This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

No.54RECOMMENDATIONS

Underground Disposal
of Radioactive Wastes
Basic Guidance

J

INTERNATIONAL ATOMIC ENERGY AGENCY, VIE N N A, 1981

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

C A T E G O R IE S O F IA E A S A F E T Y S E R IE S

From Safety Series No. 46 onwards the various publications in the series are
divided into fo u r categories, as follow s:

(1)

IAEA Safety Standards. Publications in this category comprise the Agency’s
safety standards as defined in “The Agency’s Safety Standards and Measures” ,
approved by the Agency’s Board o f Governors on 25 February 1976 and set
forth in IAEA document INFCIRC/ 18/Rev. 1. They are issued under the
authority o f the Board o f Governors, and are mandatory for the Agency’s
own operations and for Agency-assisted operations. Such standards
comprise the Agency’s basic safety standards, the Agency’s specialized
regulations and the Agency’s codes of practice. The covers are distinguished
b y the wide red band on the low er half.

(2)

IAEA Safety Guides. As stated in IAEA document INFCIRC/18/Rev. 1,
referred to above, IAEA Safety Guides supplement IAEA Safety Standards
and recommend a procedure or procedures that might be followed in
implementing them. They are issued under the authority o f the Director
General of the Agency. The covers are distinguished b y the w ide green band
on the low er half.

(3)

Recommendations. Publications in this category, containing general
recommendations on safety practices, are issued under the authority of
the Director General o f the Agency. The covers are distinguished b y the
w ide brown band on the low er half.

(4)

Procedures and Data. Publications in this category contain information on
procedures, techniques and criteria pertaining to safety matters. They are
issued under the authority of the Director General o f the Agency. The
covers are distinguished by the wide blue band on the low er half.
N ote: The covers o f publications brought o u t within the fram ew ork o f the
N U SS (Nuclear Safety Standards) Programme are distinguished by the wide
y e llo w band on the upper half.

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

UNDERGROUND DISPOSAL
OF RADIOACTIVE WASTES
Basic Guidance

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

The following States are Members o f the International A tom ic Energy Agency:

AFGHANISTAN
ALBANIA
ALGERIA
ARGENTINA
AUSTRALIA
AUSTRIA
BANGLADESH
BELGIUM
BOLIVIA
BRAZIL
BULGARIA
BURMA
BYELORUSSIAN SOVIET
SOCIALIST REPUBLIC
CANADA
CHILE
COLOMBIA
COSTA RICA
CUBA
CYPRUS
CZECHOSLOVAKIA
DEMOCRATIC KAMPUCHEA
DEMOCRATIC PEOPLE'S
REPUBLIC O F KOREA
DENMARK
DOMINICAN REPUBLIC
ECUADOR
EGYPT
EL SALVADOR
ETHIOPIA
FINLAND
FRANCE
GABON
GERMAN DEMOCRATIC REPUBLIC
GERMANY, FED ERA L REPUBLIC OF
GHANA
GREECE
GUATEMALA
HAITI

HOLY SEE
HUNGARY
ICELAND
INDIA
INDONESIA
IRAN
IRAQ
IRELAND
ISRAEL
ITALY
IVORY COAST
JAMAICA
JAPAN
JORDAN
KENYA
KOREA, REPUBLIC OF
KUWAIT
LEBANON
LIBERIA
LIBYAN ARAB JAM AHIRIYA
LIECHTENSTEIN
LUXEMBOURG
MADAGASCAR
MALAYSIA
MALI
MAURITIUS
MEXICO
MONACO
MONGOLIA
MOROCCO
NETHERLANDS
NEW ZEALAND
NICARAGUA
NIGER
NIGERIA
NORWAY
PAKISTAN
PANAMA
PARAGUAY
PERU

PHILIPPINES
POLAND
PORTUGAL
QATAR
ROMANIA
SAUDI ARABIA
SENEGAL
SIERRA LEONE
SINGAPORE
SOUTH AFRICA
SPAIN
SRI LANKA
SUDAN
SWEDEN
SW ITZERLAND
SYRIAN ARAB REPUBLIC
THAILAND
TUNISIA
TURKEY
UGANDA
UKRAINIAN SOVIET SOCIALIST
REPUBLIC
UNION O F SOVIET SOCIALIST
REPUBLICS
UNITED ARAB EMIRATES
UNITED KINGDOM O F GREAT
BRITAIN AND NORTHERN
IRELAND
UNITED REPUBLIC OF
CAMEROON
UNITED REPUBLIC OF
TANZANIA
UNITED STATES O F AMERICA
URUGUAY
VENEZUELA
VIET NAM
YUGOSLAVIA
ZAIRE
ZAMBIA

The Agency’s S tatu te was approved on 23 O ctober 1956 by the Conference on the S tatute o f the IAEA
held at U nited N ations Headquarters, New Y ork; it entered in to force on 29 July 1957. The H eadquarters of
the Agency are situated in Vienna. Its principal objective is “to accelerate and enlarge the c o ntribution of
atom ic energy to peace, health and prosperity throughout the world".

©

IAEA, 1981

Permission to reproduce o r translate the inform ation contained in this publication may be obtained by
writing to the International Atomic Energy Agency, Wagramerstrasse 5, P.O. Box 100, A-1400 V ienna, Austria.

Printed by the IAEA in Austria
March 1981

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

SAFETY SERIES No. 54

UNDERGROUND DISPOSAL
OF RADIOACTIVE WASTES
Basic Guidance

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA, 1981

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

THIS SAFETY SERIES IS ALSO PUBLISHED IN
FRENCH, RUSSIAN AND SPANISH

A publication within the IAEA programme
on the Underground Disposal o f
Radioactive Wastes

UNDERGROUND DISPOSAL OF RADIOACTIVE WASTES:
BASIC GUIDANCE
IAEA, VIENNA, 1981
STI/PUB/579
ISBN 9 2 -0 - 1 2 3 3 8 1 -7

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

FOREWORD
Nuclear power generating capacity is growing in many countries, and is
expected to continue growing. All these countries are thus faced with the
necessity of determining an appropriate system for the management and disposal
of the radioactive waste resulting from their use o f nuclear power. While
various concepts have been proposed and studied, it is generally agreed that
underground disposal, with the wastes appropriately immobilized, should
provide the necessary protection for man and the environment from the
potential hazard they pose.
The International Atomic Energy Agency has been active in the field of
radioactive waste management for many years. In 1977, a draft proposal was
prepared for a future integrated IAEA programme on the disposal of radioactive
waste into geological formations. An Advisory Group Meeting, held from
30 January to 3 February 1978, confirmed this proposal and made
recommendations regarding a programme for developing reports and guidelines
in the field of the underground disposal of radioactive waste. It is intended
that the programme cover the needs and interests of both developed and
developing nations. The following general subject areas are included:
Generic and regulatory activities and safety assessments
Investigation and selection o f repository sites
Waste acceptance criteria
Design and construction of repositories
Operation, shut-down and surveillance of repositories.
As part of this programme, the present publication gives background
guidance on the wide variety o f potential waste types and forms and on the
differing technical and environmental aspects of the disposal options.
A working draft for this report was prepared by the Secretariat, with the
assistance of a group of consultants. It was extensively revised at an Advisory
Group Meeting held from 17 to 21 April 1978, and reviewed by the Technical
Review Committee on Underground Disposal of Radioactive Waste which met
from 27 November to 1 December 1978. It was later revised by IAEA
consultants and reviewed again by the Technical Review Committee which met
from 7 to 9 November 1979. The report is of interest primarily to authorities
responsible for planning, implementing and approving methods for the
management of radioactive wastes and disposal repositories.
In addition to the present book, a number of relevant publications have
been or are being prepared within the IAEA’s programme on the safe under
ground disposal of radioactive waste, treating of possible options for the
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disposal o f high-, intermediate- and low-level radioactive waste in deep,
continental geological formations, in rock caverns at various depths and in
shallow ground. The following publications in this programme have been or are
being issued by the IAEA:
Site Selection Factors for Repositories of Solid High-level and Alpha-bearing
Wastes in Geological Formations, Technical Reports Series No. 177 (1977)
Development of Regulatory Procedures for the Disposal of Solid Radioactive
Waste in Deep, Continental Formations, Safety Series No.51 (1980)
Shallow Ground Disposal o f Radioactive Wastes: A Guidebook, Safety Series
N o.53 (1981).
Safety Assessments for the Underground Disposal of Radioactive Wastes
(in preparation)
Site Investigations for Repositories for Solid Radioactive Wastes in Shallow
Ground (in preparation)
Site Investigations for Repositories for Solid Radioactive Wastes in Deep,
Continental Geological Formations (in preparation).
Other appropriate IAEA publications, such as those prepared under the
Radiological Safety Standards programme and the Nuclear Safety Standards
(NUSS) programme, may provide valuable background information on these
topics.
The IAEA gratefully acknowledges that the preparation o f this publication
was partially funded by the United Nations Environment Programme (UNEP)
under its Project No. 0102-74-002 with the IAEA.
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1. INTRODUCTION
One of the major issues associated with nuclear power is the long-term manage
ment of radioactive wastes for the protection of man. Radioactive materials that are
no longer useful to man become wastes that must be kept isolated from the human
environment as long as potentially harmful levels of radioactivity exist. The
radioactivity and thus the radiotoxicity of these wastes decay to lower levels
with time, at rates depending upon the half-lives of the specific radionuclides
and their daughter products.1 For most radionuclides of importance in waste
disposal, the half-lives vary from about 1 year to thousands of years or more.
Thus radiation protection of man is needed for long time periods; and it is
incumbent on all nations that produce radioactive wastes to limit radionuclide
release into the human environment to levels that are compatible with the require
ments of radiation protection.
There are many categories of waste; these may be defined by the concentra
tion, the radioactivity and radiotoxicity levels, the physical form and the halflives of the radionuclides involved. These wastes may have to be immobilized
and packaged in different ways; for example, high-level wastes may be
incorporated into a leach-resistant borosilicate glass, medium-level wastes may
be incorporated in bitumen or concrete and low-level wastes may simply be
packaged in plastic bags or metal drums. Many options for waste conditioning
exist, but the choice is generally dependent upon theTadionuclide content and
the characteristics of the waste repository.
For high-level and alpha-bearing wastes resulting from the nuclear fuel cycle,
the leading concept in most countries is disposal in deep, stable geological forma
tions. Many other types of waste arise from the diverse operations of the nuclear
fuel cycle, and in several countries it is now standard practice to dispose of some
categories of low-level wastes by shallow ground burial.2 In some countries,
low-level solid wastes are also disposed of in deep geological formations such as
salt. These are some of the options currently available or being considered for
underground disposal o f radioactive wastes. Also, in some countries, low-level
solid radioactive waste is dumped into the deep oceans, in accordance with the
provisions of the London Dumping Convention on the Prevention of Marine
Pollution by Dumping of Waste and other Matters..
In the context of this report, the term ‘disposal’ is used to designate waste
emplacement with no intention of retrieval. The concept of disposal places
no ultimate reliance on continuing services such as artificial cooling, surveillance,
1 The specific activity and/or radiotoxicity o f some radioactive daughter nuclides is
higher than that o f the respective precursor; the radioactivity level (and possibly
the radiotoxicity level) will increase for some time before it decreases.
2 It should be noted, however, that the practice o f shallow ground burial is considered
by som e Member States to be a m ode o f interim storage rather than a m ode o f disposal.

1
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monitoring, repair of containment, etc. to ensure that the radionuclides in the
waste will not reach the human environment in concentrations or quantities that
could result in levels of radiation exposure exceeding the values set by national
requirements or international recommendations for radiation protection.
The term ‘underground disposal’ covers all kinds of disposal of radioactive
wastes in the terrestrial subsurface, ranging from shallow ground burial, through
disposal in rock cavities at various depths, to disposal in deep continental rocks.
Studies on underground disposal systems are important components in
national nuclear power programmes. The investigations have to be directed
towards the selection o f appropriate underground disposal systems for the waste
types of concern. Also, favourable sites and underground environments must be
found that are compatible with the disposal systems. Subsequently, investigations
are required to confirm that underground disposal of radioactive wastes at a
specific site is feasible and safe. Finally, the implementation should be done in
a manner that ensures the safe operation of the waste repository and the safe
functioning of the underground disposal system.

2. SCOPE
This report is an overview document for the series of IAEA reports dealing
with underground waste disposal to be prepared in the next few years. It pro
vides an introduction to the general considerations involved in implementing
underground disposal of radioactive wastes. It suggests factors to be taken into
account for developing and assessing waste disposal concepts, including'the con
ditioned waste form, the geological containment and possible additional engineered
barriers. More detailed IAEA documents have been and will be prepared for
various aspects of underground disposal, covering safety assessments, regulatory
activities, siting of repositories, design and construction of repositories, and
operation and eventual shut-down o f repositories.
These guidelines are general so as to cover a broad range of conditions.
They are generally applicable to all types of underground disposal, but the
emphasis is on disposal in deep geological formations. Some information
presented here may require slight modifications when applied to shallow ground
disposal3 or other types of underground disposal.

3
For more details, the reader is referred to “ Shallow Ground Disposal o f Radioactive
Wastes: A G uidebook” , IAEA Safety Series No. S3 (1981).

2
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Modifications may also be needed to reflect local conditions. In some
specific cases it may be that not all the considerations dealt with in this book
are necessary; on the other hand, while most major considerations are believed
to be included, they are not meant to be all-inclusive.
The book primarily concerns only underground disposal of the wastes from
nuclear fuel cycle operations and those which arise from the use of isotopes for
medical and research activities. Specifically excluded are:
Mill tailings (the management of these is covered in IAEA Safety Series No. 44)
Disposal into or onto the sea bed
Sea dumping.

3. BASIC OBJECTIVES AND PRINCIPLES OF
RADIOACTIVE WASTE DISPOSAL
The overall objective of radioactive waste disposal is to dispose of the waste
in a manner which ensures that there is no unacceptable detrim ent to man at
present and in the future.
Effective protection can be achieved by adhering to the basic principles
of radiation protection, by proper planning, and by the adoption of appropriate
methods for the conditioning, handling and disposal of the wastes. The more
important activities related to waste disposal are the selection of the appropriate
underground disposal site with its natural confinement characteristics for the
waste types under consideration, the conditioning and emplacement of the wastes,
and the implementation of engineered barriers to radionuclide movement, as
may be desirable, so that the wastes are adequately isolated from the human
environment.

3.1. RADIATION PROTECTION PRINCIPLES
The basic principles for radiation protection are those recommended by
the International Commission on Radiological Protection in its publication
No. 26. These principles can be summarized as follows:
(a)

No practice involving radiation shall be adopted unless its introduction
produces a positive net benefit.4

4
For radioactive waste management the positive net benefit is from the use of the
radioactive materials from which the waste was derived. Thus, this principle is not applicable
to waste management by itself; it must take into account the benefits derived from the activity
by which the waste was generated.

3
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(b)
(c)

All radiation exposures shall be kept as low as reasonably achievable,
economic and social factors being taken into account.
The dose equivalent to individuals shall not exceed the appropriate dose
limits.

The application of these principles requires some form of cost/benefit analysis
to ensure that they are achieved.
3.2. PROTECTION OF ENVIRONMENTAL AND NATURAL RESOURCES
It is generally considered that, if man is adequately protected from radio
activity in his environment, the environment is also adequately protected. Thus,
all safety assessments should evaluate the potential radiation impact on man.
It is im portant to ensure the adequate protection of the human environment
and to consider the impact of a waste disposal system on the recovery of natural
resources. Attention should be given to the hydrology of the disposal site, to
the possible future use of the land above or adjacent to the site, to the
potential future use of natural resources near the site, and to the socio
economic aspects of the operations involved in the establishment and operation
of the site.

3.3. SAFETY PRINCIPLES OF WASTE MANAGEMENT
An important principle of radioactive waste management is that man should
be protected for the period during which wastes remain a potential hazard. The
safety assessment of the overall system must be made so as to show that the
required isolation o f wastes will result from the planned disposal system.
Future generations should not have to bear the costs or harmful conse
quences of the measures necessary to ensure the protection of man and his
environment. This principle indicates that the generation deriving benefits from
activities involving waste production should also be responsible for the protection
of present and future generations.
Regarding the various waste disposal options, it is im portant to take into
account the possible need for institutional controls. For safety reasons,
institutional controls should be made in the case of all underground waste
disposal options during the operating time of the repository and until it is sealed.
Waste disposal options should be chosen and designed so that these future
requirements are acceptable.
Allowance should be made for future developments such that present and
future practices will not result in undue radiation exposure of members of the
public. When considering this, it should be recognized that some radiation

4
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exposures may not occur until the distant future for which the conditions of
man’s existence are uncertain. In addition, it is generally accepted that any
future generation should not incur a higher radiation detriment from waste
management than the generation that produced the waste.
Waste confinement by the disposal system should remain effective until
the radionuclides have decayed to acceptable levels for entering the human
environment. With a sufficient number o f natural and man-made barriers, the
release of radioactive material can be limited or delayed, its transport retarded or
its concentration sufficiently diluted to assure that the impact on man will remain
within acceptable levels. These barriers include:
(a)

Natural barriers

Geological formation in which the repository is sited and surrounding
geological environment
Retention of the radionuclides, along the possible pathways from the
repository through the geological environment to the biosphere.
(b) Man-made barriers
Physico-chemical form of the waste
(low leachability and low dispersibility)
Container(s)
Additional engineered barriers in the repository,
including geochemical barriers.
In general, safe underground disposal of radioactive wastes is achieved by:
(a) Confinement of the waste in one or more natural or man-made barriers
and thus its adequate isolation from the human environment, in particular
from groundwater
(b)

Retardation of radionuclide migration if the waste is, or will be, in contact
with the groundwater or subject to other migration mechanisms

(c) Disposal of the waste at a depth and location where future natural or
man-made disruptive events are extremely unlikely.
The most essential characteristics of an underground waste repository are
the appropriate design of the selected repository facility and its location in a
geologically stable environment with favourable hydrogeological characteristics
such that the wastes, once emplaced, will be isolated from the human environ
ment for the required period of time. The characteristics of the disposal site,
its location and the design of the disposal facilities will determine the type,
quantity and required conditioning of the wastes to be emplaced.

5
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3.4. SAFETY ASSESSMENT

To show that an underground repository will provide acceptable isolation
of the wastes, an extensive safety assessment must be performed. The assessment
of long-term waste confinement first requires an identification of the various
mechanisms, rates and pathways by which radionuclides could leave a repository,
migrate through the barriers to enter the human environment and bring about
radiation exposure either directly or indirectly. Once these features are identified,
an estimate can be made of the radiation doses that could arise from normal and
potential accidental conditions at the repository. Since complete and specific
data for such analyses are unlikely to be available, the first approach should be
to perform the safety analyses5 by assuming values for the various parameters
that are conservative but as realistic as practicable. The radiological detriment
evaluated by such safety analyses for normal and abnormal conditions in a
specific repository can then be compared with acceptability criteria established
by the regulatory authorities and the ICRP. Additional comparisons can also
be made to assist in the assessment.5 For the overall system, radiation protection
should be optimized to the extent practicable, in addition to meeting the over
riding condition that no individual’s exposure should exceed the acceptable
dose limit.

4. TYPES AND CONDITIONING
OF RADIOACTIVE WASTE
The wastes arising from the various parts of the nuclear fuel cycle (e.g. fuel
fabrication plants, reactors, fuel storage facilities and reprocessing plants) are in
a large variety of chemical and physical forms and have a wide range of specific
radioactivities. Certain wastes are specific to particular reactor types, but, from
the viewpoint of disposal, this makes little difference; of greater consequence is
the choice of either reprocessing or disposing o f the spent fuel.
In smaller quantities, radioactive wastes also arise from the production of
radioisotopes and their use in medicine, industry and research. Disposal considera
tions for these wastes are similar to those for nuclear fuel cycle wastes.

5
A dditional in fo rm atio n can be found in “ Safety Assessm ent M ethods fo r the
U nderground Disposal o f R adioactive W astes”, IAEA (in p reparation).

6
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4.1. TYPES OF RADIOACTIVE WASTE

The sub-sections that follow give brief descriptions of the types of radio
active wastes that are generated in nuclear activities. The categorization used in
this section is a generally accepted one, but the quantitative definitions of the
terms have not been standardized.

4.1.1. Spent fuel
If the ‘once-through’ nuclear fuel cycle is chosen, the spent fuel is not
reprocessed and is considered to be waste. This waste is solid and in the same
form as the original fuel. All the radioactivity present in the spent fuel remains
in the waste. This high-level radioactivity includes that from fission products and
the transuranium actinides (including all the plutonium). In addition, the
unfissioned uranium (which is the bulk of the remaining fuel materials) and the
gaseous fission products are contained in the waste. The spent fuel emits high
levels of heat, which requires special provisions for cooling.

4.1.2. High-level liquid wastes from fuel reprocessing
This type of waste is the aqueous liquid remaining after the fuel has been
dissolved and the uranium and plutonium have been extracted. It contains nearly
all of the non-volatile fission products, as well as almost all the actinides in the
irradiated fuel other than uranium and plutonium (and possibly others, which
might also be recovered for special use). The portion of plutonium and
uranium in the waste (relative to that in the spent fuel) depends on the efficiency
of the separation plant; a value of between 0.05 and 0.5% is typical. In addition,
various quantities of elements such as iron, chromium, nickel, aluminium,
zirconium and magnesium are present. These materials are derived from corrosion
o f the processing equipment and from the fuel element cladding during the
dissolution of the fuel.
This waste is characterized by very high gamma radiation levels, large heat
output and the presence o f long-lived actinide nuclides. The possible separation
of the actinides from this waste has been considered by a number o f countries.
If separated, the actinides could then conceivably be transmuted by nuclear
processes in nuclear reactors or in other nuclear devices. The technique has been
suggested as a means of avoiding the need to isolate the actinides from man for
very long periods. This separation, followed by transmutation, has been con
sidered in an IAEA Co-ordinated Research Programme entitled “Environmental

7
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Evaluation and Hazard Assessment of the Separation of Actinides from Highlevel Waste from Fuel Reprocessing followed by either Transmutation or Separate
Disposal” .6 The overall conclusion from the programme is that such a system
is technically feasible, but that the possible benefits of hazard reduction are
limited and may not be justified by the additional hazards from the extra treat
ment and handling of the waste. The radioactivity levels as a function of time
for the important nuclides are given in Tables I and II of the IAEA Technical
Reports Series No. 177, “ Site Selection Factors for Repositories of Solid Highlevel and Alpha-bearing Wastes in Geological Formations” .
4.1.3. Fuel element cladding hulls, associated hardware and
insoluble dissolver residues
The cladding of the spent nuclear fuel is either removed from fuel materials
before dissolution (e.g. for Magnox fuels) or remains as hulls, i.e. pieces of
stainless steel or Zircaloy tubing, after the fuel elements have been chopped and
leached to dissolve the oxide fuel. The radioactivity in the hulls and cladding
originates from two sources: (a) neutron activation of the constituents or
impurities in the alloys - this varies with the cladding, but typically includes
radionuclides of iron, nickel, cobalt and manganese, comprising a total radio
activity content up to 3.7 X 1015 Bq (10s Ci) per tonne of cladding after 1 year
o f cooling; and (b) gross contamination from fission products and actinides,
which is largely associated with trapped and undissolved fuel.
Insoluble dissolver residues consist of particles of undissolved plutonium
oxide, as well as alloys or comp.ounds o f certain refractory fission product
elements such as ruthenium, rhodium, molybdenum and zirconium. Initially
these residues constitute a concentrated but small heat source, but this source
decays fairly rapidly. Frequently, the most im portant constituent from the
standpoint of radiotoxicity, which could vary widely from case to case, is the
quantity of entrained plutonium.
4.1.4. Intermediate-level wastes
Intermediate-level wastes comprise a variety of wastes whose radioactivity
levels are between high and low. They are produced in the fuel cycle in large
volumes and include, for example,
air filters
ion-exchange resins from reactor coolant clean-up
ion-exchange resins and filter sludges from fuel element pond water clean-up

6 A n IAEA publication reporting on this program m e is expected to be published in 1981.
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chemical sludges from liquid effluent ‘floe’ treatm ent processes
evaporator concentrates
liquid wastes from second and third cycle processing stages in fuel
reprocessing
incinerator ash
failed equipment
decontamination chemicals
general contaminated trash.
In addition, radiation sources that are no longer useful, in particular those from
irradiation facilities or therapeutic devices, will generally be in this class of wastes.
The characteristics, radioactivity levels and hazards of wastes in this category
frequently depend on the particular plant conditions. Most o f the materials in
this group require shielding during handling, and some wastes in this category
may contain significant amounts of long-lived radionuclides or may require some
cooling.
4.1.5. Low-level liquid wastes
Low-level wastes can result from a number of liquid handling operations in
a variety o f nuclear facilities. They usually require no shielding during handling.
The volumes can be large unless recycle of water within a plant is practiced to a
large degree. Some of the wastes have low radioactivity levels, i.e. just above
those of wastes that can be discharged into the environment.
4.1.6. Alpha-contaminated wastes with low beta/gamma radioactivity levels
These wastes arise from fuel fabrication and can also arise from fuel
reprocessing. They include:
A variety o f combustible trash — gloves, plastics, rags, tissues, etc.
Non-combustible material —metal, glass, ceramics, HEPA filters, failed
equipment and glove boxes, etc.
Solidified concentrates and sludges, derived from the treatm ent o f certain
liquid waste streams with low levels of beta/gamma radioactivity,
containing significant amounts of actinides.
This class of waste could also arise from the proposed separation of the actinides
from high-level liquid waste, as discussed in Section 4.1.2.
The predominant hazard of these wastes is from the alpha-emitting nuclides
rather than from associated fission products. It is possible that plutonium may
be present in sufficient quantities to justify recovery. In this case, further
recovery could be achieved by special processing, including special processing
when the waste is conditioned (see §4.2).
9
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4.1.7. Gaseous wastes
These wastes arise from reactors, spent fuel, and process plant off-gases
and ventilation. After appropriate treatment for removal of the radionuclides
(e.g. by adsorption, scrubbing and filtration) the cleaned effluents are discharged
to the environment. Iodine-131 (half-life 8 d) and xenon-133 (half-life 5.25 d)
can be stored for a short period to decay. Iodine-129 (half-life 1.7 X 107 a) is
currently removed from reactor and reprocessing plant off-gases and must be
disposed of.
The longer-lived 8sKr (half-life 10.8 a) is of importance primarily in repro
cessing plants. It is currently discharged to the atmosphere; eventually it is
likely to be separated by absorption or cryogenic processes, followed by storage
or disposal. Currently, 14C (half-life 5700 a) is being released to the environment
but, in future, it (and 8SKr) may require separation, fixation and disposal.
4.1.8. Low-level solid wastes
Most of this type o f waste comprises a very large volume of combustible
and non-combustible trash arising from reactors. The waste usually consists of
common tools or equipment (of almost any material) that has failed or has worn
out. Much of this waste is virtually non-radioactive, but because it is potentially
contaminated it is sometimes assumed to be radioactive and is handled as such.

4.1.9. Tritium-contaminated wastes
Tritium is generated by fission in reactors, where it is mainly retained in
the fuel or cladding, and by neutron activation of both deuterium in heavy
water and additives or impurities in other coolants, e.g. boron and lithium in
PWRs. In the LWR fuel cycle, tritium is released from the fuel predominantly
in fuel reprocessing plants. Currently it is not trapped after release from the
fuel but is discharged mostly in the low-level liquid effluent, the total volume of
which is considerable. A smaller fraction of it is discharged to the atmosphere
as a gas or vapour. Tritium in HWRs is produced in the coolant; some of this
tritium is also currently discharged to the environment.
4.1.10. Decommissioning wastes and contaminated soil
Decommissioning wastes (e.g. concrete rubble, large and small contaminated
pieces o f equipment) and soil that may have been contaminated constitute a class
o f solid waste for which some conditioning has to be considered. All materials,
equipment and parts of a nuclear facility that resist decontamination, or in which
10
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the radioactivity will not decay to acceptable levels in a reasonable time, will
eventually remain as wastes for disposal. Some of the wastes from reactor
decommissioning will contain radionuclides induced by neutron activation and
will therefore be radioactive throughout the bulk of the material. Since many
of the activation products decay rather quickly, consideration should be given
to deferral of final decommissioning or to storage of such wastes until the radiation
level is lower. Decommissioning wastes also include the chemical solutions used
to decontaminate materials for decommissioning. Most decommissioning wastes
contain relatively low levels of radioactivity.

4.2. WASTE CONDITIONING AND CHARACTERISTICS OF
CONDITIONED WASTE
The objective in ‘conditioning’ the waste is to immobilize the radionuclides
and to package the waste in order to make it safer for handling, storage, transport
and disposal. The conditioned waste (i.e. the immobilized waste form, its
container and other packaging) and the geological environment o f the waste
repository are barriers in the potential pathways of waste constituents to the
environment. The final choice of the form of the conditioned waste should
take into account any detriment associated with the conditioning processes. The
disposal options that are appropriate to the various waste categories are dis
cussed in Sections 5 and 6.
Desirable characteristics of the conditioned waste are:
Stability against chemical, mechanical, thermal, radiation and biological
degradation
Non-combustibility
Low solubility or leachability in groundwater
Low specific surface area
Dust-free state and freedom from surface contamination
Minimum practical volume
Safety from nuclear criticality
Appropriate packaging for ease of handling and transportation.
Particularly important properties of the conditioned waste are: (a) the leach
rate of the immobilized waste form and the corrosion rate of the container(s) in
water of any composition for the period of concern; and (b) the potential of the
waste form to break down to material of greater specific surface area.
The wastes can be categorized in several ways. For the purpose of this
report they are grouped into five categories as given in Table I, assuming that
they have been appropriately conditioned and packaged. The conditioning
technologies for the wastes discussed in Section 4.1 are summarized below, with
respect to their categories given in Table I.
11
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TABLE I. GENERAL CHARACTERISTICS OF WASTE CATEGORIES
WITH REGARD TO DISPOSAL
Waste category

Im p o rta n t features3

I.

High-level,
long-lived

High beta/gam m a
Significant alpha
High radio to x icity
High h e at o u tp u t

II.

Interm ediate-level,
long-lived

Interm ediate beta/gam m a
Significant alpha
Interm ediate rad io to x icity
Low h e at o u tp u t

III.

Low-level,
long-lived

Low beta/gam m a
Significant alpha
L ow /interm ediate radio to x icity
Insignificant heat o u tp u t

IV.

Interm ediate-level,
short-lived

Interm ediate beta/gam m a
Insignificant alpha
Interm ediate radio to x icity
Low h e at o u tp u t

V.

Low-level,
short-lived

Low beta/gam m a
Insignificant alpha
Low radio to x icity
Insignificant heat o u tp u t

The characteristics are qualitative and can vary in som e cases; ‘insignificant’ indicates
th a t th e characteristic can generally be ignored fo r disposal purposes.

4.2.1. Spent fuel (Category I)
Technologies are being developed for conditioning of spent fuel for disposal.
From experience in some countries it is suggested that, after a suitable period in
storage to allow shorter-lived radioactivity to decay, the fuel may be encapsulated
in metal(s) or ceramics, either as a whole or after disassembling it into fuel pins.
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4.2.2. High-level liquid wastes and their solidification (Category I)
It is generally agreed that the high-level liquid wastes should be immobilized
by conversion to a monolithic solid for greater safety during interim storage and
in transport and disposal. A number of processes for solidification of these liquid
wastes are currently being developed; these are summarized in the IAEA
Technical Reports Series No. 176: “ Techniques for the Solidification of Highlevel Wastes” . The characteristics of various solidified forms are discussed in the
IAEA Technical Reports Series No. 187: “Characteristics of Solidified High-level
Waste Products” .
Im portant differences between spent fuel and solidified high-level wastes
are that the former contains about 200 times the quantities o f plutonium and
uranium contained in the latter and exhibits significant heat generation rates over
a longer period. The plutonium content primarily influences the long-term
hazard, while the uranium content primarily influences the waste form and volume
and has some influence on the very-long-term hazard. However, for the first
500 years the management considerations for both wastes are similar. In parti
cular, when selecting storage and disposal options, care must be taken for
adequate dissipation of the heat generated in order to prevent unacceptably high
temperatures.
4.2.3. Fuel element cladding hulls, associated hardware
and insoluble dissolver residues (Category II)
Current developments in the area of fuel reprocessing technology in several
countries are aimed at removing much of the undissolved fuel and associated
fission product and actinide radioactivity sources from the cladding hulls.
The conditioning options available include compaction — mechanically or
by melting, incorporation in a metal matrix or cement, or simply placement in
metal containers. The final choice will depend on the degree to which the hulls
can be freed from entrapped fuel materials. The efficiency of this separation will
determine the waste category of the hulls, particularly with respect to inter
mediate and low levels of beta/gamma radionuclides. Alpha radionuclides in
cladding hulls may be reduced to insignificant levels with appropriate separation
and sufficiently low nuclear activation.
4.2.4. Intermediate-level wastes (Categories II and IV)
A variety of methods for immobilizing these materials has been used or is
under consideration in many countries. Immobilization involves the use of one
of the following materials as the protective matrix:

13

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

concrete of various compositions
polymer-impregnated concrete
bitumen
thermosetting plastic resins (polyester, epoxy)
thermoplastic resins (polyethylene).
The various immobilized forms have differing characteristics, properties and costs,
and the choice of form must be made in relation to the particular waste and the
specific disposal concept and site under consideration.
Radiation sources in this category that are no longer useful frequently may
be disposed of in their as-used immobilized form, placed in an additional sealed
container. In some cases, heat dissipation may be essential for limited periods
in certain disposal environments.

4.2.5. Low-level liquid wastes and their solidification (Categories III and V)
A wide variety o f treatment and immobilization techniques is used for these
wastes. Treatment can consist of processes such as precipitation, ion exchange,
distillation, sorption, solvent extraction or filtration. In many cases the cleaned
fluid can be discharged to the environment, and the residues are then immobilized
and packaged for disposal. The immobilizing techniques are generally the same
as those identified in Section 4.2.4.

4.2.6. Alpha-contaminated wastes with low beta/gamma
radioactivity levels (Category III)
Currently, the techniques for treatment and conditioning of this type of
waste are quite varied and no single technique is yet dominating. Various pro
cesses are in use and others are being developed for oxidizing the combustible
waste by incineration or acid digestion to reduce volume and flammability; the
resulting ash may be leached to remove plutonium if this is deemed worth while.
The residues could be incorporated into one of the matrix materials listed in
Section 4.2.4 or could be converted into ceramic or glazed alumino-silicate
cement blocks, which can be canned for disposal. Solid wastes can be conditioned
by the techniques given in Section 4.2.3. Alternatively, these wastes may be
added to the solids prepared from high-level liquid waste (Category I) or to the
cladding hull and hardware waste (Category II).
Non-combustible wastes could be decontaminated as far as practicable.
Contamination of metal components can in some cases be reduced to very low
levels (e.g. by electropolishing), which would enable their disposal as wastes with
insignificant levels of alpha radionuclides (Categories IV or V).

14

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

4.2.7. Gaseous wastes (Categories II, III, IV and V)
Separated 8sKr could be compressed in metal gas bottles or incorporated in
a number of metals and other solid materials. When choosing the materials for
the containers and for the bulk matrix of the waste form the need for corrosion
resistance and removal of the heat from radioactive decay must be taken into
account. If 85Kr is recovered and concentrated, it must be isolated for about
100 years so that the radiokrypton can decay to acceptable levels before it is
released to the environment; storage may be used, but disposal may also be
implemented. The choice could depend upon the immobilized and packaged
waste form that is used.
Immobilization of 1291 in a stable form that is suitable for isolation over
very long periods is being studied. Marine dilution is an alternative. Studies
are under way for the possible immobilization of 14C; solid carbonate salts are
currently being considered for this.
4.2.8. Low-level solid wastes (Categories III and V)
Low-level solid wastes, including general process area trash, may be packaged
in steel drums, in some cases with compression to minimize the volume. Alterna
tively, combustible wastes may be incinerated, with the residue being immobilized
by techniques identified in Section 4.2.4, and/or placed in an appropriate package.
4.2.9. Tritium-contaminated wastes (Categories IV and V)
The options for tritium-contaminated liquid wastes are:
dilution and direct discharge into the aqueous environment,
including the oceans
deep-well injection
hydraulic fracturing
immobilization in a packaged solid and burial
deposition in a packaged and solidified form on the ocean floor.
The preferred route would depend on local circumstances. Deep-well injection,
hydraulic fracturing or direct sea discharge may be considered for large volumes
with low concentrations of tritium. For more concentrated solutions of smaller
volume, immobilization in a solid may be selected. The solid forms under
consideration are: cements with or without impregnation by polymer resins,
silica gel, activated alumina, hydrated calcium sulphate, molecular sieves, organic
hydrogenous compounds and metal hydrides. Many of these forms would
require containers designed to prevent contact with water or water vapour with
which the tritium in the solid waste could exchange. Storage o f the immobilized
and packaged wastes may be required, but disposal may also be implemented.
15
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4.2.10. Decommissioning wastes and contaminated soil
(Categories II, III, IV and V)
A variety o f methods is used for packaging the decommissioned plant
materials. Incorporation in cement or bitumen or plastic resins, or sealing with
an adherent coating (all with or without packaging) may be used. However,
some solid items with relatively low radioactivity levels might be packaged
without prior immobilization. The large bulk of materials involved suggests
segregation into appropriate groups as far as possible before immobilization and
packaging.

5. UNDERGROUND DISPOSAL OPTIONS
Appropriately conditioned wastes may be disposed of in an underground
repository. Such a repository consists of both the natural geological environment
and man-made facilities. The geological environment of the repository includes
the strata in which the wastes are emplaced, the surrounding strata and the
natural materials of the land surface. The man-made facilities include the
excavated cavities, engineered features within the cavities, backfill and sealing
materials, and facilities at or near the surface which are integral with the function
of the underground repository (e.g. engineered barriers to control erosion or water
movement, facilities for handling wastes, etc.).
The generic options for underground disposal are:
(a)

Emplacement of solid wastes in a repository especially designed and excavated
for waste disposal at a suitable depth (typically > 200 m) in continental
rocks, such as rock salt, argillaceous formations or crystalline rocks.
(b) Emplacement of solid wastes in man-made or natural rock cavities at various
depths, including depths of less than 200 m.
(c) Emplacement o f solid waste at shallow depth, with or without engineered
barriers. (This type of repository also includes that built on the surface,
but eventually covered with earthen materials.)
(d) Injection of self-solidifying fluids containing wastes into induced fractures
within impermeable strata, including hydraulic fracturing.
(e) Injection of liquid or gaseous wastes into isolated porous and permeable
strata.
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5.1. GENERAL CRITERIA FOR AN UNDERGROUND REPOSITORY

The function of an underground repository is to provide primary barriers
for controlling possible radionuclide releases from the emplaced waste to man
so as to keep them at acceptable levels (see §3.2). Different features of the
repository can contribute to this control in various ways, depending upon the
nature o f the geological formation, the engineered barriers and the condition of
the wastes. The required confinement in underground repositories can be pro
vided by a variety of techniques. Many combinations of geological environment
and engineered barriers should be appropriate.
In this section, general criteria for repositories are developed primarily for
high-level and alpha-bearing waste (see §4.2) emplaced in deep continental rocks.
Most of these general criteria are common to all underground disposal options,
although the emphasis and degree may vary; however, some modifications will
be appropriate for other types of underground disposal. For a more detailed
discussion, see the IAEA publications “ Site Selection Factors for Repositories of
Solid High-level and Alpha-bearing Wastes in Geological Form ations” (Technical
Reports Series No. 177) and “ Shallow Ground Disposal of Radioactive Wastes:
A Guidebook” (Safety Series No. 53).
The following general criteria should be considered for the implementation
of underground disposal systems.
(a)

The geology of the region should be investigated beyond the repository zone
so as to permit an effective evaluation of performance.
(b) The wastes should be emplaced deep enough so that they will not be laid
open by natural processes (e.g. by erosion or uplift) while their radioactivity
level is unacceptably high. Possible future climatological changes should be
considered.
(c) The geological medium in the zone of waste emplacement should be
sufficiently thick and extend far enough laterally to provide an adequate
protective zone around the repository. Such a zone would assist in providing
an adequate degree of separation from underlying and overlying strata and
flanking transition zones and faults, etc. This criterion is important in most
disposal concepts, particularly for emplacement of fluid wastes into porous
and permeable strata.
(d) The geological host medium and its surroundings should be geologically
stable and in a region where continuing geological stability for the
period of concern is anticipated.
(e) The excavated zone and exploratory test holes should be backfilled and/or
sealed in such a manner as to ensure that the migration o f the waste
constituents to the human environment is satisfactorily limited.
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(f)

The repository should be in a location which is not foreseen to be o f interest
for future exploration in a manner that could reduce the integrity of the
waste confinement.
(g) The hydrogeological character of the geological environment should be
compatible with the waste forms to be emplaced. In general, the hydrogeological character of the entire geological environment should be such as
to minimize the water flow past the emplaced wastes.
(h) The underground repository should be constructed so as to cause negligible
undesirable change to the geological environment or to improve its hydrogeological characteristics.
(i) Possible undesirable chemical reactions of the groundwater with the con
ditioned waste, first with the packaging and then with the immobilized waste
itself, should be considered. A possible increase in the corrosiveness of the
groundwater due to products of radiolysis should be allowed for when
choosing waste packaging materials.
(j) Retardation o f the potential migration of radionuclides through interaction
with underground natural or installed materials should be considered.
(k) The engineered structures and geological strata should be capable of with
standing the effects of the radiation and heat generated by the wastes.
(1) The repository should be designed so as to minimize the possible creation
of waste migration pathways by failure o f engineered structures.

5.2. ROCK TYPES AND THEIR CHARACTERISTICS IN RELATION
TO WASTE ISOLATION IN DEEP GEOLOGICAL FORMATIONS
The waste isolation characteristics of different rock types vary greatly,
according to their mineral composition, their mechanical and geological stability
and their hydrogeological environment.
Host geological formations of potential interest include evaporites, other
sedimentary deposits, igneous and metamorphic rocks, and, in the case of shallow
ground burial concepts, various soil materials. The characteristics affecting the
suitability of the three general rock types considered as host rocks for a deep
geological repository are briefly described below. More detailed descriptions of
these rocks can be found in Section 3 of the IAEA Technical Reports Series
No. 177.
5.2.1. Evaporites
These are sedimentary rocks that have accumulated from the evaporation of
large bodies of saline water. The rocks of primary interest are halite, anhydrite
and/or gypsum.
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Rock salt (halite) has received the most attention. This most common of
the evaporites has been considered because of its favourable properties and its
widespread occurrence as undisturbed units within geological settings, indicating
long-term (hundreds of millions o f years) stability. Rock salt exists as a bedded
deposit formation or as large domes that are pushed upwards by diapirism.
Salt is more plastic than almost any other rock and is thus able to seal
fractures and repository excavations. This property makes salt largely impermeable
to gases and liquids. Other favourable properties of rock salt are: good com
pressive strength, good thermal conductivity and easy mineability.
Because of the high solubility of salt in water, groundwater could breach
the geological integrity of such a repository. Other potential disadvantages are:
existence of entrapped pockets of brine, and inclusions whose fluids are known to
migrate under certain thermal conditions; the likelihood of adverse canister/rock
interactions; poor sorptive qualities; possible salt movement (diapiric); and
possible future exploration by man for salt and associated resources in the vicinity
of the emplaced waste.
Anhydrite and gypsum formations are composed principally of calcium
sulphate and its hydrate, respectively. They are soluble in water, though less
so than halite. They are relatively non-plastic and in some cases are prone to
fracturing during mining operations. Their chemical compatibility with waste
forms and other repository materials may be superior to halite, and their sorption
characteristics for radionuclides are better. The large content of water of hydra
tion in gypsum renders that rock relatively unfavourable as a host rock.
5.2.2. Other sedimentary deposits
Argillaceous formations are being considered as host rocks. They cover a
wide range of materials, including clays and shales. Generally, argillaceous forma
tions have very low permeability, good sorptive characteristics and low solubility.
The potential disadvantages include: dewatering of the hydrous clay minerals in
response to the thermal load, low thermal conductivity and adverse effects on
rock mechanical properties; presence o f organic m atter and gases; existence of
inhomogeneities; and possible difficulties in mining and keeping excavations open.
Calcareous formations are rocks composed principally o f calcium carbonate
and are typified by limestone. They are moderately soluble and not necessarily
dry. They sometimes contain channels permitting water movement and, in general,
are thought to be less favourable than some other rock types for waste disposal.
However, some dry mines exist in these formations, and these are considered for
repositories under certain circumstances.
Sandstones and arenaceous sediments are in general porous and permeable
so that water may move through the body of the rock. If located deep
underground, they may be o f interest as host media for certain wastes because of
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their compatibility with immobilized waste and waste canisters, when isolated
from the human environment by impervious strata in overlying formations.
Sands may be of interest for shallow land burial.
5.2.3. Igneous and metamorphic rocks (crystalline rocks)
Igneous and metamorphic rocks are considered by several countries as prime
candidates for repositories for deep underground disposal of radioactive wastes.
They generally demonstrate long-term stability, high rock strength, good chemical
stability, moderately good thermal conductivity and low porosity. An additional
advantage in some countries is the common occurrence of massive and homo
geneous formations of little or no economic value. These rocks tend to be brittle,
or non-plastic, at depths considered for repositories, and thus are likely to have
fractures and other secondary openings. Because of these fractures, they
commonly contain groundwater within their secondary openings. The presence
of rock inhomogeneities —largely the result of the nature, orientation and
magnitude of fractures —makes the modelling of the hydrogeology in such
systems difficult.
Other igneous rocks of specific interest are basalt and volcanic tuffs. Basalt
occurs principally in large, plateau-like masses which are comparatively young,
accumulated on continental areas. Basalt has moderate thermal conductivity and
a very high melting temperature; it also has a very high compressive strength, but
commonly exhibits fractured or vertical, columnar joints. Where massive, basalt
is very impermeable; where fractured and jointed, it can transmit appreciable
quantities of groundwater. Basalt has a low ion-exchange capacity unless it is
partially altered by the presence of secondary, more sorptive minerals.
Two kinds of tuff, known as welded and zeolitic, are being investigated.
This work is in the early stages compared with that for some of the other candi
date rocks. Other rock types that have been considered are iron ore formations
and serpentinite.

6. TECHNICAL CONSIDERATIONS IN SELECTING
A WASTE DISPOSAL OPTION
This section describes the major considerations involved in selecting an
effective repository option for the underground disposal of radioactive wastes.
Its purpose is to provide general guidance on informational needs, and collection
and processing of information leading to the selection of an underground reposi
tory. The selection of a preferred disposal option requires consideration and
optimization of the entire waste management system.
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T h e fo llo w in g to p ic s a re t o b e c o n s id e re d in th e s e le c tio n p ro c e s s:

Waste types and conditioning
Definition of repository concept
Repository site selection
Safety assessment
Socio-economic evaluations.
The first four topics are discussed in the following sub-sections. Discussion of the
last topic is beyond the scope of this guidebook; it is mentioned only briefly in
the discussion of the other topics.

6.1. OVERALL CHOICE OF UNDERGROUND DISPOSAL OPTIONS
The overall choice of underground disposal options depends upon a number
of factors, the most im portant of which are:
Waste types, quantities and conditioning
Geological and environmental conditions
Socio-economic conditions.
The option to be selected depends upon the myriad of considerations for each
of these factors and upon the complex interrelationships between all o f the
factors. Thus, the choice of a suitable disposal option can be defined in general
terms only. However, the dominating factor in the selection o f the disposal
option is that of waste category. The possible disposal options outlined in
Section 5 for the five waste categories listed in Table I are summarized in
Table II.
It is generally considered that the high-level wastes should be disposed of
only as packaged wastes in specially designed, deep geological repositories. More
options become possible with decreasing level of radioactivity and shorter half-life
of the radionuclides. Host geological formations that are likely to be permeated
by moving groundwater are somewhat more limiting to the kinds of radioactive waste
they can accept, and generally more engineered barriers are required. Any
emplacement of long-lived wastes in the shallow ground and emplacement of
high-level, long-lived wastes as liquids or self-solidifying fluids is generally not
recommended at present. In addition, before being applied to a major extent
for long-lived wastes, the fluid emplacement techniques should be well proven and
the disposal system should be known. However, these techniques are considered
to be applicable for short-lived wastes, along with shallow ground burial in dry
systems. Shallow ground burial of short-lived wastes in wet systems may be
acceptable in some cases.
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TABLE II. TENTATIVE RELATIONSHIP OF PREFERRED DISPOSAL OPTIONS AND RADIOACTIVE
WASTE CATEGORIES
WASTE CA TEGO RY
D isposal o p tio n s

H igh-level,
long-lived

E m p lacem en t
a t shallow
d e p th s

D. O

a
b

e

Low -level,
long-lived

D ry a

Solid, im m o b ilized,
p a c k a g e d ,sp a c e d
fo r h e a t d issip ation

S olid, im m obilized,
packaged

W etb

As above; possibly
w ith m o re
engineered b arriers

A s above; possibly
w ith m ore engineered b arriers

D ry 3

N o t reco m m en d ed

E m p lac e m e n t in
d eep geological
fo rm a tio n s0

E m p lacem en t
in m ines
o r cavities

In term ed iate-lev el,
long-lived

Interm ediate-level,
short-lived

Low -level,
short-lived

A pplicable, b u t m ay be
m o re strin g e n t th a n necessary e

Possible, d ep en d in g
o n c ircum stances

Solid, m ay be
p ackaged e

W etb

N o t reco m m en d ed

D ry a

N o t reco m m en d ed

Solid, im m obilized,
packaged

S olid, m ay be im m o b il
ized o r packaged

W etb

N ot reco m m en d ed

Possible; im m o b ilized ,
packaged, w ith m ore
engineered barriers

Possible; solid, im m o b il
ized o r packaged, w ith
m ore engineered barriers

In je c tio n o f selfso lidify in g fluids in to
in d u c e d frac tu re s in low p e rm e a b ility stra ta

N o t reco m m en d ed

M ay be possible
w ith ad eq u a te d e m o n stra te d tech n o lo g y
and certa in rad io n u clid es

L iquid in jectio n
in to d e ep , p erm eab le
fo rm atio n s

N o t reco m m en d ed

M ay be possible
w ith a d eq u a te d e m o n stra te d technology
and certa in ra d ionuclides

S olid, im m o b ilized , p ack ag ed e

A pplicable w ith
a p p ro p ria te te c h n o lo g y

A pplicable w ith
ap p ro p ria te tech n o lo g y

Geological environm ents naturally isolated from moving groundw ater,
Geological environm ents w ith som e m ovem ent o f groundw ater.
R epository excavated especially for the disposal o f radioactive wastes.
The m ine or cavity m ay have resulted from n atural processes or from e x tractio n o f m inerals, or m ay be excavated especially for w aste disposal.
May be preferred fo r countries w ith undesirable geological conditions at shallow
depths.
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The economics of the disposal options should also be considered for the
different waste types. For example, while deep underground repositories can
be used for the disposal o f low-level, short-lived wastes (Category V), the cost
involved might be unjustified when compared with other suitable disposal
options.
A recommendation regarding the applicability of shallow ground disposal
of wastes is being worked out with the help of a number of IAEA Member
States. The tentative recommendation is that shallow ground disposal should be
applicable to wastes containing relatively small amounts of radionuclides and
to wastes containing radionuclides that will decay to acceptable levels during
the time for which institutional controls are expected to last. The periods
for which various Member States feel they can assure such controls range from
a few tens of years up to perhaps one thousand years. Related philosophies may
be derived from some of the other disposal concepts in the future.

6.2. WASTE CONDITIONING FOR DISPOSAL
The general varieties and properties of the waste arisings that will require
disposal are outlined in Section 4. Because of differences in waste type, radio
nuclide half-live, radiation characteristics and radiotoxicity, there is no single,
simple way to prepare the wastes for disposal. The range is from no treatment
to fixation of the waste in highly immobilized forms. It is necessary to balance
waste conditioning and waste disposal requirements to meet the needs o f
radiation protection.
Most wastes contain a mixture of radionuclides. While all radionuclides
should be taken into account in principle, planning and implementation can in
practice be based on those nuclides that constitute the main radiological hazard.
Current technology has very effective methods for waste immobilization;
however, any reduction of the collective dose commitment from disposed wastes
in very stable waste forms and high-integrity waste containers must be weighed
against the possible additional occupational risks and costs incurred by implement
ing these extreme engineered safety features.
Bringing the waste into a suitable state for disposal, including converting
the waste to an acceptable form and containing it in acceptable packaging, is
highly im portant in the waste management scheme. In some cases, supplementary
conditioning such as overpacking may be required. Overpacking and other
supplementary conditioning is usually done at the time and place of treatment
(if any) of the waste. Alternatively, the final preparation of the waste for
disposal could be done at the repository site. The overall choice depends on
factors such as the specific needs during transportation, overall system logistics,
and the possible need for extended aging between the time of initial waste
conditioning and the time of waste emplacement in the repository.
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Constraints on waste treatment operations can be increased but cannot be
mitigated by transportation requirements. Firm containment of the waste during
transportation7 is required to ensure that the possibility of accidental release is
extremely small. These constraints may be more stringent than those imposed
by the repository considerations.
For the disposal of heat-generating wastes the heat generation must be taken
into account when considering waste conditioning, the geological characteristics
of the site and the repository design. The maximum safe temperature of both the
conditioned waste and the geological medium must be considered together. The
conditions may vary for the different situations, but the im portant factors will
be the same. These factors are given here for solidified high-level waste; similar
considerations would apply to encapsulated spent fuel or other heat-generating
wastes. The primary heat-related factors for conditioning include:
width and length of container and other packaging
heat generation rate from radionuclides in the waste
decrease of heat generation rate with time
thermal conductivity of the immobilized waste form
heat transfer to and through the packaging
volume of immobilized waste, including the packaging
age of the radionuclide mixture (time elapsed since its formation)
intensity and penetrability of the radiation emitted from the waste.
These variables are closely interrelated. The choice of container size may be
affected by the throughput and design of the immobilizing process and the
immobilized waste form to be compatible with the needs of a specific reprocessing
plant. Generally there is more flexibility in the choice o f waste container size
in a continuous immobilization process, in which the final waste form (e.g. glass)
is transferred into a disposal container, than in a batch process, in which the
largest possible container size may have to be used. The most im portant factor
is the total heat release from the waste container. This heat release can be con
trolled by controlling the concentration o f heat-producing radionuclides (which
directly affects the final volume of waste), by controlling the container diameter
(which affects the number of containers and the waste temperature), and by
controlling the decay time of the waste before conditioning. This decay time can
be accumulated from storage o f spent fuel before reprocessing and/or from
storage of the reprocessed waste. Increasing the decay time of the immobilized
reprocessing waste requires increased storage time of the waste liquor in tanks,
a situation which is generally not desirable. Some interim storage of conditioned
waste may be usual in many cases.

7
As defined in the IAEA publication “ Regulations fo r the Safe T ran sp o rt o f Radioactive
M aterial, 1973 Revised E d itio n ” , Safety Series No.6.
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6.3. DEFINITION OF REPOSITORY CONCEPT

There is no simple, universal repository concept. The concepts can range
from emplacement in the shallow ground to long-term, geological isolation far
below the earth’s surface. The design of a repository system is defined on an
overall basis by the type o f waste and the choice of disposal option. Accordingly,
the repository design is highly dependent upon the host rock and the geological
environment of the repository.
The design concepts are further refined by considerations of excavation
techniques, logistics of the repository operation (including number and size of
waste packages to be handled per unit time, manipulation and movement of the
waste within the repository facilities), shielding requirements for the waste,
interim storage of the waste at the repository and at waste generation sites,
requirements and capabilities of removing radioactive decay heat, backfilling
and sealing of the emplaced waste, transportation of the waste to the repository,
operating techniques and safety considerations, costs, etc.
Waste conditioning can affect the repository concept in im portant ways.
For example, a treatm ent process might be selected to reduce the waste volume
and thereby decrease the number or size of containers and the shipments
required. A possible consequence of this treatm ent philosophy, however, might
be the conversion of the waste from one requiring little or no shielding to one
requiring extensive shielding. Alternatively, the treatm ent process might involve
minimal concentration or even dilution in order to reduce the thermal gradients
in the repository. This would increase the waste volume (and the number or size
of containers) and the size of the repository.
In general, all such known interactions and their consequences should be
identified and evaluated. Numerous combinations that can produce an acceptable
repository system may be possible; the concern is then one o f optimization.
Technical and economic evaluations are necessary when developing a reposi
tory concept to provide additional data, which are needed for the verification of
the repository system concept, and to direct the repository design. Examples
relating primarily to the first purpose are experiments performed to determine
the leach rate of waste forms expected to be placed in the repository, in contact
with the groundwater typical o f the site. An example for the second function
is the evaluation of thermal effects on the geological environment in order to
determine the spacing and other design requirements for heat-emitting waste
containers (see §6.2).
The scope o f the work required for these supporting evaluations depends
on the availability of prior information and the type of repository being
considered. For example, the leach rates of various waste forms may be well
known and incorporated into the safety evaluations; or else, an extensive measure
ment programme may be needed. Similarly, a near-surface repository for short
lived, non-heat-emitting wastes will not require a thermal stability analysis; but
25

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

such an analysis is extremely im portant for deep repositories used for the disposal
of long-lived wastes that emit large quantities of heat.

6.4. REPOSITORY SITE SELECTION
Both the design and safety assessments o f repositories require detailed site
geological and environmental information related to radionuclide confinement.
The chemical, physical and hydrological characteristics of the geological strata
within and surrounding the repository site must be characterized in order to
evaluate:
the induced stresses that might occur as a result of physical, chemical,
thermal and radiation effects in the development of the repository and
emplacement of the waste
the potential release mechanisms for waste radionuclides from the repository,
and the pathways to the human environment
the potential for engineered features which could aid to isolate the wastes
in the case of unforeseen natural processes or events.
The basic information needed relates to:
the potential degradation of the waste form
the potential release of waste constituents from their packages
the radionuclide retardation by natural and engineered barriers within the
repository
the dispersion of radionuclides that may leave the repository and enter the
human environment
the hazard due to the radionuclides that may be released into the human
environment.
The data must be specific for the final site selected and adequate to meet all
the evaluation needs. Care should be taken to ensure that the process of obtaining
the data will not destroy the suitability of the site as a waste repository.
The site environment should be further characterized while the repository
is being constructed, while it is operating, and for some time after disposal
operations are completed, in order to allow for improved assessment of the radio
logical protection capability of the site. The assessment requires an analysis of
the pathways for the radionuclides to return to man, either by slow, ‘normal’
or expected events or due to possible disruptive events. This information is then
used in the safety analysis to validate the decision regarding the site.
A more detailed listing of the factors to be examined at a specific site is
given in Table III. The listing applies specifically to sites for repositories in deep
geological formations for the disposal of high-level, long-lived wastes. Application
of the information in Table III to other types o f repositories or for other types
of wastes would require some modifications.
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TABLE III. FACTORS TO BE EXAMINED AT A SPECIFIC REPOSITORY SITE

A.

C haracterization o f th e chem ical, physical, geological, geom echanical and hydrogeological param eters
1. G eological fo rm atio n thickness and d ep th , lithology, m ineralogy and stratigraphy
2. Geological environm ent (including to pography, stru c tu re , geological h isto ry ,

geom orphology, tectonics and seism icity)
3. H ydrogeological environm ent (hydrological regim e, including aquifers and aquicludes,
areas o f recharge and discharge)
4. G eochem ical environm ent (including w a ter and rock chem istry, secondary m inerals
and so rp tio n properties)
5. G eotechnical and general physical p roperties o f th e ho st rock

B.

C haracterization of th e natu ral surface environm ent
1.
2.
3.
4.

C.

C lim ate (norm al and disruptive events such as floods, tornadoes, etc.)
Surface hydrology
B ackground radiation
F lora and fauna

C haracterization of the geological stability and resistance to:
1. Clim atic changes (glaciation, pluvial cycles, changes in sea level)
2. G eom orphic activity (erosion, seismic activity, faulting, up lift o r subsidence, volcanism )

3. M eteorite im pact
D.

C haracterization of th e p o ten tial interactio n s betw een th e w aste and th e h o st geological
fo rm atio n
1. T herm al effects
2. R adiation effects

3. H ydrological effects
4. Chem ical reaction effects (so rp tio n o f radionuclides, corrosion o f containers and
c o nditioned waste, etc.)
E.

E ffects generated by m an
1. Pre-existing boreholes and shafts, excavation effects
2. L ikelihood o f o th e r m an-induced events th a t could affect th e safety o f facilities

(traffic density, fire, explosions, failure o f m an-m ade stru c tu re s such as dam s and
sea-walls, etc.)

F.

E conom ic and social considerations and planning
1. R esource p o ten tial

5. A ccessibility and services

2. Land value and use

6. O ther environm ental im pacts

3. P opulation d istrib u tio n
4. Jurisd ictio n and rights o f land

7. Public a ttitu d e s
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In considering the overall siting of a repository, it is necessary to take into
account the engineering aspects o f the initial exploration work, the main construc
tion phase of the repository and the techniques of placing the wastes in the
repository. The considerations-for exploration, emplacement and sealing include:
Geophysical exploration (surface and subsurface techniques)
Borehole exploration (various techniques to identify a variety of hydrological
and geological conditions)
Excavation of cavities (various mining techniques)
Plugging of boreholes, shafts and cavities (using cements, shales, clay or host
rock material)
Secondary isolation barriers (using clays or other chemical products with
good sorption properties)
Hydraulic fracturing (for fluid wastes)
Deep-well injection (for liquid or gaseous wastes).
For the disposal of heat-generating wastes the heat generation must be
taken into account in the overall considerations of the geological characteristics of
the host rock and site, the repository design and waste emplacement configuration,
and the waste conditioning. The maximum safe temperature of both the waste
and the geological medium must be considered. The primary heat-related factors
(some of which are similar to those for waste conditioning) include:
Size, diameter (in particular) and length of the outer package
Heat release rate per package
Decrease of heat release rate with time
Thermal conductivity, heat capacity and thermal expansion of the host
medium and surrounding geological media
Spacing and number of the waste packages
Intensity and penetrability of the radiation emitted from the waste.
The repository can be considered as a volume of a geological medium contain
ing a uniform array of waste packages. The main heat-related criterion is that the
tem perature of the geological medium must not exceed a specified value,
expressed as either the average tem perature o f a large part of the repository or
the local tem perature adjacent to a waste package. The maximum temperature
reached in the bulk of the geological medium and the resultant thermal
expansion may not occur for hundreds of years after waste emplacement.
The thermal conductivity, specific heat capacity and thermal expansion o f the
geological medium will strongly affect the total amount of heat that can be
absorbed in a volume o f the medium. For example, the same total heat per unit
volume of repository can be released from a few large containers, each with a
high heat load and spaced well apart, or from a larger number of small con
tainers, each with a lower heat load and placed closer together. However,
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handling considerations and cost of the emplacement will differ, and the tem
peratures in the immediate vicinity of the containers will certainly be different.
In general, the greater the spacing between waste packages, the larger the overall
repository and hence the higher the cost of mining operations.
The optimization of the temperature conditions for the repository medium
and for the conditioned waste may require some period of interim storage of
the conditioned waste before its disposal. The length of this interim storage
period must be assessed relative to the overall goals of disposal and a possible
desire to reduce interim storage. This interim decay time is variable in the overall
optimization of waste disposal and waste conditioning for heat-generating wastes.
From the beginning of the site selection activities, the data and criteria are
for a variety of factors. The physical science factors will ultimately require
detailed evaluation, i.e. the geological, hydrological, environmental and mineral
resource characteristics. Other factors must also be considered, for instance the
social feasibility of siting, alternative potential uses of the site, socio-economic
impacts, transportation requirements, and all other components of cost/benefit
analyses. The relative importance of all these considerations will vary with
national and local situations. Thus, ‘universal criteria’ for these factors cannot
be given.

6.5. SAFETY ASSESSMENT
In order to take decisions on whether to proceed with the development and
operation of a repository at a particular site, safety assessments of the proposed
repository system are required. Safety analyses of a suitable degree of detail
and subsequent assessments of the results are required at several decision stages
for waste management systems. The decisions made will rely heavily on the
results of these safety analyses. A repository system design concept and earth
sciences data must be available for these analyses. For waste disposal systems
there are two general types of safety evaluations: one is concerned with
operational safety (protection of workers and the public while the repository is
being filled) and the other is concerned with long-term safety after disposal
operations have ceased and the repository is sealed.
If the results of the operational safety evaluations show that radiation
protection standards are not met, certain changes of the repository and waste
package design and/or the site and/or procedural changes should be considered.
The evaluation of long-term safety involves analyses of the performance of
the barriers between the waste radionuclides and man. These analyses are carried
out to estimate the consequences of potential releases of radionuclides to the
human environment, including accidental releases. Barrier redundancy may be
introduced to increase confidence that the waste will remain in isolation for the
required period of time.
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Various methods can be used for safety analyses based on deterministic
and/or probabilistic approaches. The analysis of long-term safety is considerably
more difficult to quantify than that for the operational stage, since it requires
evaluations of difficult-to-predict potential events and their consequences on
waste isolation. Some evaluation of the likelihood of the occurrence of future
events is usually desirable for long-term safety analyses, and these evaluations
are also difficult to quantify.

7. MAJOR STAGES IN THE IMPLEMENTATION
OF A WASTE DISPOSAL OPTION
This section outlines briefly the various stages, and the associated administra
tion, in the implementation of a waste disposal concept. These stages include:
Initial governmental decision for underground disposal of any of the five
basic waste types discussed, and associated general studies and policy
definition
Selection of a suitable host medium and site
Selection of appropriate conditioned waste forms
Selection and design of a repository concept8
Construction and commissioning of the waste disposal facilities8
Operation of the repository
Shut-down and sealing of the repository.
Figure 1 illustrates the major activities and their relationships in the evalua
tion of a waste disposal option and the development of the repository through the
repository confirmation stage. The remaining stages are included in the final
activity entitled “ Final licensing, design, construction and im plementation” .
The figure shows the generally parallel paths in the development of a conditioned
waste form and the associated repository. Generally, the activities proceed along
the flow paths as shown, but some of them may be performed simultaneously.
Only the major flow paths are shown in the simplified diagram, but many other
interactions exist besides these.
As shown in Fig.l, the critical determination in the project, made at several
stages, is whether or not the projected operational and safety performance of the
repository satisfies the safety criteria which are set up early in the project. If the
projected impacts are judged to be acceptable, the development of the repository
can continue. If more than one acceptable repository concept is available,
economic and other comparisons can be made to select the preferred system.
8 These activities proceed in parallel with those for site selection, as shown in Fig. 1.
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F I G .l.

M ajor w a ste d isp o sa l d e v e lo p m e n t a c tiv itie s a n d th eir relation sh ips.

'A ’ d esig n a tes re ite ra tio n o f a c tiv itie s w h ere th e re su lts are u n acceptable.
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If at any stage in the disposal system evaluation the system is found to be
unacceptable with respect to the safety criteria, it will be necessary to revise or
abandon the concept. Revision might be accomplished by changing waste
conditioning, changing the site and effectiveness o f natural barriers, increasing
the effectiveness of engineered barriers, or combinations of these. In general,
it should be possible to design an acceptable repository system for conditioned
waste for any site that has satisfied all the requirements of technical and social
acceptance.
The steps to be taken in the development of a repository, the decisions
required for implementing these steps, and the responsibilities of the regulatory
bodies9 who make the decisions are different in various countries. Also, the
responsibilities in the repository operational period and in the period after shut
down and sealing of the repository may change, even within a country. These
factors depend on the political, geographical and socio-economic situation in
each country. However, there are some typical elements in the overall develop
ment of an underground repository for which similar decisions are required.
These are outlined as examples in the following sub-sections.

7.1. GENERAL STUDIES AND POLICY DEFINITION AND PLANNING
As shown at the top of Fig. 1, at this stage the repository needs are defined
and general planning is performed; the next step is to perform general evaluations
regarding the potential waste types and conditioning, disposal concepts, suitable
host media and regions for a repository, and possible general logistics and trans
portation systems. These studies are done in concert with the evaluation of
overall criteria for the repository. From these studies, possible disposal concepts,
possible host geological environments and possible waste conditioning systems
are selected. These evaluations should be based on an extensive review of
information available in the literature; also, a variety of experts should be con
sulted. From these evaluations, the first selection of possible general features
for the waste management systems can be made.
The national legislative body has to establish the legislative basis for the
fundamental decisions supporting the national disposal concept. It has to assign
various responsibilities to the waste producing industry, the operator of the
repository and the regulatory bodies. Independence of the regulatory bodies
from the others should be assured.

9
Recommendations on regulatory procedures which might be followed are covered
in the Agency publication “Development of Regulatory Procedures for the Disposal of Solid
Radioactive Waste in Deep, Continental Formations” , IAEA Safety Series No.51 (1980).
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7.2. SELECTION OF A SUITABLE HOST MEDIUM AND SITE
After guidance is obtained from the prior step, a suitable host medium and
site are selected. After the planning and general studies (discussed above), three
further stages of the process follow, which are discussed below.
Repository sites are ideally selected by a process in which information con
cerning the geology and environment, and demography and socio-economic
considerations are evaluated in several stages against site criteria appropriate to the
waste type and repository under consideration. It is a process of moving from
generic assessments to specific assessments.10
7.2.1. Area survey
The selection o f a specific site and host medium for an underground
repository requires a number of steps which proceed in parallel with other
elements of evaluating a disposal option. Each country should survey its own
territory in order to identify potential host media and areas containing the
appropriate potential host media, and other environments suitable for the
establishment of a repository.
The implementing organization should submit reports on the evaluations
and on proposed ensuing research, which should be reviewed and commented on
by the regulatory bodies. On the basis of these reports some of the preferred
areas are identified for further investigations. The investigations (as discussed
in § 6.4) are carried out, and this step is repeated as necessary to identify a
smaller number of regions or sites in those areas for more detailed investigation.
The proposed selections should be compared with criteria (evaluated in the stage
described in § 7.1) to be assessed by the appropriate regulatory bodies, after
systematic evaluations.
7.2.2. Preliminary site selection
After completion of the prior stage, more detailed investigations of the
regions or sites of interest are carried out. As the site selection process continues,
the number of candidate sites is reduced by performing more detailed investiga
tions on the remaining candidate sites until one (or more) preferred site(s) is
selected.
The implementing organization should produce a document including an
outline of the required site exploration activities as well as all pertinent data
10
For more information see the following IAEA publications: “Site Investigations
for Repositories for Solid Radioactive Wastes in Deep, Continental Geological Formations”
(in preparation) and “ Site Investigations for Repositories for Solid Radioactive Wastes in
Shallow Ground” (in preparation).
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developed in parallel that are relevant to the conceptual design of the repository
and details of the conditioned waste. The report should be submitted to the
appropriate decision-making bodies, which may include those responsible for the
geology, hydrology, mining safety, environmental protection, radiological safety
and protection, and area planning. These bodies should prepare a statement
of their assessment of the suitability of the site. If the appropriate decision
making authorities decide favourably on the preliminary site selection, the
appropriate regulatory authorities should issue the necessary permits for the
investigations to proceed to confirm the suitability of the site.

7.2.3. Site and disposal concept confirmation
To confirm the suitability of the site, the implementing organization must
undertake very detailed investigations and evaluations of the final site(s). The
results of these evaluations are submitted to the regulatory bodies and to other
appropriate bodies for assessment; the results of the disposal concept studies
(see §§7.3, 7.4) and of the combined detailed comprehensive safety analysis are
also assessed. On the basis of the recommendations of the appropriate authorities
the regulatory body will either issue an approval certificate or will withhold
approval. These detailed studies continue through the construction of the
repository.
In parallel with the site confirmation, all necessary research, and develop
ment should be carried out to verify the overall concept. These studies include
those of the properties of the conditioned waste form under the conditions
expected at the particular site, and a detailed evaluation of the properties of
additional barriers which may be desirable at the repository.

7.3. DEVELOPMENT OF A CONDITIONED WASTE FORM
In parallel with the site selection activities, technical work should be
carried out to develop suitable conditioned waste forms for the various categories
of waste which are to be disposed in the repository. These investigations should
include a study of both the conditioned waste form and its packaging in relation
to the possible disposal environments (e.g. leaching tests in potential ground
waters). As part of the overall system study, the size and number of waste
containers should be examined in relation to the development of the actual pro
cesses for waste conditioning.
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7 .4 . S A F E T Y A S S E S S M E N T

The results of the safety analyses are key input for the decision-making
process evaluating what steps should be taken next. The results of the safety
analyses are assessed by the appropriate competent authorities which then
authorize the next activities in the repository implementation process.
Each stage of implementation requires an appropriate type and level of
safety analysis and quality assurance. As with the site selection process, the
safety analyses proceed typically from generic to more specific. The methodology
of safety analysis is refined with each step to be more site specific. Final decisions
are made to proceed with the development of the repository after the assessments
of the very detailed safety evaluations for the final site(s) and repository concepts
have shown that the performance of the repository will meet the acceptance
criteria. The safety evaluations are continued by using the improved data acquired
during the development of the repository. If, during these late stages, new infor
mation shows that the repository performance is less satisfactory than previously
shown, new assessments and decisions may be required regarding the further
development of the repository.

7.5. REPOSITORY DESIGN
Repository designs are developed at the conceptual, preliminary and final
study evaluation levels, in parallel with repository site investigations and waste
conditioning studies. A detailed design is eventually required to cover all aspects
of the repository performance needs and the construction details, and to ensure
that the facility can operate in accordance with the appropriate criteria.
Before the final design is approved, preliminary designs may be necessary
from which decisions can be derived regarding the feasibility of the planned
repository system. On the basis of the authorized guides and the preliminary
designs, the design studies should be collected in a single document that includes
all relevant safety matters, as for example:
Repository development operations (e.g. sinking of the shafts or boreholes,
necessary excavations, mining operations and spoil disposal)
Waste conditioning, handling, transportation and reception facilities
Safety measures (conventional and radiological)
Provisions for the final sealing of the repository
Provisions for surveillance (during operation and for a certain period after
shut-down).
The design report should be assessed by the authorities responsible for the various
areas involved in the overall safety system (e.g. bodies concerned with mining
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and underground operational safety, conventional safety, and radiological safety
and protection). These authorities will give their recommendations to the
authorities responsible for the overall approval of the disposal system.

7.6. REPOSITORY CONSTRUCTION AND COMMISSIONING
Construction is carried out using appropriate technical knowledge and
support. It should be based on the guides and recommendations provided by the
authorities in the preceding stages. In the case of mined repositories, special
consideration should be given to the techniques used for sinking of the shaft(s)
and for the construction o f the excavations in order to minimize interference
with repository performance; the approval o f the competent mining authority
should be obtained. As mining proceeds, it will be possible to evaluate in more
detail the earth science aspects of the site investigations; the geological and
geophysical evaluations should be continued as access is made available to locations
that can provide improved data. The implementing organization will be required
to carry out appropriate quality assurance and to keep quality assurance records;
in addition, it should permit inspections o f the construction and of the records
by appropriate authorities.
At the end o f the first construction phase (i.e. shaft(s) completed, auxiliary
facilities completed, first excavations available for waste disposal) a period of
testing and commissioning will be required in order to verify that all measure
ments and predictions on which the safety analysis was based are confirmed.
Following this, the com petent authority will assess the suitability o f the facility
to accept waste. If the facility is judged to be suitable to receive wastes, the
regulatory body will issue an operating licence specifying any necessary conditions
as required by the regulations. The operating licence may be issued for limited
time intervals.

7.7. REPOSITORY OPERATION
The repository operation should be carried out on the basis of the guides
and regulations issued by the appropriate regulatory bodies.
The regulatory bodies must ensure by inspection o f the site and operating
practices that the operations are carried out according to the operating licence
and the guides established for the operation. The operating organization should
document the progress of operating activities at specified time intervals and
immediately in the event of an unexpected occurrence. In addition, data on
repository performance should be collected to supplement data from prior stages
and to allow for refinement of the analysis of repository performance.
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7 .8 . R E P O S IT O R Y S H U T -D O W N A N D S E A L IN G

When the repository is filled with waste to its capacity and/or no further
waste is to be disposed at the site, it will be necessary to close the facility and
to seal all man-made entries into the repository. Before sealing, surveillance of
the repository may be conducted for some time. The sealing must be done
carefully and meet the requirements and criteria established by the regulatory
authority. The seals should maintain their integrity for the required period
of waste isolation in the repository to ensure that the man-made penetrations do
not provide pathways for radionuclide migration to the human environment.
After sealing of the repository, the auxiliary facilities may be decommissioned
according to approved practice. Relevant records of waste inventories and relevant
site construction and operating data should be kept in suitable archives for an
appropriate period o f time.
It may be necessary to impose restrictions on the use o f the land surface
above the repository and in the vicinity of the surface facilities for a certain
period of time after the repository is shut down and sealed. Guidance should be
given on the future availability of the site for public re-use and any subsequent
control which may be necessary.
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GLOSSARY OF TERMS USED
acceptable limit. Limit acceptable to the regulatory body.
actinides. Elements with atomic numbers from 89 through 103. They are all
radioactive.
ALARA. “As low as reasonably achievable, economic and social factors being
taken into account” . A basic principle of radiation protection taken from
the Recommendations of the ICRP, ICRP Publication No.26 (p.3).
alpha-bearing waste. Waste containing quantities of one or more alpha-emitting
radionuclides, usually actinides, above agreed limits. The limits are
established by the national regulatory body.
applicant. The organization that applies for formal granting of a licence to
perform specified activities connected with the nuclear fuel cycle. In waste
management, activities are related to siting, design, construction,
commissioning, operation, shut-down and sealing (with or without subsequent
surveillance) of a waste repository.
authorized limit. Limit set by a national authority for a given radionuclide or
source, or for a given environment.
barrier (natural or engineered). A feature which delays or prevents radionuclide
migration from the waste and/or repository into its surroundings. An
engineered barrier is a feature made by or altered by man; it may be part of
the waste package or part of the repository.
biosphere. That portion o f the earth’s environment inhabited by living organisms.
It comprises parts of the atmosphere, the hydrosphere (ocean, inland waters
and subterranean waters) and the lithosphere. (See also human environment.)
buffer zone. A controlled area surrounding a nuclear installation (e.g. a waste
repository) established to ensure an adequate distance between the installation
and places used by or accessible to the public.

com petent authority. A national authority designated or otherwise recognized as
com petent authority by the Government of a Member State for a specific
purpose. (See also regulatory body.)
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conditioning of waste. Those operations that transform waste into a form suitable
for transport and/or storage and/or disposal. The operations include
converting the waste to a more stable form, enclosing waste in containers,
and providing additional packaging.
confinement (or isolation) of waste. The segregation of radionuclides from the
human environment and the restriction of their release into that environment
in unacceptable quantities or concentrations.
containment. The retention o f radioactive material in such a way that it is
effectively prevented from becoming dispersed into the environment.
continental formations. Those geological formations which occur either beneath
present-day land masses and adjoining large islands or beneath the surrounding
shallow seas.
criteria. Standards on which a decision or judgement may be based. They may be
qualitative or quantitative.
decay, radioactive. A spontaneous nuclear transformation in which particles or
gamma radiation are emitted, or X radiation is emitted following orbital
electron capture, or the nucleus undergoes spontaneous fission.
deep-well injection. The discharge o f liquid wastes via deep wells into permeable
but confined geological formations deep underground to isolate the wastes
from the human environment.
disposal. The emplacement of waste materials in a repository without the
intention o f retrieval.
dose. A general term denoting the quantity of radiation or radiation energy
absorbed by a medium. For specific usage, it must be appropriately
qualified.
fission products. Nuclides produced either by fission or by the subsequent
radioactive decay of the radioactive nuclides thus formed.
fuel cycle. All o f the steps involved in supplying and using fuel materials for
nuclear power reactors, including related waste management operations.
geohydrology. A science that is concerned with the properties, distribution and
movement o f water below the surface of the land (i.e. in the soil and
underlying rocks).
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groundwater. The water which permeates the geological strata of the earth,
filling their pores and fissures. (It excludes water of hydration.)

half-life, radioactive. For a single radioactive decay process, the time required
for the activity to decrease to half its value by that process. (After a period
equal to ten half-lives, the activity has decreased to about 0.1% of its original
value.)
HEPA (High-Efficiency Particulate Air) filters. Filters used for removing sub
micrometre and larger particles from a gaseous stream.

high-level waste, (i) The highly radioactive liquid, containing mainly fission
products, as well as some actinides, which is separated during chemical
reprocessing of irradiated fuel (aqueous waste from the first solvent extraction
cycle and those waste streams combined with it), (ii) Any other waste with
radioactivity levels intense enough to generate significant quantities of heat
by the radioactive decay process, (iii) Spent reactor fuel, if it is declared
a waste. (Note that these definitions are not related to “high-level waste
unsuitable for dumping in the ocean” as used in the London Dumping
Convention.)
host rock or host medium. The geological formation in which the repository is
located.
human environment. Those portions of the earth that are inhabited by humans or
are readily accessible to them.

hydraulic fracturing (hydrofracturing). A process in which fluid is injected into a
geological stratum near a well under pressure to induce artificial fracturing,
thus increasing the permeability of that stratum.

hydrogeology. A science that is concerned with the geological factors relating
to the properties, distribution and movement of water below the surface of
the land (i.e. in the soil and underlying rocks).

hydrology. A science that is concerned with the properties, distribution and
movement of water on the surface of the land, in the soil and underlying
rocks, and in the atmosphere.
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immobilization of waste. Conversion of a waste to a solid form that reduces the
potential for migration or dispersion of radionuclides by natural processes
during storage, transport and disposal.
implementing organization. The organization (and its contractors) that performs
activities in order to select and investigate the suitability of a site for a
nuclear facility, and that undertakes to design, construct, commission,
operate and shut down such a facility.
intermediate-level waste (medium-level waste). Those wastes which, because of
their radionuclide content, require shielding but need little or no provision
for heat dissipation during their handling and transportation. (See also
alpha-bearing waste and long-lived waste for other possible limitations.)
isolation of waste (see confinement of waste).
leaching, (i) Extraction of a soluble substance from a solid by a solvent with
which the solid is in contact, (ii) The term is often used in waste management
to describe the gradual erosion/dissolution of emplaced solid waste or
chemicals therefrom, or the removal of sorbed material from the surface of
a solid or porous bed.

licence. Formal document issued by the regulatory body for major stages in the
development of a nuclear facility defined by regulations permitting the
holder (the implementing organization) to perform specified activities.
long-lived waste. Those wastes that will not decay to acceptable activity
levels in time periods during which administrative controls can be expected
to last.
long-term. Refers to periods of time which exceed the time during which
administrative controls can be expected to last.

low-level waste. Those wastes which, because of their low radionuclide content,
do not require shielding during normal handling and transportation. (See
also alpha-bearing waste and long-lived waste for other potential limitations.)

operating organization. The organization authorized by the regulatory body to
operate the nuclear facility.
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radioactive waste. Any material that contains or is contaminated with radio
nuclides at concentrations or radioactivity levels greater than the ‘exempt
quantities’ established by the com petent authorities and for which there is
no use foreseen.
radionuclide migration. The movement of radionuclides through various media
due to fluid flow and/or by diffusion.
regulatory authority or regulatory body. A national authority or system of
authorities designated by the Government of a Member State as having the
legal authority for conducting the licensing process, for issuing of licences
and thereby for regulating the siting, design, construction, commissioning,
operation, shut-down, decommissioning and subsequent control of nuclear
facilities (e.g. waste repositories) or specific aspects thereof. This authority
could be a body (existing or to be established) in the field of nuclear-related
health and safety or mining safety or environmental protection, vested with
such legal authority, or it could be the Government or a department of the
Government.
repository. The underground facility into which the waste is emplaced for disposal.
repository system. The repository and all its supporting facilities.
safety analysis. The analysis and calculation of the hazards associated with the
implementation of a proposed activity.
safety assessment. The comparison of the results of safety analyses with
acceptability criteria, its evaluation, and the resultant judgements made on
the acceptability of the system assessed.
safety report. A document, required o f the implementing organization by the
regulatory body, containing information concerning a nuclear installation
(e.g. a waste repository), the site characteristics, design, operational procedures,
etc., together with a safety analysis and details of provisions aimed at
reducing the risk to site personnel and to the public. (See also ALARA.)
shallow-ground disposal (e.g. shallow-ground burial). Disposal of radioactive waste,
with or without engineered barriers, above or below the ground surface, where
the final protective covering is of the order of a few metres thick. Some
Member States consider “shallow-ground disposal” to be a mode of storage
rather than a mode o f disposal.
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short-lived waste. Those wastes that decay to acceptable activity levels in
time periods during which administrative controls can be expected to last.
shut-down and sealing. Action taken, after disposal operations have ceased, to
prepare an installation for abandonment or minimum surveillance.
site. The area containing a nuclear installation (e.g. a waste repository) that is
defined by a boundary and which is under effective control o f the implementing
organization.
spent fuel (or irradiated fuel). Nuclear reactor fuel elements which have been
irradiated in a reactor.
spent fuel reprocessing wastes. Wastes o f various types resulting from the
reprocessing of spent fuel.
storage. The emplacement o f waste in a facility, with the intent that it will be
retrieved at a later time.
stratum. A layer of a geological formation that comprises approximately the same
kind of rock material.
underground disposal. Disposal o f waste at an appropriate depth below the ground
surface. This ground surface could be natural or artificially built up.

waste form. The physical and chemical form of the waste (e.g. liquid, in concrete,
in glass, etc.) without its packaging.
waste management. All activities, administrative and operational, that are involved
in the handling, treatm ent, conditioning, transportation, storage and disposal
of waste,
waste package. The waste form and any container(s) and other engineered barriers
(e.g. absorber materials), as prepared for handling, transport, storage and/or
disposal. A container may be a permanent part of the waste package or
may be re-usable (e.g. shielding cask, shock absorbers, etc.) for any waste
management step. The waste package may vary for the different steps in
waste management.
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