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Introduction

It has become clear, from monitoring of many national programmes for siting of final
repositories for radioactive waste disposal, that the potential or otherwise for retrievability of
emplaced wastes is the one issue in particular which is repeatedly raised during public
consultation and interaction.

Although even those repositories which may be constructed over the next decades will operate
for many decades more and be sealed only after a long-term monitoring phase, there is little
operational pressure to finalise retrievability concepts (I). However, as siting processes
require detailed conceptual designs to be developed, as do the associated safety assessment
exercises, it is becoming increasingly recognised that the potential for retrieval must be
examined now.

This report is the culmination of a short project carried out for the Swedish National Siting
Co-ordinator for Nuclear Waste Disposal, between October 1998 and January 1999, to
examine the situation as regards the development and possible implementation of retrievability
as an integral part of a disposal concept for nuclear waste. Because of the short work period
involved, it can at best be only an overview, designed to provide a broad picture of current
plans. The Swedish Nuclear Power Inspectorate (SKI) has begun to examine the issue, and a
report is due later in 1999.

A major collaborative investigation, which began in March 1998, is also currently underway
under the auspices of the EU (Directorate General XII), but only involves implementing
agencies from the various Member States. Known as a 'Concerted Action', it is being
undertaken in 2 stages, the first of which, aimed at examining what the various agencies
understand by retrievability, has been completed, but not published. This is to be followed by a
series of specific tasks covering such issues as potential time schedules, influences on
repository safety, the socio-political implications of retrievability and a review of the
requirements for long-term monitoring (2). The complete project will not be reported on until
later in 1999(3).

That said, as McCombie and Zuidema point out (1), 'the technical and (much more
problematic) the societal processes for decision-making concerning methods for remediation,
up to and including retrieval...have nowhere been completely defined'. This report is
therefore a contribution to that effort, and is intended to serve as background to these other
studies when they appear.

Utilising currently available information (journal papers, conference proceedings, national
programme documentation and miscellaneous news sources etc.), as well as personal contacts,
those countries currently examining retrievability or reversibility of disposal in some form have
been identified. Information regarding these proposals has been collated, and contact made
with relevant agencies and national regulatory bodies where possible. The report includes
some review of the technical aspects of retrievability, with especial regard to the issue of
Safeguards, as it relates to the long-term monitoring of fissile material, whilst at the same time
incorporates information regarding public perceptions of retrievability wherever possible.
Ethical issues concerning responsibilities of present and future generations are included where
appropriate.
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In order to assist in comparing the different strategies envisaged in the different countries
examined, in terms of waste types, host rocks and other controlling factors identified by the
International Atomic Energy Agency (IAEA), and described in Section 4, a Table has been
included on Page 28 of the report.

1. What is retrievability?

It is important at the outset to make a comment regarding basic terminology. It is necessary to
distinguish between 'retrievability', which is the theoretical ability to recover wastes however
difficult that may ultimately prove to be, and 'retrieval', which is the actual act of recovery.
Implementing agencies tend to refer to 'retrievability' as an unlikely and probably unnecessary
option, whereas the public tends to express concern about how 'retrieval' could actually be
carried out.

As pointed out by McCombie and Zuidema (I), the concept of deep geological disposal was
developed to remove wastes permanently from the human environment, utilising multiple
barriers (waste form, container, backfill, geosphere) to ensure that they remain isolated from
the human environment and inaccessible to Man for the very long timescales needed to allow
for the natural decay of their radioactivity. Indeed, the International Atomic Energy Agency
(IAEA) still defines a geological disposal facility as ''one where there is no intention to retrieve
the waste' (4 pi3).

This has led to the development of various euphemisms in those countries examining or
actively pursuing the issue, as described in Sections 3 and 4 below. These include 'Very Long-
term Interim Storage' and 'Reversible Geological Storage' in France, and 'Monitored
Geologic Repository' in the US etc.

According to Selling (5), ""the concept of retrieval should not be construed to mean re-mining
the disposed waste from a closed and sealed repository. A retrievable repository is to be
understood as a repository which is accessible during a certain period after waste
emplacement and from which the waste can be easily removed'.

Discussion regarding retrievability of nuclear wastes tends to focus on deep geological
disposal, as proposed for either high-level waste (HLW) or spent nuclear fuel, although
several countries propose some form of co-disposal of long-lived plutonium-contaminated
wastes, often referred to as intermediate-level waste (ILW) or transuranic waste (TRU).

In its major discussion on the desirability or otherwise of research into retrievability in waste
disposal the French National Assessment Agency (CNE) suggested there could be little or no
justification for development of a retrieval capability in the case of low-level waste (LLW),
because of the lack of any re-usable resource value (see below), but did accept the fact that it
might ultimately prove necessary because of public concerns (6). Indeed, in recent months
proposals have been made in various LLW Compacts in the US regarding development of so-
called 'Assured Isolation Facilities' (see Section 3 below) following the intense public reaction
to plans for near-surface disposal of these wastes.
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This view was supported by Selling in 1998, who said: It is yet to be determined whether the
retrieval requirement should also apply to different types of radioactive waste. However, it is
highly questionable on rational grounds whether the characteristics of low - and intermediate
level waste (for the major part consisting of radionuclides with relatively short half-lives)
would qualify it as a material for which the objectives for retrievability have any significance
(5).

As discussed below in Section 5 regarding the impact of potential retrievability on proposed
Safeguards for emplaced wastes, the IAEA currently appears to support two contradictory
definitions of'practically irrecoverable', depending on perceptions of ease of access to them.
Obviously, if wastes are regarded as potentially retrievable for extended periods into the future
following repository closure, the Safeguards regime must take this into account.
Differences certainly exist from country to country and from one waste type to another in
terms of the timescale envisaged for any potential retrieval. Whilst many in the nuclear waste
industry would claim that retrieval of emplaced wastes is theoretically possible at any time
during the operational lifetime of a repository, up to and including final sealing, some disposal
concepts are designed to specifically rule out the possibility, and incorporate immediate
backfilling of disposal rooms, tunnels or boreholes, whilst others envisage leaving some or all
of these open until a final closure decision is made at some date in the future.

In the United Kingdom, for example, Nirex divide the timescale for potential retrievability
into 3 (7);
• Following emplacement of(L/ILW) packages, but prior to being surrounded by

cementitious backfill. This would mean that waste could be recovered from the repository
by straightforward reversal of the emplacement process until the end of the 50 year
operational period, i.e. at least 75 years from now (8).

• Following cementitious backfill placement but prior to access ways being sealed. Here
retrieval would be more demanding but is regarded as relatively straightforward (8).

• Following sealing of access ways and after shaft sealing and repository closure. Whilst
this procedure would present a significant challenge, feasibility studies have apparently
shown that the component activities could be carried out using techniques currently
available within the nuclear and mining industries. Clearly, as time moves on, the difficulty
of the task would increase due to degradation of the of the waste packages and loss of
information (8).

The Netherlands assume that waste disposal takes place as a step-wise process:
• Facility construction
• Waste emplacement
• Repository operation as an 'underground waste storage facility', possibly for a period of

up to several hundred years
• Repository closure

The time period for overall retrievability is currently open to debate in the Netherlands. As
explained in Section 3, the 'Commissie Opberging Radioactief AfvaF (the CORA
Commission), is supporting research into this matter at present. The time basis is referred to as
a 'rolling present' scenario (9), in which regular decisions are made as to whether the
underground waste storage facility should remain 'open' or be 'closed'. The period between
each decision will depend on social and economic developments, the life expectancy of the
equipment in the repository and the costs of the maintenance and monitoring activities. In the



Development of retrievability plans
PJ Richardson

latest concept (described in Section 4) a period of 25 years is assumed. CORA envisages a
period as long as 200 years before final closure as being a reasonable maximum.

As part of the overall CORA programme, study is underway of scenarios in which the existing
surface storage facility at Borssele, operated by the Central Organisation for Radioactive
Waste (COVRA), remains operational for up to 300 years before development of the
underground waste storage facility.

It is true to say that the regulations governing some national disposal programmes have always
included a period during which the wastes, as emplaced, can be observed, monitored and if
necessary retrieved, but the timescales have generally tended to be measurable only in decades,
which is long for human activities but negligible in terms of relevant containment periods (1).
For example, as mentioned in Section 3 below, the US Nuclear Regulatory Commission
(NRC) stipulates that access must be maintained for up to 50 years following the start of
repository operations.

The public, on the other hand, often regards potential retrievability as synonymous with a
guaranteed ability for retrieval, and as an 'insurance policy' designed to allow the rectification
of problems in the future. It does not often draw the distinction between pre-closure and post-
closure periods.

2. Why should retrievability be necessary?

Various reasons may be envisaged for the retrieval of nuclear waste/spent nuclear fuel once it
has been placed in a deep geological repository, not all of which are safety-related, such as:

• Removal in the event of an accident or following recognition of poor performance;

This eventuality assumes that one or more of the multiple barriers comprising the repository
system does not perform as predicted, resulting in the release of radionuclides in unacceptable
concentrations. It presupposes that some form of monitoring system was incorporated in the
repository design and that it has detected the abnormal concentrations.

This type of event is regarded as 'incredible' by many repository designers and analysts,
although the inclusion of such monitoring systems in an effort to enhance public acceptance is
seen as a necessary feature (1).

Some implementing agencies feel that the incorporation of a monitoring system that continues
after the closure of a facility is not only unnecessary, but could also threaten the integrity of
the barrier system itself. In extensive presentations to the Canadian Environmental Assessment
Agency (CEAA) Expert Panel during the hearings into its proposed disposal concept for spent
fuel in Canada, Atomic Energy of Canada Ltd (AECL), the implementing agency, repeatedly
made the point that incorporating intrusive monitoring in the design could be seen as
contradictory to a passively safe system. However, in its report the Panel said: 'we believe that
a system of early detection of failures, inside the vault or close to it, should be built into the
defence-in-depth approach.'.... 'a system of early detection... should be researched further.'
(10).
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• Removal for implementation of transmutation or other new technology;

Research into methods for transmutation and/or partition of nuclear wastes into re-usable
components, with the intention of reducing the volume and toxicity of those requiring disposal
and introducing demonstrable sustainability, has been the subject of much international effort
over the last several decades.

In some countries, such as France, Japan, Russia and Spain, research into transmutation has
been given the status of a major potential management strategy. For example, the 1991 Law in
France identified such research as one of 3 specific areas to be researched to equal levels
before any final decision is made in 2006 on which long-term strategy to adopt.

However, as part of a new research strand introduced in 1998 (discussed below in Section 4),
the French National Assessment Agency (CNE) have supported work currently underway to
examine the feasibility of some form of interim vitrification for the high-level radioactive liquor
produced during reprocessing of spent fuel, which is currently immobilised in borosilicate
glass. The reasoning behind this is that if transmutation or similar was developed
commercially in the future, recovery of the potentially re-usable fission products would
thereby be rendered less difficult. Such interim glassified wastes could be allowed to cool
down in some form of shallow depth interim storage facility (6).

The current state-of-the-art for transmutation, as reviewed for example for SKB by Enarsson
et al in 1998 (II) suggests that though much progress has been made, and that the possibility
of it becoming a viable technique appears to be scientifically proven, it is still too early to
assess the potential cost or safety advantages in the short term. Considerable research is still
required to produce a workable technology capable of making inroads into the volume of
wastes currently being produced or already in storage.

Because of the long time periods over which any deep repository would be open (in the order
of 50-60 years), some workers consider it a distinct possibility that transmutation might
become a feasible technology before final closure of some, if not all, currently proposed
repositories, and that it would be irresponsible to close off the possibility of retrieving wastes,
which they regard as valuable resources for the future. Some, like McCombie and Zuidema,
suggest that at the very least a period of cooling during deep storage in a repository might
make future resource retrieval easier and safer, although they also point out that if recovery of
raw materials is actually seen as an option worth keeping open, 'monitored surface storage is
obviously a much more logical approach than geologic disposal' (1).

• Removal for monitoring and disposal concept validation purposes;

As is discussed in several parts of this report, a commitment to allow retrievability of
emplaced wastes needs to be accompanied by some means to assist in deciding when such an
action is necessary. Whilst many national regulations specify that it should be feasible during
the lifetime of the facility, few stipulate that such monitoring should continue after closure.
However, if design features allow such lifetime monitoring, it has been realised that post-
closure monitoring remains a possibility for little extra effort. Such a potential has then been
claimed as a beneficial trade-off (as in the US), providing that it does not impact on long term
safety.
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Several conceptual designs include the possibility of emplacing a number of canisters in a
specially-designated research area of the repository, which will be retrieved sometime prior to
closure to examine their condition with respect to predicted performance parameters. In order
to fulfil this role, retrieval equipment must be developed. SKB's mandated demonstration
disposal of approx. 10% of the final repository inventory will necessitate such development,
although after approval by the authorities of the methodology, subsequent disposal is not
currently intended to be equally retrievable.

• Removal to allow for implementation of an improved emplacement or overall disposal
concept;

Given the timescales over which a repository is expected to remain in operation (usually
around 50 years), and given the rate of technological development over previous decades, it is
not inconceivable that the disposal method used at the beginning of repository operations may
come to be regarded as either unsuitable (in the light of new research) or simply inefficient.
Future generations may consider retrieval of emplaced wastes and utilisation of some new
method to be preferable to continuing with the status quo. The development of new
engineered barrier materials, methods of container construction or utilisation of new waste
matrices, are all possible examples.

Of course, as pointed out by McCombie and Zuidema (1), such an argument could also be
used to prevent or postpone the introduction of any new technology, not just disposal.

• Removal as part of work associated with assessment model validation (maybe in an
underground rock laboratory or URL)

It has been recognised in several countries that it may be advantageous to prolong the
experimental stage by setting up an underground laboratory under realistic conditions, with the
aim to collect more accurate data on the behaviour of the host rock as a result of the
emplacement of radioactive waste. If necessary the relevant parameters in the model
underlying the safety performance assessment of the repository could be adjusted so as to
further limit the uncertainties. Some proposals envisage ongoing research in an operational
repository, or in some specially-designated part of it.

To some extent this is what is proposed in Sweden for the 'Demonstration Facility' which is to
be developed at the final candidate site, although the results of this necessarily short-term
exercise must be acceptable before full development can take place. The 'Pilot Repository' at
Aspo is only intended to demonstrate the proposed emplacement technology and will not
involve 'real' radioactive waste.

3. Which countries are actively examining retrievability as a
management option?

3.1 Belgium
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In 1994, 'Organisme National des Dechets Radioactifs et des Matieres Fissiles/Nationale
Instelling voor het Beheer van Radioactief Afval en Splijtstoffen' (ONDRAF/NIRAS), the
Belgian implementing agency, announced a list of 98 potential host communities for a near-
surface disposal facility for LLW and short-lived ILW. Due to the fact that by mid-1996 only 1
community had expressed any interest in even beginning investigations, the siting process was
suspended, and an independent review instituted of the whole effort and criteria employed.
This also included analysis of the comparable costs of near-surface storage, deep disposal or
long-term storage.

Known as the 'Altsurf Project', the independent panel's report did not recommend whether
final disposal or a system of monitored storage is to be preferred (12). ONDRAF/NIRAS is in
the process of developing a new workplan to examine the possibilities, with special emphasis
on retrievability and controllability as regards a surface facility.

3.2 Canada

The disposal concept proposed by AECL in 1994 and examined in detail by the CEAA Panel in 1996/7 did
not, in common with many national concepts, propose any specific enhancement of retrievability. Both
methods proposed during the hearings (steel canisters in vertical boreholes and horizontal emplacement of
K.BS-3 type canisters) envisaged the immediate backfilling of emplacement tunnels, once full. However,
regulations by the Atomic Energy Control Board of Canada (AECB) stipulate that retrievability should be
feasible during the lifetime of the disposal vault, and therefore the issue did surface as an issue in many
presentations to the panel, and this was reflected in the Panel's report (10).

As stated on p56, for example, 'Prudence requires that control and verification capability be
included and maintained as a safety factor that is strategically as important as technical
passive safety capability.'

Whilst AECL made the point that incorporating intrusive monitoring in the design could be
seen as contradictory to a passively safe system, the Panel also said: 'we believe that a system
of early detection of failures, inside the vault or close to it, should be built into the defence-
in-depth approach.'.... 'a system of early detection...should be researched further.'
As a result of this, and of the fact that AECL actually included details of the possible
technology which would be required in its Environmental Impact Statement, mention is made
below in Section 4 of the possible implications of retrievability on the Canadian concept.

Given the Panel comments, and the government response to it, which was published in
December 1998 (13), it remains to be seen whether the proposed Nuclear Fuel Waste
Management Agency will incorporate some degree of retrievability in its 'revised AECL
concept' which is to be developed during 1999.

Section 6 includes some details of the public reactions in Canada as regards proposals to
incorporate retrievability, as originally proposed by AECL.

3.3 France

Until 1998, deep geological disposal of spent nuclear fuel and vitrified HLW was the only
concept under consideration in France, as laid out in the Nuclear Waste Act of 1991. This laid
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down 3 research strands which were to be followed and reported on in 2006, after which a
decision on future actions would be made by government (14).

These were:
• Partition and Transmutation;
• Waste packaging and effects of long-term surface storage;
• Development of at least 2 underground laboratories, in different geological media, after

close local consultation and public involvement. This was to include the study of the
feasibility of reversible or irreversible disposal (15). This task was entrusted to the
implementing Agence Nationale pour la Gestion des Dechets Radioactifs (ANDRA).

In February 1998 it was announced that legislation was to be introduced to also allow research
into shallow disposal of HLW to be carried out as an integral part of that associated with the
Law, and in June it was allocated 15% extra funding, to be increased by a further 20% in 1999
(16).

So as to enable this additional research to begin as soon as possible, the Commissariat a
PEnergie Atomique (CEA) research agency was instructed to produce a report reviewing the
concept of shallow disposal by the end of 1998. However, even before this appeared, CEA
began work on the so-called 'Very Long-Term Interim Storage' Project (ETLD), which will
absorb more than 50% of its total waste management research budget (17).

The intention is to examine a number of different concepts, from near-surface as at CLAB, to
deeper, drift-accessed facilities as proposed by the National Co-operative for the Disposal of
Radioactive Waste (NAGRA) at Wellenberg in Switzerland. Even dry storage on the surface
at existing nuclear power plants will not initially be precluded. Co-operative work is planned
with other countries such as Germany, Sweden, Switzerland and the US.

As many as 10 concepts will be subjected to detailed technical and economic studies between
2002-2006, to enable a full comparison between them and the original deep disposal concept
to be made on the same timetable as laid down in the 1991 Law.

CNE was also instructed to examine the scientific basis and reliability of reversibility for all
disposal concepts. Its report, 'Thoughts on Retrievability' (6) was submitted to government in
late-June 1998, and recommended major changes to the French disposal strategy, including
separation of non heat-generating plutonium-contaminated wastes from HLW. They would be
placed in a deep repository, but with retrievability ensured for around 300 years. The HLW,
on the other hand, would go into 'subsurface storage', with continuous monitoring and assured
retrievability. As mentioned above, the report also supported continued research into methods
of interim vitrification.

The ETLD Project at CEA is designed to develop potential concepts for these various
proposals. In the government statement of 9 December 1998 (18), which gave approval for
the development of an underground laboratory in the Meuse Departement, CEA was
instructed to research the feasibility of developing a shallow storage facility in subsurface
caverns in marl in the Gard region (19), in the area around at Marcoule, but not at the original
site proposed for a URL.

3.4 The Netherlands
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In 1984 a long-term research programme into disposal options was agreed and a research
commission was set up (OPLA - Commission for the Disposal on Land), under the direction
of the Commission for Integrated National Research on Nuclear Waste (ILONA), which
advises the Ministers of Economic Affairs and of Public Housing, Physical Planning and the
Environment, the responsible government department.

An initial 'Phase 1' report was submitted in 1989, which concluded:

• Construction and management of a storage facility in Dutch salt domes is technically
feasible

• Safe storage is possible
• Continuation of research is justified

A further 'Phase la' report was submitted in May 1993, dealing also with direct disposal of
spent fuel, and the ability to retrieve disposed wastes (20).

Salt has always been the preferred host medium, although clay is also under investigation.

Following the ILONA reports, and to comply with the Principle of Sustainable Development,
the government stated in 1993 the 'wish' that any wastes disposed must remain retrievable for
extended periods, so as to allow for monitoring and recycling if new technologies are
developed (21). It is considered that the benefits of this policy outweigh the disadvantages of
burdening future generations with the responsibility of deciding when to close the repository
(9).

The 'Commissie Opberging Radioactief AfVaF (CORA) was established in 1995 to examine
retrievable disposal possibilities, following the ILONA reports. These included:

- long-term above ground storage
- retrievable storage in rock salt (identified as preferred host rock)
- retrievable storage in clay

These are to be subject to comparison in terms of risk/safety, retrievability and technical
feasibility (22).

The CORA programme encompasses now more than 20 projects. The most important are:

• METRO
This is designed to develop overall disposal concepts and to begin safety studies. Section 4
includes details of the proposed disposal concept for salt.

• TRUCK I and II
This project is specifically targeted at the development of a retrievable disposal concept in
clay. Phase I has been completed, in which options and overall aims were examined by ECN.
Phase II, in which the detailed concept will be developed, is in progress (23)

• CAR I and II
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This is the preparation of a detailed inventory of the Boom Clay in the Netherlands. This clay
is also currently under investigation for HLW disposal at Mol, in Belgium, where the HADES
(High Activity Disposal Experimental Site) underground laboratory has been developed.

• METRA
This is an examination of the social and ethical issues associated with radioactive waste
management and disposal, and of retrievability and sustainable development in particular. A
report covering Phase I was submitted to CORA in early December 1998 (24). Phase II,
incorporating experience in selected countries overseas began in January 1999.

• COVRA-300
This project is concerned with alternative options to deep disposal or storage, especially the
potential for very long-term surface storage at the existing COVRA facility at Borssele (see
Section 4).

All current research programmes are scheduled to end by mid-2000, with future activities
currently uncertain.

3 possible scenarios are envisaged, potentially in any combination:

1. indefinite above-ground storage
2. 100 years above-ground storage, then transfer to an underground retrievable facility
3. extended above-ground (up to 300 years), then 200 years in a retrievable underground

facility, followed by final closure after around 600 years

3.5 Sweden

Although intended as a review of proposals in other countries, it is of use to briefly mention
the situation in Sweden so as to place them in context. SKB's current plans envisage a two-
stage process in which a limited inventory (5-10% or around 400 canisters) of spent fuel is
emplaced in a fully-retrievable form at the final candidate repository site, probably around
2010. This will be followed by a period of observation and evaluation to allow for experience
to be gathered as to the success or otherwise of the technology, expected to last around 5
years (25). Only after this period of so-called 'demonstration disposal' will the full scale
repository be developed, following further licensing and evaluation of alternatives. The
retrievability of these canisters is seen by SKB (and the regulators) as an 'explicit design
criteria', (26).

3.6 Switzerland

NAGRA, the implementing agency, had originally envisaged immediate backfilling of
emplaced waste containers and disposal rooms. However, due to the intense local opposition
to the proposed repository project at Wellenberg, and the negative cantonal vote in a
referendum in 1995, incorporation of some form of retrievability has become one of the major
means by which NAGRA and the government have sought to regain public confidence.
NAGRA has begun to explain how public concerns can be incorporated into a revised
concept. However, as explained in Section 4, details of the proposed design have only recently

10
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been published (27), and final versions are only expected during the second half of 1999,
following incorporation of the various Working Group reports which have only just been
submitted.

The Swiss regulator, Hauptabteilung fur die Sicherheit der Kernanlagen, (HSK) does not
consider that retrieval of L/ILW at Wellenberg would ever actually be likely, but has
undertaken extensive discussions on the issue both with NAGRA and with other stakeholders.
They envisage no problem as regards 'delaying the closure of the repository for a time period
short enough that the passive safety barriers are not compromised".(28)

3.7 United Kingdom

In accordance with the IAEA, UK regulations define disposal as 'emplacement of
waste..without intent to retrieve it at a later time...' (7). However, UK Nirex has developed a
concept for the deep geological disposal of L/ILW which incorporates use of the so-called
'Nirex Reference Vault Backfill' or 'soft grout', which can be re-excavated if necessary (see
Section 4). As discussed in Section 6, one of the reasons for this was to respond to the
perceived public concern over irreversible disposal.

Due to the refusal of an application by Nirex for a construction licence for the proposed Rock
Characterisation Facility at Sellafield, plans to carry out underground in-situ experiments on
this grout have been indefinitely postponed, although Nirex has taken out a patent on the
formulation of the material. A certain amount of testing of emplacement and removal
techniques has taken place (8). A short video of removal techniques has also been produced.

3.8 United States

Following continued problems in developing new near-surface disposal facilities for LLW, a
concept known as an 'Assured Isolation Facility' has become increasingly discussed. This
involves a facility which is above-ground and fully monitorable and retrievable. This is being
examined at the present time by several of the so-called 'Compacts' and other individual non-
aligned states, such as Connecticut, to see if it is licencable under the Low Level Waste Policy
Amendment Act (29).

As regards HLW/spent fuel, under current regulations, the Nuclear Regulatory Commission
(NRC) requires access to the waste in a repository for a minimum of fifty years after
emplacement starts, for the purpose of safeguard and safety verification.

In 1982 the Nuclear Waste Policy Act had instituted proposals to site and construct a
centralised, monitored, retrievable store for commercial spent fuel (the so-called MRS), but
due to opposition wherever a site was proposed, this was abandoned in 1995.

As described in Section 4, the latest concept for the proposed disposal facility at Yucca
Mountain in Nevada incorporates methods for maintaining the easy access required by the
NRC. These have resulted in the use of the name: 'Monitored Geologic Repository' for the
proposal examined in the 'Total System Performance Assessment-Viability Assessment' that
was submitted by the Department of Energy (DOE) to Congress in December 1998.

11
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4. What are the design implications of retrievability?

As mentioned above, many in the industry would claim that the range of currently proposed
disposal concepts includes a number in which retrievability would remain a possibility until a
final decision is taken on facility closure. The IAEA even suggested in 1996 that 'in most
cases no additional engineering would be needed to facilitate post-closure retrieval. The
design of a disposal facility, therefore, may not need any special provisions to aid
retrievability beyond that which exists prior to facility closure.' (4).

As McCombie and Zuidema explain (1), 'it is certainly possible to conceive of engineering
designs which explicitly aim at easy retrievability... This approach could affect ultimately the
repository siting and layout, the sealing techniques and also the choices of backfill, buffer
and waste package.'

The IAEA list a number of factors which can potentially influence the ease with which
emplaced wastes (in this case specifically spent fuel) could be recovered. These include:

• host rock
Stable, self-supporting crystalline rocks are less problematic than salt which flows and soft
clays which require support. As discussed in the Netherlands (see Section 4.4), the need to
maintain access drifts and galleries for long-term maintenance and monitoring, as well as
for possible retrieval, means that some degree of convergence will take place. This will be
greater for salt and soft clays.

According to Selling (5): if emplacement of the high level, heat-producing radioactive
waste is carried out in robust transport/storage casks, convergence of the formation is not
expected to cause any damage to the contained waste for several centuries which enables,
although at a cost, retrieval by re-mining if future generations would choose to do so.

• depth of emplacement
This can also affect the rate of closure of tunnels etc. Where this necessitates the provision
of a tunnel liner, retrievability potential is considerably enhanced, as discussed in Section
4.8 regarding plans in the United States.

• repository design and layout
Certain layouts would inhibit later access, especially those which envisage immediate
backfilling. Designs incorporating emergency escape routes may be necessary if
retrievability is to be made possible.

• type of backfill material used
Bentonite blocks are designed to swell and could become difficult to remove, whereas
other possible materials exist which could be more easily excavated (as in the Nirex 'soft
grout' developed in the United Kingdom).

• type of container used
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The thickness of shielding would affect retrievability options due to proximity constraints
for workers, although a long-lived robust container with radiation shielding would make it
simpler.

• temperature in the repository
This is also affected by depth, and at elevated levels could preclude human entry, or even
some types of machinery. It can also be affected by the level of passive ventilation that is
maintained following completion of disposal activities, either locally or throughout the
whole facility. Decay heat from emplaced wastes must also be taken into account, due to
the potential for 'thermal shock', which has the potential to alter ground conditions with
time (30).

• special measures to aid recovery or hinder human access
This includes things which range from provision of high resolution near-field monitoring to
deliberate destruction of shaft equipment and not retaining archives etc., together with
removable borehole seals, emergency escape routes etc.

The degree of retrievability required obviously has an impact on the design. If it is to be
'totally retrievable', then there must be free access to the disposal tunnels etc., with only
limited bentonite plugs etc. in the holes themselves. The degree of ventilation is of course
another important factor affecting accessibility, so it may be necessary to reduce this and close
off the roadway, but not actually remove the ability to restore full ventilation and access. This
of course necessitates maintenance and even replacement of all underground environmental
systems, in case they are needed. Of course this access may be required at exactly the most
unfavourable period, when radiation and tunnel temperatures are at their peak.

Once some form of backfilling starts in the roadways, wastes are then only in a 'semi-
retrievable' form. The repository maybe now becomes, in effect, a secure long term storage
facility (see French proposals).

Once a facility is closed, it enters into a 'low-retrievability' state, in that access is limited. It
could be made even less available by processing of the waste.

Various methods for waste retrieval have been envisaged, albeit in general terms, and some of
these are discussed below as regards specific national proposals. Suffice it to say here that
some form of core drilling, standard mining or over-tunnelling, and some special techniques
yet to fully developed, appear to be the most practical means, depending on whether wastes
are emplaced in horizontal or vertical boreholes or within disposal rooms. Some form of
shielding and remote operation also appears to be a prerequisite.

Given the moves already described elsewhere toward the increasing incorporation of at least
some form of retrievability, it is useful to examine the design proposals and implications put
forward by those countries identified above as pursuing or at least examining the option.
Where sufficient information is available, this has been done in terms of how they plan to
overcome some or all of the factors identified by the IAEA.

4.1 Belgium
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Given that the only concrete proposal to date covers disposal of LLW in a near-surface
repository, only a few of the IAEA factors are of relevance;

Host rock:
As yet no final host rock has been selected, although all of the sites originally suggested by
ONDRAF/NIRAS in 1994 were in clay or shale lithologies. It is not yet certain what the
conclusions of the 'Altsurf Project' will actually be.

Depth of emplacement:
This does not apply as a controlling factor if near-surface storage is selected, but deep disposal
is also still under consideration as part of the 'Altsurf Project'.

4.2 Canada

Host Rock, Design and Layout:
The disposal concept proposed by AECL in 1994 envisaged emplacement in crystalline rocks
of the Canadian Shield.

In response to the AECB stipulation that containers be retrievable during the operating
lifetime of the disposal vault, AECL's 1994 EIS, submitted to the CEAA Panel, explained how
they felt that any retrieval which might be considered necessary could be carried out safely
with today's technology, although they also said that 'the equipment necessary for retrieval
has not been built and demonstrated' (31). They also suggested that as part of the ongoing
monitoring process, during repository operations, it should be possible to bury several
canisters in a designated area, and retrieve them at a later date to examine their condition etc.

Extensive details, including drawings showing suggested retrieval equipment are given in
background reports submitted to the CEAA panel (32) The distinction is drawn between
retrieval during repository operations and after facility closure, when it would, they suggest,
require a similar outlay in terms of capital and effort as involved in developing the original
facility.

The proposed retrieval methodology (during repository operations) described by AECL
assumed that disposal tunnels and access tunnels had not been backfilled, although elsewhere
this was what they recommended should actually take place. At the very least container
retrieval would require removal of a disposal-room sealing bulkhead, and the backfilling
material, to gain access to the sealed emplacement boreholes, followed by removal from these
of the damaged container(s).

Assuming that the necessary equipment had been developed, AECL presumed that bulkheads
could be removed by careful drill and blast excavation, with adapted roadheader-type
equipment used to remove backfill. Monitoring would be a prerequisite as the emplacement
boreholes were accessed. It would be necessary to re-establish ventilation and other services
to facilitate access.

Depth:
AECL envisaged development of a repository at a depth of approx. 500-1000m below the
surface, dependent on the conditions at the final site. Experience gained during excavation and
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development of the Underground Rock Laboratory (URL) at Whiteshell, in Manitoba, has
shown that rock stresses in the Shield can vary considerably both laterally and vertically, with
the development of extensive breakout notches and other compressional features being seen in
deeper parts of the facility. The retrieval methodologies proposed by AECL did not take this
stress variation into special account, although of course it has the potential, if present, to cause
early damage to the integrity of the emplacement borehole and even the containers, making
retrieval increasingly difficult. The potential for yielding of the borehole walls was
acknowledged by AECL, suggesting that could be averted by a shallowing of the disposal
depth.

Type of backfill:
Again, although removal of backfill is seen as necessary to gain access to a damaged
container, the AECL concept did not propose any special features to facilitate its possible re-
excavation. Removal of borehole backfill, and ultimately the damaged container(s), would be
carried out remotely, using specially-developed equipment, which would incorporate shielding
and monitoring equipment as necessary.

Type of container:
As mentioned above, AECL submitted proposals for 2 alternative canister types to the CEEA
panel, namely titanium and copper/steel. No attempt was made to include increased shielding
or to improve container integrity to assist possible retrievability.

Temperature level:
AECL assumed an ambient rock temperature at 1000m of approx. 17°C, with a maximum at
the surface of emplaced containers of 100°C (32), reaching a peak some 30 years after
emplacement, after which it would decay slowly. Any retrieval during the immediate post-
closure period would therefore encounter the most unfavourable conditions.

Special measures to either facilitate retrieval or hinder access:
In order to comply with the AECB requirement to be able to retrieve any container during the
operational lifetime of the facility, continued access to the emplacement area would be
required. Although this would provide ready access for monitoring purposes, it also imposes a
commitment to ongoing maintenance, and AECL recognised that increased ground support
measures might be needed.

4.3 France

As explained above in Section 3, recent policy changes have brought examination and
incorporation of retrievability and reversibility to the fore in French conceptual designs for
management and disposal of all radioactive wastes except for LLW and short-lived ILW.
These will continue to be disposed of irreversibly in the Centre de PAube near-surface facility
at Soulaines.

As part of the 1998 CNE investigation of reversibility, ANDRA reported on results from its
research programme mandated under the 1991 Law, in terms of what the scientific and
technical implications of a reversible repository might be during its construction, operation and
closure (15).
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In order to structure its research, ANDRA has distinguished between the construction and
operation phases and the closure and post-closure phases of a repository. This has led to the
recognition of several distinct periods, depending on the ease with which retrieval could be
accomplished:
• Initial retrievability;

this would be possible during ordinary repository operations, dependent on a high level of
control and monitoring. This is also referred to as 'Phase 1'.

• Transient retrievability:
this would be possible following closure of disposal areas or access drifts, but complicated
by effects of temperature, gas build-up, rock creep etc. This could be possible for up to
100 years after construction. Referred to as Phases 2, 3, 4 and 5 (closure of repository
cells, modules and the whole facility).

• Possible retrievability
possible after backfilling of main drifts and shafts, and extending up to a few centuries
after construction. Referred to as 'post-closure'.

Host Rock, Design and Layout:
Designs for potential repositories in the different lithologies currently being proposed (clay
and granite) have allowed different disposal techniques to be developed. The high competence
of the clay horizon in the Gard, at Chusclan, was considered suitable by ANDRA to allow the
use of larger openings than those proposed at Bure, also in clay, including possibly vertical
borehole 'silos' for transuranic (TRU) wastes, up to 100m in diameter, and up to 20m for
HLW (33). Unfortunately, the December 1998 government statement (18) rejected the
suitability of this site for deep disposal, although it did instruct CEA to research the feasibility
of developing a storage facility in shallower subsurface caverns.

ANDRA considered that similar silos might also be possible in granodiorite in the Vienne, but
this site was also rejected outright in December 1998, although a new site is to be identified by
ANDRA during 1999. Other designs include large-diameter boreholes in some situations.

Whilst retrievability has been taken into account during the development of the initial design
options and preliminary disposal concepts between 1994-1998, ANDRA still intends to
produce a preliminary repository design by 2001, which is to take into account the results
from the construction and operation of the 2 underground laboratories mandated by the 1991
Waste Law. The delay in this process caused by the rejection of the potential crystalline site in
the Vienne has yet to be manifested in a revised time schedule.

Depth:
Current proposals envisage development of the underground laboratories at depths of approx.
400-700m below the surface, depending on rock type, because of the effects of ground
pressure on the stability of tunnels etc. If retrievability is considered to be essential in the final
analysis, it is likely to be a limiting factor as regards siting, certainly for clay rocks.

Type of backfill:
Latest conceptual designs envisage use of'operational plugs' of bentonite to seal vertical
emplacement boreholes, which would allow retrieval in so-called Phase 1. 'Permanent plugs'
would be added in Phase 2, immediately prior to the backfilling of handling drifts. Of course
these designs are currently subject to review as part of the changes following the 1998 policy
announcements and the commencement of the CEA 'ETLD' research project.
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Type of container:
Although a final container design has yet to be selected, as part of ongoing development work
by ANDRA, current plans envisage the use of steel, with a lifetime of the order of 1000 years
maximum (33). The development of a capability to predict its long-term behaviour as regards
mechanical integrity is recognised as being a vital part of the future workplans for the
underground laboratories (34).

Temperature level:
Current designs aim to maintain a repository temperature below 130°C, which would mean
that the number of canisters in each disposal borehole or silo would vary depending on waste
type (33).

Special measures to either facilitate retrieval or hinder access:
Given the policy changes in 1998 and the continuing nature of the CEA and ANDRA research
into the possible implications of retrievability, little can be said at this time as regards what
final designs might incorporate under this heading. Suffice it to say that ANDRA, in common
with other implementing agencies, continue to point out that retrievability is only considered in
as much as it does not alter long-term safety by influencing the integrity of the multi-barrier
system.

4.4 The Netherlands

Following the government statement in 1993 that any waste disposed should be retrievable for
a 'lengthy period of time' (21), disposal concepts are currently being developed by COVRA
and ECN, the National Energy Research Centre (METRO, TRUCK etc. see Section 3).
Previously, three alternatives had been suggested for salt; a mined repository, a cavity, or deep
boreholes drilled from the surface (35).

The most important design principle is referred to as the 'fail safe principle', according to
which the repository must offer 'a sufficient degree of passive safety in irregular or
unforeseen situations' (9). In addition, all operations, including waste retrieval must be
attainable with present-day technology.

Host Rock, Design and Layout:
At the present time, the most advanced conceptual designs exist for disposal of vitrified HLW
in salt. The TRUCK II project, currently being carried out by ECN, is to produce a detailed
concept for clay by 2000 (23).

A repository in salt would be accessed via conventional shafts. Galleries would be excavated
from these using roadheading machines, not drill and blast, with two main galleries developed
210m apart, with eight cross drifts. HLW would be placed in short horizontal boreholes, 10m
apart, drilled up to 4.3m into the walls of the cross drifts.

Depth:
The current mined repository concept for salt (9) envisages construction at a depth of approx.
800m. Due to the estimated rate of convergence likely at this depth, which will necessitate
some re-excavation of cross drifts over time, a minimum 3m of salt plug was recommended.
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Type of backfill:
3 pre-compressed rock salt plugs, each lm long, intended to dissipate decay heat and provide
radiation shielding, would be placed in each disposal borehole when filled. Borehole diameter
at the plug location would be greater than that of the waste canister.

Type of container:
Waste is assumed to be emplaced in so-called COGEMA steel containers, (as used by the
French reprocessing company), 134 cm long and with a diameter of 43 cm, in which it will be
returned from France and stored at the surface for between 50 and 100 years.

Temperature level:
Long-term maintenance and monitoring require open personnel access to the cross galleries.
This means that temperature (and dose rate) must meet safety criteria. A minimum thickness
of 1.5m of salt at the gallery wall has been recommended. Scoping calculations predict
maximum wall temperatures of around 46°C, irrespective of the cooling effect of the
continuing ventilation (9).

Special measures to either facilitate retrieval or hinder access:
The design assumes disposal of COGEMA canisters without a protective overpack, despite
the acknowledgement that such a feature would facilitate retrieval (9). Additional repository
costs, costs of the overpack itself and possible problems due to production of corrosion gases
etc., are considered to outweigh the potential benefits, despite the fact that damage may occur
during retrieval, with the possible production of contaminated salt.

A 'shutter' type shielding construction at the entrance to an emplacement borehole is also
incorporated in the design. The pre-compressed salt plugs are designed to facilitate the
automation of backfilling or retrieval.

Dodd et al (9) point out that to date this concept has been developed in the absence of detailed
policy choices and design requirements, which has served to raise a number of issues:

• should the retrievability requirement lead to additional design criteria, such as a
compulsory overpack?
• What degree of control and inspection is actually desired?
• What degree of'fail safe' should be incorporated?
• Is there a trade-off between 'isolation' criteria and 'management and control' criteria,
and where should the balance lie?

More details will become available as the CORA projects are completed by mid-2000.

4.5 Sweden

The present step-wise repository development programme proposed by SKB involves the
construction of a small portion of the final repository in which emplaced wastes (approx. 10%
of the total inventory) would be totally retrievable.
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SKB have made several points regarding the design implications of the demonstration stage
(26). It is pointed out that the effort required to retrieve a canister of waste increases in the
series:
• Fuel stored in CLAB; no effort
• fuel encapsulated in copper-steel canister; techniques for reopening canisters are being

developed as part of the design and development of the encapsulation plant.
• canister in deposition hole; Inactive tests of retrieval of full-size canisters will be carried

out as part of the work in the Aspo laboratory.
• canister in a backfilled deposition tunnel; this would necessitate removal of the backfill,

which could be done using conventional techniques.
• canister in a partly or completely sealed repository; Again, this should be possible using

conventional techniques.

SKB suggest that retrieval of the whole inventory in a full-scale repository would theoretically
be possible, but the necessary funds would have to be available to the generation making the
decision. To date no specific guidance has been given regarding long-term retrievability by the
regulators in Sweden (25), but retrieval after even thousands of years could technically be
feasible. SKB stress that the overall safety of the disposal system should be seen outweigh the
likely need for retrievability.

4.6 Switzerland

A special Wellenberg Technical Working Group (the Technische Arbeitsgruppe or TAG) was
established immediately after the cantonal referendum in 1995 which refused NAGRA
permission to continue with development of the proposed L/ILW repository, and this reported
to the government in April 1998. This and a second report by a second working group (the
Arbeitsgruppe Volkswirtshaft, AGV) on the cost implications of design changes were made
public in September 1998. As well as suggesting retrievability as part of the design, the report
also favours a step-wise development, with public review at each stage.

Following discussion with various stakeholders and the 2 working groups, the
Wellenberg/NAGRA development company (Nuclear Waste Management Co-operative-
Wellenberg, or GNW) has begun to develop design concepts incorporating retrievability.
These will be further refined during 1999 and opened to public scrutiny prior to another
referendum. The incorporation of retrievability, say NAGRA, should not be allowed to impact
upon the passive safety of the facility provided by the use of the multi-barrier concept. They
envisage a period after filling of the repository, but before final closure, during which retrieval
would be possible (27). As elsewhere, all repository operational stages would proceed in a
step-wise manner, with numerous decision points along the way. Retrievability should be
possible for up to 100 years after repository filling.

As regards the IAEA factors, the greatest changes in the new proposals are concerned with
the method of backfilling, in that NAGRA now propose to dispense with continuous backfill
during waste emplacement, so as to allow easy access during the operational and pre-closure
periods (27).
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Type of container;
The modified concept also assumes that all wastes will be placed in specially pre-formed
containers, which will allow for more regular stacking and enable easier removal if necessary,
using the emplacement equipment in reverse.

Special methods to enhance or hinder retrieval;
Because of the decision to keep all accesses and rooms open prior to any final closure
decision, NAGRA point out that the necessity to continue ventilation etc. could have
potentially deleterious effects on the overall repository system. For example, some
carbonisation of the buffer material within the waste containers may occur.

A separate outline concept referred to as a "Kontrollierten Lanzeitlagerung" (LZL), or long-
term storage facility, has been suggested by Greenpeace and others (36), which would be a
surface facility, possibly somewhat similar to CLAB. NAGRA is not very supportive of this,
suggesting that it places too much reliance on the continuation of monitoring and institutional
control for the indefinite future (37).

4.7 United Kingdom

As mentioned in Section 3, UK Nirex has patented a so-called 'soft grout', a low strength,
porous cement known as the Nirex Reference Vault Backfill, which can be used to surround
emplaced wastes to form a durable and chemical barrier to radionuclide migration. It is also
capable of being readily re-excavated by conventional methods such as high-pressure water
jetting. It is different from the material that would ultimately be used to seal tunnels and shafts
(8).

The 3 time periods envisaged for possible retrieval by Nirex are, as listed above (7):

• Following emplacement of (L/ILW) packages, but prior to being surrounded by
cementitious backfill

• Following cementitious backfill placement but prior to access ways being sealed
• Following sealing of access ways and after shaft sealing and repository closure

Since the abandonment of the proposed underground laboratory at Sellafield, Nirex has
commissioned work to establish the feasibility of waste retrieval from a repository in hard
rock, utilising existing exploration data. It will also be involved in co-operation with SKB in
the development of the Pilot Repository at Aspo.

In oral evidence to the UK House of Lords Inquiry into radioactive waste management, in
1998, Nirex witnesses stated that they saw 'no difficulties in just postponing the sealing and
backfilling of the access shafts and drifts...for perhaps another 50 to 100 years' (38).

As regards the various factors listed by the IAEA, the ongoing UK review means that so far
nothing has been ruled out in terms of concept, regarding either rock type, depth, disposal
methodology etc. However, Nirex did tell the inquiry that 'if we chose very good blocks of
rock, made the dimensions of the disposal system smaller and used over-engineered rock
support... we could have the potential of extending that 100 or so years after the operational
period even further. '
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Given the priority of developing a passively safe facility, they continued, once sealing has
taken place 'we see retrieval getting steadily more difficult and costly as time goes on, but
being relatively easy for quite an extended period if it is an important criterion in your
design. '

As far as monitoring is concerned, Nirex consider that it should be maintained as long as the
repository was 'available for retrievability'. Any requirement for high levels of retrievability
is recognised as having knock-on effects on things like packaging and container manufacture,
and also on site selection, since it would be required to find suitably stable bodies of rock so as
to minimise the necessary long-term maintenance of repository structures (8).

4.8 United States

The latest conceptual layout of the subsurface emplacement area at the sole selected site,
Yucca Mountain in Nevada, includes two primary areas that are crossed by parallel
emplacement drifts which will be used for final disposal. The emplacement drifts will be
excavated by tunnel boring machines at approximately five meter diameter.

In order to comply with NRC regulations (see Section 3, regarding availability of access), the
latest design, known as the Mined Geologic Disposal System (MGDS), involves some radical
changes to previous proposals, and can be discussed in terms of the IAEA factors.

Host Rock, Design and Layout:
The target horizon for the emplacement area is in a rock formation comprised of low
lithophysal welded tuff. Waste will be emplaced in horizontal drifts 5.5m in diameter and
between 500-1200m in length (39). This has not yet been adopted as a final design base, while
other engineering options are evaluated.

Depth:
The Yucca Mountain concept is unique worldwide in being entirely above the water table,
albeit at a dept of some 300m below the surface. The conditions encountered in the
Experimental Study Facility (a 5-mile looped tunnel from the surface to the proposed disposal
horizon) suggest that depth-related ground failure may well cause problems in complying with
the NRC access regulations. That is why, as mentioned below, concrete liners are now
planned.

Type of backfill:
Under the present design, each emplacement tunnel would be closed (but not backfilled)
immediately after it is filled, and ventilation reduced to a very low rate until repository closure.
There may also be some form of air-gap left during the potential retrievability period if waste
canisters were actually covered in any form of backfill.

Type of container:
Original DOE plans envisaged the use of a thin-walled engineered waste package, placed in
short vertical boreholes. Composite canisters will now be used, consisting of a lOOmm-thick
corrosion-resistant outer steel shell, surrounding an inner, corrosion-allowant, 20mm-thick Ni-
alloy container. Each canister will weigh up to 60 tonnes when empty. Various methods of
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protecting the containers during the retrievability period are currently under investigation,
such as drip shields and ceramic liners.

Temperature level:
A unique feature of the US design concept has long been the intention to place the waste
packages so close together that the decay-heat of the spent fuel heats up the rocks
surrounding the emplacement panels to temperatures above 100°C. The aim of this is to drive
off any water and prevent container corrosion for an extended initial period. This is the so-
called 'thermal-loading' strategy.

The present version dates back to 1995, and is the so-called 'hot' repository concept, which
envisages temperatures up to 160°C in an emplacement tunnel, peaking at around 50 years
after disposal.

It is not inconceivable that damage caused by these high temperatures could be rectified prior
to any final sealing. In its latest report the Nuclear Waste Technical Review Board says: 'If it
remained accessible for up to 300 years, temperatures should have decayed to around 120"C,
and the rock will have passed through its period of maximum thermal stress. If failures in the
surrounding rock are observed, repairs might be possible before closure. ' (40).
Special measures to either facilitate retrieval or hinder access:
Within the last two years and with the experience with roof support in the ESF, where steel
sets were often required, rather than just rock bolts, it was decided to line all of the
emplacement drifts with preformed concrete liners. The possibility of access to the drifts for
retrieval automatically rose to 100 years with a fair probability of 300 years. At the same time,
the value to licensing of an extended period of performance confirmation was recognised.

5. Discussion of Safeguards-related issues

The requirement for maintenance of Safeguards to prevent diversion of fissile material to
weapons production should, according to a 1988 IAEA Working group, continue even after it
has been sealed in a deep repository.

In general, there has to be a reason for Safeguards to be terminated, or at least relaxed. Under
normal circumstances, relaxation is only allowed if it can be shown that the wastes in question
have been consumed, diluted in a way to make the contained material no longer available for
weapons production or that they have become 'practically irrecoverable'. This latter is a key
expression for the IAEA, despite never having been rigorously defined (4).

There appears to be a difference of opinion in the Agency at present, where some statements
suggest that fissile material becomes practicably irrecoverable once stored (sic) in a geological
formation, whereas others from the Department of Safeguards say that 'a repository designed
to allow for retrieval of the spent fuel even after closure can evidently never be regarded as
fulfilling the requirements of PI [Practical Irrecoverability]'.

The Agency specifies that design information should be supplied to it by waste disposal
implementing agencies before any emplacement takes place, so as to allow it to develop a
system of'Design Information Verification' (DIV). Wastes such as vitrified HLW and other
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conditioned wastes could likely be excluded from Safeguards after their transfer to the final
disposal canister in the conditioning or encapsulation plant. Spent fuel, on the other hand,
would remain subject to them until final emplacement, and even then, design considerations
come into play regarding the question of when to relax the regime.

This was neatly summarised by Selling in 1998: 'Safety constraints: the requirement for
retrieval of the waste will necessitate some structural adjustments to the design of the
repository. However, these adjustments are not allowed to compromise its safety in a sense
that the probability of short-term catastrophic events increases. Also retrievability implies
that the repository is, in principle, accessible. This may attract the interest of persons and/or
organisations which aim to divert fissile materials for non-peaceful purposes. Therefore it
should be ensured that full scope safeguards procedures continue to be exercised to the waste
repository as long as access is possible' (5).

Latest opinions from expert meetings at the Agency suggest that methods exist which would
allow safeguards to continue, albeit at a lower level, throughout the operational lifetime of a
repository without much problem. Various geophysical techniques, such as seismology,
tomography, gamma radiology and thermal measuring could allow satisfactory monitoring to
take place. In the longer term, these, together with aerial photography and satellite imagery
could be combined with other systems already in place to monitor long-term safety could
allow any attempts to recover material to be detected (41).

However, open-ended Safeguards are not considered (by the IAEA) to be sensible in countries
such as those in Scandinavia, where glaciations are expected in the future. In addition, the cost
of such measures could be prohibitive, especially if incorporated in legal requirements. The
ethical dilemma of whether to pass on responsibility for such Safeguards is also an issue yet to
be resolved.

Of course the level of Safeguards will depend directly upon the degree of retrievability
available in the particular repository in question, which places retrievability and Safeguards at
a virtual impasse. The more difficult retrievability is made in the repository design, the lower
the level of Safeguards has to be. However, as mentioned elsewhere, there is considerable
likelihood that few if any repositories will actually be built unless the public feels confident that
retrievability is a possibility in the event of a catastrophic failure of the barrier system.

6. What has public reaction been like?

Whenever radioactive waste disposal is discussed by the public at large, the potential for
making irreversible decisions always comes to the fore, and usually broadens into discussions
of ethics and decision making, whilst exploring the unknown wishes of future generations.
The starting position for this debate was originally clear, and was laid down by several
international consensus documents, albeit produced by nuclear-oriented organisations, such as
the Nuclear Energy Agency (NEA) and the IAEA. These concluded that responsibilities to
future generations were better discharged by final disposal, rather than relying on long-term
storage, as we cannot predict the stability of future generations (42).
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That said, they actually also commented that 'retrievability is an important ethical
consideration since deep geological disposal should not necessarily be looked at as a totally
irreversible process', and concluded that stepwise implementation of disposal would leave
open the possibility of adaptation in the light of scientific progress and societal acceptability.

Debate initiated by the Statens Rad For Karnavfallsfragor (KASAM) in Sweden, especially, in
the 1980's, led to an alternative viewpoint being proposed, namely that we have an even
higher responsibility to future generations, and should give them the widest possible choice of
options (43). This includes making retrievability of emplaced wastes more straightforward.

Many in the nuclear industry accept that they have had little success in communicating the
basic concept and benefits of deep geological disposal to the general public (1) and that many
people actually misunderstand the 'laudable, ethical objectives' of a system which does not
require active monitoring and from which retrieval need never be necessary. It is accepted
however that this is often interpreted as meaning that monitoring is unlikely actually to be
carried out and that retrievability is actually not possible.

In the past, the industry either ignored public criticism or opposition to geological disposal, or
regarded it as an 'information problem'. However, following numerous setbacks in terms of
siting programmes, which have in some countries even extended to the issue of the
development of underground laboratories, it has begun to advocate a more open discussion of
the issue, but one which accepts that public concerns must be taken seriously.

In its recent review of waste management issues (44), the EU identifies the initial motivation
for introducing retrievability as a political one, 'since it is thought to be a positive influence
on the public acceptance of a repository on a particular site'. This view is echoed in France,
where an unnamed utility official commented recently that retrievability was 'the political
price to pay' for obtaining public acceptance for development of an underground laboratory
(45). Similarly, in the UK, Nirex clearly acknowledges that the main reason that Nirex have
commissioned work on retrievability (see Section 4) is because it may 'have a bearing on
public acceptance of deep disposal.knowledge that the process of disposal is reversible
should allay unfounded, but nonetheless genuine, fears about "getting it wrong".' (7).
Retrievability is regarded as a 'safety net' (8).

Many see retrievability as answering the ethical dilemma about whether to leave future
generations with a means of correcting some perceived problem as opposed to removing the
need for them to involve themselves in our problems.

As far as environmentalists are concerned, Greenpeace, for example, advocates an immediate
cessation to the production of nuclear wastes. For those which do exist, however, 'there exists
no technical solution whereby the net detriment to human health and the environment can be
guaranteed to be zero for the long-term future...The only possible approach... is therefore to
retain them on land and to manage them in failsafe conditions according the maximum in:

a. safety
b. security (from terrorism and theft)
c. containment
d. accessibility (to allow inspection and maintenance)
e. monitorability (to ensure the early detection of any failure to meet the above criteria)
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/ retrievability (in the event of the detection of any such failure) ' (46).

Meanwhile, the public is caught in the middle of the debate, often unsure of where to turn.

At the CEAA hearings in Canada in 1996/7, AECL gave details of how the issue (together
with monitoring) was raised during the public consultation period prior to the preparation of
the Environmental Impact Statement. A significant proportion of people felt that retrievability
was an important factor, with between 60-70% of those surveyed expressing concern about
the waste being inaccessible following repository closure, especially if local or regional
monitoring were to highlight some problem with the containment system (47).

During the hearings themselves it was pointed out by the Nuclear Awareness Project that the
Canadian public had clearly stated, in various opinion polls etc., that it favoured a concept
where the wastes were looked after in perpetuity. Indeed, Irene Kock quoted Richard Hare,
who had chaired the group which established the Canadian process back in 1977, as saying:
"To be frank, in 1977, when I and my colleagues submitted the first report to the Canadian government on
this, on which the government has subsequently acted, we thought that what the public would want would be
disposal in the sense of putting the stuff away in a repository... the abandonment concept...
"But the subsequent public hearings... have suggested that that's not at all the view of the public. The public
wishes to know that the wastes are being, 1) managed, 2) monitored, and 3) looked after... there is apparently
no insistent demand for the last stage in the disposal process which I and my colleagues thought was
inevitable 15years ago... " (48).

Nirex point out that in the mind of the public at least, monitoring and retrievability go hand-in-
hand. This is, they accept, a very logical position since it is only by monitoring that a technical
need for waste retrieval could be established. Furthermore, UK Regulatory Guidance requires
a developer to establish a strategy and programme for monitoring of a repository. This would
include any proposed period of institutional control after closure. The Guidance does not
however define the precise nature of the monitoring activities and the developer would need to
present, in support of the safety case for the repository, details of any proposed post-closure
monitoring (8).

The reaction of the public to NAGRA's proposals in Switzerland, albeit for L/ILW,
demonstrates how difficult it can be for an implementer to move forward with a proposal if the
public does not feel happy with the ethical and technical balance. As pointed out by Heriard
Dubreuil et al, neither surface storage or geological disposal can yet be said to have reached a
sufficient level of confidence to be considered as 'satisfying solutions' (49).

As they conclude, for retrievability to be taken seriously in the disposal debate it must not
merely be an 'add-on' to an earlier non-retrievable concept but must be a 'key component of a
more global decision-making process involving present and future generations'.

7. Has retrievability been included in any Safety Assessments to
date?

All proposals for development of repositories for radioactive waste are subjected to repeated
iterative safety assessments. These are intended to demonstrate compliance with national
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regulations regarding potential exposure to ionising radiation resulting from long-term
migration of radionuclides from the repository to the biosphere.

Whilst this is not the place to examine the applicability of these safety assessments to
repository siting issues, including public acceptability, it is of interest to make passing
comment on the relevance of the potential retrievability of the wastes to the results.

As has been discussed above, the nuclear industry generally is of the opinion that the deep
disposal concept is sufficiently robust as to not require the inclusion of retrievability, relying as
it does on passive safety. On the other hand, public concerns suggest that any final repositories
ultimately developed may well incorporate some features designed to enhance retrievability, or
at the very least, not to prevent it outright.
The 'Features, Events and Processes' (FEP's) considered in various safety assessment
methodologies include:

• events related to the natural environment;
• human access;
• effects of the waste on the repository

It was already acknowledged in 1994 (50) that in safety assessments reported on to date
internationally, the only credible scenarios envisaged for human access to a closed repository
had been those involving some form of drilled access from the surface, either inadvertent,
during mineral or water exploration, or deliberate, with the intention of resource retrieval.

This was still the case in the recent SITE-94 Project run by SKI, where the external processes
applied to the 'Central Scenario' again tended to deal with such things as mining in the area of
the repository or the influence of water abstraction or waste injection. No specific deliberate
retrieval scenario was applied (51).

The NEA has recently produced what is referred to as the 'FEP's database', which contains
listings of and elaborations on all the 'Features Events and Processes' considered necessary for
consideration for inclusion in any safety assessment. It does not however specify which of
these should be used in all cases (52), and many assessments exclude certain FEP's, which are
regarded as 'incredible' in the particular disposal concept under examination. For example,
repositories proposed in equatorial regions are unlikely to be assessed for the effects of
glaciation, at least in the short-term; those in mountainous areas will not be assessed in detail
for the potential effects of sea-level rise etc.

Latest indications are that although the direct, deliberate and intentional retrieval of emplaced
waste is actually included in the NEA database, no published safely assessment to date has
actually included it as a credible scenario to be assessed, or apparently, have any of the
possible design implications, discussed above, been included to any extent either.

Many safety assessment practitioners do not regard retrievability as deliberate human
intrusion, rather they would consider it to be an intervention following indications from
monitoring that a problem has arisen (52).

It remains to be seen whether regulatory agencies begin to specify that future safety
assessments should include some form of quantitative examination of the potential impact of
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either retrievability or retrievability-enhancing design features on overall system safety. The
longer the time requirement for retrievability to remain an option, the greater will be the need
for discrete safety analysis of the potential effects on long-term safety.
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TABLE 1 Summary of National Proposals and Miscellaneous Factors

Waste type
Host rock
Regulatory
access req'd
Timescales

envisaged for
retrievability
Included in

design?
In Response to

Public?
Special

enhancements
Operational

backfill
Container

Monitoring

Depth

Temperature

Belgium
L/ILW
TBD

Lifetime of
facility
TBD

TBD

Yes

Altsurf
Project
TBD

TBD
TBD

Near-
surface

N/A

Canada
Spent fuel
crystalline
Lifetime of

facility
Lifetime of

facility

No
(possible1)

Yes1

TBD

Bentonite

Standard
TBD

(CEAA1)
Possible
influence
<100°C

France
HLW Spent fuel
clay/crystalline

TBD
up to ?300 years

6 phases

No
(possible2)

Yes2

ETLD Project

Phased plugs of
bentonite

TBD
TBD

(ETLD Project)
Possible shallow

storage2

<130°C

Neth'ds
All wastes
salt/clay

At least 300
years

'Rolling
present'

Yes

Yes

CORA
Project
3 m salt
plugs
TBD

In design
(CORA)
Design

takes note
<46°C

Sweden
Spent fuel
crystalline
Lifetime of

facility
5-phases
stepwise

Yes
(in theory)

Yes

Only in
Phase 1

Bentonite

Standard
TBD

N/A

<80°C

Swit'land
L/ILW

marl
Lifetime of

facility
7-phases

Yes

Yes

Continued
ventilation
None until

closure
Multipack
In design

N/A

N/A

UK
L/ILW
TBD

Lifetime
of facility
3-phases
to 100 y

TBD

Yes

TBD

NRVB

Standard
until

closure
TBD

N/A

U
L/ILW
TBD

Lifetime
of facility
Lifetime

of facility

Yes

Yes

Assured
Isolation
Bentonite

Standard
Integral
Design
Near-

surface
N/A

S
HLW Spent fuel

tuff
At least 50 years

from start
Up to 300 years3

Yes3

No

TBD (tunnel
linings etc)

Not until closure

Drip shields etc.
Integral Design3

Concrete liners
required3

>100°C
TBD-To Be Decided N/A Not Applicable

Other Factors:
Definitions, What constitutes retrievability as opposed to retrieval? Why should it ever be necessary? Who decides that it is?
Ethical issues Should decisions on closure be left to future generations? How long should the option be left available?
Cost/safety benefit Who pays for retrieval and long-term monitoring? Could retrievability compromise what is designed as 'passively safe'
Legal issues; Who remains responsible for monitoring/retrieval after repository closure?
Safeguards; When to move from 'high' to 'low' regime? Can Safeguards ever be terminated in a retrievable repository?
Public Acceptability Will a non-retrievable final repository ever be accepted?
1. AECL gave details of possible retrieval methods at CEAA hearings, and Panel report stressed the need to research them and monitoring
2. CNE recommended new research strand in 1998. 3. Latest concept for 'Monitored Geologic Repository' as per 1998 VA
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