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Preface

This report compiles the presentation and discussion at the International Workshop on
Record Management and Long-term Preservation and Retrieval of Information regarding Radioactive
Waste held by RWMC(Radioactive Waste Management Funding and Research Centre, Japan) and
SKB(Swedish Nuclear Fuel and Waste Management Co.) in Rome on January 27-28, 2003.

RWMC has been aiming at providing information for the government and related bodies
to utilize in formulating programs as a component of the institutional control concerning geological
disposal. In this study, we've considered “ Who, How long, For whom, What kind of records should
be preserved. And How?’ Furthermore, in order to show the technical possibility of long-term record
preservation, we devel oped the new record preservation method called LASER-GLY PH using sintered
silicon carbide thin plates and engraving their surface by the laser marking system.

The objective of thisworkshop is not to reach official consensus, but to inform each other
on the present status concerning record preservation. Twenty-three experts from 12 countries, IAEA
and OECD/NEA participated in the workshop and discussed on thisissue.

The main points of discussions were as follows,

e Regulationsregarding " Knowledge Management” not fully developed in most countries.

e Motives and key issues are dightly different between the programs.

e Systemsfor identifying important knowledge/records/documents are developing and are in
some countries in the stage of implementation.

o "Knowledge management” is an important field for all programs and needs further attention
(visions-palicy).

e Thedevelopment on technical media continues (and will continue).

e The question on the need for international archives has been raised and several views have
been expressed. This question has to be discussed on aregular basis since repositories for
LLW and ILW are implemented and plans for implementing repositories for HLW are well
under way in some countries.

e Early actions on knowledge management issues will improve the possibilities for future
generations to make informed decisions regarding radioactive waste issues.



To within a year or two have an international expert meeting for compiling the changes
from the current established baseline as presented at this Rome workshop, preferably such a meeting
should be anticipated held by an international organization such as |IAEA and OECD/NEA.
Clarification of remaining issues would be another task for such a meeting. At the next meeting it
might also be considered to broaden the discussion by also inviting other stakeholders. Views from
other industrial fields might also be a good approach to get a perspective on relevant measures for the

future.

All presentations in the Workshop were distributed to the participants as electric filesin
CD-ROM. In this report, we attached only RWMC'’ s presentations.
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1. The Workshop

1.1 Opening of meeting

The workshop started with a presentation round with al session around the table. Mr Ken
Bragg from IAEA noted the blend of people from different areas present - from techniciansto
archivists - which he thought would stimulate the discussions throughout the workshop.
Mr Bragg stressed a shift in focus within the field “practical reality applications’, i.e. serious decisions
by governments to do something in reality for the record keeping needs for the future.

He also pointed out that the context (on record keeping and retrieval) of information might and
probably will change with time — how do the process/system on” knowledge management” adapt to
such changes?

The questions to keep in mind when working in thisfield are:

o What are we practically doing today on” Knowledge Management” — can we do more?
e Why are we doing these measures and for whom?
e What are the vision and the philosophical intent?

Mr Takao Tsuboya from RWMC gave a presentation on the background for the workshop.
He stressed that a passive safety system needs to be prepared. Record preservation will constitute an
important part of institutional control of future geological repositories.

Future institutional control is foreseen to consist of asocial side and atechnical side. In Japan the start
has been to look at the technical side. The implementation phase of a geologic repository for HLW in
Japan started in year 2000 and now the most important issue is to obtain public trust and confidence
for the waste management programme. One element to build such trust can be to ensure that the
information on the repositories will be kept in agood way.

RWM C described that the main objectives of record preservation are preventing future generations
from unintentional accessto the repository, and providing future generations with information
necessary for decision-making on the repository. Therefore record preservation isto be considered to
be avery important part of future institutional control. He also quoted the IAEA TECDOC-1097
report where it is stated that a record management system may be a good way to communicate
information to future generations.

RWMC' s record preservation study aims to inform governmental bodies regarding " Knowledge
Management” issues. Thiswork can later be used when programs for developing institutional control
components are formulated. Important questions right now are: “Who? How long? For whom? What
kind of records and how?’

Asatechnical issue a new mediatype has been developed - the LASER GRY PH record preservation
method. In this method the valuable information is laser engraved on thin plates of sintered silicone
carbide.

1.2 Nordic study of record keeping
Mr Mikael Jensen from SSI, Sweden, gave a presentation of the KAN 1.3 study.

This study was a common Nordic study regarding how to deal with information on radioactive waste
repositories and the information transfer to coming generations. The workgroup that conducted the
study consisted of Governmental bodies, Universities, Archivesin the Nordic countries and
implementers of systems for taking care of radioactive wastes. The goal wasto form a common
Nordic view on these issues.

Information conservation — Why, What, How, When? Thiswill serve as a base for proper future
decisions in regard to unintentional/intentional intrusion.



Stakeholders - which are the interest groups? Which system and vision are used to determine what
information to preserve? To understand the general background information you must also have an
understanding of the context and the reasoning behind the decisions taken.

A few conclusionsin the KAN 1.3 study:

Data on repositories must contain information on
e  Geographic location (community, county board, authorities).
e Layout and design (SKB, authorities, repository).
e Sourceterm (High level waste, LLW and ILW).
o Safety analysis (SKB, authorities, repository).
Data characteristics on the information to be preserved:
Overall relatively small volumes of data.
Only small additions to the database are made each year.

A lot of theinformation is on digital media.
All information has been saved/no culling has been made.

Archives — After the repository has been closed the information shall be preserved aslong as possible.
Archiving aims at reaching physical, logical and technical durability.

The case studies of the KAN 1.3 project show the German Landesarchiv despite several war times
have suffered few losses. The Vatican archive has been moved several times and has been subject to
attacks on several occasions throughout its long history. Still, however, alarge part of the original
documents remains intact.

The KAN-study concluded that for archives asummary and duplication strategy is recommended: A
“Primary Information Set” — consisting of originals regarding research, safety assessments, operation
issues etc — can be collected.

Second and Third Level Information Sets” (summaries and conclusions/copies of important parts of
the “Primary Information Set”) are to be placed regionally, nationally and/or internationally — e.g. a
summary of 1-10 volumes with references plus duplicates of valuable information.

Anideacould aso be that countries could “exchange archives’ to ensure physical distribution of the
information sets.

Only Finland so far has alaw specially demanding delivery of awell structured archive after that the
deep repository has been closed.

Summary

e Thereisaneed for information conservation regarding HLW repositories for at least 1000
years.

e A multi component strategy is recommended for information conservation (Archives, Markers
and Information in society).

e Paper and microfilm are today State-of-the -art of durable information media.

e Magnetic and optic media are excellent for producing durable information sets, but are not
durable themselves.

e For archives asummary and duplication strategy is recommended. Creation of Second and
Third Level Information Sets to be placed regionally, nationally and/or internationally.

e Some simple marker systems should be considered.

¢ For information conservation regarding nuclear repositories worldwide, an international
archive would be valuable. The working group recommends that such an archive be formed.

1.3 Presentation by Mr. Ken Bragg, |AEA

New ideas related to the transfer of information and the use of contextual frameworks as
they apply to radioactive waste management was discussed by Mr Ken Bragg, |AEA.



The problem isthat institutional control will put a burden on future generations, which might not be
acceptable.

Every generation should be able to
e Make conscious and active decisions.
e Take necessary technical actions to mitigate any dangers or hazards.

To make sure that the above options are valid the relevant information has to be transferred to the
coming generations.

Thetransfer of the contextual framework is very important. This can be done through a Framework
database (meta data with links) on the Primary databases, where the ability to make intelligent
searchesis afundamental issue. Multiple links will decrease the risk that the information can’'t be
accessed and ensure that the information is widely accessible.

The Contextual framework concept can give answers to many questions: Who generated the
information and for what purpose? Why has action x been carried out? This kind of information will
mirror the time in which the actions were done — hence a context is formed.

Mr Bragg suggested the evolution of a*“multiple archive concept” as earlier taken up in the KAN 1-3
study. IAEA could have aleading rolein such a development. An IAEA archive would need:

e Support from the participating states.
e That it would constitute a substantial project with long term funding.

The initiative must in any case come from the member states and not from IAEA.

Knowledge Management is another important issue — peoplein theindustry are aging and it is
important to bring the collected knowledge on radioactive waste management to the young generation

1.4 OECD/NEA study

Dr Claudio Pescatore from OECD/NEA referred to the report ” Future Human Actions at
Disposal Sites’ from 1995. This report focused on geological disposal.

Dr Pescatore stressed the importance of bringing the knowledge of the context behind all information
collected.

He then put the question: When do we need record preservation?
Activities plus institutions require records. Therefore as long institutions exist we need records.
Why do we need preservation of records?

e Mitigate human intrusions.

e Deep repository is passive safety. The existence of records gives further safety.

e We must not deprive future generations the possihilities to make informed decisions.
e Control requires records.

How could we do this?

e Conservation of records.
e Information in society [compare with KAN 1-3 conclusions].
e Durable media— Paper 100 years; microfilm 100-200 years, magnetic disc — very few years.
This leads to the conclusion that we should consciously duplicate our information.
e Memory in society.
Communication issues:
Records are not useful if no one is aware of them.
Information has a tendency to degenerate and migrate.

Information should be kept simple.
Mark out the geographical locations of facilities on maps.



Long-term preservation issues.

The preservation should be constantly monitored and be kept state-of-the-art.
There must be alegal framework to support the preservation.

The National archives must be part of the systems.

There should be references on the intranet..

Conclusions:

e Actionson preservation are mainly to prevent human activity at the sites.
e There should be clear requirements on retrieval of information from the systems created.
e There should be monitoring requirements on the status of the preservation systems.

1.5 US studiesregarding marker systems
Professor Stephen Hora from University of Hawaii at Hilo presented work made at Sandia

National Laboratories for the US Department of Energy. There were two studies involving panels of
experts:

e Four teams of experts addressed future inadvertent actions that might violate the repository.
e Two teams of experts created marker systems as a defense against these intrusions.

The first study found a number of activities that might influence a repository in the future:

Drilling or mining.

Future expansions of the repository.
Injection disposal wells.
Archaeological investigation.
Dams.

Underground weapons testing.
Weather modification.
Irrigation.

Tunneling.

Water wells.

Other scientific investigations.

The markers expert teams had experience on:

Language.
Materials.
Architecture.
Astronomy.
Social Science.
Semiotics.

In the marker system study the design basis for the markers were that they must be effectivein
warning potential intruders and that they would have a durability of about 10,000 years. They should
aso form aredundant system.

Professor Hora showed a number of different suggested marker designs and discussed different levels
of the information that might be displayed on the markers.

1.6 RWMC study on record preservation

RWMC has made a study on the Record Preservation for HLW Geological Disposal —Significance,
Methods and Technical Feasibility. This study was presented by Messers.Jin Ohuchi, and Kazutoshi
Sugiyama, RWMC and Professor Nozomu Matsubara, University of Tokyo. The presentation was
divided in the following parts:



Part-1...Significance & Requirements.
Part-2...Robust system & durable technology.
Part-3...Examples of Long-term Record Preservation in Japanese History.

Mr Ohuchi presented the Part-1, Suggested system for long-term preservation of

information in Japan.

A study has been done by RWMC through discussions at a Technical Committee with experts from
the following disciplines:

Social science/ statistics.
Journalism.

Information system.

Archives.

Philosophy / semiotics.

Archeology / cultural anthropology.
Material science.

Nuclear engineering.

Expert of geological disposal.
Implementer of geological disposal.

The goal of the work has been to provide a menu for the government and the related bodies, such as
implementing entity and municipalities, to realize their record preservation system.

In the group they studied the significance of record preservation for geological disposal and clarified
the requirements and adaptable elements for designing a robust record preservation system. “Record
preservation” in this study covered in a broad sense record keeping, retrieving documents,
communication by markers & monuments, etc.

The reason for the study was that:

Long-term preservation of information is alegal requirement in Japan.
Prevent future generations from unintentional access to the repository.
Provide future generations with information necessary for their own decision-making on the
repository.
Confidence building ...the achievement of “intergenerational equity” by choosing
technologies and strategies which minimize the resource and risk burdens passed to future
generations by the current generations which produce the wastes. (OECD/NEA, 1995).
Meta signal to the current generation:

..."Do our best” for the future generations might be the conscious message to the current
generation to implement geological disposal.

The Japanese programme to achieve arobust and redundant system comprises:

Classify the society models.
0 Ability of understand preserved information.
Investigate the historical & current record preservation and extract elements.
o Clarify adaptability of elements for requirements of each society model.
Strengthen robustness & redundancy.
0 Durable recording technology etc.
Designin trial arecord preservation system.
0 Integrate el ementsto meet the requirements.

Integrating several adaptable elements would impart redundancy to communicate to the future
generations and also impart robustness to maintain the overall function even though partial damage,
thus resulting in aflexible preservation system adaptable to future changes of society.



Mr Sugiyama presented the Part-2, technical basis of long-term preservation. Of special
interest has been recording media of which material and recorded characters has long-term durability,
and isindependent on the environment where it is stored. Silicon carbide was found to have the
hardness, density, engraving capabilities etc that would be interesting for arecording material. The
conclusion was that Laser engraving technology on SiC plates can be used for documentary records
and even face plates of future monuments etc.

Professor Nozomu Matsubara presented the Part-3 on the examples of long-term record
preservation in Japanese history. There are many historic records and monuments from Ancient in
Japan. Especially old documents have remained since 8" Century or older ages, and combination of
Japanese paper and Chinese ink has had superiority as long-term mediafor documents. He explained
that current Japanese generation could understand the Chinese message engraved on the discovered
iron sword from 5" century.

1.7 Presentations from different countries

Presentations were given from the different countries regarding their Record Management Systems,
the possibilities and ideas/plans/actions taken for long-term preservation and retrieval, considered
marker systems etc.

1.7.1 France(Phillippe Raimbault, DGSNR)
Preservation of information on waste disposal have been considered in France in two aress:

e  For licensing the Centre de la Manche(CSM) to enter the surveillance period after
completion of its operational period.

e  For regulatory guidance regarding the development of deep disposal of high level and
intermediate level long-lived waste.

For CSM, the information has been preserved in duplicate at CSM and the suburbs of Paris. Detailed
information on the disposal should include :
e information on the different components of the disposal and their emplacement (structures,
cover, water collection and drainage system) ;
e data concerning the waste inventory, the waste characteristics and its location in the disposal
structures;;
e dataconcerning the monitoring of the site and its environment ;

e  data concerning past incidents, detected defects and the associated maintenance operations.

For geological disposal, Basic Safety Rule, RFS111.2.f, issued in June 1991 by DSIN. The basis of
this regulation is that protection of people and the environment be provided against risks associated
with the dissemination of radioactive substancesin all the situations considered without depending on
institutional control which may not be guaranteed beyond alimited period of time. Retrievability was
not considered in that rule.

It is considered that memory of the repository will be kept for 500 years making inadvertant intrusion
in the repository area extremely unlikely. This memory will depend on the durability of the measures
implemented :

The surface markers have been the subject of some development in France in the framework of the
NEA Working Group on the Assessment of Future Human Actions at Radioactive Waste Disposal
Sites which produced a report on the subject in 1995.

Surface markers may consist of solid constructions designed to last many thousand of years and be
interpretable by future societies, or may consist of simple fences and warning signs having alifetime
of only some decades. Some people have argued that, far in the future, the message concerning the
hazard associated with the repository might not be properly understood, and that markers may stir up



curiosity and incite people to perform underground exploration and thus increase the risk of human
intrusion.

In France, anovel type of marking system was proposed. Markers should not be located directly above
the repository but at some distance, like 10 to 20 km away, in order to limit the risk of intrusion due to
curiosity by people unaware of the risk but still informing people about the location of the repository if
they can appreciate the risk.

1.7.2 UK (lan Upshall, NIREX)

A study of the issues concerning the preservation of information and records relating to radioactive
waste was undertaken by Nirex between 2000 and 2002 with a view to providing the basis for
discussion and as input to the development of a national radioactive waste information management
strategy.

Organisations responsible for the safe management of radioactive waste in the United Kingdom have
long recognised the importance of preserving information about radioactive waste. Current regulation
regarding the management of waste-related recordsis principally focused on safety and environmental
imperatives. However, in order to meet our aspirations to enable future generations to safely manage
our radioactive waste and to inform the decision making process, we have to carefully consider the
long-term value of al related information.

The development of a national radwaste information management strategy should take due cognisance
of the objectives and characteristics of existing ‘local’ systems developed for operational needs.

A robust information management system will include the identification of threats to long-term access
and implement appropriate measures to counter these threats. These measures will include a
combination of appropriate media, controlled environments, planned migration, clear accountability,
preservation of meta-data and agreed system objectives.

The British Radwaste Information Management System (BRIMS) offers atool for the long-term
management of radioactive waste information the development of which has been focussed on the
need to maintain accessto data. Further development of the system isto take place that will ensure it
becomes the recognised standard providing areliable source of strategic information on which future
waste management activitiesin the UK can be based.

1.7.3 Spain(Jose Antonio Gago, ENRESA)

The rationale of record preservation are 1) intentional or involuntary human intrusion in the repository,
2) needed for confidence building and public acceptance.

In Spain, al existing standard requirements for nuclear installation only touch the “ philosophical”
aspects and do not explicitly cover the closure and post-operational phase

The most critical aspects for record keeping are:
e Repository location
e  Source terms and contents
e  Conceptual and “as-built” design. Layout
e  Background material, including rationale

e  Preserving theinformation in the long-term

1.7.4 Switzerland(Anne Claudel, NAGRA)

Law valid for organisations to whom the government has delegated some of its activities 1) Any
information which might be useful from an historical, juridical, social, economical, political or cultural



point of view should be archived. 2) Archives can be managed by the organisation or transferred to the
Federa 3) Archive The Federal Archive has guidelines for document classification and archiving.

In Swiss Nuclear Safety Inspectorate, Guideline R-21: Protection Objectives for the Disposal of
Radioactive Waste is following,

“ Itis]...] to be assumed in the safety analysisthat future generations will not take measures to
protect themselves from the exposure to radionuclides released from the repository. The applicant
should, neverthel ess, take measures to preserve information on the repository, including its location,
design and wastes which have been emplaced. Thisis intended to reduce the likelihood of an
unintentional intrusion into the repository”

In Swiss New Nuclear Energy Law, although it is under discussion, there are some articles concering
record preservation.

o Art. 37, Documentation requirements: Repository layout, waste inventory aswell asa
compl ete set of safety-relevant information gathered during the monitoring phase

o Art. 39, Post-closure safety: The Federal government is responsible for the preservation of
information regarding the waste as well as the repository and the surrounding area. The
government may forward information to other countries or international organisations. It can
prescribe the use of markers.

e Art. 40: Geological datagathered during site investigations and repository construction
should be forwarded to the Federal government upon request.

The current situation of information Management at Nagra are following;
o Key processes are documented
e Relevant and up-to-date information is registered and filed
e Relevant information isindexed to allow for easy retrieval
e Information is availableto all who require it during the projects
e Information can be reused for later projects
e Sensitive documents are marked accordingly
e Obsolete documents are marked accordingly
e Documents are safely archived over prescribed time periods
e At present: pre-operational documentation

The important issues of record preservation are fall into two types, one isinformation management
issue and the other is knowledge management issue.

¢ Information management
- selection policy
- information access: terminology, classifications
- organisation of project documentation
- physical preservation of information

¢ Knowledge management
- exhaustivity
- continuity

1.7.5 Belgium(A Berckmans, NIRAS)

Preservation and retrieval of information is part of Knowledge Management System (KNM), and now
itisat start-up phase.

General objective of KM S are following;



e Structure all acquired & till to acquire knowledge
e Archive & create cost effective multilevel access
e Assure QA/QC
e Usenarrative/ learning approach
e Striveto transparency & traceability
e Software vendor as independent as possible
e Strive to multi-disciplinary integration
Future plan of KM S s following;
e 2003
- Develop strategic implementation plan
- Start communication with stakeholders (scientists)
e 2004-2005:
- Implement infrastructure
- Test pilot project
- Communication effort / motivate culture change
e 2005-2010:
- Recover past
- Implement day-to-day use

1.7.6 Hungary(Milhaly Nagy, PURAM)

In July 1997, Act CXVI, legal base of radioactive waste went into force. PURAM (Public Utility for
Radioactive waste M anagement) was established as management entity of spent nuclear fuel and
radioactive waste by government. The operational records of radioactive waste are preserved and the
annual report has been published. The issue of record management is to establish the national archives.

1.7.7 Italy (Anselmo Farina, APAT)

The Computerized Inventory on Radioactive Materials, named SIRR, is aproject aiming to create an
inventory that may support the institutional activities of the APAT as nuclear Regulatory Authority in
Italy.

The SIRR allows to follow the history of the radioactive waste by recording any eventual transfer,
treatment, conditioning process. It is possible to recover all the history of a particular waste.

Until now the problem of keeping data for along termis not yet considered because the rule of APAT
isto follow the present inventory and to keep the information of the recent past. The important task of
record keeping for long time it will be considered in a much more detail when an organisation
responsible for RW management and disposal will set up.

The problem of the record management and long-term preservation and retrieval of information
regarding radioactive wastes disposal was considered in the technical standard UNICEN 202 (2002)
“Information management system for the disposal of Cat. 2 packages’ issued by UNI (Italian Agency
for Standardization).

Thistechnical standard focuses the following topics:
o Identification of the data that have to be kept



e Indexation, traceability and retrievability of the data
o Classification and the service life of the records

e Support (medium) of the data

e Protection of data from damaging environment

e Control of the access to the data

e Periodical duplication of the data

1.7.8 Canada(Ken Bragg, IAEA)

The Canadian studies focus on institutional control and information transfer to coming generations. To
maintain long-term safety there must be some form of institutional control.

A multi-disciplinary group was formed containing historians, anthropol ogists, economists,
archaeologists etc. The group concluded that there is no proof for the effectiveness of institutional
control. The future effectiveness depends on the survival of institutions and/or bureaucratic functions.
Passive institutional control will generally outlasts active ones.

The recommendations from the group were:

e Develop case studies.
Design long-term ingtitutions to look after radwaste facilities.

o Ifingtitutional controls are to be relied upon, provide information of the institution exercising
the controls.

e Put information on waste facilities on national topographic mapping databases and link to
international map publishers.

1.7.9 Netherlands(M aarten de Vos, COVRA)

In Netherlands archive law regulates the governmental report will be preserved at least for 100 years.
No specific regulations for record preservation of radioactive waste exists. The record of GKN (shut
down NNP) was handed over to National Archive institute (30 years, 1966-1997)

All radioactive waste data has been preserved on paper and digital from 1982.

In 2003, “archive policy” project will be set up. Task of the project is to create management system
and the period, record type and methodology will be discussed.

1.7.10 Japan(Jin Ohuchi, RWMC)

In June 2000, a law relating to final disposal of specified radioactive waste was officially announced
and implementing entity and fund managing entity was established.

In December 2002, the implementing entity NUMO (Nuclear Waste Management Organi zation of
Japan) started selection of preliminary investigation areas.

Record preservation on geological disposal was specified in specified radioactive waste act, and METI
(Ministry of Economy, Trade and Industry) are responsible for eternal record preservation on
geological disposal.

RWMC'’ s record preservation study aim to provide information for government and related bodies to
utilize in formulating programs on the record preservation.

1.7.11 Sweden(Ann-Mari Ekendahl, Per-Olof Lindberg, SKB)

In Sweden, the record preservation of nuclear facilities are implemented based on arule regulating the
record management and preservation.
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The new project “A 100K” started in 2002. The objective of the project isintegrating the information
of waste management of SKB (confirmation, preservation and searching) and establishing the
knowledge management system.
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2. Discussion

Mr Torsten Eng, SKB, Sweden started the discussion showing some observations from
the presentations from the different countries:

e Regulations regarding ” Knowledge Management” not fully developed in most countries.

e Motives and key issues are dightly different between the programmes.

e Systemsfor identifying important knowledge/records/documents are developing and arein
some countries in the stage of implementation.

¢ "Knowledge management” is an important field for all programs and needs further attention
(visions-policy).

e Thedevelopment on technical media continues (and will continue).

e The question on the need for international archives has been raised and several views have
been expressed. This question has to be discussed on aregular basis since repositories for
LLW and ILW are implemented and plans for implementing repositories for HLW are well
under way in some countries.

e Early actions on knowledge management issues will improve the possibilities for future
generations to make informed decisions regarding radioactive waste issues.

The general discussion followed the following lines:

There was aquestion if thereis a general need for an international consensus on how to address the
knowledge management issues. Some standards exists ( UK 1097/10 and UK 1097/22 ) and could be
developed further. The meeting concluded that al programs could benefit from such documents but
that it is still very early in the process and it is not an urgent need. A lot of knowledge is also to be
collected from other types of industrial activity —i.e. chemical industry etc.

It was pointed out that a narrative component would be a good complement to the (passive) archives.
Thiswould enhance the possibilities to transfer the knowledge on the contextual issues to future
generations.

There was a consensus on the principle that we have to “do our best”. We need a good management
system, but before that we should have clear goals. Safety requirements come first. We have technical
documents but we should have requirementsto follow. The “Knowledge Management” idea can be a
question for future evolving organisations (can be part of their mission).

Each country needs a“guidebook” on how their “ Knowledge Management” system works. When
travelling you often uses some “guidebook” to learn from experienced people how to get around,
where to find restaurants and interesting spots etc. The sameisvalid for a“Knowledge Management”
system.

To make a*“ Knowledge Management Guidebook” you must first have a knowledge base to build on
(preferably an archive) and not with just information on the operators. The regulators information
systems must address this issue as well! What we would need to devel op this idea further would be to
have some discussions on the content list in such a“Knowledge Management Guidebook”.
International expert meetings to discuss these issues were suggested.

Mr Takao Tsuboya, RWMC, pointed out that discussions on an international archive
would be very interesting.

The issues on “Knowledge Management” should be addressed in the reports on the “International
Convention on Radioactive Waste”. Each country that has ratified this convention is presently writing
this report.

Dr Claudio Pescatore stressed that an international archive should be requested by the big
organisations and countries. Knowledge Management is a major interest with alarge set of potential
customers. It can be used e.g. passing on knowledge during reorganisations and in long-term
management of information.

12



Regarding the time schedules and scope of future discussions the meeting concluded that the
“Knowledge Management” issues should be divided into manageabl e parts and future needs. Since our
organisations change with time it isimportant that we start these discussions now. We must show what
the requirements are for information and knowledge management.

Mr Torsten Eng referred to the Swedish experience in the repository siting process where
not only technical issues have been discussed but also the possibilities for future generations to take
informed decisions and actions. The Swedish siting process has surely benefited from these
discussions.

Who would pay for the long-term preservation? The meeting concluded that we would actually save
money by building up good archives — money is not (or should not be) an issue!

The cost for record keeping is very small, but the issue of responsibility isimportant and the
stakeholders will all agree that these questions are important.

Regarding marker systems there were several different views among the different countries. Several
thought these questions lies to far ahead to be discussed at this point. Even if we cannot reach a
consensus we should at least have some international discussions on these issues in the years to come.

Prof Sephen Hora said that the multifunctional group on marker systemsin the US had
been regarded as a controversial initiative - but it had come up with alot of good ideas!

Regarding an international standard he thought there is atiming problem since the different programs
are at different stages.

Chairman Prof. Nozomu Matsubara thanked everybody, especially Mr Eng, Mr Bragg and
Mr Jensen — the latter especially for the visit to the Vatican Library.

He then concluded that it isimportant that we see these questions from society’ s point of view, and we
should address the questions of how to

e Construct archives —internationally and nationally.
e How to pass on information in the long-term perspective.
e Continue to discuss our common interests.

13



3. General conclusionsfrom all presentations and discussions

After the workshop, Mr. Tsuboya and Mr. Eng discussed on general conclusion of the workshop as
follows;

1) Thegeneral understanding and implementation of “Knowledge Management” systems are
quite shallow in many countries. All countries have some form of archives but they are often
not taking into consideration the need for conveying the contextual framework together with
the “normal” documents and records.

2) Good archives are important for:

o Future generations.
0 To assessthe long-term safety of the systems we are constructing today and then
make informed decisions.
0 To mitigate human intrusion scenarios.
0 Toraisethe possibility for retrieving the waste (for whatever purpose).

o Present generation.
0 To document and assess the potential repository sitesin a structured way.
0 To have arguments for the decision on geologic disposal as the preferred aternative
for radioactive waste.
0 Tohaveinthearchivesall information necessary for all involved stakeholders (waste
management policy makers, implementers, regulators, politicians, societies,
neighbours, etc) to discuss important items.

3) The robustness of the “Knowledge Management” system is very important.

Regarding the archives we must be looking at both hardware and software to utilize the
recorded information as applicable and effective.

e Thekey subjectsin software are:
i. Who isthe responsible organisation today and in the future?
ii. How long shal the institutional period be?
iii. How long should we aim at the longevity of the technical systemswe are
constructing today?
iv. What contextual framework do we want to transfer to future generations?
v. How do we create redundancy systems?
1. Locd archives?
2. Regiona archives?
3. International archives?

e Thekey subjectsin hardware development are:
vi. Development and implementation of durable media.
vii. Document preservation measures.
viii. Markers.
iX. Renewal of important information on “old” and rapidly aging media.
Measures to mitigate losses in our decaying heritage of information.

4) Next stepsfor discussions.

e Towithinayear or two have an international expert meeting for compiling the changes
from the current established baseline as presented at this Rome workshop, preferably such
ameeting should be hosted by an international organisation (type IAEA or OECD/NEA).
Clarification of remaining issues would be another task for such a meeting. At the next
meeting it might also be considered to broaden the discussion by also inviting other
stakeholders. Views from other industrial fields might also be a good approach to get a
perspective on relevant measures for the future.
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OECD/NEA Claudio Pescatore claudio.pescatore@oecd.org




Appendix 2 Programme of Wor kshop

Record Management and L ong-term Preservation and

Retrieval of Information regarding Radioactive Waste.

Rome, Italy, January 27-28, 2003
Hotel Crown Plaza Rome-St Peters, Via Aurelia Antica 415.

January 27, 2003

SESSION |

Chair: Mr Ken Bragg, IAEA
Co-chair: Dr Mikael Jensen, SSI

13.00

13.10

13.20

13.45

14.15

14.45

15.15

15.45
16.30

18.00

19.30

Welcome. (Chairman)

Background for the workshop (Takao Tsuboya, RWMC, Japan)

The Nordic KAN 1.3 study (Dr Mikadl Jensen, SSI)

New ideas related to the transfer of information and the use of contextual frameworks as
they apply to radwaste management (Ken Bragg, |IAEA)

The OECD/NEA report " Future Human Actions at Disposal Sites' and later
developments (Claudio Pescatore, OECD/NEA)

The US studies regarding marker systems (Prof. Steve Hora, University of Hawaii at
Hilo)

RWMC's study on the Record Preservation for HLW Geological Disposal —
Significance, Methods and Technical Feasibility - (Jin Ohuchi, Kazutoshi Sugiyama and
Nozomu Matsubara, RWMC and the University of Tokyo)

Coffee

Discussion on technical issues and future actions regarding international archives
and/or other joint international actions on preservation and retrieval of information
regarding radioactive waste.

End

Dinner



January 28, 2003

SESSION 11

Chairman: Prof. Nozomu Matsubara, the University of Tokyo
Co-chair: Mr Torsten Eng, SKB

09.00 Presentation from the different countries regarding their Record Management Systems,
the possibilities and ideas/plans/actions taken for long-term preservation and retrieval,
considered marker systems etc.

France

UK

Spain
Switzerland
Belgium
Hungary
Italy
Canada
Netherlands
Japan
Sweden

Each country is asked to give presentations 10-20 min on the present status on the above mentioned
subjects. If possible, presentations from both the regulator(s) and the implementers
from a specific country would be appreciated.

12.00 Lunch

13.30 Continuation from the morning session

15.00 Summary and conclusions

17.00 Busto the Vatican Library

17.30 Study visit to the Vatican Library (presentation on history and visit tothe  reading

rooms and conservation area)

About 19.00 Bus back to the Hotel
End of workshop



Appendix 3 Announcement

Record Management and L ong-term Preservation and

Retrieval of Information regarding Radioactive Waste.

Workshop to be held in Rome, Italy, January 27-28, 2003
at Hotel Crown Plaza Rome-St Peters, Via Aurelia Antica 415.

Background:

To ensure that future generations have a proper freedom of action for intentional intrusion in a
repository for nuclear waste, for whatever purpose, the knowledge of the repository should be
kept aslong as possible. To inform each other on the present status regarding these issues, the
societal needs, laws and regulations, policies, present documentation systems, procedures and
measures to ensure information transfer, search for important documents, possibilities of
making information summaries etc, thisworkshop is held.

There are several reasons to create this baseline at this point in time. Oneisthat the question
on retrievability of waste from repositories and what this would mean in demands on
information transfer is becoming more and more important in several waste management
programmes. Another is that regulations on the handling of information regarding waste
repositories now are issued or under development in some countries. To get an overview of
the overall situation and to further devel op the thoughts and actionsin this area, a workshop
with broad international participation from institutions, which have studied or are studying
thisissue, would be interesting.

The Radioactive Waste Management Funding and Research Centre (RWMZC) in Japan have
brought up the original initiative for the workshop since they in Japan today have an intensive
discussion regarding confidence building. RWM C has an ongoing discussion on the technical
issues regarding long term record preservation, and has devel oped a durable media using
silicon carbide which might give a possibility to preserve records for more than thousand
years. Since we know that the topic of long-term preservation and retrieval of information are
also discussed in a number of other countries it might be very timely to have ajoint
discussion on the issue of long-term preservation and retrievability of information.



Program for the workshop

January 27, 2003

SESSION |

Chair: Mr Ken Bragg, IAEA
Co-chair: Dr Mikael Jensen, SSI

13.00
13-10
13.20
13.45
14.15
14.45
15.15
15.45
16.30

18.00
19.30

Welcome. (Chairman)

Background for the workshop (RWMC, Japan)

The Nordic KAN 1.3 study (Dr Mikael Jensen, SSI/Torsten Eng SKB)

New ideas related to the transfer of information and the use of contextual
frameworks as they apply to radwaste management (Ken Bragg, |AEA)

The OECD/NEA report " Future Human Actions at Disposal Sites' and later
developments (Claudio Pescatore, OECD/NEA)

The US studies regarding marker systems (Prof. Steve Hora, University of Hilo,
Hawaii)

RWMC's study on the purpose, methods and technical issues of long-term
record preservation (RWMC)

Coffee

Discussion on technical issues and future actions regarding international
archives and/or other joint international actions on preservation and retrieval of
information regarding radioactive waste.

End

Dinner

January 28, 2003

SESSION |1

Chairman: Prof. Nozomu Matsubara, University of Tokyo
Co-chair: Mr Torsten Eng, SKB

09.00

Presentation from the different countries regarding their Record Management
Systems, the possibilities and ideas/plans/actions taken for long-term
preservation and retrieval, considered marker systems etc.

Finland
Germany
France

UK

Spain
Switzerland
Belgium
USA

Japan



Sweden

Each country is asked to give presentations 10-20 min on the present status on
the above mentioned subjects. If possible, presentations from both the
regulator(s) and the implementers from a specific country would be appreciated.

12.00 Lunch

13.30 Continuation from the morning session

15.00 Summary and conclusions

17.00 Study visit to the Vatican Library (presentation on history and visit to the

reading rooms and conservation area)
about 19.30 End of workshop
L ogistics:

The workshop will be held at Crown Plaza Rome-St. Peter's, Via Aurelia Antica 415, Rome.
Telephone +39-06-66420. Fax: +39-06-6637190. Please make your own room reser vation
before December 15 with reference to the name of the workshop.

Room rate is 155 Euros/night breakfast included (single room) and 175 Euros/night for a
double room. Each person will also have to pay a conference fee (for 1 lunch and 3 coffee
breaks, other conference services etc) of about 50 Euro in total . This payment will be on
your hotel bill when checking out. If you are staying at another hotel in Rome you will have
to pay this fee separately to the conference hotel.

If you have not yet done so - please send as soon as possible your notification of
participation (aform is attached) in an e-mail to Torsten Eng at SKB on address:
torsten.eng@skb.se . The deadline for this notification is December 15, 2002.

Some written material, OH-series etc regarding

1) the papersin Session |

2) the presentationsin Session |1

must at the latest at January 10, 2003 be sent to Torsten Eng at the above mentioned e-mail
address. A CD-Rom with all the presentationsis intended to be produced for distribution at
the workshop.

Poster s ar e welcome but a special poster session is not scheduled. If you have a poster,
please notify Torsten Eng at the above e-mail address to make sure that sufficient spaceis
available in the conference room.



Appendix 4 Background of the Workshop

1. Background of the wor kshop
Takao Tsuboya, Radioactive Waste Management Funding and Research Center (RWMC)

1.1 Institutional control

RWMC (Radioactive Waste Management Funding and Research Center) has been studying on the
issue of record preservation of HLW geological disposal since 2000 commissioned by the Ministry of
Economy, Trade and Industry. Record preservation is positioned as an optional institutional control of
geological disposal. It isrecognized that geological disposal of high-level radioactive wastes based on
passive safe concept of isolating waste safely from human's living environment over along period of
time without relying on any human institutional control (OECD/NEA, 1982). However, in order to
implement geological disposal in society, various options which complement this passive safe concept
would be required to be prepared. These options should contribute the present generation who can ask
for decision-making of acceptance of repository sites and implementation of waste disposal to accept
the geological disposal system. An institutional control consists of social side and technical side. As
far astechnical issue is concerned, post-closure monitoring, retrievability of waste packages and
record preservation attract attention (IAEA, 1995).

1.2 Current Japanese situation regarding HL W geological disposal

The year 2000 was an epoch making year for waste management history of Japan. In late 1999, the
Japan Nuclear Cycle Development Institute, INC compiled and published a series of technical reports
so called H12 reports described in the scientific and technical basis for the geological disposal in Japan
based on extensive research works during past 25 years. The Specified Radioactive Waste Disposal
Act legidated in June 2000. The act specifies the overall implementation scheme and the three steps
disposal site selection process with transparent ways, and defines the role and responsibilities of the
Government, the disposal implementing organization(NUMO), the waste funding management
organization (RWMC), and owners of power reactors. Thus the RWMC has two quite difference
missions of research studies and funding management.

Accordingly, Japan opened the door to an implementation phase at the year 2000 from a scientific and
technical research phase. In December 2002, NUMO announced the " Start of Open Solicitation for
Volunteersfor Preliminary Investigation Areas ( PIAs) for aHLW Repository”. It is no doubt that the
most important issue of the implementation phase will be how to obtain public decision and public
confidence with geological disposal technology.

1.3 Current situation of record preservation in geological disposal program of Japan

As mentioned above, Japan went into the new stage towards implementation of geological disposal
and incorporation of record preservation, as part of institutional controlsinto geological disposal plan
will be discussed from now on. The word “Record preservation” are shown on not only Specified
Radioactive Waste Disposal Act but also some documents from governmental organization, such as
Atomic Energy Commission and Nuclear Safety Commission of Japan(*). According to these
documents, the objective of the record preservation is preventing future generations from unintentional
access to the repository. Therefore, the record preservation is considered to be the policy of the
institutional control which naturally needs to be adopted by management of HLW.

(*) Described record preservation in official documents. (Tentative trandation)
“ The Ministry of Economy, Trade and Industry shall permanently retain the records submitted in accordance with
the provision of the preceding clause.” (The Specified Radioactive Waste Disposal Act, 2000)
“ ... institutional controls such as land use restrictions and preservation of records are considered to be effective
for further reducing the possibility of any unexpected contact between the repository and human beings.” (The
basic Policy of Safety Regulations for the Disposal of High-Level Radioactive Waste (The first-stage Report),
2000)



1.4 Previous discussions regar ding institutional controlsand record preservation

At the place of an international argument, since the 1980’s, therole of institutional controls
measure in disposal of radioactive waste was appeared in international documents(OECD/NEA, 1982).
In 1987, KASAM held aseminar “ Ethical Aspects on Nuclear Waste. Some salient points discussed
at aseminar on Ethical action in the face of uncertainty” (KASAM, 1988) and summarized the result
of an argument. In 1994, OECD/NEA held aworkshop “ The Environmental and Ethical Basis of
Geological Disposal: Collective Opinion of the NEA Radioactive Waste Management
Committee” (OECD/NEA, 1995). At the workshop, intergenerational and intergenerational equity
concerning disposal of radioactive wastes was discussed and collected the opinion of final disposal
from environmental and ethical point of view.
Asfar asrecord preservation is concerned, Scandinavian countries had discussed in KAN-1.3 in 1993.
The report described that the current generation is required to preserve the information of disposal
facility so that future generation can access and use it.
Almost same time, in the United States, SNL report addressed the information communication by
markers and monuments for reducing the possibility of unintentional accessto WIPP underground
repository by future generations.
In 1999, IAEA published the technical report “Maintenance of Records for Radioactive Waste
Disposal, TECDOC-1097". In the report, the record management system was discussed for
communicate important information to future generations.

1.5 RWMC’srecord preservation study

RWMC's study aimsto provide information for the government and related bodies to utilize in
formulating programs as a component of the institutional control concerning geological disposal. In
this study, RWMC considered “ Who, How long, For whom, What kind of records should be
preserved. And How?’ Furthermore, in order to show the technical possibility of long-term record
preservation, we developed the new record preservation method called LASER GRY PH using sintered
silicon carbide thin plates and engraving their surface by alaser marking system. | am pleased if this
technical topic will contribute to activate discussions among participants.

1.6 About thisworkshop

| wish to thank for cooperation of the SKB staff, especially Mr. Torsten Eng. Furthermore, it is
thankful to Mr. Ken Bragg of IAEA, Dr. Mikael Jensen of SSI, Professor Nozomu Matsubara of the
University of Tokyo, and Mr. Torsten Eng of SKB who had the chairperson's duties taken over. The
workshop is participated by over 20 experts from eleven countries and two international organizations.
Today, | have redlly recognized that thisissueisimportant and highly concerned.
In session 11 of tomorrow, there are presentation from representatives from participant’ s countries. |
hope we will be able to exchange precious information.
The objective of thisworkshop is not to reach official consensus, but to inform each other on the
present status concerning record preservation. But, | wish to give direction toward next step, for
example, opportunity to discuss record preservation sponsored by international organization, holding
workshop by rotating host country, and discussion including archivist, historian and sociol ogist.
Furthermore, we have possibility to hold seminar or workshop in cooperation with related academic
society
Discussion we have made will be reported as part of our technical report. This report will be available
to the public, so if you have any inconvenience to disclose, please tell us or give instruction us when
checking draft report.
| hope succession of your presentation and intense discussion will be made during next two days.



References
The Japanese Law (2000): The Specified Radioactive Waste Final Disposal Act.

Nuclear safety Commission of Japan (2000): The Basic Policy of Safety Regulations for the Disposal of High-Level
Radioactive Waste (The first-stage Report).

IAEA (1999): Maintenance of Records for Radioactive Waste Disposal, TECDOC-1097.

KASAM (1988): Ethical Aspects on Nuclear Waste. Some salient points discussed at a seminar on Ethical action in the face
of uncertainty in Stockholm, Sweden. September 8-9, 1987. SKN Report 29.

Nordic Nuclear Safety Research Project KAN-1.3 (1993): Conservation and Retrieval of Information — Elements of a
Strategy to Inform Future Societies about Nuclear Waste Repositories.

OECD/NEA (1982): Disposal of Radioactive Waste, An Overview of the Principles Involved.

OECD/NEA (1995): Environmental and Ethical Basis of Geological Disposal: Collective Opinion of the NEA Radioactive
Waste Management Committee.

Sandia National Laboratories (1993): Expert Judgment on Markers to Deter Inadvertent Human Intrusion into the Waste
Isolation Pilot Plant, SAND92-1382.



RUWIMC

* Background of the workshop

January 27, 2003

Takao Tsuboya
Radioactive Waste Management
Funding and Research Center
(RANC
Rome Workshop Jan. 27-28, 2003 RWMC Japan

RUMC
i Role of institutional controls

1 Itisrecognized as geological disposal of high-level
radioactive wastes being a passive safety method of
isolating waste .

»  Inorder toimplement geological disposal in society,
various options which complement this passive safety
system ar e need.

3  Theseoptionsshould contribute the present generation
who can ask for decision-making of acceptance of
repository sitesand implementation of waste disposal to
accept the geological disposal system.
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RUWINIC
| History of Final Disposal of HLW in Japan

: 1976 Geological disposal study was started.
The study was performed mainly by geologists.

1989 Multi-barrier system development was officially
confirmed.
The study was accelerated by participation of
scientistsand engineersfrom variousfields.

1992 Technical feasibility of safe geological disposal of
HLW in Japan wasclarified.
Interim report known as H3 was submitted to
January JAEC, and opened to the public by PNC.

2003

Rome Workshop Jan. 27-28, 2003 RWMC Japan

RUWINIC

| (conti nues)

1995 JAEC started high level discussion on social and economic
aspects as essential for realization of HLW disposal.
(Recommendations wer e compiled in 1998)

Key message to the public was that they wer e expected to pay more
attention to final disposal of HLW astheir own issue.

K ey message to authorities was that they had to make every effort
based on ethical aspects such as minimization of burdenson future
generations, inter- and intra-generational equity.

Transparency and disclosur e of information are
fundamental principlesin all processes of repository development.

Thereport gaveincentivesto introduce new legislationsin order to securethe waste
disposal fund, establish implementing entity, and develop transparent site selection
DI OCESSES.

January
2003
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RUWINIC
| (continues)

11997 Specification of H12 report wasissued by JAEC.

Thereport was required to demonstrate the technical reliability
on geological disposal in Japan.

Thereport was also required to provide the technical basis for
the selection of potential disposal sitesand the formulation of

safety standards.

1999 TheH12report was submitted.

TheH12 project to establish technical basisfor HLW disposal in
Japan was compiled, submitted to JAEC, and opened to

the public by JINC.

January
2003
Rome Workshop Jan. 27-28, 2003 RWMC Japan
RUWMC
| (continues)
2000 Epoch-making year for waste management measurein
Japan.

New Act, “ The Specified Radioactive Waste Final Disposal Law”,
was passed in the Diet (May 31)

Overall implementation scheme and three steps disposal site
selection process with transparent ways wer e clearly specified.
NUM O asimplementation entity was established ( October 18)
RWM C was designated as waste disposal fund management
entity ( November 6)

Thefirst document on safety regulation framework was
completed by NSC ( November 6)
2001 The Gover nment was reformed ( January 2001)
The policy making role on final disposal of radioactive wastes
o from nuclear power generation was unified to the Ministry of
2003 =conomy, Tradeand Industry (MET]I), successor of MIT]I.
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RUWINIC

‘Eurrent Japanese Situation on Record Preservation
1 1)The Specified Radioactive Waste Final Disposal Act
(2000):
MET]I shall permanently retain the records submitted in
accordance with the provision of the preceding clause.
2) Nuclear Safety Commission of Japan(2000):

Institutional controls such as land use restrictions and
preservation of records are considered to be effective
for further reducing the possibility of any unexpected
contact between the repository and human beings.

January
2003

Rome Workshop Jan. 27-28, 2003 RWMC Japan

RUWIINE previous discussions regar ding institutional

controlsand record preservation
1) OECD/NEA (1982): review of the philosophy underlying
the technical approach to the disposal of radioactive waste.
2) KASAM (1988): the responsibility to future generations.

3) OECD/NEA (1995): inter-generational and intra-
generational equity.

4) KAN-1.3 (1993) to establish a common Nordic view on
information communication.

5) SAND92-1382 (1993) permanent markers of WIPP
6) |AEA (1999): record management system.

January
2003
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RUWMC
‘LRWI\/I C’srecord preservation study

== Objectives

= To provide information for government and related bodies to
utilize in formulating programs on the record preservation as
a component of the institutional control measure.

= Development of the new record preservation

method using:
= Materi n carbide (SIC) thin plates

= Technology: engraving by laser marking system

January
2003

Rome Workshop Jan. 27-28, 2003 RWMC Japan
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RUWINC
i About the wor kshop

= Objective of workshop is:
= not intend to reach official consensus,
= but to inform each other.

= Expected next step (for examples):

= opportunity to discuss sponsored by international
organization,

= workshop by rotating host country,

= discussion with expertsin the area of archives,

January historian, and sociologist, etc..
2003

Rome Workshop Jan. 27-28, 2003 RWMC Japan
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RWMC

RWMC’s Study
on the Record Preservation
* for HLW Geological Disposal

|

Part-1...Significance & Requirements

Part-2...Robust system & durable technology

Part-3...Examples of L ong-term Record Preservation in
Japanese History

Jin OHUCHI and Kazutoshi SUGIYAMA
Radioactive Waste Management Funding and Research Center (RWMC)

Nozomu MATSUBARA

The University of Tokyo
Rome Workshop Jan.27-28,2003 RWMC Japan 1
RUWMC
i Scope of RWMC'’ s Study
i L ‘ committee
/ meetings \

investigate .
historical & technical
K current issues ._feasibility J

Rome Workshop Jan.27-28,2003 RWMC Japan 2




RWMmCc

i Fields of Technical Committee Members

= social science/ statistics

= journalist

= information system

= archivist

= philosophy / semiotics

= archeology / cultural anthropology
= material science

= nuclear engineering

= expert of geological disposal

= implementer of geological disposal

Rome Workshop Jan.27-28,2003 RWMC Japan 3

RWMmC

i Goals

= Aiming at providing a menu for government and the
related bodies such asimplementing entity and
municipalitiesto realize their record preservation system

» Studied significance of record preservation for geological
disposal and clarified the requirements and adaptable elements
for designing robust record preservation system

» “Record preservation”in this study coverswidely record
keeping, retrieving documents, communication by markers &
monuments, etc.

Rome Workshop Jan.27-28,2003 RWMC Japan 4




RWMmCc

Why do we need Record Preservation ?
Purpose

= prevent future generations from unintentional access
to therepository

...basic information on the existence of repository

m provide future generationswith information necessary
for their own decision-making on therepository

...moredetailed & related information

Rome Workshop Jan.27-28,2003 RWMC Japan

RWMmC

Why do we need Record Preservation ?
Significance

= confidence building

= ...theachievement of “inter generational equity” by choosing
technologies and strategies which minimize the resour ce and risk
burdens passed to futur e generations by the current generations which
producethe wastes. (OECD/NEA, 1995)

= meta signal tothe current generation

..."Doour best” for the futur e generations might be the conscious
message to the current generation to implement geological disposal.

= legal requirement in Japan

Rome Workshop Jan.27-28,2003 RWMC Japan




Futur e generation’s decision-making
...re-use of the site, re-assessment, removal of HLW, etc.

How long shall we Presgrve Records ?

Radioactivity of Waste What records should be preserved why, for
whony, how long(when), how, where ?

Paper & ink
...durable media III
warning
Disposal Site '\ Construction\ Post-closure
program  Selection \ Operation control
Closure ]
Uncertainty of Safety
| | | |
10 100 1000 10000 10000dyear)
Timescale of Japanese historic era
Heiseai Meiji Heian Jyomon - Glacial -

Rome Workshop Jan.27-28,2003 RWMC Japan 7

RUWMC
Our Approach to Robust & Redundant

Classify the society models
= Ability of understand preserved information

I nvestigate the historical & current record

preservation and extract elements

= Clarify adaptability of elementsfor requirements of each
society model

strengthen robustness & redundancy
= durablerecording tech.,etc.

Design in trial arecord preservation system
= integrate elementsto meet the requirements

Rome Workshop Jan.27-28,2003 RWMC Japan 8




RWMC

Five Society Models

Model-A
advanced society

puess epun 0} AjIqy

Model-C |
retrograde society

Model-B
stagnant society

puess epun 01 Aljiqy

Model-E
society with a new civilization

discontinuous

Model-D
uncivilized society

Time

Rome Workshop Jan.27-28,2003

Time

RWMC Japan 9

RWMC

Description of Society-M odels

-- from the viewpoint of record preservation and communication --

Society Record Intelligence
model technology management / language culture
Superior . Superior keen awar eness of
Well organized
Advanced and stable g ) Possible to under stand reI(::g:r;d preseralvatflon
A |information network International archives | present language ey enewato
system y
Comparable
Comparable comparable nggletgth Comparable
i understand the
B Archives present language
Inferior Inferior Inferior
C ngj\?érrﬂa;;g%m isnot Not be expected ukrggrqstﬁar%ettﬁe grong influence of
expected present language religion
Impossible to o
similar to
D Not be expected Not be expected gpggnat?gggt&a%e prehistoric times
Irgpoé%ib&ettr?
under stand the
different from now dgag};gg}dﬁéw present language different values
E & Psychological or
nonver bal symbols
may be decoded

Rome Workshop Jan.27-28,2003

RWMC Japan 10
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I nvestigate
Historical, Archaeological and Societal

ih-

A

k
.l-
2 4 .f-
Japaneseold wr|t|ngs K eeping system of documents
Rome Workshop Jan.27-28,2003 RWMC Japan

RWMC

|nvestigate
Symbols & Psychological consider ation

(SNL, 1993)

concept by Michael Brill and art by Safdar Abidi

Search for Extraterrestrial Intelligence (NASA)

e DANGER
L 1 PHSONOUE RADDOACTIVE %" WASTE BLURIETD HERE i-'-_'_f-' ]

LR BETT 1JICE LNK EHELL HERE HEFUOHRE ALY, BT o0 -

Rome Workshop Jan.27-28,2003 RWMC Japan 12




RWMmCc

Investigated Samplesto extract Elements
for meeting Requirements

= Historical & archeological record preservation

= Documents...Old Testament, Relics, L egends, Japanese ancient
writings, Old records of Korean Dynasty, etc.

= Monument/symbol, buildings, etc.

= Current Record preservation
= Repository...|AEA-TECDOC1097, SAND92-1382, KAN-1.3

= Social system...Census, cultural properties protection, documentary
recor ds preservation, etc.

» Related technologies

= Information system, paper & microfilm, metallic & inorganic
materials, communication & psychological consideration, etc.

Rome Workshop Jan.27-28,2003 RWMC Japan 13

RWMmC

Extraction of adaptable Elements
from historical & current issues

= Documents
» Preserved...durablemedia & preserving environment,

manuscript copying for future generation,
preserving at different places, recognized value, etc.

= Lost ...change of social & national system, war damage, etc.

= Remains

» Preserved...durable materials such asrock and brick,
written in ideograms and/or plural languages, etc.

» Lost...destruction /robbery duetoracial / religious
confrontation and difference of values,

re-use, removal, etc.
Rome Workshop Jan.27-28,2003 RWMC Japan 14




RWMC

Adaptability of Elements
for each Society Model... clarified

o " society model
ements A B c D E
D: document, M: markers& monuments D | M D | M D | M D | M D M
paper o o *
recording film - = =
= electronic/ optical media
natural rocks
engineering materials
reguratory body
ape geographical survey institute
Adaptability - district legal affairs bureau
eretobe - = - e
preserved national & |.nlern§(|onal libraries and records
HLW repository site
* % every partsof theworld
extraterrestrial, space station
* social system
: education system
none FEAETE e

1ce during post-closure control
durable markers& monuments

classified information -decision making-
classified information -warning-
dispersion of preservation

others information system

physical media as monument

physical media for icati
Rome physical mediaasmarkers L& o0 . 15

RWMC

Robust & Redundant...case studied

= Integrating several adaptable elementswould impart
redundancy to communicate to the future generations
and also impart robustnessto maintain the overall
function even though partial damage, thusresultingin
aflexible preservation system adaptableto future
changes of society.

Rome Workshop Jan.27-28,2003 RWMC Japan 16




RWMmCc

i Summary of Part-1

= Significance...re-confirmed
= Why -decision making & warning
for confidence-building & legal requirement
= How long
-several hundredsto a thousand year s (documents)
mor e than athousand years
(markers & monuments + SIC documents?)

= Requirements
» Historical and current issues...investigated
» Requirements & applicable elements...clarified

Rome Workshop Jan.27-28,2003 RWMC Japan
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RWMmC

1

Part-2...Robust system & durable technology

Rome Workshop Jan.27-28,2003 RWMC Japan
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RUMC
i Relay system & permanent system

= Relay system: by which the record is kept,
renewed and communicated through
generations within social system.

= Permanent system: by which the record and
information are kept and communicated by
using durable recording methods such as
markers and monuments.

Rome Workshop Jan.27-28,2003 RWMC Japan 19

RWMIC . o
Scenario of future generations
i information retrieval and decision

Agency in record i
Library, archives preservation Foreign and
Implementin international
P 9 archives
Local governments body
Custom,
Education religion
Permanent syste &
Markers, monuments, DeCISI(_)n
storehouses and action
- - Break of
Unintentional ACCESS
access
Rome Workshop Jan.27-28,2003 RWMC Japan 20




RUWMC

Scenario in permanent system

Visit to disposal site

|
Markers, monuments and
storehouses

l

Understand the message?
yes no

}

Break of access ‘

‘ Unintentional access ‘

’ Intentional access ‘

‘ Interested in and access

Rome Workshop Jan.27-28,2003 RWMC Japan 21
v e
RUWMC
Classified level, contents and
Ob'j;CtiVZ of Level Classification and Contents'” Preservation
ecor
Preservation Level Contents Method
1711 |1. Information to be encountered first As A
— = "'Something artificial exists around here and it represents danger." S
85 x> 1S
S S* 5 S
oSG ne - - - S
E588 1l 2. Information necessary after the danger is perceived 2
SE8 S "High-level radioactive waste exists" -
g5 <cx "It exits deep under the ground nearby." E
"More detailed information exits" 5 s
v= 8
i IV [3. Detailed information A2
2 written records, tables, figures, maps, etc. 2
gSsp £
28B=% — . 5
zegg \Y 4. Further detailed information 1S
c O E =
g 3
voe
) Referred to SNL, 1993 etc.
Rome Workshop Jan.27-28,2003 RWMC Japan 22




IEul'm":Arrangement of markers, monuments,

and permanent record storehouse

bl ok Yy ?515?1?5?
aanan,
prisle,
o

Level |
(mound)

A E bk | T

)

Level 11
(monolith)

er

dhere.

u

-

AT

AR

Level 111
permanent storehouse (message board)
RWMC Japan 23

Rome Workshop Jan.27-28,2003

RWMC :
Development of durablerecording

media

Engineered materials
(metals, ceramics)

Rome Workshop Jan.27-28,2003 RWMC Japan 24




RUWMC

i Comparison of recording media

Durability of recording media Required

technology
Materials Dependence on level
Estimated life time preserving for

environment recognition
Digital media several decays high high
Paper and film several centuries - high low

millennium
metal and ceramics |more than thousand years low low
Rome Workshop Jan.27-28,2003 RWMC Japan

25

RWMC

i Purpose of development

Technical basis of long-term preservation as
one of options

= Recording media of which material and recorded
characters have:

= long-term durability, and
= independency on stored environment.

Rome Workshop Jan.27-28,2003

RWMC Japan




RUMC
‘ L aser engraving —long-ter m preservation of

documentary archives-

Documents on paper/film ... Documents on durable media
Rome Workshop Jan.27-28,2003 RWMC Japan 27

i Hardness of materials

M aterials Vickers hardness

Stainless steel 330

Quartz 800

Zirconia 1300
Alumina 1600
Silicon nitride 1600
Silicon carbide 2500
Diamond 8500

Rome Workshop Jan.27-28,2003 RWMC Japan 28




RWMmCc

1

Density of materials

Densit
M aterials 3’

(mg/m”)
Hastelloy C22 8.7
(Ni-base alloy) '
Alumina sintered compact 40
(A1,05 99.9%) '
Zirconia sintered compact
(ZrO, 94.7%) 5561
Silicon carbide sintered compact 3.2
(a -SiC 98%) ;

Rome Workshop Jan.27-28,2003 RWMC Japan 29

RWMmC

i Engraving process

Preparation of
import data

—

processing

-

Rome Workshop Jan.27-28,2003

LASCRGLYPH

output

RWMC Japan 30




RWMC
iEngraving methods

= Trench engraving

= Dot engraving

Rome Workshop Jan.27-28,2003

LASERGLYI

RWMC Japan

Al

31

RWMC
i Trench engraving

operated with Nd:YAG laser

LASCRGLY

Rome Workshop Jan.27-28,2003

RWMC Japan

PH




RUWIMC

LASCRGLYPY

Dot engraving

S~
Rome Workshop Jan.27-28,2003 RWMC Japan 33
RWMC
i Result of engraving
trench engraving dot engraving
Hastelloy yes good
Alumina no yes
Zirconia no yes
Silicon carbide yes good
Rome Workshop Jan.27-28,2003 RWMC Japan 34




e ASERGLYPY

‘ Results of trench engraving

Well result was obtained on hastelloy and SiC

8mm
Width of trench: 0.1mm

Minimum interval of trenches: 0.3mm
Depth of trench: 0.15 0.8mm

Rome Workshop Jan.27-28,2003 RWMC Japan

RWMC

10cm

Rome Workshop Jan.27-28,2003 RWMC Japan




RWMC
‘L Result of dot engraving

jpe=E=sEEARARNY

1cm

10cm

Rome Workshop Jan.27-28,2003 RWMC Japan 37

RUWMC
* Result of dot engraving

(Original import data)

Rome Workshop Jan.27-28,2003 RWMC Japan




RWINIC

i Volume estimation

= Original document: 500 pages

= Platesize: 10cm x 10cm x  1mm

= Engraved size of characters. 2-points

= Number of pages of original document to be engrave
single side of a plate: 6

= Number of pages of original document to be engraved on
both sides of aplate: 12

= Total number of plates needed: 500/16 42

= Thetotal thickness of plates. 42mm

Rome Workshop Jan.27-28,2003 RWMC Japan 39

RWIMC
Expected characteristics of SIC

(durable material)

= Strong resistance to:
= \Wear,
= chemical impact, and
= heat.

(other characteristics)

= Well results of engraving

= Low density (light): easy to use.

= Easy to be produced (from Japanese market).

Rome Workshop Jan.27-28,2003 RWMC Japan 40




RWMC

i Summary of Part-2

m Robust preservation system ...designed in trial

m Laser engraving technology on SIC plate ...proved
= applicableto documentary record and
face plate of monument LASERGLYPH

Rome Workshop Jan.27-28,2003 RWMC Japan 41




RWMC’s Study on the Record Preservation for HLW Geological Disposal
- Significance, Methods and Technical Feasibility -

OHUCHI Jin and SUGIYAMA Kazutoshi

Radioactive Waste Management Funding and Research Center (RWMC)
No.15. Mori Bldg, 2-8-10, Toranomon, Minato-ku, Tokyo 105-0001, Japan

INTRODUCTION

Radioactive Waste Management Funding and Research Center (RWMC) in
Japan has been studying since 2000 the significances and technical issues on record
preservation as an optional institutional control to build the public confidence in
geological disposal (RWMC, 2003). We are aiming at providing options for bodies such as
the government, implementing body, municipalities and other organizations for
building public confidence in geological disposal.

In this paper, we discuss basic significance, objectives, and methods of
long-term record preservation including a technical advantage of laser engraving on
silicon carbide. The term “record preservation” is taken in the broad sense, covering
from the record keeping and retrieval of documents to the communication of

information by markers and monuments.

SIGNIFICANCE AND OBJECTIVES OF RECORD PRESERVATION

As HLW contains higher radioactivity, extensive discussions have been done on
the environmental and ethical concerns for geological disposal. For example,
OECD/NEA (1995) issued a report summarizing the opinions of the experts, and
expressed an international consensus that we should not unnecessarily limit the
capacity of future generations to take over management control, including the ability to
recover the waste. Besides the provision of scientific and technological basis and data
related to the safety assessment of geological disposal, it is also important to develop
options from social and ethical viewpoints for building the public confidence in
geological disposal. Institutional control including record preservation should be
effective in minimizing the possibilities of unintentional human access to the geological
repository IAEA, 1999).

Considering the items mentioned above, we have confirmed the following two
objectives of record preservation:

1) Preventing future generations from unintentional access to the repository, and

2) Providing future generations with information necessary for decision-making on



the repository.

In relation to the first objective, only basic information related to the existence
of the repository would be necessitated. However for the second objective, more detailed
information of the repository should be necessary to communicate to the future
generations.

Record preservation for geological disposal would be vital from the viewpoint of
intergenerational ethics. We point out that record preservation is not only a measure
intended for future generations, but also a Meta signal to the present generation. “Do
our best” for the future generations should be important for the present generation to

accept geological disposal.

TIME FRAME TO BE CONSIDERED IN RECORD PRESERVATION

We discuss question of how long future generations need information on the
repository. Figure 1 conceptualizes the timeframe of the repository and record
preservation. The radioactivity of HLW decreases drastically within the first thousand
years. As the higher radioactivity of HLW demands the significance of record
preservation, the necessity for preserving records decreases according to the decreasing
of the radioactivity. Future generations can make their own decisions such as re-use of
the repository site, safety re-assessment and removal of HLW within the first thousand
years.

From the above, we can conclude that the records to be preserved for future
generations so they can make their decisions would be of significance during the first
several hundreds to one thousand years in which the radioactivity of HLW is rather
high. In such a time span, although paper documents could be preserved, the
dependency on the preservation environments and the life of ink materials remain to be
discussed. For this methodology to work, durable materials are expected to last longer
than a thousand years and accommodate a large volume of information.

As the radioactivity of HLW will remain after the first one thousand years or so,
it is important that necessary information to control future generations’ unintentional
access to the repository should be communicated by using durable items such as

markers and monuments down to the future.



Radioactivity of Waste How long, for whom, for what purpose, and
what kind of records should be preserved?
And how?

REPOSItOrY. ..o

Site Construction\ FPost-closure
Selection \ Operation \ Management

Closure
Uncertainty in safety
| | | |

>

10 100 (Year) 1000 10000 100000
Timescale of Japanese historic era
Heisei Meiji Heian Jyomon- Glacial -

RWMC-TRE-03001

Fig. 1 Time frame for future and record preservation

ROBUST RECORD PRESERVATION

Anticipating wide range of technological and institutional issues concerning
record preservation, this study examined methods to communicate messages for future
generations that is quite different from our own in terms of social systems, culture,
values, languages, level of knowledge, etc. as well as for the future in which national
systems for record preservation is maintained.

As the first step, from the viewpoint of the ability to understand the
information, we have set five society models with different cultures, language, levels of
knowledge, etc. (Fig. 2, and Table 1), and clarified the requirements. Next, the
elemental methods of record preservation and communication of information, which
could be effective in each society model was formulated into an appropriate combination.
In Table 2, each elemental method was extracted from the examination on the cases of
record preservation in history, archaeology and social institution as well as related
technical field and recent discussions.

Combining several different methods would impart redundancy to the
communication function of a record preservation system. And at the same time, it would

enable the system to retain robustness so that the overall function would not be



influenced by partial damage, thus resulting in a flexible system that can adapt to

changes in the background social condition in the future.

Continuous pattern

£ovI9TT puR

Surpuejsiepun Jo [9A97]

A: advanced

B: stagnant

C: retrograde

v

Discontinuous pattern

E: new civilization

D: uncivilized

time

time

RWMC-TRE-03001

Fig. 2 Concept of modeled societies

Table 1 Characteristics of modeled societies

technology.

understanding our language,
but it would be possible to
understand encoded
messages.

S’\;i::?, Scientific Technology Rchoorrr: l:;essoe;\;altga;lsér;;he Knowledge Level and Language| Other Cultural Characteristics

A =Advanced scientific *Advanced management =Advanced level of knowledge, | *High level of awareness
technology and stable system for documentary and substantial capability of  [toward record preservation,
information network. records. understanding our language in |but social metabolism is so

*Possible international spite of its transformation. active that possibilities of old
management system. things being replaced by new
ones would be high.

B =Similar level of scientific = Similar social systems =Similar level of knowledge. = Similar level of awareness
technology and information maintained and public records |+*In spite of a gradual toward record preservation.
network. offices and other organizations |transformation of languages, =Social metabolism is not so

in charge of management and |our languages could be high as in Society A, and
preservation of records in understood. upgrading activities are not so
place. active.

C -Lower level of scientific Less possibility of record -Lower level of knowledge. -Lower level of awareness
technology, and less possibility |management and preservation |*Due to a gradual toward record preservation.
of an information network. in the form of a social system. |transformation of languages, it |- Strong religious influence.

is impossible to understand
our languages.

D *Unsatisfactory level of Lack of record management |*No common language would |-Similar to prehistoric society.
scientific technology. and preservation in the form of]exist.

a social system. *Our languages would not be
undersood.
E *Quite different scientific *Quite different social system. |*Less possibilities of *Quite different values.
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A CASE STUDY OF RECORD PRESERVATION SYSTEM

To demonstrate meeting requirements and classifying the issues of record
preservation, a record preservation system was tentatively formulated. U.S. WIPP
(SNL, 1993) classified levels of the information to be preserved from Level I to V and
discussed preservation methods. We have adapted markers and monuments to Level 1
to III messages for prevention of future generations’ unintentional access to repository,
and also adopted documents to Level IV and V information for future generations’
decision-making (Table 3).

We have considered two categories of record preservation system. One is a
“relay system”, by which the records is kept, renewed and communicated through
generations within a social system. Another is a “permanent system”, by which the
record and information are kept and communicated by using durable recording media
such as markers and monuments.

Fig. 3 shows the hierarchical construction of requirements for robust record
preservation system.

In order to discuss on the functions and issues of record preservation system,
we formulated scenarios for future generations’ retrieval of information and their access
to the repository (Fig. 4). The upper part of this scenario illustrates the flow in the relay
system, of which future generations’ way to get information and make their decisions on
the repository. The lower part of this scenario illustrates the flows in the permanent
system, of which future generations’ actions beginning from learning the existence of
repository by encountering the leveled information to the discontinuation of their access
to repository. Meanwhile, this scenario also illustrates unfavorable case that markers
and other facilities were lost or future generations would not understand the meaning of
the messages, thereby resulting in unintentional intrusion into the repository. In order
to avoid these unfavorable cases to the greatest extent possible, it is pointed out that
further examination should be made on the arrangement of markers, monuments and
storehouse of permanent records, as well as their durability and information
communication technologies such as languages, semiotic expressions, psychological

means.
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Table 3

Classified level, contents and preservation methods of information

Objective of

Level Classification and Contents"™

Record

Preservation

Preservation Level Contents Method
A I/1 1. Information to be encountered first A A
8 “Something artificial exists around here and it represents danger.”
<
‘_,_‘-’ Il 2. Information necessary after the danger is perceived -
2 g’ “High—level radioactive waste exists” S
S= *What is high—level radioactive waste? g
= § *Why does it exist? S i
5 K> *When was it disposed of? IS
%5 9 *Who disposed of the waste? -(%
g *How is the information preserved? 5
E= “It exits deep under the ground nearby.” X i
0 *Horizontal position and depth of underground facility S
o “More detailed information exits”
o  Structure of marker system, domestic and overseas archives. \ 4 :
v 3. Detailed information A -
"2 " *Geological information 5
S £ * Geological location &é
© g *Geological environment conditions >
% [N *Location and the depth of repository I
OS] * Specifications of repository S
03 * Characteristics of the waste E
4§ 8 »Safety assessment carried out by our generation S
(I *Original data of the safety assessment o
V 4. Further detailed information v

™ Refered to SNL, 1993 etc.

RWMC-TRE-03001




Integration of several different methods would impart redundancy to the communication function of a record preservation
system for geological disposal, and, at the same time, enable the system to retain robustness so that the overall function
would not be influenced by partial damage, thus resulting in a flexible system that can adapt to the changes of

background conditions in the future.

I.  Maintaining system for preservation, update and
communication in the context of the overall society

I-1 Daily records should be registered as
original data for overall records at the time of the
occurrence of an event.

1-2 Positive  utilization of appropriate

technologies in the preservation, management
and operation of records.

1-3  Records should be created appropriately
according to target future generations and
objectives of preservation.

1-3-1  Records should be handed down
along with background information required
for the understanding of the records. (The
context of information should be shared by
different generations.)

1-3-2  Records should be updated, as
necessary, according to the changes of the
times.

1-3-3 It should be ensured that original

records are preserved and, as necessary,
they should be compared with updated
records.

1-3-4  Hierarchical classification of records
according to target future generations and
objectives of preservation should be
formulated.

-4 Records should be dispersed and stored in
existing as
organizations.

well as new facilities and

I-5  Separately from a record preservation
system, information (Meta information) to notify
of the existence of such a system should be
preserved.

1. Establishment of permanent storehouse, recording
media and markers/monuments that are

independent of human control and communication.

II-1  Physically and chemically durable materials
should be used for storehouse and recording
media.

1I-2 Storehouse and recording media should be
dispersively arranged in terms of dimension and
space.

11-3 Records should have simplicity and
redundancy.

1I-3-1 Records should be classified and
created according to the hierarchy based on
the contents and specificity.

11-3-2  Versatile styles of expression should
be used for the records.

1I-4 Separately from a marker system,
information (Meta information) to notify of the
existence of such a system should be preserved.

RWMC-TRE-03001

Fig. 3 Hierarchical construction of requirements for record preservation
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DEVELOPMENT OF DURABLE RECORDING MEDIA

Paper, film and digital media are usually used as recording media for
preserving documents in record management institutions such as national and regional
archives. Paper, most common for documents, could remain more than several hundreds
years in an appropriate storage environment. For example, there has been developed, in
Japan, paper with durability up to one thousand years according to the ASTM standard.
However, quantitative assessment concerning the long-term durability of written ink
has not been confirmed.

Though the current technology is trying to strengthen the long-term durability
of these media, it would be needed the human control for keeping suitable environment
such as temperature and humidity to preserve documents. To preserve documents
without human control during a thousand years or more, physically durable recording
media is desirable.

Engraving experiments on the selected artificial materials such as metals and
ceramics (Table 4) were carried out by laser technology to develop a long-term recording
media. High-accuracy engraving tests were performed using the dot matrix method.

The results of the test show that lines, characters, patterns, and shading can be
engraved at a certain level of quality (Figure 5). Among other things, silicon carbide,
which is superior in strength, corrosion resistance and wear, has been indicated to be a
promising material for long-term record preservation.

Figure 6 shows the experimentally engraved sintered silicon carbide. The left
figure is a reproduction of Figure 1 on this paper ontoa 10 cm x 10 cm sized plate. The
right figure shows the reproduction of several pages of sentences at A4 size on a plate.
The Chinese character, which i1s also used in Japanese language, has a complex
structure in comparison with the alphabetical letter. In this case, the size of the
engraved characters is 2-point, or nearly 0.7 cm, and sentences are readable with the
naked eye or using a magnifying glass (Figure 7). As an ideogram, the Chinese
character is thought to have an advantage for communicating messages for future
generations as compared to phonogram system, such as the alphabetic system.

When a document that has 500 pages of A4 size paper is engraved on both sides
of sintered silicon carbide plate that has the size of 10 cm x 10 ¢m and 1mm in
thickness, the number of plate needed for a series of document package is estimated to
be 32 pieces, then the total thickness is 32 mm.

The examination has shown the possibility of long-term preservation of

documentation records as a permanent system



Table 4 List of materials used for experiments

Material Density Hardness
(g/cms3) (MPa)
Hastelloy C22 (Ni-base alloy) 8.7 0.6
Alumina sintered compact (Alo0399.9%) 4.0 19
Zirconia sintered compact (ZrOs 94.7%) 5.5-6.1 12-14
Silicon carbide sintered compact (a -SiC 98%) 3.2 25-31
Silicon carbide-CVD 3.2 34

;r.!i{i!’.'!!"!“

The characters are at tWo and
one point size. The division of
he scale is 1 mm.

< : > < >
10cm 10cm

Fig. 5 Results of engraving on sintered SiC plates by dot matrix methods




(a)

b 10cm < < 10cm %

Fig. 6 Figures (a) and down-sized sentences (b) engraved on sintered SiC plate

The division of the scale is 1_mm.

Fig. 7 Sentences engraved in 2-point size (enlarged picture of Fig. 6(b))



CONCLUSIONS

Record preservation in HLW geological disposal is vital from the viewpoint of
intergenerational ethics. We have pointed out that record preservation is not only a
methodology intended for future generations, but also a meta-signal to the present
generation. “Do our best” for the future generations might be important for the present
generation to accept the geological disposal.

In this study we have arranged the conceptual requirements and elements for
establishment of the robust record preservation system, and developed the durable

recording media to indicate the technical feasibility of long-term record preservation.
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RWMmCc

Current statuson record
* preservation In Japan

January 28, 2003

Radioactive Waste M anagement
Funding and Resear ch Center
(RWMC)

Rome Workshop Jan. 27-28, 2003 RWMC Japan

RWMmC

Specified Radioactive Waste Final Disposal
Act...May 2000

- Overall implementation scheme & three stepssite
selection process

- Implementing entity, NUMO

- Fund managing entity, RWMC

...METI shall permanently retain the records submitted

in accordance with the provision of the preceding
clause.

...(note)National Archivesshall not accept the
documentsin use.

...Site selection process begun in Dec.2002

Rome Workshop Jan. 27-28, 2003 RWMC Japan 2




RWMC
i RWMC’srecord preservation study

To provideinformation for government and related
bodiesto utilizein formulating programson the record
preservation

= Significance...re-confirmed
= Why, How long, etc.
= Requirements
» Historical and current issues ...investigated
= Requirements & applicable elements...clarified

= Robustness& Redundancy ...confirmed

m Laser engraving technology on SiC plate ...proved
.I:'.":l'[i'j.'.lll'lPH

Rome Workshop Jan. 27-28, 2003 RWMC Japan

RWMC
i Supplement

The cost evaluation regarding SiC

= Number of pages of original document: 500

= Unit cost for a SiC sintered plate with engraving on both
side (size: 10cm* 10cm* 1mm): 600 Euro
= 200 Euro for material preparation
= 200 Euro for laser engraving x 2 =400 Euro

= Total number of plates needed: 42

s Thetotal cost: 25,200 Euro

Rome Workshop Jan. 27-28, 2003 RWMC Japan




Examples of Long-term Record
* Preservation in Japanese History

Nozomu MATSUBARA
(University of Tokyo)

Introduction
- Geographic Situation of Japan -
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Comparison of Timeline between
Japan and Europe

B.C. 0 A.D. 1000 2000
| | | | | | | | | | J
Japan .
Jyomon/Yayoi Era — '\ﬂgglse SBEIE
645 The Reformation of the Taika Era
Earthenware > >
Ironware Ancient tomb
Eu rope
Middle Ages Modern
- 1688-89 the Glorious
Imperial Rome Revolution




Overview of History of Japan
since 5 century

500 1000 1500 2000
- ! 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l ]
The role by Feudal system Constitutional
A court noble (the role by Samurai) Government
645 The Reformation of the Taika Era
(Formation of state as institution) A

1603 the establishment of Tokugawa shogunate
(completion of feudal system) A

1868 the Meiji Restoration

Earthenware of Johmon Era

i Older than BC. 4t century




KOFUN Ancient Tomb 3-7 centuries

ol &

i

The group of KOFUNs and dlscovered Iron Sword with engraved message

5t century. The Sakitama KOFUNs in Saitama ,

KOFUN (Ancient Tomb)

3-7 centuries

Entrance of a KOFUN. Fukuyama in Hiroshima Stone room in KOFUN.
Tsukayamana KOFUN, Narg




Example of the lost documents in

i history

= Kogonenjyaku (established in 670)
= The first “family register” in the history of Japan

= Though The Kogonenjyaku had been required to
be preserved permanently by The Law of
“Taihou” (702), its document has not existed in
the history.

= Why lost? : change of social system?, lost of its
own value?, ...

ITABI (monolith with message) from
i Middle Ages (13c. —16c.)

i |

-
!rI
=

—
R R

- "' = } I i|'-.-"||

Many ITABIs have been made by schist rocks
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SYOSO-IN, the Treasure House

since 8% century, Nara
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Treasures of the SYOSO-IN
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Pitcher

Document written by Emperor
Syo-mu (701-756)
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i Historical Archive of Japan

= There are many historical documentary
records of Middle Ages (12c.—16c.) in Japan.
They had been kept in and relayed
through:

= Temples,
= Houses of court nobles and samurai class.

= Libraries since Edo Era (17c-) exists at
present.

13

Historical recording media for
documents in Japan
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Combination of Japanese paper and Making the Japanese
Chinese ink paper
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i Disaster and War

- o

b

Many important records had been lost in the 1923 great
earthquake in Tokyo and the World War-11

15

Record Management and
Preservation

i,

(National Archives of Japan)

16




RWMC

* Summary of workshop

Rome Workshop Jan.27-28,2003 RWMC Japan

RWMC
i Record management systems

» Existing local systems developed for
operational needs.

= Strategic information system: focus of our
discussion

Rome Workshop Jan.27-28,2003 RWMC Japan




RUWMC

i Significance of record preservation

= One of issues of institutional control:
= may help to provide societal confidence.
= Objectives:

= To prevent future generations from
unintentional access to the repository.

= To provide future generations with information
necessary for their own decision-making on the
repository.

Rome Workshop Jan.27-28,2003 RWMC Japan 3

RUWMC : : .
:L Current situation regarding record

preservation in each country

= Regulations or guidelines regarding record
preservation:
= Regulatory guidance
= Technical standard
= Archives Law (comprehensive)
= Phase
= Implementation
= Programming or under development
=« R&D

Rome Workshop Jan.27-28,2003 RWMC Japan 4




RUWMC
i Actual issues in current status

= Establishment of the strategic record
management system.

= Domestic actions and joint international
actions.

Rome Workshop Jan.27-28,2003 RWMC Japan

RUWMIC
i Technical and methodological issues

= Recording media: durability, accessibility,
Ccost, ...

= Archiving and markers

Rome Workshop Jan.27-28,2003 RWMC Japan




RWINIC

i Consideration of period

= Institutional period
= Non-institutional period

Rome Workshop Jan.27-28,2003 RWMC Japan

RUWINC
i Strategic issues

= Consideration of cost and benefit.

Rome Workshop Jan.27-28,2003 RWMC Japan




RUWMC

i Proposed next step

= Opportunity to discuss by:
= international organization base,
= host country rotating,

= in cooperation with related academic society,
e.g., the field of archives, history, sociology.

Rome Workshop Jan.27-28,2003 RWMC Japan




ASERGLYPY

For further information please contact :

RWMC Radioactive Waste Management Funding and Research Center

WWW.Frwmc.or.jp
No.15. Mori BLDG, 2-8-10. Toranomon Minato-ku, Tokyo,105-0001, Japan TEL 81-3-3504-1081 FAX 81-3-3504-1297

mail to:johuchi@rwmc.or.jp

Technical cooperation

MITSUBISHI AMITSUBISHI MATERIALS Nuclear Fuel Cycle Technology Center

WWW.MmCc.co.jp

Koishikawadaikoku BLDG. 1-3-25, Koishikawa, Bunkyo-ku, Tokyo 112-0002,Japan TEL 81-3-5800-9311 FAX 81-3-5800-9311
mail to: kageyama@mmc.co.jp
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Laser Engraving

LASERGLYPY

Radioactive Waste Management
Funding and Research Center (RWMC)
has developed a new technology in
cooperation with Mitsubishi Materials
Co., to engrave on sintered SIC thin
plate, which enables the long-term
preservation of important documents
and as archivesfor future generations.

Background

Extensive discussions have been done
on the environmental and ethical concerns for
geological disposal of radioactive wastes. For
example, in 1995, OECD/NEA issued a report
summarizing the opinions of experts, and
expressed the achievement on interest focuses
of ethical concerns. One of them was
“ Intergenerational equity” by choosing
technologies and strategies which minimize
the resource and risk burdens passed to future
generations by current generations which
produce the wastes. And it was also expressed
that our actions and decisions will be more
acceptable if appropriate degrees of equity or
Justice are respected, and we do not unduly
restrict the freedom of choice of future
generations. *

Besides the provision of scientific and
technological basis and data related to the
safety assessment of geological disposal, it is
also important to develop options from social
and ethical viewpoints for building the public
confidence in geological disposal. Institutional
control including record preservation should be
effective in minimizing the possibilities of
unintentional human access to the geological
repository.

— Long-term Preservation of Documentary Archives —

Preparation of
|mport Data

Laser technologies Inc.

Engraving

The files of Windows applications can
be imported to the Laser marking system.
Certainly, paper documents can be
imported by use of the scanner, if you
need. With respect to the density of
characters, for example, with 2-point
characters, information totaling 6 pages of
A4 size can be engraved on a 10 cmx 10
cm plate on one side.

Laser machining method is well suited to
express characters or figures on the SiC
materials Based on the results of the
machining tests, it was confirmed that
characters and patterns can be expressed

and shading and gradation can also be
expressed.

Silicon carbide plates as long-term
record preservation media

Paper, film and digital media are
usually used as recording media for preserving
documents in record management institutions
such as national and regional archives. Paper,
most common for documents, could remain
more than several hundreds years in an
appropriate  storage  environment  but
combustible. And, to date, it has not been
confirmed of the quantitative assessment
concerning the long-term durability of ink
materials. So, our target is to develop more
durable recording media which can last
written messages over thousands of years
independent on any human control nor storage
environment. Table 1 shows the comparison of
durability and required technology level for
recognition of various recording media. Silicon
carbide (SiC) is a typical engineering ceramics.
The SiC is one of the hard materials to the
next of the diamond (Table 2), and has strong
resistance against heat, wear and chemical

impacts. The SiC thin plate is purchasing as Digital media

commercial industrial materials.

Engraving therecords by laser

Engraving the characters and graphics on the

silicon carbide plate is achieved by Laser
Technologies Inc., Japan (www.lti.co.jp). From the
engraving results, a certain level of quality was
confirmed with SiC. The character of 1-point (

0.35mm)size engraved by this laser marking system

was fully able to be distinguished.

When a document that has 500 pages of A4
sized paper is engraved with 2-points ( 0.7mm)
sized character on both sides of SiC plate that has
the size of 10cmx 10cm and 1mm in thickness, the
number of plate needed for a series of document
package is estimated to be 32 pieces, then the total
thickness is 32mm.

100 mm

L aser engraved SiC plates

Application of W
Following application will be expected as archives

for future generations.

- documentary records
- face plate of monument

Now the recording media using SiC plate can be
expected to be applied in not only in the field of
nuclear waste disposal but also wider area which
requires long-term preservation of important records
such as in the field of hazardous material disposal,
national archives, etc.

*OECD/NEA(1995): The environmental and Ethical Basis of
Geological Disposal of Long-Lived Radioactive Waste, A Collective
Opinion of the Radioactive Waste Management Committee of the
OECD Nuclear Energy Agency

Tablel Table 2
. . . Materials Vickers hardness
Durability of recording media .
Materials . - Reqw;ed techno_ltc?gy level e s 330
Estimated life time koakeaul ol el Quartz 800
preserving environment - .
soveral d S hiah hiah Zirconia 1300
o e ¢ Alumina 1600
Paper and film several centuries - millennium high low Silicon nitride 1600
metal and ceramics |more than thousand years low low Silicon carbide 2500
Diamond 8500




Radioactive Waste Management Funding and Research Center (RWMC)
No.15. Mori Bldg, 2-8-10, Toranomon, Minato-ku, Tokyo, 105-0001, Japan
TEL +81-3-3504-1081 FAX +81-3-3504-1297 http://www.rwmc.or.jp

JPY. 2,500-
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