pic report on

trievabillity,

ed closure and
onitoring




Radioactive substances and ionizing radiation are used in medicine, industry, agriculture,
research, education and electricity production. This generates radioactive waste. In the
Netherlands, this waste is collected, treated and stored by COVRA (Centrale Organisatie
Voor Radioactief Afval). After interim storage for a period of at least 100 yea rs radioactive
waste is intended for disposal. There is a world -wide scientific and technical consensus
that geological disposal represents the safest long -ter m option for radioactive waste.

Geological disposal is emplacement of radioactive waste in deep underground formations.
The goal of geological disposal is long-term isolation of radioactive waste from our living
environment in order to avoid exposure of future generations to ionising radiation from the
waste. OPERA (OnderzoeksProgramma Eindberging Rbéoactief Afval) is the Dutch research
programme on geological disposal of radioactive waste.

Within OPERA, researchers of different organisations in different areas of expertise will
cooperate on the initial, conditional Safety Cases for the host rocks Boom Clay and
Zechstein rock salt. As the radioactive waste disposal process in the Netherlands is at an
early, conceptual phase and the previous research programme has ended more than a
decade ago, in OPERA a first preliminary or initial safety case will be developed to
structure the research necessary for the eventual development of a repository in  the
Netherlands. The safety case is conditional since only the long -term safety of a generic
repository will be assessed. OPERA is financed by the Dutch Ministry of Economic Affairs
and the public limited liability company Electriciteits -Produktiemaatschappij Zuid -
Nederland (EPZ) and coordinated by COVRA Further details on OPERA and its outcomes
can be accessed atwww.covra.nl .

This report concerns a study conducted in the framework of OPERA. The conclusions and
viewpoints presented in the report are those of the author(s). COVRA may draw modified
conclusions, based on additional literature sources and expert opinions. A .pdf version of
this document can be downloaded from www.covra.nl
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Summary

As part of the OPERAproject Retrievability and Staged Closure (RESTAE this combined
topic report presents information on the concepts of retrievability, reversibility, and
staged closure, as well as on the role of monitoring in radioactive waste disposal. This
information was in the first instance intended as project-internal i nput for the subsequent
subtasks of the RESTAMroject, and parts of the present content have also been reported
in the combined ENGAGED RESTAGinal report OPERAPU-ECN121

Retrievability and monitoring are complex interdisciplinary topics, and the main objective

of this topic report is dbesides the documentation of background information in agreement
with the RESTAGesearch proposal - to provide additional input for the general discussion
on retrievability, reversibility, staged closure and monitoring that did not fit properly into

the ENGAGEDRESTAGInal report.

The present report is divided into two parts: The main text (Chapters 2 to 5) and three
appendices. Chapters 2 to 4 give a high-level overview and focus on practical and strategic
implication s concerning the disposal of radioactive waste for the coming years. Chapter 5
provides concrete recommendations for the coming years. In three appendixes, general
concepts of reversibility, retrievability and staged closure are discussed (Appendix A), the
role of monitoring is elaborated (Appendix B), and lessons learned from monitoring of CO,
storage (Appendix C) are provided.

Samenvatting

Dit gecombineerde topic rapport is onderdeel van het OPERA project Retrievability and
Staged Closure (RESTAL en bevat informatie over terugneembaarheid, omkeerbaarheid,
en stapsgewijze sluiting, als ook over de rol van monitoring in de geologische berging van
radioactief afval . De informatie in dit rapport diende in eerste instantie als projectintern e
inbreng voor navolgende RESTACtaken en is deels ook gebruikt in het gecombineerde
ENGAGEDRESTAindrapport OPERAPU-ECN121

Terugneembaarheid en monitoring zijn complexe, interdisciplinaire onderwerpen, en het
hoofddoel van dit rapport is - naast de documentatie van achtergrondinformatie in lijn met
het RESTAC onderzoeksvoorstel - om bijdrages aan de algemene discussie over
terugneembaarheid, omkeerbaarheid, stapsgewijze sluiting en de rol van monitoring te
bundelen, die minder goed in het eindrapport pasten.

Het rapport is in twee delen gesplitst: de hoofdtekst (Hoofdstukken 2 tot en met 5) en drie

appendices. Hoofdstukken 2 tot en met 4 geven een gecondenseerd overzicht van

praktische en strategische aspecten, en Hoofdstuk 5 bevat een aantal aanbevelingen voor

het afvalbeleid in de komende jaren. In de drie bijlagen worden achtereenvolgens

besproken: de concepten van terugneembaarheid, omkeerbaarheid, en stapsgew ijze
sluiting (Bijlage A), de r ol wlaema rrmoendn6hitovng m g ( B
activiteiten rondom de opslag van CQ in de ondergrond (Bijlage C).
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1. Introduction

1.1.Background

The five-year research programme for the geological disposal of radioactive waste o
OPERA started on 7 July 2011 with an open invitation for research proposals. In these
proposals, research was proposed for the tasks described in the OPERAResearch Plan[2].
This topic report combines the outcomes of the internal interim reports [R1.2.3a and
IR1.2.3b of the OPERA research project Retrievability and Staged Closure (RESTAY as
part of OPERAT a s k 1RefRievability and staged closured .

In the OPERA research programme, all safety relevant aspects of a given generic reference
disposal concept for radioactive waste in Boom Clay [1] are evaluated and assessed in
order to evaluate the long -term safety of such a facility [ 2]. The programme follows in
general terms the methodology known as 'safety case' [3, 4, 5, 6, 7, 8], and aims to assess
the long-term safety of a geological disposal concept and elaborates the methodical and
scientific arguments in support of this. Although the OPERA Safety Case and its statements
on the long-term safety might be the most visible outcome of the programme, OPERA also
recognized the relevance of understanding societal aspect s in more detail. Within OPERA
Work Package 1, the projects CIP [9, 10, 11], ENGAGEO 12, 13] and RESTAC12, 13]
contributes to the contextual topics of communication, participation and structuring of the
disposal implementation process.

1.2. Objectives

As part of the RESTA®roject, t his combined topic report presents information on aspects
of retrievability, reversibility, staged closure and the role of monitoring that was used as
input for the subsequent subtasks of the RESTAQroject reported in [ 12, 13].

During collecti on and processing the information for these subtasks it appear ed that the
topics of retrievability and monitoring were not easy to debate with a broad group of
stakeholders, partly due to the complexity on the topic s, partly because the topics are
currently not elaborated sufficiently well , with insufficient robustness' of arguments to
allow a useful discussion. In particular, discussing the role of monitoring as part of the
intended stakeholder interactions of the RESTAGQroject seems to be ©O6ainbri dge
the current early stage of the implementation process in the Netherlands . Therefore the
main objecti ve of the present report is to provide additional input for the general
discussion on retrievability, reversibility, staged closure and monitoring that did not fit
properly into the main report [ 12] din addition to the objective to document background
information in agreement with the RESTAQesearch proposal.

1.3. Realization

This topic report combines the outcomes of the internal interim reports IR1.2.3a and

IR1.2.3b of the OPERA research project Retrievability and Staged Closure (RESTAY, being
prepared by NRGand TNO. The report is divided into two parts: The main text presents a
condensed, high-level discussion on the main topic, focuses on practical and strategic
implication s for the coming years and provides in Chapter 5 concrete recommendations,

'The def i mobusthessigivenfin[67] , p. 185, i s drgarheht®areeabushifeheye : o
can be supported without too much efforts, throughout accepted principles, widely recognized
policy, accepted results of research agre ed goals, or (other) robust arguments . 6
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additional to those listed in the ENGAGED/RESTAC main reportl2, 13]. For the interested
reader, in five appendixes supplementary information is provided *

1 Appendix A: General concepts of reversibility, retrievability and staged closure
(NRG);
1 Appendix B: The role of monitoring (NRG);

1 Appendix C. Lessons learned from monitoring during the final stages of the CO ,
storage lifetime (TNO).

1 Appendix D: Description of Key Decisions Steps
1 Appendix E: Analysis of endpoints for radioactive waste disposal

1.4. Explanation contents

Some general observations on retrievability and monitoring are shared in Chapter 2.
Chapter 3 provides a condensed, high-level discussion on key concepts and questions on
aetrievab ility & In Chapter 4, the role of monitoring in the disposal concept is briefly
summarized. Chapter 5 provides conclusions and recommendations relevant to policy
development.

In Appendix A, a more detailed discussion on the general concepts of reversibility,
retrievability and staged closure is given. Appendix B discusses the role of monitoring, and
in Appendix C 6dssons learned from monitoring during the final stages of the CO , storage
lifetime are provided. Appendix D summarizes general features of the main disposal stages.
Finally, Appendix E contains an overview on argumentation scenarios and their resulting
endpoint for waste disposal , based on an earlier evaluation .

2 Because the information presented here is partially used as input for [12] some overlap exists.
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2. General observations

The concepts of retriev ability, reversibility and staged closure are common principle s in
radioactive waste management (RWN and broadly discussed in literature [ e.g. 5, 14, 15,
16]. While reversibility and staged closure seem to be generally accepted princip les?,
retrievability is - after more than two decades of discussion - still a topic about which
diff erent visions remain and for which no robust argumentation exists that is shared by all
stakeholders.

Retrievability

The different visions on retrievability often manifest judgements on the ability to dispose
radioactive waste safely in the deep underground , or reflect stakeholder requests to keep

options open for future generations . Hence, the different ideas and expectations on
retrievabilit y reverberate essertial concern s, ideas and values in the controversial societal
discussion on radioactive waste disposal (see e.g. [17]) and seem to answer to a more
general societal request to be able to correct mistakes or misjudgement s or to respond to
(unforeseen) calamities. Understanding positions and arguments behind retrievability are

of relevance for the implementation process, because they are linked to different

conclusions on how to dispose of radioactive waste safely in general [17].

However, it appear s t hratrievalilh @0 tiusentty ndt well enough defined to
allow informed discussion, as e.g. observed at the combined ENGAGEDRESTAGwvorkshop
[12, Chapter 8.3.2], and it was also found that discussiors on this subject can easily lose
focus since retrievably can serve several objectives, not necessarily shared by all
stakeholders [14, see also Appendix A].

In the ENGAGEDRESTAGvorkshop, but also on other occasions (e.g. [18]), it was observed
that there is some general agreement that retrievability can have its benefits , but is also
related to risks and costs. The advantages and disadvantages of retrievability can result in
a conflict of objectives, with the relevance of each aspect judged differently by
stakeholders, eventually leading to different conclusions [17]. It can also be concluded
that there is currently insufficient insight on what can be achieved by a requirement on
retrievab ilit y, and how it should be implemented in RWM Sufficient detailed scientific or
technical information that would allow to quantify and weighing up benefits, risk s and
costs of retrieval against each other and to articulate and discuss robust argument for or
against a certain management option is lacking (see also [19]).

Monitoring

Likewise, the role that monitoring can have in disposal implementation is under
development, with currently insufficient basis to allow informed discussiors with a broader
range of stakeholders.

On the one hand there is a shared belief that monitoring can have a beneficial role in
increasing public and stakeholder confidence, and useful strategic and technical input that
allows to bring monitoring better into perspective was provided by the EUFP7 project
MoDeRnN[20, 21].

On the other hand, the overall theme of émonitoring dis technically complex, the link with
the safety case still need s to be elaborated more clearly , and the topic seems to be too
6overl oadedd wtha differene sofe® ant objeatives that are attributed to
dmonitoring 6in the different national contexts . While it was judged that it will be difficult

% with minor side effects to be considered (see e.g. [ 12, Chapter 9])
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to perform useful debates with stakeholders of the Netherlands in the current phase and as
part of the ENGAGEDRESTAGwvorkshop, it was also evident that the ability to monitor is
related to key questions and concerns with respect to the implementation of a safe
disposal strategy (see e.g. [20, 17]), in particular regarding a definition what a
requirement on retrievability can add to the overall confidence in safety.

Reversibility in decision -making

Discussion at the ENGAGEDRESTAGwvorkshop on the concept of reversibility in decision-
making made clear that this is generally seen as a beneficial concept because it allows
future generation to make their own decisions, eventually also providing the opportunity
to 6correctdé previous deci sions.

While the responsibility of this generation for fu ture generations [22] was emphasized it
was apparent from the discussion that there is no clear agreement on what has to be
achieved or arranged by the current generation, and what are probably topics that can be
reasonably 6 | efértfuure generation. This is of particular relevance for the Dutch policy
of long-term interim storage, where apparently only very little logistic or legal urgency
seems to exists, and a certain degree of dwaitand seed may pstrategid lbrefits.

Noting that different positions exists on this question as well, as discussed in the outcome
and recommendations of the ENGAGEDRESTAGnain report [ 12], however, a need for a
clear position was sensed on what questionsneed to be addressed in the coming years, and
what aspects may dalthough often not of less relevance dbe postponed to a later stage.

Developing the subject of retrievability further

Based on the consideration above, in the remainder of this topic report an attempt is made
to develop the subject of retrievability further  with respect to the practical implications
for the current Dutch s ituation . To be able to do so, it seems necessary to first unload this
topic from its inherent complexity by

1. focussing what aspects are important for the specific Dutch situation , in particular
with respect to the envisaged long -term interim storage and the potential interest
in establishing a multinational repository , and

2. elaborating what is of particular relevance for the near future , and what concrete
activities can be recommended for the post-OPERA period

In the next chapter, key concepts and definitions r e | a t edrievabdity @ are provided

that are judged to be useful to allow more informed discussiors in the coming years. As

such, the concept of @etrievability & dlosely related to the soc a | |IBGtriteéia &, a

cornerstone of the Dutch RWM policy [23, 24, 25]. However, the sc ope of the IBGcriteria
goesbeyondr et r i e v aubvgillariceédy :a oéatrol® al so i mplies the abil
the status of the waste. Chapter 4 discusses the role of monitoring in relation to

retrievability and the potential to provide evidence of safety

“ 0 doleren, Beheersen en Controleren (isolation, control, and surveillance) . In some translations
thisisal so i ndi catre d d¢aotatiad) toBtidl and m onitor).
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3. Retrievability of radioactive waste

Asalready noted in the previous chapter, retrievability is difficult to discuss as long as it is
insufficient ly well defined. As the ENGAGEDRESTAGstakeholder workshop [12, Chapter
8.3.2] und er | i rewialabilityd 6 is a rather ill -defined concept when it is discussed
without further clarification. In order to  facilitate meaningful discussions on this subject it
is therefore recommended to

9 distinguish between different objectives for waste retrieval , and to
1 clarify the content of the attribute  &retrievable &

3.1.What does aretrievability 6 mean?

To provide input for a broader discussion on the implementation of a deep geological

disposal for radioactive waste, and to address the perceived differences in societal

expectation and stakeholder opinions on this matter t he rdtrievabiity @ need to be
further clarified. Currently only general views exists on the technical feasibility of waste

retrieva |l for the disposal concepts considered in the Netherlands [ 26, 27, 28], and it is

unclear what retrievability mean in terms of time, costs, and risks. Differences in positions

between countries are noted , leading to different usage of terms and different underlying
conceptswhen def i ni metrievabilitg 6t € rsra €8], .6 .. [

Furthermore, a s pointed out in the ENGAGEDRESTAG~orkshop, one may consider every

concept as retrievable in principle , i.e. when costs plays no role, and technology - if not

available - can be developed for this purpose in future . To allow meaningful discussions, it

is therefore recommendable to extend the definition of retrievability by a clear-cut

description on its technical fea sibility , and tretrievabilitykd & o specific te
measures that allow the retrieval of waste (e.g. corrosion -resistant and mechanical stable

containers, additional borehole lining or stabiliz ation of disposal galleries, design of

machines for waste recovery). An indication on the period of retrievability should be given,

since it is clear that existing technical options do not allow an indefinite retr ieval of the

waste (e.g. [30]). Furthermore, it should be disti ngdutetievee d bet w
and tutplannédé retrieval 3f the waste [

As a working definition o f the term we suggest:

Retrievability is the ability to retrieve emplaced waste or entire waste packages in
a previously planned manner. A claim of retrievability should be supported by a
thorough assessment on how the retrieval of the waste can be technically realised.
Such an assessment should be based on available technology, and should include
information on the technical procedure, ¢ osts, operational risks, interim s torage
provisions for the retrieved waste, and the timescale on which the waste is assumed
to be retrievable on the described manner.

Wh e nretriévabilty 8 i s wunder st ood as amaragemenh opiion,atl | y) r e
should be supported by in depth analyses, and & where necessary 0 experimental evidence

and technical demonstrations. This can be developed in a stepwise manner: while earlier

steps focus on the principal feasibility , in later stages clear -cut technical requirements on

retrievability have to be define d, eventually linked to decisive technical guidelines or legal

requirements. From the discussions on the role of monitoring [20] it is evident that

® In this report the use of the term  é&recoverydis avoided, because its meaning differs between
publications.
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additional support by in-situ demonstration projects can relevantly contribute to
confidence. Stakeholder may also actively request to provide additional evidence for the
retrievability by in-situ demonstrators in a later sta ge.

3.2.Why considering the retrieval of waste?

A large number of reasons or objectives to implement a retrieva ble disposal are discussed

(e.0.
1

1
1
1

[14, 18], see also Appendix A). The most important are:

to allow reduction of the radiotoxicity inven tory of the waste in case suitable
technologies become available in future

to allow reuse of waste in future
to allow safer solutions for the disposal of waste in general
to allowthe future cor r ect i on orfto adiopate ureekpected) calamities

It makes sense to distinguish between these objectives when discussing retrievability,
because not each objective will be judged as equally relevant with respect to the efforts,
costs and (operational) risks that one may consider acceptable. Two main groups of
objectives can be distinguished, based on their scopes and implications:

1

Retrievability as management option  : The first three objectives in the list above
have in common that they can potentially improve the long -term safety above the
safety already provided by a disposal concept, or are related to other (e.g.
economic) benefits. While it could make sense to enahble current and future
generations to re -evaluate previous RWMdecisions, there is no strict necessity from
safety point of view to do so: a disposal concept realized in line with the safety case
methodology and general safety standards [ 32] represents a solution broadly
accepted as safe by society. l.e. not considering these management options will have
no adverse impact on the safety. Benefits, costs and risks of waste retrieval for these
purposes should therefore carefully be weighed against each other.

Retrievability to assure safety  : In this case, retrievability is considered because of
concerns that safety limits might be exceeded and a given, accepted safety standard
cannot be guaranteed. This objective for retrieval is related to principle safety
concerns. It must however be emphasized that disposal decisions will not take lightly
with insufficient evidence for safety , trusting on the option of retrieval that allows to
correct pot e n:theraisa génaial adgrezrkeatshat safety should not rely
on human intervention, but should be passive and that the primary intention of
geological disposal is a permanent emplacement of the waste ([ 33], §2.d). Retrieval
to assure safety should therefore be regarded as ultima ratio to guarantee the safety
of future generations.

Both objectives have different characteristics and urgencies: Retrievability to assure
safety is a fundamental question, w here cost is a less relevant aspect. Retrievability to
assure safety answerssoci et al and stakehol der concerns an
government and decision-makingi n gener al by all owi ng tohte
respond to (unforeseen) calamities or events . As emphasized in the previous paragraph,
retrieval of waste is a last resort, and should be considered highly unlikely due to the solid
evidence for safety provided by several safety cases. From current point of view the
technical feasibility is the main limiting factor, i.e. the retrievability of the waste mainly
depends on what is technically achievable within reason. As will be elaborate d below, the
scope of retrievability to assure safety is a key question that is recommended to be
discussed in the coming years.
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On the other hand, retrievability as management option is a somewhat theoretical
question, because due to the lack of applicable technology it is presently unclear whether
related benefits could ever be realized on a relevant scale. No opposing opinions against
altering or reuse of waste were found in [ 17], and such voices were also not registered at
the ENGAGEDRESTAQvorkshops and interviews [12, 13]. In other words: because there is
a general agreement that altering or reuse of the waste can be regarded as beneficial
societal discussion on this matter boil s down to the question how the benefits, costs and
risks of a particular management option are weighed up against each other by each
stakeholder. However, this is a rather factual topic that is somewhat pointless to discuss
without a specific technical option in mind, as long as it is taken care of that no
Oi rreversibled decisions are made retribvability ési nder
management option ®. From the current point of view, the need to balance benefits, costs
and risks of waste retr ieval most likely limit s retrievability as management option to the
end of the operational phase, where retrievability can be achieved with reasonable efforts.
The technical implication for a disposal design seems to be comparabl y small, assuming
that retr ievability as management option is always linked to retrievability to assure safety
and the primary intention of geological disposal is the permanent emplacement of the
waste. |.e. conditions that allow postponing discussiors on retrievability as management
option can be met relatively easy.

It is also expected that any position on retrievability as management option will be
developed further and/or will alter in future. In particular, once a construction decision
has been made, the timeframe to d evelop and realize an alternative management option
will get increasingly shorter, and eventually a decision has to be made to drop this option
and close the disposal facility. An important decision point here will be the moment all
waste is disposed of, which is expected somewhere around 2170 [1].

While the main motive behind retrievability as management option , namely to keep
options for future generations open, is a n accepted objective of RWM, it must be noted
that it goes beyond the primary responsibility of society (and the main function of a
geological facility), namely to dispose radioactive waste in a safe manner. To address this
responsibility, and because of the impossibility to define robust arguments at the current
stage, it is suggested to postpone discussions onretrievability as management option to
later stages when sufficient understanding and societal agreement has been gained on the
principal role of retrievability in assuring safety and its technical implementation. This
may be beneficial in order to get a more focussed societal discussion on the general
subject in the coming years.

However, it must be emphasized that postponing discussions on retrievability as
management option does not mean that this topic is of no relevance: the topic has to be
revisited in a later stage, since it refers to suggestions often made by stakeholders and
answers to the legal requirement to preferably reduce or reuse waste. The (financial)
efforts t hat should be taken to actively explore alternative management options and their
benefits, costs and risks - including the requirements they super impose on current
management practice - might be a specific point of discussion with stakeholders, and their
preferences should be considered when defining post -OPERA research priorities.

® Most relevant in this phase are probably decisions related to conditioning and classification of
the waste in the interim storage .
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3.3. How long should the waste be retrievable?

Another point of discussion is how long the waste should be retrievable . Most discussions
are limited to the operational stages before the closure of the facility, and often a
prolonged pre-closure phase is suggested that allows to retrieve the waste over a long
period, i.e. the disposal facility is kept longer open than technically necessary in order to
allow retrieval. While a prolonged pre-closure phase has its advantages with respect to
retrievability (easier surveillance/monitoring and retrieval of the waste), it obviously has
also its disadvantages: increased operational costs and risks. This is often brought into
discussion as mainargument against retrievability (e.g. [ 18]).

However, when discussing retrievability to assure safety , retrievability during the
post-closure phase should be considered as option, too. The additional risks attributed to
an open, accessible disposal facility, often used to argue against retrievability , are of
lesser or no relevance in the post-closure phase, and the operational costs are rather
small” compared to the substantial costs to keep a facility open (see e.g. [ 34]). The costs
of waste retrieval in the post -closure phase can assumed to be high, however, following
the line of discussion in the previous section, retrieval must be presumed as an unlikely
event rather than a secured expenditure .

Discussiors concerning financial provision s for retrievability are complex® and seldom
performed, and it must be noted that future generations can also decide against a
retrieval of waste because of the high costs involved. Likewise they can decide for
retrieval even if this was not foreseen in the disposal concept®. The point to be made here
is that although the financial burden for future generations in case of a waste retrieval
needs to be discussed, it is hardly an argument for not considering retrievability in the
post-closure phase.

Thus, for future generations , a concept that allows retrievability in the post -closure phase
is expected to be more cost-efficient with respect to operational costs than a concept
based on a prolonged pre-closure phase, and main safety concerns with respect to
retrievability in the pre -closure phase are not applicable in the post -closure phase. While
these aspects are in favour of retrievability in the post-closure phase, this option also has
its challenges: an important bottleneck is the technical feasibility of monitoring in the
post-closure phase™. Without going too much into detail here - this topic will be discussed
more closely in the next chapter - the most important question is how long a reliable
monitoring infrastructure can be operated after closure. Currently, mature technical
solutions that allow for monitoring in the post -closure phase are still under development
(e.qg. [ 35, 36, 37]), and no robust arguments can be provided that this stage.

In conclusion, while a discussion on the principal stages in which retrievability should be
considered can be performed on basis of existing knowledge®!, a concrete definition of a
time interval in which the waste should be disposed of in a retrievable manner is currently

" necessary for processing the monitoring data and maintena nce of the surface -based monitoring

hardware

These costs include next to the costs for retrieval the co sts for an interim storage solution,
research and qualification of a new disposal, search and exploration of a new site, construction
of a new disposal, and evt. costs for waste conditioning and repacking after retrieval. Note

that these costs are of relev ance for retrieval in all operational stages.

at presumably even higher costs compared to a retrievable concept

Note, however, that many technical challenges are not unique for monitoring in the
post-closure phase, but apply in general to monitoring activities performed over longert ime
intervals behind safety -relevant barriers (i.e. also appl y in the pre -closure phase).

potentially leading to the identification of further research needs

10
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hardly possible. Due to the complexity of the question, it is not advisable to jump to the
definition of a require ment on the time intervals (ase.g. [ 38]). As will be elaborated in the
next chapter, a key aspect to consider in such discussiors are technic al limitations with

respect to the period in which it is technical feasible to keep surveillance on the waste
facility .

3.4.\Which waste fractions should be ret rievable?

When discussing requirements on retrievability, it is advisable to define to which waste
fractions it applies: this is of particular interest in  the case of the Dutch policy to dispose
of almost all radioactive waste in a single deep geological facility. Both the ability and
necessity to consider retrievability might be judged different ly for each of the waste
fractions to be disposed of: features relevant for waste retrieval differ, e.g. with respect

to radiotoxicity, number of containers, type a nd weight of container, matrix and waste
composition (see Table 3-1 and Figure 3-1).

Vitrified HLW for example consist s of a small number of highly active waste contain ers,
while LILW consists of a large number of containers with much less radiotoxicity per
container. A discussion on different requirements on retrievability for different waste
fractions should also go beyond the applied classification schemes (LLW, ILW, HLW) and
take into account the properties and composition of individual waste collies: long -living,
mobile and/or highly radiotoxic components are not equally distributed over the waste,
and it is likely that less stringent retrievability requirements can be chosen for a majority
of LILW container with less hazardous wastes.

Table 3-1: General properties of waste fraction (based on [39, 1])

feature vitrified HLW DU LILW
Ula3y O 625 7,700 152,460
containers

radionuclide . " single nuclides or
content mixture UsOs mixture
half -life short to long long short to long
average

radiotoxicity per 338 8BW 6,700 Sv 133 Sv
container

relevant heat es no no
dissipation y

weight per 20,000 824,000 kg 20,000 kg <1,900 kg
container

varying types and

etz LIS U0y composition of waste,

matrix glass stabilized with : -
partially stabilized
concrete .
with concrete
cylindrical steel
. OPERA super : : container, partially
container . cubic steel container .
container with concrete
shielding

estimated life
expectancy of the 1,000 -10,000 years 100 81,000 years 100 - 1,000 years
container**
* plus ingrowth of daughter nuclides **rough estimation, more precise numbers ha ve to be
established in OPERA
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Radiotoxicity inventory of OPERA disposal concept (Sv)
1E+11

1E+10 -
] High level waste

1E+09 -
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Figure 3-1: Estimated radiotoxicity evolution of several waste fractions considered in OPERA
(based on [39] and esg(ing)).
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4. The role of monitoring in radioactive waste disposal

To implement an effective policy on retrievability, in addition to technical requirements ,
conditions and mechanisms that could lead to a decision for retrieval need to be defined.
As already indicated in the previous section, monitoring might have an important role in
providing evidence for (or against) such a decision. As such, monitoring is a diversified,
complex socio-technical topic under development (see e.g. [ 40, 41] and Appendix B), and
besides the technical challenges mentioned in the previous section, there is also a need to
understand better what monitoring can contribute to safety, how it should be integrated in

a safety case or how it can be implemented in a national policy *2

Instead of providing a lengthy review of all aspects related to the topic @monitoring 6 here
(see for this [ 40, 41, 35] and Appendix B), the remainder of this chapter focus es on two
conceptual aspects of relevance for the current stage in the Netherlands:

1 monitoring as a means of surveillance
9 monitoring to provide evidence for safety

The objectives of monitoring as means of surveillance and monitoring to provide evidence
for safety have some overlap, and many monitoring activities are expected to serve both
objectives **. However, ideally, monitoring to provide evidence for safety takes place in
advance of disposal, while monitoring as means of surveillance is of relevance once the
waste is emplaced™.

4.1. Monitoring as a means of surveillance

&Surveillancedis a more comprehensive concept than émonitoring d because it combines two
aspects: the ability to monitor safety relevant features of the waste and the disposal
facility, and the ability to react if the safety is impaired (e.g. by retrieval of the waste) .
The general concept of surveillance is in line with the Dutch IBCcriteria [23, 24]. As a
working definition, the following is proposed:

6Surveill ance & mongor andh managé thd safé disposab of waste in a
facility .

Retrievability to assure safety is thus an important me a n s suwdillanée g and is linked
to what monitoring as a tool for effective surveillance can provide from a technical point
of view. Retrievability should not be discussed asan objective of its own, but with respect
to its role in RWMdecision-making. Likewise, monitoring in this context is not an objective
on its own, but should support decision-making on retrievability. However, for a better
understanding of the ability to keep surveillance during the operational phase and after
closure, it is necessary to have a closer look under what circumstance s decisions regarding
retrieval would be considered, and on what evidence/facts such a decision could be based.

One important outcome of discussiors on the role of monitoring in waste disposal is that
the available technical option s for monitoring can present a limiting factor, and thus may
represent a relevant constraint for each concep t and host rock with respect to the kind of
deviating evolutions or events that can be identified by monitoring. The discussion in the

12 part of these questions will be addressed in the recently started EU -Horizon2020 project

Modern2020.

For a more detailed discussion on this see Appendix B and the literature cited herein.
Monitoring and surveillance will of course also be performed during interim storage, transport
and repacking of the waste, but is not point of discussion here .

13
14
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EUFP7 project MoDeRn[20, 21, 35, 36] shows that long-term monitoring under harsh
environmental conditions as prevail in a geological disposal facility is currently technically
challenging, and the ability to exclude technical failure s as cause of deviating monitoring
results might be essential for the usability of monitoring results for  decision-making. More
clarity is needed on the technical ability to detect events or evolutions that may impair
the long-term safety by monitoring in the operational and po st-closure phase, in order to
get a realistic picture of what contribution monitoring actually can provide for
decision-making.

From the above it should be evident that different host rocks may offer different abilities

to keep effectve sur veill ance. The 6l evel & of retrieva
provided by a host rock can be an important criterion in the discussion on what different

stakeholders judge to be t he most suitable host rock. However, while for the Dutch

situation the technical implementation of monitoring infrastructure seems to be of

relevance only in the far future, some principal technical understanding of monitoring

technologies is of relevance when discussing the ability to keep surveillance on disposal

facilities , linking the topic to discussions that ha ve to be performed already in earlier

stages

4.2. Monitoring to provide evidence for safety

A second important role of monitoring is to provide evidence for safety on a relevant scale
and in a representative environme nt. A safety case is built on safety assessments, whichon
their turn are based on a combination of several models that cover all safety -relevant
elements of the disposal concept, i.e. waste container, engineered barrier system, host
rock, geosphere, and biosphere. These models or individual elements of these models, are
often supported by independent experimental observation s, performed on smaller scales in
surface or underground laboratories. Concerns exist wi t h r espect to Oover e:
existing knowledge and model-analyses to a real disposal situation, and results of scientific
research may not always be perceived as conclusive and decisive, and may be subject to
discussion In-situ monitoring performed in a disposal facility can address these concerns
by providing experimental evidence of safety and underlying (model) assumptions over a
relevant time frame and on 1:1 scale.

The objective of monitoring t o provide evidence for safety can also be a reason behind
considerations to keep underground facilities longer open than strictly necessary for the
disposal of waste (as discussedin the previous chapter ), and is in case of a prolonged
pre-closure phase related to increased risks and costs. Unlike for monitoring as means of
surveillance, monitorin g in the post-closure phase is no alternative. This is of particular
relevance in the Netherlands, where the small waste inventory leads to comparable short
periods of waste emplacement. Thus, the opportunity to provide relevant evidence by
in-situ monitoring of the disposal facility during the operational phase is rather limited
without an extended pre -closure phase.

However, unlike countries closer to implementation of geological disposal , the long -term
interim storage policy of the Netherlands allow s to perform experiments over relevant
time periods in advance of construction or other important decisions. A relevant
consideration could therefore be to use the time interval until 2080 to perform
experiments and demonstration in so-called Underground Research Laboratories (URL) in
the host rock of interest , e.g. by heater-tests, where surrogate waste containers with
internal electrical heating are placed in the host rock to simulate the disposal of
heat-producing high-level waste (HLW), by performing long -term radionuclide diffusion
experiments, or by demonstrating retrievability of (surrogate) waste containers after
relevant period of storage .
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While the need of a national URL is a discussion that is expected to come up in the
post-OFERA period, it must be noted that the costs of such a facility will be high (see e.g.
[34]). However, unlike other countries with a larger nuclear programme, in which more
than one URL s implemented or foreseen , from costs perspective it is reasonable to expect
that in the Netherlands - if at all - only one national URL will be implemented. This mea ns
that prior to a decision for a national URL, a selection of the host rock to be considered
has to be made. With such a decision currently not foreseen before 2080 [ 42], engagement
in URLsin other countries is an important alternative for the Netherlands, in order to
bridge the interval until the exploitation of a national URL, and to build up the necessary
experience. Besides, it can allow for performing experiments and demonstration works in a
relevant environment right away, either as national initiatives, or in cooperation with
other European partners. The most relevant URL facilities of interest are currently the
HADES URL in Mol, Belgium, situated in Boom Clayand future URL activities in rock salt in
Germany™.

Besides the technical-logistic aspects discussed above, it also must be noted that at
present it is not clearly enough elaborated how exactly in-situ monitoring can contribute
evidence of safety to a safety case . Many open strategic and methodological questions
that arise in the EUFP7 MoDeRn project [ 21] will be picked up in the follow -up
EUHorizon2020 project Modern2020 [ 43]. However, it is expected that although
Modern2020 might allow to structure the link between monitoring and the safety case and
provide a clearer view on remaining open issues, some aspects of specific interest for the
Dutch situation have to be developed on the national level: w hile participation in
Modern2020 allows the Netherl ands to anticipate general developments on this topic , the
long-term interim storage policy and the small waste inventory might allow some
interesting options not likely to be addressed by the project. This includes the role of post -
closure monitoring, the use of long-term (in-situ) experiments in support of decision-
making concerning the selection of a host-rock, siting, construction, and waste
emplacement, and investigati ons whether the level of surveillance that can be realized in
a host rock leads to useful selection criteria. | t will also be necessary to provide on
national level input from political and societal point of view what expectation s on
monitoring exist within the specific Dutch setting **, in order to define carefully the efforts
necessary to develop this subject further. Important aspects in this discussion will be a
clearer position on the role of retrievability in general, the role and objective of pre -
closure measures, the extent of retrievability in the post -closure phase, and the role of
long-term demonstrat ions in URLSs.

5 currently, researchonrock saltis ©on hol d" in Ger many

6 Unlike in underground CQ, storage, no detailed legal requirements regarding monitoring are
developed (see Appendix C)

" l.e. as a country with an explicit choice for long -term interim storage .
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5. Conclusions and ecommendations

In this final chapter, besides general conclusions on the previous two chapters,
recommendations are given on how to proceed after OPERAwith regard to the topics of
the present report . The information is presented in four sections: (1) General strategic
observations, (2) Reversibility & Saged closure, (3) Retrievability & Monitoring, and (4)
Lessons learnt from CGO, storage.

5.1. General strategic observations

Providing concrete recommendations is complicated by the fact that different views exist
on how much progress has to be achieved in the next year s. The long-term interim storage
policy of the Netherlands lacks currently a clear political r oadmap for the next decade ,
which goes along with a low interest in RWM of most stakeholders and the public in general .
This imposes no obvious societal or logistic urgency to develop the topic further and to
resolve existing different views or concerns of stakeholder s already noted in [17] and
partially still valid today [ 12, 13]: with respect to political uncertainties and the long
timescale of disposal implementation, it was questioned during the ENGAGEDRESTAC
workshop whether postponing a decision to start the process towards siting in the
Netherlands is positive or negative [12, 13]. On the one hand, it was noted that the risk of
postponement is a loss of momentum, but on the other hand, it was acknowledged that the
quality of decisions can benefit from having more time

While a more detailed discussion on the general urgency for a detailed RWM roadmapis
beyond the scope of this report, it can be assumedthat though there is no reason to rush
things, a general need exists to develop the topic continuously further , mainly for two

reasons:

1 the limited research activities in the Netherlands benefit strongly from going along
with European research initiatives - keeping pace is therefore important to stay
connected to these European initiatives ,

1 the national policy on long-term interim storage presents a number of options that
need to be understood in time in order to benefit from them .

Furthermore, based on international recommendatio ns, it is assumed that i nteractions with
stakeholders and the general public, in order to achieve the necessary degree of
confidence and support by societal groups, are determinants of a successful
implementation strategy *°. This is in line with the recommendation of CORA[67. p.10],
wher e it i s ansatceptaldedsoldtidndotr thedvaste problem will eventually only
be achieved if, in a public debate, the societal and the technical aspects are considered
on an equivalent basis6 .While the topics discussed here are clearly of socio -technical
nature, a lack of interest and knowledge by the general public and relevant stakeholders is
sensed as the most important bottleneck in further developing the topic in a parti cipative
manner. For methods to involve stakeholder s and to communicate with them and the
general public*® we referto [ 12, 9].

5.2.Reversibility & Saged closure

Not much can be added here on what is already discussed in [12] about the widely
accepted principle of reversibility & staged closure: it answers to the societal concerns and

18 acknowledging that different, but rarely expressed views on this subject exist
9 which is beyond the scope of this report
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offers the operator flexibility, and in some case s, may provide a tool to &peed upd the
disposal process. The latter objective is of less relevance in case of the long -term interim

storage policy of the Netherlands, because it allows a stepwise, sequential implementation

without need to rush.

The principle of reversibility provide s helpful options to develop the implementation
process in the coming years in a straight -forward way, resolving the issue of responsibility
of the present generation while still leaving options open for future generations. However,

it can also add an element of arbitrariness and, in case of the Dutch RWM, encourage a
tendenwaitatdeee®. The best wa yerimoresson ig thadefinitioa of |
a clear roadmap, with well -defined milestones in 5 - to 10-years intervals.

5.3. Retrievability & Monitoring

Clarify the meaning and scope of detrievability ©

As pointed out in the previous chapter, while retrievability is on the national agenda since
1984, in view of the ongoing development of the RWM its current implementation is
insufficient ly developed to allow to progress in the societal discussion . Rip et al. observed
in ([17], see also Appendix E) that slightly different weighting of arguments for or against
retrievability leads to different conclusions on the ability to dispose radioactive waste
safely in the deep underground , with the proposed endpoints ranging from @o geological
disposalé™ over éuse time of interim storage, but eventually proceed to geological disposal &
to Ageological disposal§ either retrievable or (explicitly) non -retrievable. From fourteen
argumentation lines developed, eleven are in some way related to retrievability , which
underlines that retrievability is a key question in RWM . While not all argumentations
scenarios from Rip et al. are of interest for the current discussion #, it seems from the
ENGAGEDRESTAGvorkshops and interviews [12, 13] that main observations are still valid
and controversial views on geological disposal are often linked to expectations or opinions
on retrievability. Clarifying the meaning and scope of Getrievability ©in an early stage is
therefore expected not only to be helpful with respect to the specific  topic, but also more
general in bringing different stakeholders views closer together: a broad agreement
regarding the geological disposal of radioactive waste as endpoint, in line with [23, 24, 25]
is expected to help focus discussions.

Distinguish between two main objectives for retrievability

For further discussion of the topic or retrievability , it is recommend to d istinguish between
Gretrievability as management option 6 and é&etrievability to assure safety & and clarify
stakeholder views on both groups of objectives. Focus of discussion should be on
aretrievability to assure safety & while discussion on @retrievability as management option &
can be postponed to later stages. However, to reach an agreement on such an approach it
may useful to investigate closer the different lines of reasoning behind &etrievability as
management optiond of current stakeholders, e.g. by an approach comparable to [ 17],
with the outcome of ENGAGEDand RESTA(J12, 13] providing a first i nput. This can be
used to establish whether the different objective s result in different needs. most of the
technical and risk -related open questions are expect ed to be similar for both objectives .

Perform integrated socio -technical analyses and provide robust input for the

discussion on feasibility, risk and benefits of retrievability

While the advantages and disadvantages of retrievability were generally acknowledged, a

consensuson the extent and role of retrievability is difficult to  achieve, partially due to
different preferences or weights given to the arguments, but also because insufficient

20 in some case &o solution at all &

2L The analyseswere published in 1994.
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insight on main questions exists: what are the cost s of retrieval; what are the risk s related
to retrieval; what are exactly the technical options for surveillance and retrieval? An
interesting interdisciplinary approach to address part of the questions discussed in Chapter
3 is followed in the recently started German research project ENTRIA? [44, 45]: here,
instead of a single disposal concept, th ree options of interest in the public discussion are
investigate d, covering all endpoints elaboratedin[ 17] ( 0 ver t i c al projectsd):

9 Geological disposal without retrievability
9 Geological disposal with retrievability (and monitoring)
I Longterm surface storage

At the same ti me, t hree Otr angsaddressimglall threeoj ect s G
disposal concepts:

I Technology Assessment and Governance
9 Ethical and Moral Justification, Legal Prerequisites and Implications
1 Interdisciplinary Risk Research

| 1
. | | |

Vertical Project 5: Vertical Project 6: Jll Vertical Project 7:
Final Disposal in Disposal in Deep Surface Storage
Deep Geological Geological

Formations Formations with
without any Arrangements for

Arrangements for Monitoring and

Retrieval Retrieval

Transversal Project 2: Technology Assesment and Governance

e —_—
Transversal Project 3: Ethical and Moral Justification,
Legal Prerequisites and Implications
) —

Transversal Project 4: Interdisciplinary Risk Research

Figure 5-1: Overall structure of the  ENTRIAproject [ 44]

While the scope of th e ENTRIAproject is probably too large to be transferred 1:1 to the
Dutch context, it is advised to consider in how far the transversal projects are of interest
for fut ure national research initiatives in order to provide robust arguments for the
discussions summarized throughout this document. Input for the vertical projects could be
based on existing studies, or on cooperation with ENTRIAprojects, e.g. by translating the
outcomes to the Dutch situation , and can profit from the activities in  Modern2020.

22 dDisposal Options for Radioactive Residues: Interdisciplinary Analyses and Development of

Evaluation Principles 6 Entsorgungsoptionen fir radioaktive Reststoffe: Interdisziplindre
Analysen und Entwicklung von Bewertungsgrundlageno )
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Consider the option of retrievability in the post -closure phase as alternative for

a prolonged pre -closure phase.

Limiting the discussion on retrievability to the pre-closure phase overlooks the advantages
that retrievability in the post -closure phase might have. When technology allows to
monitor and retrieve the waste in the post -closure phase, often decisive concerns[18] with
respect to costs and risks related to increased operational periods can be addressed. With
respect to retrievability in the post -closure phase, there is a need to better understand
whether and in which way requirements from the IBGcriteria can be realized in an
underground disposal facility after closure, and what it can contribute to safety and the
ability to correct @mistakesd or to respond to (unexpected) events in the future. Many of
the questions related to monitoring as important element of surveillance and the
IBGcriteria in general have been addressed in the EU-FP7 project MoDeRn[21] and will be
followed up in the recently started EU -Horizon2020 project Modern2020 [37]. NRG is
involved in both projects, and activities include questions relate d to the embedding of
monitoring activities in the safety case, development and assessment of monitoring
strategies for the OPERA Safety Case, and strategictechnical studies related to the
technical feasibility to monitor in the post -closure phase. Monitoring is high on the agenda
of the IGD-TP [46, 47], and it is expected that after Modern2020, another follow -up
project will be initiated, with more focus on post -closure monitoring. It is recommended
that ANVS and COVRAwill have developed a clear view on th eir research priorities on this
subject in mid-2018, when it is expected that first ideas will be collected with respect to
the definition of a follow -up of Modern2020.

Next to the Modern2020 activities, the finding s of the ENTRIAproject [ 44] or other
comparable national initiatives as discussed in the previous section are expected to
provide useful input on the feasibility, benefits, risks and cos t of post -closure surveillance.

Consider the role of URL activities

The Dutch policy on long-term interim storage allows to perform experiments over relevant

time periods in advance of siting or construction decisions. Due to the long timeframe, the
role of experimental confirmation of key processes in URLs can be much larger than in
other programmes where monitoring activities during the operation al period of a disposal
facility have an important role. It is therefore recommended to develop a cle ar position on
the role of long-term experimental and demonstration work in URLs as part of the safety

case. Next to a position on a (future) national URL, ¢ ooperation with other European

partners in the near future should be considered , e.g. Belgian exper iments performed in
the HADES URI(Mol) or future activities in rock salt in Germany. Such a position could be
developed on basis of the outcome of the EU-FP7 MoDeRnproject [ 21], and may benefit
from the ongoing follow -up project Modern2020 [48], but additional efforts are necessary

to explore the specific options and possible benefits that are available due to the
long-term storage policy of the Net herlands, which are of lesser relevance for the larger

nuclear countries dominating the European research agenda.

Consider option s for retrievability from point of view of a future host
community

As already discussed in [12], the principles of reversibility & staged closure can be
perceived differently when looking from the point of view of a potential future host
community: for a successful voluntary process it may necessary to make definite
agreements for a number of aspects instead of keeping all decision s reversible. E.g.
definite decisions should be made on the amount and composition of the waste to be
disposed of, the period of the operational phase, the responsibilities of different parties
and the decision-making structures in general. An essential aspect where agreements have
to be achieved in advance is the question how retrievability is implemented in the disposal
plan. From the point of view of a future host community, retrievability may be the key

OPERAPU-NRGZ23 Page?22 of 83



guestion when considering to volunteer for siting: a far -reaching implementation of

retrievability could be a decisive answer to their concerns to commit themselves

irrevocable to com plex technological decision s they have insufficient knowledge about |,
and fear that they eventually will be éuspeft wi th the waste in
Discussions on the role of retrievability in the coming years should anticipate on the needs
of futu re host communities, in order to facilitate  a future siting decision.

Clarify the requirements on retrievability before a selection procedure for a
technically disposal concept is initiated.

Before technical feasibility studies on disposal designare perf or med t hat go
study lard v (eoktlp) , constructional, experimental and demonstration works are
executed, the requirements on retrievability s hould be clarified . A selection procedure for
a technically disposal concept should include the retrievability of a container design as an
important criterion. It is thus recommended to develop the topic of retrievability  before
technical disposal concepts are selected and costly technical investigations are performed.
Such a selection process should be organized in an iterative manner, by first providing
more guidance on the selection of a (technical) disposal design. When a first set of
requirements on retrievability is defined, technical studies should be performed with the
explicit goal to refine r equirements on retrievability further on basis of improved insight in
feasibility, cost, risks and technical options of the candidate disposal concept.

Distinguish between different waste fractions

Given the current Dutch policy to dispose different waste fractions into a single disposal, it
is recommended to distinguish between the waste fractions in further investigations and
discussiors on retrievability.

5.4.Lessons learned from CQ storage

Lessons learned from CQ storage projects are that monitoring is intimately connected to
risk management in all phases of the project. Risk management has two complementary
parts: Confirming regular behaviour according to the envisioned storage concept and
project design, and cor recting irregular behaviour deviating from the storage concept and
project design. For each individual storage location, t he authorities will specify
requirements that have to be met before the responsibility of a site  can be transferred
back from the oper ator to the authorities , after closure and abandonment # of the site .
Demonstrating compliance with these requirements may require post site -closure
monitoring 2 [94]. It is recommended to develop practical examples of the requirements
which are linked to the safety f unctions (and thus to the safety case) of a radioactive
waste repository ?°,

Assurance of safety both on operational and long -term post -operational timesc ales plays an
important role in the lifetime of a repository for radioactive waste. Monitoring on the short
term during the phases of site selection until the end of institutional oversight (and
possible transfer of responsibility of the repository) will s upport the assurance of safe
performance ([12], Figure 9-5) and support decision making in the staged closure of the
repository. The decision making in the staged closure of a radioactive waste repository
could learn from the insights gathered for CO , storage, in particular in the European FP7

2 Abandonment in the context of a CO , storage site includes dismantling of the injection tubing
and valves in the wells, sealing the wells and dismantling of the surface installations.

case

beyor

“ Note that o6closured in the sense ofentohttneEU Storage |

coinciding with the definite cessation of CO , injection (see also Figure C.5-1).
% Part of this work will be performed in the EU project Modern2020[37]
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project CO2CAREhat developed a system of Site Closure Milestones, criteria and a system
for interventions including monitoring and corrective measures if irregular behaviour
should occur. Similarly, these milestones may serve as an example to integrate detailed
requirements on monitoring for the staged closure of a future repository for radioactive
waste, in particular for the steps of waste emplacement and partial closure after licensing

of the repository and before license termination (See Appendix D). The EU project MoDeRn
([20], p.29-32) has developed comparable schemes for risk management and decision
making. The added value from CO, storage is that the procedures provide more practical
detail in connecting the s cheme with the actual regulatory requirements from risk
management, and the transfer of responsibility from the site operator to governmental
authorities.

One of the objectives of retrievability is to intervene when the long-term safety of a
radioactive w aste disposal facility appears to be impaired as indicated by monitoring data
from the repository itself or at the surface of the repository site. The principle of
comparing expected (modelled) behaviour with actual (monitored) behaviour is central in
the 6traffic | ight s y s {1 storade amdecoukld Ibe ysefud forfdevelopiyO
similar procedures for radioactive waste disposal, in particular for  supporting the concept
of retrievability as a measure to correct unexpected behaviour of the repository .
Monitoring has definitely added value in gathering evidence for the safety case but a
well-founded plausible PA model of the repository remains the key ingredient in the
argumentation of the safety case.
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Appendix A: Concepts of retrievability, reversibility and
staged closure

A.l. Introduction

In the last decade, the concepts of reversibility, retrievability = and staged closure have
become common sensein RWM [see. e.g. 6, 15, 16, 49, 50, 51, 52, 53], because, as
discussed in the next two sections, these concepts address stakeholders and public concern,
and allow to deal with future uncertainties.

In Section A.2, key i dretreevabilitp © , réversibility 6  a rstdgedoclosured ar e
summarized. The implementation of these concepts in a national RWM policy is expected

to have a relevant beneficial influence in gaining societal acceptance, although it might be

difficult to gain progress if decisions remain permanently open and thus responsive to
changes in values, priorities and attitudes [ 54]. In Section A.3 the Dutch policy on
retrievability and reversibility is shortly reviewed, and in Se  ction A.4 a condensed overview

on the national policies of a number of countries is given.
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A.2. General concepts

Retrievability of the waste is an important requireme nt of the Dutch waste policy [ 24].
Principles of reversibility and surveillance are already discussed in the VROM nota on
radioactive waste from 1984 [ 23]. The principles of a stepwise approach are introduced in
[12, Chapter 3] and Appendix D. While reversibility, retrievability and staged cl osure seem
conclusive and convincing high-level concepts, their implementation require understanding
of the complex scientific -technical limitations and their consequences for the overall
process. One of the technical aspects related to this topic coming i nto focus in the last
decade is the role of monitoring in confidence building and decision-making. Basic
principles and ideas on monitoring are summarized in Appendix B.

A.2.1. Views on retrievability and reversibility

In 1998 1999, a EU Concerted Action was performed to provide a working definition of the
term d&etrievability § to come to a better understanding what the term means and how it
can be integrated in a disposal concept [ 55]. As working definition, retrievab ility was seen
as

ot he abil

it ovided by the repository syste
whatever re

y pr
ason retripy@aal] mi ght be wanted. 6

S

In [56, p.31], it is noted that retrievability

Oi mplies making provisions in order to allow r
Retrievability is a technical feature that facilitates the reversal of the decision
to emplace waste in a repositoryo

while in [ 57, p.11] it is stated that

0Geol ogi cal di sposal , as currently envisaged
principle always a reversible technology. Even long after institutional oversight

may have ended, and beyond the time when the integrity of waste conta iners

can be assumed, waste recovery would still be possible, although it would be a

major engineering endeavour that would require high resolve, resources and

technol ogy. 6

Retrievability can thus also envisaged as a principal option that can be considere d

anywhere in time, e \nstitutiorzaf oveesight &nd Fofnat hg , 6 wast e
considered to be retrieved from facilities not foreseen for retrieval [  58]. In conclusion,
Gretrievability 6 i s more a conceptual t e r nherclarifidations gai n i

of its purpose and extent.

When looking at key objectives for aiming at retrievability, the following list of potential
reasons can be found[55, p.19f]:

Safety and operational arguments:

9 Disposal should be reversible in case something goes wrong with the emplacement of
a package.

i Retrieval of a waste package might be necessary in case a waste package
malfunctions during or after emplacement.

i Retrieval of waste packages might be necessary if the repository appears to be
malfunctioning at a later stage.
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Licensing arguments:

i Retrievability should be included in order to facilitate  a staged decision and licensing
process.

Societal arguments:

1 Radioactive waste may contain potentially useful materials, which might become
valuable in the future. It could be the wish of a future society to utilise such a
resource.

9 Disposal decisions shaild not be irrevocable, in order to provide future generations
the option to take their own decisions.

1 From a sustainable society viewpoint, high priority is given to reuse of materials and
to minimisation of the quantity of waste that needs to be disposed of. Views and/or
technology for reuse of materials may be different in future.

I The precautionary approach and the recognition of uncertainty speak in favour of
retrievability.

Waste management arguments:

9 Future new technology or scientific knowledge coul d d based on re-evaluation of the
cost/benefit balance & motivate modifications in earlier disposal, or retrieval of
disposed waste packages.

1 A repository that includes design features to keep the waste packages retrievable
could offer better possibilities for control and surveillance of the waste after disposal.

Public acceptance arguments:

9 A disposal concept might be better appreciated, when key decisions are reversible.
Including retrievability might enhance the acceptance of geological disposal.

In [16, p.11], in a more condensed manner, three main reasons for including retrievability
in national programmes are observed:

1 an attitude of humility or open -mindedness towards the future
1 provision of additional assurance of safety
1 to heed the desires of the public not to be locked into an  @rreversible d situation

Wh i Iretrievability 6 al ways cont ai mersidity mo hdmut oot odt he
around), it makessense t o di f f e rreversibilitg © e a bewidvabiite 6 5%

OReversibility refers to decision -making during project implementation: it
involves ensuring that the implementation process and technologies maintain
flexibility so that, at a ny stage of the programme, reversal or modification of
one or a series of previous decisions may be possible if needed, without
excessive effort. A decision of partial backfilling, for example, may be made
with reversibility in mind. Each major authorisati on in repository
implementation [...] can be seen as an assessment of whether the process can
continue as foreseen or whether one of the reversibility options should be
exercised [...]. Reversibility implies a willingness to question previous decisions
and a culture that encourages such a questioning attitude. It also implies some
degree of retrievability of waste.

Retrievability is the ability to retrieve emplaced waste or entire waste
packages. While retrievability is an intrinsic part of the concept of waste
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storage, it is not part of the basic, long -term safety concept of waste disposal in

a final repository. Waste should never be emplaced in a repository if the long -

term safety case is not robust without reliance on retrievability. However,

retrievabil ity may still contribute to confidence in safety and retrieval may

become desirable for non -safety reasons. Retrievability provisions may also

provide additional flexibility during operatio

Reversibility is thus related to decision-making, and seen as an important tool for
flexibility, because it provides the possibility to review a decision before going to a next
step, to correct the decision if appropriate, and if necessary to change course.
Reversibility corresponds to a stepwise decision -making approach, and it sends a strong
symbolic message that (societal) stakeholders are not expected to accept and adjust to a
fait accompli without opportunity to input their views or priorities [60Q]:

0The key feature of-makingsoneeptvisi aspan themdichs i o n
development is by steps or stages that are reversible, within the limits of

practicability. In addition to the institutional actors, the public is involved at

each step and also in reviewing the consequences of previous decisions. This is

designed to provide reassurance that decisions may be reversed if experience

shows them to have adverse or unwanted effects

However, contrasting views exists on the meaning of reversibility: in [  61], it is noted that

06 Re v er s is lust lamothegr @oncept th at has generated heated debates.
Some interpret reversibility as a mean for facilitating the correction of
potential mistakes in the future, which would imply that it primarily addresses
uncertainty regarding the long -term safety of waste management facili ties.
Others, however, argue that reversibility draws on the positive connotation of
flexibility and freedom of choice provided for future generations. According to
this interpretation, reversibility represents a commitment to the values of
intergeneration al equity and democracy .6

The perspective of retrievability 8 as an instance of reversibility o implies that systems
must be in place to understand, monitor and assess the performance of the disposal system.
Retrievability provides reassurance that in case of error or of other necessity, humanity
has some means of control over the emplaced waste, and is expected to reconcile the
requirements of technical safety and societal control [ 62]. Some concerns exists with
respect to a false impression of safety t hat the concept of reversibility and retrievability
might create: in [ 63, p.34] it is stated that reversibility and retrievability

0should not be used as programme features to
society from the range of safety issues, nor to f alsely reassure potential local
hosts that their own hosting decisions are of little lasting consequence .06

As part ofRetviee s NBAI 6t y -RrojeRtea leaflee V[Z0bwas praseni@d
wherein a oOretrievability scale 6 was proposed, that should illustrate qualitatively several
aspects of retrievability, under which the degree and type of effort that is needed to
retrieve the waste in different stages of the disposals life cycle ( Figure A.2-1). The main
message of Figure A.2-1 is that in course of time, the ease of retrieval is decreasing, and
the costs of retrieval ar e increasing. The other message is the belief that finally, safety
should not rely on active control, e.g. the ability to monitor.
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Figure A.2-1: A retrievability scale for  stakeholder dialogue [ 59]

A.2.2. Reversibility in decision -making and staged closure

Implementing a geological disposal facility considers large time spans that can be divided
into different stages. The implementation process is based on stepwise, incremental
decisions to ensure that the implementation process and technologies maintain adjustable
so that, at any stage of the programme reversal or modification of one or a series of
previous decisions may possible if needed, within the limits of feasibility. Hence, each
major authorisation in repository implementation can be seen as an assessment of whether
the process can continue as foreseen or whether one of the alternative options should be
exercised (Figure A.2-2).

Re-evaluate

Follow the

reference path
Cuntim
a madified path .

The main elements of each decision form the decision basis and the decision-making
bodies ( [64; p.12]), as is depicted in Figure A.2-3; both ingredients differ from case to

Go back

Figure A.2-2: Potential outcomes of options assessment|[ 15]
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case and the stage in the repository implementation process. The decision basis should be
an enacted legal document concerning the economic, social, technical or political
condition (s), which will be evaluated by a decision-making body.

stageN * stageN+1

Figure A.2-3: The main elements of a decision point

The information for the decision basis comes mainly from an updated safety case that
conglomerates results from monitoring or other observations, practical experiences &
national and international, and ongoing research. But also new or changing value s,
preferences or priorities can form input for the decision basis. Based on the stage in the
implementation process, the participants of the decision-making body are established, e.g.
authorities, implementing body, regulator, independent experts and/or advisory bodies.

It is obvious that for the stepwise decision -making process d as described above & it must
be clear and agreed in an early stage what the decision basis should contain, which
stakeholders should participate in the decision-making, and what respective role regarding
their contribution and responsibility in the assessment. It is as well recommended to
define in advance the approach for decision-making, e.g. a consensus approach was used
for the site selection of the national interim storage facilities at COVRA [ 65].
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A.3. Dutch policy on retrievability and reversibility

Retrievability of the waste is an important requirement of the Dutch waste policy: the so-
c a | |IBGdritedia &° as discussed in 1984 in principle point toward a retrievable disposal

([23], p.5):

OPit dumping [...] is in principle irreversi./l
requirements of isolation, contr ol and survei

The document refers to [66, p.4], where it is elaborated that the IBCcriteria includes
access to technical and administrative measures that guarantee co ntinuous protection.
These measures can include requirements of retrievability and financial reservation that
allow for anticipating unexpected failures. It is also requires the implementation of
measures that allow to judge the condition of the waste in periodic intervals.  *’

In 1993 the Dutch Government issued a policy directive stating that underground disposal
of highly toxic waste (including radioactive waste) was permissible provided that it remains
retrievable over the long -term [ 24]. This forms together with the 1984 gov ernmental policy
plan [23], where principles of reversibility and surveillance are already discussed, the basis
for the national strategy principles to manage radioactive waste.

Three objectives for retrievability are givenin[ 67, p.3]:

9 to allow - partial ddeactivation of the waste if future transmutation techniques
permit

1 to keep waste available for r ecycling
9 to be able to remove waste in case of undesirable events

In 2001, it was noted that t h e p dd guacagtee detrievability resolves many objections
amongst the public. Most of these objections are summarised in the traditional saying:
'seeing is believing'6 [67; p.3].

With respect to time interval in which the waste need to be stored in a retrievable manner,
the Dutch government stated in 1984 ([ 23], p.1) that

oOmai n component s of radi oactive waste pol i c
surveillance of waste material either until it is no longer radioactive or until it has
been disposed of in such a way that the likelihood of an unacceptable amount of
radioactivity finding its way into the biospt

% dlsoleren, Beheersen en Controlerend (isolation, control and surveillance) . Note that in some

transl ations these aftca ialdésomtian)oodtrolaadtmeahitod.s o1 CM
Original quote: 0Naast de isolatie wordt ook het beheersen en toepassingen van bodembedrei-
gende stoffen voorgeschreven. Hiervoor staan technische en administratieve maatregelen ter
beschikking om garanties te bieden voor een voortdurende bescherming van de bodem. Maat -
regelen in dit kader variéren van de eis tot terugnee mbaarheid en een financiéle zekerheids -
stelling tot voorzieningen waarmee de gevolgen van een onverhoopt falen van de isolatie kan
worden beperkt. Voorts dienen er controlerende maatregelen te worden getroffen om de

situatie van toepassing regelmatig te kunnen beoorde len. 6

27
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While it stays open how the onegligible likelihood 6 can be rationalised, in 1993 ([24], p.5),
it is emphasisedthat

0The necessity of measures for surveill ance
period of disposal .6

In 2001 [67], it was argued that retrievability does not require current generations to take
irrevocable decisions, but allows continuous monitoring and step -wise incremental
decisions, with final decision -making process based on the knowledge and experience
acquired during a long period of fact finding and monitoring. The waste retrieval from a
disposal concept in rock salt and Boom Clay was judged to be technical feasible over a
period of about 100 years, with only m inor additional risks involved and yearly costs of less
than 1% of the construction costs to keep the facility open [ 67; p.5ff]. [ 67; p.7] implies
that retrievability, at least for the purpose of transmutation, is only foreseen during the
operational phase:

0OAdvantages of retrievabl e ditgdgalteraativeare [ . . . ]
solutions remains open as | ong as the facility

Mainly due to the very small quantities of radioactive waste, the operational phase in the
Netherlands is short, at maximum just a few decades ( e.g. [1, p.7]). This relative short
time span could have influence on the disposal and decision -making process compared to
repository programmes of large nuclear countries.

Of interest for retrieva bility is that th e current Dutch strategy foresees to dispose almost
all radioactive waste fractions in a single deep geological facility [1]. Furthermore, a
multinational solution is not excluded, and it is not unlikely that an international
cooperation will make it necessary to reconsider the Dutch policy on retrievability and
other aspects as the intended disposal of low- and intermediate -level radioactive waste in
the deep underground or the intended interim storage period of 100 years.
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A.4. Country concepts on retrievability and staged closure

In this section, a brief compilation of national policy and international concepts on
retrievability and staged closure will be given from countries of interest for OPERA, viz.
9 Belgium: because of their cooperation within OPERA
9 France: The OPERA research plan 2] mentioned that a basis for a staged closure of
a repository could be the process as elucidated in France Dossier 2005
I Germany: It is decided to retrieve (a part of) the waste as disposed of in the Assell
mine. A process that very likely will dominate and evolve the (technical) measures
of retrievability the coming years
I United States: In the US WIPP facility a demonstration of the retrieval process takes
place. Just as in Asse, a practice th at could have influence on retrievability (in salt
formations).
I Switzerland: As stated in the OPERA outline report [ 1], in the Swiss concept
retrieving the waste i s based on the monitoring phase of the pilot facility [68].

A.4.1. Belgium

At present there are no generic legal requirements for reversibility or retrievability of
waste disposed of in any type of repository in Belgium. No decision has yet been taken on
the long-term management of long -lived medium- and high-level waste. The relevant
national waste plan was developed by the Belgian National Agency for Radioactive Waste
and enriched Fissile Material (ONDRAFNIRA$ and made available for public consultation
in 2010 [69]. The final waste plan is submitted to the government, awaiting a decision in
principle on the long -term management of these substances.

In the development of a repository, the application of the opti  misation principle is the
driving force towards safety in the long term. Since it consists of a stepwise process, the
development of a disposal system is expected to evolve with time and with the experience
gathered on site or on other sites. It is an ongo ing process to be applied from the very
beginning in the development of the disposal system [ 15].

The stepwise decision and licensing process associated with the development and
realisation of a repository should be flexible, especially in view of the long time frames
involved. This means that over time, decisions may be overruled and the process reversed
for one or more steps if enough evidence is provided. The ¢ apability and the willingness to
re-assess earlier decisions and the ability to reverse the course of action or decision to a
previous stage are called &lexibility &

According to the Federal Agency for Nuclear Control (FANC) the stepwise process of the
development and the implementation of the repository should be flexible up to the
regulatory closure/release of the facility. FANC considers reversibility to be required and
limited to the operational phase. Provisions to facilitate retrieval are recommende d and
the time period during which these are supposed to hold will be commensurate with the
hazard of the waste. Retrieval (as well as recovery) is in principle a new process, requiring

a new safety assessment and regulatory authorisation and needs to meet the justification
principle ( Figure A.4-1).
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FANC's approach in relation to the NEA Retrievability Scale
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Figure A.4-1: Stages in the life of a deep geological r eposi t or vy, FANCO&6s approach
the NEA retrievability scale [ 15]

A.4.2. France

In France reversibility is required by law, and reflects social and political demand. The law,
however, does not provide conditions for implementing reversibility. Instead, it calls upon
scientists to issue specific proposals before a new law is promulgated as a preliminary to
obtaining authorisation to build a waste repository [ 15].

A dialogue between various players, scientists and stakeholders is required to prepare
these proposals. To answer the different expectations, the French National Radioactive
Waste Management Agency(ANDRA is studying two kinds of proposals. The first type of
proposal is technological in nature. It involves all technical measures that can be taken in
the design of the repository to favour retrievability of was te packages and reversibility in
general.

The EUFP6project ESDREB howed t hat ANDRAGs [0F@ foirgrievalilef a r ep
disposal of radioactive waste has shown that in general the design agrees quite well with
the present state of the art concerning the retrievability concept.

The second type of proposal involves governance of the waste repository. It conce rns
providing the resources for continuous, reversible step -by-step control of the disposal
process, in an extension of the French laws of 1991 and 2006 pertaining to long -term waste
management. Proposals involving governance are based on combining an organisational
framework and taking appropriate technical decisions. They involve the period between
emplacement of the first waste package and closure of the access shafts, which can be
considered the reversibility period, without prejudice to maintaining sub  sequent waste
retrievability.

Once the decision has been taken, construction of underground structures of the repository
will be proceeding gradually as waste arrives over a period as long as a century. Given the
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time span, construction and operation of t he repository must be undertaken in successive
phases.

The start of each phase of work could then be subject to scientific and technical review
and a decision-making process integrating operating experience feedback and
technological developments. This im plies the notion of a modular, adaptable project that
does not limit later generations to technical decisions made today.

A.4.3. Germany

While the wide consensus on maintenancefree and non-retrievable disposal in deep
geologic formations as the only long -term management option for radioactive waste has
not been seriously questioned for more than four decades in Germany , retrievability is
currently a relevant topic of discussion in the parliamentary commission for the disposal of
high-level radioactive waste *® (see e.g. [ 18]). Thus, in the past retrievability has not been
a regulatory requirement in Germany, neither has it been the subject of repository
concepts considered [15].

Nevertheless, retrievability has been investigated in several studies, especially for the HLW
disposal concept in a salt dome preferred so far. The first comprehensive investigation of
this issue was completed in 1995 and demonstrated the general technical feasibility of
retrieving disposal casks of POLLUXtype which were to be disposed of in repository drifts
in a salt formation. However, the repository co ncepts considered have not yet been
adjusted to fulfil retrievability requirements.

In connection with the increased public and political awareness, safety concerns regarding
radioactive waste that was disposed of in the former salt -mine Assell between 1965 and
1975, retrievability has become a requirement. As a consequence, Safety Requirements
published in 2010 [30] by the Federal Ministry for the Envi ronment, Nature Conservation
and Nuclear Safety (BMU) contains provisions regarding retrievability, which stated
amongst others that during the operating phase up until sealing of the shafts or ramps,
retrieval of the waste must be possible. It also states that waste container must be
designed in a way that these can be handled during a period of 500 years after closure in
case of recovery operations ([ 30], p.18).

The Safety Requirements provide the regulatory basis for the safety analysis in order to
derive a site suitability forecast and guidelines for further site investigations. Consequently,
the Safety Requirements as well as the retrievability procedure will  be an integral part of
any repository license. In compliance with the Law on Nuclear Energy, only demonstrated
technologies can be licensed. Thus, the fulfilment of the retrievability requirements
described above has to be demonstrated prior to applying fo r a license for the repository.

Furthermore, currently the governing authorities decided to investigate the re covery® of

the waste in the former mine Asse || a storage facility for low - and intermediate -level
waste.

K o mmi s kageoung héchradioaktiver Abfallstoffe &
26 Re c o meansythe retrieval of waste from a facility that was not planned to be retrievable
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A.4.4. United States

As specified under United States statute, retrievability must be maintained for both
economic and safety purposes. Nuclear Regulatory Commission (NRC) regulations further
stipulate the time during which retrieval capability must be maintained for safety.

Under the Nuclear Waste Policy Act of 1982, retrieval is maintained for safety,
environmental or economic reasons. The Department of Energy (DOE) specifies the period
of retrieval, subject to NRC approval. The NRC further requires retrievability throughout
waste emplacement and performance confirmation programmes [ 15].

Maintaining retrievability after closure is not currently required in NRC regulations, though
it is understood that the capability to retrieve could remain for some time beyond closure.

The Waste Isolation Pilot Plant (WIPP) is a deep geologic repository sited in salt beds in
Southeast New Mexico for the permanent disposal of military transuranic (TRU) waste.
Conceptual designs, governing rules and statutes for the WIPP have historically included
requirements for waste retrieval [ 15].

Waste retrieval/removal formal requirements have changed as the WIPP project evolved
from conceptual design to actual waste emplacement. Early disposal concepts included
retrieval to foster public acceptance of a potential site. Later state and federal
requirements were more demanding and required that waste retrieval plans and
demonstrations were necessary prior to allowing test -phase waste to be emplaced in WIPP.

Retrieval demonstrations have occurred for mock and actual transuranic waste containers.
The project has demonstrated to the regulator that waste removal after closure is feasible
for a reasonable period of time after closure.

A.4.5. Switzerland

In 1999, the Federal Department of the Environment, Transport, Energy and
Communications ( DETEC) f o Expeet &Group ioe Disposal Concepts for Radioactive

Wastet6 ( EKRA), which consisted of experts from a b
to formulate basic principles for a variety of waste management options, and its final

report (DETEC), published in 2000, and formed t he basi s for Switzerl and
concept rmamitoreck kbng -term geological storage 6 combi nes t he i sol
radioactive waste in deep geological layers with technical and natural barriers, and the

option of retrievability at socie t yds request (being one felalture of
Figure A.4-2 shows the concept established by the working group EKRA, which is based on

basic technical findings and ethical requirements.

The pr i n mongored long ftermbgeological storaged was i mpl emented i n
Nuclear Energy Act of 21 March 2003. In 2008, a stepwise and transparent process with the

participation of all involved stakeholders was initiated to find the relevant sites. The site
selection process for radioactive waste reposit
the legislative framework of the existing spatial planning and environmental legislation.

The Swiss Federal Office of Energy (SFOE) is in charge of the site selection procedure.

In the Swiss programme, the principle of reversibility has to be taken into cons ideration in

planning a disposal facility, i.e. later generations should have the possibility to make use

of new knowledge regarding disposal. Hence, the implementation of the disposal concept

including the site selection procedure is a step -by-step process that allows reconsideration

of decisions by future generations. Such reversibility is built into the site selection process.

The concept ual Seqgioear Rlan forf Dedp IGeological Repositories6 def i nes a

OPERAPU-NRGZ23 Page 36 of 83



three -stage site selection process, site selection criteria and the respective roles and
responsibilities of the parties involved. It was prepared by the federal authorities,
following a broad consultation process. It was approved by the federal government on
2 April 2008.

Surrounding rock

Tunnel-environmental monitoring

Operations center

a8t facill

)W

Surrounding rock

[ open 777277 backfilied | mmm | waste

Figure A.4-2 Schematic concept and system elements of the monitored long  -term geological
disposal facility [ 15]

According to the Sectoral Plan, the population and interested organisations receive
comprehensive information about the progress of the site selection procedure. At the end
of each stage, a public hearing is conducted and the stage is completed by the approval of
the federal council. At the end of the site selection process, the parliament has to approve

the general license of the site.

The decision-making process for repository selection (as depicted in Figure A.4-3) includes
a Cantonal veto.

- Authorities

. . general  construction final confrrmation
(lcensing ience Rowe  oande oeder closurs of closure
| ) i l % l I ! retaase from the
Sntional dedar | Drovision of the
o (ke : Nucieer Cnergy Act
. Constnu TAp o SO ) Vol =
Planning rase | WeSEEempacenent Phase Post-closure Phase
. PRV g T bt L .
stogolection | | Menlidring @
procodure
{sectoral i | i i i
P | constructon gmwuchon ! dos | wion of
e kel schities |  documentatonto
j Rocatony i L loonsing authorty
gereral  construction  operating end of appiicaion  applicaion 1o
heence fcensce lcerce emplacement for closure  confirm closure
apphcaton  application  application
- Waste producers time

Figure A.4-3 Schematic representation of the decision -making process for a deep geological
repository in Switzerland [ 15]
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Appendix B: The role of monitoring in geological
disposal

B.1. Introduction

In the last decade, monitoring has increasingly become a topic of awareness with respect
to its potential beneficial role for the implementation of a geological disposal for
radioactive waste.

'Monitoring ' in a general technical context can be defined as [71]:

oto observe a situation for any changes which may occur ov er time, using a
monitor or measuring device of some sort .6

In 2001, the IAEA proposed a definition on monitoring in relation to radioactive waste
disposal [72 ; p.1] :

ocontinuous or periodic observations and measurements of engineering,
environmental or radiological parameters, to help evaluate the behaviour of
components of the repository system, or the impacts of the repository and its
operation on the environment .6

Monitoring is seen as a useful tool that allows to demonstrate that the evolution of a
repository is in line with what is expected from prior analyses and experimental work and

it addresses concerns that safety claims are too much based on models. Besides a role in
decision-making, or as part of a licence application ( 'performance confirmati on' [73]),
monitoring is expected to contribute to confidence building , a general objective of the
Safety Case [74, 75]. However, from the latter it should be evident that monitoring of
radioactive waste disposal is not solely a technical question, but planni ng, implementing
and communicating monitoring activities should also address societal expectations and
needs, hence monitoring strategies should consider complex interactions covering the
involvement of , and the communication with stakeholders and the general public. And last
but not least, monitoring can be a strong tool in supporting retrievability and the concept

of staged closure, by either providing relevant information on the actual condition of the
EBS, the host rock or other features of the disposal facility, or by allowing to define
performance measures that has to be met before proceeding into the next stage.

In this section, the current state -of-the-art on the role on monitoring of geological disposal
will be briefly reviewed. In the Section B.2, a short overview on international thoughts on
the potential beneficial role of monitoring is given, and some main (groups of) monitoring
objectives are identi fied and discussed. Section B.3 analyses technical aspects of
monitoring, including the specific requirements on monitoring application in waste disposal
monitorin g, methodological aspects related to the definition of system performance and
the ability to trace and address potential failures of monitoring systems, and the
availability of suitable monitoring technologies. Section B.4 briefly discusses the
embedding of monitoring activities in the Safety Case , and the final section B.5
summarizes aspects related to the implementation of monitoring plans.
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B.2. Expected beneficial role of monitoring and monitoring

objectives

First guidance on monitoring in waste disposal goes back as far as 1991 [76]. In 2001, the
IAEA summarized the potential role and benefits of monitoring as [ 72; p.1]:

omonitoring wi || contribute essenti al
completion of the various phases of the repository programme and, in doing so,

will strengthen confidence in long term safety, which is the key objective of
radioactive waste disposal. [...] Monitoring of various aspects of the disposal
system is likely to be an important support to decision -making at all stages of

the repository development programme .06

Monitoring can involve activities at all development stages of a repository, from
exploration of a candidate site up to the post -closure phase.

In [72], five key purposes of disposal monitoring have been identified:

i to provide information for making management decisions in a stepwise programme of
repository construction, operation and closure;

i to strengthen understanding of some aspects of system behaviour used in developing
the safety case for the repository and to allow further testing of models predicting
those aspects;

i to provide information to give society at large the confidence to take decis ions on
the major stages of the repository development programme and to strengthen
confidence, for as long as society requires, that the repository is having no
undesirable impacts on human health and the environment;

i to accumulate an environmental databas e on the repository site and its surroundings
that may be of use to future decision makers;

i to address the requirement to maintain nuclear safeguards, should the repository
contain fissile material such as spent fuel or plutonium -rich waste.

In addition t o these five key purposes, it was recognized that monitoring can also be
performed for operational reasons:

I to determine any radiological impacts of the operational disposal facility on
personnel and the (local) population, in order to comply with statutor y and
regulatory requirements;

1 to determine non -radiological impacts on the environment surrounding the repository,
to comply with environmental regulatory requirements (e.g. impacts of excavation
and surface construction on local water supply rates and wa ter quality);

i to ensure compliance with non -nuclear industrial safety requirements for an
underground facility.

The European Thematic Network (ETN) project on Monitoring [ 77] tried to further
elaborate the question of the role of monitoring in the phased d evelopment of a geological
disposal facility. According to [ 77], monitoring

oprovides the basis to determine model
data with model predictions. This also includes monitoring of baseline
conditions at potential repository sites to detect any potential negative impact

on the environment caused by o n-site activities during site characterisation,
construction and operation of the underground repository, as well as for reasons

of liability. [...] Monitoring is [...] a means to assist in checking or confirming
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that key assumptions regarding the safety -related features of the disposal
system are valid. [...] It is important to ensure that future generations will
maintain confidence in the adequacy of the disposal system by confirming that
the repository does not, at any time, pose a threat to the operatin g personnel
and the public, and that the disposal system and the surrounding natural
environment evolve as expected. Monitoring and the comparison of monitoring
results with the predicted evolution of the system is a possible means of
fulfilling thisrequi r e ment . 6

Comparable to [ 72], five reasons for monitoring were identified in th at report:

I Monitoring as part of the scientific and technical invest igation programme, including
environmental monitoring

Monitoring of the acceptable operation of facilities
Confirmation of key assumptions of the disposal concept
Maintaining the confidence of future generations
Nuclear material safeguards

= 4 —a -

Also the Japanese Radioactive Waste Management Funding and Research Ceng (RWMC)
identified five general objectives for monitoring [ 78] and delivered a more elaborated
description of the objectives as summarized in Table B.2-1.

Table B.2-1: Monitoring objectives and descriptions by RWMC [ 78]

From the above it is obvious, that although the general expectations on the role of
monitoring in waste disposal are expressed in very similar words, the definition of clear,
general monitoring objectives is not as straightforward as might be expected. It  was noted
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