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Abstract

A legal requirement which coupled demonstration of the feasibility of nuclear waste disposal to
the extension of reactor operational licenses beyond 1985 acted to force rapid development of
the Swiss radioactive waste management programme. Over a period of almost 30 years - and
at a cost of -800 M CHF - Nagra has become established as a centre of excellence in this
field. Resources include highly experienced manpower, literature and databases supporting
development of national repositories for L/ELW and HLW/TRU and state-of-the-art R&D
infrastructure (including 2 underground laboratories, hot-laboratory facilities at PSI (Paul
Scherrer Institute), modelling groups at universities etc.).

This paper reviews Nagra's experience and considers various ways in which expertise can be
transferred to other small countries to minimise duplication of effort and optimise development
of their own national programmes.

Background to the Swiss Programme

Switzerland is a relatively small country with a high population density and a wide industrial
base. With a well developed economy, a secure energy supply is of considerable importance
but, as it is poor in natural resources, Switzerland has to import about 80 % of its primary
energy requirements, predominantly in the form of fossil fuels. Electricity covers about 20 % of
the energy demand; of this about 40 % is supplied from nuclear power plants, with most of the
rest being hydroelectricity.

In Switzerland, producers of radioactive waste are responsible for its safe management and
disposal. The electricity utility companies, which operate the nuclear power plants, and the
Swiss Federal Government, which is responsible for wastes arising in the fields of medicine,
industry and research, therefore set up Nagra - the National Cooperative for the Disposal of
Radioactive Waste - in 1972. Nagra is responsible for research and development work
associated with realising the safe disposal of all categories of radioactive waste.

The main source of radioactive wastes in Switzerland is nuclear power production. The first
commercial nuclear power plant went into operation in 1969 and Switzerland currently has 5
nuclear power plants (pressurised water reactors and boiling water reactors) with a total
capacity of around 3 GW(e). Most of the waste radionuclides produced during reactor
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operation are contained within the fuel itself; this may be prepared for direct disposal or
reprocessed to recover usable uranium and plutonium, with the resulting wastes being
solidified for subsequent disposal. Swiss disposal planning previously focused on wastes
returned from foreign reprocessing plants; however, the preferred strategy of the electricity
supply utilities is to keep both options (reprocessing and direct disposal) open and a new
Nuclear Law may, in any case, prohibit further reprocessing. Additionally, it is currently
assumed for dimensioning of repository projects that there will be no expansion of the Swiss
nuclear power programme and that the existing reactors will not be replaced at the end of their
planned operational lifetime (40 years). This scenario leads to very low total volumes of high-
level waste resulting from -3000 tonnes of spent fuel.

A further important source of nuclear wastes is the diverse use of radionuclides in medicine,
industry and research (MIR wastes). Although the total radioactivity of such wastes is much
less than that from nuclear power production, they are by no means trivial in terms of quantity
and may pose a particular challenge due to their heterogeneity.

In Switzerland, wastes are classified according to their envisaged disposal route. Of the two
planned repositories, one is intended for short-lived low- and intermediate-level wastes without
significant amounts of long-lived radionuclides; the other is intended for high-level waste and
intermediate-level waste containing higher concentrations of long-lived radionuclides, which is
broadly similar to the category of wastes often referred to as transuranic-containing waste
(TRU) - even though the transuranics may not be the only long-lived nuclides in such waste. In
this paper, the abbreviation TRU is understood to signify long-lived intermediate-level waste.
High-level waste from reprocessing is differentiated from spent fuel (SF) for direct disposal but
they are grouped together in the abbreviation HLW.

The precise cut-off in activity allowed in the L/ILW repository will be determined only when
the definite safety criteria are developed in the framework of licensing the repository at the
proposed site at Wellenberg, in central Switzerland.

An overview of the sources of wastes in Switzerland and the disposal concepts considered is
presented in Figure 1. Although the option of national disposal of HLW/TRU must be proven
to be feasible, alternative disposal of such waste as part of a multi-national programme will be
considered before a final decision is made to proceed with a national repository.

Although small in relative terms, Nagra has invested -800 M CHF in its nuclear waste
management programme over the last 28 years. A major part of this expenditure was field
work associated with repository site selection and characterisation, but a significant fraction
supported an associated R&D programme which included experimental studies in the
laboratory and in-situ, modelling and natural analogue projects. To maximise output from such
studies, many have been organised as international collaborations with sister organisations.

Despite its small size, the Nagra programme has been one of the most diverse in the world in
terms of both waste considered (vitrified HLW, UO2 and MOX spent fuel, reactor operational
and decommissioning waste and L/ILW arising from medicine, industry and research) and
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Figure 1: Waste sources and disposal options

host rocks crystalline and sediments for HLW and TRU; crystalline, sediments and evaporites
for L/ILW - the latter being incidentally distributed between three linguistic (Italian, German
and French) regions of Switzerland). Nagra is a small organisation which depends on a closely
coordinated group of highly experienced, multi-disciplinary (and multi-national) project
managers.

Possibilities for Transfer of Experience to Smaller Programmes

Major nuclear nations (USA, France, etc.) can afford to run a fully independent nuclear waste
management programme and even a certain redundancy within such a programme. Smaller
nations cannot afford such luxury and need to try to reach and maintain a state-of-the-art
understanding of the key areas needed to manage their own wastes without duplication of
work done elsewhere. Despite the relatively advanced status of the Swiss programme, it must
be emphasised that Nagra has always, of necessity, relied strongly on cooperation with sister
organisations. In the future, indeed, financial constraints on the Swiss programme will increase
due to the liberalisation of the electricity market, which creates pressure to reduce all costs
associated with nuclear power generation.

There are many possible options for small countries with less advanced waste management
programmes to gain from the work already carried out in Switzerland. The simplest is the
direct utilisation of concepts, designs and databases which have been openly published (mainly
in the Nagra Technical Report (NTB) series: full listing available via
www.naRra.ch/english/pubiic.htm). Such reports contain not only details of work carried out in
Switzerland (e.g. radionuclide sorption studies - NTB 99-04) but also topical literature
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reviews (e.g. geochemistry of natural redox fronts - NTB 99-05; co-precipitation of
radionuclides - NTB 97-08), national database reviews / intercomparisons (e.g. for sorption on
rocks and bentonite - NTB 93-06) and comparison of results of performance assessments (e.g.
NTB 93-23). The quality of the NTBs is assured by a technical peer review system and,
indeed, two of these reports have also been published directly in book form in the Elsevier
Studies in Environmental Science series (NTB 88-01 on Applied isotope hydrology and
NTB 93-03 on a Nagra / SKB / HMIP-UKDoE co-funded review of natural analogue
studies).

A second option involves collaboration in joint projects. Many of the main areas of active
R&D in the nuclear waste field involve rather generic topics (e.g. colloids, gas, organics,
microbes, natural analogues) which are suitable focuses for international collaboration. A wide
range of such projects are coordinated by the EU, but many others are organised on an ad hoc
basis between interested partners. Large, multi-disciplinary natural analogue studies have been
a particular focus for such collaboration - for example Oklo, Alligator Rivers, Cigar Lake,
Pocos de Caldas, Oman and Maqarin (e.g. NTB 93-03).

Nagra's experience with collaborative projects has been generally positive but it should be
noted that:

> To get most out of a joint project, active participation is required; simply co-funding a
project can mean that much valuable practical experience is missed

> Long-running projects can be dominated by established groups which can make it difficult
for new partners to join in fully

> Very large projects involving many countries need strong leadership to avoid loss of focus
and efficiency.

Collaborative projects often focus on utilisation of expensive infrastructure such as specialist
laboratories and underground test sites. Nagra has hosted such projects utilising facilities at
PSI and Swiss universities and, especially, at the Grimsel and Mont Terri underground test
sites (see below). Despite having extensive infrastructure in Switzerland, Nagra is also active in
collaborative projects using special facilities in other countries (e.g. gas tests at laboratories at
Harwell and Keyworth in the UK; experiments at the Aspo underground laboratory in
Sweden).

A third option involves direct assistance in the form of transfer of hardware, software and
databases or making Swiss infrastructure available to a partner. Many codes and databases
developed by Nagra are already freely available - for example via the NEA (Nuclear Energy
Agency of the OECD). Other codes, databases and specialist equipment can be provided along
with required staff training on the basis of re-imbursement of extra costs (a fraction of the cost
of development of the material transferred) - which may be covered in some cases by special
international assistance funds.

A fourth option involves direct support by Nagra expert teams in particular areas. Such
support can involve a wide range of activities, for example:

> Training courses on general or specialist topics
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> Development / review of national waste management programmes

> Development / review of national inventories

> Site selection / characterisation programmes

_> Repository clesign / optimisation

> Performance assessment

> Public relations

> Establishment of specialist R&D facilities.

Although run like commercial consultancy, the emphasis in the above is on transfer of
experience with no attempt made to recoup the vast expenditure in establishing the Swiss
national programme. Carrying out such work allows Nagra to reduce the costs to its flinders -
the nuclear utilities and the Government - of maintaining a very experienced team of waste
management experts.

Grimsel and Mont Terri

The Grimsel and Mont Terri underground test sites are particular focuses for collaboration and
know-how transfer and can be used to illustrate some of the options listed above.

The Grimsel Test Site (GTS) is located approximately 450 m beneath the east flank of the
Juchlistock mountain in the granitic rocks of the Aare Massif (Figure 2). The tunnel system of
the GTS has a total length of around one kilometre and was excavated in 1983. Most of the
excavation was done using a full-face tunnel boring machine (TBM) with a diameter of 3.5 m.
At this time, for the HLW repository, a tunnel system of this diameter was under
consideration. For specific experiments, caverns were excavated by a conventional drill and
blast technique. In 1995, a new TBM tunnel with a diameter of 2.3 m was drilled for the
FEBEX-Experiment and in 1998, a new cavern was excavated for the GMT simulation of an
ILW / TRU silo.

The conditions for performing experiments at the GTS are particularly favourable because it
contains areas of relatively undisturbed low-permeability rock, as well as water-bearing zones
(shear zones, fractures and lamprophyre dykes). In particular, the existence of a
"radioprotected zone" (Type B), in which it is possible to carry-out experiments using
radionuclides in-situ, extends the range of potential experiments at the GTS.

During 17 years of operation, Grimsel has become established as a major centre for study of
the deep geological environment. The present Phase V of operation involves collaboration of
15 organisations from 9 countries.

The 7 major projects currently running can be divided into 3 areas:

> Confirmation of fundamental understanding and testing of models of processes identified to
be significant in integrated performance assessment

> Demonstration and optimisation of site characterisation technology
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Figure 2: Location and Layout of the Grimsel Test Site

> Demonstration of the technology for constructing and operating a deep repository in an
efficient and quality-assured manner.

This sub-division of projects is a bit simplistic as, wherever possible, large, long-running
experiments are designed to achieve a number of goals. For example, the full-scale engineered
barrier experiment (FEBEX, Figure 3) has already delivered valuable input on the practical
problems to be addressed when implementing in-tunnel emplacement of high-level waste in a
hard, wet host rock. The present heating / cooling phase in this experiment allows testing of
coupled models of thermal / hydro / mechanical (and, possibly, geochemical) processes in the
near field. Future excavation will additionally provide input on sensor / monitoring system
longevity and practical aspects of waste retrieval.

Other programmes ongoing concentrate on gas transport processes in fractured media and the
near field or on the determination of the iti-situ retardation behaviour of radionuclides. AH
experiments are complemented by laboratory programmes.

The Radionuclide Retardation Project is an example of a Nagra-initiated project which was
joined by PNC (now JNC - Japan Nuclear Cycle Development Institute) of Japan. Apart from
the main aim of using data produced to validate radionuclide transport models, Japanese
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Figure 3: Demonstration test of the HLW concept
(upper part: Spanish reference concept; lower part: 1:1 test at the GTS - Figure supplied by
ENRESA)

workers gained considerable experience in the micro-scale characterisation of solute flow paths
and used equipment developed in Switzerland for similar experiments run subsequently in
Japan.

The FEBEX experiment is a case where the lead organisation is actually ENRESA of Spain
who, together with the EU, provide most of the funding of the project. Nagra provides the
Grimsel infrastructure and geoscientific database and assistance with planning and
implementing work underground at the site.

Another relevant case is the Gas Migration Test (GMT), running in Grimsel on behalf of the
Japanese Radioactive Waste Management Centre (RWMC). Here the use of the Grimsel
infrastructure and the transfer of data, experience and tools necessary to design, construct, run,
analyse and interpret a large-scale in-situ experiment are provided as a service to the project.
In addition, other organisations (e.g. GRS and BGR, Germany; ENRESA, Spain) collaborate
in particular areas of the experiment which are of direct interest to them.

The Mont Terri underground rock laboratory is located in north-western Switzerland, in the
Jura mountains. In this area, several motorway tunnels are being excavated, one through Mont
Terri, with a length of about 4 km. The rock laboratory is located in the reconnaissance gallery
of this tunnel. Eight niches with a maximum depth of 10 meters were excavated into the wall of
the gallery at the beginning of 1996 and most of the experiments are located in these niches.

493



NW SE

Figure 4: Schematic layout of the Mt. Terri Rock Laboratory

A new gallery, approximately 250 m long was excavated in summer 1998 to house further
experiments (Figure 4). Mont Terri is a rock laboratory in a well-consolidated, fractured shale
(claystone), the Opalinus Clay, which has a water content of 4 to 12 % and an extremely low
hydraulic conductivity (< 10" m/s).

As in the GTS Project, international cooperation is a key feature of Mont Terri. The project is
under the patronage of the Swiss National Hydrological and Geological Survey and currently 8
further partner organisations (ANDRA and IPSN, France; BGR, Germany; ENRESA, Spain;
Nagra, Switzerland; JNC and Obayashi, Japan and SCK«CEN, Belgium) are involved. A
number of further experiments within the EU Framework Programme are being planned at
present. As with Grimsel, it is possible for further partners to join the existing experimental
programme or, in principle (although this is not already done at this site), utilise the
infrastructure for their own experiments.

Conclusions

For countries with limited resources, it is important to avoid duplication of effort and to devise
a nuclear waste management programme which is as efficient as possible. Nagra has utilised
international collaboration extensively in establishing its own programme and this paper has
outlined a range of possibilities for developing programmes to utilise the resources of
experience and infrastructure available in Switzerland.
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