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FOREWORD

The IAEA has an integrated waste management programme and assists its
Member States in the safe and effective management of nuclear wastes by
organizing the exchange and dissemination of technical information on the
subject, providing guidance and technical assistance and supporting research.
A review of Agency activities in this field shows that about 150 technical
reports, proceedings and other books have been published and distributed to
Member States since the establishment of the waste management programme
in 1957.

This publication, "Radioactive Waste Management: A Status Report",
briefly summarizes the activities of the IAEA and its Member States in the area
of radioactive waste management. The information is presented in two major
sections. One section presents a brief overview of the Agency's programme,
and the other section provides a status report on the activities in many of the
Agency's Member States. The information presented in this report is based on
published material, and on written and oral communication with experts in
several countries.

The usefulness of this report will be examined by the Secretariat and
experts in the field to determine the value of preparing such a publication on a
continuing basis (a two- or three-year cycle). Expanding the scope of any
future effort to include environmental considerations and recent regulations,
laws and policy statements affecting the waste management plans of Member
States will also be considered. Comments or suggestions from Member States to
improve this report or to make it more accurate and complete are welcome.

This report has been prepared by the IAEA, Division of Nuclear Fuel
Cycle, Waste Management Section.



EDITORIAL NOTE

The use of particular designations of countries or territories does not imply any judge-
ment by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply
any endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

1.1. Origins and types of radioactive wastes

The volume of radioactive wastes produced in the nuclear industry has
increased steadily since the advent of nuclear power thirty years ago. Wastes
arise from five main types of activity:

(1) Uranium and thorium mining and milling. Not including the Centrally
Planned Economies (CPE) countries in Eastern Europe and Asia,
eighteen nations mine and refine uranium ore or have done so [1 ].

(2) Nuclear fuel cycle operations (uranium conversion and enrichment, fuel
fabrication, spent fuel reprocessing). Eleven countries operate demonstra-
tion or industrial-scale enrichment facilities; sixteen fabricate UO2 fuels;
eight produce UO2-PuO2 fuels; and eleven are committed to reprocess
spent power reactor fuel.

(3) Operation of nuclear power stations. At the close of 1984, 26 countries
had operational commercial power reactors, with a total capacity of
about 220 GW(e) [2].

(4) Decontamination and decommissioning of nuclear facilities. Reactors, fuel
cycle plants and research installations which have outlived their usefulness.

(5) Institutional uses of isotopes. Examples are the use of radionuclides for
medical purposes, in research (including research or test reactors) and as
radiation sources in industrial and agricultural applications.

Thus almost every country produces some radioactive wastes, if only from
activity of type (5). The wastes are very diverse and should therefore be broadly
categorized. This can be done in various ways; but a practical approach would
be to categorize them on the basis of their general characteristics with regard
to disposal as follows:

• High-level wastes (HLW). Arising as the waste stream from the first
extraction cycle of a spent fuel reprocessing plant, HLW contain trans-
uranic elements as well as fission products and are highly radioactive,
heat-generating and long-lived. Long-term isolation from the biosphere is
required. Unreprocessed spent reactor fuel elements may be considered
as HLW and should meet the same disposal requirements.

• Alpha-bearing wastes (also called transuranic (TRU), plutonium-contaminated
material (PCM) or 'alpha wastes'). This category includes wastes that are
contaminated with enough long-lived, alpha-emitting nuclides to make
disposal at a shallow land burial site unacceptable. TRU wastes arise
principally from spent fuel reprocessing and UO2-PuO2 (MOX) fuel fabri-
cation. These wastes may be disposed of in a similar manner to HLW.



• Intermediate-level wastes (ILW). This is a category used in some but not all
countries to describe wastes with significant beta/gamma activity and low
alpha activity (e.g. resins from LWR primary coolant circuits).

• Low-level wastes (LLW). These wastes contain a negligible amount of
long-lived radioisotopes and are suitable for burial near the surface with
or without engineered barriers.

In addition to the above categories certain broad functional groupings may
be distinguished, as below:

• Gaseous wastes. These arise most commonly from reprocessing plant
off-gas treatment systems and to a much lesser extent from reactors and
waste processing facilities. Gaseous wastes may include tritium, carbon-14,
krypton or radio-iodine.

• Uranium mine and mill-tailings. These wastes, arising from mining and
ore processing operations, are significant because of their large volumes.
They are contaminated only with naturally occurring radionuclides.

• Decommissioning wastes. Wastes arising from the decontamination and
decommissioning of surplus nuclear facilities - fuel cycle plants, nuclear
power plants, research facilities, etc. These wastes will generally require
treatment and disposal as ILW, LLW or alpha-bearing waste.

In considering the radioactive wastes generated from nuclear programmes,
it is important to remember that:

- The volumes of waste arising from nuclear power generation are less
than those from alternatives such as coal burning.

- The radioactivity and therefore the toxicity of radioactive wastes decline
with time. However, this is not to underestimate the importance of proper
management.

- Different countries are adopting rather different strategies for managing
their wastes, but they are based on established concepts and technologies.
That there may be several 'right' ways of tackling each waste management
task is a sign of technical strength rather than uncertainty.

1.2. Quantities of radioactive wastes

For a variety of reasons, some of which are listed below, it is difficult to
present a simple, accurate view of the worldwide situation of the amount of
waste to be disposed of.

( 1 ) Some countries quote volumes, others weights.
(2) Some give original volumes as generated; others quantities after volume

reduction steps.



(3) Some make assumptions about different types and degrees of planned waste
treatment and volume reduction, e.g. whether combustible wastes will be
incinerated or compacted.

(4) Some have disposed of their low-level wastes and so have only the more
active wastes in storage; others still have all the wastes from the start of
their nuclear programmes in storage.

(5) Different classification schemes are used.
(6) Many are uncertain whether or not the spent fuel will be reprocessed.

So even when efforts are made to produce comparable data, different
authorities quote very different figures for the waste arisings from the various
parts of the fuel cycle, primarily due to factor (3) above.

In Annex I, estimates of waste arisings for some of the Member States of
the IAEA with existing or planned nuclear power programmes are presented.
The estimates are based on assumptions on nuclear power reactor operating
schedules, the waste management strategy of the state and certain technology
conditions [3—5]. For the reasons given above, the estimates provided are
illustrative in nature rather than firm projections.

1.3. Radiological significance

To estimate possible radiological effects, two sorts of information are
needed [6]:

(1 ) Estimates of the risks to health caused by ionizing radiations. These are
available through the publications of various national and international
bodies, such as the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) and the International Commission on
Radiological Protection (ICRP).

(2) Estimates of the radionuclides that could reach man's environment as a
result of a particular waste management practice coupled with events (rain,
wind, earthquake, fire, etc.) that could carry the radionuclides. These
estimates can to some extent be made using data from underground
laboratories or measurements around existing disposal sites but, parti-
cularly for long-lived wastes, one must continue to make use of computer
models.

Studies carried out already, e.g. in Canada and Sweden, indicate that all
the wastes generated by these countries' nuclear power programmes can be
disposed of safely within their own boundaries with acceptably low radiological
consequences. It seems reasonable to conclude that the wastes from foreseeable
nuclear programmes world wide can be managed and disposed of safely.



2. RADIOACTIVE WASTE MANAGEMENT PROGRAMME
OF THE IAEA

2.1. Introduction

Since 1957, when the IAEA was established, radioactive waste management
has grown in importance as an Agency activity in order to match the demands
from Member States for guidance on this subject.

The present phase of the IAEA's work in this area can be best characterized
by the experience of the International Conference on Radioactive Waste Manage-
ment, convened by the Agency in 1983 in Seattle, Washington, USA. This
Conference showed clearly that waste management is now recognized world wide
as an integral part of nuclear power programmes. The management of radioactive
wastes has advanced from the technology development stage to the stage of
full-scale industrial projects. This is reflected in the frequently cited statement
of the Conference that "the technology is available" to implement systems that
meet the requirements of nuclear power programmes and long-term safety goals.
It was also recognized at the Conference that this positive statement does not
mean that the technology is equally available in all countries or at all facilities
and that no further research work and development is necessary.

Activities in the Agency's waste management programme are determined
by the Secretariat under general guidance from the various regular or ad hoc
Technical Committees and Advisory Groups and the Scientific Advisory
Committee of the Agency. For example, in 1984 an ad hoc Senior Advisory
Group was convened to review the IAEA waste management and related pro-
grammes, thus following this pattern and allowing the Secretariat to consult
specialists from Member States.

2.2. Basic objectives and programme activities

The overall objective of the IAEA in waste management is to assist its
Member States in protecting man and his environment from hazards arising from
radioactive wastes and effluents, within the general mandate of the Agency,
namely to "seek to accelerate and to enlarge the contribution of atomic energy
to peace, health and prosperity throughout the world".

In fulfilling the above objectives, the IAEA uses its well-established
mechanisms in international collaboration:

— to collect, review and disseminate up-to-date information on technical,
scientific and regulatory aspects of radioactive waste management,
approaches and research in national programmes

- to develop internationally agreed guidelines, standards, codes of practice
and recommendations for use by national authorities



- to carry out requests arising from international conventions for protection
of the environment

- to encourage, sponsor and co-ordinate research work and the development
of data and technology in promising areas

- to provide technical assistance, technical advice, training courses,
fellowships and study tours, etc.

The objectives in waste management - a subsystem of nuclear energy
utilization - are closely related to the Agency's objectives in other areas such
as radiation protection, nuclear safety, the nuclear fuel cycle, nuclear reactor
development, marine radioactivity, isotope hydrology, technical co-operation and
others.

The Agency's mechanisms for review, dissemination and exchange of informa-
tion are conferences, symposia and seminars; technical committee, advisory group
and consultants meetings; and also research programmes, training courses, study
tours, etc. Support of research is carried out by organizing Co-ordinated Research
Programmes and making contracts and agreements with laboratories in developing
and developed countries, respectively. The Agency is also involved in giving
technical assistance to Member States, which is co-ordinated by the Department
of Technical Co-operation.

2.3. Current programme

The current IAEA programme is structured to cover the key areas of con-
cern in the field of radioactive waste, namely:

- the handling, treatment, conditioning and storage of all kinds of radioactive
wastes

- the underground disposal of all types of radioactive wastes and the manage-
ment of wastes from uranium mining and milling

- sea dumping
- releases of radioactive effluents
- the decontamination and decommissioning of nuclear facilities.

2.3.1. Handling, treatment, conditioning and storage

The Agency's subprogramme for hartdling, treatment, conditioning and
storage of radioactive wastes covers three main elements, namely, low- and
intermediate-level wastes, including wastes from nuclear power plants, high-
levçl/alpha-bearing wastes and gaseous wastes. Activities in these elements have
centred on the minimization of the volume of waste quantities generated, collec-
tion and control of waste streams at their point of origin, treatment of wastes
to reduce their volume, or removal of radionuclides and conditioning of the
wastes to stable forms and packages. More than half of the activities of the



Agency in this subprogramme have been devoted to low- and intermediate-level
wastes and wastes from nuclear power plants over the past 25 years or so,
reflecting the high interest placed by Member States on the management of
wastes from nuclear power plants.

With the high interest in the management of low- and intermediate-level
wastes, especially with Member States pursuing nuclear power programmes, an
extensive programme has been carried out in this area. One recent highlight has
been the approval by the Agency's Board of Governors of a Code of Practice that
will provide basic criteria, guidance, and requirements for Member States on the
design of waste management systems at nuclear power plants.

The Agency's activities in the management of alpha-bearing and high-level
wastes have been guided by the interests of those Member States which have
extensive fuel cycle operations. Efforts have focused on treatment of alpha-
bearing wastes and conditioning, handling and storage of high-level liquid wastes,
solidification of high-level wastes and the characterization of high-level waste
products.

The gaseous waste management programme initially emphasized the needs
of nuclear power plants: technology for retaining iodine and other airborne
radionuclides, and equipment for testing off-gas and exhaust air cleaning
systems. Recently, increased emphasis has been placed on management of
gaseous wastes at waste treatment facilities, especially incinerators and vitrifica-
tion plants.

Looking to the future, it is expected that close to 400 GW(e) will be
generated from nuclear power by the year 1990. Included in this total is the
nuclear power capacity of 15 developing nations that will be operating nuclear
power plants by the end of this decade. A major effort of the Agency will
probably be to disseminate the latest information on the treatment and con-
ditioning of nuclear power plant wastes to Member States with emerging nuclear
power programmes.

2.3.2. Underground disposal

Disposa! of solid radioactive wastes in shallow ground, in rock cavities, and
in deep geological formations has been covered in an integrated programme of
the Agency since 1977 for different disposal options. National programmes form
the base from which information is drawn for preparation of reports.

Initially, disposal of low- and intermediate-level wastes in shallow ground
and rock cavities was given priority because of the need in many countries to
establish repositories for such wastes. There was also a fair amount of experience
from these types of repositories, which has provided valuable background infor-
mation. Thus, reports covering development, operation and closure of these
repositories are fairly complete. For deep geological disposal, the necessary
background information is still emerging, and the reports published so far deal



mainly with site selection, regulatory aspects, criteria, and safety. Future activities
of the Agency will focus on disposal in deep geological formations.

2.3.3. Sea dumping

Since its inception the Agency has been concerned with the protection of
man and his environment from radioactive effluents arising within nuclear
facilities. Its early mandate to pursue studies and take action to assist Member
States in controlling the discharge of radioactive materials into the sea originated
with Article 25 of the Convention on the High Seas signed in Geneva in 1958.
The Agency's programme of protection of the terrestrial environment has also
expanded in response to worldwide interest.

The Agency's work directly related to ocean disposal of radioactive wastes
under the London Dumping Convention has emphasized the development, based
on scientific grounds, of regulations for the definition of waste unsuitable for
dumping at sea and recommendations for waste not prohibited. It is expected
that a revision will be submitted to the London Dumping Convention in 1985
after approval by the Board of Governors.

2.3.4. Releases of radioactive effluents

Various processes in the nuclear fuel cycle and in the use of radioisotopes
in research and industry result in the production of slightly radioactive materials.
Many of these materials constitute little or no hazard to man and can be safely
disposed of or recycled by the same methods used for non-radioactive materials.
There is considerable interest by Member States in having advice, at an inter-
national level, on the principles and practice for formally defining and designating
such materials as exempt from regulatory control. This interest arises because
of the potentially large volumes of materials which come into this category and
which otherwise would have to be subjected to more costly treatment and special
disposal methods. The Agency will pursue the application of exemption prin-
ciples in relation to both marine and terrestrial disposal.

Modelling methods have been used to an increasing extent in recent years
for predicting the radiological impact of releases or potential releases of radio-
nuclides to the environment. In the present programme the current status of
these techniques will be reviewed and consideration given to the important
aspect of model reliability. In support of these studies there are co-ordinated
IAEA research programmes aimed at improving the available data on environ-
mental transfer; at present these are specific to transfer of radionuclides from
shallow land burial and from uranium mill tailings sites.

Another topic which is being considered as regards both marine and terrestrial
environments is the impact of waste disposal on non-human species. Although
it is generally believed that by ensuring the protection of man other species will



automatically be protected, it is nevertheless necessary from time to time to
review the available data to ensure that this assumption continues to appear valid.

2.3.5. Decontamination and decommissioning

In response to rapidly increasing international interest in decommissioning
and decontamination (D/D) and the needs of Member States, an IAEA sub-
programme specifically devoted to D/D was started in 1985 to reflect the
Agency's increased emphasis on this area. A major re-assessment of the Agency's
D/D activities is in progress, taking into consideration the needs of Member
States (particularly developing countries) and other international programmes.
An integrated systems approach covering all the technical steps in the decom-
missioning of facilities is being developed. As a first step in the expanded
programme, the first draft of a major report on the methodology of decom-
missioning has been prepared. Future technical studies will include items such
as the means of reducing occupational exposures during D/D, demolition
techniques, recycling of decommissioning wastes, regulatory needs, etc.

3. RADIOACTIVE WASTE MANAGEMENT ACTIVITIES IN
MEMBER STATES

Radioactive waste management activities vary greatly from country to country,
depending mainly upon the magnitude of the national nuclear programme and
upon the country's nuclear fuel cycle strategy. At one end of the spectrum are
those nations that are as yet concerned only with the use of radioisotopes for
medical and industrial applications. At the other are nations that have developed
industrial capability for all operations in the nuclear fuel cycle and which hence
must manage fuel cycle wastes, as well as institutional wastes. In all cases the
purpose of these programmes is to ensure the safety of all persons, in both present
and future generations, and to maintain the quality of the environment.

A nation's waste management strategy is influenced by many factors, e.g.
its degree of radioisotope utilization; its policy with regard to developing domestic
capability for various parts of the fuel cycle; the country's geology, geography
and population density, which determine the availability of potential waste disposal
sites; the country's other resources, such as technically trained personnel, financial
strength and sophisticated manufacturing capability; and public and governmental
attitudes toward nuclear power.

3.1. Nuclear power projections and waste sources

In reviewing the waste management activities of countries, a review of their
nuclear power activities is in order. Thirty-two countries at present have nuclear



TABLE I. NUCLEAR POWER REACTORS IN OPERATION AND UNDER
CONSTRUCTION AT THE END OF 1984a

Country

Argentina
Belgium
Brazil
Bulgaria
Canada
China
Cuba
Czechoslovakia
Finland
France
German Dem. Rep.
Germany, Fed. Rep. of
Hungary
India
Italy
Japan
Korea, Rep. of
Mexico
Netherlands
Pakistan
Philippines
Poland
Romania
South Africa
Spain
Sweden
Switzerland
UK
USA
USSR
Yugoslavia

Total*5

Reactor mix

HWR
LWR
LWR
LWR
HWR
LWR
LWR
LWR
LWR
LWR, GCR, FBR
LWR
LWR, FBR, HTR
LWR
HWR, LWR
LWR, GCR
LWR, HWR, GCR, FBR
LWR, HWR
LWR
LWR
HWR
LWR
LWR
HWR, LWR
LWR
LWR, GCR
LWR
LWR
GCR, FBR, LWR
LWR, HTR
LWR, LGR, FBR
LWR

In
operation

No. of

units

2
6
1
4

16

3
4

41
5

19
2
5
3

31
3

2
1

1
7

10
5

37
85
46

1

345

Total
MW(e)
units

935
3 473

626
1632
9 521

1 194
2310

32 993
1694

16 114
805

1 020
1273

21 751
1 790

508
125

921
4 690
7 355
2 882
9 564

68 867
22 997

632

219 683

Under
construction

No. of Total
MW(e)

units u n i t s

1
2
1
2
7
1
i

10

23
6
7
2
5
3

10
6
2

1
2
3
1
3
2

5
34
39

180

692
2012
1 245
1 906
5 630

300
408

4 394

28 355
3 432
6 881

820
1 100
1 999
9 182
5 622
1 308

620
880

1 980
921

2 807
2 100

3 130
38 242
36 575

163 448

a Most of the installed nuclear power data were obtained from Refs [2, 7—11].
The total includes Taiwan, China, where there were two units, with a total capacity
of 4011 MW(e) in operation and one unit with a total capacity of 907 MW(e) under
construction.



TABLE II. SOURCES OF FUEL CYCLE WASTES

Country

Argentina

Australia

Belgium

Brazil

Canada

Central African
Republic

China

Finland

France

Gabon

Germany,
Fed. Rep. of

India

Italy

Japan

Korea, Rep. of

Netherlands

Nigeria

Pakistan

Portugal

South Africa

Spain

Sweden

Switzerland

UK

USA

USSR

Uranium Uranium
mining & enrich-
milling ment

* P
*

* P
*

* *

* *

*

p
r

*

• *

*

*

P
*

* P
*

•

* *

* *

Fuel fabrication Fuel sent Fuel repro- Decom-
to foreign cessed mission-

UO2 UOrPuO2 reprocessor domestically ing

TBD

P

P

TBD

p

TBD

P: large-scale plant proposed or under construction.
TBD: to be determined.

10



power stations operating, under construction or reasonably well committed for
commissioning by the year 2000, and others may join the ranks of the nuclear
power nations by that time or shortly thereafter. Table I lists the 31 countries,
indicates their present capacity for nuclear power generation, and shows additional
capacity being built [2]. The first generation of nuclear power reactors was, in
several countries, based on a graphite-moderated, gas- or light-water-cooled design
which utilized uranium metal. Because of the reactive nature of their cladding,
uranium-metal fuels were generally reprocessed soon after discharge from the
reactor. Hence large inventories of reprocessing wastes from metal fuels exist,
but only small spent fuel inventories.

Later commercial power reactors, except for a small number of advanced
demonstration facilities, have all been designed to handle oxide fuels. In general,
these spent fuels are put into storage to await future disposition. Thus the majority
of wastes that have been generated from operating nuclear power plants are low-
and intermediate level liquid and solid wastes, and in the off-gas streams of the
reactor and the ventilation systems.

Nations with nuclear power programmes will face the problem of managing
reactor wastes. Many of them, plus Australia, the Central African Republic, Gabon,
Nigeria and Portugal, mine and mill uranium and hence produce mining and milling
wastes. Many are engaged in various other fuel cycle activities that generate radio-
active wastes. Fuel cycle sources, including D/D but excluding nuclear power
reactors, that contribute to national waste arisings (uranium mining/milling,
uranium enrichment, fuel fabrication or reprocessing activities) are listed in Table II.
The countries listed are those that themselves engage in these activities, have
announced plans to do so, or have conditioned high-level or alpha-bearing wastes
returned from foreign reprocessors. Summarizing this Table, 16 nations are involved
in uranium mining and milling; 18 nations produce, or will produce, LLW from
uranium enrichment and UO2 fuel fabrication operations; 10 have fabrication
capability for mixed UO2-PuO2 fuels, hence produce alpha wastes from this source;
and 17 to 20 will eventually have vitrified HLW to dispose of, from either foreign
or domestic reprocessing operations.

3.2. National waste management strategies

National strategies for managing high-level wastes (including spent fuel)
are listed for 24 nations in Table III, regarding which the following observations
can be made:

— Spent fuel from reactor stations supplied and fuelled by the USSR will be
returned to the USSR (after 5-10 years storage at the reactor site).

— Eleven of the 24 countries have chosen the reprocessing option, in some
cases planning either wholly or in part on buying reprocessing services from
foreign suppliers of these services.

11



TABLE III. NATIONAL STRATEGIES FOR MANAGING SPENT FUEL/
HIGH-LEVEL WASTES [12]a

Country
Waste form
for disposal

Years between
reactor discharge
and waste disposal

Repository
host rock

Argentina [13]

Belgium [14]

Brazil

Bulgaria

Canada[15]

Czechoslovakia

Denmark [16]

Finland [17]

France [18]

German Dem. Rep.

Germany, Fed. Rep. of [19]

Hungary

India [20]

Italy

Japan [21]

Korea, Rep. of

Netherlands

HLW glass
(domestic)
HLW glass
(foreign and
domestic)

HLW glass
(domestic)

b

Spent fuel or
HLW glass (domestic)

b

c

Spent fuel or
HLW glass
b

HLW glass
(domestic)

b

HLW glass
(foreign and
domestic)

b

HLW glass
(domestic)

HLW glass
(domestic)

HLW glass
(foreign and
domestic)

c

HLW glass
(foreign)

20

50

50

40

c

30

30

50

30

Granite

Plastic clay

Crystalline
rock

Salt

Granite

Salt, clay,
granite

Salt

Crystalline
rock

Clay,
crystalline
rock

Argillites,
crystalline
rock

Salt
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TABLE III (cont.)

Country
Waste form
for disposal

Years between
reactor discharge
and waste disposal

Repository
host rock

South Africa
Spain [22]

Sweden [23]

Switzerland [24]

UK [25]

USA [26]

USSR

c
Spent fuel

Spent fuel and
HLW glass
(foreign)

HLW glass (foreign)
or spent fuel

HLW glass (domestic)

HLW glass (domestic),
spent fuel

HLW glass

10

40

35

50

10

Salt,
crystalline
rock

Crystalline
rock

Granite

c

Salt,
crystalline
rock

Salt,
crystalline
rock

a Most of the data are from Ref. [12], unless otherwise noted.
b Spent fuel from USSR-built power plants is returned to the supplier.
c To be determined.

— Six of the nations which have publicized their plans are designing their
repositories to handle either spent fuel or HLW glass; eleven are designing
for vitrified HLW disposal only.

Typical approaches to the design of waste packages are illustrated by the
Canadian, Swedish and US concepts:

Canada: a metal container with the fuel rods embedded in an internal metal
matrix or packed particulates, to provide support for the shell.

Sweden: fuel assemblies embedded in copper, inside a copper canister with walls
10 cm thick.

USA: vitrified HLW in a metal canister inside a secondary container
("overpack").
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Also, as shown in Table III, the cooling period for spent fuel, the time between
discharge from the reactor and emplacement in a final repository, varies among
countries from 10 to 50 years. This decision depends to a large degree on national
planning for the use or need for the fissile isotopes remaining in the spent fuel,
as experience has shown that spent oxide fuel can be stored safely in wet or dry
storage for many years. To permit thermal and radioactive decay, most nations
plan to allow 30 years or longer between fuel discharge from the reactor and
emplacement of HLW or spent fuel in a repository. In general, national authorities
have judged that both spent fuel and vitrified HLW can be stored safely in interim
facilities for 50 years or longer.

3.3. Spent fuel and high-level-waste management

3.3.1. Storage and conditioning of HL W

Liquid high-level wastes (HLW) have been stored successfully in tanks at
reprocessing plants for many years. However, changes in waste management
policy to ensure long-term safety now dictate that such wastes be solidified within
a few years after their production, in preparation for terminal disposal. In conse-
quence, all reprocessing plants for civilian power reactor fuel are being equipped
with facilities for conversion of their liquid HLW to a glass, generally a borosilicate.
In general, foreign customers for reprocessing services will probably be required
to take back their reprocessing wastes, hence must prepare to store or dispose of
the HLW glass 'logs'. These logs, suitably packaged, are to be stored for a period,
then emplaced in a suitable repository. National activities related to conditioning
of liquid HLW are summarized in Table IV, which shows that 12 countries have
HLW conditioning R&D programmes (11 are working on vitrification as their
main-line process, one on Synroc). One demonstration-scale vitrification plant,
the French AVM, has been operating successfully since June 1978, and a vitrifi-
cation plant in India has been commissioned. Eight countries have vitrification
plants in the design or construction stage.

3.3.2. Geological disposal of spent fuel and HL W

Several countries have established extensive programmes to prepare for
construction and operation of geological repositories [27]. Some of the principal
concepts and constraints that are guiding these programmes are summarized below:

• Geological media being studied fall into three main classes: argillites (clay or
shale); crystalline rock (granite, basalt, gneiss or gabbro); and evaporites
(salt formations). Many of the countries have selected a specific medium
for top-priority attention and are proceeding to identify and characterize
potential repository sites: others have yet to make such a selection. A few
countries are maintaining a low-priority effort on potential alternatives.

14



TABLE IV. NATIONAL ACTIVITIES - CONDITIONING OF HIGH-LEVEL
WASTES

Country Process

Programme activities

R&D
Cold
pilot plant

Hot Operating
pilot plant plant

Argentina

Australia

Belgium

Canada

France

Germany,
Fed. Rep. of

India

Italy

Japan

UK

USA

USSR

Vitrification
(pot melter)

Synroc
(synthetic
mineral)

Vitrification

Vitrification

Vitrification
(calciner/
metal melter)

Vitrification
(ceramic melter)

Vitrification
(pot melter)

Vitrification
(pot melter)

Vitrification
(ceramic melter)

Vitrification
(French technology)

Ceramic melter

Ceramic melter
(two concepts)

*,p

p

p

p

p

• : current activity.
P: proposed or under construction.

• Most repository designs are based on the mined gallery concept, placing
waste or spent fuel packages in shallow holes in the floor of the gallery.
Retrievability is required in a few cases.

• Several countries have established extensive and costly programmes of site
evaluation, repository development and safety assessment.

Repository host rock formations under consideration by various countries
are listed in Table III.
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TABLE V. PRACTICES USED TO TREAT AND IMMOBILIZE ALPHA
WASTES [29]

Country

Belgium

France

Germany, Fed. Rep. of

India

Italy

Japan

UK

USA

USSR

Decontam-
ination

P

*

P

Treatment

Incin-
eration

*

*

*

P

P

P

*

*

Immobilization

Size Cement Bitumen Other
reduction

* * *

p * * *

* *

P
*

P

P *

P
* * #

*: practice in use.
P: practice is proposed.

TABLE VI. FACILITIES USED IN DISPOSAL OF ALPHA WASTES [28]

Country

Belgium

China

France

Germany, Fed. Rep. of

India

Italy

Japan

UK

USA

USSR

Interim
storage

*

*

*

*

*

*

*

*

*

*

Geological
disposal

P

P

P

P

P

P

P

P

P

Deep-well
disposal

*

*: practice in use.
P: practice is proposed or facility under construction.
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TABLE VII. PRACTICES USED FOR TREATING LOW-LEVEL AND
INTERMEDIATE-LEVEL RADIOACTIVE WASTES [291

Argentina

Austria

Belgium

Brazil

Bulgaria

Canada

China

Czechoslovakia

Egypt

Finland

France

German
Dem. Rep.

Germany,
Fed. Rep. of

Hungary

India

Italy

Japan

Korea,
Rep. of

Netherlands

Pakistan

Poland

Romania

South Africa

Spain

Sweden

Switzerland

UK

USA

USSR

Yugoslavia

Volume reduction

Evapor- Ion
ation exchange

* *

* #

* *

*

* *

* *

* *

* *

* *

* *

* *

* *

*

* *

* *

* *

* *

* *

* •

* *

* *

Precipit- Compac-
ation tion

*

*
* *

*

*
*

* *

* *

* *

•

*

* *

* *

*

* *

* *

* *

* *

*

* *

* *

* *

*

Incin-
eration

*

*

*

*

*

*

*

*
*

*

*

*

*

*

*

Immobilization

Cement

*

*

*

*

*

*

*

*

*
*

*

*

*

*

*

*

*

*

*

*

*

Bitumen

*

*

*
*

*

*

*

*

*
*

*

*

*

*
*

*

*

Polymer

*

*

*

*

*

*

*
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TABLE VIII. PRACTICES USED FOR MANAGEMENT OF LOW-LEVEL
AND INTERMEDIATE-LEVEL RADIOACTIVE WASTES [29]

Country

Argentina

Belgium

Bulgaria

Canada

China

Czechoslovakia

Egypt

Finland

France

German
Dem. Rep.

Germany,
Fed. Rep. of

Hungary

India

Italy

Japan

Korea, Rep. of

Netherlands

Poland

Romania

South Africa

Spain

Sweden

Switzerland

UK

USA

USSR

Yugoslavia

Surface
storage

*

P
*

*

•

*

*

•

*

*

*

*

*

Shallow
burial

*

*

*

*

*

*

P
*

*

*

*

*

Disposal practice

Geological
repository

*

P

*

*

*

*

P

Well
injection

*

Ocean
dumping

P, PP

P

P.PP

P.PP

P.PP

PP

P: proposed.
PP: past practice.
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TABLE IX. NATIONAL R&D PROGRAMMES: MANAGEMENT OF
URANIUM MILL TAILINGS

Country

Australie

Canad-.

Fran' 2

Indie

Japan

Sweden

UK

USA

Characterizations

*

*

*

*

*

Conditioning

*

*

*

Decommissioning
and
rehabilitation

*

*

*

*

*

Radiological
impact
assessment

*

*

•

*

*

*

*

*

3.4. Management of alpha-bearing wastes

National practices for the management of alpha wastes are summarized in
Tables V and VI. In general, countries that must deal with plutonium-contaminated
waste emphasize plutonium recovery, volume reduction and embedding in cement
or bitumen in their waste management plans. In some cases, waste packages with
alpha content that is low but still exceeds the limits for shallow land burial are
placed in engineered disposal facilities at or near the surface. In most cases,
however, authorities expect to use deep geological repositories for final disposal
of alpha wastes [28].

3.5. Management of low- and intermediate-level wastes

Commercially available, classical engineering processes are being used world
wide to treat and immobilize low- and intermediate-level wastes; disposal to
surface structures or using shallow land burial or deep underground repositories
such as depleted mines is practised widely with no obvious technical problems.
Nevertheless, many nations see disposal of LLW/ILW as their most pressing waste
management problem - principally because of the waste volumes involved and
the difficulties faced in siting disposal facilities. National practices for treating
and disposing of LLW/ILW are summarized in Tables VII and VIII.
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TABLE X. MAJOR INDUSTRIAL WASTE MANAGEMENT FACILITIES

Country Facility Status

Argentina • Repository for HLW glass

Belgium • Repository for ILW, alpha wastes
• AVB-vitrification plant for existing

EUROCHEMIC liquid HLW
• LLW/ILW repository

Canada • Repository for spent fuel

Finland • Two shallow depth repositories
(at reactor stations) for nuclear wastes

• Repository for HLW or spent fuel

France • AVH vitrification plants (La Hague)
• New LLW/ILW disposal site

Germany, • AFR storage hall for spent fuel at Gorleben
Fed. Rep. of • Konrad Mine repository for LLW and

decommissioning wastes
• Gorleben waste repository

Hungary • Repository for LLW/ILW from NPP

India • WIP, waste immobilization plant at Tarapur
for HLW, other reprocessing wastes

Italy • AFR storage facility for spent fuel

Japan • Plutonium waste treatment facility to
handle PNC wastes at Tokai works

• HLW vitrification plant at Tokai Works
• HLW glass storage at Tokai
• Commercial HLW vitrification plant
• Repository for HLW glass

South Africa • Repository for LLW/ILW

Spain • Repository for spent fuel

Sweden • CLAB - AFR storage facility for spent fuel
and HLW glass

• Repository for reactor wastes
• Repository for HLW/spent fuel

Switzerland • Intermediate-depth storage facility for
reactor wastes

• Geological repository for HLW or spent fuels
• AFR storage facility for spent fuel,

HLW glass and other reprocessing wastes

Complete site
characterization — 1984

Startup mid-1990s
Project approval is
uncertain
Startup- 1988/89

Startup- 2010 or later

Startup- 1992

Startup - 2020

Startup - 1987/89
Startup - 1990

Startup- 1984
Startup- 1988

Startup - 1995

Startup- 1989

Commissioned — 1983

Startup- 1995

Startup- 1987

Startup- 1991
Startup - 1992
Startup - 1997
Startup - 2020

Startup- 1988

Startup- 2005/10

Startup- 1985

Startup- 1988
Startup - 2020

Startup- 1995

Startup - after 2020
Startup- 1992
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TABLE X (cont.)

Country Facility Status

UK • Windscale vitrification plant for HLW at Startup - 1988
Sellafield
Shallow repository for short-lived ILW Startup - 1990
Deep repository for long-lived ILW Startup - 1992

USA • Vitrification plant for West Valley HLW Startup - 1988
Vitrification plant for Savannah River HLW Startup - 1989
First repository for HLW or spent fuel Startup - 1998
WIPP (demonstration repository for defence Startup — 1989
alpha wastes)

3.5.1. Decommissioning wastes

The largest volumes of LLW/ILW for disposal are currently solid wastes from
the operation of nuclear reactors and from institutional and industrial programmes.
However, in the next 30 years, solid LLW/ILW from the decommissioning of
nuclear facilities will also become a major fraction of the radioactive wastes
generated each year. These LLW/ILW will be a major radioactive waste management
concern for most countries over the next 20—30 years because of the large volumes
involved.

As an example of the growing significance of wastes from decommissioning,
the decommissioning of nuclear reactors will be a minor programme in the USA
this year (1985) and is expected to produce only about 3500 m3 of LLW. However,
by the year 2010 the annual arisings are expected to be 42 000 m3 and by 2020,
75 000 m3. These latter two amounts represent respectively 17% and 27% of the
LLW arising from all other commercial nuclear programmes in the USA in those
years [4].

3.5.2. Gaseous wastes

The nations with large-scale fuel reprocessing activities have devoted extensive
effort to studying improved techniques for filtration and treatment of process off-
gases from reprocessing plants. Collection of radio-iodine is practised routinely;
large-scale facilities for collection of radio-krypton are in place in the USA and
Japan; and studies of techniques to immobilize krypton are under way in the
Federal Republic of Germany, the United Kingdom, the USA and Japan.
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3.6. Uranium mine and mill tailings [1,31—32]

At least 18 countries are reported to have uranium mining and milling
capability. Eight of them (Australia, Canada, the Central African Republic, France,
Namibia, Niger, South Africa and the USA) have a production capacity of 1000 or
more tU per annum. The usual approach to management of mill tailings is to let
the tailings slurry flow into an engineered pond near the mill. When full, the pond
becomes the repository. In many mining operations in the past, potential environ-
mental problems arising from human intrusion into tailings piles and from the
escape of radionuclides from the deposit have been ignored, but extensive work
is now under way to develop adequate management technology and to rehabilitate
tailings deposits that are considered as potentially hazardous. Examples of countries
with current efforts on the management of uranium mill tailings are listed in
Table IX.

3.7. Industrial-scale facilities

Low-level wastes are normally processed and stored in industrial-scale facilities
at virtually every nuclear power station, fuel cycle plant and nuclear research
institute, but not many large facilities for other waste management purposes have
been built. Table X summarizes current national programmes to build and operate
major waste management facilities. A review of this table shows that most of the
projects are related to geological high-level waste repositories or to disposal facilities
for other wastes. In addition, projects for away-from-reactor (AFR) storage of
spent fuel are planned or under way (or recently completed) in four countries and
new HLW vitrification plants are planned or under construction in five countries.

3.8. Research and development

While the technology for the safe and effective handling and processing of
radioactive wastes has been demonstrated, research and development activities
are continuing in many countries to refine existing or evaluate alternative
technologies.

The scope and extent of waste management R&D varies tremendously from
country to country. In some countries, particularly those that do not have
operating nuclear power stations, the R&D activity is limited to studies of low-
level waste treatment technology. Other nations are working on treating fuel
cycle and reactor wastes, deep geological disposal and reliable safety assessments.
The areas receiving major R&D emphasis are listed below:

• Waste Treatment - processes for volume reduction.
• Waste Immobilization - processes for converting liquid HLW into glasses,

ceramics and synthetic minerals; improved waste forms and long-lasting
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TABLE XI. WASTE MANAGEMENT R&Da

Treatment and immobilization Disposal Remedial actions

o . Spent „ . , , , Alpha
Country . , HLW

fuel waste

Argentina *

Australia *

Belgium • •

Bulgaria

Canada * *

China * *

Czechoslovakia

Egypt

France * * *

German
Dem. Rep.

Germany, » » *
Fed. Rep. of

Hungary

India * *

Italy * *

Japan * *

Netherlands

Poland

Romania

Spain •

Sweden •

Switzerland *

Turkey

UK • •

USA • • *

USSR * *

Yugoslavia

LLW/
ILW

*

*

*

*
*

*

*

*

*

*

*

*

*

*

*
*

*

*

*

*
#

*

*

Airborne
wastes

*

*

*

*

•

*

*

*

*

*

*

*

*

Deep Other Mill Surplus
geological terrestrial tailings facilities

* *
* *

a Based on information reported in the literature. Many other IAEA Member States are conducting some
R&D effort on the management of LLW/ILW.
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TABLE XII. SOME MILESTONES FOR WASTE MANAGEMENT
PROGRAMMES

Country Objectives Date

Australia Commission non-radioactive Synroc fabrication 1985/86
pilot plant

Belgium Start operation of underground research laboratory 1984
(URL) (for geological repository studies)

Canada • Start operation of URL 1986
• Start operation of pilot plant to study spent mid-1980s

fuel immobilization
• Complete concept verification for a geological 1991

repository

France Start operation of underground facility for 1989
repository site validation

Germany, • Start operation of PAMELA pilot plant for 1985
Fed. Rep. of HLW vitrification

• Complete site characterization at Gorleben 1985
disposal site

Hungary • Site investigations for shallow land disposal of 1984
NPP wastes

• Start operation of shallow land disposal site 1985

India Start operation of engineering-scale pilot repository late 1990s

Japan • Select candidate host rocks for waste repository 1985
• Select site for in situ test of high-level waste 2005

package disposal
• Start operation of HLW vitrification pilot plant 1990

Switzerland Demonstrate feasibility of safe final disposal of HLW 1984
or spent fuel

UK Commission the full-scale inactive facility 1984
(cold demonstration plant for Windscale
vitrification facility)

USA • President approves 3 sites for characterization Feb. 1985
(first repository)

• Submit MRS proposal to Congress June 1985
• Complete AR spent fuel R&D programme 1989
• President approves 3 sites for characterization 1989

(second repository)
• President recommends site for first repository 1990

to Congress
• President recommends site for second repository 1995

to Congress
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containers for LLW and ILW; preparation and properties of waste packages
(HLW glass canisters, etc.); techniques for packaging spent fuel for long-
term storage or disposal.

• Management of Uranium Tailings — characterization of tailings deposits
(studies of pore-water chemistry and leaching/migration phenomena);
conditioning (development of techniques to remove or immobilize mobile
radionuclides and toxic trace elements before disposal in a repository);
and decommissioning and rehabilitation techniques.

• Decommissioning of Surplus Facilities — development of decontamination
and decommissioning technologies and improved techniques for layaway,
entombment or dismantling of surplus radioactive facilities.

• Waste Disposal - characterization of sites for near-surface and deep geological
waste disposal; development of technology for packaging wastes, for
constructing and operating repositories for subseabed disposal, construction
and operation of underground research laboratories.

• Safety and Environmental Assessment — evaluation of the operational safety
of waste management practices and of the potential long-term environmental
consequences of (a) disposal of radionuclides to the atmosphere, waterways
and the oceans, and (b) disposal of wastes in near-surface, deep geological
or subseabed repositories.

Table XI indicates the technical areas receiving significant R&D attention
in those countries that have publicized their activities. Table XII lists some major
milestones in national waste management programmes.

4. CONCLUSIONS AND OBSERVATIONS

(1 ) The task of radioactive waste management varies from country to country,
depending upon a range of factors: the scale and maturity of the nuclear
programme; status of the fuel cycle; the number of fuel cycle facilities;
the availability of suitable (e.g. as regards geology, hydrology, climate, etc.)
land masses for disposal; technology resources, etc. Different countries are
adopting different strategies for managing their wastes. However, they draw
on the broad, common, technological bases available in order to meet their
specific needs for management of radioactive wastes.

(2) The volume of radioactive wastes is increasing as more nuclear plants come
into operation and will be further increased by decommissioning wastes as
plants reach the end of their useful lives. Agency Member States with active
nuclear energy programmes have implemented waste management activities
to treat, condition and dispose of all levels of wastes. Most of the low-level
wastes are currently disposed of by shallow land burial, but some countries
have these wastes in storage awaiting disposal.
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Since spent fuels and vitrified high-level wastes can be stored safely until
final disposal facilities are available, it is beneficial to have them stored and
allow for cooling prior to final disposal. The technology of high-level wastes
and spent fuel conditioning and disposal is advancing steadily and studies
have shown that disposal is possible with acceptably low eventual radiation
doses to man and his environment. However, given that there is no pressure
to accelerate the progress towards actual disposal, it is likely that many site-
specific safety assessments will be conducted in several Member States in
the next few years to further validate that high-level and alpha wastes can
be safely disposed of without danger to present and succeeding generations.

(3) The IAEA and other international organizations have implemented in the
past and will continue to implement in the future programmes designed to
foster co-operation and disseminate technical information among nations
pursuing the peaceful use of the atom. Because of its large membership and
its wide-ranging nuclear programmes, the IAEA will emphasize a systems
approach to the development of waste management technologies. This will
involve initiating and sponsoring special information exchange mechanisms,
support of research activities and a leadership role in developing an inter-
national consensus on key technical issues (e.g. sea dumping).

ACKNOWLEDGEMENTS

The information presented in Sections 1 and 3 was compiled by the IAEA
with assistance by consultants D. Day (United Kingdom) and K.M. Harmon (USA).
The information in Section 2 was compiled from previous presentations by IAEA
staff members.

26



Annex 1

ESTIMATES OF WASTE VOLUMES GENERATED FROM
NUCLEAR POWER PROGRAMMES

This Annex provides estimates of waste volumes that will be generated from
the nuclear power programmes of several of the Agency's Member States.

Table A-I presents estimates of spent fuel and reactor and reprocessing wastes
in certain Member States for the nuclear programme as now defined, that is, to the
end of the operating life of the nuclear power stations that are operating or under
construction. For each estimate, the assumptions are made that the nuclear
power capacity projections found in Table I of the main text are valid and that
each nuclear plant will operate for 30 years. Total GW(e)-years are then calculated
and these estimates provide a basis for calculating cumulative spent fuel and waste
arisings. GW(e)-year values and spent fuel arisings are calculated from the following
assumptions:

Reactor type

AGR (UK)
GCR
LGR (USSR)
LWR
PHWR

Reactor load
factors (%)

80
80
80
70
80

Spent fuel discharge
rates(tU/GW(e)a)

50
250
60
35

200

GW(e)-year figures were converted to volumes of wastes using the following
factors for cubic metres of waste per GW(e)year.

LLW/ILW Alpha HLW

Reactor operations

Reprocessing

550

500 75 4(18% waste
loading)

Thus the estimates in Table A-I reflect the use of composite factors. These may
vary greatly from the actual factors applied by the programme planners in
individual countries, and the estimates in Table A-I may be quite different from
official national estimates.
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TABLE A-I. ESTIMATES OF TOTAL SPENT FUEL AND WASTE ARISINGS
FROM NATIONAL NUCLEAR POWER PROGRAMMES AS THEY ARE NOW
DEFINEDa

Country

Argentina

Belgium

Brazil

Bulgaria

Canada

China6

Cuba

Czechoslovakia

Finland

France

German
Dem. Rep.

Germany,
Fed. Rep. of

Hungary

India

Italy

Japan

Korea, Rep. of

Mexico

Nethei lands

Pakistan

Philippines

Poland

Romania

Fuel
type

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Metal

Oxide

Oxide

Oxide

Oxide

Oxide

Metal

Oxide

Metal

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Oxide

Estimated
GW(e> years0

40

115

40

75

360

6

9

120

50

1 250

50

no

485

35

50

65

4

650

4

160

30

10

3

10

20

45

Reactor

Spent
fuel
(tU)

8 000

4 025

1 400

2 625

72 000

210

315

4 200

1 750

43 750

13 000

3 850

16 975

1 225

8 350

2 275

900

22 750

1000

7712

1050

350

600

350

700

6 030

LLW/ILW
(m3)

22 000

63 250

22 000

41 250

198 000

3 300

4 950

66 000

27 500

687 500

60 500

266 750

19 250

27 500

35 750

357 500

88 000

16 500

5 500

1650

5 500

11000

24 750

Reprocessing wastes

HLWd

(m3)

160

460

160

24

200

5 000

1940

140

200

260

2 600

40

12

Alpha
(m3)

3 000

8 625

3 000

450

3 750

93 750

36 375

2 625

3 750

4 875

48 750

750

225

LLW/ILW
(m3)

20 000

57 500

20 000

3 000

25 000

625 000

242 500

17 500

25 000

32 500

325 000

5 000

1500
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TABLE A-I (cont.)

Country

South Africa

Spain

Sweden

Switzerland

UK

USA

USSR

Yugoslavia

Fuel
type

Oxide

Oxide

Metal

Oxide

Oxide

Oxide

Metal

Oxide

Oxide

Oxide

Estimated
GW(e)yearsc

40

150

12

200

60

175

125

2 250

1 300

10

Reactor

Spent
fuel
(tU)

1 400

5 250

3 000

7 000

2 100
8 750

31000

78 750
55 250

350

LLW/ILW
(m3)

22 000

82 500

110 000

33 000

96 250

1.2 X 106

715 000

5 500

HLW
(m3)

240

700

9 000

5 200

40

Reprocessing wastes'5

" Alpha
(m3)

4 500

13 125

168 750

97 500

750

LLW/ÏLW
(m3)

30 000

87 500

1.1 X 106

650 000

5 000

a Estimates are presented of the total arisings in each country from 30 years' operation of all
power reactors that are now installed or under construction. These estimates were derived
on the basis of the assumptions listed in the Annex. Military programme wastes are not
included.

b Reprocessing wastes were not estimated for those countries that have not made a commitment
to the reprocessing option.

c GW(e)-year estimates are based on projections provided in references to Table I of the main
text.

d HLW vitrification plants are generally designed to yield glass with waste loadings (fission
product oxides) of 9 to 25 wt%. Loadings of 18% were assumed for these calculations.

e Estimates for Taiwan, China are 100 GW(e) years, 3 500 tU, 55 000 m3 of reactor wastes.
The fuel type is oxide.
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