The control of safety of radioactive waste management and
decommissioning in Switzerland

(“Country Report”)

1. NATIONAL FRAMEWORK FOR MANAGEMENT AND REGULATION OF
RADIOACTIVE WASTE AND DECOMMISSIONING

1.1 NATIONAL framework
111 OVERVIEW of national policy
Nuclear fuel cycle

In 2003, the Swiss parliament decided to introduce a 10-year moratorium on the export of spent fuel
for reprocessing which started in July 2006. Before the start of the moratorium, the utilities were free to
choose between reprocessing and direct disposal of the spent fuel. The Nuclear Energy Act states a series
of conditions which must be fulfilled for an authorisation of the export of spent fuel for reprocessing to be
granted. The conditions include an international agreement with the country of destination, the existence in
that country of an adequate facility corresponding to the international standards and the fact that the
country of destination has ratified the Convention on Nuclear Safety and the Joint Convention.

Since the beginning of the moratorium no spent fuel has been exported for reprocessing. During this
period, spent fuel has to be managed as radioactive waste. However, this moratorium does not change the
overall spent fuel management strategy. The fate of spent fuel currently stored is not fixed. Depending on
the future evolution of the use of nuclear energy and on the political decision on the prolongation of the
above moratorium, the owners of spent fuel may decide to reprocess it at a later date, or to dispose of it as
waste. The return of waste from reprocessing to Switzerland is not affected by this moratorium.

The reprocessing took place abroad (France and UK). Plutonium and uranium gained from
reprocessing is used for fuel fabrication and recycled in Swiss NPPs. The radioactive waste arising from
reprocessing is returned to Switzerland. Dry storage buildings at Beznau NPP (ZWIBEZ) and at the
Central Storage Facility (ZZL, operated by ZWILAG) have been built for the interim storage of spent fuel
and of radioactive waste returned from reprocessing abroad. In addition, a building for the wet storage of
spent fuel at Gosgen NPP was commissioned in 2008.

In Switzerland, there are five power reactors (3 pressurized water reactors PWR, 2 boiling water
reactor BWR) in operation at four sites (Beznau, Mihleberg, Gésgen and Leibstadt), totalling around 3'200
MWe. A total of around 3,575 tonnes HM of spent fuel is expected from the five reactors currently in
operation, assuming a 50-year operating lifetime.

Switzerland has ratified the Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management.

Radioactive waste management

The management (handling and storage) of radioactive waste is governed by the provisions of the
Nuclear Energy Act and the Nuclear Energy Ordinance, both of which entered into force on 1 February 2005.



Further, the management of radioactive waste originating from medicine, industry and research is governed
by the Radiological Protection Act and the Radiological Protection Ordinance both of which became
effective as of 1 October 2004.

Responsibility for radioactive waste management lies with the waste producers. Legislation requires in
principle the disposal of Swiss radioactive waste in Switzerland. The option for the disposal of radioactive
waste within the framework of a bilateral or multilateral project is kept open under very stringent conditions,
but is not actively pursued.

Nuclear energy legislation and the corresponding regulations require the volume of raw waste to be
minimised and conditioned as soon as possible. All radioactive waste is to undergo disposal in repositories
located in suitable geological formations; near-surface disposal is not allowed. Two repositories are foreseen,
one for mostly short-lived low and intermediate level waste (“L/ILW”) and the other for high level waste and
spent fuel as well as long-lived intermediate level waste (“HLW”) mainly from reprocessing. The site
selection process has to follow a so-called “sectoral plan™ procedure within the framework of the spatial
planning legislation.

Since no repository is yet available, all radioactive waste is currently stored in interim storage facilities.
Each nuclear power plant has the interim storage capacity for its own operational waste. The radioactive
waste from medicine, industry and research is stored at the Federal Storage Facility. Radioactive waste
returning from reprocessing abroad is stored at the Central Storage Facility (ZZL).

Decommissioning

The Nuclear Energy Act requires that basic considerations for decommissioning are made at the stage of
the general licence application. Applications for construction and operation licences can only be made once
the general licence has been issued. Licensees must present a decommissioning plan with the application
documents for the construction licence. They also have to regularly update the decommissioning plan during
the operation period. At the end of the operational lifetime of the facility, they must submit a
decommissioning project. After this project has been reviewed and approved by the authorities, a
decommissioning order is issued by the licensing authority (DETEC). Legislation therefore addresses all
aspects of decommissioning at the appropriate stage of facility development.

Earlier atomic legislation did not contain detailed provisions regarding the decommissioning of nuclear
facilities. The concepts for the decommissioning of the four nuclear facilities (see section 4.2) were accepted
on a case by case basis; they describe the decommissioning and dismantling steps and the obligations of the
operators. The new legislation on nuclear energy now specifies the obligations and procedures for
decommissioning in detail.

No general licence or decommissioning order has been issued yet on the basis of the new legislation. In
July 2011, the Paul Scherer Institute submitted to the Swiss Federal Office of Energy (SFOE) a project for the
decommissioning of its pilot incinerator plant which ceased operations at the end of 2002.

1.1.2 OVERVIEW of relevant institutions
Implementing bodies
Responsibility for conditioning and interim storage of radioactive waste from nuclear power plants
(NPPs) remains with the operators. The federal government is responsible for the management of radioactive

waste generated by the use of radioisotopes in medicine, industry and research. The operators of nuclear
power plants and the federal government set up the National Co-operative for the Disposal of Radioactive



Waste (Nagra) that is responsible for the implementation of permanent and safe disposal of all types of
radioactive waste.

The ZWILAG (Zwischenlager Wirenlingen AG) operates the Central Storage Facility (ZZL) in
Wirenlingen. Responsibility for conditioning and interim storage of radioactive waste at the nuclear power
plants remains with the operators who are also responsible for the decommissioning of their nuclear facilities.

Regulatory bodies

The Swiss Confederation is responsible for providing the legal framework, and its supervisory
authorities are responsible for the supervision of nuclear power plants and the management and eventual
disposal of radioactive waste.

The Swiss Federal Office of Energy (SFOE) participates in the organisation and implementation of the
various licensing procedures, and prepares decision-making bases for the relevant federal department and the
Federal Council. Licences and permits required for the construction of nuclear facilities and deep geological
repositories, as well as for carrying out geological studies, are issued by the federal authorities.

The general licence, which is initially needed for each nuclear facility, is granted by the Federal Council
(federal government). The general licence has to be approved by Parliament and is subject to an optional
national referendum. The Federal Council also issues the closure order for disposal facilities. The licensing
authority for the subsequent licences for nuclear facilities (construction and operation) is the Federal
Department of the Environment, Transport, Energy and Communications (DETEC). DETEC also issues the
decommissioning order.

The Swiss Federal Nuclear Safety Inspectorate (ENSI) is the competent authority for supervising
nuclear facilities with respect to radiation protection and nuclear safety at all stages of the life cycle. Since
2008, ENSI is also the competent authority with regard to physical protection. It has three main functions:
ENSI (a) specifies the detailed safety requirements in regulatory guidelines, (b) reviews licence applications,
and (c) supervises the nuclear facilities, the preparations for the disposal of radioactive waste, and the
transport of radioactive material from and to nuclear facilities. ENSI also has certain licensing competences
according to the radiation protection legislation.

The Federal Office of Public Health (FOPH) is the main licensing authority for the handling of
radioactive material which does not fall under the Nuclear Energy Act. The FOPH also supervises the
handling of radioactive material in medical and research institutions and in situations where the protection of
the general public is the primary concern. It is also responsible for monitoring radioactivity in the
environment. Since 1980, the FOPH organises annual collection campaigns for radioactive waste from
medicine, industry and research that is subject to the legal provisions governing radioactive waste disposal.
Radioactive waste originating from medicine, industry and research collected during the annual collection
campaigns is conditioned at the Paul Scherrer Institute (PSI) and stored at the Federal Storage Facility on the
same site.

In accordance with applicable legislation, all radioactive waste producers from medicine, industry and
research must make provision for the temporary storage of waste at the site of production, and submit details
of their proposal for approval to the Swiss Accident Insurance Institute in the case of enterprises subject to
the Federal Accident Insurance Act, or to the Federal Office of Public Health in all other cases. This
procedure is necessary before the Federal Accident Insurance Institute or the Federal Office of Public Health
can take a decision as to the licences for the possession and use of radioactive substances, and equipment
containing such substances.



The Federal Nuclear Safety Commission (NSC) examines fundamental issues relating to nuclear safety,
and may submit position statements to the Federal Council and the Federal Department of the Environment,
Transport, Energy and Communications DETEC concerning safety assessments of the Swiss Federal Nuclear
Safety Inspectorate (ENSI).

A federal government working group on radioactive waste management (AGNEB) was set up by the
Federal Council on 15 February 1978. This Group is responsible for following up the work carried out in this
sector by other bodies, and for preparing the technical elements necessary for making an evaluation and
which will serve as an aid to the Federal Council and the Federal Department of the Environment, Transport,
Energy and Communications when taking decisions in this field. It ensures that the Confederation respects
the time limits prescribed for licensing procedures and reports once a year to the Department.

As a federal government body specialising in geology, the Commission for Radioactive Waste Disposal
(CRW) advises the Swiss Federal Nuclear Safety Inspectorate (ENSI) on geological aspects of radioactive
waste disposal, and comments on scientific reports of the National Co-operative for the Disposal of
Radioactive Waste (Nagra).

1.2 NATIONAL, technical regulatory organisation
121 REGULATORY function

The Swiss Federal Nuclear Safety Inspectorate (ENSI) is the government’s supervisory authority for
nuclear safety and radiation protection in the field of nuclear energy, including radioactive waste
management. According to the institutional framework described in 1.1.2 above, ENSI is not the licensing
authority, but has the mission to supervise and assess Swiss nuclear facilities right through from the planning
stage, to construction, operation, and decommissioning or closure. ENSI also supervises the transport of
radioactive material to and from nuclear facilities and the geological investigations in view of radioactive
waste disposal.

Formulation of safety requirements

ENSI takes part in drawing up legislation concerning nuclear safety and radiological protection. It
defines the safety requirements to be met by nuclear facilities, specifies the body of regulations (standards
and rules) to be applied and issues its own guidelines. These guidelines are currently being revised and
adapted to the new nuclear energy legislation which entered into effect on 1 February 2005. In the field of
radioactive waste management, four specific guidelines exist: ENSI-B05 on the conditioning of radioactive
waste, ENSI-G03 on the requirements for geological disposal (replacing R-21), ENSI-G04 on requirements
for the interim storage of radioactive waste (replacing the former R-29 and coming into effect in 2010), and
ENSI-GO05 on the requirements for transport and storage casks.

Assessment of projects

ENSI prepares the review reports at each stage of the licensing process for nuclear facilities and for
geological investigations in view of radioactive waste disposal. The review reports make recommendations
concerning the granting of licences and propose licence obligations.

Supervision of nuclear facilities

In its role as supervisory body, ENSI verifies compliance with the legal requirements, as well as with the
obligations laid down by the licensing authority and issues permits for operations within the framework of the
licence. For instance, each type of conditioned waste package requires ENSI approval prior to routine
production. Such an approval is issued on the basis of a detailed specification characterising the waste
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package and after Nagra has certified the suitability of this type of waste package for disposal in one of the
repositories foreseen.

Information

ENSI answers questions posed by Parliament, political authorities and the general public relating to the
safety of the nuclear facilities and to possible radiological implications for human health and the
environment. ENSI strives to serve as the people’s expert advisor on these subjects. It has made it a duty to
respond to events of public concern by providing quick, complete and understandable information.

1.2.2 ORGANISATION and resources

ENSI currently employs 135 staff: physicists, mechanical, electrical and civil engineers, geologists,
chemists, biologists and psychologists, in addition to technical and administrative personnel. Its organisation
is shown in figure 1. For particular tasks, ENSI enlists the aid of experts from external organisations.

ENSI is divided into five divisions: Nuclear Power Plants (NPP), Waste Management, Systems, Safety
Analyses and Radio Protection.
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Figure 1: Organisation of ENSI as of 1 September 2011

The Waste Management division has a staff of 17 people. It supervises the transport of radioactive
materials, conditioning, storage and disposal of radioactive waste, and decommissioning of nuclear facilities.
It evaluates the proposed methods for conditioning radioactive waste, issues the necessary execution permits
and supervises the operation of the corresponding facilities. It has a leading function in ENSI’s review on the



safety of facilities for storage and disposal of spent fuel and radioactive waste. It supervises the construction
and operation of such facilities. It follows and appraises geological investigations in preparation of
radioactive waste disposal. In its role as the Swiss competent authority, it also issues the package and
shipment approval certificates for the transport of radioactive material in Switzerland and supervises such
transports to and from nuclear facilities.

ENSI’s annual budget is in the order of CHF 40 million (i.e. about EUR 33 million). Most of the
organisation’s costs are covered by fees which licence holders have to pay to the federal government.

In order to legally clarify the fully independent status of the inspectorate and in order to achieve formal
independence from the licensing authorities, the Swiss supervisory authorities (the Swiss Federal Nuclear
Safety Inspectorate and the nuclear security section of the Federal Office of Energy) were separated from the
Federal Office of Energy and converted into an institution under public law. The new act came into force on
1 January 2009. As of then, the Swiss Federal Nuclear Safety Inspectorate changed its German name from
HSK to ENSI. The English term remained unchanged. Since 1 January 2009 the supervisory authority has
thus held fully independent status.

13 NATIONAL implementing organisations
1.3.1 SCOPE of responsibility

According to nuclear energy legislation, the producers of radioactive waste, i.e. the NPP operators and
the federal government (for the waste from medicine, industry and research) must ensure that the waste is
managed in a safe and permanent manner. To plan and implement final disposal, they established the
National Cooperative for the Disposal of Radioactive Waste (Nagra) in 1972. Nagra is responsible for the
disposal of all types of radioactive waste, including the preparation of proposals and license applications as
well as the operation of the repositories. Furthermore, its tasks include the following:

e Characterisation and maintaining the inventory of radioactive wastes as a basis for
planning disposal projects; checking waste specifications as part of the waste disposal
certification procedures and as a service to the members of the Nagra Cooperative.

e Acquisition and evaluation of geological data required for site selection, safety
assessment and disposal projects.

e Project studies providing input for designing repository installations and engineered
barriers, and for planning operating procedures.

e Ongoing analysis of results and data within the context of performance assessment and
evaluation of information with a view to licensing procedure requirements.

e Development of databases and fine-tuning of the methods used to evaluate disposal
system behaviour; verification and validation of the data and models used in performance
assessment.

e Active participation in international collaborative projects, with the aim of coordinating
and optimising planning and development activities.

o Fulfilling responsibilities in terms of communication and information dissemination, in
particular keeping the public informed on the current status of disposal programmes and
proposals for management solutions.

e Providing expert services to third parties.

Every five years, Nagra compiles the Waste Management Programme on behalf of the waste producers
as stipulated by the nuclear energy legislation. Nagra also periodically updates the cost estimates for final



disposal that serve as a basis for the annual contributions paid by the NPP operators to the Waste
Management Fund (see below, chapter 3.5).

1.3.2 ORGANISATION and resources

At present, around 95 members of staff (or 80 full-time positions) — in particular geologists, physicists,
engineers and chemists in addition to technical and administrative staff — are employed at the Nagra
headquarters in Wettingen (Canton of Aargau). Nagra is divided into six divisions:

o Geology & Safety

e Engineering & Field Operations

e Radioactive Materials

¢ International Services and Projects

e Repository Programmes & Public Information
e Finance, Personnel and Administration

To carry out its research programme, Nagra can rely on a broad network of specialists, both in
Switzerland and abroad. Its work is performed in close collaboration with the Paul Scherrer Institute (PSI,
Villigen) and various universities and scientific institutions. Furthermore, a regular exchange of information
between Nagra and partner organisations at an international level takes place within the framework of formal
bilateral agreements. Nagra also conducts joint projects with many of its international partners. These projects
can be multilateral (for example projects in the rock laboratories) or in cooperation with international
organisations (for example the OECD Nuclear Energy Agency and the EU). Participation in European Union
projects has become a particularly important aspect of Nagra's research and development activities.

Nagra’s annual performance is in the order of CHF 30 million (i.e. about EUR 20 million).

2. LEGAL FRAMEWORK
2.1 PRIMARY legislation and general regulation

Swiss legislation concerning radioactive waste management and decommissioning currently consists of
the following acts (issued by Parliament) and ordinances (issued by the Federal Council, i.e. the federal
government, or Departments, i.e. ministries):

e Nuclear Liability Act, 18 March 1983 (revised in 2008).

o Radiological Protection Act, 1 October 2004.

o Radiological Protection Ordinance, 1 October 2004.

e Ordinance on the Collection of Radioactive Waste, 3 September 2002

e Nuclear Energy Act, 21 March 2003.

¢ Nuclear Energy Ordinance, 10 December 2004.

e Ordinance on the Decommissioning Fund and the Nuclear Waste Management Fund, 7

December 2007.

The legislation on nuclear energy (Nuclear Energy Act and Nuclear Energy Ordinance) entered into
force on 1 February 2005. The main features of this legislation concerning radioactive waste management
and decommissioning are as follows:

e The generation of radioactive waste must be minimised.



e Radioactive waste generated in Switzerland must in principle be disposed of
domestically.

e Export or import of radioactive waste for disposal is allowed only under strict conditions
and requires an international agreement.

e The producers of radioactive waste are responsible for its safe management, including
permanent disposal.

e The Confederation assumes responsibility for the collection, conditioning, storage and
disposal of radioactive waste generated by the use of radioisotopes in medicine, industry
and research.

o Radioactive waste shall be disposed of in deep geological repositories; the final closure
of a repository is preceded by a monitoring phase; retrievability must be ensured “with
reasonable effort” until closure of the repository.

e The owners of NPPs in operation must demonstrate within ten years the feasibility of
permanent and safe disposal of all radioactive waste. Similarly, the demonstration of
disposal feasibility is required when applying for a general licence for a new nuclear
facilityl.

e The operators of nuclear power plants must submit a Waste Management Programme
which describes the steps for treatment, interim storage and disposal of all radioactive
waste and evaluates the costs; the disposal programme must be approved by the Federal
Council. The waste producers must update the programme every 5 years.

e The operators of nuclear power plants have to pay annual contributions to the
Decommissioning Fund and to the Radioactive Waste Management Fund which are
administrated by an independent Commission.

e A general licence, stating the site and the purpose of the facility, is required prior to
further licences for a nuclear facility; the general licence is granted by the Federal
Council, has to be approved by Parliament and is subject to an optional national
referendum.

e Licences are required for construction and operation of radioactive waste management
facilities, as for other nuclear facilities; the licensing authority is the Federal Department
of the Environment, Transport, Energy and Communications (DETEC).

e Basic commitments regarding decommissioning and closure of a disposal facility, i.e. a
basic concept must be stated with the application for the general licence. The licensee has
then to present a decommissioning and a closure plan with the application for the
construction licence. Both of them have to be periodically updated during the operation
of the facility.

e Decommissioning of a nuclear facility is required after final shutdown. DETEC orders
the owner to carry out the decommissioning project which has to be approved by the
supervisory authority.

e After the end of waste emplacement in a disposal facility, the evolution of the system has
to be monitored during an observation phase. The closure of the disposal facility is
ordered by the Federal Council based on a project which has to be approved by the
supervisory authority. After closure, the Federal Council can take further measures like
an environmental monitoring of the site.

e Geological investigations (e.g. deep boreholes) in view of disposal of radioactive waste
require a licence issued by DETEC.

! The demonstration of feasibility for the disposal of low- and intermediate-level waste was formally accepted by the
federal government in 1988. For the disposal of spent fuel, HLW and long-lived ILW, the demonstration of feasibility
(Entsorgungsnachweis) was approved by the federal government in June 2006.



e Domestic transport, import, export and transit of nuclear fuel and radioactive waste are
subject to licence issued by the Swiss Federal Office of Energy (SFOE).
e Shipment of spent fuel for reprocessing abroad is not allowed for a period of 10 years
starting in July 2006.
e In the nuclear area, the supervisory authority with respect to nuclear safety and radiation
protection is ENSI. In the non nuclear area, the supervisory authorities are the Federal
Office of Public Health (FOPH) und the Swiss National Accident Insurance Office.
FOPH manages the licensing procedures in the non-nuclear area.
The licensing process for nuclear facilities is conducted by SFOE and consists in general of the
following main steps:

1. Submission of the application with a description of the project and a safety analysis
report.

2. Review of the project by the nuclear safety authorities.
3. Consultation of federal offices and cantonal governments.

4. Deposition of the licence application documentation and of the review reports for public
consultation; individuals, communities and organizations can raise objections against the
project.

5. Compilation by the SFOE of all the material collected and preparation of the decision.

6. Decision by DETEC or the Federal Council, generally along with a list of licence
obligations. Appeals against the decision may be filed with a board of appeals (this does
not apply in the case of decisions by the Federal Council).

The detailed procedure for the site selection of disposal facilities prior to the application for the
general licence is not prescribed by the current legislation. The Nuclear Energy Ordinance however states
that the site selection process must be defined in a so-called “sectoral plan”. Sectoral plans are spatial
planning tools typically used at the federal level to implement major infrastructure projects of national
importance such as airports or high voltage transmission lines. The conceptual part of the “Sectoral plan
for deep geological repositories”, defining the various steps of the procedure, the selection criteria as well
as the respective role of the stakeholders, was prepared by the federal authorities under the lead of the
Swiss Federal Office of Energy (SFOE). Following a broad consultation process, it was approved by the
Federal Council on 2 April 2008.

The focus of the site selection process is on safety based criteria, but land use and socio-economic
aspects must also be taken into account. The conceptual part of the plan also specifies a three-stage site
selection process. It regulates the collaboration between the Federal Council and the cantons and
neighbouring countries, among the relevant federal offices and affected organisations and persons under
public and private law (in so far as they are entrusted with performing public tasks). It also outlines how
spatial planning activities are coordinated with one another and how development can be supported in
siting regions that are influenced by the repository projects.

Stage 1 focuses on the identification of suitable siting regions using safety and geological criteria. In
October 2008, the National Co-operative for the Disposal of Radioactive Waste (Nagra), on behalf of the
waste producers, proposed potential geological areas on the basis of safety criteria (see chapter 3.2).
Following this step, a “Commission of Cantons” including representatives of the siting cantons,
neighbouring cantons and neighbouring states was established by the federal government. The Swiss



Federal Nuclear Safety Inspectorate and their experts as well as the Federal Nuclear Safety Commission
reviewed safety-related aspects of the proposed sites. In 2010, they both confirmed that Nagra's analysis of
the geological information was technically justified, comprehensive and transparent and therefore
approved the six proposed siting areas. The proposals by Nagra were also reviewed by an expert group of
the cantons (AG SiKa/KES) and by a German expert group (ESchT); in their review reports both also
approve Nagra’s proposed siting areas. A broad public consultation took place between 1 September and
30 November 2010 and gave rise to some 3,700 opinions, which have been compiled by the SFOE. To
complete Stage 1, the proposals must be approved by the Federal Council and formally registered in the
sectoral plan. The decision of the Federal Council is expected by the end of 2011. As a preparatory step for
Stage 2 of the sectoral plan process, so-called “regional conferences” are being established in five out of
six siting regions, including representatives of the local authorities, of the local population and of various
interest groups.

In Stage 2 of the sectoral plan process, a number of activities will be undertaken in close collaboration
with the siting regions: a spatial planning assessment of siting possibilities for the surface infrastructure in
the siting regions as proposed in Stage 1. As a starting point for this assessment, Nagra, on behalf of the
waste producers, has to prepare proposals for siting the surface facilities. Furthermore, socio-economic and
environmental studies will be prepared. Nagra has also to carry out provisional quantitative safety analyses
and a safety-based comparison of the siting areas that will allow the identification of at least two sites each
for the HLW and L/ILW repository.

In Stage 3 of the process, the remaining sites will be investigated in depth with a view to site selection
and preparation of an application for a general licence. The repository projects will be finalised together
with the siting regions, while socio-economic implications will be analysed in greater depth. The siting
regions will propose projects for the regional development and compile the background information
necessary to determine compensation measures and to monitor socio-economic and environmental impacts.
Compensation measures will be negotiated and published. Stage 3 will lead to the submission of
applications for a general licence (one each for HLW and L/ILW or one for a so-called “combined
repository”).

2.2 REGULATIONS concerning specific activities or facilities
2.2.1 RADIOACTIVE waste management

Specific regulations are implemented in the licences granted by the licensing authority. In the field of
radioactive waste management, licences have up to now been granted for various geological investigations
and for the construction and operation of conditioning and storage facilities. The licences generally contain
a series of obligations which also define the steps or activities which are subject to a permit by ENSI.

All licences for geological investigations require the formation of a supervisory commission
constituted with representatives of the federal, cantonal and local authorities involved at the particular site,
generally also including persons from groups opposing the project.

The operation licences for conditioning and storage facilities specify in detail the limits for effluent
discharges from the facility. They also set the criteria for the acceptance of waste for conditioning or
storage. The licence for the Central Storage Facility specifies the reference requirements which shall be
met by the transport and storage casks foreseen for spent fuel and vitrified high level waste.

2.2.2 DECOMMISSIONING

The Nuclear Energy Act requires the operator of a nuclear facility to apply for a general licence as a
first step. Applications for construction and operation licences can only be made once the general licence
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has been issued. Licensees must state the basic commitments with respect to decommissioning in the
application documents for the general licence and present a decommissioning plan with the application
documents for the construction licence. They have to regularly update the decommissioning plan during
the operation period. At the end of the operational lifetime of the facility, they must submit a
decommissioning project. After this project has been reviewed and approved by the authorities, a
decommissioning order is issued by the licensing authority (DETEC). The legislation thus addresses all
aspects of decommissioning at the appropriate stage of facility development.

2.3 GUIDANCE on implementation

The guidelines issued by ENSI state in detail how the Swiss nuclear safety authorities intend to carry
out their legal tasks. The intent is to give advice to designers, constructors and operators of nuclear
facilities regarding the criteria by which the nuclear safety authorities assess formal licence applications
and supervise the facilities. The guidelines are not legally binding, but the fulfilment of the requirements
set forth in the guidelines is a prerequisite for a positive assessment of a project by ENSI.

After the total revision of the former atomic energy legislation many requirements contained in
existing ENSI guidelines were carried over into the new Nuclear Energy Ordinance. The full set of ENSI
guidelines is currently being adapted to the new legislation; this process also includes the updating of the
contents of the guidelines and is still on going.

2.3.1 RADIOACTIVE waste management

Four guidelines issued by ENSI concern specifically radioactive waste management: ENSI-B05 on
the conditioning of radioactive waste, ENSI-G03 on the requirements for geological disposal, ENSI-G04
on requirements for the interim storage of radioactive waste (replacing the former R-29 and coming into
effect in 2010), and ENSI-GO5 on the requirements for transport and storage casks.

Guideline ENSI-B05: Requirements on the Conditioning of Radioactive Waste

Conditioning represents the first step on the way to the disposal of radioactive waste. Although
disposal facilities do not yet exist in Switzerland, the conditioned waste packages must be suitable for
interim storage as well as for disposal.

Radioactive waste should be conditioned in such a way that the resulting waste package can be
subjected as a unit to the waste management stages of transport, storage and disposal. Subsequent
packaging procedures (e.g., over-packing for transport or disposal) are admissible. To achieve this
objective, requirements concerning the waste form, the packaging, the waste package, the data acquisition
and the quality assurance are set. The procedure for obtaining the permit for the production of waste
packages is fixed. A prerequisite for granting the permit is that Nagra, the organisation responsible for
disposal, certifies the suitability of the type of waste package to be disposed of in one of the repositories
foreseen.

A series of technical measures are indicated, which are regarded as acceptable means for fulfilling the
protection objectives.

Guideline ENSI-GO03: Protection Objectives for the Disposal of Radioactive Waste
The guideline ENSI-G03 defines specific design principles for deep geological repositories and

requirements for the safety case. It applies to all methods of geological disposal and to all categories of
radioactive waste.
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The overall objective of radioactive waste disposal and the principles to be observed which are stated
in the guideline ENSI-G03 are derived from the internationally agreed IAEA requirements. As a
concretisation of the overall objective and the associated principles, the safety requirements are expressed
in the form of protection objectives:

1. Protection of human: The geological disposal of radioactive waste may result in only low additional
radiation exposure to individual members of the population.

2. Protection of the environment: As the natural basis for the existence of man and other living beings,
the environment must be protected. Biodiversity may not be put at risk by geological disposal.

3.  Transboundary protection: The risks resulting from geological disposal of radioactive waste in
Switzerland may not be higher in other countries than is permissible in Switzerland.

4.  Future protection: Risks arising in the future from geological disposal of radioactive waste may not
be greater than those permissible in Switzerland today.

5.  Long-term safety: A geological repository has to be designed in such a way that, after its closure, no
further measures are required to ensure long-term safety.

6.  Safety barriers: The long-term safety of a geological repository is to be assured by staged, passively
functioning natural and engineered barriers (multiple barrier system, Article 11, paragraph 2b of the
Nuclear Energy Ordinance).

7. Monitoring and retrieval: Any measures that would facilitate monitoring and maintenance of a
geological repository or retrieval of the waste may not compromise the functioning of the passive
safety barriers (Article 11, paragraph 2c of the Nuclear Energy Ordinance).

8.  Freedom from burdens: The responsibility for geological disposal lies with the generation enjoying
the benefits of the energy production. No undue burdens should be placed on future generations.

9.  Natural resources: The foreseeable future use of natural resources may not be unnecessarily
restricted by the presence of a geological repository.

10. Optimisation: For decisions that form part of planning, construction and operation (including
closure) of a repository, alternatives are to be considered with a view to optimising operational and
long-term safety.

Quantitative protection criteria are used to determine whether the protection objective has been
fulfilled, taking the guiding principles for implementation into consideration. Compliance with the
protection criteria has to be shown in a safety demonstration.

The variants for the future evolution of a sealed repository that are realistically conceivable are to be
classified into likely and less likely and the selected classification has to be justified. Based on this
classification, there are two protection criteria for the post-closure phase:

Protection criterion 1: For each future evolution classified as likely, the release of radionuclides may
not lead to an individual dose exceeding 0.1 mSv per year.

Protection criterion 2: Future evolutions classified as less likely and not considered under protection
criterion 1 may not, taken together, constitute an individual radiological risk of
fatality exceeding one in a million per year.
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Guideline ENSI-G04: Requirements for the Storage of Radioactive Waste and Spent Nuclear Fuel

The interim storage system comprising the store and the waste packages must equally fulfil two goals:
(1) the protection of human health and the environment against emissions from the waste packages and (2)
the protection of the waste packages against harmful effects. The guideline ENSI-G04 came into effect in
2010.

Guideline ENSI-GO05: Requirements for Transport and Storage Casks

The transport and storage casks have to resist static and dynamic impacts in both normal operation
and in accident situations. For each new transport and storage cask type a safety report has to be prepared,
which will be reviewed by the supervisory authority ENSI. The safety report must address the
requirements listed in the guideline. These include requirements concerning the following issues:

e density of the casks

e subcriticality

e resistance to ageing

e protection against airplane crash

e behaviour in case of an earthquake

e limitation of dose rate

e limitation of the temperature of the casks and their contents

¢ limitation of the temperature at the cask surfaces and in the storage facility
o validity of transport licence for dangerous goods

e possibility to retrieve the contents of the casks

2.3.2. DECOMMISSIONING

No guidelines are yet planned regarding decommissioning

3. WASTE MANAGEMENT STRATEGY AND CURRENT PRACTICE
3.1 WASTE classification and quantities

The Radiological Protection Ordinance defines when material or waste is considered to be radioactive
and falls within the scope of application of the legislation on radiological protection. In addition, the
Nuclear Energy Act applies to:

e nuclear goods;
e nuclear facilities;
e radioactive waste:

1. that is generated in nuclear facilities, or
2. that has been delivered in accordance with article 27, paragraph 1 of the Radiation Protection
Act

For management purposes, radioactive waste is classified in the following categories in accordance
with the Nuclear Energy Ordinance:
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e High level radioactive waste
3. spent fuel elements that are no longer used,;
4. vitrified fission product solutions
e Alpha-toxic waste: waste in which the content of alpha emitters exceeds 20’000
becquerels per gram of conditioned waste.
e Low and intermediate level waste: all other radioactive waste.

Alphatoxic waste is produced especially during reprocessing, and it can be disposed of together either
with high-level or with low and intermediate level waste.

The main producers of radioactive waste in Switzerland are the nuclear power plants. There are 5
reactors in operation - 3 PWR (Beznau 1 and 2 and Gdésgen) and 2 BWR (Mihleberg and Leibstadt) at 4
sites totalling around 3 200 MWe. This gives or eventually will give rise to following waste streams:

e Waste from the reprocessing of the spent fuel or the spent fuel itself, if not reprocessed.
e Operational waste.
e Decommissioning waste.

Further radioactive waste arises from the use of radionuclides in medicine, industry and research.
Switzerland has no uranium mines and no enrichment, fuel fabrication or reprocessing plants.

At present, the following spent fuel and radioactive waste management facilities exist in Switzerland:

e Nuclear power plants:
All Swiss nuclear power plants have on-site installations for the conditioning and storage
of their own operational waste.

e Central Storage Facility:
This facility operated by the ZWILAG company in Wirenlingen features storage
buildings for spent fuel and all kinds of radioactive waste, conditioning installations and
a plasma furnace for melting and incineration of low level waste.

e Separate storage facility ZWIBEZ at Beznau nuclear power plant:
It consists of a hall for low level operational waste and a hall for the dry storage of spent
fuel.

e Wet storage facility at Gosgen nuclear power plant:
An additional spent fuel pond on the site of the GOsgen nuclear power plant. It is
intended to be also independently operational over several years after the future
shutdown of the Gdsgen nuclear power plant.

o National Collection Centre and Federal Storage Facility:
These installations for radioactive waste from medicine, industry and research are
operated by the Paul Scherrer Institute (PSI) in Wirenlingen.

There are yet no deep geological repositories in Switzerland.

The following table presents the waste inventories stored at the radioactive waste management
facilities as of December 2010. HAA = high level waste; ATA = alpha-toxic waste; SMA = low and
intermediate level waste; cond. = conditioned waste; uncond. = unconditioned and partly conditioned
waste.
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Site name Waste class Waste volume (m3) Total activity (Bq)
Beznau NPP (incl. | SMA, cond. 1'138 5.9:1014
ZWIBEZ) SMA, uncond. 109 4.0-1012
Gdsgen NPP SMA, cond. 219 6.5-1013
SMA, uncond. 45 1.3-1012
Leibstadt NPP SMA, cond. 1'230 2.6-1014
SMA, uncond. 13 2.8-1010
Mihleberg NPP SMA, cond. 852 2.8-:1014
SMA, uncond. 77 1.0-1012
ZZL HAA, cond. 40 2.9-1018
ATA, cond. 32 1.3-1016
SMA, cond. 1'342 1.6-1015
SMA, uncond 406 1.3-1012
PSI ATA, cond. 61 1.1-1015
ATA, uncond. 21 1.8-1014
SMA, cond. 1'430 5.5-1015
SMA, uncond. 408 6.4-1015

According to current estimates, the total volume (rounded) of waste for the L/ILW repository will
amount to 87,000 m® (64,000 m®) for the existing NPPs with an assumed operation time of 50 years and a
collection period of the waste from medicine, industry and research until 2050 (volume of conditioned
waste and packaged into disposal containers; in brackets volume of conditioned waste). Of this, 32,000 m?
(27,000 m°) is operational and decommissioning wastes from medicine, industry and research (this figure
includes a reserve of 12,000 m® mainly to cover wastes from large research facilities), 26,000 m* (7,600
m®) represent operational waste from the NPPs (including exchangeable reactor internals such as control
rods, etc.) and 29,000 m® (29,000 m®) are expected from the decommissioning of the five existing NPPs
and the waste treatment installations (e.g. plasma incinerator) at the ZWILAG centralised interim storage
facility.

A total of around 3,575 tonnes HM of spent fuel is expected from the five reactors currently in
operation, assuming a 50-year operating lifetime. The contracts between the Swiss NPP operators and
reprocessing companies in France and the United Kingdom cover approximately 1,200 tonnes IHM of
spent fuel. For planning purposes, this is assumed to be the total amount that will be reprocessed although,
in principle, reprocessing may be resumed after the current moratorium has expired. This scenario will
result in 6,595 m® (1,135 m®) of spent fuel elements (encapsulated in disposal containers) and about 730 m®
(115 m®) of vitrified high-level waste to be disposed of in the HLW-repository. Furthermore, also long-
lived ILW will be disposed of in the HLW-repository. This includes mainly wastes from reprocessing.
Furthermore, also the waste arising from the operation of the HLW-repository and the encapsulation plant
will be disposed of together with the long-lived ILW resulting in an overall volume of approx. 5,000 m®.

3.2 WASTE management strategy
The overall radioactive waste management policy is briefly described in section 1.1.1 above.
Radioactive waste arising from the use of radioisotopes in medicine, non-nuclear industry and research is

collected by the Paul Scherrer Institute (PSI) on behalf of the Federal Office of Public Health. It is then
conditioned and stored until disposal at the Federal Storage Facility at the PSI.
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Radioactive waste arising from the operation of the nuclear power plants is conditioned and stored
mostly on-site. Some low level operational waste has in the past been conditioned (e.g. incinerated) at PSI.
This kind of waste is now transferred to the Central Storage Facility operated by ZWILAG for incineration
and melting in the new plasma furnace. This installation was commissioned in 2001.

Until 1 July 2006, spent fuel was sent for reprocessing to France (AREVA NC) and the United
Kingdom (Sellafield Ltd). A moratorium prohibits the export of spent fuel for reprocessing until 30 June
2016. Before the start of the moratorium, about 1’139 t of spent fuel had been shipped from the Swiss
NPPs to the reprocessing facilities. All Swiss fuel has already been reprocessed. The waste arising from
reprocessing is being returned to Switzerland and stored at the Central Storage Facility which started
operation in 2001. By the end of 2011, 5 transports containing 276 canisters with intermediate level waste
and 8 transport and storage casks with vitrified high level waste had been taken back from AREVA
(former COGEMA).

Spent fuel is now stored in transport and storage casks at the Central Storage Facility. The decision as
to whether this spent fuel should be reprocessed at a later time or disposed of as waste has not yet been
taken. At the end of 2011, the storage hall contained 25 casks with spent fuel elements from the nuclear
power plants Gésgen, Leibstadt and Mihleberg and 1 cask with spent fuel elements from the research
reactor "Diorit" from PSI.

ZWIBEZ, an interim storage facility located at the Beznau NPP, can accommodate 46 storage casks
for HLW and spent fuel. In addition to that, a separate building for the wet storage of spent fuel elements
was commissioned at Gésgen nuclear power plant in 2008, extending the on-site storage capacity from 600
to 1600 spent fuel elements.

Two deep geological repositories are foreseen for the disposal of all Swiss radioactive waste. For low
and intermediate level waste, the demonstration of feasibility was formally accepted by the Federal
Council in 1988. Acceptance was based on a study of the technical feasibility and safety of the disposal
concept, entitled “Project Gewidhr” (“Guarantee”), which was prepared by Nagra and reviewed by the
regulatory authorities. Nagra’s site selection procedure for a L/ILW repository began in the 1970s. In 1993,
Nagra proposed Wellenberg in Canton Nidwalden as the repository site and, in 1994, an application for a
general licence was submitted. The review of licence application by the federal nuclear safety authorities
came to a positive conclusion, but the granting of the mining concession required by cantonal legislation
was rejected by the voters of Canton Nidwalden in a cantonal referendum (the siting commune of
Wolfenschiessen voted in favour of the concession). A gradual approach was subsequently proposed and
an application for an exploratory shaft only (for a modified repository project) was submitted in 2001. The
population of Canton Nidwalden rejected the concession application in September 2002, with the
commune of Wolfenschiessen again voting in favour of the project. Consequently, the project was
abandoned.

For high-level waste disposal, Nagra initially pursued the option of the crystalline basement as a first
priority and, in 1979, an application was submitted for a licence to construct a rock laboratory in the
crystalline formations of the Grimsel region (canton Bern). The following considerations favoured the
selection of crystalline as a host rock:

e knowledge available from foreign projects (particularly Sweden);

e good rock mechanical properties (e.g. strength) that would facilitate the construction and
operation of a repository;

o Dbased on available knowledge, it was assumed that large-scale undisturbed blocks of rock
with low permeability exist in the crystalline basement of northern Switzerland;

e no conflict with natural resources.
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The selection of the crystalline basement as a host rock served as the basis for identifying the
investigation area for potential sites: the area to be investigated had to be tectonically quiet and stable in
the long term. The Alps and the areas of north and north-west Switzerland influenced by the Rhine valley
rift (“Oberrheingraben”) did not meet these requirements and were therefore excluded. Due to the risk of
erosion, the repository also had to be located at least 400 m below the earth’s surface, yet for reasons of
engineering feasibility and temperature, no deeper than 1200 m below the surface. As crystalline
formations satisfying these criteria could be found only in northern Switzerland, the investigation area was
limited to a relatively small area covering the cantons of Solothurn, Aargau, Zurich and Schaffhausen. In
June 1980, Nagra submitted applications to drill twelve deep boreholes in the crystalline basement of
northern Switzerland and performed reflection seismic measurements in the region of interest. Between
October 1982 and February 1985, Nagra drilled exploratory boreholes at Bottstein, Weiach, Riniken,
Schafisheim, Kaisten and Leuggern under the supervision of the responsible authorities. The seventh
borehole, in Siblingen, was drilled between September 1988 and April 1989. The investigations delivered
some surprising results: it was found that the crystalline basement of northern Switzerland is intersected by
a large sedimentary trough (the so-called Permo-Carboniferous Trough). The notion that there was a large
body of non-fractured crystalline rock in northern Switzerland therefore had to be abandoned and Nagra
decided not to drill the remaining boreholes.

Project Gewihr (“Guarantee”), which was submitted to the authorities by Nagra in 1985 was based on
the crystalline option for HLW disposal. Following a review by the responsible authorities, the Federal
Council decided in June 1988 that it was feasible to construct a repository in crystalline rock with the
required level of long-term safety. However, it found that there was insufficient proof that the site was
satisfactory, i.e. that sufficiently extensive bodies of rock with the required properties could be found, and
requested the waste producers to expand their investigations to include sedimentary rocks.

The phase of regional investigations in the crystalline basement of northern Switzerland was
concluded by Nagra in 1995 with the ‘Kristallin-I’ safety analysis. Following a review of this project,
HSK2 came to the conclusion in 2004 that the safety of a geological repository for vitrified HLW could be
assured if a sufficiently large body of rock with the properties described in Kristallin-1 could be found. In
HSK’s opinion, however, the prospects of finding such a body of rock and demonstrating conclusively that
it had the required properties had not improved since Project Guarantee.

For sediments, Nagra initially presented a selection of seven potential host rocks. Based on existing
information on safety-relevant properties and the distribution of these rock formations in Switzerland,
Nagra then selected two options (Lower Freshwater Molasse (LFM) and Opalinus Clay) for further
investigation. The next steps were to carry out field investigations in the Opalinus Clay, evaluate existing
data on the Lower Freshwater Molasse and to participate in investigations of the LFM being carried out in
various boreholes and tunnels. In 1996, an international research project was initiated in the Opalinus Clay
of the Mont Terri Rock Laboratory (canton Jura); Nagra and the Confederation are still involved in this
project today. As is the case for the Grimsel Test Site, the Laboratory is purely for research purposes.

The results of the sediment investigations have shown that, at least for a HLW repository, the
Opalinus Clay has clear advantages in terms of safety over the Lower Freshwater Molasse. As a result, and
as part of the work to demonstrate the feasibility of disposal, Nagra proposed exploring the Opalinus Clay
option with spatially restricted site investigations and keeping the LFM as a reserve option. The
responsible federal authorities (ENSI, CRW, NSC) agreed to this proposal in 1995.

2 Swiss Federal Nuclear Safety Inspectorate (now ENSI)
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Defining the investigation region for Opalinus Clay was based on safety-oriented criteria and led
finally to extensive geological investigations being carried out in the Weinland region of canton Zurich.
Nagra submitted an application for a borehole at Benken, which was granted by the Federal Council in
1996. The results from the borehole and the 3D seismic campaign were analysed and documented in
several reports. They confirmed the tectonically undisturbed bedding of the Opalinus Clay in the Benken-
Trallikon-Oerlingen-Marthalen area and the long-term isolation capacity of the Opalinus Clay rock
formation.

Based on these results, Nagra submitted the report to demonstrate the feasibility of disposal for HLW
to the federal government at the end of 2002. In a so-called “Options Report”, Nagra showed which large-
scale areas would come into consideration for a HLW repository from a geological viewpoint, which host
rocks are found in these areas and which are potential siting area. Following a comprehensive review and a
positive evaluation of the project “Opalinus Clay in Zurich Weinland” by the federal authorities and
international experts, the Federal Council approved the report demonstrating the feasibility of disposal on
28 June 2006. This did not represent a siting decision, but was purely a demonstration of the feasibility, in
principle, of implementing a safe geological repository in Switzerland as required by the Nuclear Energy
Act.

For both L/ILW and HLW repositories, a new site selection process according to the sectoral plan
procedure for deep geological repositories (see chapter 2.1) was started on 2 April 2008. In October 2008
Nagra submitted a list of potential geological siting areas to the authorities. The proposed siting areas for
the L/ILW repository are:

e Sudranden (Canton of Schaffhausen) with the host rock Opalinus Clay and its confining
units

e Zirich Nordost (Cantons of Zurich and Thurgau) with the host rocks Opalinus Clay and
the claystone sequence 'Brauner Dogger' with their confining units

¢ North of Lagern (Cantons of Zurich and Aargau) with the host rocks Opalinus Clay and
the claystone sequence 'Brauner Dogger' with their confining units

e Jura Ost (Canton of Aargau) with the host rock Opalinus Clay and its confining units

e Jura-Sudfuss (Cantons of Solothurn and Aargau) with the host rocks Opalinus Clay and
its confining units and the Effingen Beds

e Wellenberg (Cantons of Nidwalden and Obwalden) with the host rock marl formations of
the Helveticum

The siting areas for the HLW repository are:

e Zirich Nordost (Cantons of Zurich and Thurgau) with the host rock Opalinus Clay and
its confining units

¢ North of L&gern (Cantons of Zurich and Aargau) with the host rock Opalinus Clay and its
confining units

e Jura Ost (Canton of Aargau) with the host rock Opalinus Clay and its confining units

In the last three siting areas a so-called "combined repository” (L/ILW and HLW) is also envisaged.
The Swiss Federal Nuclear Safety Inspectorate and their experts as well as the Federal Nuclear Safety
Commission reviewed safety-related aspects of the proposed sites. In 2010, they both confirmed that

Nagra's analysis of the geological information was technically justified, comprehensive and transparent and
therefore approved the six proposed siting areas. The proposals by Nagra were also reviewed by an expert
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group of the cantons (AG SiKa/KES) and by a German expert group (ESchT); in their review reports both
also approved Nagra’s proposed siting areas.

A deep geological repository for low and intermediate level radioactive waste is expected to be ready
for operation in 2035 at the earliest, and a repository for high-level waste in 2045.

3.3 WASTE management issues at national level

The Nuclear Energy Act requires geologic disposal for all categories of waste. This requirement
confirmed the recommendations of an independent Expert Group on Disposal Concepts for Radioactive
Waste (EKRA). The report of the expert group was presented in February 2000 and generally well
received.

The site selection process is defined in a sectoral plan, which was approved by the Federal Council in
2008 (see above). The lessons learnt indicate that an early involvement of the local authorities and
population is necessary. The elaboration of the sectoral plan procedure was carried out with a broad
consultation of interested citizens and organisations, the cantons, as well as the authorities of neighbouring
countries. The first challenge in this respect was to get the procedure widely accepted.

Concerning the radioactive waste disposal, the long-term safety of human beings and protection of the
environment are of the highest priority. Stringent requirements in terms of geological stability, host rock
barrier performance and local geological conditions (depth, thickness and lateral extent of host rock are
therefore a decisive factor in the site selection procedure. In addition to safety criteria, the selection
procedure also has to take account of socioeconomic and spatial planning aspects. These vary from region
to region, and can only be developed with the participation of the involved regions.

Parliament’s decision concerning the government’s approval of the general licence for deep
geological repositories is expected around 2019/2020. The parliamentary decision is subject to an optional
national referendum.

34 RESEARCH and Development
3.4.1 RESEARCH infrastructure

R&D on radioactive waste management is performed mostly at the Paul Scherrer Institute (PSI) and at
the underground rock laboratories (Grimsel and Mont Terri), but also at some universities. Several projects
are conducted within an international framework (e.g. EU Framework programmes). A substantial part of
this R&D is funded by Nagra, the organisation responsible for the disposal of radioactive waste. A further
important part is financed by governmental funds. ENSI, the regulatory body for nuclear energy, initiates
and funds safety related regulatory R&D. A small amount of ENSI’s R&D budget is devoted to radioactive
waste management. ENSI also follows and comments on the work done at the PSI.

The Swiss Confederation has a duty to guarantee independent research concerning radioactive waste
disposal. For this purpose it runs a research programme covering the needs of the Confederation in this
field until 2013. The SFOE manages projects in the fields of human and social sciences and ENSI the
regulatory safety related research.
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3.4.2 CONTENTS of R&D plans

Waste management R&D activities at the PSI are performed at the Laboratory for Waste
Management. The activities are in fundamental repository chemistry, chemistry and physics of
radionuclides at geological interfaces and radionuclide transport and retardation in geological media and
engineered barriers. The work performed is a balanced combination of experimental activities in dedicated
laboratories for handling radioactive isotopes and in the field, and theoretical modelling. The work is
directed towards repository projects and the results find their application in comprehensive performance
assessments carried out by Nagra.

The R&D work at the PSI can be grouped into the following areas:

o Geochemical modelling (thermodynamic databases and software, solid solution
thermodynamics, etc).

e Transport mechanisms (coupled transport phenomena, modelling migration experiments,
etc).

o Diffusion processes (in conditioned clay, natural rocks and cements) and organic ligands
(complexation).

o Clay systems (sorption measurements and databases, mechanistic sorption models, etc).

e Cement systems (sorption studies, co-precipitation, etc).

e Colloid chemistry (colloid sampling in clay and marl groundwaters, global colloid
properties).

The Grimsel rock laboratory (granite site) brings together 17 international partner organisations. The
main emphasis is currently on phase VI (2003 — 2013). The projects relate mainly to the understanding of
engineered barrier systems under realistic conditions on a 1:1 scale and to the transport behaviour of
radionuclides in granitic rocks.

The Mont Terri rock laboratory (clay site) is also an international project with partners from several
countries. The experiments at the Mont Terri rock laboratory relate particularly to diffusion and retention
of radionuclides in clay, thermo-hydro-mechanical behaviour of clay, rock mechanics, gas flowpaths and
self-sealing of fissures. ENSI is funding several experiments on rock mechanical issues carried out by the
engineering geology unit of the Federal Institute of Technology.

All projects within the research programme of the Confederation must have a solid scientific basis and
at the same time focus on practical application. The various project themes should be approached in an
open-minded manner and on an interdisciplinary basis. The projects managed by the SFOE cover the
priorities listed below:

Long-term aspects (retention of knowledge and marking)
Sectoral planning procedure (communication with society)
Public perception, opinion making and acceptance

Ethical and legal aspects
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35 FINANCING of Radioactive Waste Management
3.5.1 FRAMEWORK and responsibilities

In accordance with the polluter-pays principle, producers of radioactive waste in Switzerland are
responsible for ensuring its safe management and eventual disposal at their own cost. The various ongoing
costs (e.g. for reprocessing, studies carried out by NAGRA, construction of interim storage sites) have to
be paid as they arise. Decommissioning costs and expenditure associated with the management (including
disposal) of radioactive waste after a nuclear power plant has been closed down, are secured through
contributions paid into two independent funds by the operator:

e Decommissioning fund for nuclear facilities
e Disposal fund for nuclear power plants

The Nuclear Energy Act and the Federal Ordinance on the Decommissioning Fund and the Waste
Management Fund (7 December 2007) form the legal basis for these two funds.

The purpose of the Waste Disposal Fund is to secure the costs for the disposal of nuclear waste
resulting from the operation of nuclear installations, and of spent fuel elements following the
decommissioning of a nuclear power plant. It was established in 2000.

The aim of the Waste Disposal Fund is to secure the costs for the disposal of nuclear waste and spent
fuel elements following the decommissioning of a nuclear power plant. The most important cost
components are containers for transport and storage, transport, disposal of spent fuel elements, central
waste treatment and interim storage, and disposal of radioactive waste in two deep geological repositories.
The owners of the five nuclear power plants in Switzerland (Beznau 1 and 2, Mihleberg, Gésgen and
Leibstadt) are obliged to pay annual contributions into this fund.

The purpose of the Decommissioning Fund is to secure the costs for the decommissioning and
subsequent dismantling of nuclear installations, and for the disposal of the resulting waste. It was
established in 1984.

The aim of the Decommissioning Fund is to secure the costs for the decommissioning and dismantling
of nuclear facilities and for the disposal of the resulting waste. The owners of Beznau 1 and 2, Mihleberg,
Gosgen and Leibstadt nuclear power plants and of the interim waste storage facility in Wirenlingen
(ZWILAG) are obliged to pay annual contributions into this fund.

3.5.2 STATUS of financing schemes

The annual contributions to the Decommissioning Fund paid by the owners of the nuclear power
plants and of the Central Storage Facility are based on specific decommissioning plans with corresponding
cost estimates. The decommissioning plans have been reviewed and approved by the authorities from a
technical and financial point of view. The plans and cost estimates have to be periodically updated. The
yearly contributions grow with inflation rate. As of the end of 2010, the fund contained CHF 1,331 million
(approx. EUR 967 million).

The costs for the management of spent fuel and radioactive waste (i.e. conditioning and storage) as
well as for the preparations for later disposal (i.e. work of Nagra) are paid by the waste producers as part of
their running budget. Cost estimates serving as a basis for the contributions to the fund have to be compiled
and reassessed every five years by the operators (for waste disposal, Nagra on their behalf), and reviewed
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and approved by the authorities. At the end of 2010, the fund contained CHF 2,821 million (approx. EUR
2,412 million).

4. DECOMMISSIONING STRATEGY AND CURRENT PRACTICE
4.1 DECOMMISSIONING strategy

The shutdown of the five commercial NPP will be followed by a post-operation phase of 4-5 years
with removal of spent fuel and technical as well as administrative work in preparation for the
decommissioning. Based on the concept of immediate dismantling, the decommissioning process starts
immediately after the post-operation phase with the eventual turning of the sites into a green field.

4.2 STATUS of decommissioning projects

One experimental nuclear power plant has been dismantled. This facility, at Lucens in the Canton of
Vaud, was shut down in 1969 following an accident and subsequently decommissioned. The last part of the
site has been released from nuclear regulatory control in 2004. The radioactive waste resulting from the
dismantling is stored at the Central Storage Facility.

In 1989 the Federal Council decided that the Department of Nuclear Physics at the University of
Geneva had completed the decommissioning of the research reactor and released the site from the former
atomic legislation. The fuel elements were transferred to the Paul Scherrer Institute. No radioactive waste
resulted from the dismantling of this installation.

Two research reactors at the Paul Scherrer Institute (PSI) are in the process of being decommissioned.
The decommissioning activities started in 1994 and 2002, respectively, and they are in their final stage.
Many premises of the former nuclear facilities are already used for other purposes. The waste is stored at
the Federal Storage Facility.

In July 2011, the PSI submitted to the SFOE a project for the decommissioning of its pilot incinerator
plant which ceased operations at the end of 2002.

4.3 DECOMMISSIONING issues at national level

There are currently no plans for decommissioning nuclear power plants in the near future. Both the
operators and the regulator are following the developments on decommissioning in the international scene.

4.4 RESEARCH and development
441 RESEARCH Infrastructure
There is currently no R&D programme on decommissioning in Switzerland.
4.4.2 CONTENTS of R&D plans
4.5 FINANCING
45.1 FRAMEWORK and responsibilities

See above, Radioactive waste management
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45.2 STATUS of financing schemes

See above, Radioactive waste management
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