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Abstract

Safety assessments (SA) are a familiar tool for the evaluation of disposal concepts for
radioactive waste. There is, however, often confusion in the wider community about the
aims, methods and results used in SA.

This report aims to present the HI2 SA in a way that makes the assessment process
clearer and the implications of the results more meaningful both to workers within the
SA field and to a wider technical audience. The reasonableness of the assessment results,
the quality of the models and databases and redundancy within the natural and
engineered barrier system have been considered.

A number of recent and somewhat older SAs that address a range of different waste
types, host rocks and disposal concepts have been considered, and comparisons made to
HI12.

A further aim is to put both doses and timescales in a more meaningful context. It has
been necessary to:

e consider ways of demonstrating the meaningfulness of calculations that give
results for many thousands of years in the future;

e provide a framework timescale as a context for SA results over long times;

e demonstrate the smallness of the risk associated with the doses by comparison
with other radiological and non-radiological risks.

The perception of risk, which is a critical issue for public acceptance of radioactive
waste disposal and must be considered when seeking to present safety assessment
results 'in perspective' to a wider audience, is also discussed.

It is concluded that H12 is comparable in many ways to assessments carried out
internationally. Some assumptions are somewhat arbitrary reflecting the generic stage of
the Japanese programme, and are likely to become better founded in future exercises.
Nevertheless, H12 provides a clear and well-founded message that it is feasible to site
and construct a safe repository from HLW in Japan

This work was performed by the National Cooperative for the Disposal of Radioactive
Waste (Nagra) as part of a collaborative study under a Bilateral Arrangement between
Nagra and Japan Nuclear Cycle Development Institute (JNC) in the Field of
RadioactiveWaste Management.

* Neall Consulting, Gavirate, Italy

** SAM (Safety Assessment Management), North Berwick, UK
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1 INTRODUCTION
F.B. Neall
1.1 Background and aims

For those working within the field of radioactive waste disposal, safety assessments
(SA) are a familiar tool for the evaluation of disposal concepts and potential repository
sites. However, for those outside this group, whether in the scientific community or
wider general public, there is often confusion about the aims, methods and results of
safety assessment. In particular, there is a common perception that safety assessments
seek to predict radiation doses over timescales of a million years or more. This is seen
as fundamentally impossible, which undermines confidence in the implementing
organisation and increases resistance to waste disposal programmes.

Therefore, the overall aim of this report is to present the H12 safety assessment in a way
which makes the safety assessment process clearer and the implications of the results
more meaningful both to workers within the SA field and to a wider technical audience.

This necessitates considering H12 and its results in a number of different ways to
demonstrate:

> The reasonableness of the results:

> Are the results comparable with results from other SAs of similar systems?

» Are the results consistent with expectations arising from studies of natural
systems?

> Confidence in the results of the assessment by showing that models and databases
used are state of the art
> Requires comparison with other recent SAs
> Redundancy within the natural and engineered barrier system (EBS):
> Demonstration that safety is not dependent on the performance of a single part of
the disposal system EBS.

The safety assessments used for comparisons addressing the first two aspects, above,
include recent assessments from:

> Finland (TILA 99: Posiva, 1999)
> Sweden (SR 97: SKB, 1999a; SITE 94: SKI, 1996)
> Spain (ENRESA 97: Enresa, 1998)

as well as slightly older assessments from:

Switzerland (WELLENBERG: Nagra, 1994a; KRISTALLIN-I: Nagra, 1994b)
Belgium (UPDATING: Marivoet et al., 1992)

Canada (AECL EIS; AECL 1994)

Japan (H3: PNC, 1992).

Not all safety assessments are used in all comparisons; it has been found more useful to
use specific SAs to illustrate particular points in the following chapters, rather than try

to tabulate all the characteristics of all SAs. Thus, although this group of SAs includes
assessments of different waste types (vitrified high level waste (HLW) and

>
>
>
>
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unreprocessed spent fuel (SF)), host rocks and disposal concepts, there is a common
thread through all of them which can be used to illustrate safety assessment aims,
strategies and results. Other recent SAs have been largely omitted from the comparison
as, due to more fundamental differences in disposal concepts, their emphasis is
somewhat different; this includes NIREX 97 (Nirex, 1997; cementitious repository for
long-lived intermediate level waste (ILW)), Yucca Mountain Project (US DOE, 1999;
unsaturated host rock) and Waste Isolation Pilot Plant (Sandia, 1996; ILW in bedded
salt).

Throughout the text, the SAs are referred to only by name, e.g. H12, SR 97, TILA 99,
Kristallin-I etc., without reference to the supporting documentation in order to avoid
unwieldy repetition. However, the first section of the bibliography lists the main reports
for all the SAs that are implied by the abbreviated references in the text. Where
documentation other than the main report for a SA is referred to, this is given explicitly
in the text. Also, for H12, which consists of an overview report and 3 additional
supporting reports, references in the text note where a report other than the Overview is
indicated.

As the results of the SA are given in terms of doses to a population over very long
timescales, a further aim is to put both doses and timescales in a more meaningful
context. Here it will be necessary to consider ways of demonstrating:

> The meaningfulness of calculations that give results for many thousands or even
millions of years in the future

> To provide a framework timescale as a context for SA results over long times

> To demonstrate the smallness of the risk associated with the doses by comparison
with other radiological (e.g. natural background radiation) and non-radiological risks.
These non-radiological risks may be associated with everyday activities such as
driving a car in Tokyo, travelling by Shinkansen (or "bullet train") or risks from
earthquakes or volcanic activity while living in Japan.

In addition, it is considered appropriate and useful that perception of risk is discussed in
this report. The overwhelming concern of a significant section of the population with
small radiological risks is often considered "illogical" and, so far, the radioactive waste
disposal industry has not really taken into account research which has tried to explain
the relative importance of various voluntary and involuntary risks to the general public.
However, this is a critical issue for public acceptance of radioactive waste disposal and
must be considered when seeking to present safety assessment results "in perspective"
to a wider audience.

Finally, throughout the report, the intention is to demonstrate how both natural analogue
and experimental studies carried out by JNC for the waste disposal programme can
be/have been integrated into the SA to support the results and conclusions of H12.

1.2 Structure of the report

An overview of the Japanese radioactive waste disposal programme is given in Chapter
2. This includes a discussion of the ethics of geological waste disposal (section 2.1) as
well as a description of the context for the H12 study (section 2.2). A description of the
H12 safety assessment follows (section 2.3). Additional sections discuss the evolution
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of models and databases from the H3 study to H12 (section 2.4) and the role of research
and development (R&D) (section 2.5) in a waste disposal programme.

Chapters 3, 4 and 5 look at the H12 safety assessment in comparison with other
assessments, considering the safety case, approach to SA and the results, respectively.

Chapter 6 is a discussion of timescales and the meaning of results calculated for long
times. Chapter 7 begins with a division of risk perception with respect to radioactive
waste disposal, which is followed by a section that attempts to show the significance of
the doses calculated in H12 by comparison to other radiological hazards and also to
everyday activities which carry risk of death or injury.

Finally conclusions drawn from the earlier chapters are summarised in Chapter 8.

It should be noted that the term "safety assessment" (SA) is used throughout this report
in preference to mixing it with "performance assessment". This is for simplicity and
consistency when writing for an audience somewhat wider than is usual for such reports.
However, the terms are not strictly synonymous. According to the OECD/ Nuclear
Energy Agency (NEA) (NEA, 1997b):

performance assessment is defined as:

"Quantitative analysis of at least some subset of processes relevant to the
behaviour of the disposal system and calculation of (at least) intermediate
parameters of interest e.g. thermal evolution, container lifetime, contaminant
release from some subpart of the disposal system. In addition, comparison of
intermediate parameters to appropriate criteria set by regulation or design
targets e.g. maximum allowable temperatures, minimum groundwater travel time,
contaminant release from a subsystem."”

and safety assessment is defined as:

"Quantitative analysis of a set of processes that have been identified as most
relevant to the overall performance of the disposal system and calculation of a
measure of overall performance relevant within the given national regulatory
regime, e.g. individual dose to members of a critical group, integrated total
release of contaminants. In addition, testing of arguments that a sufficient
subset of processes have been analysed, appropriate models and data used, plus
comparison of calculated measures of overall performance to regulatory limits
and targets."

1 Organisation for Economic Co-operation and Development
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2 H12 - CONTEXT AND SUMMARY OF THE 2ND PROGRESS
REPORT

F.B. Neall, C. McCombie, N.A. Chapman, H. Umeki, K. Miyahara

2.1 The ethics of geological disposal of radioactive waste

Radioactive wastes are produced, in one form or another, in every country in the world
with significant industrial and medical facilities. Higher activity radioactive wastes are
produced, in particular, from nuclear power generation and nuclear weapons
programmes. Responsible management of all types of radioactive waste, in common
with numerous other potentially hazardous industrial by-products, is one of the many
environmental burdens which must be borne by society if it is to behave in an ethical
manner towards the current and future health of the planet.

As with all other countries with nuclear power programmes, substantial volumes of the
longer-lived and more highly active categories of radioactive wastes already exist in
Japan, and will continue to be produced for many decades into the future, regardless of
any decisions on the future use of nuclear power. It is the responsibility of Japanese
society, in particular current generations which have benefited from nuclear power, to
ensure that these wastes are managed safely and that undue burdens are not passed on to
future generations. This is commonly known as the principle of "intergenerational
equity". One way of ensuring that this principle is adhered to is to dispose of the wastes
in an underground (geological) repository, in such a way that they can confidently be
shown to pose no threat to the health of future generations or to the environment.

Such responsibilities are firmly incorporated in international principles for the safe
management of radioactive wastes. For example, the International Atomic Enegy
Agency (IAEA)’s Principles of Radioactive Waste Management (IAEA, 1995) state
(Principle 5) that:

Radioactive waste shall be managed in such a way that will not impose undue burdens
on future generations.

..... The responsibility of the present generation includes developing the technology,
constructing and operating facilities, and providing a funding system, sufficient controls
and plans for the management of radioactive waste.

...... Limited actions, however, may be passed to succeeding generations, for example,
the continuation of institutional control, if needed, over a disposal facility.

In 1994, the NEA addressed the issue of the environmental and ethical basis of the
geological disposal of radioactive wastes in a special workshop (NEA, 1994), which led
to the production of a collective opinion of their Radioactive Waste Management
Committee (NEA, 1995a). Ethical aspects were considered by focusing on the issues of
fairness and equity. The two principles which were developed at the time, and which
have been much discussed since, can be defined as follows:

> Intergenerational equity: implying that it is the responsibility of current generations
not to pass their problems and burdens on to future generations

> Intragenerational equity: meaning that, within current generations, it is important to
ensure that our finite resources are spent sensibly on solving environmental problems,
taking into account the relative scale of the potential impacts, and that decisions on
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how to do this should be made in a fair and open manner, involving all sections of
society.

Intergenerational equity is related to sustainability, or the sustainable development
principle, which came into wide currency as a result of the UNCED? 1992 Rio de
Janeiro consensus report (also called Agenda 21). Sustainability effectively means
satisfying the needs of present generations without compromising the ability of future
generations to meet their own needs. Agenda 21 essentially set the stage for much of the
current direction of national and global environmental strategic thinking, and enshrined
both sustainability and the precautionary principle firmly into international
environmental policies. The precautionary principle implies that new activities that
might degrade the environment should not be undertaken unless their impacts are well
understood and acceptable, given the constraints of ensuring sustainability (i.e. we
should "err on the side of caution").

The 1995 NEA report (NEA, 1995a) mentioned above considered that, with respect to
long-lived radioactive wastes, responsibilities to future generations are better discharged
by a strategy of final disposal than by reliance on permanent storage, which require
surveillance, bequeath long-term responsibilities of care and may, in due course, be
neglected by future societies whose structural stability can not be presumed. The NEA
note that geological disposal is currently the most favoured disposal strategy.

Most recently, the NEA (NEA, 1999a) has discussed a further valid ethical concern
(raised originally by KASAM’ (1988), in Sweden) that goes hand-in-hand with the
principle of intergenerational equity. This is that, whilst not passing on problems to
future generations, we should equally not foreclose their options, or hinder their ability
to make their own decisions. The consensus of the present community of technical
experts is that a properly sited, designed, executed, sealed and decommissioned
geological repository fulfils the objective of ensuring intergenerational equity.
Effectively, it provides a sustainable solution that assures safety in a passive manner,
requiring no further action or resource allocation from people in the future. However, it
clearly also forecloses some options to future generations, which long-term storage
would not. In fact, the technical feasibility of retrieval (even for a sealed repository ) for
times far into the future implies that no severe restriction on future options is imposed.
On the other hand, long-term storage fails absolutely to meet the requirements of
intergenerational equity. The apparent tension between these two concerns is
compounded by some opponents of geological disposal, who believe that there are so
many residual uncertainties surrounding its long-term impacts that it violates the
precautionary principle. The argument is that society should not "rush into disposal"
while scientific questions remain open.

There are two arguments which help to resolve this situation. First, the ethic of
intragenerational equity suggests that present day resources should be used fairly. If an
apparently good solution exists, then only limited effort is justified in improving it,
considering competition for resources. The well-founded view of the expert scientific
and technical community is that geological disposal is the optimum solution. However,
this must be thoroughly explored and approved by the breadth of society, taking other,
non-technical factors and other options into consideration, in order for it to be

2 United Nations Conference on the Environment and Development
3 Definition of KASAM needed
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implemented. This is an area where resources are being spent today in many countries.
Second, the way in which these ethical considerations are currently being interpreted is
leading a trend towards progressive stepwise implementation of geological disposal,
rather than any "rushing in". Each step of this process increases safety and reduces
future burdens, but leaves critical decisions open to the generations that will exist at the
time when specific actions are required.

Typically, this stepwise process might involve transfer of the waste to an underground
repository, which is intrinsically safer than surface storage, but allowing flexible options
during the period of time before the repository is closed, for example allowing for the
easy retrieval of the waste. This allows future generations to become thoroughly
comfortable with each decision that will be needed, at the time that it will be needed,
based on the information that will then be available to them. It thus accepts the fact that,
owing to the decades-long nature of disposal programmes, whatever the steps put in
place now, they will inevitably be reconsidered, decided upon and implemented by
other people.

An approach in which disposal is moved forward in a stepwise fashion, without
abandoning further research, and maintaining reversibility as long as is required, can
address all of the ethical concerns identified above. However, it requires very careful
technical management over the full repository development programme, a well-
organised and transparent system to ensure effective stakeholder involvement and a
disposal concept that is robust yet flexible. The strategy should be inherently fail-safe at
each step: adopting it must not compromise the basic safety concept upon which a
repository programme is based, nor should it pass unallocated resource requirements to
future generations to complete the process at the time they think fit. This is a fine
balance.

The H12 concept for disposal of HLW can be seen as part of an ethically correct
approach to managing Japan's most radioactive wastes. It aims at demonstrating that a
solution is available: that geological disposal can ultimately be implemented in Japan
and that undue burdens do not need to be shifted to the future population of the country
or of specific regions. However, it is only an initial foundation stone for the stepwise
programme which will eventually be required to achieve a widely endorsed solution to
the disposal of these wastes.

2.2 Context of the H12 Report within Japan and with respect to other
National Programmes

The organisational responsibilities for high-level radioactive waste management in
Japan have been given to an implementing organisation (NUMO, Nuclear Waste
Management Organization of Japan, formed in October 2000), whose responsibility will
be to set in place and move forward a geological repository development programme.
At present, NUMO focuses exclusively on vitrified HLW from reprocessing of spent
nuclear fuel. There has, however, been a considerable amount of work during the last
decade among the many interested and responsible government departments,
committees, and other national institutions and nuclear industry organisations prior to
the formation of NUMO. The H12 report presents a summary of progress by these
groups up to 1999.
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The basic policy for radioactive waste management, including guidelines for R&D
activities, stems from the Atomic Energy Commission of Japan (AEC) and its "Long-
term Program for Research, Development and Utilization of Nuclear Energy" (AEC,
1994). The Nuclear Safety Commission of Japan (NSC) is, on the other hand,
responsible for guidelines for associated regulations. The Prime Minister is
independently advised on policy development by the AEC and the NSC with their
respective remits. At the time of production of H12, the Science and Technology
Agency (STA) acted as a secretariat for both Commissions.

JNC, the Japan Nuclear Cycle Development Institute (formerly PNC, Power Reactor
and Nuclear Fuel Development Corporation) was charged by AEC with acting as the
core organisation responsible for HLW geological disposal R&D (eg AEC, 1976 and
1993), and it has been carrying out research in this area for more than twenty years. It
was not, however, responsible for either disposal of the wastes themselves (which
predominantly belong to the power utilities) or for policy matters, which remained
within the Government. As part of its R&D tasks, JNC prepared two progress reports on
establishing a technical basis for HLW disposal in Japan: the so-called First and Second
Progress Reports, designated as H3 and H12. These were produced in 1992 and 1999,
respectively.

A sub-committee of the AEC (the Advisory Committee on Nuclear Fuel Cycle Backend
Policy) set up the guidelines which JNC followed in producing the second, H12
progress report. These guidelines (AEC Guidelines) were published in 1997 (AEC,
1997). A previous AEC sub-committee (the Advisory Committee on Radioactive Waste
Management) had set up the guidelines for the earlier, H3 study in 1989 (AEC, 1989).

In their 1997 guidelines, AEC set a number of objectives for JNC which were aimed at
providing a baseline of information on a suitable disposal concept, with an analysis of
overall performance and safety, and on factors in siting a repository. This information
was intended to inform AEC and NSC as well as STA in their task of setting policy,
technical and programme guidelines and regulatory guidelines for implementation of
Japanese HLW disposal. It was also intended to inform the Ministry of International
Trade and Industry (MITI)’ in providing an implementation law for HLW geological
disposal, which was promulgated in June 2000. This law prescribes the formal set-up of
new implementing organisation (i.e. NUMO), how is it to be funded and what its
responsibilities are. To co-ordinate work and pave the way for NUMO, the Government
(STA and MITI), the utilities and JNC formed SHP (the Steering Committee for the
High Level Waste Project) in 1995, which was phased out in July 2000. AEC noted that,
given the urgency of the problem, it was essential to formulate concrete technical
measures for geological disposal and to inform the public, clearly and transparently, of
these measures with a view to obtaining their understanding and support. The role of
H12 can thus be seen to be to support a somewhat complex decision making process
which involved a number of influential parties, as well as the domestic broader public in
Japan. In addition, the opportunity was taken to inform a wider, international audience
by producing English versions of the 4 main reports’.

4 After restructuring in 2000, both Commissions belong to the Cabinet Office

5 The MITI was restructured to the Ministry of the Economy, Trade and Industry (METI) in 2000. The STA became
the Ministry of Education, Culture, Sports, Science and Technology (MEXT)

6 These were reviewed by an NEA expert group (NEA, 1999d and 1999¢)
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In parallel to INC’s work for H12, several other national R&D organisations and the
utilities were carrying out closely related studies, and a Co-ordination Conference on
R&D for Geological Disposal was formed in 1997 to help integrate the results. This
acted as a steering group for the H12 project.

Simultaneously with setting up a HLW repository development programme, managed
by NUMO, the Government needs to develop safety principles and a means of
regulating the HLW programme. The NSC has started to discuss the regulatory safety
principles and requirements, siting guidelines, safety criteria, technical standards and
the licensing process and published its first report in 2000 (NSC, 2000). A further
aspect of the H12 work was thus to make suggestions as to the nature and content of
regulations for HLW.

H12 can be seen to lie at a relatively early and formative point within the Japanese
national programme, and is intended to act as a foundation stone for developing policy
and approaches, rather than being a statement of how the repository programme will
necessarily evolve. Approximately equivalent parallel stages in other national HLW or
spent fuel disposal programmes would be:

> KBS-3 (Sweden, 1983)

> Project Gewihr (Switzerland, 1985)
> AECL EIS (Canada, 1994)

> ENRESA 2000 (Spain, 1999)

Although there are differences of detail, each of these projects was carried out to
demonstrate that a concept for disposal could be developed that would be appropriate
for the specific wastes concerned and that repositories could be sited in the types of rock
and geological environment found in those countries. They were all carried out prior to
the initiation of site selection programmes and, in each case, it was noted that designs
would need to be optimised and safety assessment methodologies developed as the
programmes evolved. Like H12, several of these projects also built on earlier projects
which had initiated the respective national programmes (e.g. KBS 1 and 2 in Sweden
(KBS 1977 and 1978), VSE report in Switzerland (VSE, 1978)).

In this context, the guidelines set by AEC for H12 (Table 2.2.1) are a direct extension of
the very general guidelines set for the earlier H3 study, as it was recognised in 1989 that
at least ten years would be needed to carry out the necessary R&D.

Within the general requirements listed above, AEC identified numerous detailed issues
and technical challenges which they wished to see addressed by the JNC studies. JNC
interpreted the general guidelines, based on more specific comments in the 1997 AEC
report, to arrive at the following objectives for the project:

1) To demonstrate that a suitable site for geological disposal of HLW can be found
in Japan.

2)  To demonstrate that the EBS and disposal facility as a whole can be constructed
using currently available engineering technologies.

3) To demonstrate that the performance of the geological disposal system, with the
emphasis on the near-field, can be reliably assessed.

Although the context and the objectives of H12 are thus broadly analogous to those of
several national studies elsewhere, the Japanese programme has several unusual features



JNC TY1400 2004-001

and these need to be borne in mind when considering the work and comparing it with
other studies:

>

Japan is highly active tectonically, which makes future evolution of the geological
environment potentially more difficult to evaluate than in some other countries and
has a critical impact on approaches to selecting a repository site

Japan will have considerably more waste to dispose of than many of the smaller
national programmes (e.g. Switzerland, Belgium, Sweden, Finland, etc.), which may
influence site selection due to the additional requirements for repository size

H12 considers disposal of vitrified HLW only

There is no regulatory framework yet to act as a guide for siting or safety studies.

2.3 Overview of H12

The H12 project comprises 3 major components, corresponding to the aims outlined
above, namely a geological study and geosynthesis, an engineering design and
feasibility study and a safety assessment. Each component was documented as a
Supporting Report to the Project Overview Report. Aspects of all three areas are

included in the following brief overview but, bearing in mind the aim of the present
report, the emphasis is on the safety assessment and aspects of the other Supporting
Reports which form input to it.
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Tab. 2.2.1: The general guidelines set by the AEC for the H12 study (1997-2000)
and the preceding H3 study (1989-1993)

H3 R&D Areas (AEC, 1989) H12 Requirements (AEC, 1997)
Studies of the geological environment of Specification of the characteristics of the
Japan. geological environment important for disposal,

occur within Japan. Special emphasis on the
stability of the geological environment and the
near-field characteristics of the rock.

and demonstration that suitable rock formations

EBS and other repository components and
demonstration of the technical feasibility of
meeting these requirements.

R&D on disposal technologies. Specification of the design requirements for the

S-+afety assessment studies. Evaluation, with high reliability, of the
performance of the system under the specific
conditions of the geological environment of
Japan.

231 HLW inventory for disposal

The baseline assumption of the Japanese fuel cycle is that spent nuclear fuel should be
reprocessed to ensure the most efficient use of available resources. Spent fuel from the
Japanese nuclear power plants is reprocessed in both foreign and domestic reprocessing
plants. It is assumed that the vitrified HLW from reprocessing will be held in interim
storage for 30 to 50 years, to allow cooling before disposal.

It is estimated that domestically reprocessed "JNFL waste" will represent the largest
volume and, based on a comparison of thermal activity, neutron flux and hazard, it was
considered reasonable to set the reference model inventory on the basis of the INFL
waste specifications. An analysis was carried out using the ORIGEN 2.1 code for
conditions relating to the generation of JNFL waste. The inventory of vitrified waste to
be disposed of by the year 2015 is predicted to correspond to approximately 40,000
packages, based on the nuclear power programme in Japan.

2.3.2 The geological disposal concept

The geological disposal concept forming the basis for the first progress report, H3, is
basically carried over to H12. This consists of a multiple barrier system composed of a
robust engineered barrier system (vitrified waste, overpack and buffer material)
emplaced in a stable, geochemically favourable geological formation at a depth greater
than several hundreds of metres (Fig. 2.3.1).

7 The MITI (now METI) modified its final disposal plan (MITI, 2000) so that the estimated inventory corresponding
to 40,000 canisters of vitrified HLW is reached by the year 2020
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Geological Multi-Barrier Engineered Barrier
Environment System System

Fig. 2.3.1: Basic concept of the geological disposal system in Japan

As previously noted, no site or host rock type has yet been specified for the Japanese
HLW r