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ABSTRACT

The Power Reactor and Nuclear Fuel Development Corporation (PNC) has been active in
developing an R&D programme for high-level radioactive waste (HLW) disposal in accordance
with the overall HLW management programme defined by the Atomic Energy Commission (AEQ
of Japan. The aim of the R&D activities at the current stage is to provide a scientific and technical
basis for the geological disposal of HLW in Japan, which in turn promotes understanding of the
safety concept not only in the scientific and technical community but also by the general public.
As a major milestone in the R&D programme, PNC submitted a first progress report, referred to as
H3, in September 1992. H3 summarised the results of R&D activities up to March 1992 and
identified priority issues for further study. The second progress report, scheduled to be submitted
around 2000, and should demonstrate more rigorously and transparently the feasibility of the
specified disposal concept. It should also provide input for the siting and regulatory processes,
which will be set in motion after the vear 2000.

1. Introduction

According to the overall radioactive waste management programme defined by the Atomic
Energy Commission (AEQ of Japan [1], the basic HLW management policy is that high-level
waste separated as liquid form by the reprocessing process of spent nuclear fuels should be
vitrified, stored for a cooling period (30-50 years) and finally disposed of in a deep geological
formation. The overall schedule foresees the start-up of repository operation after 2030, but no
later than the mid 2040s (Figure 1).

The HLW disposal programme is currently in the research and development phase and The
Power Reactor and Nuclear Fuel Development Corporation (PNC) has been assigned as the
leading organisation responsible for R&D activities. At present, neither geological formation nor a
site has been selected and no regulatory criteria have as yet been codified. The implementing
organisation will be established around 2000, which will then be responsible for site selection, site
characterisation, site-specific repository design, license application, repository construction and
operation. The regulatory criteria will be formulated in parallel, taking the results of R&D
activities into account.

HLW disposal programmes require long-term perspectives over several decades and therefore
tend to proceed in a stepwise manner. Research and development activities include complex,
mukidisciplinary studies which are constrained by the slow rates of the processes which they
investigate. Performance and safety assessments can provide useful information for evaluating the
global progress of R&D programmes through integration of the results from parallel activities and
identifying further issues to be studied. Such assessments require to be conducted over timescales
far beyond the normal horizon of social and technical planning in order to demonstrate
convincingly the long-term safety of the repository system prior to its implementation.
Approaches, methodologies and data applied in these assessments should be developed in a
transparent way to ensure that the results of the assessments are understandable and acceptable.
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This paper describes the key features of PNCs R&D programme and considers its likely future
development in order to highlight aspects of common interest with other national HLW disposal
programmes.

2. Major Milestones in R&D Programme

First Progress Report - H3
The current R&D programme aims to provide a scientific and technical basis for the safe

disposal of HLW but also to achieve a higher degree of understanding of geological disposal
among scientists, decision-makers and the general public. Such broader understanding of
geological disposal is critical to allow the implementing organisation to initiate its activities. A
fundamental disposal concept applicable to a variety of geological settings is now being developed
in such a way as to maximise flexibility in subsequent site selection process.

With these aims in mind, PNC submitted a first progress report entitled "Research and
Development on Geological Disposal of High-Level Radioactive Waste, First Progress Report" [2],
referred to as H3 in short. H3 summarised the results of R&D activities up to March 1992 and
identified issues for further study.

In July 1993, the Advisory Committee on Radioactive Waste Management (ACRWM) of the
AEC summarised its views on H3 in a document entitled "On the Progress of Research and
Development in Geological Disposal of High Level Radioactive Waste" (ACRWM, 1993)
(hereinafter the ACRWM Report) [3]. The ACRWM concluded that the technical feasibility of the
concept for safe geological disposal of HLW in Japan had been demonstrated and identified the
direction of future R&D activities. Based on the ACRWM Report, PNC has been continuing its
R&D on geological disposal and geoscientific studies in cooperation with other agencies and
organisations.

Guidelines for the Second Progress Report
Since its establishment in September 1995, the AEC's Advisory Committee on Nuclear Fuel

Cycle Backend Policy (hereinafter "the Committee", successor to ACRWM) has been discussing
ways in which future R&D programmes relating to geological disposal should be conducted.
These discussions are based on the recognition that, given the urgency of the problem, it is
essential to formulate concrete technical measures for geological disposal and to inform the
general public clearly and transparently of these measures with a view to obtaining their
understanding and acceptance of disposal projects.

The H3 provides a comprehensive evaluation of the technical relevance of geological disposal
and demonstrates the feasibility of ensuring safe geological disposal in Japan. The second
progress report (tentatively called "H12" ) , which will be founded on the basis of the
achievements identified in H3 and is scheduled to be submitted around 2000, will further
demonstrate the technical feasibility and reliability of the geological disposal concept and will
provide key input for site selection and development of regulations. In this context, the
Committee has been considering issues such as the approach to R&D to be performed by PNC in
cooperation with other agencies and organisations, the way to identify technically important issues
and how to evaluate research results objectively and transparently in the H12 report.

It is widely recognised that disposal deep underground in a stable geological environment is
an appropriate means of safely isolating HLW from the human environment for very long periods
of time. This view has been adopted not only by Japan but also worldwide by other countries with
nuclear energy programmes. Against this background of progress in both domestic and
international R&D programmes, the Committee has been considering the issues mentioned above,
taking into account the geological situation of the Japanese archipelago which is located in a
volcanically and seismically active belt, as well as the output from geoscientific studies.
Furthermore, in order to obtain the understanding and confidence of the general public, the
Committee has also been considering a strategy for documenting the progress of R&D
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programmes and for the conducting of R&D activities by PNC and relevant agencies and
organisations in a cooperative and harmonised manner.

Based on the above, the Committee has summarised the results of its deliberations and issued
the guidelines entitled "Guidelines on Research and Development Relating to Geological Disposal
of High-level Radioactive Waste in Japan" (hereinafter the Guidelines) [4] in April 1997. The
Guidelines requires the HI2 report to demonstrate more clearly the feasibility of the specified
disposal concept in Japan. This report should also provide a scientific and technical basis for both
the siting procedure adopted by the implementing organisation and for development of the
appropriate regulatory infrastructure. The generic assessment being carried out for the HI2 report
thus plays an important role in the overall HLW disposal programme by setting it in a clear
perspective.

The Guidelines consists of two parts. Part 1 discusses the basic technical issues relevant to
geological disposal of HLW in Japan and matters to be discussed in the H12 report. Part 2
highlights technically important issues which have to be covered by way of preparation for the
HI 2 report. In preparing the present report, efforts have been made to keep it as understandable
as possible; a number of references and a glossary of technical terms are attached for this
purpose.

3. Development of Disposal Concept

Each disposal programme has specific characteristics, such as geology, type of waste and
regulatory framework. The Japanese approach to repository concept development has targeted
neither a particular type of rock nor a particular area. Japan has complex geology and fairly
active tectonic settings and hence has developed repository designs which combine deep disposal
with a massive engineered barrier system (EBS). The major component of overall barrier
performance of the disposal system is borne by the near-field, while the geosphere serves to
reinforce and complement the performance of the EBS [5]. This massive EBS was introduced to
ensure long-term performance of the disposal system for a wide range of geological
environments. The layout of the EBS involves axial, horizontal emplacement of vitrified waste,
encapsulated in a thick steel overpack, in tunnels which are backfilled with highly compacted
bentonite (Figure 2).

Within the context of this defined disposal concept, the study of the geological environment
focuses on the natural system attributes which optimise the EBS performance. These attributes
include relative tectonic stability, low groundwater flux, favourable geochemistry and a low risk of
disruptive events. The safety concept assesses that disruptive events can be avoided by site
selection. The geological environments identified as favourable for the disposal system then form
the basis for repository design. Finally, the performance assessment is conducted for the reference
repository design, including a massive EBS combined with a favourable geological environment,
taking alternative futures evolutions of the system into account.

4. Major Issues and Challenges in R&D

PNCs R&D programme includes by three major areas: 1) studies of the geological
environment, 2) repository design and engineering technology and 3) performance assessment.
The coordination and integration of activities in these three areas are critical in order to maximise
the output from the R&D programme (Figure 3). The issues identified and prioritised by the H3
assessment have been considered in the Guidelines and addressed in ongoing R&D activities for
the HI2 report. Those activities critical to making a more robust safety case for given disposal
concept are briefly summarised below. For model and database development, special attention is
paid to achieving a balance between robustness and realism.

In addition to these three studies, it is important to systematically pursue geoscientific studies,
encouraging participation in relevant projects by researchers bom from Japan and abroad. The
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results obtained from such studies will be utilised as a basis for R&D projects on geological
disposal. Comprehensive information accumulated through geoscientific studies should be
integrated to help in understanding more precisely the characteristics of the deep geological
environment and in improving the reliability of performance assessment models for the
geological disposal system.

Studies of the Geological Environment
The ACRWM Report notes that basic data on the characteristics of the geological environment

in Japan have been collected and compiled in H3,but that more reliable and comprehensive data
still require to be obtained. The Guidelines requires the HI2 report will therefore collect and
compile more extensive data based on the results of geoscientific studies. The report will also
define the requirements on the geological environment which are critical for geological disposal.
These are very important both in terms of input for performance assessment studies and defining
R&D for disposal technology.

• Collecting information on long-term stability of the geological environment
A given geological environment is considered stable for the purpose of geological disposal if

appropriately selected sites can maintain their required roles despite potential changes which may
be expected over relevant time periods. In order to assess such stability, it is necessary to ascertain
the likelihood of potential changes in the environment brought about by various phenomena, as
well as the extent of these changes. Predictive studies require analysis of data related to the
occurrence and regularity of natural phenomena (extent, regional distribution, regularity,
mechanism of occurrence, etc.). For this purpose, studies of the long-term stability of the
geological environment have been conducted on a nationwide basis in Japan to provide generic
information on the most likely disruptive events. These include earthquake and fault activity,
volcanic activity, uplift and denudation, climatic fluctuation and sea-level changes. Accumulation
of information on these events and processes is critical for the comprehensive scenario analysis.

• Collecting information on characterisation of near-field geological environment
The Guidelines recommends that R&D studies should place more emphasis on identifying the

key properties of the geological environment which contribute to long-term safety. When
accumulating data, it is essential to consider the general geological characteristics of Japan as well
as to focus on important near-field characteristics such as geological structure, groundwater flow
and geochemistry, rock mechanics, solute transport and the effects of excavation and construction
on these characteristics. R&D studies thus include collecting geological information down to
depths of around 1000 metres and structuring this information appropriately for preparation of
the HI2 report. When accumulating data, it is essential to consider the general geological
characteristics of Japan as well as to focus on important near-field characteristics such as
geological structure, groundwater flow and geochemistry, rock mechanics, solute transport and the
effects of excavation and construction on these characteristics.

Repository Design and Engineering Technology
H3 set the framework for R&D activities relating to design and construction of the disposal

facility and fabrication of the EBS components, but that technological development should be
continued. Therefore, the HI2 report will specify design criteria for a robust EBS, taking into
consideration advances in relevant technologies. In this respect, the geosphere surrounding the
EBS and changes in the near-field environment brought about by the construction of the EBS
must be considered, based on data provided by the studies of the geological environment. Design
criteria must be established considering the geological environment of the entire disposal facility.
Specific design criteria for the EBS and the disposal facility should be input to performance
assessment studies using a flexible approach.

It is also imperative to demonstrate the feasibility of constructing the EBS and the disposal
facility in such a way as to satisfy the design criteria using existing technology. An economic
analysis will also be necessary once such design criteria have been established.

• R&D on design, fabrication and installation of the EBS



International Symposium on the Concept Development of the High Level Waste Disposal System
Taejon, Korea, W-ll October 1997

In developing the EBS concept, careful consideration has to be given to the conditions
prevailing in the specific environment in which it will be installed and to changes brought about in
this environment due to the installation, which will be identified by studies of the geological
environment.

With regard to the overpack, the Guidelines recommends that R&D on the long-term
durability of carbon steel should be continued and that a review of alternative overpack materials
(e.g. titanium) should also be initiated. The report also suggests that a review should be carried
out of the design and manufacture of the overpack, including the integrity of welding seams.
Accordingly, before completion of the HI 2 report, it is essential to review the design requirements
for the overpack in terms of structural longevity and shielding capability and to consider
alternative options such as a compound overpack of titanium or copper. The scope of review
should include the development of fabrication and installation techniques and quality control
methods, for example for weld testing.

The Guidelines also suggests that clay (bentonite) should be the main option for the buffer
material. It goes on to mention that properties and installation methods of the bentonite, or any
other materials considered, require an extensive review. The quality of installation procedures is
particularly important in ensuring the required performance of the EBS and thus R&D activities
may have to include engineering-scale testing. Based on these considerations, the HI2 report
should include an evaluation of the physical properties and design requirements of the buffer
material (mainly focused on clay), and should illustrate installation techniques and quality control
procedures. Additives which may improve the thermal conductivity or radionuclide sorption
properties of the buffer should also be considered.

A further challenge is to evaluate the mechanical stability of the entire EBS in the event of
seismic activity. Demonstration of the integrity of the EBS will, for example, require vibration tests
to be carried out to demonstrate system safety in the event of a severe earthquake. Such testing
should also be continued after completion of the H12 report.

• R&D on design and construction technologies for the disposal facility
With regard to technological developments relating to the design, construction and operation

of the repository, the Guidelines points out that further improvements of conventional
technologies are required. Continued research is therefore required before completion of the HI 2
report in order to identify design criteria for the disposal facility which are sufficiently flexible to
meet the various geological conditions encountered in Japan. Methods for investigating
mechanical and thermal stability of underground structures should also be identified by this
research.

In addition, a review of both the construction technology for shafts and disposal drifts and the
basic technology for operating systems (e.g. emplacement techniques in the disposal drift) is
required. With regard to the technology for repository closure, an assessment of design
requirements should be conducted, including development of materials, design methods and
implementation technology. The closure technology should be subject to an evaluation which
includes engineering-scale testing. Furthermore, realisation of the repository has to be considered
in terms of the entire schedule from design, construction and operation to closure of the facility,
as well as monitoring techniques. An economic review should also be considered for these aspects,
taking into account construction materials and transportation. Following completion of the H12
report, these R&D activities will be continued with more specific reviews of each subject.

Performance Assessment
The Guidelines states that H3 has successfully demonstrated the feasibility and safety of the

concept of geological disposal of HLWin Japan, identified a suitable methodology for evaluating
the performance of the multibarrier system and established a foundation for constructing the
models which will be used to analyse system performance.

The H12 report will determine the scenarios to be studied in the performance assessment in a
more comprehensive and transparent way and will refine the analytical models to be used on the
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basis of information on the geological environment and system design criteria provided by the
other two R&D areas mentioned above. The report will evaluate near-field performance using an
improved database. Research on the performance of the far-field, in terms of retarding
radionuclide migration and reducing radionuclide concentrations by dispersion and dilution,
should proceed in order to demonstrate the role of the far-field in complementing the
performance of the near-field. In this connection, attention should focus on the main groundwater
flowpaths between the near-field and the biosphere. Case studies on radionuclide migration in the
biosphere should be performed to calculate radiation doses from any releases and assess the level
of safety of the entire multibarrier system.

An evaluation of the reliable performance of the disposal system for the geological
environment in Japan, focused on the near-field, requires, in particular, validated models of near-
field performance and quality assurance of near-field performance assessment databases.

• Scenario analysis
When developing models and compiling associated databases, the scope of scenarios to be

considered in the performance assessment and methods for evaluating these scenarios should first
be identified. The geological environment in Japan and the design criteria for an EBS constructed
in this environment should be taken into account in the process of scenario development. The
scenarios developed for performance assessment can be classified as follows: scenarios in which
the human environment may be affected due to the physical isolation of the waste being
compromised (isolation failure scenarios) and scenarios in which radionuclides may be
transported to the biosphere with flowing groundwater (groundwater scenarios). The former
scenarios include the impact of both natural phenomena and human activities; particularly for the
natural phenomena, knowledge of their magnitude, regularity of occurrence and regional
variation plays an important part in their evaluation. When developing groundwater scenarios,
possible long-term changes in the geological environment caused by natural phenomena should
be considered.

• Near-field modelling
The ACRWM Report acknowledges that basic analytical methods for evaluating multibarrier

system performance, emphasising the near-field, were developed in H3, but points out that
improvement of the robustness of near-field performance assessment methods is the key issue to
be addressed in the future. Therefore, the Guidelines states that R&D efforts for preparation of the
HI 2 report should aim at improving assessment models; this will allow reliable analyses to be
conducted for identified scenarios. This work should be based on the framework of the
comprehensive analytical methods developed in H3. The Guidelines recommends that modelling
near-field performance assessment will be carried out in three main areas: the near-field
environment, changes in EBS characteristics and solute transport.

In the case of the near-field environment, analyses should consider groundwater flow and
geochemical characteristics at the location where the EBS will be installed. For this purpose,
information on the near-field characteristics of the deep geological environment, as discussed in
the studies of geological environment, will be utilised. A model for evaluating the effects of
constructing and operating the disposal facility and installing the EBS on the near-field
characteristics will be then developed and tested.

Changes in the characteristics of the EBS due to interactions between the EBS components
(such as the overpack and buffer material) and groundwater should be understood. The
development and testing of a model for evaluating the long-term integrity of the EBS is required.
For the overpack, modelling of corrosion processes should be performed for carbon steel, which
is the material on which studies have focused to date. Some associated experimental activities may
require significant time periods, for example long-term corrosion testing. It will be necessary to
continue R&D after completion of the HI2 report, with a view to improving reliability of
evaluation methods. Alternative overpack materials such as titanium and copper should also be
studied. With respect to the buffer material, models which require to be developed relate to the
rate of deterioration of bentonite due to thermal or chemical effects and to its rheological
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behaviour. Efforts will also be made to evaluate the dynamic effects of the swelling of overpack
corrosion products and to model possible erosion of the buffer material by groundwater.

In relation to radionuclide release and transport, dissolution of vitrified waste and solute
transport phenomena in the EBS and the surrounding geosphere should be analysed. The
development and testing of a model that will allow more detailed quantification of the transport of
radionuclides in the near-field is necessary. This, in turn, calls for the development of a new
model of solute transport in the EDZ and water-bearing features in the host rock, in which the
spatial heterogeneities and the presence of alteration minerals in such features are considered. In
addition, models of the migration of gas generated by overpack corrosion and the generation and
transport of colloids in groundwater should be developed. The effects of organic substances and
microbes on radionuclide transport should also be considered.

The above-mentioned modelling studies require an understanding of the phenomena being
considered based on laboratory and in-situ studies, the results of which - together with analogue
studies - may be used to validate the resultant models.

• Development of the database
The Guidelines states that the reliability of the databases used for the safety analyses should be

demonstrated, particularly with a view to improving the robustness of the near-field performance
assessment. Conducting the envisaged performance assessment requires compilation of reliable
data on the vitrified waste, overpack, buffer material and host rock and subjecting these data to
quality assurance procedures. It is important to organise these various sets of data into an
integrated database.

• Evaluation of system performance
A model chain that can be used to analyse the overall system performance should be

constructed by integrating the above-mentioned near-field models and coupling them with
models of radionuclide transport in the far-field and the biosphere. This model chain will be used
to analyse a base case for performance assessment based on the groundwater scenario (reference
case) and a set of alternative cases in which modelling assumptions or model parameters are
varied. A comprehensive sensitivity/uncertainty analysis is required to assess the significance of
uncertainty in parameter values or to allow variability in model assumptions on overall
performance to be assessed. To improve the efficiency of the analysis and to aid quality
assurance, use of a suitably configured computer systems with well tested and structured software
is recommended.

• Application of natural analogues
In order to enhance the reliability of performance assessment of the overall disposal system,

studies of natural analogues should be pursued. This type of research contributes to increasing
confidence in the scenarios, models and databases used for performance assessment. Natural
materials and phenomena similar to those which constitute the EBS are investigated, for example
the dissolution of volcanic glass, metal corrosion as observed in archaeological finds and research
on natural bentonite deposits. This follows the Guidelines, which emphasises the importance of
continuing natural analogue studies subsequent to H3, with a view to understanding particular
long-term phenomena.

Geoscientific Studies
Geoscientific studies, which form the basis of R&D relating to geological disposal, focus on 1)

studies of the characteristics of the geological environment, 2) the development of investigation
techniques to be used for these studies and on 3) the long-term stability of the geological
environment. These studies cover various fields of earth science, including deep rock and
groundwater properties and natural phenomena such as seismic and volcanic activity and they
therefore make a significant contribution to scientific research on the deep underground
environment of Japan. As mentioned above, the results of these studies will provide basic
information to the above studies: studies of the geological environment, repository design and
engineering technology and performance assessment.
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• Characteristics of the deep geological environment
Investigations under this heading focus on geological structure, hydrogeology and

geochemistry of groundwater, rock mechanics, solute transport in rock formations and the effects
of tunnel excavation and the construction of engineered facilities on these parameters. The
investigations will target depths of up to approximately 1000 metres.

• Investigation technology for the deep geological environment
It is essential to develop methods and equipment which can provide reliable data on the deep

geological environment down to depths of approximately 1000 metres, while minimising
disturbances of the geological environment. The applicability of these investigation methods and
equipment should be verified in field tests and the quality and accuracy of the resulting data
should be confirmed. The goal is to establish an investigation strategy based on a combination of
specific equipment and techniques.

• Long-term stability of the deep geological environment
To investigate the long-term stability of the geological environment, it is essential to study the

characteristics of natural phenomena in Japan, such as earthquake and fault activity, volcanic
activity,uplift, subsidence, denudation and climatic and sea-level changes, as well as their effects
on the geological environment. Methods for evaluating the results of such studies in terms of
consequences for repository performance should also be examined. Comprehensive information
relating to current activity and the history of activity of these natural phenomena over geological
timescales should be acquired and integrated. Future plans should also include case studies
focusing on field research.

5. R&D Tools and Techniques

Experiments on both a laboratory and engineering scale and in-situ tests using shafts and drifts
in existing underground facilities are being conducted in order to tackle the key issues through
integrated performance assessment. It is clear that the development of methodologies for field tests
and site investigations is an elaborate and costly venture. Furthermore, availability of study sites is
internationally limited and hence collaboration is advantageous.

A set of carefully designed, relatively large-scale, non-radioactive experiments, referred to as
the "ENTRY Project", has been initiated for fundamental data acquisition and model development
and validation [6]. The basic concept of the ENTRY Project is to integrate a number of large-scale
experimental studies focusing on various aspects of the safety case for HLW disposal. It has been
recognised as a unique resource for international collaboration [7].

In addition, based on the experience in the ENTRY project, construction of a new radioactive
facility (QUALITY) for radionuclide migration experiments are planned. Major purpose of this
project is to acquire data on radionuclide migration behaviours such as glass dissolution and
nuclide solubility under simulated geological condition in controlled glove boxes.

Because most of the geoscientific information collected on a nationwide basis in Japan
originates from diverse sources and different academic disciplines, it is of a varying degree of
quality and applicability within the framework of geoscientific studies which provide basic
information to R&D activities of geological disposal. Some type of yardstick was considered
necessary to evaluate these data so that their optimum application for the purpose of generic
assessment could be assured. For this purpose, the Tono and Kamaishi mines were chosen to host
experimental programmes as their geological features are favourable for relevant investigations. In
addition, the readily available infrastructure and a wealth of background information on these two
sites were important prerequisites for their selection [8].

Since data on the deep geological environment should be as precise and reliable as possible, it
is necessary to develop and improve the technologies used in conventional surveys and
measurements to ensure more efficient and detailed data acquisition. Equipment is being
developed that will allow surveys of bedrock with very low permeability under the high pressure

8
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and temperature conditions prevailing deep underground, in order to advance studies of relevant
hydraulic and geochemical characteristics. At the same time, attention is being given to methods
which are disturbance-free, i.e. they do not cause damage or upset the natural conditions of the
rock. For this purpose, efforts are being directed to towards improving techniques of physical and
drilling surveys as well as integrating various survey techniques.

In addition, PNC is currently planning to construct a deep underground research laboratory
in Mizunami City (MIU: Mizunami URL) in Gifu Prefecture [9]. This will focus mainly on
crystalline rocks down to a depth of about 1000 metres. As stated in the national programme [1],
the main objective of the facility is to carry out a wide range of geoscientific studies over the next
20 years in a realistic and undisturbed geological environment, at depths of up to 1,000 metres.
There is a clear separation between plans for such an underground research laboratory and siting
studies for a waste repository. In addition to these geoscientific studies, this facility will also be
utilised for other projects, including a recently established national seismic observation and
research programme, in which PNC will participate. Requirements as to the quality of the R&D
activities are high and PNCs intention is that the facility should become an international centre of
excellence in relevant scientific areas. Meanwhile, to further geoscientific studies in sedimentary
rocks, a deep URL programme is being planned, which will be constructed by PNC in Horonobe
Town in Hokkaido. This plan will be promoted with the cooperation of the local communities and
the Hokkaido Government.

Figure 4 shows the location of both these PNCs R&D facilities for geological disposal and
field test sites for geoscience studies including URLs being in operation or planning in order to
tackle the above mentioned key issues.

PNC has been active in promoting international cooperation in connection with the Japanese
HLWdisposal programme, based on both bilateral and multilateral approaches [7]. Both types of
collaboration are extremely useful; in particular, bilateral collaboration has the advantage of
providing opportunities for in-depth discussion in mutual areas of interest. By way of contrast,
multilateral collaboration provides an international arena for broader discussion and
corroboration of output from individual R&D programmes. Depending on the issues to be
tackled, appropriate forms of collaboration have been integrated into PNCs strategy, which should
lead to improved cost/benefit from such studies.

The lessons learnt from collaboration have proved very valuable and are used directly in PNCs
programme to improve its structure by identifying particular areas of strength and weakness and
also to generally enhance its credibility. The format of collaboration has also been extensively
developed: it has been found that national resources can be utilised more effectively by sharing
them with appropriate partners.

6. Concluding Remarks

PNC is required to submit the HI2 report, including an integrated performance assessment, to
the government by the year 2000. The major purpose of the report is to demonstrate more
rigorously and transparently the technical feasibility of HLW disposal in Japan. This will involve
making a safety case with emphasis on near-field performance. R&D work will focus on
development of detailed and realistic near-field models and on improving understanding of key
processes and corresponding databases, taking into account wide range of geological conditions.
The current structure of R&D activities will continue to be appropriate for this next milestone.

Tracing the evolution of PNCs R&D programme for HLW disposal so far, four major critical
elements are identified as: 1) safety concept development, 2) integrated performance assessment,
3) development of research tools and techniques and 4) international collaboration [10].
Harmonisation of these four elements is an iterative process which can provide a flexible and
optimised R&D programme. To promote R&D activities more effectively, a closer relationship
between performance assessors and geoscientists is essential. The integration of laboratory and
field experiments is also critical for efficient development of models and databases. Because the
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R&D programme for HLW disposal will continue over a long time period, the preparation and
maintenance of key infrastructures such as underground research facilities are very important.
From this point of view, international collaboration is also very valuable, ensuring that resources
are utilised more effectively by sharing them with appropriate partners.

It is planned in the national programme that the implementing organisation for HLW disposal
will be established around the year 2000 to initiate the siting phase. The future R&D programme
will thus contribute to activities of both implementing organisation and regulatory body. PNC's
ENTRY, QUALITY and MIU projects are expected to play key roles in the future R&D.
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- Data Base Development

- Scenario Development
• Model Development and Validation
- Data Base Development
- System Performance Assessment

Natural Analogue Studies
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Technology Development
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Japan's Programme

HLW separated as liquid form by the reprocessing process of
spent fuels should be vitrified, and stored for a cooling period
(30-50 years) prior to disposal in

- PNC is assigned as the leading organisation for R&D activities on

- Around the year 2000, implementing organisation will be

• •

into account



Needs long-term perspective

ives a

Useful information for evaluating R&D progress and

assessment

iproacfaes, methodologies and data
a transparent way to ensure the assessments

le



PNC8s 1st Progress Report: H3I
Aims:

- To provide a scientific asid technical basis jfor the safe
• disposal of HLW ~ •-. ".;

- To achieve a higher degree of understanding of geological
disposal among scientists, dedsioB-makers and the general



The AEC's Review of H3

Demonstration of technical feasibility of the concept fir safe
geological disposal of HLW In Japan ^ i\, l; \ ,,| O; '*1g}J*\ ;

• ' i

J

disposal and geoscientific studies in cooperation with other
agencies and organisations.



ie is Rei
Issued in April 1997

's Advisory Committee on Nuclear Fuel Cycle Backend Policy
(Successor to ACRWM)

Discussion of how to conduct future R&D programme based on the
recognition that it is essential to formulate concrete technical
measures for geological disposal and to inform the general public

To provide scientific
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Adverse effects of the phenomena



o





- Stadies of the Geological Environment -

- Characterisation of near-field geological environment

•&•

- Scientific basis for sitiog feasibility



Major Technical Issues
- Studies of the Geological Environment -

Conducting on a nationwide basis in Japan to provide generic
infommation on the most likely disruptive events including
earthquake & fault activity, volcanic activity, uplift & deitiidation,

tioit & sea-level changes



Evaluation of applicability of the existing
geological entf ronments

- Experiences in the field and the engineerieg-scale tests

- Design options for the EBS (eg. long-life overpack of Cut or Ti)





ssyes
- Pertbrum&nce Assessment -

- EBS design options

- Areas for ftirther research and development







Major Technical Issues

as well as their effects on the geological eeviroiimeiit



Tools
Experiments on both a laboratory and engineering

and in-situ tests to tackle the key issues

set of carefully designed, relatively large-scale, non-radioactive• •

The bask concept is to integrate a number of large-scale





- Bilateral providing opportunities for In-depth
areas

International collaboration plays an important role in PNCs R&D

concept, research tools &



Concluding Remarks

The current structure ©f Japanese R&D activities will continue to
be appropriate for the next milestone to make a safety case with
emphasis on near-field performance taking into account wide
range of geological conditions

Tracing the evolution of PNC's R&D programme for HLW disposal

2) integrated performance assessment,
3) development of research tools and

After initiating siting phase, the future R&D programme will
contribute to activities of both implementing organisation and
regulatory body, in particular, PNC's ENTRY, QUALITY and
MIU projects are expected to play key roles
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