiological situation in the Mururoa and Fan-
gataufa atolls and evaluate any potential long-
term radiological impact. He said it could be
carried out within the framework of an Interna-
tional Advisory Committee of highly qualified
experts after the end of nuclear testing in the
atolls and the formalization of an agreement on
the study with French authorities.

Technical Co-operation. Considering are-
port by its Technical Assistance and Co-opera-
tion Committee, the Board approved modifica-
tions to previously approved projects for 1996;
and items related to the implementation of
model projects; the evaluation of technical co-
operation; and the forecast of training courses.
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In its report, the Committee had recom-
mended the Board's approval of projects
funded in 1996 at a level of US $62.5 million.
In welcoming initiatives the Agency has taken
to strengthen the technical co-operation pro-

gramme by increasing the impact of projects on
national development, the Committee empha-
sized the need for adequate resources to imple-
ment the programme and urged Member States
to make their full and timely contributions.

More than 400 governmental delegates are
expected to comprehensively review the radio-
logical consequences of the Chernobyl accident
at an international conference in Vienna 8-12
April 1996.

The conference — One Decade After Cher-
nobyl: Summing up the Radiological Conse-
quences — will take stock of the consequences
of the 1986 accident, taking particular account
of the findings of two prior conferences. These
meetings are the International Conference on
the Health Consequences of the Chernobyl and
other Radiological Accidents, which was con-
vened by the World Health Organization
(WHO) 20-23 November 1995 in Geneva, and
the First International Conference of the Euro-
pean Union, Belarus, Russian Federation, and
Ukraine on the Consequences of the Chernobyl
Accident, which is being held in Minsk 18-23
March 1996.

The April conference in Vienna is being
organized jointly by the IAEA, European
Commission, and WHO, and in co-operation
with the United Nations Department of Hu-
manitarian Affairs (UNDHA), United Na-
tions Educational, Scientific and Cultural Or-
ganization (UNESCO), and United Nations
Environment Programme (UNEP). Impor-

tant objectives will be to clearly separate the
scientific facts of the accident's consequences
from "myths" and speculation; to clarify and
quantify its radiological and other effects on
health; and to review its social, economic, and
politicalconsequences.

The health and environmental effects at-
tributed to the 1986 Chernobyl accident have
been subject to extensive scientific examina-
tion. Although few accidents have been so
thoroughly investigated, there still remain
widely differing opinions on the accident's
actual consequences. The Vienna conference
is intended to seek a better understanding of
the nature and magnitude of these conse-
quences.

Nuclear Safety Forum. Before the confer-
ence, the IAEA will be convening in Vienna a
nuclear safety forum 1-3 April 1996 in co-op-
eration with UNDHA. It will review the reme-
dial measures for improving the safety of Cher-
nobyl-type (RBMK) reactors and the Cher-
nobyl containment structure, known as the sar-
cophagus. The forum's conclusions and recom-
mendations will be presented at the Chernobyl
conference.

Chernobyl
Conference in
April 1996

W i t h the objective of enhancing capabili-
ties for measuring and analyzing environ-
mental samples, the IAEA in December
1995 inaugurated a new "clean" laboratory
near its existing Safeguards Analytical
Laboratory (SAL) facilities at Seibersdorf
in Austria.

Scientists at the new laboratory, con-
structed over the past year and funded by
extrabudgetary contributions, will analyze
soil, water, vegetation, and other samples col-
lected by Agency safeguards inspectors in the
course of their work.

Operating under extremely stringent con-
ditions, the new facility houses instrumenta-
tion and expertise capable of detecting min-
ute quantities of radioactive materials in sam-

ples which might be indicative of nuclear ac-
tivities.

Present for the inauguration were Ambas-
sador John B. Ritch III of the United States;
IAEA Director General Hans Blix; Mr. Bruno
Pellaud, Deputy Director General for Safe-
guards; and Mr. Pier Roberto Danesi, Direc-
tor of the IAEA Seibersdorf Laboratories.
The United States contributed more than US
$ 1 million for the construction of the new
laboratory.

The new facility augments analytical
services being provided by SAL, which the
IAEA set up in the 1970s at its Seibersdorf
Laboratories. SAL today handles more than
1000 samples of uranium, plutonium, and
other types of nuclear material each year.

New
laboratory
inaugurated at
Seibersdorf
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Studies Of Following their participation in recent expedi-

radioactive tions, experts at the IAEA's Marine Environ-
pollution in ment Laboratory (IAEA-MEL) in Monaco are

seas investigating the effects of radioactive pollu-
tion in the Kara Sea in the Arctic and the Far
Eastern Seas in Asia.

Kara Sea Expedition. In August and Sep-
tember 1995, an IAEA-MEL expert partici-
pated in a month-long Kara Sea expedition
known as EPOCA 95 (Environmental Pollution
and Oceanography in the Arctic Seas), a joint
Russian/American/Norwegian investigation. It
marked the fifth expedition to the region in-
volving IAEA-MEL's participation as part of
the IAEA's International Arctic Seas Assess-
ment Programme (IASAP). Initiated in 1992,
IASAP was established to evaluate the risks
posed by dumped nuclear wastes in the Kara
Sea, a shallow Arctic sea located adjacent to the
former Soviet Union. The latest expedition de-
parted Hammerfest, Norway, on the Norwegian
Defense Research Establishment ship H.U.
Sverdrup II25 August and returned 25 Septem-
ber 1995 after travelling more than 3000 nauti-
cal miles along cruise tracks within the Kara
Sea.

During the expedition, water and sediment
samples were retrieved from as many as 40
locations, including samples close to sites of the
fuelled reactors dumped by the former Soviet
Union. Instrumentation was also deployed to
understand circulation patterns and predict the
primary transport pathways of pollutants. Dur-
ing the expedition, the IAEA-MEL expert con-
ducted a novel investigation to determine, in
situ, the uptake potential of radioactive con-

taminants to sediments. The results of the inves-
tigation will be used in models evaluating the
dispersion of radionuclides released from nu-
clear waste sites.

Far Eastern Seas. IAEA-MEL also partici-
pated in the second stage of the Japanese/Ko-
rean/Russian joint expedition aboard the R/V
Ocean to investigate dumping sites in the Far
Eastern Seas from 12 August to 12 September
1995. The extensive investigations supported
by the Government of Japan were conducted to
assess the level of radioactive contamination in
sea areas at which radioactive wastes were dis-
posed of by the former Soviet Union and the
Russian Federation, Japan, and the Republic of
Korea. During the expedition, samples of
seawater, seabed sediment, zooplankton, and
benthos were collected; preliminary spectro-
metric measurements of seawater and seabed
sediments were done aboard ship; and inter-
comparison of analytical techniques used by
participating countries was organized and per-
formed with satisfactory results. Preliminary
results of onboard measurements showed that
concentrations of caesium-137 in seawater and
seabed sediments were low 24 Bq/m and be-
low 10 Bq/kg dry weight, respectively. These
values do not differ significantly from levels
elsewhere in the northwest Pacific Ocean
arising from global fallout. Detailed analyses
of all samples will be performed on land and
the evaluated data will be exchanged and
published in 1996. Some 3.6 tonnes of seawa-
ter and 20 kg of sediments collected at 13
stations were sent to IAEA-MEL in Monaco
for radionuclide analysis.

Research on Medical experts from 10 countries recently
improved met at the IAEA to review the status and poten-

cancer tial of anew phase in the evolution of radiother-
treatment apy for improved treatment of cancer. The ra-

diation treatment involves the use of beams of
heavy-charged particles, namely protons and
heavy ions, targeted to control the growth of
many types of localized malignant tumours.
The experts represented countries participating
in a newly organized Agency Co-ordinated Re-
search Programme (CRP) on the subject. Par-
ticipating countries include Austria, Belgium,
France, Germany, Italy, Japan, South Africa,
Switzerland, the Russian Federation, and the
United States.

Over the past decade, considerable ad-
vances in cancer treatment have occurred and a

cancer cure now can be regarded as a realistic
therapeutic objective. Yet cancer still claims the
lives of 5.4 million people a year worldwide,
and the number of new cancer cases is rising at
the rate of 3% annually.

Radiotherapy, alongside surgery, has be-
come one of the two most successful cancer
treatment modalities. Current treatment meth-
ods in any combination, however, fail to control
cancer in more than half of all patients. Addi-
tionally, morbidity from current treatment
methods remains a very serious clinical prob-
lem. The main cause for failure in cancer treat-
ment is insufficient local control of tumour
growth.

Heavy-charged particles offer the chance of
improving this picture because of their physical
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properties and biological advantages for the
localized control of tumour growth while re-
ducing the morbidity of the treatment process.
They thus offer doctors and patients a chance
for achieving a therapeutic gain superior to that
offered by conventional radiotherapy.

More than 14,000 cancer patients have been
treated with heavy-charged particles to date,
with encouraging results achieved in treatment
of tumours of the eye, salivary glands, brain,
liver, and prostate. The IAEA's CRP aims to
promote co-operative efforts in the ra-

diotherapeutic application of heavy-charged
particles by evaluating their potential benefit
and by identifying the mechanisms through
which benefits can be achieved. It is further
expected that the programme can provide a
needed forum for reviewing and co-ordinating
different national programmes at the global
level. A co-operative effort is considered essen-
tial for exploiting the clinical benefits from
applications of heavy-charged particles and for
avoiding decades of unsatisfactory trial and
error.

Already being successfully used to classify
events at reactors, the International Nuclear
Event Scale (INES) should now be applied for
non-reactor installations, national INES repre-
sentatives have recommended. The recommen-
dation was made at a meeting of INES National
Officers at the IAEA in October 1995 attended
by representatives from 59 countries now ap-
plying the scale.

"This recommendation, when adopted,
means that INES will apply to nearly all civil
nuclear installations around the world," Dr.
Dick Taylor, Chairman of the meeting, said.
"Development and acceptance of a simple
scale has been a remarkable achievement and
it will allow the public and media to under-
stand the significance of any events within a
short time of their occurrence. This should

provide considerable reassurance in simple and
intelligible terms about the safety of nuclear
installations."

The meeting reviewed progress in the
scale's use worldwide, agreeing that it is work-
ing well technically and gaining increased me-
dia and public acceptance. In reviewing global
experience, no reported events were registered
above level 2 (on the 7-level scale) during
1994-95.

Representatives at the meeting decided to
initiate work to further improve the scale's use.
They recommended that new publicity material
explaining the scale be developed, and they
emphasized that even though no changes to
INES would be made, efforts to simplify some
technical procedures underlying the rating of
events would continue.

International
Nuclear Event
Scale

A new framework is being designed for the
operation of a global network providing key
data for hydrological studies related to assess-
ing the availability of water resources and
studying climate conditions.

In late 1995, the IAEA Section of Isotope
Hydrology convened a meeting on the opera-
tional aspects of the Global Network of Iso-
topes in Precipitation (GNIP). The meeting,
7-10 November 1995, was attended by repre-
sentatives of the World Meteorological Organi-
zation (WMO), International Geosphere-Bio-
sphere Programme-Past Global Changes
(IGBP/PAGES), World Health Organization
(WHO), Austria, Canada, Chile, Germany, Re-
public of Korea, Israel, Portugal, Russian Fed-
eration and the United States.

The GNIP database contains isotope data
(oxygen-18, deuterium and tritium) in pre-
cipitation from more than 500 meteorological

stations worldwide. Long used for hydrologi-
cal assessments, the data also have been found
highly useful to link present climatic condi-
tions to paleoclimate archives, to validate at-
mospheric circulation patterns, and to study
water balance in the continents. During the
last 15 years, GNIP has gained international
recognition as a key resource for studies of
global changes related to the water cycle and
climate.

The meeting aimed to design a new frame-
work for the operation of the network, which
has been a joint activity of the WMO and IAEA
for more man 30 years. All participants reaf-
firmed the need to continue the IAEA/WMO-
operated stations and national networks which
measure isotopes in precipitation. Since other
organizations have expressed interest in partici-
pating in this activity, the meeting resolved to
strengthen the programme through a Steering

Global
hydrology
data network
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Committee, to be composed of representatives
from interested organizations.

The Steering Committee, of which the
IAEA is a member, will be responsible for the
design, operation, support, and maintenance of
the data networks. The Committee will also

ensure the collaboration of the different organi-
zations involved.

GNIP data is distributed through diskettes
and IAEA publications. It can also be globally
accessed through the IAEA's Internet site at
http://www. iaea. or. at/programs/ri/gnip.

Director
General

addresses
United Nations

Addressing the 50th session of the United Na-
tions General Assembly in New York, IAEA
Director General Hans Blix emphasized the
importance of international efforts to secure the
safe and peaceful development of nuclear en-
ergy. He specifically reviewed areas of nuclear
safeguards and verification; nuclear safety; nu-
clear power development; and technical co-op-
eration. Dr. Blix addressed the General Assem-
bly 1 November 1995.

In reviewing global nuclear developments,
Dr. Blix stressed the Agency's response to new
challenges in the field of safeguards and verifi-
cation. The stronger safeguards system now
being developed, he said, focuses on a number
of essential elements: increased access to infor-
mation about a State's nuclear activities;
broader access to sites and locations within a
State; short-notice inspections; and the maxi-
mum use of new and available technologies to
increase detection capacity.

He further pointed out that IAEA verifica-
tion of States' compliance with their nuclear
arms-control pledges is becoming an more im-
portant factor in global security and nuclear
disarmament. He noted expanded efforts in
verifying nuclear material released from the
military programmes of nuclear-weapon States,
and he cited possible new IAEA verification
roles, including those related to the Compre-
hensive Test Ban Treaty (CTBT) which States
seek to conclude in 1996. He noted that the
IAEA already verifies such a ban in more than
170 States accepting comprehensive safeguards
on all their nuclear activities.

The Director General also addressed
Agency efforts against illicit trafficking in nu-
clear materials. "It is clear that greater efforts
are needed and that States must pay increased
attention to the physical protection of all radio-
active material, and especially weapons useable
nuclear material, whether in use, transport, or
storage," he said. While the States concerned
carry the primary responsibility in combatting
illegal trafficking, Dr. Blix said that steps are
being taken to improve international co-ordina-
tion of efforts. The Agency's actions, he noted,

include establishing a database of trafficking
incidents in support of factual analyses and
technically assisting States in areas of nuclear
material accountancy and control, and in physi-
cal protection methods and technology.

Nuclear and Radiation Safety. Also com-
manding greater attention are issues of nuclear
and radiation safety, he said. Building on the
IAEA's long-standing work in the field, States
have developed binding international safety
standards, he noted, notably in adopting the
Convention on Nuclear Safety that is nearing
entry into force, and in moving to finalize
preparation of a Convention on Radioactive
Waste Safety. "There is a clear manifestation
of the increased interest of the international
community mat nuclear safety be at a high level
everywhere," he said.

Nuclear Power. The Director General fur-
ther called for an expansion of nuclear power
for electricity generation to help meet the
world's growing needs for environmentally
clean and economically proven energy sources.
He noted the Agency's co-operative work with
inter-governmental organizations for compara-
tively assessing the benefits and risks of differ-
ent options for electricity production.

"Only an analysis of different options side
by side can tell us which energy policy is eco-
nomically and ecologically least burdensome",
he said.

Technical Assistance. In underlining the
high interest of States, particularly developing
countries, in peaceful nuclear applications, Dr.
Blix reviewed initiatives to strengthen the
IAEA's technical co-operation programme.
Emphasis is being placed on nuclear techniques
and targeted projects that will contribute to
sustainable development, food production and
preservation, the harnessing of fresh water re-
sources, industrial applications, and the promo-
tion of human health, he said.

Copies of the statement may be obtained
from the IAEA Division of Public Information
or through the IAEA's World Atom Internet
services at http://www.iaea.or.at.
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The United Nations General Assembly
adopted a resolution in November 1995 com-
mending the IAEA for its nuclear verification
efforts in Iraq and the Democratic People's
Republic of Korea (DPRK) and welcoming the
measures being taken to strengthen the
Agency's safeguards system. The resolution
was adopted in New York 1 November 1995.

The General Assembly further affirmed its
confidence in the role of the IAEA in the appli-
cation of nuclear energy for peaceful purposes;
it urged all States to strive for effective and
harmonious international co-operation in carry-
ing out the work of the Agency; and it stressed
the need for the highest standards of safety in
the design and operation of nuclear installations
so as to minimize risks to life, health and the
environment.

The resolution further stated that the Gen-
eral Assembly: • " Welcomes the measures and
decisions taken by the Agency to strengthen
and fund its technical co-operation activities,
and calls upon States to cooperate in imple-
menting the measures and decisions pursuant
thereto;" •"Appeals to all States to ratify or
accede to the Convention on Nuclear Safety;"
• 'Welcomes the measures taken by the
Agency in support of efforts to prevent illicit
trafficking in nuclear materials or other radio-
active sources;"

In commending the Agency's work in the
DPRK, the resolution stated mat the General As-
sembly: "Commends the Director General and
the Secretariat of the Agency for their continuing
impartial efforts to implement the safeguards

agreement in force between the Agency and the
Democratic People's Republic of Korea, in-
cluding their efforts to monitor the freeze of
specified facilities in the Democratic People's
Republic of Korea as requested by the Security
Council, expresses concern over the continuing
non-compliance of the Democratic People's
Republic of Korea with the safeguards agree-
ment and urges the Democratic People's Repub-
lic of Korea to cooperate fully with the Agency in
the implementation of the safeguards agreement
and to take all steps me Agency may deem neces-
sary to preserve, intact, all information relevant to
verifying the accuracy and completeness of the
initial report of the Democratic People's Republic
of Korea on the inventory of nuclear materials
subject to safeguards until the Democratic Peo-
ple's Republic of Korea comes into full com-
pliance with its safeguards agreement;"

In commending the Agency's work in Iraq,
the resolution stated that the General Assembly:
"Also commends the Director General of the
Agency and his staff for their strenuous efforts
in the implementation of Security Council reso-
lutions 687 (1991) of 3 April, 707 (1991) of 15
August and 715 (1991) of 11 October 1991,
expresses deep concern that Iraq has, since
1991, withheld from the Agency information
about its nuclear-weapon programme in viola-
tion of its obligations under Security Council
resolutions 687 (1991), 707 (1991) and 715
(1991), and stresses the need for Iraq to coop-
erate fully with the Agency in achieving the
complete implementation of the relevant Secu-
rity Council resolutions".

UN General
Assembly
commends
IAEA

Sustainable energy production and electricity
generation were in the forefront at the IAEA's
International Symposium on Electricity, Health
and the Environment, convened in Vienna 16-
19 October 1995. International experts focused
on the ways and means of comparatively as-
sessing the health and environmental impacts
of different energy sources for electricity gen-
eration, specifically reviewing results of an in-
ter-agency global project called Decades on
databases and methodologies for such assess-
ments. The symposium was co-organized by
the IAEA, the European Commission, the Eco-
nomic and Social Commission of Asia and the
Pacific, the International Bank for Reconstruc-
tion and Development, the International Insti-
tute for Applied Systems Analysis, the Nuclear
Energy Agency of the Organization for Eco-

nomic Co-operation and Development, the Or-
ganization of Petroleum Exporting Countries,
the United Nations Environment Programme,
the United Nations Industrial Development Or-
ganization, and the World Meteorological Or-
ganization.

In opening the symposium, IAEA Director
General Hans Blix stressed the need for exam-
ining electricity options in the context of grow-
ing energy demand and environmental con-
cerns. He noted that since the Earth Summit in
1992, only small progress had been made
worldwide in reducing greenhouse gas emis-
sions and that reliance on fossil fuels had not
been minimized. He called for a rational assess-
ment of all available energy supply options,
renewable, fossil, and nuclear, to help guide
energy planners and decision-makers in choices

Recent IAEA
meetings
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they must make. Nuclear power by itself, he
said, cannot solve all problems involved in
achieving a secure and sustainable energy sup-
ply worldwide, but it can play a significant role,
along with renewable sources and energy con-
servation, in strategies toward this goal.

Nuclear Safeguards and Verification. At
an Agency seminar exploring future directions
for safeguards 16-17 November 1995, IAEA
Director General Hans Blix participated in dis-
cussions with international specialists and poli-
cymakers on a wide range of topics. Attending
the seminar — Verifying Nuclear Non-Prolif-
eration Pledges: The Future Role of IAEA Safe-
guards — were senior IAEA officials, invited
journalists, and leading experts from research
institutes and governmental bodies on issues of
nuclear verification, safeguards, arms control,
and disarmament. Sessions focused on various

themes, including strengthening safeguards;
nuclear trafficking; safeguarding nuclear mate-
rial released from military programmes; verify-
ing a fissile material production cut-off; verify-
ing a Comprehensive Test Ban Treaty; and
compliance with non-proliferation pledges. A
concluding panel discussion looked at nuclear
verification in the years ahead. Panelists in-
cluded Mr. Leonard S. Spector of the Carnegie
Endowment for International Peace, United
States; Mr. Jasjit Singh, the Institute for De-
fence Studies and Analyses, India; Mr. Shai
Feldman, Senior Research Fellow, Center for
Science and International Affairs, Harvard Uni-
versity, on leave from the Jaffee Center for
Strategic Studies, Tel Aviv University, Israel;
and Mr. Harald Mueller, Director of Interna-
tional Programmes, Peace Research Institute
Frankfurt, Germany.

Resolutions of
IAEA General

Conference

Member States meeting at the IAEA General
Conference 18-22 September 1995 adopted
resolutions in key areas of global nuclear devel-
opment. The adopted resolutions include those
related to:

Safeguards in the DPRK. The resolution
commends the IAEA for its efforts to monitor the
freeze of specified facilities in the DPRK as re-
quested by the UN Security Council, and to im-
plement the IAEA-DPRK safeguards agreement.
In calling upon the DPRK to comply fully with
the IAEA-DPRK safeguards agreement, the reso-
lution urges the DPRK to take all steps the Agency
may deem necessary to preserve, intact, all infor-
mation relevant to verifying the accuracy and
completeness of the DPRK's initial report on the
inventory of nuclear material subject to safe-
guards until the DPRK comes into full compli-
ance with its safeguards agreement.

Nuclear Inspections in Iraq. The resolu-
tion condemns Iraq for having, since 1991,
withheld from the Agency information about its
nuclear-weapon programme in violation of its
obligations under Security Council resolutions,
and it demands that Iraq hand over to the
Agency without further delay any currently un-
disclosed nuclear-weapon-related equipment,
material or information, as called for in Security
Council resolutions. The resolution stresses
that the Agency will continue to exercise its
right to investigate further any aspects of Iraq's
past nuclear weapons capability, in particular as
regards the new information obtained by the
Agency in August 1995 and any further rele-

vant information that Iraq may still be with-
holding from the Agency.

Nuclear Testing. The resolution expresses
grave concern at the resumption and the con-
tinuation of nuclear testing and calls upon those
States which have active nuclear testing pro-
grammes in place to desist from testing until a
Comprehensive Nuclear Test Ban Treaty
CTBT) enters into force. In the resolution, the
Conference states its expectation that the nego-
tiations for a CTBT will be completed and the
Treaty signed in 1996 as may be further speci-
fied by the Fiftieth Session of the United Na-
tions General Assembly, and it urges all partici-
pants in the negotiations to further intensify
their efforts to this end.

Strengthening the Safeguards System.
Expressing the conviction that the Agency's
safeguards can promote greater confidence
among States and thus contribute to strengthen-
ing collective security, the resolution addresses
measures proposed under the IAEA Pro-
gramme 93+2 for strengthening the effective-
ness and improving the efficiency of the safe-
guards system. The resolution requests the
IAEA to continue to develop the measures pro-
posed under Programme 93+2 in order to bring
about a more effective and efficient system
covering all nuclear material in all peaceful
nuclear activities within the territory of a State
which has concluded a comprehensive safe-
guards agreement, and to make the necessary
arrangements to implement the first part of the
proposed measures after consulting individual
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States. It further requests the IAEA, taking ac-
count of views expressed in the Board of Gov-
ernors and the General Conference and the out-
come of consultations with Member States in-
dividually or collectively, to put before its
Board of Governors as soon as possible clear
proposals for the second part of the proposed
measures.

IAEA Safeguards in the Middle East. The
resolution requests the IAEA's Director Gen-
eral to continue consultations with the States of
the Middle East to facilitate the early applica-
tion of full-scope Agency safeguards to all nu-
clear activities in the region as relevant to the
preparation of model agreements, as a neces-
sary step towards the establishment of a nu-
clear-weapon-free zone in the region.

Illicit Trafficking. The resolution wel-
comes the measures taken by the IAEA in sup-
port of efforts to prevent illicit trafficking in
nuclear materials, and invites the Agency to
continue working in accordance with the con-
clusions of its Board of Governors.

African Nuclear-Weapon-Free Zone
(NWFZ). Noting the adoption in June 1995 of
the text of the Treaty on an African NWFZ, the
resolution commends the African States for
their united efforts toward the establishment of
an NWFZ and requests the IAEA to continue to
assist them in this regard.

Nuclear Safety. The resolution expresses
the hope for the widest possible adherence to
the Convention on Nuclear Safety. It appeals to
all Member States which have not yet done so
to sign the Convention, and it appeals to signa-
tory States which have not yet done so to ratify,
accept or approve the Convention so that it may
enter into force as soon as possible.

Technical Co-operation. The resolution
requests the IAEA to pursue, in consultation
with Member States, efforts to strengthen the
Agency's technical co-operation activities
through the development of effective pro-
grammes aimed at improving the scientific and
technological capabilities of developing coun-
tries in fields of peaceful nuclear applications,
and achieving sustainable development. The
resolution defined these fields as including both
applications of nuclear methods and techniques
and the production of electricity, and it noted
that account should be taken of the infrastruc-
ture and the level of technology of the countries
concerned. It further requests the IAEA to take
account of the view of the General Conference
on this question when requesting Member
States to pledge their respective shares of the

Technical Co-operation Fund targets and to
make timely payments to the Fund.

Plan for Producing Potable Water Eco-
nomically. In emphasizing the need to solve
water shortages in Member States, the resolu-
tion stresses the vital importance of producing
potable water and urges the IAEA to secure
sufficient funding, through appeals to interna-
tional organizations and prospective donor
countries, to ensure completion in 1996 of the
second phase of a programme in this area. It
further requests the IAEA to include the nuclear
desalination of seawater in future programmes
of the Agency, with appropriate priority.

Isotope Hydrology for Water Resources
Management. Citing the importance of clean
drinking water to human health and the opti-
mum use of economic resources, the resolution
requests the IAEA to continue to integrate the
available resources of the Agency and its Mem-
ber States and to direct them towards concrete
programmes for producing a visible impact by
improving the quality and availability of water.

IAEA Budget for 1996 and Target for
Technical Co-operation Fund. The adopted
resolution allocates expenditures of US $219
million in 1996 (at an exchange rate of 12.70
Austrian schillings to the US dollar). The Con-
ference also approved the 1996 target amount
of US $64.5 million for voluntary contributions
to the Technical Co-operation Fund.

Staffing of the IAEA Secretariat. Two
resolutions were adopted. One resolution re-
quests the IAEA to intensify efforts to increase,
particularly at the senior and policymaking lev-
els, the number of staff members from develop-
ing countries and other Member States that are
under-represented. The second resolution re-
quests the IAEA to continue efforts to increase
substantially, particularly at the senior and pol-
icy-making levels, as well as for scientific and
technical posts, the number of female staff
members, particularly from developing coun-
tries and from those other Member States which
are under-represented. It further calls upon the
IAEA to examine the Platform for Action de-
veloped at the UN Fourth World Conference on
Women and to integrate, where applicable, the
elements of this platform into the Agency's
relevant policies and programmes.

The full texts of resolutions adopted by the
IAEA General Conference, as well as other
documents and statements, are globally on-line
through the IAEA's World Atom Internet ad-
dress, http://www.iaea.or.at/GC.
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Austria: Vienna honours Dr. Blix

A t a ceremony in December 1995, IAEA Di-
rector General Hans Blix received Vienna's
Golden Merit Award. The presentation, made
by Municipal Councillor Dr. Hannes Swoboda,
took place 15 December 1995 at Vienna City
Hall.

In accepting the award, Dr. Blix extended
his appreciation to Viennese officials and citi-
zens for their support and hospitality to the
IAEA, which opened its' doors at the city's
downtown Grand Hotel in 1957 before moving
to the Vienna International Centre near the
Danube river in 1979. The Agency was the first
organization of the United Nations system to set
up headquarters in Vienna.

Marshall Islands: Radiation safety

A t the request of the Marshall Islands, the
IAEA convened an advisory group meeting in
Vienna 11-14 December 1995 on the radiologi-
cal situation in the Bikini atoll, once the site of
nuclear tests. Attending were experts from Aus-
tralia, France, Japan, New Zealand, Russia, the
United Kingdom, the United States, the World
Health Organization, and the IAEA. The meet-
ing examined scientific studies on the atoll's
radiological condition and discussed possible
remedial actions that would enable people to
live there again. The Bikinians, then numbering
167, evacuated the atoll in 1946, when it be-
came a US nuclear test site until 1958. They
have not returned permanently because of con-
cerns over radioactive contamination of their
homelands and crops.

The advisory group closely considered
studies that have been done in the United States
and the Marshall Islands on the atoll's radio-
logical conditions. Guided by the International
Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Radia-
tion Sources (BSS), the group concluded that if
people were to return to live on the isles, current
annual dose levels were sufficiently high — up
to about 15 millisievert per year for a diet drawn
from local foods only—to justify taking inter-
vention measures to reduce them.

Two remediation strategies were examined
from a radiation protection perspective. One is
the removal and replacement of contaminated
soil, which the group considered undesirable
because of adverse environmental and social
consequences. The second strategy, which US
scientists have tested on Bikini through exten-

sive field trials, is the application of potassium
to the soil, preferably through fertilizers, to
greatly reduce the uptake of radioactive cae-
sium-137 by tree fruits and other crops. The
plants would take up the potassium in prefer-
ence to caesium, whose levels would fall
most rapidly over the first 4 years and steadily
thereafter through repeated applications. This
strategy additionally could entail removal of
surface soil in villages and around housing
sites and its replacement with a layer of
crushed coral. This would minimize the pos-
sibility of human exposure to radioactive
contaminants in the soil.

No definite recommendations on a course
of action were made to the Marshall Islands.
The group pointed out the need to ensure that
remedial measures are carried out adequately
and that the radiological condition of the atoll
remains satisfactory after remediation. Toward
this end, experts suggested establishing post-re-
mediation monitoring programmes with the
IAEA's technical assistance and support.

Viet Nam and Japan: Seminars
on nuclear information

Viet Nam and Japan recently hosted seminars
to broaden awareness and understanding of nu-
clear energy. The meetings were organized un-
der an extra-budgetary IAEA public informa-
tion programme funded by Japan.

In Viet Nam, topics covered related to na-
tional energy strategies, nuclear power devel-
opment, and the peaceful applications of nu-
clear energy. The seminar, held 4-6 October
1995, was co-organized in Hanoi by the IAEA
and Viet Nam Atomic Energy Commission
(VINATOM). In addition to experts from the
Agency and Viet Nam, participants included
invited specialists, journalists, and government
and industry officials from Austria, China,
France, Japan, and Republic of Korea. Sessions
featured presentations on national nuclear
power development strategies and approaches,
nuclear safety and radiological protection, pub-
lic information about nuclear energy, and nu-
clear applications and technical co-operation
activities.

In Japan, the seminar was held 29 Novem-
ber to 1 December in Kyoto, in co-operation
with Japan's Ministry of Trade and Industry
and the Science and Technology Agency. Its
focus was on the symbiosis between nuclear
facilities and local communities. Sessions fea-
tured presentations from local Japanese offi-
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cials, as well as invited officials from the Neth-
erlands, United Kingdom, Germany, Sweden,
and Republic of Korea. Additionally, technical
tours were arranged, including one to the
Spring-8 synchrotron radiation facility.

India: Sculpture to the IAEA

India has presented the IAEA with a sculp-
ture of Dr. Homi Jenegir Bhaba, the first
Chairman of the Indian Atomic Energy Com-
mission (AEC) and a member of the first
IAEA Board of Governors until his untimely
death in 1966. The sculpture, a bust of Dr.
Bhaba, was presented to IAEA Director Gen-
era! Hans Blix by Dr. R. Chidambaram, In-
dia's AEC Chairman and the 1994-95 Chair-
man of the IAEA Board, at a ceremony at
IAEA headquarters in Vienna 25 September
1995. Also attending was Dr. Sigvard Ek-
lund, Dr. Blix's predecessor and Director
General emeritus of the IAEA.

"The IAEA started moving through the in-
itiative of a group of nuclear pioneers who saw
in nuclear energy the great hope for satisfying
the energy needs of mankind even when all
other conventional sources are exhausted," Dr.
Chidambaram said. "Dr. Bhaba was one such
pioneer." Dr. Bhaba started the Indian pro-
gramme in 1944 with the establishment of the
Tata Institute of Fundamental Research and,
soon thereafter, the atomic research centre in
Bombay, which is now named after him. He,
along with India's Prime Minister Jawaharlal

Nehru, saw science and technology as the only
route to growth in developing countries and
especially emphasized contributions of nuclear
science and technology, Dr. Chidambaram
said, a vision Dr. Bhaba's service carried to the
IAEA and international community.

Moldova: Joining IAEA

The IAEA Board of Governors in December
1995 endorsed the application of Moldova for
IAEA membership, recommending approval to
the IAEA General Conference, which next
meets in September 1996.

In September 1995, the Republic of Bosnia
and Herzegovina became a member of the
IAEA, following approval by the General Con-
ference and the country's deposit of the neces-
sary legal instruments. The Agency's member-
ship was 123 States at the beginning of 1996.

France: Food irradiation workshop

Emerging developments in food trade could
greatly influence the use of irradiation for sani-
tary and health-related reasons. At a workshop
in Marseilles in November 1995, governmental
delegates from 23 countries examined the pic-
ture. The meeting was organized by the Inter-
national Consultative Group on Food Irradia-
tion (ICGFI), a body under the aegis of the
IAEA, Food and Agricultural Organization
(FAO) of the United Nations, and the World
Health Organization (WHO).

Dr. Eklund (centre)
and Dr. Blix applaud
the presentation of
the Bhaba sculpture
by Dr. Chidambaram
of India.
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The workshop particularly looked at chang-
ing developments tied to new trade agreements.
Specifically, trade in food and agricultural
commodities is expected to increase signifi-
cantly through the agreements on the applica-
tion of sanitary and phytosanitary measures
(SPS) and technical barriers to trade (TBT)
adopted during the Uruguay Round. The SPS
recognizes relevant international standards,
guidelines, and recommendations of interna-
tional organizations such as the Codex Alimen-
tarius Commission (CAC), the International
Plant Protection Convention (IPPC), and the
International Office of Epizootics that would
assist the World Trade Organization (WTO) in
settling disputes that might arise. Governments
having regulations that do not conform with the
standards, guidelines, and recommendations of
these organizations may be asked to justify their
position to the WTO. With respect to food
irradiation, the CAC adopted a General Stand-
ard for Irradiated Foods in 1983, and regional
plant protection organizations within the
framework of the IPPC endorsed irradiation as
an effective quarantine treatment of fresh agri-
cultural commodities in 1991.

Delegates noted that irradiation already is
accepted for processing food in some 40 coun-
tries, with 28 of these countries using the tech-
nology for commercial purposes. In 1994, the
use of irradiation as a replacement for fumiga-
tion of food and food ingredients, especially
spices and dried vegetable seasonings, in-
creased to more than 40,000 tonnes, double the
amount in 1992. With the global phase-out of
methyl bromide as a food fumigant by the year
2000 because of its ozone-depleting properties,
the role of irradiation to control insect infesta-
tion in traded foods is likely to expand greatly.
In the United States, the Department of Agri-
culture has announced its intention to approve
irradiation's broad use as a quarantine treat-
ment for fresh fruits and vegetables.

Japan: Spent fuel technologies

Experts from 11 countries attended a technical
committee meeting and workshop hosted by
Japan on the handling and safe storage of spent
fuel from nuclear power plants. The meeting,
held 23-27 October 1995 at the Ministry of
Trade and Industry in Tokyo, focused on stor-
age options and selection principles of dry stor-
age technologies for WWER and RBMK reac-
tors, within the framework of the IAEA's extra-
budgetary programme on the safety of such

reactors being supported by Japan and other
countries. Participating experts represented nu-
clear organizations and utilities in Bulgaria,
Canada, Czech Republic, Germany, Hungary,
Japan, Slovak Republic, Spain, Russia,
Ukraine, and the United States.

From both financial and technical perspec-
tives, experts at the meeting presented and dis-
cussed case studies of the selection process and
principles applied in various countries for spent
fuel storage. Technical visits further were ar-
ranged to Japan's Central Research Institute of
the Electric Power Industry and to the Tokyo
Electric Power Company's Fukushima-Daiichi
nuclear power station.

Brazil: Radiation protection

Brazil' s Association for Non-Destructive Test-
ing (ABENDE) in co-operation with the Na-
tional Nuclear Energy Commission is sponsor-
ing its first international meeting on industrial
radioprotection 17-20 March 1996 in Sao
Paulo.

Scheduled sessions include panel discus-
sions and technical presentations on national
and global developments in the field. Papers
include those from invited experts in Argen-
tina, France, and the IAEA. Dr. Abel Gon-
zalez, Acting Director of the IAEA's Divi-
sion of Radiation and Waste Safety, will re-
view the implementation of the International
Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Ra-
diation Sources. More information may be
obtained from ABENDE, Rua Luiz Goes
2341, Sao Paulo, Brazil 04043-400. Facsim-
ile: 55-11-581-1164.

United Kingdom: Becquerel's legacy

French scientist Henri Becquerel's discovery
of radioactivity a century ago is being marked
by an international conference at the Royal
Society of Arts in London 29 February to 1
March 1996. It is being organized by the Na-
tional Radiological Protection Board (NRPB)
and the British Association for the Advance-
ment of Science.

Sessions will explore the nature and benefi-
cial uses of radioactivity, the depth of its scien-
tific understanding, and the regulation and con-
trol of its attendant risks. More information
may be obtained from the Becquerel Confer-
ence Secretariat, NRPB, Chilton, Didcot, Oxon
0X11 0RQ. Facsimile: 01235-822630.
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IAEA APPOINTMENT. The IAEA has an-
nounced the appointment of Mr. Victor M.
Murogov, of the Russian Federation, as Deputy
Director General, Head of the Department of
Nuclear Energy. Mr. Murogov, who took up
the position in January 1996, succeeds Mr.-
Boris Semenov.

NEW IAEA DEPARTMENT. The IAEA has
restructured its former Department of Nuclear
Energy and Safety. Effective 1 January 1996,
the Department has been split into two separate
departments, the Department of Nuclear Safety
and the Department of Nuclear Energy. Head
of the Department of Nuclear Energy is Mr.
Victor M. Murogov. It includes three divisions:
the Division of Nuclear Power, the Division of
Scientific and Technical Information, and the
Division of Nuclear Fuel Cycle and Waste
Management. The Department of Nuclear
Safety, headed by Mr. Morris Rosen, includes
the Division of Nuclear Installation Safety and
the Division of Radiation and Waste Safety. A
second step in the restructuring will take place
effective August 1996, when the Nuclear Fuel
Cycle and Materials Section and the Waste
Technology Section will be transferred to the
Division of Nuclear Power, then to be the Divi-
sion of Nuclear Power and the Fuel Cycle.

ASA AWARD. The American Statistical So-
ciety has presented two IAEA staff members
— David Donahue and Rudolf Fiedler — with
its Statistics in Chemistry award. The honour
is in recognition of the publication of their
paper, "Multi-detector Calibration for Mass

Spectrometers", which appeared in the Inter-
national Journal of Mass Spectrometry and Ion
Processes hi 1994 (Vol. 134). The paper rep-
resented a collaboration with Charles Bayne of
the Oak Ridge National Laboratory, who as a
co-author also shared the award. The work was
carried out under the US Support Programme
to IAEA Safeguards. Messrs. Donahue and
Fiedler are staff members at the Agency' s Safe-
guards Analytical Laboratory in Seibersdorf.

INFORMATION BOOKLETS. New public
information booklets have been issued by the
IAEA on topical issues related to nuclear appli-
cations and global co-operation. The IAEA and
the UN, Partnerships for Development and
Peace features a series of brief reports high-
lighting nuclear co-operative efforts for sus-
tainable development and for safeguarding nu-
clear materials. Isotopes in Water and Environ-
mental Management looks at how nuclear and
related techniques are helping countries to
identify, assess, and optimize their water re-
sources. Both booklets also are on-line
through the IAEA's World Atom Internet serv-
ices at http://www.iaea.or.at/worldatom.

FUSION ENERGY CONFERENCE. The
16th IAEA Fusion Energy Conference, for-
merly called the International Conference on
Plasma Physics and Controlled Nuclear Fusion
Research, will be held in Montreal, Canada
7-11 October 1996. The conference is aimed at
encouraging the exchange between nations of
scientific and technical information on fusion
research, with emphasis on fusion technology.

WORLD ATOM The International Atomic Energy Agency On-Line
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Swets and Zeitlinger b.v.,
P.O. Box 830, NL-2610 SZ Lisse

POLAND
Ars Polona, Foreign Trade Enterprise,
Krakowskie Przedmiescie 7,
PL-00-068 Warsaw

SLOVAKIA
Alfa Press Publishers, Hurbanovo
namestie3, SQ-815 89 Bratislava

SPAIN
Diaz de Santos, Lagasca 95,
E-28006 Madrid
Diaz de Santos, Balmes 417,
E-08022 Barcelona

SWEDEN
Fritzes Customer Service, Fredsgatan 2,
S-106 47 Stockholm

UNITED KINGDOM
HMSO Publications Centre,
Agency Section, 51 Nine Elms Lane,
London SW8 5DR

UNITED STATES & CANADA
UNIPUB
4611-F Assembly Drive
Lanham, Maryland 20706-4391 USA

Outside the USA and Canada,'orders
and requests for information also can
be addressed directly to:
International Atomic Energy Agency
Sales and Promotion Unit
Wagramerstrasse 5, P.O. Box 100,
A-1400 Vienna, Austria
Telephone: +43 1 2060 (22529, 22530)
Facsimile: +43 1 2060 29302
Electronic mail:
SALESPUB@ADPO1.IAEA.OR.AT

Proceedings of an International Symposium,
Vienna, June 1995 (STI/PUB 972)

Tomography in Nuclear Medicine,
Proceedings of an International Symposium,
Vienna, August 1995

The Nuclear Fuel Cycle Information System:
A Directory of Nuclear Fuel Cycle Faculties
Reference book/statistics
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Argentina
Belgium
Brazil
Bulgaria
Canada
China
Czech Republic
Finland
France
Germany
Hungary
India
Iran
Japan
Kazakhstan
Korea, Rep. of
Lithuania
Mexico
Netherlands
Pakistan
Romania
Russian Federation
South Africa
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
United Kingdom
Ukraine
USA

World total*

* The total includesTaiwan,

Lithuania
France

Belgium
Sweden

Slovak Republic
Bulgaria
Hungary
Slovenia

Switzerland
Rep. of Korea

Spain
Finland

Germany
Ukraine

Czech Republic
Japan

United Kingdom
United States

Canada
Argentina

Russia
South Africa
Netherlands

Mexico
China
India 1

In

No. of units

2
7
1
6

22
3
4
4

56
21

4
9

49
1

10
2
2
2
1

29
2
4
1
9

12
5

34
15

109

432

INTFR

operation

Total net MWe

935
5 527

626
3 538

15 755
2 100
1 648
2310

58 493
22 657

1 729
1 493

38 875
70

8 170
2 370
1 308

504
125

19 843
1 842
1 632

632
" 7 105

10 002
2 985

11 720
12 679
98 784

340 347

China where six reactors totalling 4890 MWe are in operation

13.77°/
11.39%

5.69%
4.86%

3.50%
1.49%
.37%

NATIONAL D A T A F I L E

Under construction
Nuclear power
status around

No. of units Total net MWe the world

1 692

1 1245

2 1824

4 5810

5 1 010
2 2 392
5 4 799

6 4 820

1 300
5 3 250
4 3 375

4 1 552

1 " " 1 188
6 5 700
1 1 165

48 38 876

76.37%
75.29%

~ ~ 55.77%
51.13%

49.05%
45.63%

43.73%
38.01%

36.84%
35.48%

34.97%
29.51%

29.33%
28.85%

28.22%
27.20%

25.79%
21.98%

9.07%
>

Note: Percentages are as of
end December 1994. Other

countries generating a share of
their electricity from nuclear

power include Pakistan,
Kazakhstan and Brazil.

Additionally, the share of
nuclear generation was 33.5%

in Taiwan, China.

Nuclear share
of electricity
generation in
selected
countries
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POSTS ANNOUNCED BY THEIAEA

RESEARCH SCIENTIST (96-002), Marine
Environment Laboratory, Monaco. This P-3
post plans and carries out studies on the devel-
opment and use of Inductively Coupled Plasma
Mass Spectrometry (ICPMS) techniques for ra-
dionuclide and multi-elemental analysis,
among other duties. The post requires practical
experience in running and maintaining an
ICPMS instrument, basic experience in the field
of marine radioactivity or trace element studies,
and an ability to interact as a member of a
multi-disciplinary, multi-cultural team. An ad-
vanced university degree is required, preferably
a Ph.D, in the relevant discipline, and at lease 6
years of experience with ICPMS techniques.
Closing date: 24 May 1996.

TECHNICAL WRITER (96-003), Safety Co-
ordination Section, Department of Nuclear
Safety. This P-3 post prepares policy docu-
ments, technical reports, and journal articles on
nuclear, radiation protection, and waste man-
agement safety on major issues and topics,
among other duties. It requires a university
degree in a scientific field and at least 6 years
of experience in writing and substantive editing
of scientific material, including at least 2 years
experience in the nuclear field.. Closing dale:
24 May 1996.

SECTION HEAD, INIS (95-070), Division of
Scientific and Technical Information, Depart-
ment of Nuclear Energy. This P-5 post is prin-
cipally responsible for management of the In-
ternational Nuclear Information System. It re-
quires an advanced university degree or equiva-
lent in information science, natural science,
computer science, mathematics, or related
field, and at least 15 years of total experience
including at least 5 years in the documentation
and information field. Also required is good
knowledge of large-scale computerized bibli-
ographic information systems and technical and
administrative management experience. Clos-
ing date: 15 March 1996.

DIRECTOR (95-069), Division of Languages,
Department of Administration. This D-l post
carries responsibility for activities of the
IAEA's language division, which consists of
six translation sections and support services. It
requires an advanced university degree or
equivalent and a minimum of 15 years of expe-
rience relevant to carrying out the responsibili-
ties of a language service of a large interna-
tional organization, and adequate administra-
tive and supervisory experience. Also required
is knowledge of human resource and financial
management principles and ability to apply
these principles in allocating resources. Clos-
ing date: 15 March 1996.

MARINE CHEMIST (95-708), Marine Envi-
ronment Laboratory, Monaco. This P-3 post
develops and optimizes analytical procedures
for the determination of inorganic contaminants
in marine samples, including specification of
organo-metallic compounds and supervises ac-
tivities of the Inorganic Laboratory. It requires
a Ph.D. in marine chemistry and at least 6 years
of experience in analytical chemistry of various
marine matrices for a wide range of inorganic
contaminants. This is an extrabudgetary post
and the duration of the appointment is subject
to availability of extrabudgetary funds. Closing
date: 6 March 1996.

SOIL SCIENTIST/PLANT NUTRITIONIST
(96-004), Soil Fertility, Irrigation, and Crop
Production Section, Joint FAO/IAEA Division
of Nuclear Techniques in Food and Agriculture.
This P-3 post, among other duties, co-ordinates
the activities of participants in IAEA Co-ordi-
nated Research Programmes and provides tech-
nical support for technical co-operation pro-
jects. It requires experience as a soil scien-
tist/plant nutritionist and a Ph.D or equivalent
in the field, and at least 6 years of research
experience in the use of isotopes and nuclear
techniques in plant physiology. Closing date:
24 April 1996.

RADIATION CHEMIST (95-067), Industrial
Applications and Chemistry Section, Depart-
ment of Research and Isotopes. This P-4 post
organizes scientific symposia and technical
seminars and meetings, and provides technical
advice and support on aspects of radiation tech-
nologies, among other duties. It requires a Ph.D.
or equivalent in engineering, physical sciences
or chemical sciences and a minimum of 10
years of research/developmental experience in-
volving industrial applications of radiation
technology, comprehensive knowledge and
practical experience with industrial applica-
tions of electron accelerators and isotope
sources. Also required is experience in the man-
agement and evaluation of international pro-
jects, effective representational skills, and abil-
ity to contribute to the achievement of organ-
izational goals. Closing date: 1 March 1996.

REFERENCE LIBRARIAN (96-005), Vi-
enna International Centre Library, Division of
Scientific and Technical Information, Depart-
ment of Nuclear Energy. This P-2 post provides
reference, research, and information services to
library users, co-ordinates the duty roster of the
reference team, and supervises the serials
group, among other duties. It requires an ad-
vanced university degree in librarianship or
information science, at least 2 years of experi-
ence in a library with automated information
retrieval and circulation systems, good work-

ing knowledge of major printed reference
sources, and familiarity with external on-line
databases. Closing date: 24 May 1996.

DEVELOPMENT PROGRAMMER (96-006),
Division of Scientific and Technical Informa-
tion, Department of Nuclear Energy. This P-2
post participates in the planning and design of
technical and administrative computer informa-
tion systems and develops computer applica-
tion programs, among other duties. It requires
a university degree in computer science or re-
lated fields and at least 2 years of practical
programming experience. Closing date: 24
May 1996.

READER'S NOTE:

The IAEA Bulletin publishes short summaries
of vacancy notices as a service to readers inter-
ested in the types of professional positions re-
quired by the IAEA. They are not the official
notices and remain subject to change. On a
frequent basis, the IAEA sends vacancy notices
to governmental bodies and organizations in the
Agency's Member States (typically the foreign
ministry and atomic energy authority), as well
as to United Nations offices and information
centres. Prospective applicants are advised to
maintain contact with them. Applications are
invited from suitably qualified women as well
as men. More specific information about em-
ployment opportunities at the IAEA may be
obtained by writing the Division of Personnel,
Box 100, A-1400 Vienna, Austria.

ON-LINE VACANCY NOTICES. IAEA va-
cancy notices for professional positions, as well as
application forms, now are available through a
global computerized network that can be accessed
directly. Access is through the Internet. The va-
cancy notices are located in a public directory
accessible via the normal Internet file transfer serv-
ices. To use the service, connect to the IAEA's
Internet address NESIRS01.IAEA.OR.AT
(161.5.64.10), and then log on using the identifica-
tion anonymous and your user identification. The
vacancy notices are in the directory called publva-
cancy jmsts. A README file contains general
information, and an INDEX file contains a short
description of each vacancy notice. Other informa-
tion, in the form of files that may be copied, includes
an application form and conditions of employment
Please note that applications for posts cannot be
forwarded through the computerized network,
since they must be received in writing by the IAEA
Division of Personnel.
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Canberra...Covering the Spectrum
in Safeguards

We have the Experience,
You Get the Benefit...
Canberra has been the number 1 commercial
supplier of neutron and gamma-based
quantitative assay systems for safeguards
applications for 20 years. This means that
you get:

• Proven technology for more reliable systems

• Our knowledge and understanding of
measurement technologies

• The correct solution for your application

• Professional training for easy start-up and
operation

• Worldwide sales, service and support

And WE offer Solutions...
Our systems have provided solutions to a wide range of
applications, including:

• ACCOUNTABILITY - Canberra's passive, active, and combined
passive/active neutron coincidence counters, multiplicity module
and Segmented Gamma Scanners use the latest algorithms to
provide the most accurate results for your inventory measure-
ments.

• HOLD-UP AND INLINE MEASUREMENTS - Portable systems
such as the InSpector allow you to make reliable hold-up measure-
ments and inline process inspections.

• DIVERSION CONTROL - Vehicle and Pedestrian Portals jointly
developed with Los Alamos National Laboratory minimize
concerns about diversion, theft or loss of Special Nuclear Material.

• ISOTOPIC MEASUREMENTS - The latest versions of the Multi-
Group Analysis code (MGA) and MGA/U integrated with our
stand-alone systems and portable InSpector allow measurement
of plutonium isotopics and uranium enrichments.

• WEAPONS DISARMAMENT - Canberra's neutron, gamma and
isotopic systems can be used to insure treaty compliance.

For additional information call or write us today.

A CANBERRA Canberra Industries Inc., Nuclear Products Group, 800 Research Parkway, Meriden. CT 06450 U.S.A.
Tel: (203) 238-2351 Toll Free 1-800-243-4422 FAX: (203) 235-1347

With Offices In: Australia, Austria. Belgium, Canada, Denmark. France, Germany. Italy, Netherlands, Russia. United Kingdom.



ON LINE DATABASES
OF THE INTERNATIONAL ATOMIC ENERGY AGENCY

PRIS

Database name
Power Reactor Information System

(PRIS)

Type of database
Factual

Producer
International Atomic Energy Agency

in co-operation with
29 IAEA Member States

IAEA contact
IAEA, Nuclear Power Engineering

Section, P.O. Box 100
A-1400 Vienna, Austria
Telephone (43) (1)2060

Telex (1)-12645
Facsimile +43 1 20607

Electronic mail via
BITNET/INTERNET to ID:
NES@IAEA 1 .IAEA.OR. AT

Scope
Worldwide information on power re-
actors in operation, under construc-
tion, planned or shutdown, and data

on operating experience with nu-
clear power plants in IAEA

Member States.

Coverage
Reactor status, name, location, type,
supplier, turbine generator supplier,
plant owner and operator, thermal

power, gross and net electrical
power, date of construction start,
date of first criticality, date of first

synchronization to grid, date of com-
mercial operation, date of shutdown,

and data on reactor core charac-
teristics and plant systems; energy pro-
duced: planned and unplanned energy
losses; energy availability and unavail-

ability factors; operating
factor, and load factor.

AGRIS

Database name
International Information System for

the Agricultural Sciences and
Technology (AGRIS)

Type of database
Bibliographic

Producer
Food and Agriculture Organization of

the United Nations (FAO) in
co-operation with 172 national,

regional, and international AGRIS
centres

IAEA contact
AGRIS Processing Unit
c/o IAEA, P.O. Box 100
A-1400 Vienna, Austria
Telephone (43) (1)2060

Telex (1)-12645
Facsimile +43 1 20607

Electronic mail via
BITNET/INTERNET to ID:
FAS@IAEA1 .IAEA.OR.AT

Number of records on line from
January 1993 to date

more than 130 000

Scope
Worldwide information on agricul-

tural sciences and technology, includ-
ing forestry, fisheries, and nutrition.

Coverage
Agriculture in general; geography
and history; education, extension,

and information; administration and
legislation; agricultural economics;
development and rural sociology;

plant and animal science and produc-
tion; plant protection; post-harvest
technology; fisheries and aquacul-

ture; agricultural machinery and en-
gineering; natural resources; process-
ing of agricultural products; human
nutrition; pollution; methodology.

NDIS

Database name
Nuclear Data Information System

(NDIS)

Type of database
Numerical and bibliographic

Producer
International Atomic Energy Agency

in co-operation with the United
States National Nuclear Data Centre

at the Brookhaven National
Laboratory, the Nuclear Data Bank

of the Nuclear Energy Agency,
Organisation for Economic

Co-operation and Development in
Paris, France, and a network of 22

other nuclear data centres worldwide

IAEA contact
IAEA Nuclear Data Section,

P.O. Box 100
A-1400 Vienna, Austria
Telephone (43) (1)2060

Telex (1)-12645
Facsimile +43 1 20607

Electronic mail via
BITNET/INTERNET to ID:

RNDS@IAEA1.IAEA.OR.AT

Scope
Numerical nuclear physics data files

describing the interaction of radiation
with matter, and related

bibliographic data.

Data types
Evaluated neutron reaction data in

ENDF format; experimental nuclear
reaction data in EXFOR format, for

reactions induced by neutrons,
charged particles, or photons; nuclear
half-lives and radioactive decay data
in the systems NUDAT and ENSDF;

related bibliographic information
from the IAEA databases CINDA

and NSR; various other types of data.

Note: Off-line data retrievals from
NDIS also may be obtained from the

producer on magnetic tape

AMDIS

Database name
Atomic and Molecular Data

Information System (AMDIS)

Type of database
Numerical and bibliographic

Producer
International Atomic Energy Agency

in co-operation with the International
Atomic and Molecular Data Centre
network, a group of 16 national data

centres from several countries.

IAEA contact
IAEA Atomic and Molecular Data

Unit, Nuclear Data Section
Electronic mail via

BITNET to: RNDS@IAEA1;
via INTERNET to ID:

PSM@RIPCRS01 .IAEA.OR.AT

Scope
Data on atomic, molecular,

plasma-surface interaction, and
material properties of interest to
fusion research and technology

Coverage
Includes ALADDIN formatted data

on atomic structure and spectra
(energy levels, wave lengths, and

transition probabilities); electron and
heavy particle collisions with atoms,
ions, and molecules (cross sections

and/or rate coefficients, including, in
most cases, analytic fit to the data);
sputtering of surfaces by impact of
main plasma constituents and self
sputtering; particle reflection from

surfaces; thermophysical and
thermomechanical properties of

beryllium and pyrolytic graphites.

Note: Off-line data and bibliographic
retrievals, as well as ALADDIN

software and manual, also may be
ob-tained from the producer on

diskettes, magnetic tape, or hard
copy.

For access to these databases, please contact the producers.
Information from these databases also may be purchased from the producer in printed form.
IN IS and AGRIS additionally are available on CD-ROM.



Database name
International Nuclear Information

System (INK)

Type of database
Bibliographic

Producer
International Atomic Energy Agency

in co-operation with 91 IAEA
Member States and 17 other

international member organizations

IAEA contact
IAEA, INIS Section, P.O. Box 100,

A-1400 Vienna, Austria
Telephone (+431) 2060 22842
Facsimile (+431) 20607 22842

Electronic mail via
BITNET/INTERNET to ID:

ATIEH@NEPOUAEA.OR.AT

Number of records on line from
January 1976 to date
more than 1.6 million

Scope
Worldwide information on the

peaceful uses of nuclear science and
technology; economic and

environmental aspects of other energy
sources.

Coverage
The central areas of coverage are
nuclear reactors, reactor safety,
nuclear fusion, applications of

radiation or isotopes in medicine,
agriculture, industry, and pest

control, as well as related fields
such as nuclear chemistry, nuclear

physics, and materials science.
Special emphasis is placed on the

environmental, economic, and
health effects of nuclear energy, as
well as, from 1992, the economic

and environmental aspects of
non-nuclear energy sources. Legal
and social aspects associated with
nuclear energy also are covered.

ON C D - R O M
5000 JOURNALS

MORE THAN 1.6 MILLION RECORDS

6 COMPACT DISCS

INIS (the International Nuclear Information System)
is a multi-disciplinary, bibliographic database
covering all aspects of the peaceful uses of nuclear
science and technology. INIS on CD-ROM combines
the worldwide coverage of the nuclear literature
with all the advantages of compact disc technology.

Call +44 (0)81 995 8242 TODAY!

for further information
and details of your local distributor

or write to
Silver Platter Information Ltd.
10 Barley Mow Passage, Chiswick, London
W4 4PH, U.K.
Tel: 0800 262 096 +44 (0)81 995 8242
Fax: +44 (0)81 995 5159

The IAEA's
nuclear science
and
technology
database on
CD-ROM

CD-ROM
means
• unlimited easy

access
• fast, dynamic

searching
• fixed annual

cost
• flexible down-

loading and
printing

• desktop
access

• easy storage
• saving time,

space and
money

®
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IAEA
.UPCOMING CO-ORDINATED RESEARCH PROGRAMMES.

Development of Computer-Based Troubleshooting Tools and Instruments
To develop computer-based tools and instruments to assist in maintenance,
troubleshooting and repair of nuclear electronic equipment.

Treatment of Liquid Effluent from Uranium Mines and Mills During and After
Operation (post decommissioning/rehabilitation)
To identify basic concepts for innovation and integrated combinations of mining,
processing and waste management technologies that can potentially achieve both
environmental compatibility and economic improvements.

Corrosion of Research Reactor Aluminum-Clad Spent Fuel in Water
To assess corrosion rates of aluminum cladding alloys in good, typical and poor water
chemistry regimes, to give guidance to those faced with extending pool storage of
research reactor spent fuel, and to identify the basic corrosion mechanisms involved.

Case Studies on Comparing Alternative Sustainable Energy Mixes for Electricity
Generation
To carry out case studies on analysing and comparing alternative options and strategies
in the power sector, through the use of data bases and analytical software developed by
the Agency in connection with the DECADES project, aiming at sustainable energy mixes
meeting atmospheric emission standards and regulation.

Intercomparison of In-vivo Counting Systems Using a Reference Asian Phantom
To provide each participating personal dosimetry service the opportunity to assess its
ability to measure the internally deposited thorium, uranium and transuranic radionu-
clides with sufficient accuracy for radiation protection purposes. The CRP will also
provide the participants specific information on steps that they can take to improve their
performance, and give them the opportunity for information exchange with other
dosimetry services.

The Use of Isotope Techniques in Studies on the Management of Organic Matter
and Nutrient Turnover for Increase, Sustainable Agricultural Production and
Environmental Preservation
To conduct isotope-aided studies that will assist in devising appropriate management
options to slow down soil organic matter decomposition rates and thereby synchronize
nutrient release with nutrient demand by crops for maximum yields.

The Diagnosis and Follow-Up of Prostatic Cancer by Radioimmunoassay (RIA)
To ascertain the sensitivity and specificity of measurements using an IRMA technique
for early diagnosis of primary as well as recurrent prostate cancer. The overall diagnostic
accuracy of the test will be compared with alternative diagnostic modalities.

Nuclear Imaging for Infection and Inflammation
To determine the role of radionuclide imaging for infection and inflammation among other
non-nuclear investigations for the same purpose, such as X-ray computed tomography
and ultrasonography.

These are selected listings, subject to change. More
complete information about IAEA meetings can be
obtained from the IAEA Conference Service Section at
the Agency's headquarters in Vienna, or by referring to
the IAEA quarterly publication Meetings on Atomic
Energy (See the Keep Abreast section for ordering
information.) More detailed information about the IAEA's
co-ordinated research programmes may be obtained
from the Research Contracts Administration Section at
IAEA headquarters. The programmes are designed to
facilitate global co-operation on scientific and technical
subjects in various fields, ranging from radiation
applications in medicine, agriculture, and industry to
nuclear power technology and safety.

IAEA
SYMPOSIA & SEMINARS.

FEBRUARY 1996
FAO/IAEA/IIR/ITC/WHO Regional Semi-
nar on Food Irradiation to Control Food
Losses and Food-Borne Diseases and
Facilitate Food Trade
Rabat, Morocco
(26 February -1 March)

MARCH 1996

International Seminar on Enhanced Utili-
zation of Research and Test Reactors
Bombay, India (11-15 March)

APRIL 1996
International Conference
One Decade after Chernobyl:
Summing Up the Consequences
of the Accident
Vienna, Austria (8 -12 April)

JUNE 1996
International Symposium on Experi-
ence in the Planning and Operation of
Low-Level Waste Disposal Facilities
Vienna, Austria (17-21 June)

JULY 1996
FAO/IAEA Symposium on the Use of
Nuclear and Related Techniques for
Studying Environmental Behaviour of
Crop Protection Chemicals
Vienna, Austria (1 - 5 July)

AUGUST 1996
Seminar on Nuclear Techniques for
the Detection and Management of
Cancer
Colombo, Sri Lanka (12-16 August)

SEPTEMBER 1996

IAEA General Conference, 40th session
Vienna, Austria
(16-20 September)

OCTOBER 1996
16th IAEA Fusion Energy Conference
Montreal, Canada ( 7 - 1 1 October)

Symposium on Reviewing the Safety
of Existing Nuclear Power Plants
Vienna, Austria (8-11 October)

NOVEMBER 1996
Symposium on Harmonization of Health-
Related Environmental Measurements
Using Nuclear & Isotopic Techniques
Hyderabad, India (4 -7 November)

Seminar on the Use of Isotope Techniques
in Marine Environmental Studies
Venue to be announced
(4-15 November)
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1957
Afghanistan
Albania
Argentina
Australia
Austria
Belarus
Brazil
Bulgaria
Canada
Cuba
Denmark
Dominican Republic
Egypt
El Salvador
Ethiopia
France
Germany
Greece
Guatemala
Haiti
Holy See
Hungary
Iceland
India
Indonesia
Israel
Italy
Japan
Korea. Republic of
Monaco
Morocco
Myanmar
Netherlands
New Zealand
Norway
Pakistan
Paraguay
Peru
Poland
Portugal
Romania
Russian Federation
South Africa
Spain
Sri Lanka
Sweden
Switzerland
Thailand
Tunisia
Turkey
Ukraine
United Kingdom

of Great Britain
and Northern Ireland

United States of America
Venezuela
Viet Nam
Yugoslavia

1958
Belgium
Cambodia
Ecuador
Finland
Iran. Islamic Republic of
Luxembourg
Mexico
Philippines
Sudan

1959
Iraq

1960
Chile
Colombia
Ghana
Senegal

1961
Lebanon
Mali
Zaire

1962
Liberia
Saudi Arabia

1963
Algeria
Bolivia
C6te d'lvoire
Libyan Arab Jamahiriya
Syrian Arab Republic
Uruguay

1964
Cameroon
Gabon
Kuwait
Nigeria

1965
Costa Rica
Cyprus
Jamaica
Kenya
Madagascar

1966
Jordan
Panama

1967
Sierra Leone
Singapore
Uganda

Eighteen ratifications were required to bring the IAEA's Statute into force
had ratified the Statute

Year denotes year of membership

For States in italic, membership h

1968
Liechtenstein

1969
Malaysia
Niger
Zambia

1970
Ireland

1972
Bangladesh

1973
Mongolia

1974
Mauritius

1976
Qatar
United Arab Emirates
United Republic of Tanzania

1977
Nicaragua

1983
Namibia

1984
China

1986
Zimbabwe

1991
Latvia
Lithuania

1992
Croatia
Estonia
Slovenia

1993
Armenia
Czech Republic
Slovakia

1994
Former Yugoslav Republic

of Macedonia
Kazakhstan
Marshall Islands
Uzbekistan
Yemen

1995
Bosnia and Herzegovina
Georgia

By 29 July 1957, the States in bold face

. Names of the States are not necessarily their historical designations

as been approved by the IAEA General Conference and will take effect once the
required legal instruments have been deposited

The international Atomic Energy Agency, which came into
being on 29 July 1957, is an independent intergovern-
mental organization within the United Nations System.
Headquartered in Vienna, Austria, the Agency has more
than 100 Member States who together work to carry out
the main objectives of IAEA's Statute: To accelerate and
enlarge the contribution of atomic energy to peace, health,
and prosperity throughout the world and to ensure so far
as it is able that assistance provided by it. or at its request
or under its supervision or control, is not used in such a
way as to further any military purpose

IAEA headquarters, at the Vienna International Centre.



Until now, one of the biggest
problems with reading personal
exposure doses has been the size of
the monitoring equipment. Which is
precisely why we're introducing the
Electronic Pocket Dosimeter (EPD)
"MY DOSE mini™" PDM-Series.

These high-performance

dosimeters combine an easy-to-
read digital display with a wide
measuring range suiting a wide
range of needs.

But the big news is how very
small and lightweight they've
become. Able to fit into any pocket
and weighing just 50-90 grams,

the Aloka EPDs can go anywhere
you go. Which may prove to be
quite a sizable improvement, indeed.

Model

PDM-101
PDM-102
PDM-173
PDM-107
PDM-303
ADM-102

Energy

60 keV -
40 keV -
40 keV ~
20 keV -
thermal ~ fast
40 keV ~

Range

0.01 - 99.99 fjSv
1 - 9,999 fjSv
0.01 - 99.99 mSv
1 - 9,999 /JSV
0.01 ~ 99.99 mSv
0.001 ~ 99.99 mSv

Application

High sensitivity, photon
General use, photon
General use, photon
Low energy, photon
Neutron
With vibration & sound alarm, photon

SCIENCE AND HUMANITY
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ALOKA CO., LTD.

6-22-1 Mure. Mitaka-shi. Tokyo 181, Japan

Telephone: (0422) 45-5111

Facsimile: (0422)45-4058

Telex: 02822-344

To: 3rd Export Section
Overseas Marketing Dept.

Attn: N.Odaka

Safety, convenience and a variety
of styles to choose from.

PDM-107

DM-102

PDM-173
PDM-101

mSv


