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INTERNATIONAL UNDERSTANDING OF REVERSIBILITY OF DECISIONS AND
RETRIEVABILITY OF WASTE IN GEOLOGI CAL DISPOSAL

Countries around the world are researching, developing and demonstrating disposal of long-lived radioactive waste in engineered
repositories located in suitable dego underground geological formations as the reference solution fo protect present and future
generations and the environment, In some countries, actual implementation of geological disposal projects is only a few years away.
Countries are also considering whether and how to incorporate the concepts of reversibility and refrievability into their repository
programmes. Reversibility implies a disposal programme that is implemented in stages and that keegps options open at each stage, and
provides the capacily fo manage the repository with flexibility over time Relrievability is the possibility to reverse the step of waste
emplacement. It is generally recognized that it is important for each country fo clarify the meaning and role of reversibility and
retrievability for its programme and that long-term safely is paramount. The present leaflet summarizes the current understanding
developed in the NEA international project on reversibility and retrievability (htip.//www.nea.fr/rwnvrr). The leaflet includes a
generic Retrievabilily Scale that is adaptable fo most F R X Q W U L H V 1 aBdda/s/\BpBUppdN dialogue with stakeholders.

Repository objective and life phases

The objectiveof a geological repository is to provigeotection be built andpartial backfilling and/or sealingf galleries
of humars and the environment from the hazard that the and repository areamay also take place.
radioactive waste woulgose over time.Once the waste is (b) The observation period. after all waste pekages are
emplacedthere is no intention to retrieve iltimately, safety is emplaced, itmight be decided to monitor parts of the
to be ensured by the mamade barriers and the hogéology repository and to keep some accessibilityatdeast part
fulfilling complementary functions, and it will beecessaryto of the waste while additional performance confirmation
closethe repositoryaccordng to an agreed plarFor this reason, takes place.
no material othethan wastepackagesshould bedisposedof in (c) The closure period acess from surface to the
the repositoryln this context, \aste storage is not an alternative underground fatity is terminated. Backfilling and
to disposal; rather it is a step in the management strategy leading  sealing are performed according to desigdurface
to final dispoal. facilities may be dismantled.

A geological repositoryinvolves three main phases(Fig 1) The post-operational phase may be divided intotwo
whose duratiog vary amongst national programmes depending

. s ; periods

on design and each country’s approach to decision making: () An institutional oversight periodt after closure, afety is

« The preoperational phase: during this phase, the assured throughhe intrinsic, passive provisionsf the
repository is designedhe site is selected and characterized, repository design. Nevertheless, it is plausible to expect
the mammade materials are tested and the engineering continued monitoring of the baseline environmental
demonstratedthe licenses for building and operation are conditions, andsome remote monitoring. The relevant
appliedfor andreceived and construction begin8 baseline international afeguards controls would continue to
of environmental contibns is also obtaid apply. Archiveson technical data and configuration of

waste packages and the repositanuld be kept, as well
as markers toemind future generations of its existence.
The distant future eventually, after hundreds or
thousands of yeartossof oversightand memorycan be
expected tdake placeeither progressively ofollowing
major unpredictable events such asr or loss of
records

e Theoperational phase may be divided ito threeperiods
(8) The emnplacement period. the waste packages are (b)
emplaced The environmental contions are
continuously monitorecand compared to the baseline
data R&D continues, and the regulator perforneglar
inspections for operational safety ameviews of the
long-term safety caseNew underground galleries may

Repository life phases and examples of major decision points:

Pre-operational phase Operational phase Post-operational phase
' ‘ Institutionaloversight ___ |\ Distant future!

|
Underground |Repository

Waste emplacement
observation | closure

The thickness of the red lines
represents the amount of human

activity related to the repository

. . - D?CI;?H to | Decisionon Deusu:-mto End I?eusmn on Decision on Decisionon
S|tl|n.g Constru.ctlon egin Disposa Partial Emplacing Waste Final Closure follow-up follow-up
Pz LEEEET Backfilling provisions provisions

Figure 1



Reversibility, retrievability, recoverability: what are they?

Reversibility refers to decisiemaking during project rest onsoundsafety consideratiorand notbe dependentn the
implementation: it involves ensuring that the implementatiopossibility of retrieval
process and technologies maintain flexibility so that, at any stage
of the programme, reversing one or a serigsreviousdecisions
is possibleif needed A decision of partial backfilling, for
example, may be madeith reversibility in mind Each major
authorization in repositorimplementation(Fig. 1) can be seen
as a assessment of whethire process can continue as forese
or oneof thereversibility optiors shouldbe exercisedFig. 2). A
reversible approach to repository implementation implies so
degree of retrievabilityafter waste has been emplacedthe
repository

During the operational phase, reversibiligd retrievability
translate into practice a precautary approach to waste
disposal.During the postoperational phasewaste recovery is
facilitated by the confinement and containmedesign of any
e%eological repositoryln the distantfuture, wastewill still be
recoverable, #hough with greaer effort and expenseas time

gssesThe ability to retriewe is thus a matterof degree rather

an of the presence or absencahafpossibility to recover the
waste Research and development may prowasys to reduce
the degree of difficultyf retrieval(Fig. 3).

Reevaluate

Follow the

Go back reference path
C— )

Continue ch
modified path

Figure 2: Potential outcomes of options assessment,

Fig. 3a: Benfonite rings removal test
in view of waste package retrieval in

including reversal » . o Sweden (€spS HRL, 2006)
Retrievability is the ability to retrieveemplacedwaste [ e " Fig 3b: Rerieval of a disposal
packages. Retrievability ian intrinsic part of the concepof  Feii .| HLWpackage from a simulated

storage. Retrievability is not part of thasic longterm safety S " | emplacement cell in France
concept of a waste repositolfaste should never be emplaced ing @@= : (ESDRED programme, 2008)

a repositoryif the lngterm safety case is not robustthout — p 13 - '

reliance on retrievability However, etrievability may still " ' ~ e

contribute to confidence in safety or be desifed nonsafety
reasons, and retrievabiligrovisions mayalsoprovide additional
flexibility during operation.

Whereas retrievability refers to whole waste package
recoverability refers to the waste materigter se even if the
package is degradetihe waste itselfnay still be recovered using
appropriate techniques. If éhwaste materialdiave migrated
away from their initial emplacemerocation recoverycould
require mining technigues similar titsose used iore extraction.

Retrieval and recovery of waste may desirablefor reasons
other than safety, e.g., if the waste were to beategorized aa
resourceThe safety case fa repository however,will always

A retrievability scale for stakeholder dialogue

One of the key issues for stakeholders considetimg in its lifecycle before and after its emplacement in a repository
implemertation of a geological disposal facility for radioactive (seeTablel and Fig4). The scale also shows thelationship
waste isthe ease ofwaste retrieval from a repositorjhe ease between the effort needed for retrieving the waste and the
will vary accordingto the accessibility of thevasteduringthe correspondindpalance between active controls gas$sive safety
life phasesof the repositoryA generic retrievabilityscale has of the repositoryThe more difficulttheretrievalis, the higheiits
been developetb illustrate qualitatively the degree and type ofcostwill be.
effort that is needed to retrieve the waateording tahe stages



Waste lifecycle stages and retrievability: a textual description

For discussion purposeset lifecycle ofpackagedwaste can andor sealedn Stage 4, which may coincide withthe closure of
be reduced t® stages, as identified in Tbl. For each stage, the whole disposal zone in which the gallerjoisated or indeed
the table also identifies thmain elements of passive safety andof the wholeundergroundacility. At this stage maintenance of
active contral as well as the degree and type of retrieval efforthe disposal zone (¢dhe whole undergrounf@cility) is no longer
Stage 1 representgpackagedwaste placed in interim st@ge necessary, buthe facility may still be monitored remotelyn
Stage 2 is waste moved froninterim starage to a repository Stage 5 the repository is closed: accesem surface has been
facility a few hundrednetersdeep which may require furthee- sealed, and surface facilities have been dismarlade 6 is the
packaging Additional protective barriers around theaste final disposal stateAlthough the integrity of the waste packages
emplacement celdre put in placein Stage 3: backfill (against cannot be guaranteedhe waste is still confined within the
rock movement generally andor sealing (agaist waterand gas facility. By this time, the level ofadioactivity haseenreduced
circulation) The access galleries to the cell stiked active significantly. Safety will not depend on maintenance or
maintenaice e.g. ventilabn. These galleries are backfilled monitoring. Measuredntended to ensurpreservingmemory of
the site may continue.

1 The type of packagmay be a steel drum, a concrete container, a steel
primary package inside a concrete or steel container, etc.

TABL E 1: Waste lifecycle stages, ease of retrieval, and specific elements of passive safety and active control.

Stage and Location Ease of Retrieval Specific Elements of Passive Specific Elements of Active Control

of the Waste Safety
1| Waste Package | Waste package retrievabl Wasteform and its storage Active managemendf storage facility
in storage by design container including curity controlled area

2| Waste Package
in disposal cell*

Waste package retrievabl
by reversing the

Wasteform anddisposalcontainer
Hundreds of meters of rock

Active managemer(including
monitoring)of disposal cells and disposal

emplacement operation facility. Security controlled area

Engineerd disposal cell

3| Waste Package
in sealed
disposal cell

Waste package retrievabl
after underground
preparations

As in previous stage, plus
backiill/sealing of disposal cell

Monitoringof disposal cellpossible

Active management of access ways to
disposal cell sealSecurity controlled ared

4| Waste Package
in sealed
disposal zone

Waste package retrievabl
after reexcavatiorof
galleries

As in previous stage, plus
backfill/sealingof cells and their
access

Monitoringof disposal cellpotentially
possible Security controlled are®etailed
recordsand institutionatontrok for a
specified periodincluding international
safeguards

5| Waste Package
in closed
repository

Waste package retrievabl
afterexcavathg new
accesssfrom surface.

Ad-hocfacilitiesto be
built to support retrieval.

As in previous stage, plus sealin
of shafts and access drifts to
ensure long term confinement of
the waste within the undergroun
facility.

Maintainingrecords

Regular oversighactivities as long as
possible(e.g. environmeratl monitoring,
possibly remote monitoringecurity
controls andnternational safeguarjls

6| Distant future
evolution

Packag degrathg with
time. Waste ultimately
only recoverable by
mining

Geology and mamade barriers

Reduction in level of
radioactivity.

Specific provisions for longetlerm
memory preservatior.g.site markers.

* Depending on the national programme amdthe type of wastehe waste packagemplacement room may bevault, a cell a section, etcThe
term “cell” used here is generic to all these cases.

Waste lifecycle stages and retrievability: a graphical description

The connection between retrievility and passive safety which could last up to 100 years, various factors will be taken
along the lifecycle of radioactive wasterépresentedraphically into account,jncluding ease of retrieval of waste packages; the
in Fig. 4. The figure is generic and cde appliedo a variety of need for active control; changes affecting long term safety; and
national programmes. costsin terms of econoins, dose expages hazard, etc.

The duration of the waste stages and the duration of the
repository lifephaseswill depend on decisionthat will bemade
in each national programmauring the implementation of the
geological facility.At each decision point during implementation,

3
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Disposal cell Access gallery
Waste package backfilling backfillingand/or Repository closure Waste package slow

emplacement and/or sealing sealin degradation

£\ N ()

Packaged Package in Package in Package in Waste in

1 wastein 2 disposal cell 3 sealed 4 sealed 5 closed
storage disposal cell disposal zone repository

Distant future

6 evolution

retrieval

.
Waste before
disposal Waste in deep geological repository
SAFETY ASSURANCE
conrals ﬁ_ =
m ‘ \ Passive safety

Fig.4: Lifecycle stages of the waste illustrating changing degree of retfrievability, passive safety and active controls in a dego geological repository
(actual size of boxes may vary depending on the repository design)

REVERSIBILITY AND RETRIEVABILITY APPLIED DURING THE OPERATIOML PHASE OF A GEOLOGICAL REPGITORY OF LONGLIVED RADIOACTIVE
WASTE TRANSLATE INTO PRACTCE A FLEXIBLE, PRECAUTIONARY APPROAH TO WASTE DISPOSALRETRIEVABILITY IS A MATTER OF DEGREE RATHR
THAN OF THE PRESENCER ABSENCE OF THE PSSIBILITY TO RECOVERTHE WASTE. EVEN THOUGH RETRIEVABLITY IS NOT PART OF THELONG TERM
SAFETY CONCEPTFOR DISPOSAL THE WASTE CONTINUESTO BE RECOVERABLE ALBEIT POSSIBLY AT GREAT EFFORT AND EXPEISE. RESEARCH AND
DEVELOPMENT MAY PROMDE WAYS TO REDUCE HE DEGREE OF DIFFICUTY OF FUTURE WASTERECOVERY.
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FOREWORD

At one time disposal was often treated as if it were a relatively-bhedt activity to be completed in th
time span of perhaps a single generaticthe goal being to provide a facility that could safely con
radioactive waste without any furthertian or intervention by future generations. Increasingly,

implementation of a disposal project has come to be viewed as an incremental process in a
successive steps, likely taking several decades to compsfestel. fromthe concept of proteicin of future
generations, this changing visiortludesan assumption of the involvement of succeeding generatio
the process and a need to preserve as much as practicable their ability to exercise choice. As
this evolution,monitoring isan activity undestudyto inform this process prior to closure of the facili
and monitoring surveillance and information and memory keepirgre also being studiedfor

consideration after closure of the facility.

At the same time, the chosen policy of concentrating and confining the waste in a repository, as
to a policy of dilution and dispersion, creatiesfactoa situation of potential availability of the waste 1
future retrieval. To what extent retrieval can or should be further facilitated in designing a repositc
if so over what time scales, are issues of continued interest in NEA member couingi@stention of
the present report i® help national reflectionly providing aneutraloverview of relevant issues ar
viewpoints in OECD countries based on the current understanding and viespegaliss from the
waste management communéy well agrom stakeholders, opinion leaders and from researchers i
technical and social sciences.

The point of view and intended audience for this report is that of someone planning or desi
repository for higHevel wastes or spent nuclear fuel, tiwt of someone contemplating retrieval. So
of the discussion will also be applicable to related situations such as that of planning a repository
and intermediatéevel wastes.

The report, when finally completed, will document the results #fyaar project and study launched
2007 by the OECD/NEA Radioactive Waste Management Committee (RWMC), which is a for
senior national representatives of operator, regulator, polaking, and R&D organisations in the fie
of radioactive waste magament. The Committee promotes safety in the shamtd longterm
management of radioactive waste and assists the NEA countries and the wider OECD fa
providing guidance on the solution of radioactive waste problerkiding consideration of stakelder
confidence Major milestones in the project have been the conduct of a bibliographic survey, a su
1($ FRXQWULHVY SRVLWLRQV DQG GLVFXVVLRQV ZLWKLQ
culminated with an international confererineReims 1517 December 201(’he project is documente
on the web atvww.nea.fr/rem/rr/ Inasmuch as the membership of the R&R group has been [e
limited to members of the waste management community, the damiigavs present herein may n
reflect adequately the views of other constituencies. The discussions at the Reims confe
December 2010 will help remedy this.
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1. INTRODUCTION

1.1 Background

Reversibility and retrievabilityf R&R) are not new conceptsither in science and technology or in
radioactive waste management

x In 1969, the United States National Academy of Sciences, in its report to Conifjezss
Technology: Processes of Assessment and Choice REVHUYHG WKDW 32WKHU WKLQJ
technological projects or developmest®uld be favored that leave maximum room for maneuver
in the future. The reversibility of an action should thus be counted as a major benefit; its
LUUHYHUVLELOLURE:.ID PDMRU FRVW °

x One of theProposed Goals for Radioactive Waste Management, in the NUREGO300 document
dated 1979Ref. 4 and prepared by a task group for presentation to the United States Nuclear
Regulatory Commission, reads as follows;| ZDVWHYV DUH GLVSRVHG RQ HDUWI
assuming a technology as advanasgppresert VKRXOG QRW EH SUHFOXGHG °

x The WIPP disposal facility for lowand intermediate lontived radioactive waste is licensed
based on its waste being, in principle, retrievable over a period of a few centuries after closure of
the repositoryRRef. 3].

X Low-level shortlived radioactive waste disposal facilities in some countries are operating based on
the retrievability concept. In some cases (Spain) specific design adaptations were required by the
regulator

Interest in reversibility and retrielity of high-level radioactive waste and spent fhels beersteadily

increasing since the lai®70s,ascanbe observed frona bibliography prepared for the present stiRigf.

4] and the remainder of thidocument There still exist open issues, e.m,what extent retrievability

should be sought actively as opposed to a policy of not unnecessarily precluding it. In 200BAthe

RWMC, inits @ aROOHFWLYH 6WDWHPHQW RQ 30RYLQJ )RUZDUG ZLWK *HR
[Ref. g, concluded that37KHUH LV JHQHUDO UHFRJQLWLRQ WKDW LW LV LPSI
reversibility and retrievability for each country, and that provision of reversibility and retrievability must

not jeopardise longVHUP VDIHW\ ~

This report deals wlit the concepts afeversibility and retrievabilityfor the deep disposalf high-level
radioactive waste and spent fukldocuments the results of an initiative which was started by the NEA in
20072008 (see Box), with the goal pfoviding a neutraloverview of relevant issues and viewpoints in
OECD countries drawing on the current understanding and views gpfecialiss from the waste
management community as well as from stakeholders, opinion leaderffoamdesearchers in the
technical and social sciees.The remainder of this document does not attempt to cover all of these
discussions, but focuses on some of the most important i$saemuch as the membership of the R&R
group has been largely limited to members of the waste management commuenipntmant views
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present herein may not reflect adequately the views of other constituencies. The discussions at the Reims
conference in December 2010 will help remedy this.

Although some issues that would be faced by someone actually planmgtgewe or recover wastes are
mentioned, the point of view and intended audience for this report is that of someone planning or designing
a repository for highevel wastes or spent nuclear fuel, not that of someone contemplating retrieval. Some
of the dscussion will also be applicable to related situations such as that of planning a repository for low
and intermediatéevel wastes.

Box: The NEA R&R Project

The NEA R&R initiative leading to this report is documentedvatw.nea.fr/rvm/rr/ The modus
operandi of the project has been one of continuous refinement of its findings through the invo
of an increasingly wide spectrum of interested parties and viewpoints.

The project was carried out in several @sas

X The first phase, in 2002008, was the compilation of a bibliography of references or
topic. The bibliography was updated through 2010.

X The second was a data gathering phase through use of a questionnaire to elicit inform
the current statiof disposal programmes in member countries with respect to the rolg
reversibility and retrievability in those programmes. The questionnaire was issued t(
member countries in May 2008. A working group was convened and a series of meetin
held at which the responses were analyzed, following which topical discussions were
a variety of subjects arising from the analysis

X The third phase was thgreparation antholding ofaninternational conferencand dialogue
14-17 Decembef010in Reims France. Thidraft UHS RUW D Q G ovefklebfl8tlbR
R&R serve as discussion documents for the conference

x The fourthphasewill consistof the finalisation of the Project and its documentation wit
Summer 2011.

1.2 Structure of the Report

This report is structured as follows:

Chapter 1 provides background informatitm the present report, which deals with the concepts of
reversibility and retrievabilitfR&R) for the deep disposalf high-level radioactive waste and spent fuel.
It documents the R&R project that was started by the NEA in-2008 with the goal oproviding a
neutraloverview of relevant issues and viewpoints in OECD countries.

Chapter 2provides an ouwiew of the historical evolution of the retrievability amelversibility concepts

since the late 1970s and reviews and defines terminology for this report. It observes that R&R are linked to
the reaffirmation in several circles of tgaiding principle of peservation of options for future generaton

and that onemportant reason why theiig difficulty in discussing reversibility and retrievability is that
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important basic terms and concepts are understood differently by different stakeholders or used differently
in the different countries.

Chapter 3outlines some of the major considerations in relation to reversibility, retrievability and
recoverability during the various repository phadesdentifies the determining factors that impact the
potentialfor waste retrieval and/or step reversbbchndogical challenges and ndachnical aspects as
well as associated costs and safeguards issues are discussed in thisBxéagfies.and shortcomings are
summarised.

Chapter 4 reviews R&R in the context of decisioaking for repository development. €sions will

follow one another sequentially and will be reviewed, and at times determined, by the presence of the
regulator. Hence an important attention is given to regulatory issues. Communication aspects are also
covered an@ generic, international Réevability scale is presented.

Chapter 5 summarizes the similarities and differences of reversibility, retrievability and recoverability in
various NEA countrieaind the views of the R&R working group members to that eff€cuntries deal
differently with the subjects of R&RWhile there is considerable agreement on many of the principles
underlying reversibility, retrievability and recoverability, there is less degree of unanimity on whether and
if so, how these principles might be put into practicdisposal programmes

Chapter gresents major observations and conclusgdrikis report.
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2. HISTORICAL PERSPECTIVE AND TERMINOLOGY

As observed in Section 1.leversibility and retrievabilitf{R&R) are not new conceptsther in science

and technology or in radioactive waste management. R&R are motivated in part by the desire to abide by a
guiding principle of not denying future generations a certain degreeeetiim of choice. Thiguiding

principle has arisehoth in technical documents atidough societal feedback, and needs to be considered
along with other principles identified in international guidance governing radioactive waste disposal.

Terminology méers a great deal when discussing repository concepts and R&R. In this chapter we define
terminology for the purpose of this report, in order to avoid potential diverging or confusing uses of major
terms and concepts. Ultimately, itimportant that basiterms and concepts are understood within and
across countries and it is paramount that differences in national terminology are recognized and taken into
account when performing comparison studies.

2.1 Overview of developments during the past three decades

Since the late 1970shdre have been discussiomsd positions taken on R&R almost every national
repository programme.

From the 1980s the example may be given oKiB8-3 disposal study reporRef. 6@ ZKLFK REVHUY H(
must be assumed thiatture generations will bear the responsibility for their own conscious actions. What

is of importance in this context is to provide them with the best possible information as a basis for their
decisions, i.e. to make sure that information on the locatiesign and function of the final repository is
carefully recorded and preserved. If, at some time in the future, people wish to retrieve and recover the
copper or the spent fuel present in the final repository, they will then be aware of and ablevtitctpe
UDGLRORJLFDO ULVNV ~ 'DWLQJ IURP WKH V LV DOVR WKH JHQH
Protection Agency (EPA) applicable to asgyent nuclear fuel or higlevel or transuranic wastdisposal

facility in the USA, which statedV K Disfdosal systems shall be selected so that removal of most of the
wastes is not precluded for a reasonable period of time after disp@seél 7).

x It is of interest to observe that, in the KBS study of 1983, retrieval of the waste is predicated
not on safety, but on allowing future generations a freedom of choice on retrieving useful
materials. Retrievability is presented not as requiring special technical provisions, but as a
IHDWXUH WKDW LV LQKHUHQWO\ SU Hxld,@W thavit negdtoveV D JH V
supportedhrough information preservation provisions.

x The EPA regulations explain that retrievability is mandated in order to praadded
confidence in meeting the containment requirements of the regulations. That iastéstays
retrievable over a certain period of time, this also means that it will not have dispersed in
nature. In this sense, retrievability offers an additional assurance of safety, although it is not a
requirement for safety. The inclusion of retrieNi&pin regulation is described, additionally,
as also allowing further freedom of choice to future generations, including for safety reasons:
37TKH LQWHQW RI WKLV S UddRtg mdkeReQovery of waste a8ywor cheap, but
merely possiblén case some future discovery or insight made it clear thavdkste needed to
EH UHORFDWHG =~ %HFDXVH UHWhbbdtingD jadirocas® \rols,OHPAY D FR
indicates that retrieval needs to be feasible, but that it need not be prepared ForPHHW WKLYV
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assurance requirement, it only neetb be technologically feasible(assuming current
technology levels) to be able to mine the sealed repository and recover thé albsit at
VXEVWDQWLDO FRVW DaGthe WPR Sdp ity R/es Redtified_farMperation
in 1998 based on the above requirements

In the 1990s the debate over retrievability moved from the questioor ofinecessarily impeding retrieval
towards the question d&c//itating potential retrieval, e.g., through specific design provisions and adaptive
decisionmaking, on grounds not only of further favouring the freedom of choice of future generations and
in response to concerns in case safety issues might arise in the cdimse bfit also in order not to cause
social strife.

X In 1991 the French Radioactive Waste Act requestefeasibility study of a deep geologic
repository with or without the provision of reversibilityDuring the siting phase of the
Underground Resedrd_aboratory URL) (19921998) reversibility appeared to be a significant
issue for public acceptance and decision makeBQG WKH JRYHUQPH@®Uc &I HTXHVV
UHYHUVLELOLW\" EH IROORZHG [R&.F&HYHORSLQJ GLVSRVDO V\

X Anotherexampleisthe conclusions of thEeabornHQYLURQPHQWDO DVVHVVPHQW ¢
on the original Canadian repository concfiRef. 9. The panel stated that there was not yet
sufficient societal acceptance of the concept to proceed. Among the reasons igitienléck of
acceptance was a desire on the part of many stakeholders for the concept to better accommodate
monitoring, retrieval, recycling and the emergence of new technology.

X A NEA survey published in 199%REf. 1(Q observed that 37KH LPSOHPHQWHUV DQG U
more willing than ever to heed the wishes of the public in so far as these do not compromise the
safety of disposal facilities. One common wish is for strategies and procedures that allow long
term monitoring, with theossibility of reversibility and retrievability. A number of programmes
QRZ FRQVLGHU WKHVH LVVXHV H[SOLFLWO\ ~

X In June 2000, the German Government declared a moratorium on further developing the Gorleben
site for HLW and spent fuel dispos&¢f. 11. One of the reasons given was the need to wait for
further developments in the field of retrievability. This may be an example of the use of
SUHWULHYDELOLW\" IRU SROLWLFDO H[SHGLHQF\

At the same time, in the 1990s, a strong technical focus on retrieyal@btalso being maintained.

Technical workshops were held, e.g., one hosted by Nagra in 1997 and one by Andra in 1998. Experiments
on retrieval wer@esigned and later startbg SKB [Ref. 13. The Swedish regulator commented

positively on those developni@gW VvV DV |EH&én@ Retd/cal be no question of planning for retrieval

when it ultimately comes to the final disposal stage, i.e. of viewing the repository as an interim storage
facility, SKl is of the opinion that SKB must develop methods forrei€¥ ,Q 6.,V RSLQLRQ PHW
retrieval should be developed and fetlale demonstration conducted no later than when a decision is

made to start a detailed investigation. Therefore, it is positive that SKB has started to study retrieval
technology an&KI is looking forward, with interest, to the results of the planned retrieval experiment at
WKH bVS| +DUG 5R [Ref. 18).ESKB EpWvdreted its canister retrieval test in 2006 [Ré4f.

Also, in 19961997 Nirex ran successful retrieval expagntsRef. 15]

The first major internationgdublicationdedicatedo retrievability is the proceedings & seminar held in
Sweden in 1999Ref. 16]. The papers presented covered a wide range of topics relatedstbjbef and
these proceeding®ay still be considerethe most comprehensive and detailed international reference on

1 In 1996, the EPA released its regulations specific to the WIPP site (40 CFR 194). According to this
regulation removal had to be shownb feasible using existing technolognd the licensingpgplication
had toinclude plais for removal in caséhe EPA were torevoke certification
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retrievability. At approximately the same time, the European CommigBiGhsponsored a study called
the Concerted Action on the Retrievability of Long Lived Radioactive Waste in Deep Underground
Repositories[Ref. 17]; several of the contributors to this study presented papers Siw#nés/ conference.
In paralle|] the NEA published its summary repéiaversibility and Retrievability in Geologic Disposal of
Radioactive Waste *Reflections at the International Level [Ref. 18]. The box below reports factors that
have been invoked in favoof and against retrievability.

Box: Possible factors favouring and opposing retrievability provisions[NEA-3140 +Ref. 18]

Factorspotentially favouring retrievability:

¥ technical safety concerns that are only recognised after emmtiacement and/or
changes in acceptable safety standards;

1 a desire to recover resources from the repository, e.g. componethts whste
itself, or therecognition or development of some negource or amenity value at
the site;

1 a desire to use alternative waste treatment or disposal techniquesathdie
developed in the future;

T a desireto respond to changes in social acceptance and perception ,0brisk
changed policy requirements.

Factors potentially opposing retrievability:

T uncertainty about negative effects, including conventional safetyaatiological
exposure of workers engaged in extended operatind®dr associated monitoring,
or marginalgains;

1 the possibility of failure to seal a repository propeidye to theadoption of
extended or more complex operational plans to faxetmievability;

¥ the favouring of irresponsible attempts to retrieve or interfere thiéh waste
during times of plitical and/or social turmoil whesafeguards and monitoring
features are no longer in place;

T a possible need for enhanced nuclear safeguards.

The NEA also introduced theoncept of reversibilitynternationally, for thdirst time, as adistinctconcept

to that ofretrievability. Inspiration was taken from the Swiss EKRAtudy [Ref. 19], which ispart ofthe

basis of the current Atomic Law in that country, and from a contribution by T. Papp (SKB) inR&R8 |

20], where he introduced the concép R1 SEDFNWUDFNLQJ" L H 37KH DELOLW\ WR
VHTXHQFH RI FRQGLWLRQLQJ GHSRVLWLRQ EDFNILOOLQJ DQG F
opportunity of retrieving the waste may be examined at each major dedsisaquence of shared
decisions on not having to exercise the retrieval option on safety reasons could ease any decisions on
moving forward and eventually closing the facility.

In the current decadén addition to the various developments in individuational programmesee later

in this report) there have been two publications from international agencies that bear importantly on the
topic. The first of thesas a report entitledStepwise Approach to Decision Making for Long-term
Radioactive Waste Management - Experience, Issues and Guiding Principles [Ref. 21], which deals with

topics related to adaptive, staged or stepwise deeisaking including reversibility The seconds
Disposal of Radioactive Waste: Technological Implications for Retrievability [Ref. 22], which focuses on
technical issues related to retrievability.
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On the technical side, thechnologybasedEC-sponsored ESDRED projegéerformed a desk studased
respectivelyon the French (Andra) repository concept (horizontal dispodaktexcavated in a clay host
formation) and the German (DBEEC) repository concept (vertical boreholes drilled in a salt host
formation). The study of the Andra concept was in the form of a peer review. In both[Bafe83] no
counter indications aroseith respect to the proposed design concepts

The Implementing Geological Disposal echnology Platform (IGETP) was launched in November 2009
with support from the EC via the Secretariat SeclGD prffet. 24]. The SeclGDs driving the
development of the Strategic Research Agenda (SRA) for subsequent implementation as part of the
Deployment Plan. Retrievability is considetedoeone of the key topics of the SRA.

Also in the current decade, two important events haventgkace involving retrievability: (a) the actual
retrieval of a waste package at WIPP on two occasions, because of concerns of quality assurance. The first
retrieval was requested by an environmental regulator, and the second was undertaken onivieeoinitiat

the implementerRef. 25]; and (b) the active consideration being given to the retrieval or recovery of waste
currently emplaced in the Asse minRef. 26]. Although the Asse situation is not considered to be
representative of the course of evemmidé expected in a repository for high level waste, the history and
difficulties encounteredre nevertheless informative in this context

ORVW UHFHQWO\ WKH %OXH 5LEERQ &RPPLVVLRQ RQ $mE&JLFDYV
disposal approaés and options, and retrievability is one element beiisgd [Ref. 27]

Current interest in the topic of R&R is documented in the present text, which reports the findings of the
latest NEA initiative in this area. Its specific goals have been (i) idgdrregulatory, policy and
implementation positions; (ii) to bring together specialists and laymen in order to review the efforts and
national positions so far; (iii) to engender a more comprehensive understanding of the issues at play; and
(iv) to documat these findings.

2.2 Underlying principles

From an international perspectitree 1995IAEA Safety Fundamentabn Principles of RdioactiveWaste
ManagemenfRef. 28] identified the followingtwo princip/esfor guiding wastedisposal

= Protection of future generations: radioactive waste shall be managed in such a way that
predicted impacts on the health of future generatigifi not be greater than relevant levels of
impact which are acceptable today.

= Burdens on future generations: radioactive wastshall be managed in such a way that will not
impose undue burdens on future generations.

This 1995document has since been superseded by ang&afey Fundamentals document [R&8] which
subsumes both of the above principles in a single fundanpiraiple

= Protection of present and future generations. people and the environment, present and future,
must be protected against radiation risks

The supporting text describing this fundamental principle of protection makes it clear that both of the
previous principles are considered to be aspects of this fundamental principle:

10
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The waste disposal literature contaimsaddition frequent references to a thigdiiding principle, namely
that of preserving options for future generations. An early faatiar, which is still valid todayRef. 30]
is as follows:

X Preservation of options for future generations As knowledge is increasing with time, and where
value judgements are changing, future generations shall be given the freedom to make their own
decisbns with regard to the utilization of resoes for safety and lonagerm protection.
Furthermore, a repository should not be designed so that it unnecessarily impairs future attempts to
retrieve the waste, monitor or repair the repository

Examples of reagnition of thisguiding principle include references to early studies and regulations, such
as Ref. 2, Ref. 6Ref. 7. The current positions reportdy the Belgian and Canadian programmes are in
line with this guiding principle as welRef. 31]. A weaker form of this principle ithe NAS formulation

of the precautionary principle:

X Precautionary principle in selecting technical options 32WKHU WKLQJV EHLQJ HT
technological projects or developments should be favored that leave maximurforaoaneuer
in the future. The reversibility of an action should thus be counted as a major benefit; its
LUUHYHUVLELOLURE:.ID PDMRU FRVW °

The EKRA2000study [Ref.19@ RQ ZKLFK WKH FXUUHQW I8 BPVYHRRRILW R O HG&L
conceptrelies can be related to the application of the latter guiding principle. After examining various
RSWLRQV EDVHG RQ D KLHUDUFK\ RI YDOXHV DV UHS3SRheWEB LQ WK
that indepth investigations as part of concret®jects show that the concept of monitored Hargn

geological disposal can provide a level of safety which is comparable with that of geological disposal, then
WKH IRUPHU VKRXOG EH WKH SUHIHUUHG RSWLRQ JLYHQ WKH HDV

Both the EKRA and KASAM studies involved ethicists in the formulation of the reference guiding
principles. Associated withal WKH DERYH SULQFLSOHV LV LQ $QGUDYV YLH:
humility, which promotes a prudent approach when consigiéhia current level of scientific knowledge.

[Ref.32, section 2Ref.33]

Box: EKRA- i Valoes and objectives and their evaluations for radioactive waste disposal
conceptsin Switzerland [ Ref. 19]

EKRA definesthe values and objectives of radioactive waste disgoghbrganises and evaluates
themhierarchically. Highest priority is assigneddafety:

t+safety of man and the environment

tfreedom for every generation, fairness between social and population
groups and between generations

tobserving the producer pays principle

tacceptane

Much of the controversy surrounding retrievability is associated with the choice betwegnidhmg
principle of reducing undue burdens on future generations anguitimg principle of preserving their
options. While preservation of future options allows future generations to make their own decisions in the
light of new information and changing needs, the mere fact of preserving the option of choice inevitably
imposes hbrdens, including at a minimum the burden of having to make decisions. There may also be more
tangible burdens. In preserving options for future generations, if it were decided to keep a repository open

11
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to facilitate retrieval of its contents, these taitgiburdens could includ€i) operational exposures, (ii)
continuing risks of accidental releases; (iii) financial provisions to cover operating adtév) the need
to supportcontinuing reliance on institutional contrdlhe NASguiding principle ofavoiding or limiting
irreversible choices represents one way of reconciling or balancing thesthewprinciples.

A recent NEA studyRef.34 KDV LQYHVWLIJDWHG ZKDW FRXQWULH¥tdD\ FRQV
3XQGXH EXUGHQ ™ ZD \id c@WkitirgsphhHentss GrednfingRial burden, and by others to

mean the burden of potential radiological exposure. During ti$eussions, the burden on immediately
succeeding generations of the duty to complisposal projectdnitiated in the present was also
mentioned.The study concluded thafF RQWLQXLQJ GLVFXVVLRQ RI WHUPV VXFK D
interpretation would be helpful.

Two important questions arise from theiding SULQFLSOH RI SUHVHUYLQJ RSWLRQV
SUHVHUYHG"" DQG 3]RU KRZ ORQJ D WLPH LV LW FRQVLGHUH
RSWLRQV"" 7KH DQVZHUV WR WKHVH TXHVWLRQV GHSHQG XSRQ
therefore variable from country to country. In adutitito depending on such technological factors as the
nature of the waste (spent fuel containing known energy resources vs. HLW) and the geological
surroundings (which affect both the likelihood and consequences of radioactive materials reaching the
enviromment as well as the ease of retrieval), there are also societal factors that have a major influence, e.g.
societal attitudes towards freedom of choice vs. assurance of safety, and the degree of optimism with
respect to future technological developmentsictvivaries with time and placét /s reasonable to expect

that the points of balance among these conflicting factors will differ from one country to another and even

from one time to another in a given country. A recent Swedish studyRgf. 35] observes for instance that
retrievability is an issue that was thought closed about a decade aganbyiibw need to be repened
basedninterestexpressethy a number of stakeholders.

Regarding the balance between principles, there are situé@i@nsn medicine) where fairness (informed
FRQVHQW PD\ WDNH SUHFHGHQFH RYHU VDIHW\ VR @&#3MbiHW\ [LL
overriding requirement, but rather as the outcome of a considered judgment. The issues of imposed risks
vs. pesonally accepted risks, and of balancing the needs of society vs. the individual also enter into the
decisionmaking. In addition there is a time dimension, which may involve seeking intergenerational
equity without disadvantaging present society (e.carihg worker safety vs. future public safety). Since
implementation itself can last several generations, the time dimension may apply even during operation.

Because they touch on freedom of choice and its relationship to safety, the concepts of R&Riditalk
and technical considerations. They tend to be centréieéndebate or® G LV S RheD é public and
society at large are involved; hence the continued interest in these topics.

2.3 Terminology matters!

The terminology of geological waste dimal varies across different national waste disposal programmes.
For example, because of differences in language and because of administrative and historical reasons many
FRXQWULHYV ILQG WKDW WKH\ FDQQRW XVH WIgHidavic¢UP 3VDIHW\ FD\

7TKH QXDQFHV WKDW VSHFLILF WHUPV VXARKIDYGCX2DEWHGHWWL?BR
makes it difficult to be sure that there is a shared vision internationally. Perhaps more critical is the fact
that the meaning of terms may lbfferent to different stakeholder participants in the same national
programme. A number of examples of such terminological differences were noted n NEA 30RUH

12
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WKDQ -XVW &RQFUHWH 5HDOLWLHY 7KH 6\PEROLF [R&ERBQ¥LRQ RI
well as in[Ref. 34]. It is important to agree upon the precise meanings of terms to be used. Clearly it can
be difficult to reach agreement on statements on reversibility and retrievability, either nationally or
internationally, when the parti@nts use the same terms to mean different things.

For clarification purposes, severalevanttermsas used throughout this document dedinedhereafter.

In selecting the meaning of terms, where possible we have followed the terminology used/amthe
Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management

[Ref. 37] that has been ratified by most OECD countries. These definitions are not necessarily those
officially adopted by NEA counties.

Waste

Xx $FFRUGLQJ WR WKH -RLQW &RQYHQWLRQ UDGLRDFWLYH ZD)\
IXUWKHU XVH LV IRUHVHHQ~

X Not all programmes use theord 3waste® 7KLV hashiépRtive connotatian implying
something dirtyor something to be rejectedherebre there are countries whesalioactive waste
management RWM) institutions avoid using this word in their official documents and
communicatios. A more neutral or technological temmay bepreferred, a®.g. in Italian 3VFRULH"
(by-products) instead o¥ U L | L X W L [RefJ36]| X V H

X In some countries material may be considered to be waste as soon as it is no longer wanted or
needed by its owner, perhaps even before it has been packaged for disposal; in other countries, a
material is considered to be wastdy once it has been emplaced in a repository, or perhaps even
not until the repository has been sealed and closed. This difference clearly carries with it
implications for the concept of retrievability: what is it that is bgitamned for potentiaketrieval?

In this report, we will consider materials to be waste as soon as it is decided by their owner that they are to
be emplaced in a deep geological repositattf Kk H WHUP 3ZDVWH”™ ZLOO DOVR EH WDNH
those programmes where spéml is not considereda potential resourcand is therefore to be emplaced
eventually,in a repository.

A subsequent decision to consider the materials to be a resource to be made use of would then be one of
the possible reasons for deciding to retrilvem; clearly, if this is considered to be more than a remote
possibility, retrievability for reasons other than safety must be one of the characteristics of the repository.

Disposal and Storage:

According tothe Joint Convention disposal means themplacemenof radioactive waste in a repository
without the intention of retrieving it, whilestorage means the holding of radioactive waste in a storage
facility with the express intention to retrieve it at a later time.

x In manylanguageshere is ambig W\ EHWZHHQ WKH WHUPV 3VaweépiectJH ™ D QC
legal distinctionneeds to be anid, sometimesmadebetween themwhere 3V W R thBahsl that
WKH IDFLOLW\ LV WHPSRUDU\ ZKLOH LQ WKH FDVH RI 3GLV
definitive. For example, n France,the Parliament enshrined the reference wéod disposal
3V W R F M aWHnA denotative=rench 3V W R FAdNaltenhporary storén somecountries(e.qg.

13
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France, Spainyadioactive waste managemefgspeciallylow- and intermediatdevel wastg
facilities are callelB VW R U D JH F Hf @&eUdhy intéhtad @ retrieve the waste

X 7KH WHUP 3I|L Q®dditertuted SdrRawiDgOon a connotation tbke intentto dispose of the
waste andbe able towalk away from it. The terminology has been changed recently in several
FRXQWULHV WR 3GHHS IDFLOLW\ " L Qaciili€&sHuth @Rrétriewanilit H V HH
and monitoring.7HUPLQRORJ\ ZDV FKDQJHG LQ )LQOD RS/ LWRRJ¥IUQD:!
this type ofreason.The same is true for Sweden. In Switzerland, the disposal concept is called
final, longWHUP PRQLWRUHG GLVSRVDO"™ WR VLJQLI\ 3ILQDO GLV
end to the period of monitoring and accessipif the waste.

x In some programmes, suchiasCanada, the term disposal is not used &t all

X In some programmes, a deep geological facility is still only a storage facility until the final
decision is made to seal and close the facility, and ontigadttime would it become a disposal
facility. In effect, the purpose of the facility (storage vs. final disposal) is left undecided, or at least
potentially variable, until the time of the closure decididm other programmes, a facility whose
final pumpose is permanent disposal may be considered to be a disposal facility as soon as it is
constructed.

In this report, in order to be able to compamailar situations in different countries we will use a single
interpretation: regardless of the natioreahtinology, a deep geological repository will be considered to be

a disposal facility from the beginning of its life, and wastes emplaced in the repository will be considered
to have been disposed dflith respect to storage, in the context of this reptmtage is not considered to

be analternative to disposal; rather it is a step in the management strategy leading to final disposal.

Reversibility, Retrievability and Recoverability

Reversibility describes the abilityin principle of reversing decisiongaken during the progressive
implementation of a disposal systelinrequiresconceiving and managirthe implementation process and
technologiesn such a way as tmaintain as much flexibility as possible so that, if needed, reversal of one
or more previous decisiofs) in repository planning or development may be achievahighout
unnecessargffort. The implementation of a reversible decisimaking approach implies the willingness

to reverse or modify previous decisions in the light of new in&tion and a decisiemaking culture that
encourages a questioning attitude.

x 35HY HUYViskEhdhenMegdncept that has generated heated d€wmate interpret reversibility
as a means for facilitating the correction of potential mistakes in the futhieh would imply
that it primarily addresses uncertainty regarding the -teng safety of waste management
facilities. Others, however, argue that reversibility draws on the positive connotation of flexibility

2 ,Q &DQDGD VWrigtermvwhstd® managementLY XVHG E\ WKH 1XFOHDU :DVWH 0DQDJ
(NWMO) in order toreflect the evolution of ideas in response to societal expectalibeswords vaste
P D Q D J H replagatl the worddvaste G L V S BVdilét a chang&om an engineering project (design
and build a repository) to an ongoing societal process that includes designing and building a repository as
only one of the elements of an evolutionary and adaptioeess.

% In France, for instance, the Law of"28une, 2006 (art. L.542-1) defines disposal as the emplacing of radioactive
waste in speciallF RQVWUXFWHG LQVWDOODWLRQV WR 3SUHVHUYH™ WKHVE
GHILQLWLYH"
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and freedom of choice provided for futurengeations. According to this interpretation,
reversibility represents a commitment to the values of intergenerational equity and democracy
[Ref. 34].

Reversal is the action of undoing a previous decision. Depending on the importance of thedagtesa/
may require less or more important-oodination with other interested parties: regulators in the first place
and other stakeholders. Indeed, the regulators may mandate the reversal of a technical decision

Retrievability, in waste disposals the aHity /n princip/e to retrieve whole waste packages once they
have been emplaceBetrievability is the final element of a studied and falpplied reversibility strategy.

Retrieval is theactualaction of recapture of the waste packages, whereas retrievability is the potential for
retrieval.

Recoverability: In situations where it is no longer possible to retrieve intact waste packages, it may still be
desired to recover the waste materidgcwerability is the ability /7 principle to recover the waste
materials regardless of the presence or otherwise of packaging materials, e.g. by using techniques similar
to those used to mine mineral ares

Finally an important concept is that dbsure, which is alsssomewhat variable. In a facility that consists

of several galleries or emplacement vaults, some vaults may have the emplacement of wastes completed,
and the vault may be backfilled and sealed, while other vaults are still being constructedll 4fikberies

have been backfilled and sealed, access shafts may be left open for some time. Even after access shafts are
closed and sealed, a repository may not be considered officially closed for some period of time while
surveillance and institutionatontrol measures continue, and closure may only be considered to have
happened when the surveillance and control measures end (if ieviwk report we will consider closure

to take place when the last access shaft is sealed. It is clear, however, that a repository that is not yet
sealedmay be seerduring its active operatioasnot being fully open bun a situation of partial closure.

Institutional Oversight vs. Control

Control can take place through measures that dogwsssarily rely on man. For instance, the barriers that
constitute a nuclear waste repository do exercise some types of control functions long after closure of the
repository: they control the access of groundwater, the temperature of the near fialdledise of
radionuclides, etc. These are forms of intrinsic, passive controls. Active controls recpbgadthe

presence of a regulator or other oversight organization, e.g., in the form of inspections, verification of
records, verification of qualitpssurance procedure, verification of safeguards, etc. Oversight is the more
JHQHUDO WHUP WKDW UHIHUV WR VRFLHW\ 3SNHHSLQJ DQ H\H"™ RQ
check whether regulations are being met, can be seen as an active ceatotenif it used by society to

check that the environmental conditions are not degrading, it is an active control measure but under an
RYHUVLJKW UDWKHU WKDQ D UHJXODWRU\ UHJLPH ,Q WKLV VHQVLE
For the ime period following closure, when the presence or the role of the regulator is not assured, we
consistenty XVH WKH PRUH JHQHUDO WHUP RI 3, QVWLWXWLRQDO 2YHU'
reflecting the fact that the regulatiemforcing apects may be weaker than in the earlier period (see also

Fig. 2 in section 3.2)
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3. RETRIEVABILITY AND REVERSIBILITY: IMPLEMENTATION AND CHALLENGES

The mission of a geological repository o provide protection of man and the environment from any
hazard that the radioactive waste would pose over, twithout the need for active control and
intervention.$FFRUGLQJ WR WKH LQWHUQDWLRQDO -RLQW &mrethided QW LR C
waste isemplaced in a final repositgryhere is no intention to retrieve &lso, sincelongterm safety is

intended, closing the repository once all the waste is emplaced must be planfid fiimal license of a

repository is explicitly grated on the judgement that, in principle, no active oversight or intervention are
needed in order to assure letrggm protection of man and the environment.

Retrievability, ifexplicitly provided forin the repository design and implementation, refleaisllangness

not to preclude the possibility of a future change of intention, but it does not imply a definite expectation
that such a change of intention will necessarily take place. Similar considerations apply for reversibility
provisions in project mamggment.

The remainder of tk sectionreviews the main components and design features of a repository and
observes which could be provisions that could favour or impede retrievability. Similarly, the
implementation of the repository is followed thoughvtsious life phases in order to understand what
could favour or diminish reversibility. Finally, technical and #echnical factors and challenges in
implementing reversibility and retrievability are reviewed.

3.1 Repository design and components vis-"-vis retrievability

The longterm safety of a geological repository is based on the concepts of containmeosnéindment

of the longlived waste,provided by multiplenatural and engineerdzhrriers This creates a situation in
which the waste could pentially be accessed and retrieved or recovered over very long time scales. One
example is the safetyase analysis produced by Nagfaef. 38]; see Figure 1), where it is reported that
complete containment of the radioactive materials can be expeaea geriod of 10,000 years or more.
Most of theradioactivematerials will stay very close to the original emplacement also at later times.
Similar conclusions apply to other geological repository designs.

While the design features of geological repmses may vary in different countries, a geological repository
for longlived wastetypically comprises nucleawaste forms,containers,enmplacement cells with or
without buffer materials, repository acceamps or shaftand the surrounding host rodk.horizontal or
nearhorizontal layout is universally implemented. The orientation and layout of the repository must take
into account the directions and magnitudes of the relevant rock stresses.
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FIGURE 1: Timescales over which relevant phenomena operate (from [Ref. 38])
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A brief description of each of the repository components anufrpact thatwvaste retrigability may have
on them, and vicegersa,s givenbelow.

3.1.1 Thewaste form

The waste form itself may be a barrier to prevent escape of radionuclides or other hazardous substances.
Depending on the robustness of that waste form, its preservation may be an issue to be dealt with during
potential retrieval operations. For examplespent fuel is disposed of directly, the fuel cladding is a
barrier to release of radionuclides from the spent fuel. All other things being equal, it would be preferable
to preserve this barriemtil retrievalis completed otherwise, fuel particles maye released from the fuel

rod into the container, increasing the radiological hadarihg retrieval This may impose constraints on

the eventual retrieval process which can have an impact on retrievability design provisions. For some types
of fuel, if rerievability is foreseen as an option, this consideration could have an impact on the design of
the waste container.

3.1.2 The Waste Container

The waste container serves as an engineered bamigis designed to provide safe containment of the
wasteduringa specifieddesign lifetime. The physical configuration of the waste container will depend on

the repository concept. However, major parameters that need to be considered in designing the container
include: (i) the waste form itself(ii) containematerialscompatible with the host medliéii) mechanical
properties of material and mass of containe; i@diological protection; and (\Weat output.
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One additional parameter to be considered may be the ease of retriedeains of retrievabilitylong

lived waste containers are clearly benefid@l waste retrievain thatthe containeretains itsintegrity

over a longer periadContainer longevity is often achieved by the choice of material, a specific thickness
of the containeandthe control of the enplacement cell environment so as to endure the specified design
lifetime. In addition to container integrity, any external handling features of the contaight to be
designed to survivany retrievability period if such a period is imposeth this regard, materials that

resist corrosion over a long period of time are favourable. The robustness of the waste container will need
to be sufficient so as tmaintain its structuraitegrity during any preparation processes for retrieval. In
some @ases, the waste containers are vented to prevent gas pressurization. The possible implication of
container ventss consideredvhenthere is a possibility that gaseous radionuclides might migrate through
the vent leading to contamination of the backfilhigh subsequently miglaffect theretrieval operations.

The size and weight of the waste container are also important factors when retrieving waste. Large
containers could be more difficult to handle and possibly impose more shielding requirdmestsall
containers would imply more packages to be retrieved.

3.1.3 Emplacement Cell

Depending on the repository design, an emplacement cell could be a vault, a chamber, or a borehole
(vertical or horizontal). In designing an emplacement cell, features¢leat to be considered include: (i)

size of the emplacement cell and capacity, i.e. number of waste containers; (ii) use of buffer between the
waste container and the sidewall of the cell; (iii) orientation of the waste container within the placement
cell; (iv) the requirement of rock support / liningnd (v) the orientation of the emplacement cel"vigs

the prevailing rock stres3 o facilitate waste isolation and repository closergplacement cells are often
backfilled with sealing materials. Typicsealing materials include swelling clay such as bentonite and/or a
mixture of clay and sand aggregate. The purpose of sealing the placement cell with low permeability
material is to limit the rate of transport of contaminants and also to stabilizedbss aapeninglust as

with the waste container, in some programmes ease of retrieval may be an additional factor to be
considered during design

The size of the emplacement cell has implications for retrievability. Shorter cells may require less complex
meachinery for waste package emplacement and retrieval. However, this provision needs to be balanced
against the capacity and footprint of the repository. Materials used in the emplacement cell for
retrievability purposes should also be designed to be chiiynicanpatible with the container materials

and should not induce any disturbance of the sealing material or host rock.

Repository Access and Repository Lay-out

Repository layout and access is also related to retrievability. For example, deep boreholes offer a much
more difficult access to emplaced wastes. In fact, this is one reason in some countries (e.g. s&eeden
[Ref. 35]) for rejecting borehole disposaihd opting for a more conventional repository.

Access from the surface to the repository levdlscally achieved by shafts afat access ramps. The
designs depend on the repository layout, waste inventory, the waste emplacement proce$wanduke

type. Access openings are often sealed with backfill in order to seal the emplacement cell and also to
restrict inadvertent intrusion. For access shafts or ramps that are excavated through aquifers or fracture
zones, a barrier to prevent or minimize gndwater ingress is required amgistbe maintainedor as long
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as the access shaft remains opka period of waste retrievability is required for social, political or other
reasons, and the access shafts were part of the retrieval coticegtk aupport, access drift and shaft
linings usednustbe designed to retasufficientintegrity duringthatperiod.

3.1.4 Host Rock

Within the multibarrier repository system, the host rock acts as a natural barrier to maintain favourable
hydrogeologicabndchemicalconditions for longerm isolation of the waste and to protect the repository
from disruptive events and human intrusion. The specific characteristics of the host rock will depend on the
local geology of the site selected for a repository.

The host rock has implications in terms of retrievability. For instance, simeag competentocks (e.g.
crystalline rock, volcanic tuffs) are salfipporting and minimal engineered support and maintenance is
required to prevent failure of the rock walls retemplacement cellin such situations aste packages,
therefore, may be expected to remain accessible for retmatfadut the need for significant additional
engineered features during repository construction the other hand, argillaceous rock fations in
France (CalloveDxfordian), Canada (Ordovician ailgiés) and Switzerland (Opalinus Clay) are
consolidated sediments. Theaad other similarock formations mayhave excavation damage zones
(EDZs) around excavations in the repository, dependimghe rock characteristics. Rock support by
means of rock bolts with metallic arches, metallic meshes, shotcrete and/or cumgretinings may be
required to provide mechanical stability for a long period of timerder to support retrievabilitySalt
formations may be even less amenable to retrievability without significant construction features to support
it, as salt tends to flow and close around the containers, especially when the latterangttiegt

3.2 Repository Life-phases and Reversibility

The planning and implementation of a geologic repository typically proceeds by an incrementaisetep
approachAuthorizations also tend to be granted via discrete decisions within a licensing pAicessh

stepin such an approackhe detsion of whetherto proceedo the next step, or to modify the design or the
processjs made in light of technicals well as social and politickdctorsand in light of the terms of the
license The stepwise approach provides opportunities fechnicd societal and political revies\and in
principle, allows for the building of shared confidence in the feasibility and safety of the facility, as
information and experience are acquired and decisions are democraticallyTinadgepwise approach

also dows the process and its decisions to be progressively informed by data obtained through monitoring.
The type of monitoring that may be of interest during such aveiep process leading from construction

to closure is currently being developed as pathe ECVSRQVRUHG )3 30R'H5Q° SURMHF
Developments for safe reposijyasperation and staged closure [R]).

Checking at each stage whether the license conditions were fully fulfilled requires teaessarythe
licensecould beDPHQGHG RU HYHQ UHYRNHG ,W KDV EHHQ REVHUYHG |
FRQGLWLRQ IRU WKH DFFHSWDELORS&K8].RikeBistF pavticipa@ty inL R&RJH Y H U \
Working Group meetings have suggested that reversibility, at ligaie sense that there is a possibility

that the decision mighie not to proceed, must exist in principle for a regulatory decision to be credible in

the eyes of all stakeholdeRgf. 25].
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If reversibility is decided upon as a feature of a reposipoogramme, then it would also be necessary to
foresee retrievability strategies in the planning, design and implementation of the disposal facility. In
particular, it would be necessary to consider what the operations of retrieval and recovery wdud entai
various stages during the repository life cycle.

During the early stages of a programme, reversal of a decision regarding site selection or the adoption of a
particular design option may be considered. At later stages, during construction andmperédilowing
emplacement of the waste, reversdl a decision couldinvolve the modification of one or more
components of the facility, or even thefrieval of waste packages from parts of the facility. However, as
repository development proceeds aagproaches final closure, going back to earlier phases of the
repository life cyclewould become increasingly more complex. In all cases, it would require prior
authorization from the nuclear regulator upon the submission of a safety case for undert&kinthée

other hand, it could be easier to take decisions resulting in a lesser degree of retrievability if there was a
trail of earlier decisions indicating that reversal had been consitdateuwt deemed appropriate

All geological repository projestinvolve three main life phasesnamely (i) the pr®perational phase,
including initial construction prior to the first emplacement of waste; (ii) the operational phase, which
includes the emplacement of wadiige preclosuremonitoring andperformanceconfirmation period, if

any, and the final closure of the facilitand (iii) the posbperational phase, including possibly a post
closure period of institutional oversight and memory and the distant future after oversight and/or memory
cease. Each tranigin from one phase to the next is typically determined by a specific dedtipme 2

gives a life cycle overview of the repository throughout the major phases of nuclear waste management.

FIGURE 2: Repository life phases and decision points

Repository life phases and examples of major decision points:
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3.2.1 Pre-gperational Phase

During the preoperationaphase, the site is selected and characterized, the repository is designed; the man
made materials are tested and the engineering demonstrated, the support facilities are built, the licenses for
building and operation are applied for and receiadl consuction beginsA baseline of environmental
conditions is also obtained.

The majority of preoperational activities do not involve significant irreversible actions. Decisions taken
during the preoperational phase may cost both time and money, but testewould usually be relatively

minor compared with the costs of reversal or retrieval during later phases. The most important decisions
related to reversibility and retrievability during this phase would be decisions on whether or not to
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incorporate reersibility and/or retrievability provisions in the design in order to facilitate their
implementation during the remaining stages of repository development.

Reveral of decisions during subsequent phases carabiéitated by adoptingduring this phasea
stepwise approach to decisioraking.

3.2.2 Qperational Phase

The operational phase consiststbfee mainstages:(i) the emplacement cell construction amdste
emplacement stagand (ii) the observation stage; (iii) closure of the facility. Irggngly, different parts

of a repository may be in different stages at the same time, e.g. construction of new disposal areas may
proceed in parallel with emplacement or pastplacement surveillan@nd monitoringactivities in other

areas.

In the wasteemplacement stage¢he waste packages are emplaced within their immediate engineered
barriers. Depending on the waste and host rock characteristics, there are different options for the time at
which the various barriers may be put in plaRequirements fowaste retrieability, if any, may also

affect the options selected. During the waste emplacement stage, the repository is monitored for
operational safetyWhere anobservation stageccurs afterwaste package emplacement has been
completedthe repositoy would bemonitored The monitoring results would ®mpared to the baseline

data toconfirm that emplacement has been carried out in conformity with requirements and, to the extent
possible, taeensurethatthe repository is performing as designed. Reste and development contirgijand

the regulator performs regular reviews of the kergn safety case.

Before closure, retrievability may be considered to be an operational issue or feature, and may be required
as part of the performance confirmatiorogess. The ability to retrieve deficient or damaged or non
guality-assured waste packages during the emplacement phase of repository operation may be considered
to be one of the features contributing both to operational safety and to assurance@hhmajety, in the

latter case by providing the ability to ensure that the assumptions underlying therlorepfety case have

been validated and confirmeBuring the emplacement phase, retrievals are likely to be rare events and
would likely only be cargd out for a small number of containers (if any) and only for operational reasons.

During the early stages of waste emplacement, retrieigtht be one of the means by which a decision
could be reversed. At later operational stages, when a number ofjpadia/e been emplacéadit before
backfilling and sealing of thdisposal cellsretrievalmight still be relatively easy, aneiightinvolve little

more than the reversal of the emplacement process. However, during later parts of the operational period
retrieval would become successively more difficult and costly. This is not only because of the need to
reverse more and more actions (e.g. the removal of backfilling material), but also l#dheseffects of
equipment aging and possibiyonfavourable evolution, i.e.,creep of the surrounding geological
materials.

Depending onthe design of a repository retrievability requirements could result in the repository
remainng open for a period of time that could be longer thamuld benecessaryvithout retrievability.

This postponed closure strategyight be considered necessafgr a variety of reasons among them
regulatory compliance, thermal management of the waste cutpatenable gerformance confirmation
programme (amonitoring pogramme to aafirm that waste has been emplaced in compliance with design
requirementsjo be completedas well agproviding an opportunity to builéddditional societatonfidence

in theimplementedlisposal method.
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In the closure period, all access ways including shafts will be backfiled and sealed to isolate the
repository. The decision to close the repository will depend on a number of factors including technical
considerations, societal choices and the implioation safetyand safeguardef keeping the repository
open.

It is worth noting that postponing closufer example by postponing final backfilling of access shatfts,
may ultimately delaythe achievement od favourable situation in which the repositosypassively safe
andthiswould be an aspetb be taken into consideratioespecially by the regulator(3)he period during
which it would bepracticable to postpone repository closure without compromisingterngperformance
may vary for different hst rocksand for different repository construction techniques

It has also been pointed out (e.g. [RE) that the use of certain construction techniques during operation,
such as the use of tundsbring machines for excavation, may facilitate puesure retrievability. When
performing cosbenefit analyses for such techniques, their impact on future retrievability and on such
issues as future safeguards concerns should also be taken into account.

3.2.3 Post-operational phase

Following repositoryclosure, waste retrievakr recoverywould become significantly more difficult. Some
form of mining operation would be required to retrieve waste contaomersrecover wastes in the event
containers have lost their mechanical integrity

The postopemational period may begin with a period dbrmal institutional oversight It is reasonable to
expect thamonitoring and surveillanc&ould be maintained for as long as society considers it beneficial,
eventhough it is acharacteristioof geological dispsal and part of the basis for the closure license
granted by the regulatatthat safety does natepend orpostclosure monitoringOn the other hand, the
fact that all concerned stakeholders have agreed to move tclpsste (in some countries a pess
formalized by a parliamentary decision) should also mean that no furthidu ithata is requirefbr safety
Otherwise, it could be argued that it was premature to move tecjpsstre. In some programmes, partial
closure of parts of a repository maffer an opportunity to monitor conditions in the early pdesure
period prior to formal closure of the entire repository.

It should also be noted that any pokisure monitoring decided by future generations should be designed
in such way that nsignificant negative impacts on the performance of the containment barriers and
therefore on the long term safety of the repository would o@ue.consideration must therefore be given

to reach a balance between what is expected of monitoring and whalrisltgically feasible. ltnay
possible to obtain ksitu data even after closure. However, such monitoring ambitions will be constrained
by limits on the amount and duration of data collectfBurfacebased techniques providing data on the
macroscopic eMution of the closed repository and ongeimgnitoring in deep boreholes can be carried
on, however as these activities are not technically influenced by the process of closure.

Safeguards controlsay continue to apply. Societal memomnyay continue, ad archives and landmarks
may record details of the repository or remind futygaerations of its existence. In the longer teass lof
control and memorynight eventuallytake placefor exampleghrough situations of war or anarchor as a
result of natiral events including major climate changes (e.g. glaciations).

After closure of the repository, and even after the end opanpdwhereretrievability might be required
postclosure retrieval of complete containemsight still be possible, particularly if the containaverestill

22



NEA/RWM(2010)10

intact. As long as societal institutions similar to those in place today cottimesist, retrieval, if decided

upon, would be a nuclear activity, which would require a permit from the musddety authoritiesas

would thetreatmentand storage facilities that would be required to receive any wastes that were retrieved
It might also require research and development and demonstration of feasibility before being approved,
particularly if it required new techniques rather than simple reversal of the emplacement techniques. The
potential for retrieval (retrievability) woulbe facilitatedif a continuous link with the pastxistedand
informationwas preservedbout how the repository was desigl and implemented.

Once the integrity of containers can no longer be relied upmoveryof the materials by techniques
similar to those used in miningould likely still be possible. Maintaining institutional memory of the
original desigrcould beone means by which this could be facilitated.

:KHQ WRGD\TV VRFLHWDO LQVWLWXWLRQV d Deco@eR, &sRvellds theF R Q W L
management and storage of the recovered wasbeld continue to be a major but still possible
engineerig endeavourTheywould be more difficult than during of the period of societal continuity (prior

to loss of institutional memory)They would require resolve, resources, and technology, and would
probably be a major engineering undertaking. Similar chgélehave beerfaced when deciding and

planning to save ancient monuments, such as the Abu Simbel temples dating from the times of the
pharaohsAn additional challenge in the case of recovery of radioactive or otherwise hazardous materials
from a repositoy would be the need to construct and operate facilities to manage the recovered materials
safely.

3.3 Technical factors and challenges

3.3.1 Factors in Planning for retrievability

The ease of facilitating waste retrieyviflpursued, wouldlepend or{i) the repository concepbarriers and
location, (ii)the timescales during whigktrievability requirements, if any, might be imposaxi(iii) the

stage of repository evolution wheime waste retrievaimight take placeThe practicability of such aons

would have totake into account the associated worker safety, mining expenses and other technical
requirementsin principle, whether or not the repository has special provisions for waste retrigualdt
bepossible to recover waste from closemlpgical repositories by applying specific mining technigues.

Retrievaland recovernstrategies with varying degrees of retrievabilitg possible. Some considerations
that should be taken into account in developing such a strategy are described below:

Repository Retrieval Strategies Factorsto consider

Life-phase

Pre Develop a retrieval plan Important factors to b

Operational = A well devised retrieval plan is useful | considered in a teeval plan
formulating a successful retrieval projethe | include cost, tirescales, risk
plan must consider all important factors t| reduction, hazar

could influence the radiological arn identification and mitigation
environmental safety as well as the feasibil the complexity of the age
.of retrieval.In developing the retrieval plaf waste and waste package,
changes may occur because of policy sh| extent of inventory
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emerging situations, chang#d process datg
etc. There may also be hold points wh
implementation cannot proceed until t
results of previous steps are known. In th
cases, a flexible retrieval plan which allo
new decisions / circumstances to

incorporated would increase ethsuccessfu
chance of the retrieval operation. Perio
review of the retrieval strategies based
ongoing or phased development work wo
also increase confidence in the operation

knowledge, the scale of th
task (volume to retrieve), ar
the required downstrea
processes (repackagin
conditionng, treatment, fing
waste disposition)ractorsof
particular interest for th
developnent of retrieval
strategies in the pre
operational  phase may
include the properties of th
host rockandspecific aspect
of repository design such i
the degree of b&élling and
sealing of repository
openings and connection

the repositoryto the surface
In addition, the tirmg of
retrieval, the delay betwee
waste emplacement and

retrieval may also affect th
feasibility and practicability
of retrieval.

Operdional

Postpone repository closure or partial backfill a

waste placement

In such a delayed closure strategy, reposi
backfill is not emplaced immediately, so th
the waste packages remain readily retrievd
until the decision is taken to close et
repository.

A slight deviation of such strategy envisag
partially backfilling the repository after was
emplacement has been completed. 1
method involves emplacing some enginee
barriers, typically the type of engineer
barrier that can be remed without major
difficulties such as backfilling a filleg
emplacement cell / roonmn such cases, th
demonstration of the ability to return to t
waste may be required at the date the pa
backfilling is decided on.

While this strategy could havedtadvantage
of promoting local employment near t
repository site for the prolonged prsure
period, allowing more time for research &
development to be carried out, and also ha
a higher degree of control over the empla
waste, the negative pacts of its needs fq
additional monitoring, safeguards requireme
and institutional controls throughout the tir

before repository closure cannot be ignored

The safety implications @
such a prolonged pr@osure
tactic would have to b
evaluated cafully. It could
be argued that the impacts
the public and the
environment may be lows
than would be the case if tl
facility were closed mors
rapidly since the facility will
remain under active contr
when the radioactivity of th
wastes is highestOn the
other handwith only partial
or no engineered barrie
emplaced, radiologicg
impacts on human an
organisms (flora and faun
may be higher than the
would be from a close
repository.

Conventional safety g
workers (i.e. likelihood o
accidents onderground)
potential release of toxi
materials to the environmer
and land requirements (i.
area that cannot be used
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other purposes due to ti
presence of the repositor
are also important factors
assessing this strategy.

Post Apply feasible mining technigues depending on | Consider specific sit
operational | geology geological characteristig

= Many national programs have demonstrg which may limit the
that retrieval or recovery during and followif applications  of  variou
repository closure should be possible, altho| mining techniques.
the process may be significantly more diffic
than in the earlier phases. Some form
mining operations would be required
retrieve waste packages or to recover wal
following closure. Retrieval in the peslosure
phase would bring further challenges
significant evolution and deterioration woy
have ocarred which may introduce othg
uncertain situations to arise during {
operation. Nevertheless, it is likely that mini
techniques involving some form of co
drilling and oveftunnelling could be applie
should retrieval or recovery be require
Retrieval and recovery methods for this peri
would mostly depend on site geologid
characteristics and also on the provisions
management of recovered wastes.

3.3.2 Technical Challenges in Implementing Retrievability

Provisions favouring the ability to retrieve whole waste packagestrievability) may bringwith them

some unavoidable technical challenges in terms of the design of the repository and its associated
infrastructures.These implications vary somewhat depending on the repositorgepts and locations.

Some common technical challenges are discussed below:

Repository Technical Challenges

Life-phase
Pre = Depending on the repository concept, site specific environment, and subs
Operational degradation processes, the waste container may be subject to particular

requirements such as extra long desif§) more robust container design to ens
safe retrieval, and/or the provision of lifting/handling features on the contain
this regard, materials selected must resist corrosion over a long period of tim
adequate corrosion allowance, theusiness of the container will need to eng
continued integrity during any preparation processes for retrieval (i.e. ¢
removal of buffer, cleaning or other preparation processes of the emplacemel
and any handling features provided must s@he retrievability period.

Operational =  Waste retrieval during the phase where the emplacement cells are not sealed
containers are accessible is straightforward. Most technical challenges thhe
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encounteedcan be resolved by good enginegrpianning and desigas equipmen
and machinery used for waste package emplacement can be used for waste
retrieval by reversing the emplacement steps. Successful waste retrieval
therefore depend on the design measures to ensure safeomypopieration. In
addressing operational safety in a repository, one must realize that retriev
waste package entails an additional package handling operation, which may K
or less hazardous than the original emplacement operation. Apprortdtion
shielding in the retrieval operation is considemggortant Also, in any period o
operation, there are risks associated with fault situations (e.g. loss of elg
power, flooding, rock falls) which may be accompanied by further conventoik
radiological hazards. In any case, measures which will reduce the need of

operating may be advantageous. Measures such as utilization of robust equip
handle multiple packages so as to reduce worker exposure time, the use of
handling equipment or the use of sensors to monitor the working environmen
help support operational safety within a repository during the retrieval process

Post = If it were decided to retrieve or recover wastes frorolased repository, new

operational eaquipment and retrieval methods could become necessary to restore acces
waste packages. The type of equipment required would depend on the conc
materials selected for the repository. To retrieve waste after repository cl
invasive miningapproaches would likely be required, and the hazards asso
with conventional mining activities would need to be addressed. Particulal
cases where a long period of time had elapsed between emplacement and ret
recovery, significant contaém or emplacement cell degradation might have tz
place, new equipment might be required for retrieval (i.e. different equipment 1
used for emplacement), and the associated risk for retrieval operations and th
of equipment operators woulceed to be evaluated prior to retrieval or recov
Qualified personnel with the necessary skills and expertise would be neeg
carrying out the retrieval operation or operating the retrieval equipment. Unde
circumstances, the option of openingwnaccess routes by-ngining might be
worth considering. In addition to maintaining the required expertise in f
generations, it would also be important to ensure that the relevant informatig
retained in a format that future generations can HEsesuring that the require
expertise is maintained so as to support potential legitimate waste retrig
recovery without facilitating undesired human intrusion may pose challenges.

=  Other more specific technical challenges for recovery after a longdpef time
may include the unknown physical conditions of the geosphere containir
deteriorated waste packages. The conditions ofbibsphere and neaurface
geosphere may have undergone significant evolution caused by continuous (
changesJust as for retrieval or recovery at earlier stages, the risk for public
must be evaluated and regulatory and safety requirements must be met
determining whether waste recovery would be carried out.

3.3.3 R& D challenges

To support the development and implementation of a geological disposal facility for nuclear waste,
research and development work are crucial in acquiring new knowledge as well as to apply learned
knowledge to improve the design and development of the iteposystem and its components. As
implementing geological disposal is a letegm project with a number of key phases, varikingls of
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R&D activities will be required through the different phases of implementation. Also worth noting in
setting out R&D gategyare theR&D activities need to respond to the changing needs of the geological
disposal project as it proceettgoughdifferent phases of implementatioR&D activities are primarily
focused on demonstrating the letegm safety of the repositoryf. retrievability is one of the possible
features of the repository, part of the R&D efforts may apply to retrievability,and R&D activities are
suggested in the tablelow.

Similar to the technical R&D needs, social science research is alsdamiptor support effective, sustained
engagement with stakeholdemsg¢luding society at large as well dscal communities during the siting
process. Social science reseanady help planning and implementing effective strategies to engage with
the public,which would help building confidencamong all parties concernéu delivering a safe long
term solution to nuclear waste management.

Repository R&D Activities vis-"-vis Retrievability Relevant Challenges
Life-phase
Pre = During the initial period of the prg = In conducting preliminary
Operational operational phase when the site is sele R&D work in the initial
and characterized, the research phase without dailed
development work required to support the sitespecific  geological
preparatory and investigation phase wo information, a key

focus on providing the necessary suppori
data ad understanding of processes for ensure thathe R&D work
development of conceptual designs 4 program is designed tg
associated safety assessment for a rang take account of th
potentially suitable geological settings. potential physical and
= With respect to retrieval of waste, preparat chemical characteristics
R&D  activities could include  thg the host rockas well as
development D tools and techniques fq possible mechanisms f
demonstrating feasible waste retriey deterioration of  the
Specific design provisions (e.g. depositi barriers.
machines with retrievability design functiorl = As the timescale fo
placement room layout facilitating ea practicability of retrieva
retrieval and/or removable barriers to all (on technical groundsg
access) may é evaluated in the prelimina may be as long a

challenge would be to

R&D program. R&D activities would focu
on the methods / processes that will all
retrieval of the emplaced waste at various
phases, while demonstrating that the prese
of such specific retrievability provisions w
not detract from the performance of t
repository may also require R&D.

The objective of the R&D work in this initig
period would be to support the safé
assessment of the repository as well ag
enhance public confidence in disposal.
Any preparatory R&D required for sitg
investigations, including the development
tools and techniques for assessing -9
specific informationwould be undertaken i
this phase. In conducting sigpecific

investigations to evaluate candidate sif

hundreds of years, takir
into account advances

technology that may affe
the actual retrieva
operation would pos

another  challenge i
planning for R&D work
activities. R&D on

information storage an
retrieval on these tim
scales may also K
necessary.
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R&D activities wouldfocus on the processs
that will determine the performance
engineered barriers or control the movem
of fluids and radionuclides. The objective
the R&D work in this initial periodvould be
to support the development of engineer
designs and safget assessment that ta
account of the physical and chemi
characteristics of the host rock a
groundwater system present at the site.
As the project progresses to the construc
phase, underground investigations in
selected host rock geology wdyprovide the|
site-specific geological information requirg
for the construction of the facility. R&D i
this phase is also expected to support
development of designs for backfilling a
sealing systems that will be required
closing the facility sadty at a later stage
More detailed assessments of the spe
retrievability provisions and the provide
engineered barriers (e.g. removable back
would be further studied and tested.

Operational

Once the repository has started operating
research and development activity

expected to focus on monitoring t
behaviour of the engineered and naty
barriers in the repository system f
comparison with the results of predicti
modelling. Extersive R&D on wastg
retrieval is not anticipated in this phase

potential improvements that may enhance
retrieval operations may be evaluated ({
the timescale of backfilling and sealing t
emplacement rooms / access shafts). |
technologies wouldontinue to be evaluate
to ensure waste retrieval, if required, wo
be carried out in the most effective manne
Public views on nuclear waste managen
and also waste retrieval may change fr
one generation to another. Aside fr(
technical resear¢hR&D on social science |
also important to verify the tru
understanding of how the public perce
nuclear activities or future utilization of th
emplaced waste. Both technical and so
R&D in this phase would support decisig
making on the timescal®f sealing ang
closing parts of or the entire facilith key
objective in this phaswould be to identify

and implement any improvements that (

While some R&D
activites  would  be
intended to respond
social drivers and publi
concerns, new knowledg
acquired from socia
research may comphte
the retrievability optiong
already studied. On
potential downside of thi
is that the more work tha
is done on enhancin
retrievability, the greate
is the danger 0O
reinforcing the perceptio
that retrieval will be
necessary.
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be required in various aspects of {
repository design or operation. R&D in th
phase will also support disionmaking on
the timescale of backfilling and sealing
parts of, and eventually the entire, facility.

Post
Operational

When the repository has reached the clos
stage, it is now at the time at which {
facility is in a passively safe mod
Supporting  development  work would
continue during this period with an importg
focus on supporting monitorin
arrangemerst to meet the requiremen
identified by the regulators and the h
community. The main goal of R&ould
be to provide confidence that the repositq
will perform as designed and lotgym
safety will be achieved. Technical R&D
needs on waste retrievalrthg this phase ar
likely to be minimal as viable retrieval wo
plans would already have been devig
However, as new technologies continue
evolve, the R&D focus in this stage may
on applying the latest technologies
enhancing retrieval safetye.§. devices o
technology to locate shifted or deteriora
containers).

Depending on the prevailing sogolitical
environment, certain social research w
may heed to be maintained in order
sustain stakeholder support.

Research may also continuen aspects
related to memory preservation, such
knowledge transfer, durability of archive

passive markers, etc.

As above, conducting
balanced and effectivel
designed social resear
program is likely to be
challenging.

ldentifying, Scheduling and Prioritizing R& D

Research and development is part of a process to fill information-gdyesgap between our current

knowledge and that which we need to acquiresupport the development of the reposit@@pnsistent

with the above suggested R&D Rdties, the overall goal of carrying out R&D work is to improve our
knowledge in the decisiemaking process so as to gain confidence in the design and safe operation of the

geological repository. Note that the study of an R&D topic may often affect thareone repository

components / systems. For instance, the mechanical and chemical properties of the sealing system may not
only directly impact the safe isolation of the container; it may also affect the survival growth rate of the
surrounding microbesnd therefore subsequently may affect the retrievability of the emplaced container.

In planning an R&D task, one should take account of the overall impact of the R&D topic and the
timeframe at which the R&D task may affect the overall outcome. Factoriegctimsiderations into the
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R&D planning process is particularly important in lelegm demonstration experiments as they may run

for timescales of decadds. prioritizing R&D tasks, it is important to evaluate the significance or potential
impact of the iformation gap particularly othe design outcomes ams@dfe operation of the repository.

Issues that have a significant potential impact on delivery of a safe geological disposal facility should have
the highest priority, particularly where there is a laimgfermation gap in our existing knowledge and
understanding.For R&D areas that require significant resources and/or established technologies,
collaborating with other national nuclear waste management institutes may allow efficient use of the best
available technologies and resources. Such knowledge sharing not only encourages independent
verification of the study result; it may also create the necessary synergies needed for the identifying further
research priorities and strategic directionise lowesfriority R&D needs are typically the ones associated

with issues that do not have a significant impact on delivery, and in addition, where there is a relatively
small information gap. As new technologies continue to emerge, a periodic review of the Rf&npto

ensure that the existing knowledge remains up to date and no new uncertainties are identified would allow
effective use of available resources and budget.

An important question to be resolved in each programme relates to the level of resobecalidoated to
R&D on reversibility and retrievability at various stages of development. Programmes in which
retrievability is a requirement will have different needs from programmes in which it is optional.

The motivation for research programnmmasstalso be taken into accounts the research carried out to
improve acceptability, to support repository operation, or to allow for flexibility®® desirablethat
research should always support safety, and not be done purely in order to improve stakebejdance.

On the other handesearch and development that is triggered by stakeholder requests should be integrated
LQWR WKH GHYHORSHUYV RY Hrid DrdeédtalscdRsimplp M REOD QG QRW VHHQ

It must also be recognizélat retrievability is only one small part of the overall design and development
process. A strategic decision is needed during the repository development process as to whether efforts
should be focused on retrieval methodologies from an unmodified regyodéesign, or on modifications to

the design in order to facilitate later retrieva

Decisions on the type and extent of research may also correlate with a stepwise -dea@ignprocess.
Depending on the stage currently under consideration, theckswal development needs will differ.

3.4 Other factors and challenges

3.4.1 Safeguards +Physical protection

The Treaty on the NeRroliferation of Nuclear Weapons requires safegsiandasuredor spent fuel
and/or other nuclear materialisposed ofin a repository until the nuclear material is practicably
irretrievable Ref.41].

Prior to closure, and even in the absence of any retrievalBlifyirementsactive safeguards measures
equivalentto those in place at other nuclear facilifiesluding a relevant physical protection systeand
nuclear material accountabiljtyill be required. The requirements for material and design accounting to
support safeguards may alswlp to support retrievability, and in this sense thecordkeeping
requirements foretrievability and safeguards might be considered to be complementary. Even after
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backfilling and closure, the continued requirement on nations to be able to assym®liferation may

result in the need for monitoring for institutionantrol and possible retrieval of the waskbeserecord

keeping requirementsiay be complementary tihe monitoring and institutional control measures that
would support continued retrievability pedosure, even if retrieval is not intended. Nevertreldse
ultimate goal of safeguards after closure is, like the ultimate goal of disposal, not to retrieve the materials,
but rather to continue to isolate them from access and contact with persons and the envyivaniotei,

of course, in opposition thié concept of retrievability

Providing a retrievability period after emplacement operations will require that safeguards measures be
maintained continuously for the surface and the underground facilities during that period. Typically, the
required safegards provisions will depend on the ease of access to the nuclear material and the ease of
retrieval, while the level ophysical protectiomequired will likely be comparable tihe level required at

an interim storage facility aut a near surfacéacility. To design for waste retrieval, the following aspects
need tdoe considered:

(0. A repository that stays open to facilitate retrieval will prol@engeed of the facility and nuclear
material physical protection arkle safeguards inspection period. The amai effort required to
maintain an underground inspection regime, safeguards inspection program as well as underground
monitoring systems may be significant. A prolonged period of repository inspection also leads to
longer underground occupancy times fafeguards inspectors which in turn may result in
additional radiation exposure for both the inspectors and repository operators.

(i).  As long as the repository remains open, there may be greater potential for diversion of nuclear
material if physical protectin andinstitutional controls are not maintained. Hence, from the
safeguards point of view, the extended time for retrieval may be less effective than if closure
occurs immediately after completion of the waste emplacement;

(iii). Safeguards measures must beiiExenough to respond to changing technological developments
DQG WR FKDQJLQJ QHHGV RI WRGD\TV DQG IXWXUH JHQHUDW
shall assure continuiyf-knowledge that the nuclear material in the repository will not be teider
for an unknown purpose.

Although it is not possible to predict whether a future generation will decide upon retrieval, it may still be
possible to take actions during design and implementation of a repository that would facilitate future
retrieval, orat least avoid unnecessarily increasing its difficulty. Typically these may include a shorter or
longer preclosure observation phase, monitoring and surveillance and #eeepihg after closure, or

longer container lifetimes once the waste is empla¢bgse can be seen as means by which present
generations respect the ethical responsibility to provide freedom of choice of future generations to make
decisions different from our own. This responsibility, however, must not be met at the expense of meeting
the ethical responsibility to protect the health and safety of both present and future generations. Resolution

of the tension between these tgaiding SULQFLSOHYV GHSHQGV XSRQ PDQ\ IDFWRU\
way. Clarity on the relative prioritseof these two responsibilities is important

34.2 Cost

The costs associated with allowing waste retrieval from a repository may be categorized as follows:
(). Costs for upgraded repository components as may be required to facilitate waste retrieval. E.qg.

enhanced containers, emplacement room / cell / vault designs, reinforcement of the underground
facilities for long term stability during the retrievable period.
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(i).  Costs for monitoring and maintenance during the extended operational period to ensurg.gafety.
maintenance and repairs of equipment / vehicles, groundwater management, provisions for
abnormal situations including emergency preparedness, staffing required to maintain safe
conditions, security of the repository; and safeguards provision (asskstin Section 4.4).

(iii). Costs for waste retrieval when it is to occur. E.g. retrieval machinery and operator costs, additional
costs for radiation and contamination controls during the retrieval operation and costs for operating
interim storage and possilgheocessing areas for the retrieved waste. Also, depending on the stage
at which waste retrieval is to occur, additional cost for dewatering the repository and for the
management of secondary wastes may incur (note: secondary wastes may include satlingted se
materials or groundwater containing radionuclides).

(iv). Costs for managing secondary wastes, residual contamination and remedial actions. E.g Storage
and processing space may be required to manage secondary, washeas overlying materials
excavatedduring the retrieval process. Remediatiafi environmental impactsnay also be
required.

The costs associated thvi retrieval operations shld also include those related to secondary waste
management and additional processing and storage facilitigould be QRWHG WKDW HEXQGOLC
associated with both development of a repository and ensuring retrievability could make it difficult to
identify separately the costs of a requirement for retrievability. There are many factors influencing the cost

of retrievability, including repository design, the volume of waste, and the timescale during which
retrievability is required. lts seen as important to recognise not just costs of retrieval of waste but also
those of new nuclear installations to procestsieved waste and its packaging, and those of alternative
repositories for the wastd@he costsof retrieval are likely to be comparable in magnitude with those of
repository construction and operation.

The question of responsibility for cosssalso inportant There is a neetb distinguish between costs that

are the responsibility of the original owner, and those that are the responsibility of the eventual retriever of
the wastes. Generally speaking, those costs that support the safety casmsideed to bethe
responsibility of the original owner, but costs for provisions that do not support safdgte only there

to support retrievability, are more contentious. It is difficult to determine where to draw the line between
good engineering praceé that would have been followed even without retrievability, vs. costs that are
incurred solely to support possible retrieval.

When considering whether retrievability paetdsure should be a requirement, it is important to be aware

of the costs, not onlof retrieval, but also of establishing and operating new facilities to deal with the
recovered material, possibly including-disposal. It must be remembered that retrieval is not the end
point. It should also be kept in mind that retrieval is likely}cost just as much as, if not more than, the
original disposal, and that regardless of which organizations are directly responsible for costs, in the end it
is the public, whether as consumers of nuclear energy or as taxpayers, that will ultimatelgdseandts.

The cost of implementing a retrievability option will depend on the repository design, the amount of waste
to be disposed (and potentially retrieved) and the timescales over which the ability to retrieve waste is
required. In particular, the iplementation of a retrievability option could substantially increase the
repository life cycle costs if an extended period of repository operations is required beyond the timescales
needed for waste emplacemeRinally, it is likely that retrievability pwvisions will be more costly if
implemented lateon in the design, rather than from the start.
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3.4.3 Institutional Oversight and Monitoring

One component of demands for retrievability pdssure is a desire for continuing institutional oversight
beyord the period during which the is access to thepositoryor to parts of the repositofihis may be

based partly on a perceived need for further confirmation that the repository is operating as planned, and
partly on a concept of safety which includesimight as an essential component. In this view, the
assurance of safety depends not only on predictive demonstrations, but also on continued oversight and
monitoring. According to this approach, while pokisure safety assessments are required to dératmns

safety even in the absence of oversight and monitoring, the overall safety provisions would nevertheless
include plans for continued institutional oversight, monitoring, and possibly retrievability for a period of
time following closure and sealing the repository.

Institutional control consists of those actions, mechanisms and/or arrangements implemented in order to
maintain control or knowledge of a waste management site after project closure and to inform current and
future generations of haziwr and risksAny discussion of retrieval or recovery of wastes following closure
would likely involve consideration of institutional controls already in place prior to the decision to retrieve
or recoverTypically, controls may be classifies follows

().  Structural controls which include features constructed to control access (e.g. fences; gates;
engineered covers) and physical devices (e.g. signs and monuments to warn of dangers or
restrictions).

(ii). Non-Structuralcontrols which include mechanisms that relylegal and administrative initiatives
(e.g., security, preventive maintenance, inspections, vegetative buffer zones, materials labelling,
materials handling improvements, hunting licenses or permits, training on radiation safety, and
best management mtices).

An alternative classification scheme relates to the activities involved rather than to the physical nature of
the controls:

(ii).  Active oversight measuresely on the significant presence of humans to fulfil safeguard and
maintenance responsibilitigg.g., security guards to monitor and control site access; airspace
restrictions, environmental sampling to monitor contaminant migration; site inspection
maintenance).

(iv).  Passivecontrols are designed to warn and inform future generations about the nature and location
of site hazards without significant human intervention (e.g. permanent markers and monuments;
barriers such as earthen bermasd oversight methods such as maintenariqriblic records and
archives andland or resource use restrictions).

Planning for the possibility of future retrieval or recovery will involve planning for institutional oversight
in support of future decisiemaking. When planning for institutionabversight the use of a graded
approach or tailoring controls will allow specific site factors (e.g. site history, local or regional cultural
characteristics, input from stakeholders, etc) to be considetech enables the implemented controls to
be flexble to address unique site features. To assure their effectiveness, instimversahtmeasures
should be designed to adapt to changes over smeas tcensure that the controls and their maintenance
can be sustained in the future.

Institutional ovesight measuresuch as knowledge management and memory keegi@gmportant

components of institutional control supporting also fissure retrievability It should be recognizetthat
the range of situations in which memory can be lost is quite biDaeke are recent examples of
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disruptions in institutional continuity that could lead to failure of institutional controls (e.g. the breakup of
the former Soviet Union).

Institutional controls are most often counted upon to reduce the likelihood of itead\vetrusion, as well

as in support of noproliferation safeguards. Because of the likelihood of eventual loss of memory,
inadvertent intrusion is one of the scenarios that arallysaddressed in safety cases. Retrievability
provisions are intended facilitate intentional intrusion in order to recover wastes, while not increasing
the likelihood of unintentional intrusion. Institutional controls may play a role in achieving this dual
mission.

While active memory keeping, relying on lanse recordsarchives and markers, may not depend on
monitoring, memory keeping may also be seen as requiring the availability of ongoing current information
about the repository. This leads to the difficult question of how to provide such information. There may be
a larger need to support continued development of remote monitoring techniques in those programmes that
incorporate postlosure retrievability.

Cost is an important factor in selecting institutional controls. Cost estimates for institutional controls will
vary from site to site and are affectby factors such as (i) type of institutional control used; (ii) site
characteristics; (iii) need for and frequency of inspections and maintenance; (iv) length of time institutional
controls needs to be effective; afw) level of cooperation with other government agencies (e.g. local law
enforcement)A balance needs to be struck, taking into account both the technical and societal values of
monitoring and oversight. Decisions need to be taken on what is to be mniitoveis the monitoring to

be conducted and for how long it will continue, and cost is clearly a significant factor.

The rigor of the institutional controls needs to be commensurate with the associated hazards. Institutional
controls are often prioritizkbased on their potential effectiveness and consequences of,failgusuch

that a primary group of controls serves the function of providing primary protection and a secondary group
is used to provide backup protection should the primary controlrasituations where the consequences

of loss of institutional controls are expected to be small, the need for redundant controls could be minimal.

Eventually, it may be necessary to replace, modify, or terminate the controls. Procedures should be
estabished for modifying or terminating institutional controls when warranted. The procedures should (i)
provide the basis for the decision that existing institutional controls need to be modified or enhanced, or
that the institutional controls are no longemqueed and can be terminated; and (ii) identify the
modifications or enhancements to be made and how these modifications will serve to protect human health
and the environment.

Monitoring

Monitoring isimportant not only before closure, in support @fpstise decisiomaking during repository
development, but also after closurghis topic is currently being further developed within the EC
VSRQVRUHG )3 SURMHFW 30R'H5Q° ORQLWRULQJ '"HYHORSPHQWYV
closure, www.modernfp7.ey, including both programmatic and sociological considerations of
expectations and potential added value as well as considerations of technical feasibility and limitations.
Before closure, monitoring is aormal and expected part of the engineered development process,
regardless of whether a programme incorporates revéysiand retrievability or not.In addition to
monitoring that would be expected in any project, monitoring is also performadfitoperformance
confirmation requirements for a repository. There may be substantial interest from sectors of the public in
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information that can be obtained from monitoring prior to closure. This may include information of direct
interest to performance confDWLRQ DQG LQIRUPDWLRQ RI SLQWXLWLYH” LQW
concentrations in the repository and in the surface environment), in addition to the general public interest

in obtaining transparent and traceable information basedsituisvidence.

Since postlosure safety cases must provide assurance of safety even in the absence of institutional
control, monitoring after closure is not part of polstsure safety assessments, but the provision of post
closure monitoring may still be an importawngponent of building confidence and trust. Public concerns
about monitoringmay continue duringthe posiclosure stage. It is important to communicate the
distinction between the ability of the safety case to demonstrate safety in the absence of mamitbring
institutional control vs. the intention whether to terminate monitoring and institutoveaisightor to
continue them after closure, either for a specified period or indefinitely.

There is a significant variety of data that can be made availabiegdpreclosure monitoring, and
technical work on monitoring techniques continues. Research and development into monitoring techniques
can improve the robustness and lifetime of instruments and improve the capability to measure important
parameters. Suclwork can be expected to take place in all programmes, independently of whether
reversibility is required or not.

If retrievability after closure is considered a requirement, there are significant questions that must be
answered about the ability of monityg to supply the information that would be required to support
decisions on whether or not to retrieve. While environmental monitoring will likely be required for
acceptance and confidence in safety, it is unlikely that remote environmental monitdfiqgowide

useful information about the evolution of a deep geological repository during the timeframes envisaged for
monitoring.

Post closure monitoring and institutional oversight are also linked to responsibility for the waste and for
safety. Inths HVSHFW LW VKRXOG EH QRWHG WKDW QRUPDOO\ WKH Ul
end of licensing, which is often coincident with closure. In some countries responsibilities after the
repository closure are formally or legally defined (e.g. rai8, the responsibility of the repository once

closed falls on the government, by law), but in others this issue remains open.

Monitoring and institutional oversight are subjects that are expected to undergo continued development.
There is a significargocietal dimension to these topics.

3.5 Technical Factorsthat may either Promote or Challenge Retrievability and Reversibility

Geological disposal aims to provide a permaremnt safelong term management solution fadioactive

waste. It isuniverslly accepted that repositories should be designed scélficiy does not depend on

retieval FDSDELOLWLHYV RI WKH IXWXUH JHQHUDWLRQV DQG WKDW R(
should be disposed of.

This section summarizes some of theeptil benefits and shortcomings of retrievability in the context of

the deep geological disposal of radioactive waste. These identified benefits and shortcomings of
retrievability may not be comprehensive and the applicability of each advantage or miagevaay vary
between repository concepts. Their economic, technical, ethical or-muiioal nature may also be
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different due to the specific issues of the waste management progr&mnefits or shortcomings must be
assessed prior to the adoptifretrievability provisiongluring the development of the disposal strategy.

Repository Benefits Potential Shortcomings
Life-phase

Pre = In some concepts for repositori Although retrievability can be 4
Operational with retrievability, it is envisage important factor in public and politic:

that the ability to retrieve wasteay
play a major role in gaining publi
acceptance. Retrievability of th
waste is thus being viewed as
positive aspect as it allows an acti
or a decision to be reconsidered 4
possibly reversed. Retrievability ma
be seen as a means of ensui
continued control, thus contributin
to the perception of safety and
acceptance of a proposed reposit
project.

acceptance for the siting of repositori
additional delays and castmay be
incurred as a result of provisions f
waste retrieval. Also, the issue
safeguards and environmental saf
considerations must be evaluated
balanced against the public acceptal
benefits, as enhancing the retrievabi
of nuclear waste Iould not
compromise long term environmen
safety of the repositories, nor undy
delay the assurance of lotgym safety
In some contexts, retrievability ma
also be viewed by some stakeholders
prejudicial to safety.

Operational .

During the operatioal phase, bein
able to retrieve waste enables
precautionary approach in wag
deposition. Retrievability of th
waste allows corrective actions to
taken in cases where there §
shortfalls in performance of th
repository system or if decisior
were considered erroneou
Moreover, provision for wast
retrieval also allows technologic
flexibility in a stepwise decision
making process, which is importa
when taking decisions fg
complicated actions. Retrievability
the waste overall is a positiaspect]
as it allows future generations t
possibility to take control of th
management of the  wast
Particularly among segments of t
public, many believe that scientif

developments may facilitate th generations. Unstable soeconomic
potential  future utilization o and political situations, which are ofts
perceived resoues such  as unpredictable, may lead to ti

plutonium and/or uranium in th
spent nuclear fuel.

On the other hand, in safegua
considerations as a result of t
existence of the plutonium in spe
fuel, retrievability of the waste is
negative aspect as it makes it easie
mine the epository for nucleal
weapons material. In situations wher
repository is extending its operatior
period to facilitate the potenti
retrieval of waste, uncertaintig
regarding the timing of closure mg
complicate the development of

acceptable safgt case. Longerm
safety may be affected if the enginee
barriers degrade. The associated c
and risks to workers for prolonge
operations will also increase. In ethic
considerations of the management
nuclear waste, the need for long te
surveilance may also  impos
additional burdens on futul

abandonment of a facility prior t
closure with negative implications
terms of longterm saéty.

Post =
Operational

Geological repositories could be

source of large quantities

Despite the potential uses of the
resources, the psent generation th
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plutonium and other

valuable elemenissuch as coppe
and iron,even when they have beg
sealed for a long time. Scientif
advances and changes in social ng
may provide incentives for recove
of spent fuel for energy generation
as sources of other minerals.

potentiall

produces waste must ensure S
management of nuclear waste, lir
burdens on future generations &
ensure no significant impact fro
radionuclides entering the environme
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4. DECISION-MAKING FOR RETRIEVABILITY AND REVERSIBILITY

4.1 Stepwise Decision-Making

In longterm radioactive waste management, consideration is increasingly being given to concepts such as
SVWHSZLVHPONEQVLM®M@G 3D G D SW bhYhe pubitiBtd bEidvolieq irZtkd rEview and

planning of developments. The key feature of these concepts is development by steps or stages that are
reversible, within the limits of practicability. This is designed to provide reassurance that demasidies

reversed if experience shows them to have adverse or unwanted efeeever, it is important not to use

a stepwise or adaptive process as an excuse for delaying decisions, particularly in cases where such delays
could have negative impacts onuig safety.

In a stepwise procedure, sustainability and efficiency often contradict when decisions are to be made about
the size and timing of step&ften the smaller the individual steps, the better the chances for social
acceptability. Since societg a complex system with many unknown relationships among its components,

it can be assumed that in the case of smaller steps, the number of affected components as well as the
magnitude of effects will be smaller, and thus the chance for unpredictabbeseswill be reduced. It is

also important that sufficient time be allowed after each step so that the system can respond to the
intervention and its consequences can be identified. However, an increase in the number of steps and the
intervals between time will also increase the duration and costs of the decisiaking processand in

some cases may result in additional risks being imposed between ®tagsoffs between social
sustainability of the process and efficiency must be carefully evaluatedignihg a stepwise process.

Repository development requires a sustainable relationship between a repository programme and its host
communities because of the long time scale for development. There are many decision points along the
path of programme del@mment. In a stepwise process, one of the features of deaisikimg at each

stage is a reconsideration of whether to confirm the previous small step and proceed with the next one.
Taking these decisions in concert with appropriate stakeholders at tepchedps to build a durable
UHODWLRQVKLS EHWZHHQ WKH SURJUDPPH DQG FRPPXQLWLHV %'
through repeated reconsideration and reaffirmation, the process of making the next decision at each step is
made less overwheing [Ref 21].

It was noted in the analysis by the working group of questionnaire responses that many programmes do not
yet have processes for stepwise decisi@king worked out in detail, nor an outlined methodology and
principles for stepwise decisianaking and related public consultation, even in cases where a stepwise
approach is national policy. It was felt that this is not necessarily a negative observ@isigning a

detailed process too far in advance of when it will be used is probably paoipapte. The general
principles should, however, be clear from the beginning.

7KH UHODWLRQVKLSV EHWZHHQ@aking regelStayHdeEispimaking avid GddietalV L R Q
decisionmaking are of interest. The basis for the regulatory procesd isesessarily the same as for a
flexible stepwise decisiomaking process. The steps in typical licensing processes are very broad, and
may limit the steps that are possible durimgplementation For example, a proposal to dispose of a small
fraction of he wastes and wait for several decades before proceeding with the rest of the wastes might not
fit within the normal series of licensing decisions. On the other hand, it must be recognized that there is
more to regulatory oversight than licensing, and thatdayto-day regulatory oversight process can be
compatible with a flexible process involving many small steps.
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The existenceof multiple regulators or decisiemaking bodies also complicates the decisimaking

process. It is important to keep dialegand negotiation open among all parties, and not to become too tied
down to a fixed framework for decisianaking. However, this must be done in a way that respects the
QHHG IRU LQGHSHQGHQFH RI WKH UHJXO D-WRKU @d\oWwDdune thaOtheR L P S F
overall goal of public safety is always kept in mind and that third party interests are accommodated in the
process.

4.2 Reversibility and Authorizations for Repository Development

At one time disposal was often treated as if itava relatively sho#ived activity to be completed in the
timespan of perhaps a single generatibthhe goal being to provide a facility that could safely contain
radioactive waste without any further action or intervention by future generations. inghgathe
implementation of a disposal project has come to be viewed as an incremental process, in a series of
successive steps, likely taking several decades to complete. Besides the concept of protection of future
generations, this changing vision inporates as well an assumption of the involvement of the succeeding
generations in the process and a need to preserve as much as practicable their ability to exercise choice. As
a result of this evolution, monitoring and surveillance are now activities wotsideration after closure

of the facility.

In its various forms (adaptive phased management, adaptive staged management, phased geological
GLVSRVDO UHYHUVLEOH GL VWsRNgDneotogical tispidSal teyreseBts] anLayhréach

to m&king a gradual transition over one or more generations, from active assurance of safety (interim
storage) to passive safety (final disposal with no requirement to retrieve the Wasp)t of a stepwise
decisionmaking processt may be considered thtte possibility should exist to revergerevise previous
individual decisions along the way, for example in the light of knowledge gained or of changing
capabilities. Thus, stepwise decisimraking may bring with it a need for some degree of reverdipili
including retrievability, at least up to the point of final closure if not beyond. Stepwise detigiong

forms an important part of the context for a study of reversibility and its expressions in retrievability and
recoverability provisions.

Reverhility refers to the possibility of reconsideration of one or a series of steps at various stages of a
program. This involves a review of earlier decisions with the appropriate stakeholdeesj@ines thathe
necessary means to reverse a $tepavaildle. Reversibility also denotes that, when practical, fallback
positions may be incorporated both in the kbagn waste management policy and in the actual technical
program.Not all steps or decisionboweverneed be or, indeed, can be fully reversiliertain decisions

can be used in the process as hold gdiot progranme review and confirmationReversibility may
therefore be considered to be a way to close down options in a considered rRafin2t][ while still
respecting the need to take démis in a timely fashionlf the need to reverser changecourse is
carefully evaluated with appropriate stakeholders at each successive stage of development of a facility; a
higher level of confidence may be achieved, by the tirfinah closure decision is to be taken, that there

are no technical or social reasdaagdelay the final decision, or to undertakaste retrievaht that time or
subsequentlyHowever, in order to embark successfuiya logic of reversibility in waste disposat is
important toensure that the decisionaking at each step is not used as an excuse for unnecessarily
delaying the process. It is also importanttarify ahead of time the principles or values that should be
followed in such decisiemaking stepsand their importanceelativeto one another.
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Regulatory Control (authorizations)

As described inan NEA study of regulaan of waste management [Ref2], in a broad sensehée
regulatory control proces®r radioactive waste managemdntludes not oly the process of formal

control by a nuclear safety and/or environmental safety regulator, but also the wider processes related to
political and societal decisiemaking regarding waste management strategies and projects. This process
often starts with th development of a policy. In nuclear waste managematigtion protection is usually

a major component dahe policy sinceits ultimate objective is to preserve the safety of the public and the
environment. Following the establishment of the policthéscreation of legislation. In the development of
legislation, standards and guidelines are sometimes published to provide legal details. As an example,
countries such as Germany, United States and Hungary, the nature of legislation is highly detailed and
addresses wider issues whereassome other countries, technical standards for radioactive waste
management are defined by the technical authorities responsible for implementing and enforcing the law
rather than in the legislation its¢Ref. 42].

With respect to the predosure activities related to repository development, just as with other activities
involving radioactive materialspasent to act within the bounds of legislation and regulation is generally

by way of some formal, legal instrumentcluas a licece, a permit, or authorization. These documents
typically contain detailed terms and conditions and are issued to the person or company that is recognized
legally as the operator of a process or activity subject to regulation. In some tiasaseamay cover all

aspects of regulation related to the regulated process, from initial planning and development, through
matters such as occupational health and safety of workers and accident prevention, to the final act of
disposal. In other cases thmay address aspects separately but having regard to the interactions between
them. Compliance with the terms and conditions of a éiees then checked by inspection and monitoring

RI WKH RSHUDWRU(V EBiipliavde\are bftén dedk Midyivay lofQdRi€gs or requirements
placed on the operator. If necessary,-nompliance is subject to some form of enforcement action. To
evaluate the overall success of the regulatory system in meeting the objectives of policy, reviews are often
arrange and if necessary, corrective action may be taken during the licensing stage, where terms and
conditions of the licete may be modified. In addition to such corrective action, most regulatory systems
have the capacity to follow up the granting of a lmeto ensure that safe performance is actually being
achieved, which includes taking remedial action if necessary.

Different countries have different arrangements for implementation and enforcement of the law. In some
countries such as Belgium and Finlamehe technical authority deals with the licensing, inspection and
enforcement of oisite occupational health and safety matters and of waste disposal, while other technical
authorities deal with siting and development of disposal facilities. In othetrsigauch as Germany and

the United States, the Federal States have responsibilities of theiemwa, State Licensing Authority

may issue a license but not ¢akny repository supervision role. Regardless of the variations, these
technical authoritiesften consult other parties with relevant interests or responsibilities before reaching a
decision. In regard to licensing, there is usually a mandatory requirement for consultation with, or
reference to, other bodies. In many cases there is a legahbligised system of public consultation during

the licensing process, and the observations collected from the public consultation are taken into account
when a decision is issued.

Overall, a policy of openness towards the general public is a basic featur@dsfrn regulatory
frameworks. Its implementation has become a more and more important task in recent years highlighting
changes in the perception and role of the regulator.

There are formal licensing actions at steps such as siting, construction, operation, and closure, but not
necessarily at various other points such as partial emplacements, backfillings, etc. Nevertheless, these
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actions might be considered to be key pointt tliould be submitted in any case to regulatory review,
HLWKHU WKURXJK WKH WHUPV DQG FRQGLWLRQV RI WKH DXWEk
PRGLILFDWLRQV™ UHTXLULQJ D OLFHQVLQJ GHFENkiRgQherdls ®V D FR
significant change, e.g. backfilling that makes retrieval more difficult, the regulator would need to be
involved, i.e. a staged process would also involve staged authorizations even if the licensing process was
not explicitly staged. For example, imetUS any condition that would substantially affect the retrievability

of waste prior to closure would require a licence amendment.

Prior to closurefor operational safety the regulator may demand that there always be a safe position to
return to in casef problems. For practical purposes, this would imply that retrievability of packages is an
operational requirement during the emplacement phase. On the other hand, the internationally accepted
safety principles require that a final repository must nquire societal control, including retrievability.
Therefore although it is expected that regulators could require retrievabilitfgstee, postlosure they

may not unless retrievability is a legal requirement. Even in programmes where retrievalibtyas
requirement, it need not necessarily be prevented. Although closure cannot be approved until the regulator
is certain that disposal is the right option and safety is assured, after closure, the logic of retrievability may
suggest that the design sit not make it unnecessarily difficult to retrieve. However, this is outside the
original regulatory remit.

One point of interest relates to delayed closure. If decisiaking and retrievability requirementsadieto a

delay in sealing or backfillingalleries, there might be an impact on safety. Therefore the regulator needs

to be involved in any such decisions, preferably from an early stage when such delays may be considered
RU SODQQHG DV SDUW Rl WKH GHYHOR SBMQWHS WRFBIVHG 15 URERBVY

At each step in the entire decisioraking process, a decision to proceed also implies a reaffirmation of
previous decisiondn a decisioamaking process which is reversible, this reaffirmation might be made
explicit to a greateor lesser exteniThat is, a decision to proceed in a reversible process also involves in
effect a decision not to reverse one or more previous steps. For example, a regulatory licensing decision
typically involves a review of compliance with the conditiaaf the previous licence, and only after it is
concluded that the previous conditions have been satisfied will a decision be taken on moving forward with
the next steps. It has also bgminted oufRef. 8; Ref. 25 that for the licensing decision at $tétage to be
meaningful, there must be at least a possibility that the decision will not be to go forward, but rather to step
back and correct shortcomings encountered during the previous phase. Thus a decision not to reverse,
whether taken implicitly oexplicitly, has the effect of reaffirming previous decisions, and the recording of
these decisions and reaffirmations at each step serves to legitimize and facilitate subsequent decisions,
including the final decision on closure if and when that decisiimt jis reached.

4.3 Decision-Making for Retrieval

Decision making onatrievalwould likely be a complex procestthese containers are already in sealed
vaults or galleriesThe example of the Asse site in Germany [R2]. shows that avariety of crieria

would need to be considered, relating to topics such as operational safety, environmental consequences,
long-term safety, feasibility, cost, time requirements, the requirement for new interim storage and
management facilities and possibly for a nespasitory for wastes generated during retrieval and
processing of recovered materials, and transportation of waste mat€nalslifficulty would increase

with the number of containers to be retrieved and if they were already in sealed vaults or gdllesies

likely that some form of weightingf criteriawould be needed, and this weighting is likely to depend upon
standards and attitudes to safety prevalent at the time of retrieval, which of course cannot be predicted at
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the time of emplacement of timeaterials. Experience also suggests that the costs of retrieval are likely to
be comparable to, or even to exceed, the costs of disposal.

After closure, it is generally agreed that retrieval would be a new nuclear operation requiring a new
licence. Oneguestion that may need to be resolved in some countries is ownership of the material after
closure. A related issue is the possible distinction between physical closure (sealing of the last access shaft)
and regulatory closure, which may be some time laterder to accommodate a pasbsure surveillance

period during which the operator may continue to be responsible. If the time period foreseen for such a
surveillance period is very long, it may be necessary to have some method to transfer respomshalit

state, since the organization originally responsible for the production of the waste may not continue to
exist, especially beyond the end of nuclear energy production in a cdawry.if retrievability following

closure were a national requiremh@r policy, retrieval will not be undertaken lightly.

4.4 Communicatingon R&R

In some countries, social pressures for reversibility have been more directed towards avoiding irreversible
steps rather than of specifically requiring ease of revergibititaddition to providing access to resources

and toattempt, to the extent feasible, to confirm or demonstegtesitory performance, it appears that the
strongest motivations for such social pressures may include unfamiliarity with (or lack of nogefidehe
maturity of) the technology and discomfort with the concept of purely passive safety without any means of
control, as well as a desire to avoid making decisions today that might preclude different actions in the
future. It is also possible thatart of the motivation for demands for reversibility may be simply to
recognize the perceived need for ongoing monitoring and control even after cfoaufee other hand,
stakeholders and the general public are more and more interested in having dgen allmwing for
reversal, retrieval and recovesg well asresearch that demonstrates that, although there is a cost, retrieval
or recoverywill still be feasibleif it should be desired

Communication on disposal issues is difficult because afihat disparity between geological time scales

and human or social time scales and because of the uncertainty that must be communicated when
describing potential impacts that may only occur in the far fuiism, there is a tendency among many
norttechncal stakeholders to look for absolute yes/no answers and to have difficulty understanding
statements about consequences that involve low likelihoods of occurrence. This is a topic that will no
doubt undergo development in most countries.

The R-scale

One of the key issues for local stakeholders considering hosting a geological disposal facility for
radioactive waste is ease of waste retrieval from a repository. A scale has been developed to illustrate
gualitatively the degree and type of effort that iseded to retrieve the waste before and after its
emplacement in a repositenye. gradations in retrievability during the repository life cydlke stagesn

the scale are described in Table 1, which also shows the correlation between the effort needed fo
retrieving the waste and the corresponding degree of passive safety of the replsitseystages may be

of long or short duration, and the decisions to move from one stage to the next may be more or less formal
and involve more or less public inpugmending on the individual programnteor each stage, the table

also identifies the main elements of passive safety and active control, as well as the degree and type of
retrieval effort. The scale is reported graphically in Figure
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TABLE 1: Waste lifecycle stages, ease of retrieval, and specific elements of passive safety and active
control.

Stage and Location Ease of Retrieval Specific Elements of Specific Elements of Active
of the Waste Passive Safety Control
1| Waste Package | Wastepackage Waste form and its storage| Active management of storage
in storage retrievable by container facility including security
design controlled area
2| Waste Package | Waste package Waste form and disposal | Active management (including
in disposal cell* | retrievable by container monitoring) of disposal cells an
reversing the Hundreds of meters of rock| disposal facility.Security
emplacement Enaineered disposal cell controlled area
operation 9 P
3| Waste Package | Waste package As in previous stage, plus | Monitoring of disposal cells
in sealed retrievable after backfill/sealing of disposal | possible.
disposal cell underground cell Active management of access
preparations ways to disposal cell seals.
Security controlled area
4| Waste Package | Waste package As in previous stage, plus | Monitoring of disposal cells
in sealed retrievable after re | backfill/sealing of cells and| potentiallypossible Security
disposal zone excavation of their access controlled are®etailed records
galleries and institutional controls for a
specified period, including
international safeguards.
5| Waste Package | Waste package As in previous stage, plus | Maintaining records
in closed retrievable after sealing of shafts and acces| Regular oversight activities as
repository excavating new drifts to ensure long term | |ong as possible (e.g.
accesses from confinement of the waste | enyironmental monitoring,
surface. within the underground possibly remote monitoring,
Ad-hoc facilities to | facility. security controls and
be built to support international safeguards).
retrieval.
6| Distant future Package degrading| Geology and mamade Specific provisions for longer
evolution with time. Waste barriers term memory preservation, e.g.
ultimately only Reduction in level of site markers.
recoverable by radioactivity.
mining

* Depending on the national programme and on the type of waste, the waste package emplacement room may b
FHOO D VHFWLRQ HWF 7KH WHUthesddd@®©® XVHG KHUH LV JHQHULF W

With reference to Table 1, several stages can be identified in the waste lifecycle:

Stage 0 represents-peoduced unconditioned waste. Stage 1 is waste conditioned, packaged and kept in an
interim store. Stage 2 is the same condétbrwaste moved from its interim store to an underground
disposal facility a few hundred metres deep. The cell in which it is emplaced needs active monitoring. In
Stage 3, passive components enclosing the waste emplacement cell are put in place: batidilir¢ek
disruption) and/or sealing (against water circulation). The access galleries to the cell still need active
monitoring and maintenance, e.g. ventilation. These galleries are backfilled and/or sealed in Stage 4. This
latter stage may coincide Wwithe closure of the whole disposal zone in which the gallery is located or
indeed of the whole disposal facility. In Stage 4 monitoring or maintenance of the disposal zone (or the
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whole underground facility) is no longer necessary, but the facility niapetmonitored remotely. Stage

5 is the longest running one. Although the integrity of the waste packages cannot be guaranteed, the waste
is still confined within the facility. By this time, the shdited radionuclides have almost completely
decayed, lte overall radioactivity will also have decreased substantially, but the waste would still pose
danger if people were directly exposed to it. Safety does not depend on maintenance or monitoring.
However, measures intended to ensure continued memory sifd¢hmay continue.

FIGURE 3: Graphical Description of the R-Scale

Disposal cell Access gallery
Waste package backfilling backfilling and/or Repositoryclosure Waste package slow
emplacement and/or sealing sealm degradatmn

Packaged Package in Package in Package in Waste in Dlstant future
1 waste in 2 disposal cell 3 sealed 4 sealed 5 closed evolution
storage disposal cell disposal zone repository

Ho/ Ehe/ | % \ _
RETRIEVABILITY
Costs of \ retrieval ‘

Waste before
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A draft leaflet describing this-Bcale has been used and tested at meetings with stakeholders in France and
Scotland, and in consultation documents issued by the Scottish GovefReied8]. This leaflet was also
UHIHUUHG WR LQ WKH 6ZHGLVK 1D WERIQDOpet] RhAtQhe LlsCakeWill prove) HS R U

useful for describing the evolution of retrievability during repository development in other national
programmes awell.
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5. INTERNATIONAL STATUS AND RELEVANT OBSERVATIONS WITHIN THE R&R
PROJECT WORKING GROUP

The R&R project has performed a detailed compilation of cotbgountry information which is
available at Ref. 31]. The compilation shows thathile there is considerable agreement on many of the
principles underlying reversibility, retrievability and recoverability, as described in the previous section,
there is less degree of unanimity on wleethnd if so, how these principles might be put into practice in
disposal programme®ecisions on whether or not to include provisions for retrievability or recoverability

in a repository design must weigh the potential advantages against the possdlaliages. These
decisions can only be made in the context of a specific repository programme, and not for all repositories
in general.

5.1 Status of National Requirements

A brief summary of the status of reversibility and retrievability requiresmeflEA member countries is
found in the Text Box hereafter.

In some countries, notably France, Switzerland and the USA, retrievability during the operational life of
the repositonyis required by law. In some others (e.g. Japdarhasnot beenrequired by lawso far but
national policy calls for it during the operational phdseSweden, Finland and Canada, retrievability is
not explicitly required either by law or by the government, but it is built into the design by the implementer
nonetheles and would apply during both the operational and thegpestational phases. In most other
countries, even though reversibility, retrievability and recoverability are not current issues in the national
debate, they are recognised as potentially impbitanes by the institutional players.
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National Reversibility and Retrievability Requirements
(based on responses to the RWMC R&R questionnaire, summefR&0&9)

Austria N/A

Belgiunt No statutory requirement for retrievability. Currgmalicy is to avoid taking actions thg
would rule out retrieval, but not to require retrievability. Retrievability provisions must not be ag
to longterm safety.

CanadaNo statutory requirement. However, retrievability of used nuclear fuel is arfutal feature
of the approved Adaptive Phased Management approach.

Czech RepublicNo statutory requirement for retrievability. The reversibility concept is implig
included into the stepwise DGR development approach, during which at each decikiog stage
several options for follow up stages will be discussed.

Finland: Retrievability of canisters is a statutory requirement. It is considered that theS KIBSign
concept meets the requirement without further special measures.

France Reversibilty is required by law during at least the first 100 years. Detailed requiremen|
implementing reversibility are to be developed.

Germany Reversibility is not considered for geologic disposal in Germany. It is intended to implg
safety requirementsn waste containers which contribute to retrievability. The concept of retrieval
itself is not an element to be licensed.

Hungary Retrievability is required for prelosure stages only.

Japan: Retrievability is not a requirement, but safety stdsdader development are likely to impg
retrievability preclosure.

Korea No requirements for retrievability established. At this moment and according to the ¢
design it is considered that reversibility can be possible during the emplacerttentisposal caniste
in the deposition hole only before backfilling of the disposal tunnel.

Spain Statutory requirements exist for the retrievability of LLW

Sweden There is no statutory requirement for retrievability. Retrievability provisioasidpted must
not compromise safety.

Switzerland Retrievability is prescribed by the Swiss legislation. Waste retrieval should be pg
3ZLWKRXW JUHDW HIIRUW™ XQWLO UHSRVLWRU\ FORVXUH
period.

UK, excluding Scotland Decision can be made at a later date in discussion with the indepg
regulators and local communities. The planning, design and construction can be carried out if
way that the option of retrievability is not excluded.

Scotand - No plan for a deep geological repository. Higher activity wastes arising in Scotlan
required to be managed in facilities which are near surface, near site so that the waste is mo
and retrievable.

USA: Retrievability is required prelosure for Yucca Mountain. This legislation also provides 1
DOE specify the appropriate period of retrievability, subject to NRC approval, as part ¢
construction authorization procedhe WIPP regulations by the ER&quire retrievabilityfor some
period of time afteclosure.
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There are across themore advancedhational programmedgchnical differences in how a balance is
reached between freedom dfoice and longand shorterm safety. For instance, in some programmes
individual galleries are to be backfilled as soon as emplacement is complete; in other programmes all
galleries are to be kept open as long as it is safe to do eee Tifferencewill have consequencdsr
retrievability and recoverability. In the same vein, the design and extent of monitoring before closure also
differs amongst programmes.

Many of the observed differences are rooted in the different historical developments afihpmnagr in
different countries. This has led to different issues having been prominent at different stages in the process,
which in turn results in differences in requirements and the way those requirements are expressed.
Different social, cultural and leganvironments in different countries also lead to different attitudes
towards reversibility, retrievability and recoverability.

5.2 Main Observations and Converging Viewswithin the R& R Project Working Group

Dspite the variability of national positiona, number of important poistof agreement have emerged
within the working group of the R&R Project.

ThereLV JHQHUDO DJUHHPHQW WKDW RQ ORQJ WLPHVFDOHV ZKHQ
counted on, hazardous waste must be disposéd afway that protects the health and safety of future
generations without requiring continued care and monitoring. There is also general agreement that waste
should be emplaced in a final repository only when there has been a policy decision ensutimg tha
material to be disposed of is actually waste and not a resource to be used in the foreseeable future. If there
is a clear intention to retrieve the material as a resource at any time, storage would be the appropriate
option. This is a national poliayuestion to be decided before proceeding with disposal.

There is also agreement that safety regulations for the protection of man and the environment must be
complied with before and during the process of repository development. The existence obilityieva
recoverability provisions as a feature of a repository programme must not be used as an excuse for an
immature disposal project to move forward.

The requirement to meet safety regulations for the protection of man and the environment without th
necessity for active control must be met in any country that is a signatory to the Joint Convention on the
Safety of Spent Fuel Management and the Safety of Radioactive Waste Management. This includes all
countries with major nuclear power programmes.

It is also agreed that stakeholders must be appropriately consulted during all phases of the programme,
starting before approval is granted to begin construction of the repository. Public consultaisn is
required under international conventions, notahe Aarhus conventiofRef. 44], and is an essential part

of a democratic decisiemaking process.

The ability or potential for raccessing and feapturing the wastduring operationsnay bepart of the
operational safety concept of the repositorytrigeability provisionsmay provide, for instance, additional
flexibility for the management of an unexpected situation during operation. The acteme@fingwaste

for operational reasons is not an action that necessarily puts in doubt the safeigility abut in factmay
increase it.Retrieving waste during the operational phase could be carried out in order to perform
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maintenance or repair on containers, or it could be intended to better characterize the waste or to
recondition it, and to remgace it in the repository.

Although it is not part of the lontgerm safety conceptetrievability maythus contribute nevertheless to
the assurance of lortgrm safety by helping to ensure that the reference design is correctly implemented
and that impovements can be effected during the operational phase.

Retrievabilityalso helps provide the technical basis for eventual retrieval of the waste, if needed.

During discussions it was noted that the social pressuregtigevability may in a number ofases be

more in the direction of avoiding irreversible steps rather than of specifically requiring ease of
reversibility. In addition to accessing resources and the ability tiincento directly monitor conditions in

the repositoryit appears that themotivations for such social pressures may include unfamiliarity with (or
perceivedack of maturity of) the disposal technology and discomfort with the concept of purely passive
safety without any means ofersight or activeontrol, as well as a desire to avoid making decisions today
that might preclude different actions in the future. A number of these dmagrdecrease over time as the
level of familiarity and trust in a programme increases over time, and an extenaedgderontrol may

also increase familiarity and willingness to accept passive/intrinsic shfetyis context, the inclusion of
retrievability provisions may be seen as mitigating a risk, namely the risk that a repository project will not
go ahead ande wastes will be left in a state that is not assured to be tenable in the long term.

Attitudes may also change between different localities and situations. In Sweden, for example, it has been
observed that different interest groups @gmvernmental orgdsations) have opposing views on the
desirability of retrievability. Some feel that retrieval should be made as easy as possible in order to
facilitate future freedom of choice, while others consider that retrieval should be made as difficult as
possiblein the interests of safety, i.e. in order to minimise the likelihood that future generations will come
into contact with the waste.

In any event, if there is an issue of retrievability provision versus safety, it is generally agreed that safety
must comdirst. In the very long term, attempting facilitate retrievability by keeping a repository open
longer than otherwise necessamyuld become detrimental to safety (eayfacility designed to be safe
when properly sealed and closed may not be as s#fésiibbandoned without sealing and closure, and
keeping a repository open for a long period of time may increase the risk of this occurring)
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6. CONCLUSIONS

Note: At this stage in the project, these conclusions are based on the work of the R&R Working Group.
Inasmuch as the membership of that group has been largely limited to members of the waste management
community, these conclusions may not reflect adequately the views of other constituencies. The discussions
at the Reims conference in December 2010 will help remedy this.

X

The most widely adopted policy for the definitive management of-&agivity radioactive waste
involves its emplacement in deep geological repositories whose safaijd not depend on the
active presence of man. Repositories are thus designed to be robust to a large spectrum of events
and to prevent the release of their radioactive contents in amounts that would be harmful to man
and the biosphere. In particulaych final repositories must be designed and licensed with the
express intention not to retrieve the waste.

The policy of concentrating and confining radioactive waste in a final repository, as opposed to a
policy of dilution and dispersion, creatés facto a situation where the waste could beaceessed

over very long time scales. Geological disppsat currently envisioned in all national
programmesis in principle always reversible or, in other wordsyer completely irreversible.
Waste recoveryould be possible over timescales that extend over millennia, albeit likely at great
effort and expense.Some of the critics indeed object to the fact that geological disposal, as
currently envisioned, is never irreversible.

The extentto which re-accessig and retrieval of the waste should be facilitated in designing a
repository both before and after closuris, an issue of continued interest in NEA member
countries.

Two complementaryrinciples may be invokednanternationallyagreedorinciple of na placing

undue burden on future generations, whglmentioned irinternationalsafety fundamentals and

can be interpreted agquiring the removal oéll future responsibilities for safkeeping of the

waste as soon as possible, ami@ing principle of not depriving future generations unnecessarily

of the possibility to exercise choice, whishfound variously in the literatureincluding national
positions- andcan be interpreted as involving a more progressive release of controls. Reversibility
and retrievability facilitate such a progressive release of controls.

Because repository implementation and development will take place over many decades, many
programmes recognize the necessity of remaining flexible and adaptable, e.g., in order to
incorporate new knowledge about site conditions or the possible evolution of the disposal system.
Reversibility and retrievability can be argued to be helpful to that effect.

As used in this document) iwaste disposalReversibility describes the abilityn principle of
reversing decisiontaken during the progressive implementation of a disposal syfiteeguires
managing the implementation process and technologies in such a way as to maintain as much
flexibility as possible so that, if needed, reversalmé or more previous decision(s) in repository
planning or development may be achievabithout unnecessargffort. Reversal is the action of
undoing a previous decisiotirRetrievability is the ability /n principle to retrieve whole waste
packages once théyave been emplaced. Retrievabilgythe finalelement of a studied and fully
applied reversibility strategyRetrieval is the actual action of recapture of the waste packages,
whereas retrievability is the potential for retrievRecoverability is the ability /n principle to
recover the waste materials regardless of the presentiecowise of packaging materials.

Reversibility affects the entire process of repository development from its inception to final
closure, i.e., until thabsence of angemaining needb retrieve the waste is confirmed, once again,

by the finalapproval to closall access tahe repository. A reversible approach in repository
development should not be taken to imply a lack of confidence in the ultimate safety of disposal
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should be regarded rather as a way to make optimum use of available options and design
alternatives during the evolution of the programme

x To the extent that retrievability is about retrieving whole waste packages, there exist means to
enhance retriability, e.g., by implementing more durable containers and waste forms. Other
approaches may rely on longer times before emplacing backfill materials or sealing galleries and
the whole repository. There is, however, a delicate balance to consider, withitheay or may
not jeopardise safety, both for present and for future situations. Cost is also a factor, as more
durable containers may be more expensive, and the longer a facility is kept open, the higher the
costs will be.

X On the other hand, an exteddability to retrieve the waste can be seen as providing further
assurance of safety, in that, during the operational phase, intervention is possible to correct
problems, and in the pesperational phase it is safer to get to the waste if the need sraddr
if it were decided to raccess the waste for reasons other than safety.

X In practice, during the emplacement phasdess there arserious problems with the repository
concept or its implementatiometrievals are likely to be rare events andulsolikely only be
carried out for a small number of containers (if any) and only for operational reasons.

x The need for retrievdbllowing emplacementvould beexpected to beven less, as safety cases
for waste disposal mubk prepared and accepted ptim emplacemerghowng to the satisfaction
of many reviewers, and principally the regulators, that the implemented designs are robust to a
very wide spectrum of processes and eventshatpostclosuresafety does not rely on human
intervention

x ItisiQ QRERG\YfV LOQWHUHVW WR XVH UHWULHYDELOLW\ DV DQ
It must be understood that any decision to retrieve wastes after even partial closure would be a
major decision. Retrieval or recovery would be costly and would pafsty hazards. If future
VWDQGDUGY DUH VLPLODU WR WRGD\TV Ingkihg\MhéhxatrisvaEH DV 'V
will be a regulated activity. It will require facilities to accept and manage the retrieved or
recovered wastes safely.

X The socal pressures for reversibilitgnd retrievabilitymay be more in the direction of avoiding
irreversible steps rather than of specifically requiring easetnéval In addition tothe ability to
access materials that may become valuable at a futureatichéhe ability to cdinue to directly
monitor conditions in the repositqrit appears that the motivations for such social pressures may
include unfamiliarity with (or lack of maturity of) the disposal technology and discomfort with the
concept of purgl passive safety without any meansosersight or activecontrol, as well as a
desire to avoid making decisions today that might preclude different actions in the future. A
number of these drivermay decrease over time as the level of familiarity andsttrin a
programme increases over timen extended period of control may also increase familiarity and
willingness to accept passive/intrinsic safdty.this context, the inclusion of reversibility and
retrievability provisions may be seen as mitigatimisk, namely the risk that a repository project
will not go ahead and that the wastes will be left in a state that may be untenable in the long term.

X The position of many national programmes is ,tfi@m a technical point of viewflexibility in
implemerting the repositories is a recognised management approach. Retrievability is subsidiary to
reversibility and flexibility It is an optiontiat could beexercised if the needase

x In the nationaprogrammes that include retrievability as a decldeeture in implemeimg a final
repository, the goal is not to make future retrieval easy offrmestit is simply to ensure that it is
feasible, assuming a future society that is both willing and capable to carry it out.

x No national programme requires retrievability as a safety feature of waste disposal eitloer pre
postclosure. A final repository has to be declared safe without consideration of retrievability.
Thoseprogrammesghat require retrievability mention threeain reasons (a) having an attitude of
humility towards the futurg(b) providing extra assurance of safdy) heeding the desires of the
public not tobe seen as takindP Q 3LUUHYHUVLEOH" GHARdcdtdiRylp, the RP WK
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regulations for these pgrammesdo not require that retrieval be demonstrated in practice. They
requireonly that retrieval could be exercised in principle. Therdisvever a trend, independent
of regulation, to confirm experimentally that retrievaldi$poseebf containerswill be possible.
Experiments hee been devised and rusuccessfully.R&D is being performedin several
countries

x Although the longerm safety case must be able to stand on its own without Hpewcific post
operationalinstitutional oversight provisi@ such as monitoring and memory keeping, may
nevertheless be decided upon. If so, these fmdlier contribute talecisionmaking relative to
retrievalpostoperationand to the freedom of choice provided to future generations

x During the operational @ise, parts of the repository may be backfilled and sealed while other parts
are still open. For those parts of the repository that remain open, the operational safety case may
rely upon retrievability, for example in order to permit correction of problansng during
implementation. However, the safety case for closed portions of the repository, like the safety case
for the postoperational phaseshould stand on its owri.e. without the need to rely upon
retrievability to ensure safety.

X One importanteason why theris difficulty in discussing reversibility and retrievabiliyationally
or internationally is that relevartasic terms and concepty XFK DV 3 Gdre/ S18evsail’
differently by differentiationalstakeholderandbr used differently in the different countries.

X For clarity, it is important from the start to designate a repository as a final facility and its contents
as waste. In cases where retrievability is not chosen as a matter of basic policy and in the absence
of a clear designation of finality, retrievability may still be considered necessary to the extent that a
repository,before closure, may be seen as a hybrid between a storage facility and alipalksal
facility.

Because they touch on freedom of clecénd its relationship to safety, the concepts of R&R link saciet
DQG WHFKQLFDO FRQVLGHUDWLRQV DQG WHQG WR EH FHQWUDO |
audiences, the public and society and large are involved; hence the conitruest in these topics.

Reversibility and retrievabilityrespond tothe guiding principle of preserving optiondor future
JHQHUDWLRQV 3+RZ VKRXOG RSWLRQV EH SUHVHUYHG"” DQG 3IRU
desirable tqpreservehesH RSWLRQV"" 7KH DQVZHUV WR WKHVH TXHVWLRQV
social factors, and are therefore variable from country to country. Some of the tradeoffs that may need to
be considered could include:

X Improved acceptance, decreased risprofject failuredue to lack of acceptanes. delays, costs,
andtherisk of perception of inadequacy of dispoaala result of invoking retrievability

x Ability to correct operational faults vs. potential safefypacts and increased cadtpostponing
closure or backfilling

X Ability to change strategies as appropriatearsincreased need to take an active role in continued
control

X Increased cost of more robust contairemd underground structurgs. safety benefits as well as
retrievability.

X Increased cost of R&D to support retrievability, risk of increased perception of problems vs.
benefits of improved knowledge

X Increased difficulty of safeguards vs. benefits of retrievability

X Ability to access materials that may become valuable at aftitnevs. the need to ensure safety
without imposinga burden of control

In addition to depending on such technological factors as the nature of the waste (spent fuel containing
known energy resources vs. HLW) and the geological surroundings (which ladt& the likelihood and
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consequences of radioactive materials reaching the environment as well as the ease of retrieval), there are
also societal factors that have a major influence (e.g. societal attitudes towards freedom of choice vs.
assurance of sefy, and the degree of optimism with respect to future technological developniergs).
reasonable to expect that the points of balance among these competing factors will differ from one country

to another and even from one time to another in a given country.

52



NEA/RWM(2010)10

References

[1] UNITED STATES NATIONAL ACADEMY OF SCIENCES, 3 7HFKQRORJ\ 3URFHVYV
Assessm@W DQG &KRLFHIuly®WEKLQIWRQ

[2] UNITED STATES NUCLEAR REGULATORY COMMISSION, 33URSRVHG *RDOV
Radioactive Waste ManagehQ MUREG-0300,Washington 1978

[3] 81,7(' 67%$7(6 (19,5210(17%/ 3527(&7,21 $*(1&< 35HPRYDO RI :D\
Isolation Pilot Plant Compliance Application Review Document no.46, Washington, May 1998

[4] NUCLEAR ENERGY AGENCY, 36HOHFWHG ,QWHUQDWLR Qdibity 4idEOLRJU
S5HWULHYDELOLW\ WR 6XS SR URPA/RVWKKHRRR1L BP&i010L ($ SBURMHFW'

[5] NUCLEAR ENERGY AGENCY,3*0RYLQJ )RUZDUG ZLWK *HRORJLFDO 'LVS
Waste: A Collective Statement by the NEA Radioactive Waste Management Committee

5:0& ~ 1(&433, Paris, 2008

[6] SWEDISH NUCLEAR FUEL AND WASTE MANAGEMENT COMPANY(SKB) 3)LQDO
Storage of Spent Nigar FueltKBS- 6XPPDU\" 6WRFNKROP

[7 81,7(" 67%$7(6 (19,5210(17%/ 3527(&7 21 $*Qdde <of Federal
5HIXODWLRQV 7LWQWashingion) 1983 I

[8] FRENCH DIRECTORATE OF LEGAL AND ADMINISTRATIVE INFORMATION
S&RQFOXVLROXQ@AHR@ODLQWHUPLQLVWHULHOOH GX GpFHPEUH
Paris, December 1998

[9] &$1$',$1 (19,5210(17%/ $66(660(17 $*(1&< B35HSRUW RI WKH 1XF
'LVSRVDO DQG ODQDJHPHQW &RQFHSW (QYLURGQRII®WDO $VVH

[10] 18&/($5 (1(5*< $*(1& <Geobogical Disposal of Radioactive Waste: Review of
Developments in the Last Decade 1 ($ 5:0 3DbULV

[11]] GERMAN FEDERAL MINISTRY FOR ECONOMICS AND TECHNOLOGY 29HUHLQ E DUXQ
zwischen der Bundesregierung und den Energieversorgungsunternehmen verx Q4.
Berlin, June 2000

[12] SWEDISH NUCLEAR FUEL AND WASTE MANAGEMENT COMPANY (SKB) ¥sps Hard
5RFN /DERUDWRU\ $Q BKB Repoit BRBELW Stackholm, 1999

[13] 6:(',6+ 18&/($5 32:(5 ,163(&725%$7( 37KH 6ZHGLVK 1XFOHDU 3R:
(YDOXDWLRQ RI 6.%fV 5" 3URJUDPPH ~ 6., 5HSRUW 6 WF

[14] 6:(',6+ 18&/($5 )8(/ $1' :$67( 0$13$*(0(17 &203%$1< €B/p¥Hardk
Rock LaboraW RU\ $QQXDO 5HSRUW -0810, Ste¢kmithSIRAOW 7 5

[15 NATIONAL NUCLEAR CORPORATION LTD, Nirex Demonstration of Waste Package

Retrieval, NNC Rep. PRSU.2524 to Nirex, 1997

53



NEA/RWM(2010)10

[16]

[17]

[18]

[19]

[20]

[21]

[22

[23]

[24]

[25]

[26]

[27]

[28]

[29)

[30)

,17(51$7,218/ $720,& (1(5*< $*(R&revability of highlevel waste and spent
nuclear fuel Proceedings of an international seminar organized by the Swedish National Council
for Nuclear Waste in coperation with the International Atomic Energy Agency, SaltsjSbaden,
Sweden, 247 October 1999 IAEA-TECDOG1187, December 2000

COMMISSION OF THE EUROPEAN COMMUNITY Goncerted action on the retrievability of
long-lived radioactive waste in deep underground repositori8lsR 19145EN, Brussels, 2000

18&/($5 (1(5*< $*(1&<Revérsibility and Retrievability in Geologic Disposal of
Radioactive WastetReflections at the International Level 1 (8140, ParisNovember 2001

SWISSEXPERT GROUP ON DISPOSAL CONCEPTS FOR RADIOACTIVE WASTE (EKRA),
PDisposal Concepts for Radioactive WastieyD O 5 H S R UJahuar$ya2800 Q

Papp T.,36.% GLVSRVDO FRQFHSW DQG UHWULHYDELOLW\" 3URF
Reversibility,Andra,Paris, November 287, 1998

NUCLEAR ENERGY AGENCY, 36 WHSZLVH $SSURDFK WR 'HF4e&vhth RQ ODYW
Radioactive Waste Managemen{ [SHULHQFH ,VVXHV D QGNBEA44ed, RatisBULQFL
2004

,17(51$7,21%/ $720,& (1(5*< $*(G&ftogical Disposal of Radioactive Waste:
Technological Implications for RetrievabilitylAEA NW-T-1.19,Vienna,January 2009

&200,66,21 2) 7+( (8523($1 &20081,7< 3(6'5(' )LQDO 6XPPDU\ !
*OREDO (YDOXDWLRQ RNPWO6HrGISeRs)MIBNEANY 2000R G

&200,66,21 2) 7+( (8523($1 &20081,7< 3, PSOHPHQWLQJ *HROR
5DGLRDFWLYH :DVWH 7THFKQRORJ\ 30DWIRUP" (85 (1 %UX

18&/($5 (1(5*< $*(1l&<Summary Record of the Reversibility and Retrievability
Project Meeting &ld in Washington D.C., United States,-42 December 2009
NEA/RWM/M(2009)2 Paris 2009

GERMAN FEDERAL OFFICE FOR RADIATION PROTECTION (BfS) 32SWLRQHQYHUJO
$VVH )DFKOLFKH %HZHUWXQJ GHU 6WLOOHJXQJVRE8WLRQHQ
January 2010

%/8( 5,%%21 &200,66,21 21 $0(5,&3%7M6 18&/($5 )8785( ' 63
SUBCOMMITTEE. Hearings of 1 September 2010, see contributed texts by Murphy, Peters, and
Schultheisz athttp://brc.gov/Disposal SC/Disposal Subcommittee Sep 1 Meeting_info.html

,17(51%$7,21%/ $720,& (1(5*< $*(1&< B37KH 3ULQFLSOHV RI 5D
ODQDJHPHQW" ™ 6DIHW)\ )XREERHPIBDOV 1R

INTERNATIONAL AT 20,& (1(5*< $*(1&< 3)XQGDPHQWDO 6DIHW\ 3UL
Fundamentals No. SE, Vienna, 2006

SWEDISH NATIONAL BOARD FOR SPENT NUCLEAR FUELSKN) S3(WKLFDO $VSHFW

Nuclear Waste, Some salient points discussed at a seminar on ethical actienfacethof
uncertainty in Stockholm, Swedén 6.1 5 H ZORStb¥kholm1987

54



[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38

[39]

[40]

[41]

[42]

[43]

[44]

NEA/RWM(2010)10

18&/($5 (1(5*< $*(1&< 37DEOH Rl QDWLRQDO SROLFLHV DQG ¢
UHWULHYDELOLW\" 3DULV

FRENCH NATIONAL AGENCY FOR RADIOACTIVE WASTE MANAGEMENT (Andra),
S'RVVLHU $UJLOH 6\QWKHVLV" 3DULV 'HFHPEHU

NUCLEAR ENERGY AGENCY, Minutes of Fourth Meeting of the Reversibility and
Retrievability Working Group, Paris, June-23 2010

18&/($5 (1(5*< $*(1&< 37RZDUGV 7UD GoxeseD drd QDliveradleR SR U
Regulation for Geologic Disposallain Findings from the RWMC Regulators' Forum Workshop,
Tokyo, 2622 January 2009 1($ 5:0 5) 3DbDULV

6:(',6+ 1$7,21%/ &281&,/ )25 18&/($5 :$67( °31XFOHDREAIDVWH 6V
Report 2010+challenges for the final repository programims&0OU 2010:6, Stockholm 2010

NUCLEAR ENERGY AGENCY, More than Just Concrete Realities: The Symbolic Dimension
of Radioactive Waste ManagemémiEA-6869, Paris2000

INTERNATIONAL ATOM ,& (1(5*< $*(1&< 3-RLQW &RQYHQWLRQ RQ WK
)XHO ODQDJHPHQW DQG RQ WKH 6DIHW\ RI 5DGLRDFWLYH :DV)\
December 1997

SWISS NATIONAL COOPERATIVE FOR THE DISPOSAL OF RADIOACTIVE WASTE
(Nagra) 33URMHRBRWV2&DOL 6DIHW\ 5HSRUW’ ~ 1D-08 Weltingel QLFD O
December 2002

&200,66,21 2) 7+( (8523(%1 &20081,7< 33URM HRAWNIt&UAHVHQWD
'"HYHORSPHQWYV IRU VDIH 5HSRVLWRU\ RSHUDWLRQ DQG VWL
232598 BrusselsSeptember 2009

Swahn - 37KH ,PSRUWDQFH RI WKH 5HWULHYDELOLW\ RI 1XFC
6DIHIJXDUG 5HJLPHY IRU *HRORJLF 5HSRVLWRULHY" LQ 3URFH
Safeguards, Vienna, 117 October 1997

,17(51%$7,21%/ $720,& (1(5*< $*(Ba&ucturé and Contents of Agreements
between the Agency and States Required in Connection with the Treaty on tfrdNferation
of Nuclear Weapons ,1)&,5& F R MiehHaFMWA2 G

NUCLEAR ENERGY AGE1 & < ThRe Regulatory Function and Radioactive Waste Management
+International Overview NEA-6041, Paris2006

SCOTTISH GOVERNMENT WASTE AND POLLUTION REDUCTION DIVISION,
36FRWODQGYV +LJKHU $FWLYLW\ 5DGLRDFWLUWrgh200WH 3ROLF\

81,7(' 1$7,216 (&2120,& &200,66,21 )25 (8523( *&RQYHQWLRQ

Information, Public Participation in Decisigviaking and Access to Justice in Environmental
Matters” Aarhus, June 1998

55



Reversibility and Retrievability

Fergus McMorrow
for West Cumbria Managing Radioactive
Waste Partnership
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Aim of this talk

Update you on:

1. The partnerships role
in the UK tManaging
Radioactive Waste
Safely " Process

2. What we are focussing
on

HLWISF

SILWiLLW Disposal modules

Disposal modules

3. R&R and our process. Diposs s

Access drift
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What is the UK Process?

» Government set policy and
process in June 2008 for
identifying a location for higher
level radioactive waste disposal

« Communities invited to talk,
without commitment, about a
lgeological disposal facility

« Based on voluntarism/right of
withdrawal/community benefits

wla
b —— @ = defra
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What is the UK Process?

Stage 1: Expression of Interest 2008
Stage 2: Geological Screening
Stage 3: Community consideration
leading to decision to
participate (or not)
Stage 4: Desk based Studies/
Site identification
Stage 5: Sub surface Investigation

Stage 6: Repository Construction 2025
westcumbriamrws.org.uk WeStCU mbrla: m rWS




Why is West Cumbria involved?

70% of waste for GDF
disposal is at Sellafield

Cumbria County
Council, Copeland
Borough Council,
Allerdale Borough :
Council set up advisory s
WWest Cumbria MRWS

Partnership ° o~
i Yo T
westcumbriamrws.org.uk WeStCU mbrla: erS
Partnership Work

To develop criteria

To assess information
against criteria

To make
recommendations to the
3 councils

To involve a wide range
of community interests
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Key work streams

1. Safety, security and
environment and Planning

Geology

Community Benefits
Design and Engineering
Process

Public and Stakeholder
views

2 T o
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Reversibility & Retrievability

+  CoRWM Recommendations to government said lleaving a
facility open, for centuries after waste has been emplaced,
increases the risks disproportionately to any gains”

* Inresponse it is clear from the MRWS White Paper that
Government supports closure as soon as possible.

+ Environment Agency: zthe incorporation of retrievability into
geological disposal should not undermine the long-term safety
of a GDF. ..the environmental safety case would need to
demonstrate that processes such as degradation of waste
packages would not unacceptably affect the safety of people’
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Reversibility & Retrievability

HOWEVER

» All three LA s have long held support for phased
Geological Disposal incorporating monitoring and
retrievability for a significant period of time.

» Therefore, the MRWS White Paper keeps the
retrievability option open for future discussion with
local communities and regulators.

* In the meantime design and construction can be
carried out so that it is not excluded.

westcumbriamrws.org.uk WeStCU m brl a: m rWS

Reversibility & Retrievability

* Has been seen by partnership as an issue that does not need
to be considered in detail after this stage.

+ Engagement work has also not suggested this is an issue that
needs to be dealt with early, but is likely to become
a major issue in the future if the community go to
the next stage

* The partnership do not have a formal position because it has
not been fully debated

* However work has begun to increase awareness of the issue
westcumbriamrws.org.uk WeStCU m brl a: m rWS




Reversibility & Retrievability

CONTEXT: LOCAL AUTHORITIES POLICIES
* Maximising Options for future generations.

* Better technological solutions

» Changing standards and perceptions.
* Monitoring and testing performance
». Local economic impacts

* Access to potential future Assets

westcumbriamrws.org.uk WeStCU m brl a . m rWS
In Summary

« Early Stage of Process.
» R&R Options still open for discussion

» Partnership has not debated and adopted a
position.

* |Inclination towards earliest closure at
national organisation level

 Local Authorities in favour of retrievability.
» Potentially interesting debates ahead.
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West Cumbria MRWS Partnership
THANK YOU FOR YOUR ATTENTION
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