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The International Atomic Energy Agency (IAEA) Scientific Forum was established in 1998 to add
a degree of scientific and technical focus to the debate at the Agency's annual General Conference.
It was envisaged that the Scientific Forum would address various major scientific and technical
issues that have a direct influence and bearing on the Agency's programme of activities and would
examine new trends in nuclear matters of relevance to Member States.

The 3rd Scientific Forum was held in Vienna on 19-20 September 2000 and addressed the issue of
"Radioactive Waste Management: Turning Options into Solutions". It was attended by more than
200 people over the course of the two days.

The objective of the Scientific Forum was to bring to the attention of senior governmental repre-
sentatives present at the General Conference some of the important scientific and technical issues
in the field of radioactive waste management and to promote awareness of the international dimension
of current developments.

The Forum was intended, in part, to disseminate and build upon the observations, conclusions and
recommendations of the International Conference on the Safety of Radioactive Waste Management
organized by the IAEA, in co-operation with the European Commission, the Nuclear Energy
Agency of the Organisation for Economic Co-operation and Development and the World Health
Organization, and hosted in Cordoba by the Government of Spain.

The Scientific Forum comprised a series of three half-day sessions in which eight keynote addresses
were presented by international experts on the topics of interest. In a half-day concluding Panel
discussion, eight participants made brief statements, following which there was a general discussion
period with questions and comments from the floor.

The detailed programme is reproduced in Appendix II.

This report is not a chronological account of the presentations and discussions during the Scientific
Forum, but is rather intended as an overview of the issues, attempting to capture the 'flavour' of
the discussions.

3 rd Scientific Forum. Credit: Dean Calma, IAEA.



Radioactive waste exists in most countries of the world, and safe solutions need to be found for its

management. The types and amounts of waste to be managed in any given country depend largely

on the history of the application of nuclear technology in that country: whether uranium is or was

mined and/or processed, the extent and age of any national nuclear power programme, whether

nuclear weapons were developed and/or tested, and the extent of medical, research and/or indus-

trial applications of radioactive materials.

In terms of volume, the vast majority of radioactive waste is waste with low or very low activity
concentration. The volumes of this type of waste, in many countries, will increase significantly in
the coming years due to the decommissioning of old facilities and the cleanup of contaminated
areas. In contrast, the vast majority of the total activity in radioactive waste is in spent fuel and high
level waste, which occupies a comparatively small volume.

The interim storage pool at the UP-3 reprocessing plant in La Hague.
Credit: Содёта.



The safe and efficient management of radioactive waste calls for a national integrated waste
management system. The details of the system must, of course, be tailored to national needs and
circumstances, but a properly planned national strategy is essential, whether or not a country has a
nuclear power programme. An integrated waste management system needs to provide for the
management of all types of waste and to cover all steps in waste management, from generation to
final disposal and beyond. The many interdependencies and trade-offs inherent in waste manage-
ment need to be examined carefully in developing an optimum strategy. For example, it may be
possible to reduce the activity discharged to the environment, but at the expense of generating more
solid waste, or it may be possible to reduce the doses and risks to workers from stored wastes, but
at the expense of increasing the activity of discharges.

An integrated waste management system begins at the source. As with other types of waste, the
simplest way to manage radioactive waste is to minimize generation in the first place. Processes
should be designed to minimize production of radioactive waste, and to carefully segregate and
separate out that which can be recycled or reused from that which is sufficiently low in activity con-
centration to be treated in the same way as normal non-hazardous industrial wastes.

The remaining radioactive waste will be of various types, and a suitable waste management route
is needed for each type. This not only means identifying disposal routes and providing the neces-
sary facilities, but also preparing waste for its intended disposal route by segregating it from other
waste types, treating and conditioning it appropriately, and providing for its storage and transport
as necessary at various stages of the route. This is an important example of the interdependency
mentioned above and an important reason for thorough planning of whole waste management
routes. The methods for treating and conditioning waste for one disposal route may be quite
different from those used for another route. As a result, any uncertainty about disposal routes can
affect pre-disposal management.

In the case of very short lived medical isotopes with non-radioactive decay products, the manage-
ment route could be as simple as storing the waste material on site until the activity has decayed to
safe levels. However, even this apparently simple route requires careful planning to make sure the
isotopes are safely stored in an appropriate form in a secure location and that reliable records are
kept for at least as long as the radiological hazard remains.

One of the largest volumes of radioactive waste is the tailings and other wastes from the mining
and processing of naturally radioactive materials. Mining and milling of uranium ore for nuclear
power is the largest source of the waste, but there are other sources. Indeed, waste of this type was
being generated by mining and processing other metallic ores centuries before the discovery of
nuclear fission or even radioactivity. Although the concentrations of radionuclides are low in
absolute terms, the potential radiation doses if the waste is not managed properly can be high,
particularly if radon from the waste can get into dwellings on or near the waste. Management
methods have been improved considerably in many countries, but due to the extremely long
half-lives of the naturally occurring radionuclides, issues remain to be resolved in assuring the safe
long-term management of the waste.

A commonly used option for some low level gaseous or liquid wastes is to discharge them to the
environment, where they will be diluted and dispersed. It is possible to reduce discharges by prior
treatment of the wastes. However, such treatment creates additional waste, typically solid waste
(such as filters) and, therefore, a balance has often to be made between the merits of discharge or
of waste treatment.
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An issue in several countries is the management of liquid wastes that are not suitable for discharge.

There is normally an intention to convert these wastes into more stable solid forms, but this has

often been delayed by a lack of appropriate facilities or technologies or by uncertainty as to the

ultimate disposal route, leading to uncertainty about the optimum waste form. Clearly the storage

of liquid waste in tanks is not a long term solution from the safety perspective, and there is often

pressure to take action to solidify wastes as soon as possible.

Disposal methods for low level and short lived radioactive wastes are well established. Near

surface facilities for such wastes have been operating for up to four decades, and there are now

more than 80 such facilities around the world. The methods adopted have advanced tremendously,

from the early days of putting loose waste into rough trenches to the modern systems of highly

engineered concrete vaults. The cost of disposal per unit volume has risen correspondingly, but the

greater degree of engineering in modern repositories has allowed the disposal of wastes with higher

activity per unit volume, making it easier for volume reduction techniques, such as super-

compaction, to be used, and thus extending the lifetime of existing facilities.

The situation in relation to higher level and long lived waste is less clear. For many years the
technical consensus has been that geological disposal in deep underground rock formations is the
most appropriate option for such wastes. Although great progress has been made in developing the
technology for geological disposal, and a number of countries have or are constructing underground
laboratories for scientific studies, no geological repository for disposal of spent fuel or high level
waste is yet in operation. One geological repository for long lived transuranic waste is in operation:
the Waste Isolation Pilot Plant (WIPP) for defence wastes in the United States of America.
Repository projects elsewhere are at various stages of development. In a few countries, such as
Finland and Sweden, there has been encouraging progress, but, in many other countries there have
been substantial delays.

A national management programme for spent fuel or high level waste is a major undertaking.

Although there is a consensus that proven technology already exists to manage spent fuel and high

level waste safely, there is still some research and development work needed at the national level

to apply that technology to a specific site. This is not just a technological effort: the siting, design,

construction, operation and closure of

Waal» к Ы ш ю л Fi loi Plant the faci l i t ies n e e d e d a l s o i m p l i e s a

major programme of assessment and

regulatory work. There is also the less

technical, but no less important and

demanding, task of securing the neces-

sary public and political acceptance of

a repository project, both at the national

and local level. Furthermore, a signif-

icant proportion of this work is inde-

pendent of the amount of material to

be handled, so a country with only small

amounts of such waste would need to

spend much more per unit volume of

waste to develop a national repository.

Waste Isolation Pilot Plant (WIPP).
Credit: WIPP



Good progress has clearly been made in developing and applying technology to manage radioactive
waste safely. However, there remain areas in which progress is less impressive, for a variety of
reasons. Some of the issues related to these areas were discussed at the Scientific Forum and are
described below.

Waste classification

There is an air of mystery attached to radioactive waste, which is at least partly the result of the
complex and sometimes obscure terminology used by specialists. The situation is not helped by
the fact that this terminology varies from country to country. Although the IAEA has proposed a
generally applicable waste classification system, most countries still use national systems. As
well as confusing the public, this makes comparisons between countries difficult. Such difficul-
ties are likely to be highlighted when the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management enters into force. Contracting
Parties will then be required to prepare national reports including, inter alia, national inventories
of radioactive waste. If these inventories are prepared according to national classification
systems, it will be more difficult for Contracting Parties to compare each other's national reports.
This consideration may help to provide some impetus towards greater international harmoniza-
tion in waste classification.

The safe transport of radioactive material (including radioactive waste) was one of the first
safety areas to be recognized as having an important international dimension. The Forum heard
a presentation on one example: the transport of spent fuel and radioactive waste by sea. The
central instrument for the safety of maritime transport is the International Convention on the
Safety of Life at Sea (SOLAS) adopted in 1974. The International Maritime Dangerous Goods
(IMDG) Code is a set of instructions that national authorities can adopt as a way of meeting the
relevant SOLAS obligations. This Code closely mirrors the UN Model Regulations on the
transport of dangerous goods which, in relation to radioactive materials, reflect in turn the
IAEA Transport Regulations. Although the IMDG Code is widely followed, it is so far not
mandatory.

A concern about the SOLAS Convention was that some chapters that address specific areas of
safety (e.g. fire safety) do not apply to radioactive materials. To address this gap, the Code for
the Safe Carriage of Irradiated Nuclear Fuel, Plutonium and High Level Radioactive Waste in
Flasks On-Board Ships (the INF Code) was developed between 1985 and 1993. In May 1999,
the SOLAS Convention was amended to make the INF Code mandatory from 1 January 2001.
Despite this progress, some issues have not been resolved to the satisfaction of all countries,
particularly the issue of prior notification of shipments containing irradiated nuclear fuel and
high level waste. A number of States, particularly States through whose territorial waters ship-
ments pass (often referred to as 'transit States'), have sought a requirement that they be notified
in advance of the route of such shipments. The opponents of such a requirement argue that it
might result in contravention of the United Nations Convention on the Law of the Sea
(UNCLOS).



Disused sealed sources

Disused radiation sources have the potential — all too often demonstrated by accidents in recent
years — to cause real and immediate harm to individuals. It is estimated that there are about ten
accidents each year involving serious overexposure due to some form of loss of control of sealed
radiation sources. Of these, about 90% involve industrial radiography sources and about 10% involve
teletherapy sources; accidents involving other types of source represent only an extremely small
proportion. Industrial radiography sources are typically of lower activity than those used for
teletherapy, and this accounts for the different corresponding proportions of fatal accidents of 70%
and 30% respectively. Only about a quarter of the accidents involving industrial radiography
sources are the result of equipment failures; about three-quarters are caused by human error or failure
to follow procedures properly.

These statistics relate to all accidents involving sealed sources, not only those involving disused
sources. However, they do give some indication of the hazard that disused sources represent and of
the main areas of concern. Five people died in 2000 as a result of radiation exposure from two acci-
dents involving sources: a disused teletherapy source in Thailand and an industrial radiography
source in Egypt. The case in Thailand is particularly relevant to this discussion, because it was the
latest in a series of accidents involving disused sources that had been 'stored' for several years
because of the absence of a safe disposal route. This situation resulted in a gradual degradation in
control over the sources, leading eventually to their being acquired by members of the public who
did not know what they were. Clearly, the safe management of disused sources is a crucial element
in the broader issue of the control of sources. It is often the disused sources that have not been
disposed of which escape from the system of control.

Conditioning a disused source, so that it
can be safely stored.

Credit: V. Friedhch, IAEA.



An integrated waste management system should include provision for the safe disposal of disused
sources. However, many sources are in countries that do not have such a well developed waste
management system, because they have only a few sealed sources, so-called orphan sources, for
medical and industrial applications. Hence an important part of the system for controlling sources
may be lacking. The IAEA has been able to help some such countries manage disused sources. One
specific programme provides assistance to condition old radium sources. However, such assistance
cannot be provided on the scale needed worldwide.

One approach to reduce the number of accidents involving orphan sources is for the supply of
sources to be conditional on recipients providing assurance that they have the infrastructure and
expertise to use them safely. This raises the question of whether recipients would be required to
have the infrastructure to safely dispose of disused sources, which may be an unreasonable demand.
An alternative would be to require a commitment to return disused sources to the supplier. Many
suppliers already offer customers the option of returning disused sources to them, but others are
more reluctant and some may even be prevented from doing so by national laws prohibiting the
import of radioactive waste.1

A possible disposal method that has been proposed is the so-called 'borehole' concept, whereby
disused sources are placed in holes drilled into suitable rock formations, and the holes are then
sealed. This should provide sufficient containment over the time period for which the sources
would remain hazardous. As most radionuclides used in sealed sources have half-lives of 30 years
or less, this period is a few hundred years at most. The probability of human intrusion should also
be very low because of the small diameter of the borehole. This would provide a relatively simple
and inexpensive 'repository' for countries whose only needs for geological disposal relate to
disused sources. However, although this approach might simplify the assessment process, it would
not remove the need for a comprehensive safety assessment.

Disposal of spent fuel and high level waste

The safe disposal of high level waste and spent fuel (when it is considered a waste) is a central
requirement of an integrated waste management system and a prerequisite for the future of nuclear
power. Despite long standing consensus among the technical community on appropriate techno-
logical solutions, it has also proven to be one of the most controversial aspects of waste management.
A substantial proportion of the discussion at the Forum, therefore, focused on a number of issues
related to this topic.

For many years, geological disposal in deep underground repositories, based on a system of multiple
barriers (engineered and natural), has been the technical community's preferred option for the

Indeed, this is one reason why the more accurate term 'disused source' has come to be preferred to the
term 'spent source' which was commonly used in the past for all sources no longer in use. Not only is the
term 'spent source' potentially misleading when referring to sources that may still be very hazardous, but
it was also recognized that some countries automatically regarded 'spent sources' as radioactive waste, and
therefore prohibited their import, whereas 'disused sources' could be returned to suppliers in those countries.



management of high level waste and spent fuel that is considered to be waste. Many countries have
research programmes to find suitable geological formations and identify potential repository sites;
a smaller number have identified specific sites for more detailed investigation; and a few have
constructed or are constructing underground research laboratories to conduct experiments in a
repository-like environment.

There is a widely accepted principle that radioactive waste should be managed and disposed to the
extent possible within the country in which it is generated. Countries with large nuclear power pro-
grammes would, therefore, need to have national repositories for spent fuel or high level waste.
However, the cost of a geological repository programme is very high, and many of the components
of this cost are independent of the repository capacity. Regional or international geological
repositories have been suggested as a means by which countries that have little waste of these types
(or that do not have suitable geological settings for a repository) can dispose of their waste safely,
without needing to meet the entire cost of a national repository programme. It is clear that, in
principle, such regional or international repositories could serve this purpose. However, it is also
clear that achieving public acceptance of such repositories will be at least as difficult as, and
probably more difficult than, for national repositories. This situation could change once national
geological repositories are established and operating successfully. However, there is some concern
that the promise of international solutions, like the promise of new technology, could deter
countries from pursuing national programmes now.

Two basic approaches for existing spent fuel and high level waste are being discussed at the present
time:

• to isolate the material from humans and their environment for the extremely long periods of
time for which it will remain a significant hazard; and

• to 'destroy' the very long lived radionuclides in the material, or at least convert them into
shorter lived nuclides that would not need to be contained for such long periods of time.

Geological disposal is one example of the first approach, in which the waste is isolated by a
combination of remoteness from the human environment and natural and engineered barriers. This
ensures that radionuclides could only reach the human environment after a very long time and in
very low concentrations and that people are extremely unlikely to come into contact with the waste
inadvertently. Other locations of similar (or greater) remoteness are under the deep oceans and in
outer space, but there are substantial impediments, of an ethical and political nature and in the latter
case also of a technical nature, to the use of either of these for waste disposal. An 'alternative' that
is commonly proposed is to isolate the material by technological means, i.e. by long term secure
monitored storage on the surface. The strong view of the technical community, as expressed in the
Cordoba conference's conclusions, is that this is not a solution and that surface storage should be
only an interim measure until the material can be disposed of in a geological repository.

At present, the second approach involving the "destruction" of very long lived radionuclides is not
feasible on the necessary industrial scale. However, there is considerable research into new tech-
nologies that might convert (transmute) the longest lived radionuclides into stable or shorter lived
isotopes of other elements. These technologies — often referred to as 'actinide burning' — are the
subject of a great deal of research in several countries, often with a particular focus on destroying
plutonium.
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For the future, there is research on innovative technologies and fuel cycles that might generate
power without producing plutonium. The Forum heard a presentation on one example of a solution
of the latter type: the Energy Amplifier. This comprises a slightly subcritical assembly of (fissile)
uranium-233 and (fertile) thorium-232 with an external source of spallation neutrons to maintain
the chain reaction. The uranium-233 atoms fission, generating power, and the thorium-232 atoms
absorb neutrons, breeding more uranium-233. Molten lead is used as the primary coolant, resulting
in a very hard (high energy) neutron spectrum. This allows other actinides to be present in the fuel
without seriously affecting the fission reaction and minimizes the production of long lived actinide
wastes (including plutonium), because high energy neutrons are not easily absorbed. A further
refinement to the system would allow the small number of long lived fission products — such as
technetium-99 and iodine-129 — to be converted to stable nuclei using the neutrons that would
otherwise simply escape from the system.

This is by no means the only area of research. For example, the Russian Federation has recently
announced plans to intensify research into a proliferation resistant and inherently safe fuel cycle
that could also be used to transmute existing stocks of plutonium and other long lived radio-
nuclides. Meanwhile the European Union's research programmes are focusing on methods
designed only to transmute actinides (i.e. not in reactors that also produce power).

New technologies, such as these, could eventually have a great impact on radioactive waste
management. However, these technologies have not been demonstrated to be practicable on the
industrial scale that would be needed, and might never be. There are, on the other hand, proven
technologies available now that can provide safe and reliable radioactive waste management.
Notwithstanding the feasibility and potential value of future technologies and the need for further
research in this area, decisions that are needed now should not be jeopardized by unrealistic
expectations about future developments.

Retrievability and reversibility

Recognizing that further work is still needed to develop other types of feasible and acceptable
solutions, attention is being focused on ways of making the option that is available — geological
disposal — more acceptable to the public. The final and permanent nature of geological disposal
has historically been emphasized, because it was seen by the technical community as a positive
feature. It has gradually become apparent, however, that this idea of geological disposal as a
permanent — and, in particular, irreversible — procedure is often seen by the public as having a
negative connotation: that if something goes wrong there will be nothing we can do about it. As a
result, the terms 'retrievability' and 'reversibility' have been increasingly used in the context of
geological disposal, although their exact meaning, so far, does not seem to be clearly established.

According to one interpretation, the waste in a repository will always be 'retrievable' (at least until the
very far future when the packaging and waste form are so degraded as to be practically impossible to
separate it from the surrounding material).2 It may be a complex and expensive process, but any

2 To simplify the discussion, the text refers only to the possibility of retrieval of the waste. Similar consid-
erations would apply for other actions that might be considered, such as replacing the backfill material
surrounding the waste or any other modifications to the disposal system to repair some defect or otherwise
improve its performance.
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society with technology at least equivalent to today's could, in principle, safely retrieve the waste
and effectively 'reverse' the disposal process. With this interpretation, a desire for 'retrievability'
or 'reversibility' does not significantly affect the design, construction, operation or closure of a
repository, and so would not compromise the long term performance.

Another interpretation of'retrievability' is that the repository is kept 'open' for an extended period
of time after emplacement operations have finished. If this were to be a permanent arrangement,
this would clearly compromise the long term safety of the repository dramatically. However, it is
generally regarded as a temporary measure, on the assumption that at some time in the future the
current generation will either decide to retrieve the waste and do something completely different
with it or will close the repository.

It seems clear that the ideas of 'reversibility' and 'retrievability' are important to achieving public
acceptance of geological disposal. However, they need to be defined more explicitly.

Morsleben repository for low level and intermediate level waste in the federal State of Saxony-Anhalt.
Credit: DBE mbH, Germany.
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Finding sites for repositories

The siting, construction and operation of a geological repository is necessarily a long process, and
the associated regulatory and political decision making processes are therefore spread over a period
of decades. This is much longer than the typical term of office of most decision makers, which
introduces a number of special (but not unique) difficulties, especially given the controversial
nature of the subject. There is a temptation to postpone controversial decisions — the 'not in my term
of office' syndrome. There is also the potential for substantial changes, even reversals, of policy in
areas that directly or indirectly affect repository programmes. A stable regulatory framework,
including a well established and independent regulatory body, is an important source of continuity
in these circumstances.

The process of choosing a site for a geological repository has been a particularly difficult and
crucial stage in achieving public acceptance. Difficulties appear to have been caused, at least in
part, by the tendency of specialists to regard such decisions as purely technical matters that
simply need to be explained to the public, rather than as decisions in which a wide range of
'stakeholders', including the public, has a legitimate role. On the basis of the evidence from the
Scientific Forum and the Cordoba conference, two features in particular appear to have charac-
terized the more successful repository programmes (and, conversely, have tended to be lacking
in the less successful programmes):

an open and transparent decision making process in which participation by all of the
various interested groups at both the local and national levels has been a clearly defined,
integral element; and

a consistent political will to find a solution and take the necessary decisions.

One of the particular difficulties is that a geological repository is, by definition, a local solution
to a national need. As such it is not unique, but the general 'not in my backyard' syndrome can
be particularly strong when combined with a general fear of radioactive waste. National deter-
mination that a solution needs to be found may be a necessary condition for progress, but it
alone is not sufficient. Local acceptance of a repository programme is also essential, and
winning the confidence of the local community may call for different approaches from those
used at the national level. The concerns and questions that local people have about the project
may be quite different from the issues that are important at the national level. Consistent and
open two-way communication appears to be particularly important in building trust at the local
level.

The decision making process must also be seen as 'reversible'. For example, proposals to build an
underground laboratory, or a repository for lower level wastes, are often regarded with suspicion as
attempts to get a 'foot in the door', part of a process that will inexorably lead to the site being used
for a high level waste repository. If the decision making process is to gain broad acceptance, it must
not only involve all 'stakeholders', including the public: it must also be a genuinely step-by-step
process, such that each successive step really is reversible.
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It must be recognized, however, that even the most transparent and inclusive decision making
process cannot reasonably be expected to lead to decisions that are unanimously accepted,
especially on issues as controversial as radioactive waste management. As with any other political
issue, at least some of the interested parties will not be happy with the final decision. Everybody
has the right to participate in the process, but not everybody can get their own way. Ultimately,
decisions must be made, and so the realistic target is perhaps 'broad consent' rather than 'full
consensus'. It must also be remembered that this process can lead to reverses; the opponents of a
project have the right to have their arguments heard, and their arguments may prevail, however
persuasive the proponents might think their own case to be.

There is, therefore, a delicate balance to be struck between patience and determination. On the one
hand, decisions should not be 'forced' by imposing unrealistic deadlines that do not allow enough
time for debate. On the other hand, there is a need to keep the process moving and to demonstrate
the political will to find a solution, rather than postponing difficult decisions simply because they
are difficult. Consistent commitment at the governmental level to finding a national solution can
help to promote a serious and constructive attitude among all participants in the debate.

Full consensus for repository sites may not be achievable;
broad consensus may be a more realistic target.

Credit: S. Meltzer/Photo Link.
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The international dimension of radioactive waste management includes general activities, in which
a number of international and regional organizations participate, such as:

• the transfer of suitable technology;
• the exchange of technical information and experience;
• the support for research and development; and
• the international dissemination of results.

There are also some features that are more specifically linked with the IAEA, such as:

• the Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management;

• the consensus safety standards established by the Agency (in collaboration with other inter-
national organizations where appropriate); and

• various mechanisms to provide for the application of those safety standards, such as providing
safety related assistance, rendering peer review services and promoting education and training.

One specific area in which international co-operation could provide a benefit is research and
demonstration activities in underground laboratories. A few countries now have such facilities,
whereas other countries have been unable to establish them, because of the comparative magnitude
and cost of such projects or because of public suspicion that an underground laboratory will be
turned into a repository. The research that can be conducted in such laboratories is important to
improving understanding of the processes that could affect geological repositories. There could,
therefore, be considerable benefit in those countries that have underground research laboratories
giving access to countries that do not have them. This appears to be happening already through
bilateral arrangements, but there might be a role for international organizations to help promote
such co-operation and, where appropriate, disseminate potentially useful results globally.

International co-operation has also been suggested as a way of providing greater assurance that
records of the location and contents of geological repositories will be retained. Although it is not
difficult to imagine that knowledge of a repository at the local and/or national level could be
maintained for many hundreds, or even thousands of years, there is consensus that this cannot be
guaranteed for more than a few hundred years at most. This conclusion is based largely on
historical evidence: the vast majority of countries in the world have undergone major upheaval
at least once in the course of the past few centuries and, although some institutions and records
from earlier times have in most cases been preserved, it is clear that much information has not
survived. It is suggested that an independent, internationally administered archive could provide
a 'backup' store of information that would be less vulnerable to loss or destruction than national
records.

Ultimately, however, the safe management of radioactive waste remains a national responsibility.
It is possible to develop generic waste management solutions and safety standards at the inter-
national level, but the details of their application in a specific case must be tailored to the local
circumstances. In the same way, there may be issues related to public acceptance that can usefully
be addressed internationally, but acceptance of a particular repository at a particular location will
depend upon local and national concerns being addressed successfully at the local and national
level.
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International efforts, therefore, need to be focused in areas where they can provide support to
national programmes, e.g. by developing and providing suitable technology or by helping to build
confidence. The Joint Convention's primary purpose is to stimulate national safety measures, but
the international peer review provided for by the Convention may also help to build confidence
within a country that the measures being taken in that country are consistent with international
practice. International review services, such as those provided on request by the IAEA, can serve
a similar purpose.

The Scientific Forum participants discussed a proposal for an international, multidisciplinary
"stakeholders' forum" seeking to move the debate forward on some of the technical, social and
ethical issues associated with radioactive waste management, particularly relating to the geological
disposal of spent fuel and high level waste. There was some scepticism about the ability of a single
forum to successfully address the wide range of issues, notably the value of international discus-
sion of the political issues involved in repository siting. It was argued that the crucial issues, and
the best ways in which to address them, would be highly specific to the country, or even to the local
area of a repository. It was, however, recognized that international exchanges of experiences and
solutions would be valuable to national authorities in planning and implementing their own national
programmes. Therefore, the panel advised that the IAEA should continue facilitating international
exchange of experience on technical and social issues, collaboration on creating opportunities for
R&D, and peer reviews of programmes and activities in Member States.

Research in an underground test-site to study potential effects of radioactive waste disposal (Switzerland).
Credit: Nagra.
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The Scientific Forum brought to the attention of the senior governmental representatives attending
the General Conference some of the important scientific and technical issues in the field of radio-
active waste management, by providing the opportunity for these officials to attend the Scientific
Forum and through the Rapporteur's Report to the General Conference (See Appendix).
Presentations by representatives of the International Maritime Organization, the International
Institute for Applied System Analysis, the European Organization for Nuclear Research, and the
Chairs of the International Commission on Radiological Protection and the International Nuclear
Safety Advisory Group, promoted awareness by the delegates of the international dimension of
current developments in the presenters' respective areas.

The Scientific Forum was designed to build on the conclusions of the Cordoba Conference, and
included a presentation by the Chairman of the Programme Committee for that Conference, entitled:
"The Safety of Radioactive Waste Management: The Cordoba Conference and Beyond." The
Scientific Forum was an opportunity to broaden the conclusions reached at the Cordoba
Conference, by involving the more diverse audience of the delegates to the General Conference to
participate in the discussions of the topical issues.

A major issue to emerge from the first session was that relating to the classification of waste, which
is different in different countries. 'Waste' was not seen as a scientific term and only a few countries
appeared to use the IAEA defined terminology. The use of so many different national definitions
makes it difficult to understand and compare the size and scope of the problem and leads to unnec-
essary public concerns. The hope was expressed that the introduction of the Joint Convention will
provide an opportunity to achieve more consistency in the classification of radioactive wastes.

3rd Scientific Forum, Credit: Dean Calma, IAEA.
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It is clear that indefinite surface storage of waste is not a sustainable solution and progress must be
made to provide an integrated solution to radioactive waste management that includes disposal.
Two basic approaches for disposal of spent fuel and high level waste were discussed: isolation from
the human environment and destruction of the very long lived radionuclides in the material.
Geological disposal is currently the favoured approach for long term isolation and the technology
for its implementation exists. In relation to the second approach, no technology is yet feasible on
the necessary industrial scale for radionuclide destruction, although it was considered that further
research is justified.

Sealed sources, when they reach the end of their useful lives, should be handled as part of an inte-
grated waste management strategy. This is clearly an issue for countries that do not have nuclear
power programmes and may, therefore, not have a radioactive waste management programme or an
effective regulatory body.

International repositories could offer a means for countries with small nuclear power programmes
or without nuclear power programmes to dispose of their high activity and long lived waste without
incurring the very high costs of a national repository programme. However, it was clearly recog-
nized that international repositories are controversial and that the disposal of waste is primarily a
national responsibility.

In relation to disposal of high level waste, experience has shown that it is counter-productive for
the scientific community to claim that they know all the answers and that the risks well into the
future can be calculated with confidence. A more sustainable approach is to recognize that in order
to gain public acceptance, it is necessary to take time and not try to rash to premature decisions that
would then likely be negative. A carefully planned step by step approach, which involves the public
and gives time to build trust and confidence, is necessary for success.

The panel advised the IAEA that its role included facilitating international exchange of experience
on technical and social issues, collaboration on creating opportunities for research and development,
and continuing peer reviews of programmes and activities in Member States. It concluded that these
exchanges were a supplement to, not a substitute for, national discussions and programmes. Given
that the development of such programmes will take considerable time, it was not felt appropriate to
hold a single global forum involving stakeholders at this time, but the IAEA could play a role in
promoting active engagement between the scientific community and society in general.
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Abbreviations and A crony ms

ANDRA Agence nationale pour la gestion des dechets radioactifs

ANSTO Australian Nuclear Science and Technology Organisation

ARN Autoridad Regulatoria Nuclear

CERN European Organization for Nuclear Research

HLW high level (radioactive) waste

IAEA International Atomic Energy Agency

ICRP International Commission on Radiological Protection

IIASA International Institute for Applied Systems Analysis

IMO International Maritime Organization

INSAG International Nuclear Safety Advisory Group

LILW low and intermediate level (radioactive) waste

MOX mixed oxide (fuel)

P&T partitioning and transmutation

SKB Svensk Karnbranslehantering

(Swedish Nuclear Fuel and Waste Management Company)

SOLAS (International Convention on the) Safety of Life at Sea

TARC transmutation by adiabatic resonance crossing

URL underground research laboratory

WIPP Waste Isolation Pilot Plant (near Carlsbad, New Mexico, USA)
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Conference Room C, Austria Center, 19-20 September 2000

Tuesday, 19 September 10:00-13:00
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Dr. Mohammed ElBaradei

Remarks by the Chairperson of the Scientific Forum,
Dr. Shirley Ann Jackson,
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H. Garnett Chief Executive of ANSTO, Australia
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Session 3: Safety Aspects
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USA
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Opening Statement of the Director General

I am pleased to welcome all of you to the 3rd Scientific Forum. Our theme this year is "Radioactive
Waste Management: Turning Options into Solutions."

The development of publicly accepted solutions to radioactive waste management is an issue
central to the future of nuclear technology. Despite the agreement among most experts that
geological disposal can be safe, technologically feasible, and environmentally sound, the public at
large remains sceptical.

Several signs of progress have been evident at major international conferences over the past year.
Waste management and disposal technologies continue to improve. Countries are committed to
strengthening the international framework on the safety of radioactive waste management. And the
international community is increasingly focused on addressing the disparity between technological
feasibility and public perceptions.

These points are beginning to influence the international dialogue. At this Scientific Forum, we
have brought together technical experts, policy-makers, and other concerned constituents to build
on these points, to share experience and perspectives, and to focus on concrete methods of meeting
the challenges that lie ahead.

While our perspective must cover the entire spectrum of wastes, a dominant factor remains the
steady rise in high level waste volumes, in the absence of disposal facilities. Our fundamental
challenge is to accelerate and sustain progress toward demonstrated solutions.

The solution generally proposed is the use of deep geological repositories, with a combination of
natural barriers and engineered systems to provide physical and chemical waste containment. In
most countries, siting a repository has proven difficult. The public continues to have fears about
safety, lack of confidence in the technology, and lack of knowledge about the options. Other hurdles
include locating sites with the appropriate geological make-up, establishing appropriate statutory
and regulatory mechanisms, and sustaining the political support necessary for progress.

A number of countries have taken concrete steps toward designing and constructing disposal
facilities. Some, such as Belgium, Canada, France, Japan, Russia, and the United States, are devel-
oping underground research facilities. Research and development is continuing on new techniques
to minimize actinide generation and achieve transmutation of long lived wastes. Research is also
proceeding on methods of retrieving wastes that have been placed in geological depositories, in
case future safety concerns arise or a better solution is developed.

The Agency carries out a range of activities to facilitate technology transfer and information exchange.
These activities include international symposia on waste safety and technology, co-ordinated
research projects, and publication of reports on the latest achievements. On request, we organize
peer reviews of national radioactive waste management programmes — as we have done in the
Czech Republic, Finland, Sweden, the United Kingdom, and the United States.

Second, we give special attention to developing consensus norms and standards on waste manage-
ment. The Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management is on the verge of ratification. The Agency is working to build
international consensus on safety standards for geological disposal and other waste areas.
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Third, we are focusing on how best to apply the Agency's safeguards system to the geological
disposal of waste containing relevant nuclear material. A multinational Member State support
programme has been launched to ensure that safeguards systems developed for spent fuel disposal
meet Agency safety and safeguards objectives, optimize resources, and make the best use of existing
technologies.

The recent IAEA Conference in Cordoba, Spain, emphasized that effective national strategies for
waste disposal would require a detailed, transparent approach that would enable all parties to
participate in the decision making process. This forum is designed to build on the conclusions of
the Cordoba Conference, and to serve in itself as an example of constructive dialogue among
regulators, policy makers, operators, researchers, and public interest organizations. I look forward
to the Forum report, which will summarize your views and recommendations and will be conveyed
to the plenary of the General Conference. Also, as I stated yesterday, support is growing for a global
forum on nuclear waste with the participation of all concerned parties, including policy makers,
civil society and the media, with a view to building an international consensus on this important
issue. My intention is to establish such a forum, and naturally I would welcome your views in this
regard.

We are pleased to have as our chair of this Scientific Forum, Dr. Shirley Jackson, the President of
Rensselaer Polytechnic Institute in the United States. Dr. Jackson is a former Chairman of the US
Nuclear Regulatory Commission, and a former scientist at AT&T Bell Laboratories. With her back-
ground in industry, government and academics, she is especially qualified to chair these sessions.

With these remarks I hereby open the 3rd Scientific Forum, and turn the podium over to Dr. Jackson.

3rd Scientific Forum. Credit: Dean Calma, IAEA.
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Opening Remarks of the Chairperson of the Scientific Forum

Thank you, Director General, for that introduction. Good morning, ladies and gentlemen. I would
like to echo the welcome from Dr. ElBaradei, and to thank the International Atomic Energy Agency
for inviting me to host this scientific forum on what may be the most perplexing topic in nuclear
technology today: the management of radioactive waste.

I would like to begin with a thumbnail sketch of the current scene, focusing on three 'realities' that,
in my view, form the core of this dialogue: (1) the physical reality; (2) the technological reality; and
(3) the social reality.

The physical reality is simple: waste exists, and the volume of waste continues to build. After four
decades of generating nuclear energy, we have yet to construct and operate successfully a permanent
geological repository, in any country, that can receive spent fuel or other high level wastes. At the
end of 1999, the build-up of spent fuel stood at approximately 145 000 tons, with most of that
(roughly 100 000 tons) remaining in wet or dry storage at its point of origin — that is, at 236 nuclear
power facilities in 36 countries.

The crux of this 'reality' is that our dialogue today and tomorrow will not be a theoretical exercise.
Until feasible solutions are demonstrated and operational, the problem will continue to grow. When
policy makers and elected officials postpone dealing with waste disposal concerns, their postponement
is, in fact, a decision in itself — a decision to place an ever increasing burden on the shoulders of
those who follow.

The technological reality is more encouraging. Forced to deal with the lack of near-term solutions
for permanent disposal, the scientific community has continued to invent more stable waste forms,
improved storage and transport containers, new reprocessing strategies, and — as we will hear this
afternoon — novel approaches to partitioning and transmutation of long-lived radioactive species.
In a similar fashion, national regulators and international bodies have continued to devise sensible
safety standards commensurate with these emerging technologies.

The beneficial outcome of these compensatory efforts is that we have a robust array of technologies
for safely managing radioactive waste well into the future — even without permanent disposal
solutions. These effective interim solutions must be viewed as limited successes, however, because
they only postpone dealing with both the physical and social realities.

The social reality is characterized by a significant gap in perception between the scientific
community, in general, and the public at large. Most scientific and technical experts agree that
permanent disposal can be achieved safely in stable geological formations — such as granite
formations or solid salt domes — which have remained undisturbed for hundreds of millennia. The
public, however, remains unconvinced.

Several factors help to explain this gap in perception. Nuclear science itself is complex, and the
multiple classification systems and regulatory schemes associated with radioactive waste add to
that complexity, making the basic topic seem mysterious and inaccessible to the average layperson.
Projections of human intrusion or natural geological activity over 10 000 years (or, for some
countries, over a million years) strain credibility. Moreover, in the historical context of nuclear
weapons secrecy, nuclear power accidents, and a general lack of awareness about non-power
nuclear applications, many members of the public exhibit an inherent distrust of all things nuclear.
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The result of this social reality is a lack of overall political motivation, in many countries, to tackle
(much less to champion) the resolution of radioactive waste issues.

This brief overview of the physical, technological, and social realities encapsulates some of the
points of discussion that will merit our attention over the next two days. Each session will focus on
identifying answers to key questions that frame the radioactive waste management dialogue.

Today's morning session will focus on setting the scene. What is the overall status of global
radioactive waste management? What are the trends, and how do these trends differ from country
to country? And on the national level, what are the elements of an effective strategy for developing
a permanent national spent fuel repository?

In the next two sessions, we will shift our focus to the technical and safety aspects of radioactive
waste management. What are the necessary elements of an integrated waste management
programme — and how does this differ for countries that have no nuclear power programme? What
are the cutting edge technologies, and how might these emerging developments change the waste
management picture? How should public and political sensitivities associated with siting or transport
issues be addressed? And how can spent radioactive sources be controlled more effectively?

Our last session, tomorrow afternoon, will take the form of a panel, with representatives from a
wide range of backgrounds offering their perspectives on the challenges, solutions, and 'next steps'
to be taken in dealing with radioactive waste. Here, too, we will seek to answer key questions. How
can we bridge the gap in perception between the scientific community and the public at large? What
concrete, deliberate steps will lead us toward demonstrated waste disposal solutions? What are the
elements of an effective international framework for radioactive waste management? How can the
IAEA help to co-ordinate the efforts of Member States in achieving these solutions?

Once again, I welcome you all to
this scientific forum — both as
interested listeners and as active
participants in the question and
answer periods. The Agency has
structured each session with ample
time for questions and observations
from the audience. I encourage
each of you to contribute your
insights toward making the next
two days a period of constructive
and meaningful dialogue.
Thank you.

Dr. Shirley Ann Jackson
President,
Rensselaer Polytechnic University

Former Chairman,
Nuclear Regulatory Commission

United States of America

Dr. S.A. Jackson,
Chairperson of the 3rd Scientific Forum. Credit: Dean Calma, IAEA.
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Report to the 44th IAEA General Conference
from the 3rd Scientific Forum
"Radioactive Waste Management: Turning Options into Solutions"

Mr. President,

1. The development of a publicly acceptable solution to the management of radioactive waste is
an issue which is central not only to the future of nuclear energy but also to dealing with the
wastes, which have arisen from past and current nuclear programmes. The Scientific Foram
addressed this important issue from the viewpoint of what has been achieved so far, the
current difficulties and what can be learned from experiences to date. The Foram was
designed to build on the conclusions of the significant and successful IAEA conference held
in Cordoba in March of this year. The Foram was well attended and the stimulating presen-
tations were of high quality.

2. The Scientific Foram heard that much had been done but that much more was needed to address
what the Chair of the Foram referred to as the most perplexing topic in nuclear technology
today. The Chair described the 'realities', which lay at the core of the issue as essentially
being the physical, technological and social realities. The physical reality is simple, radio-
active waste exists and volumes, although comparatively low, are increasing. The technological
reality is that the technology exists to safely manage radioactive wastes now and in the near
future, but there are issues about geological disposal. The social reality is characterized by the
gap in perception between the scientific community and the public at large.

3. The first session set the scene on the current status of radioactive waste management in the
world today and discussed the strategy needed to develop a national repository for spent
nuclear fuel. A major issue to emerge was that relating to the classification of waste which is
different in different countries. 'Waste' was not seen as a scientific term and only a few countries
appeared to use the IAEA defined terminology. The use of so many different national definitions
makes it difficult to understand and compare the size and scope of the problem and leads to
unnecessary public concerns. It is hoped that the introduction of the Joint Convention will
provide an opportunity to achieve more consistency in the classification of radioactive wastes.

4. It was clear from the presentations and the discussion that the management of radioactive
waste needs to be addressed in a consistent and comprehensive way. The question was raised
of how to handle issues relating to radioactive waste management which have solution times
longer than terms of office of the political decision makers. The role of the regulatory body
is important in addressing this issue as. it can provide the continuity of oversight needed.
Substantial progress has been made in reducing the waste arisings per kWh and there is now
recognition that the best way to manage waste is to minimize arisings so as to reduce the dis-
posal burden. A carefully planned step by step approach, which involves the public and gives
time to build trust and confidence, is necessary for success. This approach must be flexible to
the extent that it recognizes that there are uncertainties and so making provisions to permit
retrievability of waste is now seen as an essential prerequisite for progress on disposal. There
is also a need to have a clear understanding of what is meant by retrievability.

5. The second session looked at the 'technological' reality of what is being done, with examples
of developments in a number of countries including a country with a major nuclear power
programme and a country with no nuclear power programme. In each case, it was shown that
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with the exception of the disposal of high level and other long lived wastes, well planned
radioactive waste management programmes are possible. The technology exists, but it is
essential to recognize that the solutions depend upon the waste type, and advantage can be
gained by classifying waste in relation to, inter alia, radioactive half-life. The Session also
discussed the use of novel technologies, which could be used to design power reactors, that
did not produce any actinide or transuranic waste, and which transmute long lived fission
products. The technologies proposed prompted some lively discussion with the practicality of
turning a theoretical concept into a practical design, being the key concern. Nevertheless, it
was felt that whilst further research is justified, transmutation on a practical engineering scale
is far from certain and the prospect of transmutation should not prevent countries taking
positive actions on waste treatment and disposal as soon as possible.

6. The third session included a very comprehensive review of the key issues associated with
radioactive waste that were discussed at the Cordoba conference. It is clear that indefinite surface
storage of waste is not a sustainable solution and progress must be made to provide an integrat-
ed solution to radioactive waste management that includes disposal. International repositories
could offer a means for countries with small nuclear power programmes or without nuclear
power programmes to dispose of their high activity and long-lived waste without incurring the
very high costs of a national repository programme. However, it was clearly recognized that
international repositories are controversial and that the disposal of waste is primarily a national
responsibility. The Forum heard a report on the development of controls on international trans-
port of radioactive waste. The comprehensive nature of the report gave reassurance that the issue
is being addressed and that an effective regulatory system is in place to ensure transport safety.
A significant development has been the introduction of the INF (Irradiated Nuclear Fuel) require-
ments for the safe carriage of irradiated nuclear fuel, plutonium and high level radioactive waste
on board ships into the mandatory SOLAS (Safety of Life at Sea) convention.

7. The Forum also considered the special problem of disused sealed sources that had been used
for medical, research and industrial purposes. The issue of how to deal with sealed sources
when they reached the end of their useful lives was discussed. The view of the Forum was
that spent sealed sources should be handled as part of an integrated waste management strategy.
There is clearly an issue for countries that do not have nuclear power programmes and may
therefore not have a radioactive waste management programme or an effective regulatory
body. The issue of the use of boreholes to dispose of sealed sources prompted a lively discussion.
Whilst it was recognized that boreholes provided a relatively simple and inexpensive solution, a
borehole used for this purpose was a radioactive waste repository and should therefore have a
comprehensive safety case to justify its use.

8. The Forum heard the views of a panel of distinguished experts on the key issues relating to
radioactive waste management, but mainly focused on disposal. The Chair posed three
questions that were at the heart of the issue. The first asked why there was a problem with
radioactive waste. The general consensus of the panel was that the problem existed because the
issue was a social as well as a technical one. The second question asked who or what was
missing from the deliberations necessary to achieve consensus. The panel generally agreed that
the public(s), politicians, policy makers and the media needed to be engaged in the decision
making process. The third question asked where we go from here. The response from the panel
was to continue the dialogue, continue to develop and have confidence in the engineering and
scientific proposals for effectively managing waste, recognize that resolution will take time
and plan to provide solutions to the options that are or will be available to society.
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9. The lively panel discussion, which included participation from the floor, can be summarized
as follows:

• technological solutions to the safe management of radioactive waste exist, but public accept-
ance is needed;

• a structured participatory process is needed for decision making;

• consensus of all parties is unlikely and therefore a formal, transparent decision making
process with public participation is essential;

• the decision making process needs to be step wise with the ability to reverse decisions at a
later stage;

• opinion formers responsible for political decisions have not yet entered the debate;

• progress has to be made on a national level particularly in relation to the siting of
repositories;

• it is important to have a stable legal and regulatory framework;

• international co-operation in the development of technology and safety standards can supple-
ment national programmes; and

• clarity is needed on the application of the terms 'retrievability' and 'reversibility'.

10. The panel advised the IAEA that its role included facilitating international exchange of expe-
rience on technical and social issues, collaboration on creating opportunities for R&D, and
continuing peer reviews of programmes and activities in Member States. It concluded that
these exchanges were a supplement to, not a substitute for, national discussions and pro-
grammes. Given that the development of such programmes will take considerable time, it was
not felt appropriate to hold a single global
forum involving stakeholders at this time,
but the IAEA could play a role in promot-
ing active engagement between the scien-
tific community and society in general.

11. The Forum provided an excellent opportu-
nity to discuss this important issue and the
number of participants and their lively
interventions showed the strength of inter-
est in the topic.

Rapporteur: Mr. Laurence G. Williams
Chief Inspector of Nuclear Installations,
Health and Safety Executive,

United Kingdom

Report of the 3rd Scientific Forum to the
44th General Conference.
Credit: Dean Calma, IAEA.
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