
safety series
No.99
IAEA SAFETY STANDARDS

Safety Principles
and Technical Criteria
for the Underground Disposal
of High Level
Radioactive Wastes

INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1989

This publication is no longer valid 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



CATEGORIES OF IAEA SAFETY SERIES

From 1978 onwards the various publications in the Safety Series are divided into
four categories, as follows:

(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 of Governors on 25 February 1976 and set
forth in IAEA document INFCIRC/18/Rev. 1. They are issued under the
authority of the Board of 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
by the wide red band on the lower 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 of the Director
General of the Agency. The covers are distinguished by the wide green band
on the lower half.

(3) Recommendations. Publications in this category, containing general
recommendations on safety practices, are issued under the authority of
the Director General of the Agency. The covers are distinguished by the
wide brown band on the lower 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 of the Agency. The
covers are distinguished by the wide blue band on the lower half.

Note: The covers of publications brought out within the framework of the
NUSS (Nuclear Safety Standards) Programme are distinguished by the wide
yellow band on the upper half.

This publication is no longer valid 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



SAFETY PRINCIPLES
AND TECHNICAL CRITERIA

FOR THE UNDERGROUND DISPOSAL
OF HIGH LEVEL RADIOACTIVE WASTES

This publication is no longer valid 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



The following States are Members of the International Atomic Energy Agency:

AFGHANISTAN

ALBANIA

ALGERIA

ARGENTINA

AUSTRALIA
AUSTRIA

BANGLADESH
BELGIUM

BOLIVIA

BRAZIL
BULGARIA

BYELORUSSIAN SOVIET

SOCIALIST REPUBLIC

CAMEROON
CANADA

CHILE
CHINA

COLOMBIA

COSTA RICA
COTE D'lVOIRE

CUBA
CYPRUS

CZECHOSLOVAKIA

DEMOCRATIC KAMPUCHEA

DEMOCRATIC PEOPLE'S

REPUBLIC OF KOREA

DENMARK

DOMINICAN REPUBLIC

ECUADOR

EGYPT

EL SALVADOR

ETHIOPIA

FINLAND

FRANCE

GABON
GERMAN DEMOCRATIC REPUBLIC
GERMANY, FEDERAL REPUBLIC OF
GHANA

GREECE

GUATEMALA

HAITI

HOLY SEE

HUNGARY

ICELAND
INDIA

INDONESIA

IRAN, ISLAMIC REPUBLIC OF

IRAQ

IRELAND

ISRAEL
ITALY

JAMAICA

JAPAN

JORDAN
KENYA

KOREA, REPUBLIC OF

KUWAIT

LEBANON

LIBERIA

LIBYAN ARAB JAMAfflRIYA

LIECHTENSTEIN

LUXEMBOURG

MADAGASCAR

MALAYSIA
MALI

MAURITIUS

MEXICO

MONACO
MONGOLIA

MOROCCO

MYANMAR

NAMIBIA

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

SWITZERLAND

SYRIAN ARAB REPUBLIC

THAILAND

TUNISIA

TURKEY

UGANDA

UKRAINIAN SOVIET SOCIALIST

REPUBLIC

UNION OF SOVIET SOCIALIST

REPUBLICS

UNITED ARAB EMIRATES

UNITED KINGDOM OF GREAT

BRITAIN AND NORTHERN

IRELAND

UNITED REPUBLIC OF
TANZANIA

UNITED STATES OF AMERICA

URUGUAY

VENEZUELA

VIET NAM

YUGOSLAVIA

ZAIRE

ZAMBIA

ZIMBABWE

The Agency's Statute was approved on 23 October 1956 by the Conference on the Statute of the

IAEA held at United Nations Headquarters, New York; it entered into force on 29 July 1957. The Head-

quarters of the Agency are situated in Vienna. Its principal objective is "to accelerate and enlarge the

contribution of atomic energy to peace, health and prosperity throughout the world".

© IAEA, 1989

Permission to reproduce or translate the information contained in this publication may be

obtained by writing to the International Atomic Energy Agency, Wagramerstrasse 5, P.O. Box 100,

A-1400 Vienna, Austria.

Printed by the IAEA in Austria

November 1989

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



SAFETY SERIES No. 99

SAFETY PRINCIPLES
AND TECHNICAL CRITERIA

FOR THE UNDERGROUND DISPOSAL
OF HIGH LEVEL

RADIOACTIVE WASTES

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA, 1989

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

SAFETY PRINCIPLES AND TECHNICAL CRITERIA
FOR THE UNDERGROUND DISPOSAL

OF HIGH LEVEL RADIOACTIVE WASTES
IAEA, VIENNA, 1989

STI/PUB/854
ISBN 92-0-123989-0

ISSN 0074-1892

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



FOREWORD

Safety Principles and Technical Criteria for the Underground Disposal of High
Level Radioactive Wastes have been prepared with the aim of providing IAEA Mem-
ber States with basic guidance on protection of humans and the environment from
the hazards associated with deep geological disposal of high level radioactive wastes.

The present publication reflects the need, often expressed by Member States,
for internationally harmonized criteria for the safe underground disposal of high
level radioactive wastes. It sets out a basic safety philosophy for use in planning such
disposals, the main objective of which is the isolation of the radioactive wastes from
the human environment for considerable periods of time. The basic requirements for
the protection of humans arise directly from radiation protection principles extended
so as to deal with events and processes that can occur in a deep underground reposi-
tory in the far future. Technical criteria regarding the waste, the repository and its
environs are also specified as a basis for assuring compliance with the safety
principles.

In the preparation of this publication account was taken of the recommenda-
tions of other international bodies, in particular the International Commission on
Radiological Protection (ICRP) and the OECD's Nuclear Energy Agency (NBA), on
criteria for radioactive waste disposal. The safety principles contained in this book
are generally consistent with the recent recommendations of these two bodies.

A first draft of the present text was prepared at a Consultants Meeting in 1985.
This was reviewed in two Advisory Group Meetings in 1985 and 1986 and by the
Technical Review Committee on Underground Disposal of Radioactive Wastes
(TRCUD) in 1987. The draft was further revised following comments received from
Member States during 1988 by Z. Dlouhy and G.S. Linsley of the IAEA's Division
of Nuclear Fuel Cycle and Waste Management.
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1. INTRODUCTION

1.1. Background

Radioactive wastes arise from nuclear fuel cycle operations for the generation
of electricity and from other activities in which radioactive materials are used. Ioniz-
ing radiation is recognized as a potential hazard to human health, and there is there-
fore a common concern in all countries that radionuclides from the wastes must not
enter the environment in concentrations or quantities that would cause unacceptable
health hazards.

Spent nuclear fuel (if disposed of as a waste), the highly radioactive wastes
from reprocessing spent nuclear fuel, and other wastes with similar characteristics
are referred to as high level radioactive wastes. They contain high concentrations of
certain radionuclides that will remain radioactive for periods of time much longer
than human lifetimes. The long times required to develop disposal systems imply that
safety principles and criteria are needed now to guide the initial stages of site selec-
tion and disposal system design.

An important principle underlying the planning of high level waste repositories
should be that no unacceptable burden is to be inflicted upon future generations. In
this regard, the responsibility for disposal should be borne by the society which has
derived the direct benefits from the nuclear fuel cycle operations which generated
the waste. The design of the waste disposal system should be such as to avoid
economic, administrative or other problems after the time when control of the reposi-
tory is relinquished.

The special attention that has been devoted to considering potential problems
for future generations is an important feature of the developing policies for radioac-
tive waste management. However, it should be recognized that in the disposal of
non-radioactive wastes from many other industrial and agricultural activities the
protection of future generations and the environment must also be considered. Many
chemical wastes may be rendered harmless by using chemical methods, but, unlike
radioactive wastes, whose potential hazards decay with time, some types of chemical
wastes remain toxic for all time.

It is recognized that radioactive waste disposal is only one, albeit the final, step
in the sequence of operations in the nuclear fuel cycle that give rise to radiation
exposure. All these operations should comply with the Basic Safety Standards for
Radiation Protection adopted by the IAEA (Safety Series No. 9, 1982 Edition) and,
accordingly, each one must be optimized; this also applies to the nuclear fuel cycle
system as a whole in order that radiation exposures are kept as low as reasonably
achievable.

1
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1.2. Objectives

The main objective of this book is to set out an internationally agreed set of
principles and criteria for the design of deep underground repositories for the
disposal of high level radioactive wastes.

To the extent possible at this stage in the development of high level radioactive
waste repositories, and recognizing the technical differences of approach in Member
States, the aim is towards achieving harmonization of the philosophical basis for their
design.

The safety principles and technical criteria are intended to form a common
basis for the subsequent development of more detailed and quantitative performance
standards, some of which may need to be site specific in nature.

1.3. Scope

The safety principles and technical criteria have been developed with particular
regard to the post-closure period of high level waste repositories located deep under-
ground. This publication sets out the basic design objectives for underground high
level radioactive waste repositories such that humans and the human environment
will be protected after the closure of the repository and for the long time periods for
which the wastes remain hazardous. It establishes principles for the protection of
future generations and quantifies the level to which they should be protected. Finally,
it provides guidance on the technical aspects of repository design such that the princi-
ples may be complied with.

The book is concerned with the post-closure period. Consideration of the
operational requirements which must be met when wastes are being handled, stored
and emplaced are not therefore included.

This book does not address the need for, nor the form or content of, any
retrievability requirements that might be appropriate, either during the period of
waste emplacement or during a subsequent testing or observation period prior to final
sealing of the repository.

Because the text was developed with particular regard to disposal of high level
wastes in deep underground repositories, these safety principles and technical
criteria are not necessarily suitable for disposal of other types of wastes or for
disposal of high level wastes by other means such as sub-sea-bed emplacement.

1.4. Structure

The book begins with a set of definitions considered necessary to provide a
proper understanding of the text (Section 2). Next, the safety principles and technical
criteria are presented as two separate groups. In the first group are the basic safety
principles, including those that arise directly from radiological protection principles
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(Section 3). The second group covers some basic technical criteria related to the
waste, the repository and the environment (Section 4). Two further criteria are
concerned with assurance of compliance of the disposal systems with the safety
objectives (Section 5). The final sections contain a discussion of the long time-scale
aspects of high level waste disposal (Section 6) and a bibliography of important
reports in the subject area. The order of presentation of the principles and criteria
within the text does not indicate their relative importance.

2. DEFINITIONS

The following definitions are included to assure proper understanding and
interpretation of the key terms used in this book. Some of the terms have been
defined in a sense relating specifically to the context of disposal of high level wastes
in deep underground repositories; others in the sense in which they are commonly
used in the radioactive waste management field.

Barrier (natural or engineered)

A feature which delays or prevents radionuclide migration from the waste
and/or repository into its surroundings. Natural barriers are, in the case of deep
geological repositories, represented by the host rock and the surrounding geological
formation. An engineered barrier is a feature made by or altered by humans; it may
be a part of the waste package and/or part of the repository.

Burden

In this book the term burden means the (1) financial costs, (2) administrative,
research and other resource commitments, and (3) radiological, social and other
impacts which society must provide or endure in connection with disposal of radioac-
tive wastes. Burden does not have the meaning formerly used in radiation protection
terminology and thus is not limited to the quantity of radioactive substances carried
within a human body or organ.

Conditioning of waste

Those operations that transform waste into a form suitable for transport and/or
storage and/or disposal. The operations may include converting the waste to another
form, enclosing the waste in containers, and providing additional packaging.

Confinement (or isolation)

The segregation of radionuclides from the human environment and the
prevention of their release into that environment in unacceptable quantities or
concentrations.
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Containment

A term signifying either (1) the confinement of radioactive material in such a
way that it is prevented from being dispersed into the environment or is only released
at a specified rate, or (2) the device used to effect such confinement.

Critical group

For a given radiation source, the members of the public whose exposure is
reasonably homogeneous and is typical of individuals receiving the highest effective
dose equivalent or dose equivalent (whichever is relevant) from the source.

Criticality

The conditions in which a system is capable of sustaining a nuclear chain
reaction.

Deterministic analysis

A technique for studying a system's behaviour using the laws of science and
engineering whereby all system parameters, events and features are deterministically
(as opposed to probabilistically) defined.

Disposal system

A combination of a geological environment, a repository and waste packages
emplaced within the repository, without the intention of retrieval.

Dose

Throughout this book the term 'dose' is used to denote the sum of the effective
dose equivalent resulting from external exposure during one year and the committed
effective dose equivalent from that year's intake of radionuclides.

Dose limit

In this book dose limit means the primary dose limit for individual members
of the public. It is the limit for the total dose from all artificial sources (exposures
of medical patients excluded). The value recommended in the Basic Safety Standards
for prolonged exposures is 1 mSv in a year.

Dose upper bound

A dose level established by a competent authority, to apply to the dose contri-
bution to individuals from any specific single source or practice. It should be selected
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so that the envisaged total of sources, present and future, will not cause doses above
the primary limits.

High level waste

(1) The highly radioactive materials, containing mainly fission products, as well
as some actinides, which are separated during chemical reprocessing of irradi-
ated fuel;

(2) Spent reactor fuel, if it is declared a waste;
(3) Any other waste with a radioactivity level comparable to (1) or (2).

Host rock

A geological formation in which a repository could be located.

Institutional control

Control by an authority or institution designated under the laws of a country
or State. This control may be active (monitoring, surveillance, remedial work) or
passive (land use control).

Multibarrier system

A system using two or more independent barriers to isolate the waste from the
human environment. These can include the waste form, the container (canister),
other engineered barriers and the host rock medium and its environment.

Near field region

The excavated repository including the waste package, backfills or sealing
materials, and those parts of the host rock whose characteristics have been or could
be altered by the repository or its content.

Optimization

As used in radiation protection practice, the process of reducing the expected
health effect deriving from radiation exposure of a population, through the use of
protective measures, to a level as low as reasonably achievable, economic and social
factors being taken into account.

Post-sealing period

The period after a waste repository has been shut down and sealed.
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Probabilistic analysis

A statistical analysis technique for studying the expected behaviour of a system
with parameters whose values are uncertain, with events whose occurrences are
random, and with features which may or may not be present.

Quality assurance

Planned and systematic actions necessary to provide adequate confidence that
an item, facility or person will perform satisfactorily in service.

Radionuclide migration

The movement of radionuclides through various media due to fluid flow and/or
by diffusion.

Repository

A facility or designated site for storage or disposal of radioactive wastes.

Risk

In this book risk denotes the probability of a health effect for an individual or
his or her descendants. It is equal to the product of the probability of exposure at
a particular annual dose rate, and the probability of a health effect arising from that
annual dose.

Validation of a model

Validation is a process carried out by comparison of predictions with indepen-
dent field observations and experimental measurements. A model cannot be consid-
ered validated until sufficient testing has been performed to ensure an acceptable
level of predictive accuracy.

Waste form

The physical and chemical form of the waste (e.g. liquid, incorporated in
concrete or glass) without its packaging.

Waste package

The waste form and any container(s) as prepared for handling, transportation,
storage and/or disposal. A cask or overpack may be a permanent part of the waste
package or it may be reusable for any waste management step.

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



3. SAFETY PRINCIPLES

The two overlying objectives of underground disposal of high level radioactive
wastes are:

— to isolate high level wastes from the human environment over long time-scales
without relying on future generations to maintain the integrity of the disposal
system, or imposing upon them significant constraints due to the existence of
the repository (RESPONSIBILITY TO FUTURE GENERATIONS); and

— to ensure the long term radiological protection of humans and the environment
in accordance with current internationally agreed radiation protection princi-
ples (RADIOLOGICAL SAFETY).

To meet these two objectives, the following safety principles are formulated.

3.1. Responsibility to future generations

3.1.1. Principle No. 1: Burden on future generations

The burden on future generations shall be minimized by safely disposing of high
level radioactive wastes at an appropriate time, technical, social and economic
factors being taken into account.

The radionuclide content of all radioactive wastes decreases naturally with
time. Interim storage has a useful role for wastes with short lived radionuclides,
although this may imply additional radiation exposures during the interim storage
period and continuing financial and other commitments. Disposal of appropriately
conditioned wastes reduces the burden on future generations and avoids further
occupational radiation exposures.

Since the present generations benefit directly from their exploitation of nuclear
energy, it is reasonable that they should bear the financial burden of waste disposal.

The timing of disposal of high level wastes, however, will be decided by
national authorities in the light of a number of technical and socioeconomic factors.
These include the availability of reprocessing services, the availability and develop-
ment of suitable repository sites, the technical advantages to be gained from cooling
during interim storage and, in the case of spent fuel, a desire not to discard prema-
turely constituents that might be useful to future generations.

3.1.2. Principle No. 2: Independence of safety from institutional control

The safety of a high level waste repository in the post-sealing period shall not
rely on active monitoring, surveillance or other institutional controls or remedial
actions after the time when the control of the repository is relinquished.
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Principle No. 1 concerning the minimization of burdens on future generations
also implies that these generations should not have to take any action to protect them-
selves from the effects of waste disposal. Records are expected to be kept and
monitoring may be carried out, for instance, as required by national authorities, but
the safety of the repository should not rely on these measures.

3.1.3. Principle No. 3: Effects in the future

The degree of isolation of high level radioactive wastes shall be such that there
are no predictable future risks to human health or effects on the environment that
would not be acceptable today.

This safety principle is derived from concern for future generations. In accor-
dance with the Basic Safety Standards for Radiation Protection of the IAEA, the risks
to future individuals should be limited on the same basis as are those to individuals
living now. Therefore, the level of protection to be afforded to future individuals
should not be less than that provided today.

Deep underground disposal in a variety of different geological formations can
provide a very long period of isolation for wastes; it can minimize the probability
of inadvertent intrusion and it can prevent the release of radionuclides, or limit its
rate, even in the far future.

Although the principal objective of radiation protection is the achievement and
maintenance of appropriately safe conditions for activities involving human
exposure, the level of safety required for the protection of all human individuals is
thought likely to be adequate to protect other species, although not necessarily
individual members of those species. In the case of disposal of high level waste deep
underground, if humans are adequately protected as individuals then other living
species are also likely to be sufficiently protected.

3.1.4. Principle No. 4: Transboundary considerations

As a basic principle, policies and criteria for radiation protection of popula-
tions beyond national borders from releases of radioactive substances should not be
less stringent than those for the population within the country of release.

Where high level waste disposal could give rise to radiation exposures beyond
the frontiers of the country where the disposal takes place, this safety principle has
to be applied.

3.2. Radiological safety

Although the objective of the waste repository is to isolate radioactive wastes
from humans, it is recognized that there are mechanisms which at some distant time
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or at some low probability can result in the release of radionuclides. These have to
be considered in safety analyses of the repository and it is necessary, therefore, to
have radiological and risk criteria against which the results of such safety analyses
may be judged.

The mechanisms of radionuclide release from a disposal site are not the same
for all environments, but generally the primary cause is likely to be degradation of
conditioned waste and its container by water followed by transfer and dispersal of
the radionuclides by movement of groundwater, modified by reconcentration
processes. These mechanisms are referred to here as 'gradual' release processes
since they normally lead to a reasonably predictable radiation exposure pattern in
space and time.

Gradual release processes are considered to include all evolutionary processes
affecting the disposal, whether they be connected with repository construction,
operation and sealing, or with predictable natural phenomena such as erosion, verti-
cal movements, etc. Changes in groundwater movement can be one consequence of
the initiating events.

Other possible processes are not gradual but occur as random events and may
have a disruptive effect on the repository and its environment. Processes such as seis-
mic and tectonic phenomena which modify water flows could be important consider-
ations for disposal in some geological formations, and future human activities such
as drilling and mineral exploitation could have direct and indirect influences on some
repositories. Disruptive processes could, in some situations, dominate the overall
safety assessment of disposal. Usually they are examined using probabilistic tech-
niques, although it is noted that in some countries seismic phenomena are treated in
a deterministic manner.

The following Principles Nos 5 and 6 are intended to apply to gradual release
processes and disruptive processes, respectively. However, it is important to recog-
nize that the principles are linked and have the same overall basis when expressed
in terms of risk to an individual.'

3.2.1. Principle No. 5: Dose upper bound

For releases from a repository due to 'gradual'processes, the predicted annual
dose to individuals of the critical group shall be less than the dose upper bound

1 Observation by the delegation of the United States of America to the Agency's
Board of Governors. "This document uses the ICRP Publication 26 mortality risk coefficient
of 0.01 per sievert. A significant revision of this risk coefficient may be issued by the ICRP
in 1990. If a revised coefficient is promulgated, it should be considered in the preparation of
national standards and the document revised accordingly. The document does not address
alternative standard forms such as release quantity limits which might be used by Member
States in conjunction with individual exposure limits."
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apportioned by national authorities from the relevant individual dose limits which
currently correspond to an annual average dose value of 1 mSv for prolonged
exposures.

This principle follows from the policy of the IAEA, as stated in its Basic Safety
Standards for Radiation Protection (Safety Series No. 9, 1982 Edition) in following
the recommendations of the ICRP.

The application of individual dose limits to the doses that occur as a result of
gradual release processes is the same as for releases from other types of nuclear facil-
ities. Two basic requirements are involved. First, the critical group, i.e. the
members of the public whose exposure is reasonably homogeneous and is typical of
individuals receiving the highest dose, must be identified. Secondly, the overall
disposal system must provide assurance that the average dose in the critical group
will not exceed the dose limit, taking into account possible exposures from other
sources, including other repositories but excluding medical and natural sources. This
allowance for other sources can be formalized by using a dose upper bound for that
source rather than the dose limit which applies to the dose received by an individual
from all sources. The dose upper bound is also intended to apply to the average dose
in the critical group whether this occurs now or in the future (see IAEA Safety
Series No. 77, 1986, for a fuller discussion).

The identification of the most highly exposed groups in the future becomes
increasingly difficult with time. The dose upper bound may therefore need to be
applied to hypothetical individuals who could live where exposures are likely to be
greatest. In defining the habits of these hypothetical individuals, it may be assumed
that their basic nutritional requirements and lifestyles are the same as those of people
today.

The dose upper bound that serves as the design constraint for the repository
should therefore be established taking account of doses from global, regional and
other local sources, and reserving a prudent fraction of the dose limit for potential
future sources, e.g. future practices involving radiation exposure such as future uses
of nuclear energy and other nuclear technologies.

3.2.2. Principle No. 6: Risk upper bound

The level of safety of a repository for high level radioactive wastes shall be such
that the predicted risk of a health effect in a year from a repository to an individual
of the critical group from disruptive events not covered by Principle No. 5 is less than
a risk upper bound apportioned by national authorities from an individual limit of
risk of health effects of one in a hundred thousand per year.

It has become clear during the development of safety assessments for high level
waste disposal that unlikely events described as disruptive processes earlier in this
section, and their consequences, should be considered.

10
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The judgement that is made as to the level of risk that should not be exceeded
is that the risk upper bound from events not covered by the use of a dose upper bound
should be no greater than the risk from doses at the dose upper bound.

The restriction of doses over a lifetime to 1 mSv per year on average implies
a constraint of the average annual risk to a level of about 10 ~5. The ICRP has
suggested that it seems reasonable to restrict the risk in a year to an individual of
the critical group from events which are not covered by the use of a dose upper
bound, so that it is also at a level of about 1(F5 (see ICRP Publication 46 (1985)
for a more complete discussion of this subject).

The implication of this principle is that risks of health effects from events that
are highly improbable will be very small compared to any risk upper bound, and
analysis of such events need not be included in a risk assessment for a repository.2

3.2.3. Principle No. 7: Additional radiological safety

All radiation exposures that may result from the disposal of high level radioac-
tive wastes shall be as low as reasonably achievable, economic and social factors
being taken into account. The dose and risk upper bounds as defined in Principles
Nos 5 and 6 shall be overriding constraints.

While the specification of upper bounds of dose and risk serves to ensure the
required level of safety for an individual, it is recommended that all exposures should
be as low as reasonably achievable below the upper bounds.

This recommendation is sometimes implemented in other radiation protection
activities by a rigorous analysis of available alternatives to achieve an optimal
balancing of radiological impacts, economic costs, and other factors. The principle
that exposures should be kept as low as reasonably achievable remains valid for
geological disposal of high level wastes, but application of the principle requires
special considerations.

Many factors affect the siting and design of a high level waste repository,
including other operations within the waste management system, costs, social and
environmental effects and political considerations, as well as radiological effects.
The alternatives available when disposing of high level waste in a geological reposi-
tory are likely to be quite limited. Fundamental decisions, including whether to
reprocess spent fuel, and many aspects of site selection, may be made on the basis
of social or institutional concerns. The major problem is that the uncertainties in

2 In some Member States, the preferred approach is to use only a radiation dose based
criterion together with a qualitative statement about the probability of various release
scenarios. In this case the scenarios considered in formal safety analyses are limited to those
judged to be realistic or reasonable and comparisons are made with an annual dose upper
bound.
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projecting radiological impacts may be quite large. Therefore, it is difficult to apply
fully the requirement to keep doses as low as reasonably achievable in deciding
between available options for the waste disposal system. Also, a formal optimization
considering future radiological impacts but using present costs is not entirely justi-
fied. Within the scope of this book, which is primarily concerned with the long term
safety of a high level waste repository, the application of this principle may be quite
limited.

Despite these difficulties, the principle of keeping doses as low as reasonably
achievable should be followed throughout the processes of site selection, waste
conditioning and repository design. Usually it will be necessary to do so in a qualita-
tive manner, making significant use of engineering judgement rather than rigorous
analyses of repository impacts. In particular cases, a decision making methodology,
such as multiattribute analysis, may be helpful for distinguishing between
alternatives.

4. TECHNICAL CRITERIA

As a supplement to the basic safety principles for the underground disposal of
high level wastes the following technical criteria are specified. They establish a tech-
nical basis for assuring compliance with the safety principles.

4.1. Criterion No. 1: Overall systems approach

The long term safety of high level radioactive waste disposal shall be based on
the multibarrier concept, and shall be assessed on the basis of the performance of
the disposal system as a whole.

The entire disposal system consists of various components, such as the waste
form, the containers, the backfill material, the repository, the host rock, and the
surrounding geological formations. Because high level wastes present a potential
hazard for very long times and because the difficulty of long term predictions may
lead to large uncertainties, it is necessary that the safety of waste disposal does not
rest on one single component or barrier, but rather on the combined performance
of several barriers. If a barrier fails to perform as designed, then the overall system
should still be sufficient to meet the safety objectives.

The overall systems approach incorporates the idea that in the final analysis
it is only the performance and safety of the disposal system as a whole at any given
time in the future that has to be assured rather than the performance of all the
individual components. This approach offers great flexibility to the designer of a
disposal system because a weakness in one barrier may be compensated for by the
containment capability of other barriers. The overall systems approach thus makes

12

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



it possible to adapt the geological disposal concept to a variety of high level waste
forms and packages and to a variety of geological situations which are often different
from country to country.

It is nevertheless recognized that the geological barrier plays the major role in
assuring long term safety. Its function may be inferred from natural evidences of the
long term containment provided by many types of geological formation.

This book does not specify minimum levels of performance to be achieved by
individual barriers. National authorities may find it prudent to specify such perfor-
mance levels in order to permit the timely design and development of certain
engineered barriers.

4.2. The waste

4.2.1. Criterion No. 2: Radionuclide content

Waste acceptance criteria shall be established for radionuclide content consis-
tent with assumptions made in the repository design.

The radionuclide content is the source term for possible radionuclide release.
It is therefore necessary that acceptance criteria for the radionuclide content be estab-
lished in order to assure compliance with the assumed source term values on which
the repository design relies.

4.2.2. Criterion No. 3: The waste form

High level radioactive wastes to be emplaced in a repository shall be in a solid
form with chemical and physical properties favouring the retention of radionuclides
and appropriate to the disposal system.

During an initial period after emplacement the outer container or other barriers
can be relied upon to prevent water ingress. Thereafter the waste form and its
surroundings will govern the releases to the geological formation. Thus, it is essen-
tial that the wastes are in a form which in combination with the repository and the
host rock retards the release of radionuclides.

4.3. The repository

4.3.1. Criterion No. 4: Initial period of isolation

A high level waste disposal system shall be designed in a way that aims at
substantially complete isolation of radionuclides for an initial period of time.
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Substantially complete isolation of high level radioactive wastes cannot be
maintained indefinitely. The initial period of time during which a high degree of
isolation is necessary will depend on the type of waste and its decay characteristics
as well as on the properties of the overall disposal system.

After the initial period of substantial isolation, barriers inherent in the host
rock and surrounding formations become of increasing importance.

4.3.2. Criterion No. 5: Repository design and construction

A high level radioactive waste repository shall be designed, constructed,
operated and closed in such a way that the post-sealing safety junctions of the host
rock and its relevant surroundings are preserved.

In the early stage of site confirmation and later during the construction and
closure of a repository, special attention should be given to the techniques used and
to the execution of fieldwork so that the isolation capabilities of the site will be
diminished as little as possible. The consequences of disturbances caused during
these operations should be assessed with regard to their safety implications.

The impact of the wastes and any engineered structure emplaced in the reposi-
tory on the characteristics of the hydrogeological environment should not impair
those properties of the host rock which are relevant to safety.

4.3.3. Criterion No. 6: Nuclear criticality

The high level radioactive waste repository shall be designed and the waste
emplaced such that any fissile material remains in a subcritical configuration.

Some high level wastes may contain quantities of fissile materials sufficient to
achieve nuclear criticality if improperly emplaced. It is therefore important that the
repository is designed so as to avoid critical configurations.

Subcritical geometry is achieved by effective dilution of fissile materials
during conditioning of the waste and/or by providing the necessary distance between
waste packages containing fissile material. Where leaching and subsequent accumu-
lation of fissile materials could occur, adequate consideration should be given to
prevent criticality.

4.4. The site

4.4.1. Criterion No. 7: Site geology

The repository shall be located at sufficient depth to protect adequately the
emplaced waste from external events and processes, in a host rock having properties
that adequately restrict the deterioration of physical barriers and the transport of
radionuclides from the repository to the environment.
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The location of the waste repository is of great importance to its long term safe
functioning. The size of the selected host medium shall be large enough to accommo-
date the repository and that part of the surrounding medium which is necessary for
safety.

The most likely way radionuclides can migrate from the repository to the
biosphere is by groundwater transport. For that reason, special emphasis must be
placed on the hydrogeological and geochemical properties of the host medium to
restrict nuclide transport by groundwater. The possibility of tectonic, seismic and
other disturbances which can create new paths for the transport of radionuclides shall
also be carefully evaluated.

4.4.2. Criterion No. 8: Consideration of natural resources

The repository site shall be selected, to the extent practicable, to avoid prox-
imity to valuable natural resources or materials which are not readily available from
other sources.

Two considerations argue against locating a repository near valuable, or poten-
tially valuable, natural resources. First, future generations will exploit natural
resources for their own benefit. Location of a repository near such resources might
preclude future use of those resources, or might require burdensome remedial
actions to be taken to avoid disrupting the repository.

The second, and more important, consideration involves the possibility that in
the future, when the institutional control ceases, the knowledge of the repository
location might not be available to an individual or society seeking to develop natural
resources. In this case, inadvertent intrusion into a repository could reduce its
integrity, leading to release of radionuclides to the environment.

5. ASSURANCE OF COMPLIANCE WITH THE
SAFETY OBJECTIVES

5.1. Criterion No. 9: Safety assessment

Compliance of the overall disposal system with the radiological safety objec-
tives shall be demonstrated by means of safety assessments based on models that are
validated as far as possible.

It is recognized that the long term safety of a high level radioactive waste
disposal system cannot be demonstrated directly. However, it can be indirectly
demonstrated by evaluation using predictive analyses based on technical and scien-
tific data. Demonstration of compliance with numerical safety criteria therefore
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involves safety assessment and comparison of the results of the assessment with the
criteria.

Both deterministic and probabilistic analysis techniques may be used for safety
assessment purposes. These methodologies are not mutually exclusive, and in prac-
tice a comparative analysis with both techniques is likely.

The health risks from disruptive events which might constitute a significant
fraction of the total health risks from waste disposal should be assessed.

In safety assessments aimed at comparisons of several different design
approaches, realistic scenarios, models and input data should be applied. Models to
be used should be validated as far as possible against evidence from laboratory tests
and field observations including natural analogues and site investigations whenever
practicable.

Estimating the probability of occurrence of random events is difficult and only
very approximate values may be readily obtainable. In these cases, upper limits to
such estimates should be used initially in assessments; refined estimates are only
needed if such events prove to be limiting.

More detailed information about safety and performance assessment method-
ologies and model validation is included in two specialized IAEA publications
(Safety Series Nos 56 and 68).

5.2. Criterion No. 10: Quality assurance

A quality assurance programme for components of the disposal system and for
all activities from site confirmation through construction and operation to closure of
the disposal facility shall be established to ensure compliance with relevant standards
and criteria.

The programme should contain provision to ensure identification of, and
compliance with, requirements of appropriate recognized engineering and mining
codes and regulations, standards, specifications and practices.

The programme should also define the organizational structure for implement-
ing the quality assurance activities and should clearly delineate the responsibility and
authority of the various personnel and organizations involved in selecting the level
of quality assurance required and ensuring that the quality assurance programmes are
followed.

6. OTHER CONSIDERATIONS

6.1. Long time-scale aspects

As expressed by Principle No. 3, the individual dose and risk upper bounds
applicable today should in principle be sustained indefinitely without a cut-off time
to respect our responsibility for protection of human descendants. However,
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assurance of compliance with this principle over long time-scales introduces difficul-
ties arising from uncertainties due to changes in environmental conditions and living
habits of future populations.3

Describing the environmental conditions for the human species in the future
becomes more and more speculative when the periods considered are tens of thou-
sands of years from now. For example, glacial episodes have occurred in a cyclical
fashion, and the next ice age may appear within about 10 000 years from now.
Significant changes in the biosphere will undoubtedly occur through these periods.
The detailed environmental conditions and nutritional needs of individuals in the
distant future may be different from those of today.

Since neither the location nor the characteristics of human individuals in the
far future can be predicted, dose and risk assessments, in the absolute sense, may
not be meaningful for periods longer than a few thousand years. This does not imply
that the assessments for such long time periods should not be made but it indicates
that other independent means may be needed to reinforce the conclusions of the dose
and risk assessments as they enter the period of increasing uncertainty.

One means may be to give assurance that the repository is not going to cause
significant change to the radiation environment of the future population. The dose
upper bound and risk upper bound are less than annual doses from natural back-
ground. Therefore, if the doses and risks from a high level waste repository to
individuals in the far future who are assumed to have our characteristics and our
nutritional needs are less than the respective upper bounds, then there is the assur-
ance that doses from the environment of any future individual are not going to be
appreciably changed by a contribution from the repository.

An additional means of assurance may be to compare far future concentrations
or releases of radionuclides from the repository into the environment with concentra-
tions or releases from natural sources such as the upper part of the earth's crust, the
toxicity of different radionuclides being taken into account in the comparison.

3 Some national authorities have considered it appropriate to introduce a cut-off in
time for use in the implementation of Principles No. 5 (dose upper bound) and No. 6 (risk
upper bound).
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