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GEOSAF

The International Intercomparison and HarmonisaBonject
on
DEMONSTRATING THE SAFETY OF GEOLOGICAL DISPOSAL

1 Scope of the project

The IAEA has convened a number ofternational intercomparison and
har monization projects on the safety of radioactive waste managemergarticular

on the issues related to safety assessment, caaugdin support of safety
demonstration for radioactive waste management littesi and activities,
decommissioning projects and radioactive wasteodigfacilities.

International intercomparison and harmonizafiwajects are one of the mechanisms
developed by the IAEA for examining the applicatimmd use of safety standards,
with a view to ensuring their effectiveness and kimy towards harmonization of
approaches to the safety of radioactive waste neaneanqt.

The GEOSAF project complements the experience dainea number of similar
international projects undertaken by the IAEA rielgtto safety demonstration. These
include: the project Improvement of Safety Assesgnidethodologies for Near
Surface Disposal Facilities for Radioactive Was&AM), which was completed in
2000, and the project Application of Safety AssemsimMethodologies for Near-
Surface Radioactive Waste Disposal Facilities (ASANKhe international project
Evaluation and Demonstration of Safety during Deewssioning of Nuclear
Facilities (DeSa); the international project Safétysessment Driven Radioactive
Waste Management Solutions (SADRWMS); and the matigonal project on
Environmental Modelling for Radiation Safety (EMRAS

GEOSAF has been established to work towards hamabon in approaches to
demonstrating the safety of geological disposalhwat special emphasis on the
expectations from the regulatory authorities endagethe licensing process with
respect to the development of the safety case. GE@Bovided a forum to exchange
ideas and experience in developing and reviewiagtiety case.

It also aimed at providing a platform for knowledgansfer. With more countries
contemplating embarking on nuclear power and exjsgiroducers seeking to define
national policies and strategies aiming at covesalglements of the fuel cycle, such
a platform is considered apposite. The need exad$® to maintain existing

knowledge bases.

The project focused on the Safety Case [1, 2], cept that has gained in recent

years considerable prominence in the waste manadeanea and is addressed in
several international Safety Standards [3].
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GEOSAF gave particular attention to the evolutidntlte safety case with the
development of a disposal project and particul&slyhe regulatory expectations on
the development of the safety case in order tolenddxisions to be made as part of
the licensing process. Whilst the project addresbedelements of the safety case
necessary for safety demonstration and the worlessacy to support the various
safety arguments, it also considered the processvadwing and evaluating the safety
case by regulatory authorities or technical sabegyanizations (TSOs) and the needed
resources for conducting this technical review. tTisathe reason why the project
involved regulatory authorities, technical safetgamizations and waste management
organizations responsible for the development gmetation of geological disposal
facilities.

GEOSAF addressed geological disposal defined in598Ras a “facility constructed
in tunnels, vaults or silos in a particular geotagiformation (e.g. in terms of its long
term stability and its hydrogeological propertias)east a few hundred metres below
ground level. Such a facility could be designe@doept high level radioactive waste
(HLW), including spent fuel if it is to be treated waste. However, with appropriate
design a geological disposal facility could recei@dioactive waste of all types [5]”.

2 Main outcomes

In order to foster harmonization and common undedihg of key issues for
demonstrating safety and reviewing it, GEOSAF wdrk@vards the development of
a questionnaire devoted to review the Safety Clat would structure a foreseen
IAEA review procedure.

Noting that, after decades of long term safety tbpraent, little work was
undertaken internationally to develop a common viewthe safety approach related
to the operational phase of a geological dispoGEHOSAF decided to launch a
specific programme of work on the safety of therapenal phase. The outcomes of
this pilot study are documented in a companion ntegttached to this main project
report. It is expected from that pilot study thiawill serve as a basis of a potential
further work.

3 Working methodology

In practice GEOSAF has developed its own work andlound of the work of the
European Pilot Study (EPS) [@In the Regulatory Review of a Safety Case for
Geological Disposal of Radioactive Waste (Frenchclbar Safety Authority
initiative) and on two IAEA safety standards: @ietSpecific Safety Requirements on
Disposal of Radioactive Waste, SSR-5 [4], (ii) teaft Safety Guide on the Safety
Case and Safety Assessment for Radioactive WasfmBal [1].

In addition, with the view to contributing to theexdkelopment of a questionnaire
devoted to review the Safety Case that would sirece foreseen IAEA review
procedure, GEOSAF carried out an exercise on theldement and technical review
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of a real national case, namely the French Safabe@resented in thBossier 2005
Argile” [7,8,9,10]by the French WMO (ANDRA), for demonstrating thegiility
of a geological disposal in a clay formation. Tt2ossier 2005 Argile” was
technically reviewed by the IRSN, the French RaaimtProtection and Nuclear
Safety Institute in order to advise the French MaclSafety Authority (ASN). The
technical opinion of IRSN was published on its wiebgL1].
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4 Main achievements

4.1 European Pilot Study review

The European Pilot Studya French Safety Authority’s initiative, developswha
regulator should review a safety case and the ¢ggeontent of the SC at each stage
of the development of a geological disposal. It Wessefore considered useful for the
GEOSAF project both to get familiar to this alred@yrmonized vision at a European
level and to review this document and provide isptd the group in charge of
updating the EPS with the objectives of improvenserd clarification.

In order to perform the review of thl&ropean Pilot Studiwo working groups were
created for crossing views from regulators and apes: () WG1 aiming at
reviewing theEuropean Pilot Studyramework with a focus on the content of the
safety case and its evolution, (ii)) WG2 aimingetiewing theEuropean Pilot Study
with a focus on the regulatory and technical revigwprocess, considering the
necessary organization and resources to be dewklypthe regulator or the technical
safety organization. The groups elaborated a nummbeecommendations that were
discussed with the EPS group and gave rise tocp&atiemphasize in the follow up
of the EPS work. Main issues concerned:
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4.1.1 Organizational aspects for the regulatory body or TSO

- Elaborating guidance: some guidance should be ¢edvon the preparatory
activities to be undertaken by the assessors teddy for the technical and
regulatory review (e.g. Review of key reports aachhical publications from
proponents, Development of Guidance documentseftample as in Canada,
France, etc.)...). GEOSAF discussed the issue ofafigopriate time for
setting (regulatory) requirements but did not reaatonsensus: one the one
hand, early definition of requirements provides usitg in that the
stakeholders know the “rules of the game” from ltleginning. On the other
hand, an early definition increases the likelihoofl very generic and
unspecific requirements while a later definitionub allow accounting for
the evolving knowledge

- Being involved in the project at the earliest :

0 Assessors should be involved in review activitylye@efore a safety
case is actually submitted to any licensing pracess

o Periodic meetings with proponents to give feedbatker in the form
of formal review reports and/or informal discussion

o0 However the reviewers should be careful of not ¢pémvolved into the
choices that are of the responsibility of the impéater and to avoid
co-development of the safety case.

- Develop competences and structure the review psaces

o Perform independent research externally and indnaus key safety
aspects by expertise organizations or expertisés ufiom the
authorities, on areas which are complex and netdrhenderstanding,
development of modelling capabilities in order &fprm independent
calculations and assessment, etc

0 Seek expert input with external independent experts

o Establish a team of reviewers. It is anticipatedt tim early stages,
activities are focused on geoscientific disciplinggeology,
hydrogeology, geomechanics, geochemistry...). Atrltitees before
submission of the safety case, other experts shosldhvolved (fire
protection, criticality, ventilation, transportatioradiation protection,
biosphere modelling, dose calculation, etc.)

o the regulatory and expertise activities in prepanafor the licensing
review of the safety case should focus on key dsphbat are relevant
to safety, in order to identify gaps and providedieack to the
proponents before they finalize their safety case.

0 Adequate resources should be allocated to the g&s@éody,

- Participation in international activities (such@GBOSAF and the NEA/IGSC)

- Organizational factors (such as maintaining compmés) are a crucial issue
w.r.t. the evolution of a project lasting over dées and should be more
explicitly accounted for.

4.1.2 Improvement for more detailed guidance
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GEOSAF generally agreed with the stages proposedthia EPS:
conceptualization, siting, design, constructioneragion, closure. However,
because jurisdictions differ between countriescenke, permit or approval is
not always required at the end of each stage.

GEOSAF generally agreed that the safety case pedviy the proponent at
the end of each stage should be reviewed by thdategs, even if it is not
formally submitted in support of some kind of lisen permit or approval.
Decision points, however, might be taken eitheralyyolicy-maker or by the
implementer / operator. The issue is all the mompartant because the safety
case has to inform these decisions and consequéasyto be tailored
accordingly

GEOSAF generally agreed with the detailed reguaéxpectations provided
by the EPS for the conceptualization, siting ansigiestages but emphasized
in particular the need for clarifying the fact thhe requirement for multiple
lines of arguments / confidence building (e.g. bgams of natural analogues
or by using different indicators than dose) shdagédnade more explicit in the
report rather than focusing on radiological impassessment in order to
clarify that safety assessment is much broader fugah a set of dose
calculations.

There should be some guidance on the need fospéeific information that would
require some degree of field investigations, versuislished data for each stage. In
general site-specific data become more importarnater stages (e.g. design versus
conceptualization, etc.).

To address the siting strategy or approaches thadl e used for siting

The question of selection of time frame for impassessment should be
discussed

The importance of natural analogues and paleohgaogy as strong safety
arguments in support of the safety case should bee reamphasized in the
ERS:

The question of optimization in site selection,ilfac design should be
discussed

It should also be noted that at the siting stag#, only the host rock
characteristics (geology, hydrogeology, geochemisteomechanics, thermal,
etc.) should be determined but also the charatitsyi®f the surrounding
environment that might impact on the performancthefdisposal facility.

Other guidance may be developed:

There should be some guidance on at what stagenderground Research
Laboratory may be needed
For the design stage, there should be some modarmgte :

o On what to expect from the proponent for their g monitoring
program. What, where and when do they measure?

o How to address rules, regulations, codes, and atdad(including
those from outside the nuclear regulation, e.g.inmgging design
standards) to be accounted for during the desgm st

For preparing for the operational phase, the guwdamould develop

0 How to address evolution from preliminary to dedie waste
acceptance criteria during the design and construphases

o allowance for analyzing and managing incidents acaidents
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0 operational rules to handle unexpected conditiang. (when is an
unexpected condition "fatal"?)

0 commissioning and testing services as an identifetivity/step;
operations would not be licensed until all (contiad) safety systems
are checked and proven;

- For the closure and post closure phase GEOSAF menitis accounting
more explicitly in the guidance:

o for the necessity to address issues linked to libgure of the facility
and its safety in relation to the closure concelpgaaly in early
development phases

o for the possibility of a post-operational open phamcluding
monitoring issues and to address them

- In addition GEOSAF considers that the relationsbipthe safety case to
Environmental Impact Assessment activities shoeladdressed.

The guidance should also account for the needesept the overall safety strategy in
the safety case. The evolution of the safety Siyatever the project’s duration should
be addressed.

4.1.3 Overlapping/interactions between activities

GEOSAF recommends better addressing overlap amdplay between activities

during the different stages of disposal developmienit example, site characterization
results will have an influence on the disposallitgciayout, and it is conceivable if

not likely that layout modifications will take placeven during construction and
emplacement. Furthermore, construction, emplacenagidt closure might or will go

on in parallel: While some emplacement fields ateeaaly sealed, in others
emplacement will go on while a third part is undenstruction. This interplay is not
very well visible in the 2007 document but the grdeelieves that using decision
points will help resolving this issue.

It should also be noted that even if the design wesgeloped for construction
purposes, there still should be flexibility for ¢hdesign to be modified during
construction and in later stages if the need arises

4.2 Review of the Draft Safety Guide on The Safety Case and Safety
Assessment for Radioactive Waste Disposal [1]

Regarding the review of thBraft Safety Guide on The Safety Case and Safety
Assessment for Radioactive Waste Dispasahments were received from Belgium,
Canada, France, Germany, Japan, Slovakia and US@&nt@nts could be classified
in following categories:
» clarity and consistency of definitions of main miples
» The Safety Guide seems to focus mainly on postickosafety of deep
geological disposal. More or separate guidance ldhbe provided on pre-
closure safety; and on surface facilities (mairdy ELW, NORM and Mine
wastes)
* Time frames
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* Intrusion

» Institutional Control

» Stakeholders involvement

* Regulatory Process

* Integration of safety and security

* Important principles should be defined clearly opfr For example, Safety
Case and Safety Assessment. It was acknowledgealéfiaitions could vary
between different States, however principles rertteersame.

» Other examples of clear definitions that were reggliconcerned the issues of
containment and isolation, the graded approach, sthfety strategy, the
defence-in-depth vs multiple barrier, etc.

* More guidance on institutional control, long teraree and maintenance, to
protect against intrusion and natural processes.

Those outcomes are detailed and integrated ineitigos related to the description of
the questionnaire in the present report.

4.3 Questionnaire development

Based on the requirements tife Specific Safety Requirements on Disposal of

Radioactive Waste SSRFY, the IAEA Secretariat prepared a series of toes

aiming at

» assessing whether the safety issues addressetieakdyt arguments provided by
the operator comply with IAEA safety standards SBR-

» guiding the review process performed by the reguland/or the TSO

4.3.1 Working methodology

GEOSAF participants were invited to assess theaelee of the questions addressing
the requirements. The questions were separatedtliméz groups: group 1 from
requirement #1 to #10, group 2 from requirements tl#19 and finally group 3
from requirements #20 to #25.

Group 1 was particularly in charge of assessingytiestions by looking at a real-life
situation where a deep geological disposal facistplanned, and for which a draft
safety case has been prepar&bésier 2005 Argile” and the related IRSN technical
review).

The other groups reviewed the proposed questiomraairthe basis of th8pecific
Safety Requirements on Disposal of radioactive B&BR-5)

This review allowed to clarify a number of requirems and associated questions and
to improve the relevance and understanding of tlestipns.

4.3.2 Briefing session on French case “Dossier 2005":

A presentation of the structure and main resultshef “Dossier 2005 Argile” was
given by Andra. The purpose of the dossier wasetnahstrate the feasibility of the
deep geological disposal in the Callovo-Oxfordidalydormation investigated using
in particular the Bure URL. Andra explained how veeveloped the comprehensive
understanding of the disposal evolution with timean integrated approach called
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“APSS”. The needs for multi-disciplinary skillspsulations/experiments capabilities,
and traceability were discussed. Discussions tdakepon the necessity to either
simplify or increase the complexity of the modadlidepending on the calculation
times and being less conservative and more realigthdra also presented and
explained the use of indicators different from dasenass rate decay, delay or molar
flow.

Then IRSN presented the approach followed sinc& 183eview the SC developed
by Andra. Key aspects of IRSN regulatory review c@ned the inventory, the
knowledge of the site, the performances of the rexgged components, the
disturbances and interactions caused by the disfaishty, the necessity to develop
in situ demonstration tests to support safety destnation as well as the safety
assessment methodology and the accounting for tanues. The close follow-up of
Andra work by IRSN and the nuclear safety author{®SN) since the
conceptualization phase, the legal framework (2 att1991 and 2006 framed the
development of deep geological disposal as referaatution for managing HLW
and assigned clear responsibilities and means ¢oWWMO Andra) as well as
independent research carried out by IRSN to suppgulatory review were judged
favorable conditions by French actors to progresshe way of deep geological
disposal creation.

4.3.3 Draft questionnaire

The questionnaire is presenteddippendix 1.

It only concerns geological disposal for high lexadlioactive waste. The number of
guestions for each requirement is not linked to ithportance of the requirement
itself. The relevance of detailed specifications &otions that concern the distant
future was considered as an open issue by the memib® asked the question of the
reliability of the answers and arguments presegieeh the associated uncertainties?
The work undertaken for developing the questiomnand reviewing the SSR-5
standards contributed to identify areas where, raoeg to the view of the GEOSAF
members, requirements and the way of complying wékerved more attention and
better mutual understanding. In particular, pgpacits considered as well that some
comments arising from the review of the questiorenavere very instructive and
suggested that they could be transformed into iada@lt questions or subsidiary
guestions to illustrate better their meanings. @k was not undertaken in the
framework of the first part of GEOSAF and couldéevisaged as part of the follow
up of the project. These comments are developednnexl and synthesize the
discussions and needs for clarifications that ahase the GEOSAF group.

4.4 The operational safety working group

Volunteers developed the working methodology devdte this specific group and
based as far as possible their work on exchangds mining industry that a priori
faces hazards possibly to occur in an undergrowatear facility. It is expected from
this group that it identifies a first approach flmveloping safety demonstration of the
operational phase. This approach shall take intowa@ constraints that come from a
geological disposal facility, which combines safedgues derived, on the one hand
from classic nuclear facilities and on the othemchérom construction and operation
of an underground nuclear installation.
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During the course of the project, GEOSAF membev® moted that, after decades of
long term safety development, little work was umalezn internationally to develop a
common view on the safety approach related to gegational phase. It is the reason
why GEOSAF decided to launch a programme of workhesmtopic. This programme
included amongst other visits of underground ftaesi including mines. The
programme of work of a dedicated working group perational phase safety (OPS
Working Group) tackled the following issues:

a. Explore hazards associated with the undergroundityaoperation

with a view to integration of them into the Saf€gse

b. In addition to hazards, consider the activities artaken in parallel,
e.g. emplacement, construction, monitoring, safetgjamaintenance
and closure.
Long-term safety implications of the operationahaties
Quiality assurance activities in the operationattyaf
Cultural difference between miners and nuclear strgu
Explore the implications of working in differentalotypes
Explore computer aids to assessing undergrounddza
Explore the implications of restrictions on damégy¢he host rock
Implications of handling heavy items
Implications of operating in an underground nucldarensed
environment — Synergies and conflicts with conwamdl mining
regulation
k. Practical application of controls over life timetbg facility

T TSe@ oo a0

The overall objective of the group is :

- to develop an assessment methodology based on a
guestionnaire on operational safety in a similannea as the
guestionnaire developed for reviewing long ternesaf

- to test the questionnaire against existing or amgoi
development documents or approaches

In December 2009, as a preparatory work for thisugr GEOSAF visited the
Klerksdorp Moab Khotsong mine. The mine focusegold exploration up to more
than 3000 m deep. The visit gave access to a @¢@h08 m in addition to a meeting
with the mine management board during which exceary safety issues took place
i.e. eliminating unsafe acts 96%, risk assessmansirface area, shaft barrel and
underground, prevention escape procedures and ot®ntiammable gas, fires,
ventilation. Regarding radiation and fire risks,elpninary thoughts from the
GEOSAF group about main differences between conwesit mines and « classic »
nuclear facilities were:

» Higher air flow rates / renewal rates

» Higher temperatures

Higher hygrometry
New pollutants and more dust (gases?, silica...)

New issues for the geological disposal arose coiogr

co-activity : conventional and nuclear activities
« Static and dynamic confinement

A specific issue for the nuclear ventilation : HEP#ters’

deteriorations
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» Classical deterioration due to temperature, maisthegh flow
rates, clogging, etc.
« Unknown deterioration due to new pollutants
» Need of new air purification equipment?
- For dust
- For new pollutants
» Need of air conditioning?

This OPS Working Group met0-22 July 2010 at theCanadian Nuclear Safety
Commission (CNSC) premises in Saskatoon-Canada and organised the visit of the
Mc Arthur River uranium mine followed by discussions with staffrom
CAMECO (mine operator) on the radiological and operaticafety issues. Because
the remaining time was limited before the end ofG&AF project (June 2011), and
the scope of the operational phase safety group leege, the group argued that a
“pilot study” should be initiated at this time with the viewtalidating the working
methodology on one safety topic of interest fordperational phase.

As a 1st step, the group supported its discussipsdlecting the hazards and events
to be dealt with in the pilot study based on theP®/IOperational safety report that
have been put at the disposal of the group andhenhaizard/event matrix of the
WIPP.

I. Thequestionnaire and the operational safeigsessment methodology could be
derived from the following issues (preliminary dission):
- Identify hazards/envelope scenarios and their ioglship on operational
safety and long term safety
- Which ones are specific to nuclear facilities? Talerground facilities? To
standard industrial facilities ...?
- Identify regulations or standards, for industrialdanuclear facilities for
protection against the hazards.
- Do such standards exist?
- Are they adequate for a deep geological dispodalfoi recommend
development of new regulations
- Describe the facility, its safety functions, itss@ms and operational
processes. Determine which systems could be irtesyria the design and
operational procedure to deal with the hazards
- Develop controls to prevent/mitigate the hazardsl dheir impact on
operational & long term safety
- Continuous feedback and improvement. Operatorsnilmee states may need
to build [regulatory] requirements!

Il. Validation of the pilot study :
Hazard/event selected for the pilot study was eel&bFire
Different items were discussed:
- WIPP methodology as illustration of existing apmtoaegarding the selected
hazard/event
- Existing code: e.g. in Canada Fire Protection cpdet of National Building
Code, provincial mining code. No specific code fime protection for

Working Material 12



underground facility. No code or standard, guidahme deep geological
disposal

- Systems and design to tackle fire: limit fire sizentilation system, fire
suppression system, specific administrative conwrehicle barriers, grading
and sloping, etc...

- Impact of fire accidents during operation on degtah of geological and
engineered barriers, effects on criticality...

- Systems to mitigate fire hazard, like the ventilatshafts, influence long term

safety, by being potentially preferential contamingathways

The Pilot study should be issued as a GEOSAF coiopaeaport [12].
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Appendix 1

Draft questionnaire

Requirement 1. Government responsibilities

The government isrequired to establish and maintain an appropriate governmental,
legal and regulatory framework for safety within which responsibilities are clearly
allocated for disposal facilities for radioactive waste to be sited, designed,
constructed, operated and closed. This shall include: confirmation at a national
level of the need for disposal facilities of different types; specification of the stepsin
development and licensing of facilities of different types, and clear allocation of
responsibilities, securing of financial and other resources, and provision of
independent regulatory functions relating to a planned disposal facility.

1.1 What is the legal and regulatory framewortt haw does it provide the basis for
the development of a radioactive waste disposditiaand its associated safety case?

1.2 What roles and responsibilities are iderdifi@thin the legal and regulatory
framework associated with the derivation of requiarequirements?

1.3 What arrangements are in place and howdsnitonstrated that adequate funding
is available to conduct research for developmenthef safety case and for the
development of the radioactive waste disposalifgeil

Requirement 2: Responsibilities of the regulatory body

The regulatory body shall establish regulatory requirements for the development of
different types of disposal facility for radioactive waste and shall set out the
procedures for meeting the requirements for the various stages of the licensing
process. It shall also set conditions for the development, operation and closure of
each individual disposal facility and shall carry out such activities as are necessary
to ensure that the conditions are met.

2.1 What are the legal and regulatory requiresienposed upon the facility and its
associated safety case?

2.2 What is the licensing process in terms of ¢dbenmunications between the
regulator(s) and the operator during the developrokthe safety case?

2.3 What regulatory guidance has been develapethtify regulatory requirements
on radioactive waste disposal and the associafetysaase?
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2.4 What system is required to document the plaes used to evaluate the safety
of facilities and activities proposed for licensing

2.5 What procedures are in place to inform amectlithe operator in respect of the
regulatory process for different steps in the dgwedent and licensing of a
radioactive waste disposal facility?

2.6 What guidance is provided on the procedunes will be applied to assess
compliance of the licence application with safetguirements?

Requirement 3. Responsibilities of the oper ator

The operator of a disposal facility shall be responsible for its safety. The operator
shall carry out safety assessment and develop a safety case, and shall carry out all
the necessary activities for siting, design, construction, operation, closure and, if
necessary post closure surveys, according to national strategy, in compliance with
theregulatory requirements and within the national legal infrastructure.

3.1 What process is in place to develop a saf@sg? How is this process envisaged
to change with the steps in the development ospasial facility?

3.2 What human resources are assigned to ditfevaste management functions?
How are staff competences levels established amdtamaed?

3.3 What processes are in place to engage iogilial between operator and all
interested parties, including the waste producers?

3.4 How does the safety case inform that thecstra and organisation of the
operator contribute to design a radioactive wasipasal facility that is practicable
and safe?

3.5 What programme of research and developmeaarised out or envisaged in
support of safety during siting, desigionstruction, operation, closure of the facility?

3.6 What process is used to establish all thénieal specifications used for
controlling activities and processes relevant ttetgathroughout the development,
operation and closure of a disposal facility?

3.7 What process is used to identify and ret#linha information relevant to the
safety case?

Requirement 4: Importance of safety in the process of development and
operation of a disposal facility

Throughout the development of a disposal facility, an appropriate understanding of
the relevance and implications for safety of the available options shall be devel oped
by the operator, for achieving the ultimate goal of providing an optimized level of
operational and post-closure safety.
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4.1 What process is in place to ensure thatrtipications for safety are taken into
consideration and that there is an adequate |dvebrfidence in safety before key
decisions are taken?

4.2 How is the optimization of safety taken irdonsideration in the decision-
making process?

4.3 How is it determined that before constructehvities are commenced that there
is sufficient evidence for the feasibility and efigeness of design features important
to safety to perform their design functions ovex ititended timeframes?

4.4 How is it demonstrated that before constamcactivities commence there will
be sufficient evidence that the performance of lihekfilling, sealing and capping
will function as intended to fulfil design requiremts?

4.5 What approach is used to determine that equade level of characterization has
been carried out before construction commences?

Requirement 5: Passive meansfor the safety of the disposal facility

The operator shall evaluate the site and shall design, construct, operate and close
the disposal facility in such a way that safety is ensured by passive means to the
fullest extent possible and the need for actions to be taken after closure of the
facility is minimized.

5.1 What processes are in place to ensure thgbdhsive measures (applied either
during operational phase or after closure) areuatatl and optimized throughout
siting, design, construction, operation, and clesafrthe facility?

5.2 What active measures are in place or envistgehe radioactive waste disposal
facility to complement the passive measures?

5.3 To the extent that some active measuresdaneted, what process is put in place
to ensure these are minimized?

Requirement 6: Under standing of a disposal facility and confidence in safety

The operator of a disposal facility shall develop an adequate understanding of the
facility and its host environment and the factors that influence its post-closure
safety over suitably long time periods, so that a sufficient level of confidence in
safety is achieved.

6.1 What factors (features, events or processésthe facility and its host
environment are important to safety?
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6.2 How have these factors been identified?

6.3 Inrespectto 6.1 and 6.2 how is it demotetirghat these factors are sufficiently
well characterized and understood?

6.4 What kind of less quantifiable factors (sashfor example paleohydrogeology,
natural analogues, or the use of known technologwre)used to complement the
confidence in safety?

6.5 How is it demonstrated that the knowledgebvakated to the performance of the
disposal system has been developed and contribigstedn increased level of
confidence over time?

6.6 In respect to 6.5, how is this knowledge hassd to demonstrate the reliability
or robustness of design features important to wafet

6.7 How is it demonstrated that the appropriatege of possible disturbing events
and processes (for the operational phase but atyarding post closure), including
those of low probability, is taken into considevatin the safety case?

6.8 In regards to 6.7, how is it determined taatMbxtent safety functions may be
degraded by these disturbing events and processes?

6.9 What approach (methods, or measures, or gwoes...) is in place to address
uncertainties including their identification, cheterization and management?

Requirement 7. Multiple safety functions

The host environment shall be selected, the engineered barriers of the disposal
facility shall be designed and the facility shall be operated to ensure that safety is
provided by means of multiple safety functions. Containment and isolation of the
waste shall be provided by means of a number of physical barriers of the disposal
system. The performance of these physical barriers is achieved by means of diverse
physical and chemical processes together with various operational controls. The
capability of the individual barriers and controls together with that of the overall
disposal system to perform as assumed in the safety case shall be demonstrated. The
overall performance of the disposal system shall not be unduly dependent on a
single safety function.

7.1 What safety functions are associated withvilious engineered and natural
features of the disposal facility? During what tiraene are the functions intended to
be effective?

7.2 What safety functions, if any, are provided dctive as opposed to passive
means and what are the corresponding time frames?

7.3 How is it demonstrated that a sufficient nrargf safety will remain if a
particular safety function does not perform fuls/intended?
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7.4 How is it informed that safety functionsaify, are complementary?

7.5 How is overall adequacy of the multiple safeinctions evaluated and what
approach is taken to demonstrate that safety isunduly dependent on any single
safety function (application of the defence in demtinciple)?

Requirement 8. Containment of radioactive waste

The engineered barriers, including the waste form and packaging, shall be
designed, and the host environment shall be selected, so as to provide containment
of the radionuclides associated with the waste. Containment shall be provided until
radioactive decay has significantly reduced the hazard posed by the waste. In the
case of heat generating waste, containment shall be provided while the waste is till
producing heat energy in amounts that could adversely affect the performance of
the disposal system.

8.1 What are the general characteristics of tleeasitl of the disposal facility that are
foreseen to provide containment?

8.2 What degree of containment is claimed for thimmonents of the waste disposal
system including the waste form, packaging, anderotbngineered and natural
features?

8.3 How is it demonstrated that the major partadivety will decay in situ within the
designed containment configuration?

8.4 What is the intended design lifetime of thetaomment configuration and how is
this deemed to be adequate?

8.5 How is it established that the migration ofioadclides outside of the disposal
system will only occur after the heat produced &gioactive decay within the waste
has substantially decreased?

8.6 How is the release of any gaseous or airb@d®active material from the waste
form or waste packages demonstrated to be acceftabl

8.7 How is it demonstrated that the safety datbave been met over the stipulated
timeframes?

8.8 How has uncertainty been accounted for andlaged in assessing radiological
impacts?

8.9 Are indicators of safety other than radiattmse made use of and how is this
done?

Requirement 9: I solation of radioactive waste
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The disposal facility shall be sited, designed and operated to provide features that
are aimed at isolation of the radioactive waste from people and from the accessible
biosphere. The features shall aim to provide isolation for several hundreds of years
for short lived waste and at least several thousand years for intermediate and high
level waste. In so doing, consideration shall be given to both the natural evolution
of the disposal system and events causing disturbance of the facility.

9.1 What are the general characteristics of iteeasd of the disposal facility that are
foreseen to provide isolation?

9.2 What are technical basis for designing festuvhose lifetime must be consistent
with the timeframes over which they are intendegdrtwvide isolation?

9.3 What is the anticipated duration of any adstiative controls providing for
isolation and how is it derived?

9.4 What factors have been identified that caoigact the isolation function of the
disposal facility and what measures have or wiltddeen to minimize the influence of
these factors?

9.5 How is it demonstrated that the facility Ha=en located in a suitable host
geology that will allow the disposal system to pdav adequate isolation of
radioactive waste?

9.6 How is it demonstrated that the safety datbave been met over the stipulated
timeframes?

9.7 How has uncertainty been accounted for andaged in assessing radiological
impacts?

9.8 Are indicators of safety other than radiattmse made use of and how is this
done?

9.9 In cases where human intrusion events coivid gse to the radiation dose
criteria for intrusion being exceeded, how wereralative design options considered
before deciding on the final design?

Requirement 10: Surveillance and control of passive safety features

An appropriate level of surveillance and control shall be applied to protect and
preserve the passive safety features, to the extent that this is necessary, so that they
can fulfil the functions that they are assigned in the safety case for safety after
closure.

10.1 How is it demonstrated that the passivetgd€atures will be robust enough
(since repairing or upgrading is not envisaged witheir intended lifetime)?
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10.2 What is the basis for the programme ofallance and monitoring of passive
safety features and how is the adequacy of thergnoge addressed in the safety case
for each different step of the facility lifecycle?

10.3 What monitoring and surveillance will bered out at the different steps of
the facility development, operation, closure andtpdosure to ensure that passive
safety features are or will fulfil their assignedegy function after closure?

Requirement 11: Step by step development and evaluation of disposal facilities

Disposal facilities for radioactive waste shall be developed, operated and closed in a
series of steps. Each of these steps shall be supported, as necessary, by iterative
evaluations of the site, of the options for design, construction, operation and
management, and of the performance and safety of the disposal system.

11.1 What are the major steps that have beertifidenfor the life cycle of the
facility and what are the regulatory decisions asged with these steps

11.2 What iterative evaluations have been comduof the performance and safety
of the disposal system in each step?

11.3 How was considered the possible developn@ndifferent activities
(construction, operation, closure) at the same tike facility?

11.4 Inrespect to 11.3, how was assessed tbeysafthe facility, before and after
closure, when considering such activities conductede same time?

Requirement 12: Preparation, approval and use of the safety case and safety
assessment for a disposal facility

A safety case and supporting safety assessment shall be prepared and updated by
the operator, as necessary, at each step in the development of a disposal facility, in
operation and after closure. The safety case and supporting safety assessment shall
be submitted to the regulatory body for approval. The safety case and supporting
safety assessment shall be sufficiently detailed and comprehensive to provide the
necessary technical input for informing the regulatory body and for informing the
decisions necessary at each step.

12.1 What safety objectives and safety principlage been identified as a basis for
the safety case?

12.2 How is each element of the safety case adéddeand enhanced at each step of
the facility life cycle?

12.3 What measures are in place to ensure adgeqaafidence in the safety of the
facility at each of the major decision steps?
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12.4 How is it ensured that the adequacy of tensific basis for safety assessment
and the various supporting analyses is evaluated?

12.5 What process is in place to ensure the aaeimterested parties to the safety
case and all supporting assessments and analysis?

12.6 What is the process of regulatory reviewoeissed with the different steps?
What was the process for assessing the relevandbeofechnical and scientific
arguments developed in the safety assessmentxX&onme by performing technical
review in support to the regulatory review?)

12.7 What approach has been used to demonshatesafety requirements have
been met when deciding to move to the next step?

12.8 What arrangements are in place to undegeakedic safety reviews, including
update of the safety case, during the operatiosrabg?

12.9 What role does the safety case play in stipgothe decisions to be taken to
move to subsequent steps?
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Requirement 13: Scope of the safety case and safety assessment

The safety case for a disposal facility shall describe all safety relevant aspects of the
site, the design of the facility, and the managerial control measures and regulatory
controls. The safety case and supporting safety assessment shall demonstrate the
level of protection of people and the environment provided and shall provide
assurance to the regulatory body and other interested parties that safety
requirementswill be met.

13.1 How is the adequacy of design and operdtieatures evaluated?

13.2 What approach has been used in order toeagsat the safety case addresses as
well operational as long post-closure safety?

13.3 How is it demonstrated that the feasibibifyimplementing the design is
addressed?

13.4 How do the safety case and the supportisgsaments demonstrate adequate
defence in depth provisions?

13.5 How does the safety assessment process deaterthat all relevant accident
or disturbing event scenarios have been analyselliding those of lesser frequency?

13.6 How does the safety case address occuphé@mpasure and public exposure
arising from operation (anticipated or unanticiplatgerational occurrences) during
the facility lifetime, and on what basis?

13.7 What approach is adopted to consider theemprences of unexpected events
and processes that test the robustness of thesdispygstem?

13.8 What approach is taken to develop a reasemalel of assurance that all the
relevant safety requirements will be complied watid that radiation protection has
been optimized?

13.9 What sensitivity analyses and uncertainglyaes have or will be undertaken

to obtain an understanding of the performance @& disposal system and its
components under the range of normal evolutionspatehtially disturbing events?
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Requirement 14: Documentation of the safety case and safety assessment

The safety case and supporting safety assessment for a disposal facility shall be
documented to a level of detail and quality sufficient to inform and support the
decision to be made at each step and to allow for independent review of the safety
case and supporting safety assessment.

14.1 What is the scope and structure of the decsation which makes up the
safety case and supporting safety assessmentefalifterent steps of the project?

14.2 What is the process used to develop and mainteisdfety case and supporting
safety assessments documentation to assure jastfic (sufficiently detailed and
argued), traceability and transparency?

14.3 How are assumptions and decisions that @lale in the development of the
safety case and associated safety assessmentsatdedrand recorded?

Requirement 15: Site characterization for a disposal facility

The site for a disposal facility shall be characterized at a level of detail sufficient to
support a general understanding of both the characteristics of the site and how the
site will evolve over time. This shall include its present condition, its probable
natural evolution, and possible natural events and also human plans and actions in
the vicinity that may affect the safety of the facility over the period of interest. It
shall also include a specific understanding of the impact on safety of features,
events and processes associated with the site and the facility.

15.1 What is the planning basis for the site abi@rization program?

15.2 What is the appropriate site characteringhimgram for the different phases of
disposal facility development?

15.3 What general approach is taken to iteraesitte characterization work with the
safety case and supporting assessment?

15.4 What approach is taken to characterize thtace environmental features
including natural aspects such as:

. hydrology,

. meteorology,

. flora and fauna,

. anthropogenic activities in the site environsatiely to normal residential
patterns,

. industrial and agricultural activity,

. natural background radiation, and

. the radionuclide content in soil, groundwater atiter media

15.5 What approach is taken to characteriseabéogical aspects such as:
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long term stability,

faulting and the extent of host rock fracturing;

seismicity;

volcanism;

confirmation of the volume of rock suitable fdretconstruction of disposal
zones;

geotechnical parameters relevant to the design;

groundwater flow regimes;

geochemical conditions;

mineralogy

15.6 What approach is taken to identify the fesguevents and processes that could
have an impact on safety and which are to be aseldlesn the safety case and
supporting safety assessment?

15.7 What approach is adopted to develop undetstg of the site to support the
conceptual models used in the safety assessment?

15.8 What general approach is taken to deterritireextent of characterization
necessary for different parameters?

Requirement 16: Design of a disposal facility

The disposal facility and its engineered barriers shall be designed to contain the
waste with its associated hazard, to be physically and chemically compatible with
the host geological formation and/or surface environment, and to provide safety
features after closure that complement those features afforded by the host
environment. The facility and its engineered barriers shall be designed to provide
safety during the operational period.

16.1 What is the basic design and how is itfiestithat it is complementary with the
host environment?

16.2 How is it justified that optimal use has heeade of the safety features offered
by the host environment?

16.3 What measures have been taken to ensur¢hthdyout is designed so that
waste is emplaced in an appropriate location irsist@ncy with the safety case?

16.4 How has the feasibility of fabrication of st& containers and of the
construction of engineered barriers been justified?

16.5 How is it justified that appropriate matesiare used in the facility design?
16.6 What design considerations address the tiomgperformance requirements of

the disposal facility? Are natural and archaeolalgi@nalogues taken into
consideration, and if so, how?
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16.7 If design features are incorporated to tatd retrievability, how is it justified
that safety is not compromised?

16.8 How is it justified that sufficient flexility exists in the design to allow for
variations such as in rock conditions or groundwatenditions in underground
facilities?

16.9 How does the design ensure that in the d@tanfissile materials are present in
the waste a sub-critical configuration will be ntained?

16.10 How is it justified that the design providesfety during the operational
period?

16.11 How does the design handle with the possiaieelopment of different
activities (construction, operation, closure) & fame time in the facility?

Requirement 17: Construction of a disposal facility

The disposal facility shall be constructed in accordance with the design as described
in the approved safety case and supporting safety assessment. It shall be
constructed in such a way as to preserve the safety functions of the host
environment that have been shown by the safety case to be important for safety
after closure. Construction activities shall be carried out in such a way as to ensure
safety during the operational period.

17.1 What construction techniques have been ddaipon and how have they been
demonstrated to be compatible with the varioustgafienctions described in the
safety case?

17.2 How have the construction techniques beemdd to be feasible in particular
in an underground environment and what evidengedsided of their adequacy (for
instance by means of in situ demonstration tests) ?

17.3 How has it been demonstrated that excavatimmhconstruction activities will
be carried out in such a way as to avoid unnecgsdmturbance of the host
environment?

17.4 How is it demonstrated that sufficient flakiy exists in the construction
techniques to allow for variations such as in ramknditions or groundwater
conditions in underground facilities?

17.5 What plans have been developed to ensuteotigoing excavation and
construction does not compromise either operationpbst-closure safety?
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Requirement 18: Operation of a disposal facility

The disposal facility shall be operated in accordance with the conditions of the
licence and the relevant regulatory requirements so as to maintain safety during the
operational period, and in such a manner as to preserve the safety functions
assumed in the safety case that are important to safety after closure.

18.1 How is it demonstrated that all operationd activities important to safety are
subjected to limitations and controls?

18.2 How does the safety case address and jubsfyoperational management
arrangements which are used to ensure that thiy sdfectives and criteria are met?

18.3 What provisions are in place pertaining taintaining active controls for
safety, while the facility remains unsealed follogiemplacement of waste??

18.4 What approach has been used to ensure ltieat figsile material is disposed of
in the facility it will be managed and emplacedairconfiguration that will remain
sub-critical?

18.5 What approach has been used to assess shblpcevolution of the nuclear
criticality hazard after waste emplacement, inaligdn the post-closure period?

18.6 How is it demonstrated that configuratiomagement processes are adequate
and effective?

18.7 How is it demonstrated that the safety danation is managed, updated, and
preserved, especially with plant modificationsassure safety?

18.8  What system(s) are used to ensure thatoalirdentation associated with
operations such as operating procedures, spemifisatand emergency plans is
subject to appropriate control procedures?

18.9 What processes and plans are in place toes&ldbnormal operations and
emergency situations?
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Requirement 19: Closure of a disposal facility

A disposal facility shall be closed in a way that provides for those safety functions
that have been shown by the safety case to be important after closure. Plans for
closure, including the transition from active management of the facility, shall be
well defined and practicable, so that closure can be carried out safely at an
appropriate time.

19.1 What are the elements of the closure plahhanv do they relate to the initial
design of the facility?

19.2 In consistency with requirements 1 — 3, varedngements have been made to
ensure the availability of the necessary techracal financial resources to achieve
closure?

19.3 What plans are in place for closure and seaapping designs and how are
they updated as the design of the facility is depet!?

19.4 What arrangements are in place to ensutettieadisposal facility will be
closed in accordance with the conditions set fosute by the regulatory body in the
facility’s authorization (e.g. license or certift@a), with particular consideration
given to any changes in responsibility that mayo@t this stage?

19.5 What particular considerations have beeergio the implications of closure
operations being performed in parallel with wastekkacement operations?

19.6 How is a delay in backfilling, the placinfjseals or capping for a period after
the completion of waste emplacement evaluated regpect to operational and post-
closure safety?

Requirement 20: Waste acceptance in a disposal facility

Waste packages and unpackaged waste accepted for emplacement in a disposal
facility shall conform to criteria that are fully consistent with and are derived from
the safety case for the disposal facility in operation and after closure.

20.1 What approach is used to derive the wastepsance criteria (WAC) and
verify that they will allow for safe disposal witlegard to both operational and long
term safety?

20.2 How is the WAC demonstrated to be consisidtht the safety case?

20.3 What measures are taken to ensure thatudléygcontrol of waste packages,

including control of waste preconditioning process(and verification of outputs’
conformance with the WAC, relies on an approprdu@racterization of waste ?
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20.4 How are responsibilities, allocated with alehto waste form and waste
package compliance with the WAC, clearly defined applied?

20.5 How does the WAC take into account the rieettandling of waste packages
included in the acceptance process in a mannervtlahot cause damage to the
packages?

20.6 What plans are in place to deal with nonqultant waste packages including
those misloaded, misplaced, physically damagedfon@nh-compliant and to prevent
recurrence?

20.7 How was uncertainty in overall safety assesg results dealt with in

establishing the WACs? Are the WACs a reflectidnan expected case mean
outcome, an expected case extreme outcome, or-BkieNrood disturbed case mean
or extreme outcome?

20.8 What arrangements/agreements are or wit ipdace to ensure and verify that
waste intended for disposal is characterized tovigeo sufficient information to
ensure compliance with the WAC?

20.9 How does the corrective action program ensat initial deviation from the
WAC will not have a detrimental effect on long teperformance?

20.10 What processes are in place to deal widimgds in inventory or waste forms
that may arise?

Requirement 21: Monitoring programmes at a disposal facility

A programme of monitoring shall be carried out prior to and during the
construction and operation of a disposal facility, and after its closure, if thisis part
of the safety case.

This programme shall be designed to collect and update information necessary for
the purposes of protection and safety. | nformation shall be obtained to confirm the
conditions necessary for the safety of workers and members of the public and
protection of the environment during the period of operation of the facility.
Monitoring shall also be carried out to confirm the absence of any conditions that
could affect the safety of the facility after closure.

21.1 What are the objectives, monitored attribute parameters and reference
performance criteria for the monitoring programmel eon what basis are they
determined?

21.2 What data collection and monitoring stragegare planned to be carried out
during siting, construction, operation and closwt the disposal facility to
demonstrate that the evolution of the disposal dasistent with the conditions
considered in the safety case (and assumptions imakle safety assessment) ?
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21.3 How do the monitoring programmes consider:

. providing information for input to or modificatioof the safety assessment?,
. the assurance of operational safety, and opésabilthe facility?
. emphasis on safety and security?

21.4 How are deviations from the reference gatemanaged and what actions are
proposed if monitoring identifies conditions or belour not accounted for in the
safety case?

21.5 How is it demonstrated that monitoring pesgmes are designed and
implemented so as not to adversely affect ovesabll of safety of the facility?

21.6  What extent of periodic or continuous reviewother degrees of flexibility
have been included in the monitoring programme rtabée revision and updating
during the development and operation of the fgcdit when unanticipated conditions
emerge?

21.7 How are the resources available to undertaiek sustain the monitoring
programme shown to be adequate?

21.8 How have actual or proposed monitoring pnognas for other facilities of a
similar nature, including existing closed near-aaef disposal facilities been taken
into consideration?

Requirement 22: The period after closure and institutional controls

Plans shall be prepared for the period after closure to address institutional control
and the arrangements for maintaining the availability of information on the
disposal facility. These plans shall be consistent with passive safety features and
shall form part of the safety case on which authorization to close the facility is
granted

22.1 What are the plans for institutional corgrfir a deep disposal and how are
they consistent with the approach for post- closafety in the safety case?

* Which measures (technical, legal, administrative famancial) are foreseen in
order to prepare for monitoring during the postsal@ phase?

* how are local land use controls/site restrictiomssidered?

* what are the plans and the organisation defineghure that local, national
and international records are preserved and forlbog?

 what use is to be made of surface and/or subsuniaaekers and what
regulatory or other basis defines the requiremtamtthese markers?

22.2 What are the responsibilities for the depetp regulator, and government
during the period of institutional controls?
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22.3 If no institutional control is required beybclosure, has this been justified in
the safety case and what reasons have been pr@vided

22.4  After the period of institutional controlshat status is envisaged for the
facility?

22.5 How does the safety case (post-closure plaakgiess and justify the method
and time period the system will be monitored?

22.6 What arrangements assure the ability to passformation about the disposal
facility and its contents to future generationsetmable them to make any future
decisions on the disposal facility and its safety?

22.7 How will institutional controls be harmonizeith other activities that may be
occurring in parallel (safeguards activities, eammental impact...)

Requirement 23. Consideration of the State system of accounting for and contr ol
of nuclear material

In the design and operation of disposal facilities subject to agreements on
accounting for and control of nuclear material, consideration shall be given to
ensuring that safety is not compromised by the measures required under the system
of accounting for and control of nuclear material.

23.1 What nuclear safeguards plans are envisaged?
23.2 What considerations have been given to augafeguards being achieved by
remote means (e.g. satellite monitoring, aerial tpg@phy, micro seismic

surveillance and administrative arrangements)?

23.3 How will safeguard monitoring and other mtonng and surveillance activities
be organized in order not to compromise safeguamndssafety functions?

23.4 What measures have been taken to ensursafegjuards related activities will
not compromise post-closure safety?

23.5 What consideration has been given to treefante issues between the system of
accounting for and control of nuclear material (eac safeguards) and the safety of
the facility?

23.6 How will the continuity of knowledge impontato safeguarding the system be
maintained and controlled for use by only thosaified entities who have a need to

know?

23.7 What procedures are set up to integrate tovamg and safeguards activities in
respect of?

» exchange of information and measurement data
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» coordination of changes in testing and measureteehhiques
» worker safety monitoring

23.8 The continuation of safeguards and monigpafter closure may be beneficial
to improving confidence in post-closure safety -atmtonsideration has been given to
this factor and how is it integrated with post-clsinstitutional controls?

Requirement 24: Requirementsin respect of nuclear security measures

Measures shall be implemented to ensure an integrated approach to safety
measures and nuclear security measures in the disposal of radioactive waste.

24.1 What measures are planned to prevent thethoré&zed access of individuals
and the unauthorized removal of radioactive mdtgeag. in respect to nuclear
terrorism and criminal intent)?

24.2 What plans are in place that can demonsthate safety and security are
approached in an integrated manner?

24.3 How is it planned that security measureg.(@access control program) will be
coordinated during parallel activities (e.g., comstion, waste emplacement, and
closure and sealing of rooms, galleries, borehaslesfts or drifts)?

24.4 What approach is planned to ensure thatlebhel of security required is
commensurate with the level of radiological hazamnd the nature of the waste?

24.6 Is consideration given to ensure that anrgemey response to one part of the
system will not lead to security vulnerability inather part of the system?

24.7 |If security is required in the post-clospegiod, what are the security plans?
» do the security plans describe what level of ségigirequired?

» do the security plans describe how long securitp ibe applied and do they
provide a technical basis for the timefréme

Requirement 25: Management systems

Management systems to provide for the assurance of quality shall be applied to all
safety related activities, systems and components throughout all the steps of the
development and operation of a disposal facility. The level of assurance for each
element shall be commensurate with itsimportance to safety.

25.1 What are the elements and structures ahtreagement system?
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25.2 How does the management system define teg, r@sponsibilities, authorities
and organizational structure for implementing psses to ensure an adequate level
of quality in all safety related activities and &tions?

25.3 How does the management system accommduatevolution of the facility
from siting through final closure?

25.4 What is done to ensure and document thaletred of attention assigned to
decisions is commensurate with their importancsafety?

25.5 How does the management system considertaimtg in the information used
in making decisions?

25.6 How is it demonstrated that the managemgstesy will comply with
international standards on management systems?

25.7 What is the process for identification diesarelated issues and assuring that
corrective actions are taken at an appropriatd,leeefied and documented?

25.8 How is the continued adequacy and effecéigsrof the management system
assured?

25.9 How is it assured that the relevant actsitisystems and components are
identified and evaluated?

25.10 How does the management system provide:

» that the necessary quality of data has been adhieve

» that safety related components have been suppflidduaed in accordance
with the relevant specifications;

» that safety related activities have been perfornmedccordance with the
relevant specifications;

* that the requirements for waste acceptance have beé and that waste has
been emplaced in the disposal facility in accordamgth the applicable
guality and technical requirements.

25.11 How are financial, administrative, managericompetence and other
resources ensured for retention of records ovendigcessary time period?

25.12 How is a “knowledge management system” impiaied in order to:

» enable changes in management and key personnel,

» support and accommodate changes in informatiomtdogy, and

* assure identification and preservation of that iportof the information
important to safety and any reassessment of thigyac the future?

25.13 How does the management system promotdéety sand security culture?
What measures are in place?
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25.14 How does the management system provideaassiof quality in the design
and operational features addressed in the safsgPca

25.15 How is the management system structured deroto contribute to the
defence-in-depth?
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Annex1l Remaining questions

The work undertaken for developing the questiomnand reviewing the SSR-5
standards contributed to identify areas where, raoeg to the view of the GEOSAF
members, requirements and the way of complying déberved more attention and
better mutual understanding. In particular, pgpacits considered as well that some
comments arising from the review of the questiorenavere very instructive and
suggested that they could be transformed into it questions or subsidiary
guestions to illustrate better their meanings. €msnments are developed below.

Requirement 1: Gover nment responsibilities

The government isrequired to establish and maintain an appropriate governmental,
legal and regulatory framework for safety within which responsibilities are clearly
allocated for disposal facilities for radioactive waste to be sited, designed,
constructed, operated and closed. This shall include: confirmation at a national
level of the need for disposal facilities of different types; specification of the stepsin
development and licensing of facilities of different types, and clear allocation of
responsibilities, securing of financial and other resources, and provision of
independent regulatory functions relating to a planned disposal facility.

Geological disposal programmes last over decades and
this particular aspect must be reflected by theous

organizational factors that will be put in placet |
concerns in particular issues related to competence
building and allocation of sufficient resources ifman,
financial...) to allow the development of the projéct
consistency with IAEA safety standards.

Requirement 2. Responsibilities of theregulatory body

The regulatory body shall establish regulatory requirements for the development of
different types of disposal facility for radioactive waste and shall set out the
procedures for meeting the requirements for the various stages of the licensing
process. It shall also set conditions for the development, operation and closure of
each individual disposal facility and shall carry out such activities as are necessary
to ensure that the conditions are met.
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Working Material

he Group discussed the issue of the appropriate tim

for setting (regulatory) requirements but did neach
a consensus: Early definition of requirements piesi
security in that the stakeholders know the “ruldstioe
game” from the beginning. On the other hand, anlyear
definition increases the likelihood of very genednd
unspecific requirements while a later definition ulb
allow accounting for the evolving knowledge.

Regulators and/or TSOs should be involved earlygefo

a safety case is actually submitted. Some guidance
could be provided on the activities by the reguiatand/or
TSOs to prepare for that review that could include:

* Review of key reports, technical publications from
proponents

» Development of Guidance documents (for example
Canada, France, etc.) for proponents to develoetgaf
case

* Independent research performed externally and in-
house on key safety aspects , on areas which are
complex and need better understanding, developofent
modelling capabilities in order to perform independ
calculations and assessment, etc. (see Appendix on
TSOs research capacities)

» Participation in international activities( such as
GEOSAF and IGSC)

» Seeking expert input with external independentréspe

* Periodic meetings with proponents to give feedback,
either in the form of formal review reports and/or
informal discussion (see Appendix on French study
case)

he regulators’ resources can not match the opesitor

The regulatory activities in preparation for theview
of the safety case should then focus on key aspiextsre
relevant to safety, in order to identify gaps anwvide
feedback to the proponents before they finalizer 8adety
case. Adequate resources should be allocated, and
responsibilities should be defined. A team of neers
should be established. It is anticipated that imlyeatages,
activities are focused on geoscientific discipliigsology,
hydrogeology, geomechanics, geochemistry...). Atr late
times before submission of the safety case, otkeerts
should be involved (fire protection, criticalityemtilation,
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transportation, radiation protection, biosphere nedtiohg,
dose calculation, etc.)

G1 notices that the perception of independence can
vary between States, depending on the socio-palitic
situation. In practice, a regulator, although ingepent,
must however interact with the proponents. Whatekegf
interaction is acceptable and tolerable before ipeledence
is perceived to be affected is a question everynttpu
should ask itself.

Requirement 3: Responsibilities of the operator

The operator of a disposal facility shall be responsible for its safety. The operator
shall carry out safety assessment and develop a safety case, and shall carry out all
the necessary activities for siting, design, construction, operation, closure and, if
necessary post closure surveys, according to national strategy, in compliance with
the regulatory requirements and within the national legal infrastructure.

he group discussed the issue to present the overall

safety strategy approach to the project in the tyafe
Case. The evolution of the safety strategy oveptbgect's
duration should be addressed.

Requirement 7: Multiple safety functions

The host environment shall be selected, the engineered barriers of the disposal
facility shall be designed and the facility shall be operated to ensure that safety is
provided by means of multiple safety functions. Containment and isolation of the
waste shall be provided by means of a number of physical barriers of the disposal
system. The performance of these physical barriersis achieved by means of diverse
physical and chemical processes together with various operational controls. The
capability of the individual barriers and controls together with that of the overall
disposal system to perform as assumed in the safety case shall be demonstrated. The
overall performance of the disposal system shall not be unduly dependent on a
single safety function.

he group discussed the issue to test the robustrfess
the system by deriving scenarios that assume pantia
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total failure of different safety functions, andwhahe
design accommodate these?

Requirement 8: Containment of radioactive waste

The engineered barriers, including the waste form and packaging, shall be
designed, and the host environment shall be selected, so as to provide containment
of the radionuclides associated with the waste. Containment shall be provided until
radioactive decay has significantly reduced the hazard posed by the waste. In the
case of heat generating waste, containment shall be provided while the waste is till
producing heat energy in amounts that could adversely affect the performance of
the disposal system.

H ow iscontainment defined ?

IAEA Safety Glossary 2007 Edition defines containinas
“Methods or physicalstructures designed to prevent or
control the release and theispersion of radioactive
substancesAlthough related tconfinementcontainments
normally used to refer to methodsstructuresthat perform
a confinementfunction, namely preventing or controlling
the release afadioactive substanceand theirdispersionin
the environment. Seeonfinementfor a more extensive
discussion”.

SSR-5 section 3.39: The containment of radioactiaste
implies designing the disposal facility to avoid @
minimize the release of radionuclides.

EOSAF group reviewed the requirement and the

explanatory clauses that follow the requiremente Th
group considers that this requirement should expyic
mention both normal evolution and altered evolution
scenarios. However, the participants noticed th&-855
provided more detailed guidance on scenario defing.
Concerning clauses 3.40 and 3.42, the group corsitlieat
the guidance provided related to container integig not
always practicable or necessary in order to havdesa
containment. Some concepts do not rely on container
integrity. For example, in the dry salt conceptnt@ners
might fail earlier due to mechanical impact, butedio dry
conditions, radionuclide migration is controlled dn
minimized.In any case, the demonstration must be made
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about the ability of the concept to contain acyiyvieven
when unexpected or altered situations occur.

he degree of containment for different engineensd a

natural barriers is calculated in the Dossier 20faf
different radionuclides and several scenarios. Fodine
129 originating from spent fuel, in the normal exan
scenario, the Safety Assesment results showedré-igu
Total containment in the containers during the tfi200
years; total failure of the containers at 10,000The peak
release of 1-129 from the containers into the dsgo
facility occur shortly after 10,000 y.
The flux into the Callovo-Oxfordian (COX) starts at
approximately 220 years, peaks at approximatelpa@yr.
The flux out of the COX into the overlying formatgiarts
at 300yr and peaks at 200,000 yrs.
The flux into the shaft is only 0.0008% of the ltotdease
from the wastes. Only 3x¥(f the total release exits the
shaft at more than 100,000yr.

78%

3 10e-5 I
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Figure 1: lllustration of the containment provided I-129 in the normal evolution
scenario in the French Dossier 2005. The % of filn&,starting time, and the time to
peak, are shown for different compartments.

Requirement 9: I solation of radioactive waste

The disposal facility shall be sited, designed and operated to provide features that
are aimed at isolation of the radioactive waste from people and from the accessible
biosphere. The features shall aim to provide isolation for several hundreds of years
for short lived waste and at least several thousand years for intermediate and high
level waste. In so doing, consideration shall be given to both the natural evolution
of the disposal system and events causing disturbance of the facility.
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Working Material

H ow isisolation defined ?

There is no definition for isolation in thEAEA Safety
Glossary 2007 Editian

SSR-5 section 3.44 Isolation means design to keeywaste
and its associated hazard apart from the accessible
biosphere (see figure 2). It also means design itonmeze
the influence of factors that could reduce thedntg of the
disposal facility. Sites and locations with highgrdraulic
conductivities have to be avoided. Access to weaastdo be
made difficult without, for example, violation of
institutional controls for near surface disposatolation
also means providing for a very slow mobility of
radionuclides for migration from disposal facilisie

he definition of Isolation given in SSR-5 (as ciied

the first sentence above) is applicable for wabté,
not the radionuclides. However, in the last threatences,
hydraulic conductivities of the host media and stoability
of radionuclides were invoked. The group is of dpaion
that these characteristics are rather related tomtaonment
of radionuclides and not isolation of the wastésulggests,
and adopted the following definition to carry ontlwihe
workshop:

From GEOSAF understanding, isolation means spatial
separation of the wastes from the biosphere; while
containment means prevention and/or minimization of
migration of radionuclides through the differentrbers of

the disposal system.

The following figure schematically shows this
understanding:
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Figure 2: illustration of the isolation and contaient concepts

Requirement 11: Step by step development and evaluation of disposal facilities

Disposal facilities for radioactive waste shall be developed, operated and closed in a
series of steps. Each of these steps shall be supported, as necessary, by iterative
evaluations of the site, of the options for design, construction, operation and
management, and of the performance and safety of the disposal system.

he GEOSAF group generally agrees with the stages
proposed in the European Pilot Study (see annex 2)
but noted differences in approaches between stefised
in SSR-5, Req.3 and the phases taken into consinleay
the EPS group. The identified phases defined inBR&
present in particular a first phase called “conceglization
phase” prior to the siting phase as well as specifi
regulatory milestones regarding authorization for
construction, operation and closure as stated below

H owever, because jurisdictions differ between
countries, a license, permit or approval is not ays
required at the end of each stage. We also geneagiiee
that the safety case provided by the proponerfieaend of
each stage should be reviewed by the regulatoes) gt
is not formally submitted in support of some kifidazense,
permit or approval. Decision points, however, migat
taken either by a policy-maker or by the implemehte
operator. The issue is all the more important beseaihne
Safety Case has to inform these decisions and quasdy
has to be tailored accordingly.

Requirement 13: Scope of the safety case and safety assessment
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The safety case for a disposal facility shall describe all safety relevant aspects of the
site, the design of the facility, and the managerial control measures and regulatory
controls. The safety case and supporting safety assessment shall demonstrate the
level of protection of people and the environment provided and shall provide
assurance to the regulatory body and other interested parties that safety
requirementswill be met.

Clarification should be provided on the meaning of

managerial control measures and regulatory control.

Requirement 15: Site characterization for a disposal facility

The site for a disposal facility shall be characterized at a level of detail sufficient to
support a general understanding of both the characteristics of the site and how the
site will evolve over time. This shall include its present condition, its probable
natural evolution, and possible natural events and also human plans and actions in
the vicinity that may affect the safety of the facility over the period of interest. It
shall also include a specific understanding of the impact on safety of features,
events and processes associated with the site and the facility.

his requirement doesn’'t address the process afigsiti
before engaging in characterization process ofta.si
More guidance on siting procedure is needed, wéspect
to, as example, the location away from mineral ueses
and geothermal activity...There should be as welhes
guidance on at what stage an Underground Research
Laboratory may be needed.

Requirement 20: Waste acceptancein a disposal facility
Waste packages and unpackaged waste accepted for emplacement in a disposal

facility shall conform to criteria that are fully consistent with and are derived from
the safety case for the disposal facility in operation and after closure.

I he group recommends that the uncertainties assatiat

to the accurate consideration of the waste inventbe
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anticipated in the development of the disposal gubj
Indeed as the disposal project will be developeerov
several decades, uncertainties on the planned towen
have to be taken into account in the design offalodity

and in the demonstration of safety (for examplentak
margins in the volume and inventory of waste when
designing the facility and making the safety aszess).

The compatibility between the waste acceptancesrait
and the evolution of the disposal concept (selaatibsite,
characterization of pore water, geometry and dinnam®f
the disposal layout, knowledge of the inventory.u$tnbe
ensured.

Requirement 22: The period after closure and institutional controls

Plans shall be prepared for the period after closure to address institutional control
and the arrangements for maintaining the availability of information on the
disposal facility. These plans shall be consistent with passive safety features and
shall form part of the safety case on which authorization to close the facility is

granted

Working Material

I he group raised issues on the role of inadvertent

human intrusion in the safety case for deep geo#gi
disposal.

In relation with isolation requirement, the purposé a
deep geological disposal is to reduce the posgibdf any
human intrusion in the waste disposal tunnels ag las
potential hazards linked to the waste activity dooause
unacceptable radiological impact. The depth and the
absence of valuable natural resources close tadtbposal
location are specific conditions that contributertonimize
the likelihood of such an intrusion.

Nevertheless, intrusion in the disposal may be actsl

for with the view to guiding conception of the disal with
respect to optimization strategy of the design dond
assessing the robustness of the disposal. As anmeain

the Dossier 2005 Argile, Andra assessed the corsegs

of a drilling borehole through components of thepdisal.
This could result in a potential contamination afuiers

due to the connection between disposal tunnels and
geological surroundings. Lessons learnt from tlusrario
were that the modular architecture of the dispdsalility
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and the low hydraulic characteristics (permeabijlity
hydraulic gradients...) of the host rock and of sumding
formations allowed for a strong limitation of the
radionuclide release and transfer through the baiehto

the aquifers. These results completed the set@giments
gathered by Andra (the French waste management
organization) in favor of the robustness of thepdssal
concept but didn’t aim at assessing the consequeota
plausible situation.

Regarding the compliance with radiological criteri@SR5
introduces updated recommendations in accordandb wi
ICRP103 for the case of inadvertent human intrusiothe
disposal. However, since the likelihood of inadeett
intrusion is low, the associated risk is likely toe
outweighed by the higher level of protection andetya
afforded by the disposal of waste in comparisoin wther
strategies.

The group also raised issues on the need and duraif
institutional control including surveillance and mtoring
(SSR-5 does not accept to rely on ongoing (perpetua
control as a safety measure, although this is commo
practice for example when managing mining waste)

SSR-5, 5.11 states that “The status of a dispaasailitly
beyond the period of active institutional contrdfets from
the release of a nuclear installation site from ukgory
control after decommissioning inasmuch as reledsthe
site of a disposal facility for unrestricted usegenerally
not contemplated. [...]". As a matter of fact, theli@active
source term of a geological disposal will remainplace
after closure and dismantling of surface facilitigssich an
installation is designed for that purpose!). As a
consequence, even if the long term safety demaiostra
does not rely on perpetual institutional controldais based
on passive features linked to the characteristi¢sthe
disposal:
- it should be stated that there is no a priori desio abandon
the disposal site after post-closure phase,
- it shouldn’t be stated that the disposal site afpest-closure
phase will be abandoned,
- record keeping of the site should be envisaged timea frame
in accordance with the duration of the hazards ealuby the
activity of the waste.
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Annex 2 European Pilot Study

The pilot study aims at developing, amongst Europegulators common positions
on the safety approach to geological disposal dioextive waste. More specifically
the approach focuses on the content of a safet/foas geological disposal and the
way this safety case should be reviewed by the atikgor Some flexibility in the
process of submitting and reviewing a safety casecisided in the EPS to take into
account the different existing regulatory regimesd aadministrative procedures
existing amongst various countries.

In the process of up-dating and completing the BR&ion 2010), the redactors have
taken into account the comments of the review by GEOSf version 2007 of the
EPS and above all the necessity for flexibilityh@tcomments have been integrated
in the document.

According to the EPS, and in accordance with intewnat standards and
recommendations, a disposal facility and its satese should be developed in a step-
by-step manner with well-defined decision points. eBafarguments must be
continuously refined and supporting safety assestsmaust be undertaken iteratively
as the disposal facility is developed. The strietfrithe assessments is expected to be
consistent throughout for more efficient regulatoeyiew. It is acknowledged that the
degree to which a step-by-step process is legalpiemented in regulations varies
from country to country, and the responsibilitidstioe regulator at decision points
may also vary. However, it is recommended that tlgelledor should be involved
from the earliest stages in the development ofspatial facility, even if initially the
role is less formal and decisions or opinions & tkgulator may not be legally
enforceable.

The safety case can be presented in various forrhatsits content should be a
collection of documented arguments and evidencepatipg the safety of the
disposal facility to allow for key decisions retadito progressing to the next phase of
development of the disposal to be made. A safettegy, which sets out the high-
level approach for achieving safe disposal needmetestablished from the beginning
of the project. Elements of the safety assessnseigorting the safety case are those
related to: assessment of the robustness and perfice of the site and engineering
of the facility; assessments of impacts to peopk the environment, assessments of
the management system. The safety case must inafutiéegrated assessment of the
overall arguments. The manner and extent to whigsehelements are assessed
during the process of developing and implementimg facility will vary with the
phase reached.

Version 2010 develops new expectations for the safasg : the safety case should
cover both the operational phase and post closuasgand demonstrate operational
safety together with long term safety. It is coneede that in the process of
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optimization, long term implications should be ermagized for the choice of the best
option. It is acknowledged that depending on natisagulations, operational and
long-term aspects may be addressed under sepa@éations and reviewed by
different licensing bodies.

The assessment of the impact of the disposal iachould also cover the non
radiological impact, however, in this domain andpending on the national context,
different licensing bodies may be concerned and ¢hghasis given to non-
radiological impacts may vary with the licensing od

The safety case must set out clearly informationttma design, construction and
operational options considered and the key featomeshich safety relies. The safety
case will need to acknowledge and accommodate umteta It should include a
program of work to acquire enough knowledge to demnates confidence in the
safety of the disposal system. Assessing the sossdokethe proposed options is
essential to enable the project to move forwarthfome step to the next.

Actual version of EPS (2010) covers all the phadebe development of a disposal
facility which describe broadly the progressive depment of a disposal facility (and
its safety case):

Theconceptualisation phase, during which an implementer
considers potential sites and design options, distads the
safety strategy and carries out preliminary assesgs
Regulatory review of the work at this stage shauidie the
implementer on the likelihood of achieving the seaey
demonstration of safety.

The siting phase, during which the implementer identifies
potentially suitable sites that are compatible withe
design concept and characterises these sites texttent
that a decision can be made on the preferred site.

The reference design (and application for construction)
phase, during which the implementer adapts the egptual

design to the site properties, finalises and vdbkdathe

design of the disposal facility, and develops tladety

assessment, to support the implementer's applicatm

construct the facility. This is used by the regoildb decide

whether to grant a licence for the implementer dastruct

the facility and is the crucial milestone in thevdlmpment
of a disposal facility.

The construction (and application for operation) phase,
during which the implementer demonstrates thaag built
the facility in accordance with the terms of thastouction
licence. In preparing for operation, the implementdll
need to demonstrate safety during operation andatawh
protection of workers and members of the publice Th
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regulator would decide whether to grant a sepatatence
before emplacement of waste in the facility.

The operational phase, during which the implementer
emplaces waste packages in the disposal faciliéy, build
new disposal units, backfill and possibly seal hesit
temporarily or permanently, parts of the disposatility
where waste emplacement has been completed ; gevelo
its application to close and seal the facility, gmepares a
draft plan for post-closure institutional controls,
monitoring and surveillance. Towards the end of fbhase
the regulator will decide whether to grant a licerfer the
implementer to close and seal the facility.

The post-closure phase : the implementer will demonstrate
that it has closed the disposal facility in accanda with
safety requirements and present a firm plan fotitaonal
controls and continuing monitoring and surveillano&t
this stage the regulator will confirm what controls
monitoring and surveillance are required and fomhlmng.

The EPS identifies when certain information woulch@ally be foreseen, but it is
expected that national programs may have differemguirements. Regulatory
decisions will govern the progression through thepwise process. In nearly all
programs, formal decisions are expected at leasn fthe point of disposal facility
construction and, in some countries regulatorysiecs will also be needed in earlier
phases (conceptual and siting phases). Politicalsidas may also be required in
addition to regulatory actions.

Annex3 National programmes

The purpose of this annex isto draw a picture of the progress and status of the
different national disposal programmes that are developed within the member
states. Thisinformation was gathered from the different participants but it does
not reflect an official position of the organisations or member states involved in
GEOSAF. It aims at presenting what could be the possible regulatory process
envisaged by the member statesfor licensing the disposal.

Regulatory Approvalsand HL W/SNF Disposal Programme Structure and Status
L:licencé P :permit A :approval D : decisiofi
* . HLW/SNF Disposal Programme status
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Footnotes

'Licence:  a legal document issued by the regulabmyy granting authorization to
perform specified activities related to a facilitiyactivity (in the context of
this document, related to management of spent dwebf radioactive
wastg, typically specifying_conditions on those actiggj responsibilities
for reporting by the licensee, and compliance dgbtsby the issuing
authority

Z Permit: written order giving permission to act gmspecify conditions on those
actions)

% Approval:  formal pronouncement that somethingdsajor satisfactory
* Decision: ~ formal judgement (of question, etc.)

> Approval from federal Minister of Environment bdseon an Environmental
Assessment. The subsequent licensing decisionsbwareéhe nuclear
regulator (CNSC).

® Internal decision made by a team of experts in &#itomic Energy Agency (CAEA);
regulations that address the procedure of sitectimte and the type of
authorization for each step in the procedure atéanmalized yet

’ Also an EIS submitted to Ministry of Environment ipproval

® In France the programmes are defined by Law ($me Additional Notes for
explanation) and ‘site selection’ and ‘site detitdaracterisation’ refer to
the disposal area in the vicinity of the URL at &urlt is undecided if
operation will be authorized by a licence or byagproval to commence.

® Approval of German Mining Authority for undergraimorks
% Environmental Licence based on EIA
' At least 50 years of Institutional Controls

2 Internal decision by team of scientist/engineersNational Agencies; regulatory
aspects not formalized yet in India
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3 Siting is divided into 3 phases (Literature Survyeliminary Investigation, Detailed
Investigation) with approval of Minister of METI &nd of each phase.
Site Investigations, Design and Safety Assessmamet performed
iteratively by NUMO within each phase.

¥ In the Japanese programme, Closure (of the urmlendrdisposal facility) is before
Decommissioning (of the surface facility)

1> Disbandment of NUMO will be separately laid dowynlaw.
'8 portugal has no HLW, and no legislation relatiodit. W

" On-going programme is for storage of unused ratiea sources — licensed up to site
selection, following steps to operation are on-goin

'8 Regulation after operations is not yet defined
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Additional Notes

Belgium

- Decision in Principle on concept by Minister oftdnor Affairs, leading to site
identification and screening

- Approval of site selection by communities and gaweent ministers

- Environmental Impact Report also required follogvaetailed design

- Remaining licensing steps specified in FANC not&-020-N Rev. 1, will be
translated to a Royal Decree in the future:.

- Licence for construction and operation

- Licence for completion of activities and start sdirveillance and monitoring
(following operations)

- Licence for closure (may be combined with Licefarecompletion of activities and
start of surveillance and monitoring)

- Licence for confirmation of closure and short ipérof post-closure activities
(continued surveillance)

- Licence for retrieval of regulatory control

Bulgaria

- Decision by Council of the Ministry and Permissiby the nuclear regulator
(BNRA) on the conceptualization and generic design

- Decision on site characterization needed beforeQalDesign by BNRA

- Construction requires Order and permission by BNRA

- Subsequent licences issued by BNRA

- Need for authorizations for post-closure and abantent not yet known

Canada

- Licences are for a fixed period (typically 3-5ayg) and must then be renewed

- Environmental Assessment is re-visited and updateceeded at each licence
application

China

- Although the law of the People’s Republic of ChoraPrevention and Control of
Radioactive Pollution addressed that the HLW shdaadlisposed in deep geological
formation, regulations addressing the siting ane@ratoon of a disposal facility
(including defining the steps in facility developmiend the authorizations needed at
each step) are not formalized yet in China

- Safety assessment and engineering is in the ptraleation and generic design
stage

- Management system is in the conceptualizationgameric design stage

- Siting is in the site identification / screenistgge

Czech Republic

- Authorizations are needed under the Constructenm &nd Atomic Act

- Permit for Site Confirmation (at site selectioajjuires Introductory Safety Report /
Safety Case and EIA submitted to Minister of Envin@mt

- Permit for Construction requires Preliminary $afeeport
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- Permit for Operation (planned for 2065) requirgsre-operational Safety Report /
Safety Case, including Waste Acceptance Criteria

- Permit for Closure requires a Final Safety Rep@afety Case and EIA submitted
to Minister of Environment

Finland

- Decision in Principle on selected site includelse tcommunity accepts, the
government (STUK) approves and Parliament ratifies

- Construction Licence (expected in 2012), Operatirgggnce and Closure Licence
require government (STUK) approval

- STUK inspects operations, and there are periogiewals of the Operating Licence
- Abandonment is with government (STUK) approval

France

- Site selection for creation of Underground Rededm@bs (URLS) was licensed by
the regulator under the Law of 1991

- Feasibility of geological disposal in clay invgsted by the means of the Bure URL
was approved by the regulator in 2006 and a new Lavywpné 2006 established the
new programme for the creation (site preparation @rstruction) application to be
submitted in 2015.

- Selection of a disposal site in the vicinity bEtURL, additional characterization if
needed for the purpose of confirmation and refexetesign is expected to lead to a
construction licence by 2016 (+ a new law on rabdity) and an operating licence
or approval for starting operations by 2025

- Further licensing steps are not yet defined

Germany

- Entries in the table reflect the present situgtiapplied to LILW facilities; a finer
breakdown for SNF/HLW is under discussion

- Licensing decision (plan approval) at the dethitkesign / site preparation stage
includes EIA

Hungary

- Approval of a Geological Research Plan for siteratt@rization is not prescribed
legally

- Permit based on a final report of site investaat justifying the site suitability

- Preliminary Decision in Principle of the Parlianh@md an Environmental Licence
based on an EIA required prior to site preparation

- Construction Licence is based on architecturegdes

- Commissioning Licence is based on a pre-commgsipsafety case; Operating
Licence is based on a pre-operational safety case

- Closure Licence is based on a “final” safety case

India

- Regulatory aspects of the disposal of HLW are wett finalised, however all
developments regarding conceptual design, gendas and R&D programme are
informally communicated to the regulatory body
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- Conceptualization, site identification/screenisige selection and site
characterization are subject to an internal degibipa team of scientists and
engineers and National Agencies

Japan

- Siting divided into 3 phases (Literature SurvByeliminary Investigation, Detailed
Investigation) with approval by METI at end of each

- Site investigations, Design and Safety Assessmenpaformed iteratively within
each phase

- Nuclear Safety Commission’s requirements specikglusion of sites with
unsuitable geologic conditions

- Siting Approvals: Selection of Preliminary Invgstiion Areas (at end of Literature
Survey phase), Selection of Detailed Investigatioradr (at end of Preliminary
Investigation phase), Selection of Final Disposallity Site (at end of Detailed
Investigation phase)

- License for radioactive waste management in cetalesignphase

- Authorization for commissioning, operatioand post-operationafter licensing
requires: Confirmation for Waste form and MeasudoesSafety Operation, Approval
for the Design and the Construction Methodf Disposal facility; Pre-operational
Inspection; Inspection of Welding Methods; Perioditspection of Facilities;
Notification of Commencement, Cessation or Resthth® Management; Recording
and Record Keeping; Approval for Operational Safetyggpamme and Operational
Safety Inspection; Approval for Physical Protecti®ttogramme and Physical
Protection Inspection; Approval for Closure Plan d@wanfirmation of Closure in
Each Process; and Approval for Decommissioning Plad €onfirmation of
Completion of Decommissioning.

- Closure of the underground disposal facility pe®s Decommissioning of the
surface facility

- The licensee shall perform dose assessment dtavery 20 years after licensing.

- All types of authorizations are relevant to theniier of METI.

Pakistan

- Dry storage is under consideration for spent fuel

- DGNR is in the process of siting disposal facilitiesth first priority being near-
surface disposal. Potential formations have bdentified.

- If spent fuel is declared a waste, then sitingcpss for deep geological disposal
facility must be started.

- Regulator is involved with site characterizatidetailed design and site preparation
prior to licensing construction.

- Operations are under stringent regulatory control

Portugal

- The Directorate General for Energy is responditridicensing of all installations of
the nuclear fuel cycle, including the PortugueseseRech Reactor. (RPI) at ITN
premises. DG also authorizes the transfer of spesitffom RPI to the USA as per
existing return agreement.
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- The Independent Commission on Radiological Ptmtecand Nuclear Safety
(CIPRSN) verifies and evaluates the conditions opliaption of the legislation
regulating licensing of all installations and atties that produce radioactive waste

- Currently Portugal does not have HLW to manage, there is no plan or specific
legislation for HLW in Portugal.

- ITN, besides being a research institute, hasdbal lability to authorize transfer of
radioactive waste between Portugal and other MerStedes, to evaluate radioactive
waste transport safety and collects, segregateslitmoms and temporarily stores the
treated waste (cement drums) at a storage facility.

- There is nothing in Portuguese legislation conicey radioactive waste storage or
disposal in terms of installations characteristics.

- ITN and the producers of radioactive waste followelinational good practices
(IAEA, etc.)

Kingdom of Saudi Arabia
- Table entries are based on a project to develdjcdity to store non-used
Radioactive Sources.

South Africa

- Decision on site selection will be based on an EIA

- Construction Licence will include “cold” commissing; Operating Licence will
include “hot” commissioning

- Not yet in the conceptualization stage; at thet fatep of establishing a science
strategy and reaching agreement with the regulatorthe development steps and
approvals process.

Ukraine

- Site Screening and Site Selection requires andeeand a Decision under a special
law

- Licensing requirements after operations havebeain defined, but they will likely
include a decommissioning licence
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Annex4 Example from the French case and therole of
|RSN in developing expertise functions

Independent research activities for performing the technical review process and
ensuring the necessary support to theregulatory body

close follow up of the scientific knowledge gained by the WM Os when developing
the disposal project and reported in the safety casefor external review

In the field of radioactive waste safety, IRSN depsl a pluri-annual research
programme so as to develop IRSN staff skills andcipate the needs for new
knowledge necessary to perform comprehensive sedetgws of high quality. This
research programme, launched initially to supp®8N assessment of Andra’s file on
the “feasibility of reversible geological disposalclay” issued in December 2005, is
now structured upon the new main steps related tdekelopment until 2015 of the
high-level and long-lived intermediate-level wastéspdsal facility project as
prescribed by the French Planning Act of 28 June620@ the sustainable
management of radioactive materials and waste. ddtiplans a licence application to
be submitted in 2015 for the creation of a deeplaggcal disposal facility. IRSN
research programme is annually updated and pealbygliceviewed by a scientific
committee and organised along 4 types of researtihitees devoted to addressing
several “key safety issues” defined by IRSN as fedio

Taking into consideration the feedback and mainckmions drawn from the
regulatory review of the “feasibility of reversibjeological disposal in clay” in 2005,
IRSN has identified a number of important issuesuged hereafter in " key safety
issues”, on which researches should be carried dbtpwiority from 2006 to 2015.
The issues presented hereafter, which relate ontlygdleuse/Haute-Marne site, do
not anticipate on the possible emergence of ofiserels of importance for establishing
the safety demonstration during further steps ofgat development. However at this
stage of the project, IRSN gives priority for examg

the confinement capabilities of the sedimentary thosck and the
identification of possible fracturing in the hostrrhation and the geological
layers surrounding it,

the perturbations due to excavation or due torttexactions between different
components,

the waste degradation,

the uncertainties on corrosion rates of metallimponents, due particularly to
a lack of knowledge on transient environment coadgiand their duration,
the dimensioning hypotheses for the various didptaality components,
with the aim at constructing containment barrierat thre as effective as is
reasonably possible,
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the construction/operational safety (accounting riarersibility) particularly
with respect to the risk of explosion relevant todtwgen produced by
radiolysis in waste cells, the ability to remedyitaation caused by a package
fall in cells and the possibility of retrieving was

the sealing capabilities with the view to assestiegikely performances of a
sealing engineered structure, taking into accotnat éffects of potential
disturbances over time or difficulties for emplagseals at industrial scale,
the long term performances of the disposal facitjth emphasis on
hydrogeological modelling, integrated transfer afionuclides and biosphere
modelling. It is particularly important to be altie rule on whether or not
localised preferential transfers exist and to asgéeir influence on the
general flow patterns.

Definition of safety research activities

The above mentioned “key” scientific and technitgdics should also be of prime
concern for the implementer since they relate ®y"lsafety issues for demonstrating
the overall safety of the disposal facility, ande thevel of funding that the
implementer should afford to research activitiescohcern for safety should be
naturally much higher than those of the regulatwat gechnical safety organisation
(TSO). This is fully justified by the different resgtive roles played by both entities
but it is of assessor’s duty to be able to covketha safety case issues with care to
make appropriate balance between topics that neuatiiressed by R&D programme
or topics that do not require specific R&D developinén this last case, the regulator
or TSO should be able to explain why it is not nemgs develop its own research
capabilities. In this respect, some aspects are atmtressed by IRSN R&D
programme because either they relate to conceptinsfruction demonstration tests
that are of implementer responsibility or becau8N considers that the scientific
knowledge is sufficiently shared by different stadlelers and well managed by the
operator. Considering the elements that justifyNRS&D programme, 4 categories
of major questions are addressed: the adequacy &etaxgperimental methods and
data foreseen, the knowledge of complex coupled gghena, the identification and
confidence in components performances and thetyalolf the components to
practically meet in-situ the level of performancesquired. Addressing these
guestions requires the research programme to beapmd along the following lines:

- test the adequacy of experimental methods for hwhieedback is not
sufficient. The assessment of their validity alloaddressing the consistency and
degree of confidence of the data produced,

- develop basic scientific knowledge in the fieldsenehthere is a need for
better understanding the complex phenomena anchatiiens occurring all along the
life of the disposal facility and their influence auclear safety, so as to preserve an
independent evaluation capability in these matters,

- develop and use numerical modelling tools to supgtudies on complex
phenomena and interactions so as to allow IRSN sisgesrders of magnitudes of
components performances and physico-chemical pations but independently than
specified and estimated by implementers,
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- perform specific experimental tests aiming akeassg the key parameters
that may warrant the performances of the differemmnmonents of the disposal
facility. Such experiments are designed in pardicub simulate the behaviour of
components in altered conditions and allow IRSN @elhg appraisal on the
specifications of construction that are to be psgabby implementers.

These studies are carried out by the mean of expets performed either in IRSN
surface laboratories, or in the Tournemire ExpentaleStation (TES) operated by
IRSN in the south-east of France. The TES is a foraikvay tunnel crossing a 150m
meters thick Toarcian argillite formation and ha&et intensively used for some 20
years to perform in-situ experiments devoted téebbemnderstanding:

the diffusion mechanisms in stiff clay (origin ofey-pressures and influence
of pore size on water-rock interactions...). Many eltarization methods
(devoted to characterise movement of natural teacg¢have been tested,

the hydraulic role of faults/joints : survey metBo@eismic survey analysis
combined with others methods...) used to identifytfrees in clay and their
potential as water pathway have been tested,

the differential fracturing phenomenon in clay aischigh damping potential,

the EDZ development: characterisation methods andetting have been
used and developed taking advantages of, on thehand the 100 years
passed since tunnel construction, and, on the dtaed the observation of
new drifts recently drilled,

the clayey materials evolution due to cement-clapm-clay interactions by
characterisation and modelling of 10-year old itu @xperiments (using a
coupled transport/chemistry code Hytec developedEbgle des Mines de
Paris),

- the chemical conditions during transient processekthe specific effects of
the presence of micro-organisms or of redox comasti(characterisation of
processes upon Tournemire data) on the waste onesrgd components
degradation over time,

the parameters that will have to be specified androbied in situ to warrant
the performance of seals and concrete liners; &aled in-situ mock-up is
under development and will be implemented in TESttaly altered evolution
of seals,

Besides the Tournemire Experimental Station, spesifudies are in progress in
complementary scientific fields with the view to:

better knowing, on the one hand of the physical@ramical properties of the
concretes in their initial and altered state and,tlee other hand, of the
influence of industrial implementation conditions their performances,

better understanding the transient phenomena apariicular the behaviour
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of hydrogen generated by corrosion and radiolyst its influence on water
flow; these studies are addressed by experimemibrétical and modelling
developments,

better knowing of the waste performances,

better knowing of the transfer properties of radmmes and chemical
elements under disposal facility conditions (dataedreview),

modelling flow and transport of radionuclides by eeping computer models
simulating the underground flow patterns at varisoales in the vicinity of
the Bure site as well as radionuclide migration fribve waste packages to the
biosphere (3D computer code MELODIE),

modelling the biospheres of interest for the Bute @xisting and possible in
future).

In addition, the safety researches to be possifiertiaken related to operational
safety and reversibility issues are in a prelimynatnase devoted to the definition of
targeted actions.

Organisational aspects

Because of the complexity and large scope of iskubg addressed, IRSN promotes
a multi-disciplinary approach integrating experirtadists, modellers and experts of
safety who work together on each of the topics aéragt for safety. This synergy

between research engineers and experts in safetgsassnt is a valuable tool to
ensure consistency and quality of technical assessnscientific partnerships with

research facilities and universities is the pref@istrategy of IRSN in order to be able
to take benefit of high level scientific skills different specialities and for a duration
compatible with the planned time frames of the asresat process (several decades).

Part of IRSN research programme is integrated in ERERATOM Framework
Programme related to radioactive waste managerasearch. IRSN is involved il"6
and 7' Framework Programmes which offer a valuable framevforkachieving
results and for sharing experience among countneéslved in waste safety. IRSN
supports also international research programmelseadlont Terri project as well as
bilateral cooperation with homologous organisationf®reign countries.

Quality and independency of research programmeechauit by IRSN allow building
and improving a set of scientific knowledge and techl skills that serves the public
mission of delivering technical appraisal and a€vim particular they contribute in
improving the decisional process by making possibtgentific dialogue with
stakeholders independently from regulator or im@eter.

Conclusion
Because of time constraints, it is of crucial intpace to be able to anticipate the

development of knowledge and resources requiredssesa risks posed by nuclear
facilities in the future, and in particular wasterragement safety. It is the reason why
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IRSN has identified very early in the French gedatagidisposal facility project
development the scientific issues that had to lFemsed in priority. This enabled
IRSN to optimise the resources allocated to reseditvdse resources are periodically
assessed with respect of the progress made irestulde new issues to be taken into
account and duly planned, as well as the regulatewview agenda that requires to
swap research and assessment activities.

The research activities carried out by IRSN are kbgesl in consistency with

conclusions drawn from the stepwise regulatory pdbsit allows periodically

addressing the remaining issues that must be de#it to improve the safety

demonstration. The expected outcomes of IRSN R&D naroge are clearly

identified with respect to the safety review approgmying in particular a specific

attention on which phenomena that must be studiedhbyTSO so as to ensure
appropriate independent judgement of the levehtdtyg that the disposal facility may
reach. It is also a duty for TSO to be able to @liepinion on the consistency and
degree of confidence of the data produced as welhake ability of the implementer
to realise, at industrial scale, components thdtpeitform “as designed”.

But the efficiency of the research carried out oy tegulator or the TSO does not rely
only on technical skills but also on its ability popomote synergy between experts in
charge of assessment and researchers. This cdesibighly in guiding research
efforts that must be made for the purpose of meimg the quality of the regulatory
review. In complement, high scientific skills ensugéficient technical dialogue
between the implementer and the evaluator whichss al necessary condition to
achieve valuable assessments.

Illustration of the organisation of the technical dialogue
between the different actors (WM O, TSO and authority)

Interaction between ASN (the authority), IRSN (the T&@J Andra (the WMO) was
undertaken in order to come to a common understgndhat the regulatory
requirements and expectations are met. The ASN peefbregular inspections of the
Meuse Haute-Marne URL, and published in 2006 iteiaffopinion on Dossier 2005.
The IRSN established a constant dialogue with ANDRA and\N A8 along the
development of the project, whatever it was formakyguested by law (license
application, decree...) or not. IRSN carried out pdidatechnical expertise of the
progress of the safety case (from 1997 to 2005)s Egreement between all the
parties allowed defining periodic meeting pointsifoportant steps. These steps were
in particular related to key safety questions thete ought to be dealt with by Andra:
the structural characteristics of the site, therbgdological settings, the geochemical
containment characteristics of the host rock, thainmperturbations and their
influence on the properties of the disposal compt®)ehe technical feasibility of the
seals and the influence of the operation phaserammgvability conditions on the
disposal concepts. IRSN opinion about the feasjhiliita deep geological disposal in
the callovo-oxfordian clay investigated by Andra wtitle Bure URL was published in
2006 as well as the ASN opinion.
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Past and ongoing milestones
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Annex5 Example from the French case staged
development of the safety case by Andra

The 30 December 1991 Waste Act initiated a reseaimteps into different methods

for managing high-level long-lived radioactive wadte this framework, Andra has

conducted work to investigate the possibility of eep geological waste disposal
facility, considering two rocks of differing naturgay and granite. Some conclusions
may be highlighted in the case of the clay meditudied at the Meuse/Haute-Marne
site.

Fifteen years of considerable progressin research

Deep geological disposal has been investigated sheesixties in various western
countries.However, the period 1991-2005 in France was matikgédcceleration in
the progress of research. From this point of vidve, 30 December 1991 Waste Act
was a catalyst The schedule set by this Act led to bringing tbgetskills and
concentrating energy to produce a dossier in 208%edb on solid scientific and
technical knowledge.

A significant step forward in knowledge

Assessing the feasibility of a disposal facility wggs acquiring knowledge and
investigating various fields: waste and materialadwebur, history and properties of
the geological medium, architectural design, undeding the phenomena occurring
within a disposal facility, modelling interactiorsssessing safetan extremely rich
harvest of results was reaped about all these wphtifteen years of research have
laid down the foundations of a solid corpus of stfee and technical knowledge,
providing an accurate view of the major issues g@ndperties of all the disposal
facility components.

Now, is available, for example, a historical view bé targillite layer studied at the
Meuse/Haute-Marne site, from its deposition 155 ianllyears ago. The Callovo-
Oxfordian argillites have been surveyed extremetefcdly, both though samples and
in sity, providing an intimate knowledge of their propestién this field, their mature
degree reached by these investigations places #éhene forefront of our knowledge
of the geology of the Paris Basin.

The advantage of the Meuse/Haute-M arne site where a wide range of measuring
and investigative techniques have been used

In the case of the clay medium study, a decisivardmtion of the period was the
possibility of carrying out very thorough investigas on a specific site, the
Meuse/Haute-Marne one. Andra has been exploringitdeusd its environment since
1994 and thus has acquired a thorough knowledgéeofattual conditions of the
geological medium.

With its two shafts and over 300 m of driftee Meuse/Haute-Marne Underground
Laboratory is currently a leading-edge scientifiacility, comparable to similar
international onesAn important experimental programme is carried and notably
concerns: rock permeability with its chemical andfudion properties, rock
mechanical characteristics with its behaviour whecaeated. It has produced very
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significant data, but also constitutes a valualkketfor future years. If so wished, it
will be capable of supporting a study and detailedigh approach through the
production of measurement records over long peritliss completing the results
already acquired.

To investigate the Meuse/Haute-Marne site, Andracsgtto gather together the
widest possible range of measuring tools and sulegynologies. Exploring the clay
geological medium is a complex undertaking, reqgiwery specialized technologies,
for example for measuring the permeability of aheatimpervious medium or
characterizing water that is present only in a \v@nall quantity in the rock, which
makes its extraction difficult.

From the start of the research programme, Andra baiy strong ties with all its
foreign counterparts so as to transpose, elabavatealidate the investigation
technologies it needed. This preparatory work theabkd it to be immediately
operational on the Meuse/Haute-Marne site.

The last fifteen years have therefore witnessedi¢évelopment and improvement of a
wide array of measuring and characterization tedbgas brought to their best level
For example, oil exploration technologies have beeapted and improved for
meticulous geological exploration. All possible facef investigatory means were
used: surface observations (e.g. with the seismiegly measurements on samples,
testing and sampling in vertical or practically irontal directional boreholes,
characterizations in shafts and drifithe diversity of the experimental tools used
provides complementarity and redundancy betweersanements, which increases
confidence in the results obtained

Confirmation by foreign under ground laboratories

In parallel with the programme carried out in Frandereign underground
laboratories have played a very important part ubho their methodological and
theoretical contribution, in particular those of Mo Belgium and Mont Terri in
Switzerland. The Mol laboratory has seen the dewvetopg of measurement
technologies for appraising all the phenomena ptese clay. The Mont Terri
laboratory has been used to prepare experimentucted at Bure by offering the
possibility of full-scale repetition. In additiorthe similar nature of the two clays
(Opalinus clay in Switzerland and Callovo-Oxfordiagiliites) led to establishing an
essential pointat Mont Terri, it was shown that the results fowsrd samples were
also representative of large-scale test$is constitutes a weighty support for the
work carried out at Bure. Furthermore, the modekpared based on the samples
extracted at Bure were corroboratedituat Mont Terri.

Foreign laboratories thus provided methodologicablaheoretical validation for the
analytical approach conducted in France.

Mobilization of a high-level scientific community and integration of research at
theinternational level

Another basic asset of the research programme edrout since 1991 lies in the
mobilization of the scientific communitit the launch of the process, the research
remained relatively restricted to a circle of spésts or to a small number of bodies
responsible for the work. Andra strived to involves ttvidest possible scientific
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community in its work. In other words, rather tharefieg the investigations and
research in-house or developing its own specialsskil always preferred to use the
best laboratories in France or internationallydach topic. This meant a great deal of
effort in arousing scientists’ interest and fammiiang them with the problems
involved.

In the end, this policy proved successful. It erdhtearly a hundred laboratories at
the national and international level to be brougtgether around the theme of
geological disposal. With their different perspees these laboratories could pool
their expertise, and develop cooperation and irdeiglinary outlooks. This is all the
more important in that the originality of the res#aon disposal entails the need to
muster together very varied scientific fields inder to achieve an overall
understanding. At the same time, Andra institutegettfor research training, in the
form of thesis grants, which meant having activersttic resources readily available;
about fifty or so young researchers over five yeamsre specifically dedicated to
Andra research topics.

Mobilizing the scientific community ensured thae tproduction of results was
conducted and discussed according to the curreamidstrd of the academic world
and within a framework of excellenc&he scientific initiative was not limited to
mobilizing the French scientific communitdndra has specifically extended its
activity within an international frameworkoy developing close partnerships with
both its counterpart agencies in Europe and intemma research establishments. As
an illustration, the Meuse/Haute-Marne undergrowimbtatory has regularly hosted
scientists from international organizations who hawsed their expertise in
experimental work. The research has thus benefited the best international skills.
Thus, after fifteen years, the French research mogne is well-placed
internationally and enjoys there cognition of ibsdign counterparts.

Regular external assessment

Finally, a programme of this scope would not be detepwithout assessments.
Andra regularly uses external experts and reviewdss comparing its study
programmes, research and results with the bestrnat®nal practice An
international review of its programmes was carrietlinlt2002 / 2003 and was very
encouraging regarding the work conducted. In theitspf progress driving the
research, the recommendations of this review wetegiated into the documents
produced for 2005.

Andra strived to encourage the publication of itsufes in the best international
scientific journals, at a rate of some forty ad&la year over the last three years.
Critical examination of the results obtained is aetory for publication, which is
also a guarantee of work quality.

The research programme therefore was provided wethabls needed for producing
quality scientific data, within a framework characted by stringency and concerned
for scientific excellence.

The basic feasibility of geological disposal in a clay formation has now been
established
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Assessing the basic feasibility of geological digpa®nsists mainly in obtaining an
overall perspective of the data collected on easkarch topic in order to build up an
overview of the disposal system and assess whéthean protect man and the
environment from the radioactive waste that would dmeplaced there. All the

elements gathered to date support its basic féiagilbor several reasons.

The Meuse/Haute-Mar ne site offer s favourable geological conditions

The Callovo-Oxfordian layer combines some veryulgabperties, matching those
expected for the design of a disposal facility itlay medium

Firstly, the layer is of considerable thicknessQ(18etres) and is broadly unaffected
by faults. Its geological history is well-known. Senis deposition this history has
been very quiet, which is a major argument for qomfig its homogeneity and its
extreme stability. It is almost not subject to bguake and seismic phenomena.

The layer contains very little water, which movemenextremely slow, due to its
very low permeability. Physical and chemical chagaezations further show that it
has a strong ability to retain and trap most ofdhemical elements and radionuclides
present in the waste.

It is suited to excavation by mining techniques andding structures within it only
causes moderate disturbances, which are not in iplencapable of creating
preferential flow pathways. There is a wide zone ofartban 200 km2 within which,
a priori, these properties are met (the so-called transpogone).

Finally, putting the collected data together hasvigled a model of the overall
geology of the sector, including the formations \aba@and below the Callovo-
Oxfordian. The geological medium therefore intrinsically offerfavourable
characteristics making it suitable for hosting aphsal facility

Architectures have been designed to make the most of the favourable geological
conditions

It is not just a matter of having a geological numdiwith the right qualities; it is
necessary to make the most of it appropriately.iftgeging studies have defined
simple and robust disposal concepts suited to kiaeacteristics of the argillaceous
layer, taking the utmost advantage of its qualities

These concepts include cautious choices providinegetore design margins. The
work has not been pursued up to the optimizatiogesthut has established that the
proposed architectures were realistic, capableegigoconstructed and used to host
the waste without any special difficulty. These aeattures include numerous
features promoting overall safety, such as modulepasation, which
compartmentalizes the disposal facility zonestogeneral lay-out, which limits the
possibilities of water circulationn-depth design and engineering work thus supports
the favourable natural properties of the medium hetps make the most effective use
of them. In addition, studies relating to operaabrand nuclear safety, based on
feedback from other mining or nuclear facilitiegntbnstrate the possibility of safe
operation without any impact on the environment.

Reversibility at the heart of the investigation approach and translated in
concr ete practical terms
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The architectures drawn up for the disposal facivgre selected according to their
ability to allow for reversibility. The requiremenf reversibility involves a cautious

approach to waste management in an uncertain seivar refers closely to the

precaution principle. It also meets a legitimatguisement for modesty on the part of
the scientist. When evolutions have to be foregast very long periods and complex
phenomena have to be managed, reversing the procetde possible.

Andra has developed a concrete approach to revemigpbosal that is more than just
the technological possibility of retrieving packagé may be defined as a possibility
for progressive, flexible, stepwise management efdisposal facility. The objective
is to allow future generations freedom of decisiam Wwaste management.
Consequently, Andra has opted not to set a predigtednduration for reversibility.
This involves offering as great a flexibility asgstble in the management of each
stage, allowing for the possibility of maintainirgetstatus quo before deciding on the
next stage or going backwards. The disposal faciggign (modular architecture,
simplified operation, dimensioning and choice ofrahle materials, etc.) aims at
allowing the widest possible choices.

Reversible disposal can thus serve two purpokesan be managed as a storage
facility with emplacement of waste and, if so desiigglretrieval by simple reversal
of the disposal process. Obviously, maintaining tt@gersibility assumes human
intervention, without, however, causing excessive Voadts. But what basically
distinguishes it from simple storage is thatincludes the possibility of being
progressively closed, so as to be able to subsdiguenmolve safely and passively
without human intervention

Investigations have showthat a disposal facility installation was reversbfor a
period of two to three centuries, with no intervent other than standard
maintenance and monitoriraperations Beyond this period, it would be necessary to
carry out more extensive interventions, which remeahnically possible.

The argillaceous geological medium and the concedptgeloped by Andra meet the
reversibility requirement and make it a flexiblelton radioactive waste management.
Reversibility also enables progressive confidenaédimg in the disposal facility
safety demonstration, while leaving always openutltienate possibility of evolution
independently of human intervention.

A safety overview that demonstrates the absence of significant environmental
impact

Would the choice be made to close the disposalitiaca detailed assessment has
been made of its behaviour overtime and its possibipact on man and the
environment. Based on the scientific data obtased the proposed disposal facility
architecture, an analysis has been made of theshsfacility post-closure evolution.
This consisted in reviewing all the phenomena th#toccur in it, examining their
interactions, modelling the effects of possibletutisances so as tm fine, predict
waste behaviour and appraise the mechanisms capaldéading to a release of
radioactivity. A major achievement of the research is to have bpila history of the
disposal facility over the next few hundred thowsayears which provides an
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understanding of the system evolutideey parameters, risks and corresponding
uncertainties.

Based on this very detailed view of the disposalifg@nd its components, the safety
studies aimed to give a simplified and cautiousreggntation for assessing its
performances. The evolution of the disposal facumder normal conditions has been
represented and modelled using computational tmidgrating recent advances in
digital simulation (ALLIANCES platform). The objegg was to examine the
disposal facility safety functions efficiency. Tleefinctions translate the expectations
from a disposal facility, expectations which thenassl justify the utility of this
technical system. By means of various indicatong|ysis has shown that the three
safety functions (“preventing water circulation”jiiting radionuclides release and
immobilizing them”, “delaying and reducing radiofide migration”) were achieved
by the proposed system. The cautious or even pesginchoices made provide
significant safety margins. Thus, all the assesssnelisplay a high degree of
robustness. The analysis showed that these conatusiere not only fulfilled only
under normal conditions, representative of the nposbable evolutions, but also in
altered configurations, clearly more penalising: falure in disposal facility
components or an intrusion by drilling a borehai®ithe disposal facility should not
prevent the latter from fulfilling its functions ffectively protecting man and the
environment from the disposed radioactive waste.

Overall, performance analysis shows that safety doeslepend on a single element,
but is based on defence-in-depth which involves iplaland redundant components.
The presence of several elements that can takémmerone another in case of failure
thus constitutes a considerable added value ofuhrent disposal facility design and
ensures the robustness of the disposal systenowng the calculations performed
within the framework of the safety model under normadlution, the disposal facility
performances meet the dose compliance recommendétkelbasic safety rule RFS
l11.2.f, with significant margins. The impacts cadday vitrified high-level waste (C
waste) and long-lived intermediate-level waste (B te)jasre several orders of
magnitude below the reference standard set at aequdrthe permissible dose for the
public (i.e. 0.25 mSv per year).The situation afagrdegradation of all the disposal
facility components, the geological medium includeds studied as well. It also led
to an impact compatible with the references in teofdose. In conclusion, the safety
approach underpins the disposal facility feasipiktudy. In the light of current
knowledge and by adopting cautious hypotheses, dheegjuences for man and the
environment that a possible disposal facility coeidail, appear to comply with the
standards and recommendations in force. This cemiuhas been reached with
significant safety margins.

Resear ch that could be carried out with a view to site qualification and
technological development

The research programme conducted over the pastiifyears included the necessary
material to answer the basic feasibility issue. W&y mssume that this is confirmed
with reasonable confidence. However, this is only d&sasibility (in its principle)
and uncertainties do remain. There could be notoureat this stage of an industrial
approach or a complete performance and safetysmses, which would be essential
for formally filing a licence application.
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Without anticipating any decisions that the Parkainmay consider appropriate, a
few elements are necessary to clarify the curreate sbf the investigations and
identify the prospects that they may open up, whepgopriate.

Four elements must be taken into account:

Although most of the parameters needed for asgessifety have been obtained in
conjunction with the underground laboratory, exmenits have only been carried out
over short periods. Without calling into questiome tprevious conclusions, a
reasonable caution involves obtaining a seriesatd dver longer periods, allowing
experiments to carry on acquiring knowledge ovéxssequent years. This work, to be
performed at the same time as other developmenit, reinforce the overall
approach;

Disposal facility architecture has been assessad fin basic studies and feedback
from other facilities. At this stage no full-scalechnological testing of disposal
facility structures has been carried out. This wiaappear premature for establishing
basic feasibility. In order to progress beyond tlitisvould be useful to construct
demonstrators of disposal celis situ and to actually test the possibilities of
implementing the solutions investigated in an ugdmind environment.
Consolidating and optimizing the engineering waailsb be useful to reach industrial
objectives, if required.

Research aimed at mainly characterizing the zonth@énimmediate vicinity of the
underground laboratory. Studies at larger scale waith a wider mesh were
conducted over a transposition zone of 200 km2. ¢l@n the fine, detailed
characterization of this zone has not been cawigd This means in particular that
the issue of siting a possible disposal facilityhivi this zone cannot be achieved at
present and calls for additional qualification work

Finally, some elements of the disposal facilitytegs are currently represented using
simplified and pessimistic models. This obvioustids safety margins, since effects
favourable to disposal facility safety are negldctelowever, as part of a more
exhaustive approach, it would be useful to quartifgse margins and reduce the
residual uncertainties at the same time. We shithdd be in a position to appraise,
even more accurately, the level of confidencelattable to the safety assessments.
These various elements help clarify the main gindsl of the possible work
programme beyond 2006, should the evaluators anewers confirm the relevance
of Andra conclusions and should the Parliament ded¢o pursue work on deep
geological disposal.

For the period beyond 2006, with all the reservesadly made, Andra has tried to
construct a development scheme aiming at producsefety report with a dateline of
a decade. Initially, we should pass from the curpdmse of basic feasibility to a
phase of development, optimization and detailedlistu This phase could extend
over a period of approximately five years. It wofitdt answer any possible questions
raised by the evaluators in 2006 and focus incnghsion technological aspects and
industrial implementation, while seeking to optimidee current proposed design.
This would allow a progressive transition from a stifec to an industrial situation:

Firstly, the necessary information would have todaghered for siting a possible

disposal facility installation. Accordingly, theatrsposition zone should be better
defined based on additional information to thatdusedate, then a zone matching the
footprint of a possible disposal facility could bearacterized in further detail in

order to qualify it. This overall reconnaissanceuldoespecially include a large-scale
seismic survey taking up the most of previous tesoh the analysis methods and
their representativeness.
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- From a scientific point of view, the research woblasically relate to two major
issues: changes of scale (to confirm the detaiédidity of data obtained over limited
intervals of time and space) and validating theeusténding of phenomena and their
couplings (full-scale and in situ) while accuratelysessing safety margins. From a
technological viewpoint, the issues to be tackleduld relate to study the
construction of disposal facility infrastructurésgether with handling or monitoring
operations. As part of this, the Meuse/Haute-Mdaberatory is a tool for acquiring
data and performing technological experiments tireevithin the concerned
medium. These experiments would have two objectigeérst, full scale testing of
the construction processes with their associatelaihtques and tools. Secondly, full
scale validation (i.e. in a representative strugtuof the scientific knowledge
acquired from samples or at intermediate scale i(fetance, experimental results
obtained in drifts with regard to geomechanics)edé tests would complete the
progressive approach of scale change, in conjumetith design iterations.

This phase of development, optimization and detatedies could be concluded with
an overall technical assessment, an intermediatstone before possible transition
to a subsequent development phase. Beyond thiephasuming that the various
scientific results and techniques are deemed fadey it would be possible to pass
on to an industrial development stage. In ordeprtavide an order of magnitudes,
such an approach might lead to an industrial itadtah by 2025.

Therefore, an analysis was conducted to specifyctimeeivable stages for pursuing
research beyond 2006,if such were the conclusiothefParliament. It offers an

initial development scheme taking stock of theisagmt findings of the 1991-2005
period.
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