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Section A Introduction

A.1 Country and State

Switzerland is situated in central Europe and has a total surface area of 41,285 km? and a
population of roughly 9 million. Structurally, Switzerland has evolved into a federal State with
26 member states, known as cantons. The federal authorities have responsibility under the
Constitution for certain central functions. All other legislative power remains with the cantons,
which therefore retain a high degree of autonomy. Municipalities and communities also enjoy
considerable rights of self-government. At each level, a significant number of political rights
are guaranteed to the people.

The Federal Council consists of seven ministers of equal rank, acting as the federal govern-
ment. Ministers are elected by the Swiss Parliament. The Parliament consists of two chambers:
the National Council represents the population as a whole. It has 200 members elected for a
term of four years. The Council of States has 46 members representing the Swiss cantons.

The electorate has the constitutional right to introduce and sanction changes to the Federal
Constitution and a right to express itself in referenda on federal legislation. The electorate can
also request changes or additions to the Federal Constitution through a popular initiative
signed by at least 100,000 voters. Any change to the Constitution must be submitted to an
obligatory national referendum; the majority of cantons as well as the majority of the individual
voters must be favourable to the change otherwise the Constitution remains unchanged. If a
minimum of 50,000 voters challenge a decision by parliament to pass a new federal law or
change an existing law, the issue is put to a facultative national referendum. The federal rules
on popular initiatives and referenda are replicated in cantonal constitutions.

In 2023 final electricity consumption in Switzerland was 56.1 billion kilowatt hours (kWh), down
on the previous year (-1.7%). Hydropower plants contributed 56.6% to overall electricity pro-
duction (run-of-river power plants 24.3%, storage power plants 32.3%), while nuclear power
plants supplied 32.4% and conventional thermal and renewable energy plants generated
11.0%.

A.2 Statutory Basis of Nuclear Power

Starting in the 1950s, the use of nuclear energy technology was left to the private sector. How-
ever, the legislative framework to ensure safety and radiation protection was exclusively es-
tablished at the federal level. As a first step, an article was added to the Swiss Constitution,
which was approved by a vote of the Swiss population in 1957. Based on this article, the Atomic
Energy Act came into force in 1959.

In 2005, a new Nuclear Energy Act and its related ordinance entered into force to replace the
Atomic Energy Act of 1959. Under the new Nuclear Energy Act, the unconditional authority of
the Federal Council to grant general licences for new NPPs was abolished and decisions on
general licences for new nuclear facilities are subject to a facultative national referendum. In
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addition, the Federal Government was given full legal responsibility for licensing geological
waste repositories.

A.3 The Regulatory Authority

The first experimental nuclear reactor started operation in Switzerland in 1957. At that time, no
regulatory authority was established in Switzerland. The canton in which a reactor was located
was responsible for its safety. The first nuclear regulator in Switzerland was the Swiss Federal
Nuclear Safety Commission set up in 1960. Between that date and 1982, its secretariat evolved
in several stages into an independent authority. In 1964, the Federal Council decided to create
the Department for the Safety of Nuclear Facilities, which later became the Swiss Federal
Nuclear Safety Inspectorate. The duties of the regulatory body were formally defined in an
ordinance published in 1982. Until the end of 2008, the Swiss Federal Nuclear Safety Inspec-
torate was part of the Swiss Federal Office of Energy (FOE).

The fact that the Swiss Federal Nuclear Safety Inspectorate reported directly to the Swiss
Federal Office of Energy contravened the independence stipulated in both the Swiss Nuclear
Energy Act of 2005 and the Convention on Nuclear Safety. The Act on the Swiss Federal
Nuclear Safety Inspectorate (ENSI) — approved in 2007 — created a statutory framework for
making the Swiss Federal Nuclear Safety Inspectorate formally independent of the Swiss Fed-
eral Office of Energy. This was achieved on 1 January 2009 when ENSI became an independ-
ent authority constituted under public law. ENSI itself is supervised by an independent body,
the ENSI Board. The Board is elected by the Federal Council to whom it reports directly.

A.4 Nuclear Power Plants

As nuclear power production is part of the private sector, there is no national nuclear pro-
gramme as such. During the 1960s, a series of projects for NPPs were initiated and four of
them were realised. This resulted in the current five units, which were commissioned between
1969 and 1984. Two projects were cancelled.

Because of Switzerland’s mountainous landscape, the number of suitable sites for NPPs is
limited. Two sites are located near the German border; Leibstadt is situated 0.5 km and Bez-
nau 5 km from the border. The other two sites, MUhleberg and Gdsgen, are located about
40 km from the French and 20 km from the German border, respectively. The geographic lo-
cation of all Swiss nuclear facilities is shown on the map in Figure 1.

Licensing procedures for three new units on existing sites were ongoing in Switzerland before
the 2011 Fukushima Daiichi Nuclear Power Plant accident in Japan. The Federal Council sus-
pended these procedures shortly after the Fukushima accident. Over the course of 2011, the
Federal Council and the Swiss Parliament decided to phase out nuclear energy by abandoning
the building of new plants, but the existing plants should continue to operate as long as they
can do so safely. In October 2016, the energy companies Axpo, Alpig and BKW withdrew their
general licence applications for replacement nuclear power plants.
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In October 2013, the energy company BKW Energy Ltd decided to shut down Mihleberg NPP
by the end of 2019. BKW submitted the decommissioning project for review in December 2015,
which was assessed by ENSI in August 2017. Based on the assessments of ENSI and other
authorities, the Federal Department of the Environment, Transport, Energy and Communica-
tions (DETEC) issued the decommissioning order in June 2018. On 20 December 2019, the
Mihleberg NPP ceased power operation. After final cessation of power operation, the spent
fuel elements from the reactor core were transferred to the spent fuel pool. All measures to
establish a safe technical post-operation are implemented (see Section F.6). Decommission-
ing is ongoing and expected to be completed in the early 2030s. In September 2023, the last
spent fuel elements were transported to the Central Interim Storage Facility in Wirenlingen.

The nuclear phase-out has been discussed as part of the parliamentary debate on the Energy
Strategy 2050, which required a partial revision of the Nuclear Energy Act. Following these
discussions, both chambers of the Parliament have decided to refrain from restricting the op-
erational lifetimes of the Swiss nuclear power plants. In November 2016, a popular initiative to
limit operational lifetime of the Swiss NPPs to 45 years was rejected by the voters in a refer-
endum. In May 2017 the Energy Strategy 2050 was accepted by the Swiss population in a
national referendum. It will lead to a gradual withdrawal from nuclear energy and aims at re-
ducing the energy consumption and dependence on fossil energies from abroad, while increas-
ing the proportion of local renewable energy sources.

A.5 Facilities for Nuclear Education, Research and Development

The Paul Scherrer Institute (PSI) is the largest research institute for natural and engineering
sciences in Switzerland, conducting cutting-edge research in three main fields: matter and
materials, energy and environment and human health. PSI develops, builds and operates com-
plex large research facilities. It is part of the Domain of the Swiss Federal Institutes of Tech-
nology.

One topic of energy research at the PSI is the safe use of nuclear energy. A key focus here is
on further improving our understanding of the processes in existing and future nuclear power
plants, to help ensure that they are operating safely. Another topic is research related to spent
fuel and radioactive waste management. In order to maintain vital nuclear knowhow in Swit-
zerland PSI engages itself substantially in the Swiss master program “Nuclear Engineering” of
the Swiss Federal Institutes of Technology in Zurich (ETHZ) and Lausanne (EPFL).

Regarding nuclear research infrastructure there are four sites at PSI that fall under the defini-
tion: the former research reactors DIORIT, SAPHIR, and PROTEUS which are in various
stages of decommissioning and the Hot Laboratory, where nuclear research is still taking
place.

In the Swiss Federal Institute of Technology in Lausanne (EPFL) a zero-power (100 W) teach-
ing reactor is still in operation.

The former Lucens experimental NPP was decommissioned and dismantled after suffering a
partial core-meltdown in 1969. With the exception of a small radioactive waste storage area,
this site was declassified and released for non-nuclear activities in March 1995. In 2003 the
radioactive waste from this storage area was transported to the Central Interim Storage Facility



Joint Convention: Eighth National Report of Switzerland

in Wirenlingen (Zwilag). The site was completely released from nuclear legislation by the Fed-
eral Council in 2004.

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 AGN-201-P and re-
leased the site from the former atomic legislation. The fuel elements were transferred to PSI
and later back to the USA.

The reactor in Basel was shut down permanently in late 2013. In 2015, the remaining highly
enriched uranium from the reactor was sent back to the USA. The University of Basel submitted
the decommissioning project for review in February 2017. Based on ENSI’s assessment of
April 2018, DETEC issued the decommissioning order in February 2019. Dismantling of the
facility began in June 2019 and was completed in December 2019. In November 2021 the
DETEC released the installation from nuclear legislation.

A.6 Radioactive Waste

Each NPP has facilities for the conditioning and interim storage of radioactive waste resulting
from its operation. At the Beznau NPP site, there is an additional facility for the dry storage of
spent fuel elements (ZWIBEZ) which became operational in 2008. At the Gésgen NPP, a
separate building for the wet storage of spent fuel elements was commissioned in April 2008
(Nasslager). In 2017 a new building dedicated, amongst others, to a sorting station for solid
radioactive waste and to interim storage of large components to be dismantled from the plant,
has been commissioned in the Leibstadt NPP.

On behalf of the Swiss Confederation PSI operates the National Collection Centre for all non-
NPP radioactive waste, i.e. waste coming from medicine, industry and research. This includes
facilities for the treatment and conditioning of this radioactive waste and the Federal Interim
Storage Facility (BZL). In order to extend its storage capacity PSI builds a new interim storage
facility beside the BZL. In June 2014, PSI submitted the application for the construction and
operation licence. The licensing authority (DETEC) granted the construction licence in Sep-
tember 2018. ENSI permits are required for various stages of construction and operation. Con-
struction of the building and assembly of the components have been completed. PSI plans to
commission the new interim storage facility from September 2024 and intends to submit the
necessary application to ENSI from June 2024.

Between 1974 and 2002 PSI operated a pilot plant to incinerate low radioactive waste. In July
2011, PSI submitted a project for the decommissioning of its pilot incinerator plant. After a de-
tailed review of the decommissioning project, the licensing authority (DETEC) issued the decom-
missioning order in 2014. The dismantling activities are divided in 5 phases. In the first three
phases, the furnace, the exhaust gas pipes, and the emission filters have been completely dis-
mantled and conditioned. In the next phase, the building will be measured with in-situ gamma
spectrometry. The end state of decommissioning is the complete demolition of the building
(“brown field”).

In Wirenlingen, the Central Interim Storage Facility for radioactive waste (Zwilag) was con-
structed by the utility-owned company Zwilag AG. In addition to storage capacity for spent fuel,
vitrified high-level waste and other intermediate- and low-level radioactive waste, the Zwilag
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includes facilities for the conditioning of specific waste streams and the incineration or melting
of low-level waste (plasma incinerator). The storage facility started active operation in June
2001. The conditioning facilities have been available for active operation since December
2003. Test campaigns of the plasma incinerator with radioactive waste started in 2004. In Sep-
tember 2009 a permit for the permanent operation of the plasma incinerator was granted by
ENSI.

The producers of radioactive waste, i.e. the NPP operators and the Swiss Confederation (re-
sponsible for the waste from medicine, industry and research) have formed the National Co-
operative for the Disposal of Radioactive Waste (Nagra) in 1972. Nagra is responsible to pre-
pare and implement solutions for the disposal of all radioactive waste categories. In 1985,
Nagra submitted the documentation for project “Gewahr” aimed at demonstrating the feasibility
of the safe implementation of two repositories, one for low-level and short-lived intermediate
level waste (L/ILW) and one for high-level-and long-lived intermediate level waste. For a re-
pository for L/ILW at Oberbauenstock, the proposed demonstration of feasibility was accepted
by the Federal Council after review by the federal authorities. The application for a general
licence for a repository for L/ILW at the Wellenberg site in the canton of Nidwalden was sub-
mitted in 1994. The cantonal legislation required a mining concession for the construction of
such a repository. The granting of this mining concession was rejected by the citizens of the
canton in 1995. A new application for a mining concession relating only to an exploratory drift
was submitted in January 2001 and rejected once again at a cantonal referendum in Septem-
ber 2002. The NPP operators subsequently abandoned the Wellenberg project.

The feasibility study based on a repository for high-level and long-lived intermediate level
waste in the crystalline basement of Northern Switzerland, which was submitted by Nagra 1985
as part of project “Gewahr”, was acceptable with respect of demonstrating safety and technical
feasibility but not convincing with respect to siting feasibility (the possibility to find a site with
the required properties). The Federal Council then decided that research should be continued
and extended to sedimentary rocks. As a result of a broad selection process, Nagra chose the
Opalinus clay formation in the north of the canton of Zurich for further geological investigations.
The results of these investigations formed the basis for the required feasibility demonstration,
which was submitted for review to the federal authorities in December 2002. The technical
review by the competent Swiss authorities was concluded in August 2005 followed by a broad
public consultation. The Federal Council approved the feasibility demonstration in 2006.

A comprehensive site selection process for a repository for high-level waste and a repository
for low and intermediate-level waste has been started under the guidance and supervision of
the federal authorities in 2008, see Section B.2.
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Figure 1: Geographic location of Swiss nuclear facilities (Source: ENSI)
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A.7 Overview of the spent fuel and radioactive waste management

Table A.1 below provides an overview of the situation regarding spent fuel and radioactive
waste management in Switzerland.

Table A.1:

Type of Liability

Spent Fuel

Nuclear Fuel Cycle
Wastes

Application Wastes

Decommissioning

Disused Sealed
Sources

Long-Term Man-
agement Policy

Deep geological
disposal

Ban on repro-
cessing in the En-
ergy Strategy 2050

Funding of Liabili-
ties

Funding of Liabili-
ties is always in the
responsibility of the
NPP-owners.

After final shut-
down: Waste Man-
agement Fund

Current Practice /
Facilities

Interim storage

Management of radioactive waste and spent fuel in Switzerland

Planned Facilities

Deep geological re-
pository for SF and
HLW

Deep geological
disposal

Funding of Liabili-
ties is always in the
responsibility of the
NPP-owners.

After final shut-
down: Waste Man-
agement Fund

Interim storage

Deep geological re-
pository for L/ILW or
for SF and HLW

Deep geological
disposal

Swiss Confedera-
tion collects and
manages waste

Annual collection

Conditioning and
interim storage at
PSI

New interim storage
facility at PSI

Deep geological re-
pository for L/ILW

No longer used fa-
cilities must be de-
commissioned

Funding of Liabili-
ties is always in the
responsibility of the
NPP-owners.

Atfter final shut-
down: Decommis-
sioning Fund (for
NPPs)

Decommissioning
of small nuclear fa-
cilities at PSI

Decommissioning
of NPP Muhleberg

Recycling if possi-
ble, otherwise man-
agement as radio-
active waste

Polluter pays princi-
ple

Orphan sources:
Swiss Confedera-
tion covers costs

Annual collection

Export for recycling
or conditioning and
interim storage at
PSI

Deep geological re-
pository for L/ILW
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A.8 Summary of results from the previous review

Challenges for Switzerland

Table A.2 below provides the challenges identified for Switzerland during the seventh Review
meeting of the Joint Convention

Table A.2:  Challenges identified during the 7" Review Meeting

Challenges: Reference in present report:

Continuation of the siting & licensing process | See Section B.2
for deep geological repositories for SF & HLW,
and for L/ILW

Area of good Performance

The following area of good performance were identified for Switzerland during the seventh
Review meeting of the Joint Convention:

(i Completion of field investigation, including 3D geo-seismic studies and corre-
sponding boreholes, for potential disposal sites

(i) Early and extensive public engagement, including across national borders, in rela-
tion to siting of disposal facilities

(iii) The annual collection campaign for non-NPP waste

(iv) Refurbishment of spent fuel pool cooling system at Miihleberg NPP to improve re-
silience of cooling system and facilitate decommissioning work

Overarching issues

Several overarching issues were identified during the seventh Review Meeting of the Joint
Convention:

(i Competence and staffing linked to timetable for spent fuel management and radi-
oactive waste management programmes

Information about this topic can be found in Sections F.2 and F.3.

(ii) Inclusive public engagement on radioactive waste management and on spent fuel
management programmes

Information about this topic can be found in Section B.2 and K.
(iii)  Funding of long-term projects
Information about this topic can be found in Section F.2.2, F2.3 and F.6.1

(iv) Management of radioactive waste and spent fuel from new technology appli-
cations as well as planned new projects using existing technologies
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(v)

(Vi)

(vii)

(vii)

(ix)

This topic is not applicable for Switzerland.
Legacy wastes linked to decommissioning and remediation projects
Information about this topic can be found in Section H.2.2.

Ageing management of packages and facilities for radioactive waste and
spent fuel, considering extended storage periods

Information about this topic can be found in Section K.3

Response to natural or man-made events that could adversely affect the
safety of spent fuel and radioactive waste

Information about this topic can be found in Section G.1 and H.1.
Realization of disposal facilities
Information about this topic can be found in Section B.2.

Long term management of disused sealed sources, including sustainable op-
tions for regional as well as multinational solutions

Information about this topic can be found in Section J.
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Section B Policies and Practices (Article 32 Paragraph 1)

In accordance with the provisions of Article 30, each Contracting Party shall submit a
national report to each review meeting of Contracting Parties. This report shall address
the measures taken to implement each of the obligations of the Convention. For each
Contracting Party the report shall also address its:

(i) spent fuel management policy;

(ii) spent fuel management practices;

(iii)  radioactive waste management policy;
(iv)  radioactive waste management practices;

(v) criteria used to define and categorize radioactive waste.

The main sources of radioactive waste in Switzerland are the NPPs, which generate the fol-
lowing waste streams:

e Waste from the former reprocessing of spent fuel (vitrified high-level waste (HLW) and
alpha-toxic waste (ATW)) and spent fuel.

e Waste from the operation of the NPPs (low and intermediate-level waste (L/ILW)).
o Waste from the later decommissioning of the NPPs (L/ILW).

Further radioactive waste arises from the use of radionuclides in medicine, industry and re-
search, including the decommissioning of research facilities. These are almost exclusively
L/ILW, but some alpha-toxic waste is also generated at the Paul Scherrer Institute (PSI). Swit-
zerland has no uranium mines and no enrichment, fuel fabrication or reprocessing plants and
thus no further sources of radioactive waste.
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Interim radwaste storage facility

LaLw

Deep geological repository

Figure 2: Main waste flows in Switzerland's radioactive waste management concept (Source: ENSI)

B.1 Spent Fuel Management (Clauses i and ii)

In Switzerland, four nuclear power reactors (3 PWR, 1 BWR) at three sites (Beznau, Gdsgen
and Leibstadt) are in operation, totalling around 3,015 MWe. The NPP of Muhleberg (BWR)
ceased power operation permanently on 20 December 2019 and is currently under decommis-
sioning.

In 2003, the 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 agreement with the
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country of destination, the existence in that country of an adequate facility corresponding to
the international standards.

Since the start of the moratorium, no spent fuel has been exported for reprocessing. In July
2016 the moratorium has been prolonged by Parliament decision for another four years. Export
of spent fuel for reprocessing has finally been prohibited since 2018 (Nuclear Energy Act, Ar-
ticle 9). Since the ban of reprocessing spent fuel has to be managed as radioactive waste.

The reprocessing took place abroad (France and UK). Plutonium and uranium gained from
reprocessing has been used for fuel fabrication and recycled in Swiss NPPs. The radioactive
waste arising from reprocessing has been returned to Switzerland (see Section B.2). The con-
tracts between the Swiss NPP operators and the foreign reprocessing companies cover
roughly 1,200 t of spent fuel. Before the start of the moratorium, about 1,139 t of spent fuel
had been shipped from the Swiss NPPs to the reprocessing facilities in France and the UK. All
Swiss fuel has already been reprocessed. All radioactive waste had also been returned to
Switzerland

For the interim storage of spent fuel and radioactive waste returned from reprocessing abroad,
a dry storage building at Beznau NPP (ZWIBEZ) and a Central Interim Storage Facility (Zwilag)
(Figure 3) have been built. In addition, a building for the wet storage of spent fuel at Gosgen
NPP (Nasslager) was commissioned in April 2008.

ARG

Figure 3: Central Interim Storage Facility for radioactive waste (Zwilag) in Wiirenlingen. The facility is operated by
the utility-owned company Zwilag AG (Source: Zwilag).
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B.2 Radioactive Waste Management (Clauses iii and iv)

According to the Nuclear Energy Act, the producers of radioactive waste are obliged to safely
manage and dispose of their radioactive waste at their own costs. The responsibility for condi-
tioning and interim storage of radioactive waste from NPPs remains with the NPP operators.
The Swiss Confederation is responsible for the collection, conditioning, storage and disposal
of radioactive waste generated by the use of radioisotopes in medicine, industry and research.
The producers of these radioactive wastes are charged a service fee.

The nuclear energy legislation and the corresponding regulations require the raw waste to be
minimised and conditioned as soon as possible. Radioactive waste has to undergo final dis-
posal in repositories placed in suitable geological formations; surface and near-surface dis-
posal is excluded. The producers of radioactive waste, i.e., the NPP operators and the Swiss
Confederation (for the waste from medicine, industry and research) have formed the National
Cooperative for the Disposal of Radioactive Waste (Nagra) which is responsible to prepare
and implement solutions for the disposal of all radioactive waste categories. Nagra also has to
assess and attest the suitability for disposal of each type of waste package to be produced.
Each conditioning process needs approval by the regulatory authority prior to its application.
The Radiation Protection Ordinance regulates decay storage of up to 30 years for very low-
level radioactive waste and defines the responsibilities for the approval of decay storage. Ac-
cording to the Nuclear Energy Ordinance the decay storage of such very low-level waste is
also possible outside of nuclear facilities.

The Guideline ENSI-G03 "Deep geological repositories" specifies the applicable protection ob-
jective and protection criteria and the requirements for the design, operation and long-term
safety applying to a deep geological repository. The current version of the guideline is in force
since 2020 and was issued in view of the upcoming general licence application for geological
repositories in Switzerland (see below “Stage 3”). In addition, the IAEA Safety Standard SSR-
5 “Disposal of Radioactive Waste” (2011) and the WENRA Safety Reference Levels of the
Report ,Radioactive Waste Disposal Facilities Safety Reference” (22 December 2014) have
been considered.

Two geological repositories are foreseen (Figure 2), one for low and intermediate-level waste
(L/ILW), one for high-level waste (HLW, including spent fuel if not reprocessed) and long-lived
intermediate-level waste — with the option of the two repositories being located at the same
site. The nuclear energy legislation requires the demonstration of the feasibility of safe and
permanent disposal of radioactive waste in Switzerland. This demonstration was conducted
during the 1980ies (Project “Gewahr”) for low- and intermediate-level waste. For high-level and
long-lived intermediate-level waste, the feasibility study by Nagra (Project Opalinus Clay, sub-
mitted in 2002) was approved by the Federal Council (federal government) in 2006. Since no
repositories are in operation yet, all radioactive waste is currently stored in interim storage
facilities. Each NPP has on-site conditioning facilities and interim storage capacity for its own
operational waste. Additional storage capacity is available in the Central Interim Storage Fa-
cility (Zwilag). This facility also contains installations for the conditioning of specific waste cat-
egories and the incineration or melting of low-level waste. The radioactive waste from medi-
cine, industry and research is collected, conditioned and stored at the National Collection Cen-
tre at PSI.
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The radioactive waste, which was returned from the reprocessing of Swiss spent fuel abroad,
is stored at Zwilag. By the end of 2016 all commitments for waste return from France had been
fulfilled in the form of vitrified HLW (CSD-V), alpha-toxic waste with compacted structural ele-
ments (CSD-C) and vitrified medium-level liquid waste (CSD-B). By the same time, all vitrified
HLW from UK had also been returned to Switzerland the amount of which also included a
radiologically equivalent substitute for the according low- and intermediate-level waste.

Site selection procedure for geological repositories

Under the lead of the Federal Office of Energy (FOE), the Federal authorities established the
concept for a site selection procedure for deep geological repositories, called “Sectoral plan”,
which was subject to broad public consultation in 2007, including entire Switzerland as well as
neighbouring countries. Following revision in the light of comments received, the Federal
Council (federal government) approved the site selection concept in April 2008".

The conceptual part of the site selection procedure for deep geological repositories defines the
goals of the federal government and the procedures and criteria to be applied in selecting sites
for deep geological repositories for all categories of waste in Switzerland. The focus of the site
selection procedure is on safety-based criteria, with land use and socio-economic aspects
playing a subsidiary role. The conceptual part of the Sectoral Plan specifies a three-stage site
selection procedure (Figure 4) and it defines the collaboration between all stakeholders as well
as their individual roles. FOE as the process-leading organization also outlines how different
spatial planning and environmental impact assessment activities are coordinated and how the
economic development of potential siting regions can be supported as well as the establish-
ment of the so-called regional participation during stage 1. Each stage of the site selection
procedure comprises a broad public consultation and concludes with an approval by the Fed-
eral Council.

Based on the results of the three-stage procedure, a repository site will be selected for each
type of repository (with the option of a so-called combined repository). The entire procedure is
expected to be completed by the end of 2029 with the issuing of one or two general licences
by the Federal Council. This will then be followed by the approval of the national parliament.
Approval is also subject to a facultative national referendum. According to the current timetable
it is expected that the repository for L/ILW will become operational approximately in 2050 and
the repository for HLW in 2060.

' The “Sectoral Part for Deep Geological Repositories: Conceptual Part” is available in English,
French, German and Italian (http://www.radioactivewaste.ch > “Deep Geological Repositories Sec-
toral Plan “ - “Documents”)



https://www.bfe.admin.ch/bfe/en/home/supply/nuclear-energy/radioactive-waste/deep-geological-repositories-sectoral-plan.html/
https://www.bfe.admin.ch/bfe/en/home/supply/nuclear-energy/radioactive-waste/deep-geological-repositories-sectoral-plan.html/
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Figure 4: Selection of sites in 3 stages of the Swiss site selection procedure (Source: FOE)
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Stage 1 started after the approval of the conceptual part of the Sectoral Plan by the Federal
Council in 2008. The main goal of this stage was the identification of suitable geological siting
regions for both repository types based on the then existing knowledge of the geological un-
derground starting with a “white map of Switzerland”. Following the safety criteria defined by
the regulatory authority (ENSI), the implementer Nagra proposed three potential siting regions
for a geological repository for HLW and six potential siting regions for a geological repository
for L/ILW (Figure 5) in 2008. ENSI reviewed the documentation and agreed with all proposed
geological siting regions. The Swiss Federal Nuclear Safety Commission (NSC) critically as-
sessed the regulator’s review and concurred with the proposed siting regions as well. A broad
public consultation procedure was concluded at the end of 2010. The Federal Council ap-
proved the potential siting regions in 2011, thus ending stage 1 of the site selection procedure.
For the selected siting regions of this stage, only clay-rich host rocks were proposed to comply
with the safety requirements in Switzerland.
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Figure 5: Geological siting regions proposed in stage 1 for a repository for high-level waste (orange) and low- and
intermediate-level waste (green). Five of the siting regions are located in northern and one in central Switzerland.
The red dots indicate the siting areas for the surface facilities designated by Nagra based on results of the regional
participation process (Source: Nagra).

For stage 2, the implementer had to assess the geological database needed to compare the
potential repository sites on the basis of a provisional safety assessment and to clarify the
necessity for supplementary geological investigations. The corresponding report was submit-
ted in 2010 and reviewed by the regulatory authorities (ENSI, NSC) in 2011. The review re-
sulted in a demand for additional investigations needed for stage 2. These investigations have
been addressed by Nagra, the results reviewed by ENSI and discussed with the experts of the
siting cantons, the NSC and the Expert Group on Radioactive Waste Disposal (EGT), which
advises ENSI on geological aspects of radioactive waste disposal. In order to improve the
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knowledge of the underground geology in the siting regions, Nagra has performed a 2D-seis-
mic campaign including 300 km of seismic profiles.

The Nagra proposal for stage 2 was published by the FOE in January 2015. Nagra proposed
the two siting regions Zlrich Nordost and Jura Ost for both L/ILW and HLW for further detailed
investigations in stage 3. In these siting regions, the Middle Jurassic Opalinus Clay was pro-
posed as the host rock formation to be pursued for both repository types. In the view of Nagra,
the four other L/ILW siting regions (Stdranden, Nérdlich Lagern, Jura-Sudfuss and Wellen-
berg; Figure 5) and the HLW siting region Nordlich Lagern should be deferred in stage 2 based
on clear disadvantages in comparison with the other siting regions.

In its review of the proposal, ENSI confirmed that of the six L/ILW siting regions from stage 1
(Figure 5), the regions Stdranden, Jura-Sudfuss and Wellenberg are less suitable due to iden-
tified clear disadvantages. Like Nagra, ENSI found no clear disadvantages for the L/ILW and
HLW siting regions of Zurich Nordost and Jura Ost. Unlike Nagra, however, it identified no
clear disadvantages for the siting region of Nordlich Lagern. ENSI concluded that the defer-
ment of the L/ILW and HLW siting region Noérdlich Lagern was not reliable and therefore pro-
posed three L/ILW and HLW siting regions instead of two (Figure 6), all of which should be
investigated in more detail in stage 3. After a broad public consultation on the results of stage
2, the Federal Council decided in November 2018 that the three siting regions Jura Ost, Zurich
Nordost and Noérdlich Lagern are to be further investigated for both L/ILW and HLW in stage
3.

Geological siting regions for stage 3
HLW, Jura Ost LALW, Jura Ost Swiss-German Border
7771 Huw, Nerdich Lagern J LALW, Nordlich Lagemn —--—--- Cantonal boundary
HLW, Zirich Nordost LALW, Zurich Nordost
o 25 5 10 km
| A Y N R |

Zirich, ;
Nordost A f

Jura Ost

Figure 6: Geological siting regions Jura Ost, Nordlich Ladgern and Ziirich Nordost, selected for further investigation
in stage 3 of the site selection procedure (orange hatched area for high-level waste and green for low- and inter-

mediate-level waste) (Source: ENSI).
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In preparation for stage 3 ENSI specified its safety requirements for the site selection process
and documentation for the general licence application, including recommendations by the
NSC, the Expert Group on Radioactive Waste Disposal (EGT), which advises ENSI on geo-
logical aspects of radioactive waste disposal, the Committee of the Cantons (AdK) and the
German Expert Group for the Swiss Deep Repository (ESchT). Comparison of the sites should
be based on the geological situation in the siting regions, on a site-specific repository layout,
safety analyses and qualitative assessment of the 13 safety criteria defined in the Sectoral
Plan. Due to the more stringent requirements for geological barriers and the longer time period
for the assessment of a repository for HLW, the location for the HLW repository should be
chosen first. Subsequently, the location for the L/ILW repository should be selected.

In September 2022 Nagra announced to prepare a general licence application for a deep ge-
ological repository at the site of Nérdlich Lagern (Figure 7). Based on the results of the geo-
logical investigations (see below) and the safety-related comparison of the three remaining
siting regions Jura Ost, Nordlich Lagern and Zirich Nordost, Nagra concluded that Nérdlich
Lagern represents the most suitable site for the realisation of a combined repository, i. e. for
disposal of both HLW and the L/ILW at the same site. Nagra also announced plans to build a
facility for the encapsulation for HLW including spent fuel next to the interim storage facility in
Wirenlingen.

;:;/J Glpplng'en

'r W Izurza.:h ;ﬁf \/hall"lhenn Kusgﬁalch‘ P N ‘ B =
B ngnau % T (Stétten) E | gaul )
adt < 17 )J\ 3 “Giinzgen ‘\ glisau
e % d&‘\\ Reckingen “\Lienheim &3 Hohentengen Herder o 5
euenﬁwil = % : Dottmgen — jk'gstuh = ‘ Laut:»l::erone!i‘,h:l-';e\n : ‘
g .-:mdottu}:ge ,"--.W Ay Re"""ge‘ AG™ Melhkon Rumlkon AG “«In
%Bmm,n’ ooy, Baldingen Beiche Fi ibach 37555 OZI":'X"ES ttfel
. > : 52 lattfelde
< Mandach l i iz 7 - fq; Bobikon Mellslorf > Wenach Raat \- ¢
e VAN L A Vogersang\ AR T ﬂ : \ \r' ;'\“"\\ ﬁ
A PSIWes}Q'_. AT LN Aok 3 i Ch Lagernilach
r; ;\‘;,;;w 3 .'. Lengnau 604 No‘..d \ yisasdelb N.

gen ‘ L QWurenlingen Schnemlng({l
] .-J glggenthal = Degermuus ':.‘ E Neerach
S0/ Station J .-_
3‘ j 7 A ﬁ\\ Untersnggenthal Frelenwﬂ i gres S Oberweni S/ Riedt 4'}'32-
Figure 7: Geological siting region Nérdlich Légern proposed for a combined repository by Nagra. OFA (Ober-
flichenanlage) is the siting area for the surface facility of the repository and VA (Verpackungsanlage) the siting

area for the encapsulation plant for HLW including spent fuel close to the Zwilag interim storage facility in
Wiirenlingen. (Source: BFE).

Nagra is currently preparing the reports on the geological repository and HLW encapsulation
plant projects and is expected to submit the general licence applications to the FOE in Novem-
ber 2024. This will be followed by an extended review by the federal authorities. A public con-
sultation will be carried out once the expert assessments and statement reports are available
(around 2027). The Federal Council is expected to decide in 2029. This decision must be ap-
proved by the national parliament and may be subject of a referendum and national vote.



Joint Convention: Eighth National Report of Switzerland

Geological field investigations in stage 3

In winter 2015/2016 Nagra initiated 3D-seismic investigations in the two proposed siting re-
gions Zurich Nordost (completing an already existing 3D-seismic pattern from 1997/1998) and
Jura Ost. Since seismic investigations are non-destructive with respect to the intended host
rock and its confining units, no federal licensing is required for their accomplishment. In aware-
ness of the result of ENSI’s review on Nagra’s stage 2 proposal (see above), Nagra also initi-
ated 3D-seismic investigations in the siting region of Nérdlich Lagern in winter 2016/2017. Both
seismic campaigns were completed successfully (with more than 95 % of the landowners ac-
cepting data acquisition on their estate). Reports on how these large datasets were processed
and the seismic data interpreted will be published in 2024.

In addition to their seismic investigations, Nagra submitted a total of 23 licence applications for
deep boreholes, covering all remaining siting regions and a depth range between 800 and
1400 m to collect samples and data on the future host rock and its confining units. Applications
included 8 drilling sites in each of the siting regions of Zurich Nordost and Jura Ost and 7 sites
in Nordlich Lagern. In the drilling programme, it was intended that the decision on where to
place the next borehole in a siting region would be dependent on the results of the previous
drilling site. Borehole locations were selected based on an initial interpretation of part of the
processed seismic data; drilling sites are mostly situated around the proposed disposal perim-
eters (Figure 8). Nagra announced to proceed with drilling until sufficient evidence would be
gathered to eventually select the site.

All licence applications underwent assessment by several federal authorities, covering envi-
ronmental, spatial development and safety issues. Applications and assessment reports were
subject to a public consultation phase, including cantonal authorities and the public. None of
these public consultation phases resulted in any of the application to be brought to court.

Based on the ongoing interpretation of the 3D seismic data, Nagra later decided to withdraw
some licence applications and to submit additional licence applications in some of the siting
regions to optimize the data coverage in those regions. Drilling activities started in April 2019
(Figure 9) and were stopped after 9 boreholes in April 2022. As of January 2023, all drilling
reports, presenting the raw data collected during driling, are available at
https://nagra.ch/downloads/.



https://nagra.ch/downloads/
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Figure 8: Locations of the drilling sites at the Nérdlich Lagern siting region (Source: Nagra, modified).

A special focus of the geological field investigations for stage 3 was directed towards the
youngest geological history of the siting regions. An extensive research program focused on
the Quaternary sediments as a record of geological processes during the last few million years,
including 2D seismic lines along and across former glacial valleys as well as core drillings into
such valley fillings (up to a few hundred metres in depth). No Federal licensing was required
for the seismic investigations, while for 13 boreholes, Federal licences had to be granted. The
final drilling programme included 12 Quaternary boreholes, drilling started in March 2018 and
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ended in December 2020. All raw data generated during drilling are available in site-specific
reports.

Figure 9: Backfill operations of Nagra’s deep drilling site “Stadel-2” in 2023 (Source: ENSI).

Waste Management Programme, RD&D-Programme and cost estimates for decommis-
sioning and waste management, incl. disposal

The Nuclear Energy Act requires those organisations that manage and dispose radioactive
waste to periodically submit a waste management programme, which must include a financial
plan up to the time at which the nuclear installations will be taken out of operation. Such waste
management programme was submitted in 2008 for the first time by Nagra on behalf of the
waste producers. The waste management programme was reviewed by ENSI and NSC in
2011 and approved by the Federal Council in 2013.

As part of the approval, it was decided that the periodical submission of the waste management
programme should be linked to the submission of the cost estimates for decommissioning and
disposal and in future it should also contain a research, development and demonstration
(RD&D) programme. Thus Nagra submits updated reports including information on the waste
management programme and the RD&D-programme every five years, starting from 2016.
Swissnuclear, the organisation of Swiss nuclear operators, submits cost estimates for decom-
missioning and disposal (see section F2.2).

The latest versions of the waste management programme, the RD&D-programme, as well as
the cost estimates for decommissioning and waste management were submitted in 2021. The
review of these reports by ENSI was published in May 2023 and the Federal Council approved
the update of the waste management programme in December 2023.

The next update of the waste management programme, the RD&D-programme, as well as the
cost estimates for decommissioning and waste management has to be submitted by 2026.
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B.3 Categorization of Radioactive Waste (Clause v)

Material or waste is considered radioactive if it falls within the scope of application of the leg-
islation on radiation protection as defined in the Radiological Protection Ordinance. A solid
material is considered radioactive if at least one of the following criteria is fulfilled:

e The specific (Bg/kg) and absolute (Bq) activity of the material exceeds the nuclide spe-
cific clearance level specified in the Ordinance. For mixtures of nuclides, the various
nuclides are weighted according to a summation rule.

e The surface contamination (Bg/cm?) of the material exceeds the nuclide specific value
specified in the Ordinance. For mixtures of nuclides, the various nuclides are weighted
according to a summation rule.

e The dose rate at a distance of 10 cm from the surface of the material exceeds 0.1 uSv
per hour, after deduction of the background.

Similar criteria are defined for liquids and gases.

The surface contamination has to be averaged over a surface of 100 cm?. The limiting value
is derived from consideration of skin exposure and of intake by ingestion and inhalation. The
nuclide specific clearance levels have been completely updated in the revision of the Radio-
logical Protection Ordinance, in order to adapt to the latest international recommendations.
The Ordinance entered into force on the 1%t of January 2018.

Material or waste which is not radioactive according to the criteria described above is either
recycled or treated and disposed of as conventional waste in accordance with its non-radioac-
tive waste category.

Provisions exist also for specific release and subsequent clearance of radioactive waste in
landfills, for incineration or recycling. Only very low-activity radioactive waste can be disposed
of following these provisions. A specific agreement of the licensing authority is necessary prior
to disposal in such cases. Such pathways have been regularly used for the treatment of waste
from existing exposure situations and are also open to waste from planned exposure situations
if justified.

According to Art. 25 para. 2 of radiological protection act and Art. 30 para. 1 of nuclear energy
act, radioactive materials have to be reduced in such a way that as little radioactive waste as
possible is produced from them — therefore radiological waste treatment plants are in opera-
tion. The treatment is used to decontaminate radioactive materials with the aim of their clear-
ance.

The Nuclear Energy Ordinance defines the following classification of radioactive waste:

¢ High-level waste (HLW): Vitrified fission product waste from the reprocessing of spent
fuel, or spent fuel if declared as waste.

o Alpha-toxic waste (ATW): Waste with a concentration of alpha-emitters exceeding
20,000 Bg/g of conditioned waste.

¢ Low- and intermediate-level waste (L/ILW): Any other radioactive waste.
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Section C Scope of Application (Article 3)

C.1 Reprocessing (Paragraph 1)

This Convention shall apply to the safety of spent fuel management when the spent fuel
results from the operation of civilian nuclear reactors. Spent fuel held at reprocessing
facilities as part of a reprocessing activity is not covered in the scope of this Convention
unless the Contracting Party declares reprocessing to be part of spent fuel manage-
ment.

There are no reprocessing facilities in Switzerland. Before the start of the moratorium and the
ban on reprocessing (see Section B.1), about 1,139 t of spent fuel had been shipped from the
Swiss NPPs to reprocessing facilities in France and the UK. All Swiss fuel has already been
reprocessed.

Spent fuel from NPPs is held in on-site storage ponds for some years. It is then transferred
into transport and storage casks for dry interim storage at the Central Interim Storage Facility
(Zwilag) or at the Beznau NPP site.

All the radioactive waste arising from the reprocessing of Swiss spent fuel has been returned
to Switzerland.

C.2 Waste Containing only Naturally Occurring Radioactive
Material (Paragraph 2)

This Convention shall also apply to the safety of radioactive waste management when
the radioactive waste results from civilian applications. However, this Convention shall
not apply to waste that contains only naturally occurring radioactive materials and that
does not originate from the nuclear fuel cycle, unless it constitutes a disused sealed
source or it is declared as radioactive waste for the purposes of this Convention by the
Contracting Party.

According to the Radiological Protection Ordinance, NORM waste can be freely disposed of
as long as its specific activity is under the NORM clearance limits of 1 Bqg/g for the natural
Uranium and the Thorium decay series and 10 Bqg/g for material containing radioactive Potas-
sium (K-40). NORM waste is not considered as radioactive waste according to the Swiss leg-
islation. Waste baring activities above the NORM clearance limits can only be disposed of or
released to the environment if the resulting effective dose does not exceed 0.3 mSv/year for
members of the public. The Federal Office of Public Health (FOPH) controls that this condition
is met in the frame of an obligatory request for consent prior to elimination or release to the
environment of such waste. NORM waste is typically disposed of in landfills or incinerated. In
certain cases, reuse is also possible.
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C.3 Radioactive Waste within the Defence Programme (Para-

graph 3)
This Convention shall not apply to the safety of management of spent fuel or radioactive
waste within military or defence programmes, unless declared as spent fuel or radioac-
tive waste for the purposes of this Convention by the Contracting Party. However, this
Convention shall apply to the safety of management of spent fuel and radioactive waste

from military or defence programmes if and when such materials are transferred per-
manently to and managed within exclusively civilian programmes.

The Swiss legislation applicable to radioactive waste management contains no exceptions for
waste material originating from military applications. Such radioactive waste must be delivered
to the National Collection Centre at PSI.

Only a small amount of radioactive waste has come from military applications. It has been
conditioned and stored at PSI together with similar material from other sources and is consid-
ered to be radioactive waste for the purposes of the Convention.
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Section D Inventories and Lists (Article 32 Paragraph 2)

This report shall also include:

(i) a list of the spent fuel management facilities subject to this Convention, their
location, main purpose and essential features;

(ii) an inventory of spent fuel that is subject to this Convention and that is being
held in storage and of that which has been disposed of. This inventory shall
contain a description of the material and, if available, give information on its
mass and its total activity;

(iii)  a list of the radioactive waste management facilities subject to this Conven-
tion, their location, main purpose and essential features;

(iv)  an inventory of radioactive waste that is subject to this Convention that:
(a) is being held in storage at radioactive waste management and nuclear fuel
cycle facilities;
(b) has been disposed of; or
(c) has resulted from past practices.

This inventory shall contain a description of the material and other appropri-
ate information available, such as volume or mass, activity and specific radi-
onuclides;

(v) a list of nuclear facilities in the process of being decommissioned and the
status of decommissioning activities at those facilities.

The first part of the present section gives an overview of the waste classes defined in Switzer-
land and gives their composition in relation to the IAEA definitions as outlined in the IAEA
Safety Standard No. GSG-1. The second part gives the lists and inventories requested in Ar-
ticle 32 Paragraph 2.

D.1 Waste Register and Waste Classes

Swiss Waste Register (ISRAM)

The conditioning of radioactive waste requires an approval by the Swiss Federal Nuclear
Safety Inspectorate (ENSI). The requirements on the conditioning process, the waste package
type and its documentation are defined broadly in the Nuclear Energy Ordinance and in detail
in the Regulatory Guideline ENSI-B05. The documentation includes a detailed description of
the waste package type and its inventory.

The Swiss NPPs, the waste management facilities and Nagra have agreed on a common elec-
tronic data base called Information System on radioactive Material ISRAM, where this infor-
mation is kept and continuously updated. Further to the description of the waste package types
produced after its implementation, the data base has also been expanded to take account of
the corresponding data on the then pre-existing waste package types. It is also used by the
NPPs to keep track of the raw waste on stock and by the NPPs and the Central Interim Storage
Facility Zwilag to keep the data on the spent fuel in storage. Thus, ISRAM provides the waste
owners and Nagra with a complete and detailed account of the radioactive waste existing in
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Switzerland. ENSI is informed on the waste inventories periodically as prescribed and outlined
in the legislation on nuclear energy.

Waste Classes

The Swiss legislation on nuclear energy established the following classification of radioactive
waste:

e High-level waste (HLW): Vitrified fission product waste from the reprocessing of spent
fuel, or spent fuel if declared as waste.

e Alpha-toxic waste (ATW): Waste with a concentration of alpha-emitters exceeding
20,000 Bg/g of conditioned waste.

e Low- and intermediate-level waste (L/ILW): All other radioactive waste.

D.2 Facilities and Inventories

D.2.1 Spent Fuel Management Facilities (Clause i)

Besides the spent fuel pools in the four in operation nuclear power reactor units at the three
NPP sites, the following spent fuel management facilities exist in Switzerland:

Zwilag: The Central Interim Storage Facility in Wirenlingen, owned and operated by the
Zwilag AG company. Zwilag AG is an independent public limited company whose shares are
held by the nuclear power plant operators. Its storage hall for dry storage of spent fuel and
vitrified HLW can accommodate 200 dual purpose casks (DPCs) suitable for transport and
storage. The storage facility started operation in 2001.

ZWIBEZ: The interim storage facility at Beznau NPP. The storage hall for spent fuel can ac-
commodate 48 DPCs. The storage facility started operation in 2008.

Gosgen NPP wet storage facility (Nasslager): Prior to the construction of the wet storage
facility (Nasslager), spent fuel elements were stored exclusively in the spent fuel pool. In 2003,
the Nuclear Energy Act included a temporary prohibition of the reprocessing of spent fuel ele-
ments. To avoid capacity bottlenecks, the wet storage facility with a capacity of initially 504
spent fuel elements was built. With the expansion of the wet storage facility, the capacity for
interim storage increased to 1206 spent fuel elements.

D.2.2 Inventory of Spent Fuel in Storage (Clause ii)

As of the end of 2023, the inventories of spent fuel in the storage ponds of the NPPs were as
follows (number of spent fuel elements):

e Beznau NPP: 666 (PWR type);
e Gdsgen NPP: 840 (PWR type);
e Leibstadt NPP: 1498 (BWR type);
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In addition, ZWIBEZ, the dry interim storage facility at Beznau NPP, contained 19 DPCs with
a total of 505 spent fuel elements of the PWR type.

As of the end of 2023, Zwilag contained 56 DPCs with a total of 3965 spent fuel elements of
the BWR type and four DPCs with a total of 148 spent fuel elements of the PWR type. One
additional cask contains 349 fuel elements from the DIORIT research reactor.

Further data (masses, activities) concerning spent fuel in storage are given in Table D.1.

Table D.1: Inventories of spent fuel in storage as of 31 December 2023

Facility Number of spent Total mass Total activity
fuel elements stored (t HM?) (Bq)
Beznau NPP (incl. ZWIBEZ) 1171 378.7 7.8-10™
Mihleberg NPP (under decom- 0 0 0
missioning)
Gosgen NPP (incl. Nasslager) 840 339.0 1.2-10"°
Leibstadt NPP 1498 255.5 7.6-10"8
Zwilag 4462 742.8 1.0-10"°

D.2.3 Radioactive Waste Management Facilities (Clause iii)
At present, the following radioactive waste management facilities exist in Switzerland:

Nuclear Power Plants: All Swiss nuclear power plants have on-site waste treatment and con-
ditioning facilities as well as on-site stores for low- and intermediate-level operational waste.
The principal conditioning technique used is cementation, but the spent ion exchange resins
from the operation of the PWRs are also either embedded in polystyrene (Beznau NPP) or
bituminised (Gésgen NPP).

Zwilag: The Central Interim Storage Facility in Wuarenlingen, owned and operated by Zwilag
AG company. In addition to a storage hall for dry storage of spent fuel and vitrified HLW (see
Section D.2.1), it features a storage building for ILW with a capacity of 4,000 m® of waste, and
a storage hall for L/ILW with a capacity of 16,500 m? of waste. Auxiliary facilities for the sorting
and decontamination of materials and for the conditioning of waste are also available. An im-
portant conditioning facility is the plasma incinerator for melting and incineration of LLW.

The commercial operation of Zwilag started on 1 January 2000. The storage facility started
active operation in June 2001. Until 2018, the building foreseen to storage L/ILW has only been
used for the storage of conventional non-radioactive materials. The extension works for the
"active" commissioning of the storage hall was completed by end of 2019. In June 2020 ENSI
approved the active operation for the storage of low and intermediate level waste as licenced
by the Federal Council in 1996.

The sorting, decontamination and conditioning facilities have been available for active opera-
tion since December 2003. Test campaigns of the plasma incinerator with active waste started

2 Tonnes of Heavy Metal
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in 2004. In September 2009 a permit for the permanent operation of the plasma incinerator
was granted by ENSI. Meanwhile, one or two incineration campaigns of this facility are carried
out annually. The volume of waste is significantly reduced and converted into a high-quality
matrix suitable for deep geological repository. The melting of metals is possible in limited quan-
tities. In addition, the plasma incinerator is used for the treatment of secondary waste from
decontamination and thus to convert waste into products suitable for deep geological deposi-
tory. Only materials that have not been decontaminated or treated in the plasma incinerator
are cemented in the conditioning plant.

ZWIBEZ: The interim storage facility at Beznau NPP. In addition to the hall for dry storage of
spent fuel (see Section D.2.1), it consists of a storage hall for the storage of low-level opera-
tional waste from Beznau NPP with a capacity of 6,000 m?3 of waste. The storage hall for LLW
was licensed in 1990 and started operation in 1994.

PSI: The Paul Scherrer Institute (PSI) operates the National Collection Centre for institutional
radioactive waste (non-NPP-waste, e.g. from medicine, industry and research), where the
waste is sorted and conditioned. PSI also operates the Federal Interim Storage Facility (BZL)
for this waste, with a capacity of 2,100 m® of waste. An ongoing project aims at increasing the
storage capacity significantly to provide for storage of institutional waste until the foreseen
opening of the deep geological repository (see Section K.2).

D.2.4 Inventory of Radioactive Waste in Storage (Clause iv-a)

The inventories of the waste management facilities listed in Section D.2.3 are reported in Table
D.2. This gives a comprehensive overview of the radioactive waste stored in Switzerland.

Table D.2: Waste inventories stored at the radioactive waste management facilities as of
December 2023.
Site name Waste class Waste volume Total activity Total activity
(m?3) Alpha (Bq) Beta/Gamma (Bq)
Beznau NPP L/ILW, cond.’ 1208 1.1-10" 5.1-10™
(incl. ZWIBEZ) | L/ILW, uncond.? 29 6.3-108 1.6-1012
Muhleberg NPP | L/ILW, cond. 49 4.4-1010 4.8-1013
L/ILW, uncond. 145 1.8-108 6.3-10"
Gosgen NPP L/ILW, cond. 102 5.6-10° 8.9-10"3
L/ILW, uncond. 28 1.7-108 9.7-10™
Leibstadt NPP | L/ILW, cond. 1,445 5.4-1010 2.3-10"
L/ILW, uncond. 5 2.8-107 1.9-1013
Zwilag HLW, cond. 115 9.8-1076 6.4-10"®
ATWS, cond. 99 2.8-10™ 3.2:107¢
L/ILW, cond. 3,231 5.8-10™ 1.8-1015
L/ILW, uncond 2,221 1.6-10" 6.71-10"2
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PSI ATW, cond. 68 2.2:10" 4.3-10'
ATW, uncond. 3 7.5-10"2 1.4-1014
L/ILW, cond. 1667 7.5-10" 1.3:10¢
L/ILW, uncond. 719 6.3-101" 1.0-10"4

' conditioned waste (cond.)
2unconditioned and partly conditioned waste (uncond.)
3 Alpha-toxic waste (ATW)

D.2.5 Disposal of Radioactive Waste (Clause iv-b)

There are no radioactive waste disposal facilities in Switzerland. However, preparations are
under way to submit the general licence application for the deep geological repository for L/ILW
and HLW (combined repository) at Nordlich Lagern (see Section B.2).

From 1969 to 1982, 5,341 tons (approximately 2,300 m?) of L/ILW were dumped in the North
Atlantic in the framework of campaigns organised by the OECD Nuclear Energy Agency. The
radioactivity of material dumped amounted to 4,420 TBq. 60% of the waste came from medi-
cine, industry and research and 40% from the nuclear industry.

D.2.6 Radioactive Waste from Past Practices (Clause iv-c)

Radioactive waste from past practices is dealt with in the same manner as radioactive waste
from medicine, industry or research and delivered to the National Collection Centre for all non-
NPP radioactive waste at PSI. Collection and delivery are organised by the Federal Office of
Public Health (FOPH). This concerns typically legacy objects discovered at conventional waste
collection facilities (Radium painted instruments, lightning rods...) or from private owners, or
else contaminated material from past practices. There are no other dedicated waste storage
facilities for such material.

D.2.7 Nuclear Facilities Being Decommissioned (Clause v)

Decommissioning of small nuclear facilities

In Switzerland, there are currently three research reactors and a small waste treatment facility
in different stages of decommissioning. These four facilities are located at PSI.

e Decommissioning of the research reactor DIORIT at PSI started in 1994 and is well
advanced. The biological shield of the reactor was completely dismantled by the end
of 2013. In 2015, PSI declared an alteration of the decommissioning end state. The
decision was taken to demolish the facility building instead of re-using it and to achieve
the end state “brown field”. In consequence, PSI needs a revised decommissioning
order. The documents for the additional decommissioning project have been submitted
to the authorities at the beginning of 2024. The documentation is currently being re-
viewed. Since the last National Report, the remaining contaminated pipes and ducts
are being dismantled as well as some activated concrete structures around the former
reactor cavity.
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o Decommissioning of the research reactor SAPHIR at PSI started in 2002 and is in its
final phase. The reactor pool and the biological shield are completely dismantled and
conditioned. Currently, the remaining concrete structures are measured with in-situ
gamma spectrometry in order to prepare a general clearance procedure. The planned
end state of the decommissioning of SAPHIR is the complete demolition of the building
(“brown field”).

e In April 2013, the PSI submitted a final decommissioning plan for its research reactor
PROTEUS that finally ceased operation in April 2011. In 2017, the licensing authority
DETEC issued the decommissioning order. Since the last National Report, the com-
plete reactor structure has been dismantled and all radioactive material has been re-
moved. The final phase of decommissioning includes clearance measurements of the
remaining concrete structure to verify that the installation no longer represents a radi-
ological risk and can be released from nuclear legislation. The planned end state of the
decommissioning is to re-use the former reactor building for non-nuclear purposes.

e The decommissioning of a small incinerator facility for low-level waste at the PSl is in
its third phase. DETEC issued the decommissioning order in July 2014. The disman-
tling activities are divided in 5 phases. In the first three phases, the furnace, the exhaust
gas pipes, and the emission filters have been completely dismantled and conditioned.
The dismantling activities had to be carried out under difficult conditions, as there was
alpha- and beta-contamination as well as asbestos and other conventional hazardous
material. In the next phase, the building will be measured with in-situ gamma spectrom-
etry. The end state of decommissioning is the complete demolition of the building
(“brown field”).

Decommissioning of Muhleberg NPP

In late 2013, BKW Energy Ltd announced that their MUhleberg plant will cease power operation
at the end of 2019. The single unit 373 MWe boiling water reactor started operation in 1972. It
finally ceased power operation on 20 December 2019. It is the first commercial Swiss NPP to
be decommissioned.

In December 2015, BKW submitted the application documents for the decommissioning of its
NPP. The application comprises the main report detailing the decommissioning project’s con-
ceptual framework and three sub-reports: accident analyses and emergency protection
measures, the environmental impact report, and the security report.

The requirements for the final decommissioning plan (in the Swiss legislation the “decommis-
sioning project”) are described in the Nuclear Energy Act, the Nuclear Energy Ordinance and
in ENSI’s Regulatory Guideline ENSI-G17. The Guideline ENSI-G17 is in accordance with the
WENRA Safety Reference Levels and the respective IAEA Safety Standards on decommis-
sioning. As a finding of the IRRS mission 2021 to ENSI, the guideline is currently under revi-
sion.

After the final decommissioning plan had been reviewed and approved by the authorities
(ENSI’s advisory opinion was published in August 2017), the licensing authority DETEC
granted the decommissioning order in June 2018. In the decommissioning order, the decom-
missioning procedure for Miihleberg NPP is described legally binding (see F.6).
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According to the approved final decommissioning plan and based on DETEC’s decommission-
ing order, the operator of Miihleberg NPP begun preparatory measures directly after final ces-
sation of power operation.

During the first phase of decommissioning, the turbines have been removed and in the turbine
hall a variety of decontamination and waste treatment facilities have been installed. In the
meanwhile, decommissioning activities in the reactor building started. By the end of 2023, all
spent fuel elements have been successfully transported to the central interim storage facility
in Wurenlingen. The complete defueling of Muhleberg NPP represents an important milestone
in the decommissioning process as about 99% of the original radioactivity could be removed.
After defueling, the second decommissioning phase started, in which the reactor pressure ves-
sel will be dismantled.

Figure 10: Reactor building — remaining support rings of the torus after completion of dismantling work Phase 1
(Source: BKW)
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Section E Legislative and Regulatory System

E.1 Implementing Measures (Article 18)

Each Contracting Party shall take, within the framework of its national law, the legisla-
tive, regulatory and administrative measures and other steps necessary for implement-
ing its obligations under this Convention.

As described in Sections E.2 and E.3 below, Switzerland has taken the legislative, regulatory
and administrative measures and other steps necessary for implementing its obligations under
the Convention.

E.2 Legislative and Regulatory Framework (Article 19)

E.2.1 Overview (Paragraph 1)

Each Contracting Party shall establish and maintain a legislative and regulatory frame-
work to govern the safety of spent fuel and radioactive waste management.

The legislative and regulatory framework in Switzerland for the peaceful use of nuclear energy,
the safety of nuclear facilities and radiological protection is based on a four-level system:

e 1st|evel: Federal Constitution of the Swiss Confederation

e 2" |evel: Federal Acts

e 3"level: Ordinances (issued by the Federal Council or a federal department)
e 4" level: Regulatory Guidelines

The safety of spent fuel and radioactive waste management is governed by the federal legis-
lation on nuclear energy and on radiation protection. This legislation consists mainly of the
following laws and ordinances:

e Nuclear Energy Act of 21 March 2003, SR 732.1

¢ Radiological Protection Act of 22 March 1991, SR 814.50

e Swiss Federal Nuclear Safety Inspectorate Act of 22 June 2007, SR 732.2
¢ Nuclear Energy Ordinance of 10 December 2004, SR 732.11

¢ Radiological Protection Ordinance of 26 April 2017, SR 814.501

¢ Ordinance on the Threat Assumptions and Security Measures for Nuclear Installations
and Nuclear Materials of 16 April 2008, SR 732.112.1

¢ Ordinance on Hazard Assumptions and the Assessment of the Protection against Ac-
cidents in Nuclear Installations of 17 June 2009, SR 732.112.2

¢ Ordinance on the Decommissioning and Waste Management Funds for Nuclear Instal-
lations of 7 December 2007, SR 732.17

¢ Ordinance on the Collection of Radioactive Waste of 26 April 2017, SR 814.557
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¢ Ordinance on the Swiss Federal Nuclear Safety Inspectorate ENSI of 12 November
2008, SR 732.21

¢ Ordinance on the Use of Radioactive Materials of 26 April 2017, SR 814.554
e Ordinance on Dosimetry of 26 April 2017, SR 814.501.43

¢ Ordinance on Education and Training and Authorized Practices in Radiation Protection
of 26 April 2017, SR 814.501.261

The Swiss Federal Nuclear Safety Inspectorate (ENSI) issues regulatory guidelines either in
its capacity as a regulatory authority or based on an explicit mandate in an ordinance. Regu-
latory guidelines formalise the implementation of legal requirements and facilitate uniformity of
implementation practices. They also specify the state of the art in science and technology. The
Inspectorate may allow deviations from the regulatory guidelines in individual cases provided
that the suggested solution ensures at least an equivalent level of nuclear safety or security.

The regulatory guidelines are divided into three series based on the classification of its over-
sight activities:

e Series A: Regulatory guidelines relevant for the assessment of facilities
e Series B: Regulatory guidelines relevant for the surveillance of operations

o Series G: Regulatory guidelines relevant for both the assessment of facilities and the
surveillance of operations

In its regulatory guidelines, ENSI aims to cover all explicit mandates from ordinances as well
as all applicable IAEA requirements and WENRA Safety Reference Levels. The ENSI regula-
tory guideline system places particular emphasis on consistency and comprehensiveness. A
complete list of the regulatory guidelines currently in force is given in Annex L.2.2.

The Inspectorate has established a Committee for the Regulatory Basis, which is responsible
for issuing and revising regulatory guidelines. The latter is the case when it becomes apparent
that some aspects of a guideline no longer reflect the state of the art. Moreover, the Committee
for Regulatory Basis reviews the guidelines systematically on a regular basis, at the latest
every ten years. However, most guidelines are reviewed earlier. Drafts are produced by work-
ing groups on the basis of a specification. The Committee reviews drafts for public consulta-
tions and publication. The results of the public consultations and the decisions taken by ENSI
are documented. Finally, each regulatory guideline has to be approved by ENSI’s Director
General.

The Inspectorate participates in the following WENRA groups: “Reactor Harmonisation Work-
ing Group”, “Working Group on Waste and Decommissioning” and “Inspection Working
Group”. In the area of waste and spent fuel storage as well as decommissioning, the incorpo-
ration of the Safety Reference Levels has been successfully completed.

As demonstrated below, this legislation covers the requirements set forth in Paragraph 2. Thus,
the obligation under Paragraph 1 of Article 19 of the Convention is met.
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E.2.2 Radiation Safety (Paragraph 2 Clause i)

This legislative and regulatory framework shall provide for the establishment of appli-
cable national safety requirements and regulations for radiation safety.

National requirements for radiation safety are established in the legislation on radiological pro-
tection (Radiological Protection Act and Radiological Protection Ordinance). This legislation
aims at protecting human health and the environment against ionising radiation. It implements
the internationally agreed principles of justification of a practice, optimisation of radiation ex-
posure and dose limitation. Important requirements regarding spent fuel and radioactive waste
management are as follows:

The generation of radioactive waste must be minimised.

Radioactive waste generated in Switzerland must in principle be disposed of domesti-
cally.

Import and export of radioactive waste for disposal in Switzerland is allowed only under
an international agreement.

Material or waste is considered to be radioactive if at least one of the following criteria
is fulfilled:

- the activity exceeds the nuclide specific clearance level set in the Ordinance,

- the surface contamination exceeds the nuclide specific value set in the Ordinance,

- the dose rate at a distance of 10 cm from the surface exceeds 0.1 uSv per hour,
after deduction of the background.

The dose limit for occupational exposure is 20 mSv per year, after deduction of the
background.

The dose limit for individual members of the population is 1 mSv per year, after deduc-
tion of the (natural) background.

A dose constraint lower than the above limit for individual members of the population
must be set for each facility.

The limits for immissions of radioactivity in the environment include

- nuclide specific airborne concentrations,
- nuclide specific concentrations in accessible waters,
- amaximal dose of 1 mSv per year from direct exposure in working and living places.

The discharges from facilities must be limited so that the immission limits and the dose
constraint are met.

Radioactive waste arising from medical, industrial and research facilities must be de-
livered to the National Collection Centre, which is a nuclear facility governed by the
nuclear energy legislation and part of the Paul Scherrer Institute.

These requirements are in line with the internationally agreed standards on radiation protec-
tion. More detailed criteria concerning radiation protection are set in ENSI’s regulatory guide-

lines.
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E.2.3 Licensing System (Paragraph 2 Clause ii)

This legislative and regulatory framework shall provide for a system of licensing of
spent fuel and radioactive waste management activities.

The Nuclear Energy Act establishes the need for a series of licences regarding nuclear mate-
rials, radioactive waste and nuclear facilities. According to the Nuclear Energy Act, a nuclear
facility is any facility intended for the use of nuclear energy, the extraction, production, utilisa-
tion, processing or storage of nuclear materials, and the management of radioactive waste.
Nuclear materials are substances that can be used for obtaining energy via nuclear fission
processes.

Spent fuel and radioactive waste management activities are generally carried out in nuclear
facilities. Radioactive waste management includes conditioning, interim storage and final dis-
posal. The Nuclear Energy Act requires the following licences for nuclear facilities:

¢ General licence: This is mainly a political decision prior to the realisation of a nuclear
facility. The main prerequisites for granting a general licence are

- protection of human health and the environment,

- no conflict with preservation of natural and cultural heritage and land use planning,
- no conflict with international agreements and national security,

- a conceptual plan for the decommissioning or closure of the facility,

- evidence of the management of radioactive waste arising from the facility.

The general licence defines the site, the purpose and the essential features of the
planned facility, and the maximum permissible radiation dose to the public from the
facility. For storage and disposal facilities, the main features include the nature of the
fuel or waste to be stored or disposed, the capacity and the approximate layout of the
surface and underground constructions.

The general licence is granted by the Federal Council (federal government) and must
be approved by Parliament. The approval is subject to a facultative referendum (see
Section A.1).

Nuclear installations with low hazard potential do not require a general licence. The
criteria for the classification of nuclear installations with low hazard potential are defined
in Article 22 of the Nuclear Energy Ordinance.

e Construction licence: The main prerequisites are again protection of human health
and the environment and compliance with the obligations stated in the general licence.
The construction licence defines the capacity of the storage or disposal facility, the
main elements of the technical implementation and the basic requirements regarding
emergency preparedness. The licensing authority is the Federal Department of Envi-
ronment, Transport, Energy and Communication (DETEC).

e Operation licence: The main prerequisites for an operation licence are

- compliance with the obligations of the general and construction licence,

- protection of human health and the environment,

- compliance with the nuclear safety and security requirements,

- fulfilment of the requirements regarding staff, organisation, quality assurance and
emergency preparedness.
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The operation licence defines in particular the limits for the discharge of radioactive
substances into the environment and the radiological monitoring of the surroundings. It
is granted by DETEC. The operation licence and the construction licence can be
granted simultaneously if a final judgment of the safe operation is possible at this time.
All current operation licences for the Swiss nuclear facilities are not limited in time.

e Decommissioning order: This applies to all nuclear facilities. The order is based on
the decommissioning project (synonymous to the final decommissioning plan) which
has to be submitted by the owner of the facility upon termination of operation. It defines
in particular the timetable and the steps of decontamination, dismantling and demoli-
tion, and the management of the radioactive waste arising. The authority giving the
order is DETEC. After successful and complete decommissioning, DETEC declares
that the former nuclear facility is no longer subject to the legislation on nuclear energy.

o Closure order: This applies only to deep geological repositories. The order is based
on the project for closure which has to be submitted by the owner of the repository. It
is given by the Federal Council upon expiry of the monitoring period after termination
of emplacement of waste packages. After closure the Federal Council may order further
surface monitoring for a limited period of time, after which it will declare that the disposal
facility is no longer subject to the nuclear energy legislation.

For a change of purpose of a nuclear facility or for a comprehensive upgrading of an NPP, an
amendment to the general licence is required. For significant deviations from a construction or
operation licence and decommissioning or closure order, an amendment to the licence or order
is needed.

The licensing process is conducted by the Federal Office of Energy (FOE) on behalf of the
DETEC 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. Deposition of the licence application documentation for public consultation; individuals,
communities and organisations can raise objections against the project;

3. Review of the safety aspects of the project by ENSI. This review is commented on by
the Swiss Federal Nuclear Safety Commission (NSC) and possibly by other organisa-
tions or experts;

4. Consultation of federal offices and cantonal governments;

5. Compilation by FOE of all the comments collected, and proposal to DETEC for a deci-
sion;

6. Decision by DETEC or the federal council, which usually contain conditions can be ap-
pealed to the federal courts.

Handling of nuclear materials and radioactive waste outside nuclear facilities also requires a
licence. The obligation for a licence applies especially to the domestic transport, the import,
export and transit of spent fuel and radioactive waste (non-exhaustive enumeration). The li-
censing authority for such licences is the FOE. Specific prerequisites must be met for the
granting of a licence for the export of spent fuel for reprocessing purposes. They include in
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particular an international agreement with the country of destination, the existence in that coun-
try of an adequate facility corresponding to the international standards, and the fact that the
country of destination has ratified the Joint Convention. Similar prerequisites are fixed for li-
cences to import or export radioactive waste for management purposes (conditioning, storage
or disposal).

Handling of radioactive material not subject to the Nuclear Energy Act requires a licence ac-
cording to the radiation protection legislation. For activities in nuclear facilities, use of radioac-
tive tracers for geological investigations in view of disposal, import, export and domestic
transport of radioactive material from and to nuclear facilities, ENSI is the licensing authority.
In all other cases, the Federal Office of Public Health (FOPH) is the licensing authority.

A speciality of the Swiss legislation on nuclear energy is that geological field investigations in
view of the disposal of radioactive waste need a licence. The licence is granted by DETEC.
The prerequisites for granting this licence include the aptitude for investigations to provide the
necessary basis for subsequent safety assessments of the envisaged repository without af-
fecting the suitability of the site. The licence defines in particular the main aspects of the in-
vestigations, including the approximate location and extent of drillings and underground struc-
tures.

E.2.4 Prohibition of Operation without a Licence (Paragraph 2 Clause iii)

This legislative and regulatory framework shall provide for a system of prohibition of
the operation of a spent fuel or radioactive waste management facility without a licence.

According to the Nuclear Energy Act, a spent fuel or radioactive waste management facility is
a nuclear facility. The Nuclear Energy Act requires a licence for the operation of such a facility.
There are no exceptions to this requirement. Violations will be prosecuted and punished with
prison or with a fine.

E.2.5 Institutional Control, Regulatory Inspection, Documentation and Report-
ing (Paragraph 2 Clause iv)

This legislative and regulatory framework shall provide for a system of appropriate in-
stitutional control, regulatory inspection and documentation and reporting.

Spent fuel and radioactive waste management may only take place in nuclear facilities. The
Federal Council has appointed ENSI as the supervisory authority for nuclear safety, physical
protection and radiation protection in the nuclear facilities, and FOE as the supervisory author-
ity for safeguards. As the main part of the regulatory body, ENSI coordinates these supervisory
activities. ENSI also supervises the preparations for the disposal of radioactive waste and the
transport of radioactive material from and to nuclear facilities. In addition to ENSI, the Swiss
Federal Nuclear Safety Commission (NSC) advises the Federal Council and DETEC on nu-
clear safety matters.

In its function as a supervisor of the nuclear facilities, ENSI has established a comprehensive
inspection system (see Section E.3).
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The nuclear energy legislation requires comprehensive documentation on the construction,
modification and operation of nuclear facilities. Detailed specifications on documentation and
reporting are set forth in regulatory guidelines.

The NPP operators periodically report to the relevant supervisory authorities about the condi-
tion and operation of the facility, and notify them without delay of any incidents that have oc-
curred. The authorities regularly inform the public on the condition of the nuclear facilities and
on any matters pertaining to nuclear material and radioactive waste.

E.2.6 Enforcement (Paragraph 2 Clause v)

This legislative and regulatory framework shall provide for the enforcement of applica-
ble regulations and of the terms of the licences.

ENSI is in charge of enforcing the legislation and the regulations applicable to nuclear facilities.
It is empowered to take the necessary enforcement measures (see Section E.3 below). Differ-
ent steps of construction and operation of nuclear facilities require ENSI permits.

E.2.7 Allocation of Responsibilities (Paragraph 2 Clause vi)

This legislative and regulatory framework shall provide for a clear allocation of respon-
sibilities of the bodies involved in the different steps of spent fuel and of radioactive
waste management.

According to the Nuclear Energy Act the producers of spent fuel and radioactive waste are
responsible for its management including disposal. They have to bring the radioactive waste
into a form suitable for transport, storage and disposal (conditioning), to store it pending dis-
posal, and eventually to dispose it in a geological repository at their own cost. They also have
to manage spent fuel.

The Swiss Confederation assumes responsibility for the collection, conditioning, storage and
disposal of radioactive waste generated by the use of radioisotopes in medicine, industry and
research. The Swiss Confederation has the right to take over the management of radioactive
waste from NPPs in case the operators do not meet their duties; this would be at the expense
of the concerned NPP operators.

As described under Section E.2.3, the authorities empowered to grant the different licences
needed for spent fuel and radioactive waste management are clearly defined in the Nuclear
Energy Act.

ENSI has the responsibility to supervise the nuclear facilities and to enforce the applicable
legislation and regulations.

E.2.8 Regulating Radioactive Materials as Radioactive Waste (Paragraph 3)

When considering whether to regulate radioactive materials as radioactive waste, Con-
tracting Parties shall take due account of the objectives of this Convention.

The Radiological Protection Act and the Nuclear Energy Act give the following definition of
radioactive waste: "Radioactive waste is radioactive material or radioactively contaminated
material that is not further used." This is consistent with the internationally agreed definition.



Joint Convention: Eighth National Report of Switzerland

Since the ban on reprocessing (see Section B.1) spent fuel has to be managed as radioactive
waste. This policy takes due account of the objectives of the Convention.

E.3 Regulatory Body (Article 20)

E.3.1 Establishment and Designation (Paragraph 1)

Each Contracting Party shall establish or designate a regulatory body entrusted with
the implementation of the legislative and regulatory framework referred to in Article 19,
and provided with adequate authority, competence and financial and human resources
to fulfil its assigned responsibilities.

The regulatory body entrusted with the implementation of the legislative and regulatory frame-
work referred to in Article 19 is divided between several organisations:

e The Federal Council grants the general licence, which has to be approved by the Par-
liament and is subject to a facultative referendum. The Federal Council also issues the
closure order for disposal facilities.

o The Federal Department of the Environment, Transport, Energy and Communica-
tions (DETEC) is the licensing authority for the construction and operation licences for
nuclear facilities and for geological investigations in view of disposal. DETEC also is-
sues the decommissioning order.

o The Federal Office of Energy (FOE) is the licensing authority for other licences ac-
cording to the Nuclear Energy Act (e.g., transport, trade, import and export of nuclear
fuel and radioactive waste). FOE also conducts the licensing process for nuclear facili-
ties on behalf of the DETEC. It is also the competent authority for supervision of nuclear
facilities with regard to safeguards and leads the site selection process.

e 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. ENSI 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 has also
certain licensing competences according to the radiation protection legislation (see
Section E.2.3). It is responsible for the assessment of safety in the site selection pro-
cess.

¢ The Federal Office of Public Health (FOPH) is the licensing authority for the handling
of radioactive material which does not fall under the Nuclear Energy Act (see Section
E.2.3). 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.

o The Swiss National Accident Insurance Fund (Suva) supervises industrial practices
and situations where the protection of workers is the primary concern.



Joint Convention: Eighth National Report of Switzerland

o The National Emergency Operations Centre (NEOC) — part of the Federal Office for
Civil Protection in the Federal Department of Defence, Civil Protection and Sports — is
in charge of all emergency situations, including those arising from events at NPPs and
relating to the protection of the public and the environment.

In addition to these organisations within the federal administration, the following advisory bod-
ies on spent fuel and radioactive waste management have been established:

e The Swiss Federal Nuclear Safety Commission (NSC) advises the Federal Council,
DETEC and ENSI on fundamental safety questions and takes part in legislation work in
the area of nuclear safety. NSC can also comment on reviews carried out by ENSI.

e The Interdepartmental Working Group on Radioactive Waste Management
(AGNEB) prepares technical and political documents for governmental decisions on
radioactive waste management.

o The Expert Group on Radioactive Waste Disposal (EGT) advises ENSI on geologi-
cal aspects of radioactive waste disposal.

ENSI is the Swiss regulatory authority in the narrow sense, i.e., the principal supervisory
authority. ENSI conducts its review of licence applications solely on the basis of nuclear safety
criteria. It is a stand-alone organisation controlled by its own management board (ENSI board)
and has its own budget (see Section E.3.2).

ENSI's primary task is to supervise and assess the nuclear safety and radiation protection of
the nuclear facilities, including spent fuel and radioactive waste management. ENSI is also the
competent authority with regard to physical protection. ENSI performs its supervisory functions
by inspections, setting requirements, issuing enforcement orders, and granting permits within
the terms of issued licences.

ENSI currently employs about 160 persons and is divided into six divisions (Figure 11). ENSI
uses a process-oriented management system which was last certified according to the 1ISO
9001:2015 standard in December 2022. Furthermore, ENSI has obtained the accreditation
ISO/IEC 17025:2017 (general requirements for the competence of testing and calibration la-
boratories) in August 2020 and the accreditation ISO/IEC 17020:2012 (general requirements
for the operation of various types of bodies performing inspection) in August 2020. Both ac-
creditations will be prolonged in 2025. The management system is applied to all relevant ac-
tivities and is subject to continuous improvement based on internal auditing, management re-
views, evaluation of performance indicators and routine checks by the certification and accred-
itation agencies.
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Figure 11: ENSI Organisation as of July 2024 (Source: ENSI)

ENSI's annual budget in 2024 is 68.1 million Swiss francs. All expenses of the safety authori-
ties (with the exception of the legal and regulatory framework) are covered by fees from licence
holders and Nagra.

Nuclear safety and radiation protection research, as far as promoted and endorsed by the
regulatory body, is endowed with a budget of 2.0 million Swiss francs and is covered by public
funds. An additional 3.9 million Swiss francs are financed by the operators of the NPPs and
Nagra.

For specific tasks, ENSI contracts independent experts. For example, the surveillance of
manufacturing, repair, replacement, modification and in-service inspections has been fully out-
sourced to the Swiss Association for Technical Inspections (SVTI). Further support in various
areas is provided by the Paul Scherrer Institute (PSI, a research institute of the domain of the
Swiss Federal Institutes of Technology, ETH Domain).

The implementation of the legislative and regulatory framework concerning spent fuel and ra-
dioactive waste management lies mostly with the Waste Management Division. The specialists
in the Waste Management Division deal with matters concerning the transport of radioactive
material, the conditioning, storage and disposal of spent fuel and radioactive waste. They eval-
uate the proposed methods for conditioning radioactive waste, issue the necessary approvals
and permits and supervise the operation of the corresponding facilities. They have a leading
role in ENSI’s review on the safety of facilities for storage and disposal of spent fuel and radi-
oactive waste. They supervise the construction and operation of such facilities. They follow
and appraise the geological investigations in preparation of spent fuel and radioactive waste
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disposal. In their role as the Swiss competent authority, they also issue the package and ship-
ment approval certificates for the transport of radioactive material in Switzerland and supervise
such transports to and from nuclear facilities.

In summary, Switzerland has established a regulatory organisation entrusted with the imple-
mentation of the legislative and regulatory framework related to spent fuel and radioactive
waste management. This regulatory organisation is provided with the necessary authority,
competence and financial and human resources to fulfil its assigned responsibilities.

E.3.2 Independence (Paragraph 2)

Each Contracting Party, in accordance with its legislative and regulatory framework,
shall take the appropriate steps to ensure the effective independence of the regulatory
functions from other functions where organisations are involved in both spent fuel or
radioactive waste management and in their regulation.

The owners of spent fuel and radioactive waste in Switzerland are primarily the NPP operators.
The Swiss Confederation has taken over the responsibility for the collection, conditioning, stor-
age and disposal of radioactive waste from medicine, industry and research. In order to meet
their responsibility regarding the disposal of spent fuel and radioactive waste, the NPP opera-
tors and the Swiss Confederation have established the National Cooperative for the Disposal
of Radioactive Waste (Nagra). Nagra is responsible to prepare and implement solutions for the
disposal of all kinds of radioactive waste, including spent fuel if declared as waste. The re-
sponsibility for conditioning, transportation and interim storage of NPP waste remains with the
NPP operators.

Both the responsibility for the management of radioactive waste from medicine, industry and
research and the regulatory task reside within the federal government. These two functions,
however, belong to different departments (ministries), and the regulatory authorities are
granted complete independence in their judgements.

The Nuclear Energy Act and the Swiss Federal Nuclear Safety Inspectorate Act clarify and
expand the position, duties and responsibilities of the Inspectorate (ENSI) as the supervisory
authority for nuclear safety and radiation protection in the field of nuclear energy. The Nuclear
Energy Act states that the supervisory authorities are independent of technical directives and
requests formal independence of the licensing authorities. ENSI is an organisation constituted
under public law. ENSI itself is supervised by an independent body, the ENSI Board. The Board
is elected by the Federal Council to whom it reports directly.

Due to its independent status, ENSI has no conflicts of interest. Acting in the politically sensitive
field of nuclear energy, ENSI is kept under close scrutiny by the media, the public and non-
governmental organisations (NGOs). Therefore, ENSI has a vital interest in maintaining its
capacity to act by keeping independent from economic pressure, the nuclear industry and from
political interference.

The section Communication of ENSI is responsible for the organisation of the information ac-
tivities and for the realisation of the measure of communication. This section works closely with
the management.

Under the Nuclear Energy Act (Article 74), the Inspectorate “shall regularly inform the general
public about the condition of nuclear facilities and any matters pertaining to nuclear goods and
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radioactive waste” and “shall inform the general public of any special occurrences”. In addition
to that, the Inspectorate is obliged to respond to questions from the Parliament on nuclear
safety and the work of the regulatory body. As a federal authority, ENSI is subject to the Fed-
eral Act on Freedom of Information in the Administration. According to this law, all ENSI doc-
uments are public with a few exceptions, such as security-related information, personal data
or trade secrets.

The information services of the Inspectorate go well beyond these legal requirements. It regu-
larly provides direct information to the public. The Inspectorate’s website www.ensi.ch is an
important information tool covering all aspects of nuclear safety in Switzerland in the national
languages of German and French as well as some aspects in Italian and English. It is accom-
panied by activities on social media — e.g. Twitter, YouTube, etc. ENSI is committed to objec-
tivity and avoids any speculation or placation.

In addition to the annual reports (Regulatory Oversight Report, Research and Experience Re-
port, Radiation Protection Report and Business Report), it publishes reports on current topics
— e.g. earthquakes, disposal of radioactive waste, etc. ENSI also publishes all the review re-
ports generated by review meetings of conventions, review missions or topical peer reviews.

Other communication activities include responses to questions from NGOs and individuals as
well as participation in public hearings, symposia and panel discussions on nuclear safety.
ENSI regularly organises meetings with its stakeholders irrespective of their nuclear stance.
Media activities include press conferences and press releases as well as interviews on issues
of nuclear safety that are the subject of current media discussion.

In 2009, in connection with the search for sites for deep geological repositories, the competent
authority leading the process (FOE) set up the Technical Forum on Safety, which is led by
ENSI. The Technical Forum on Safety discusses and answers technical and scientific ques-
tions asked by the public, communities, siting regions, organisations, cantons and authorities
in neighbouring states. The forum comprises experts from the body leading the process (FOE),
from other bodies with supervisory or supportive roles (ENSI, Swiss Federal Office of
Topography (swisstopo)), from commissions (NSC), from the National Cooperative for the Dis-
posal of Radioactive Waste (Nagra), from the cantons, the neighbouring countries Germany
and Austria, the Swiss Energy Foundation (SES), and up to two representatives from each of
the proposed siting regions of the site selection process. In 2013 ENSI set up a similar Forum
for questions concerning NPPs.


http://www.ensi.ch/
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Section F  Other General Safety Provisions

F.1 Responsibility of the Licence Holder (Article 21)

F.1.1 Licence Holder (Paragraph 1)

Each Contracting Party shall ensure that prime responsibility for the safety of spent fuel
or radioactive waste management rests with the holder of the relevant licence and shall
take the appropriate steps to ensure that each such licence holder meets its responsi-
bility.

Radioactive waste management includes conditioning, storage and disposal in a deep geolog-
ical repository. All these activities are or will be carried out in nuclear facilities. The Nuclear
Energy Act explicitly states in Article 22 that the licence holder is responsible for the safety of
the facility and its operation. The specific obligations of the licence holder resulting from this
fundamental responsibility are listed in the above-mentioned article of the Nuclear Energy Act
and elaborated in more detail in the Nuclear Energy Ordinance.

As described in Section E.2.7, the responsibility for the safe and permanent management of
spent fuel and radioactive waste lies with the producers. The producers of spent fuel and radi-
oactive waste are primarily the NPP operators. Spent fuel is stored at the NPPs and at the
Central Interim Storage Facility Zwilag. Conditioning and interim storage of operational waste
is carried out at the NPPs and at Zwilag. All these facilities are nuclear facilities which are
operated according to the corresponding licences and supervised by the Swiss Federal Nu-
clear Safety Inspectorate (ENSI).

In order to ensure that the licence holders meet their responsibility, Switzerland has estab-
lished a regulatory body entrusted with the implementation of the legislative and regulatory
framework (see Section E.3). ENSI forms the main part of this regulatory body and has been
given the necessary authority and competence to fulfil its enforcement functions. The supervi-
sion of the nuclear facilities carried out by ENSI makes sure that the licence holders fully meet
their responsibility and obligations.

The Swiss Confederation takes over the responsibility for the collection, conditioning, storage
and disposal of radioactive waste generated in medicine, industry and research. According to
the Radiological Protection Ordinance, the research centre PSI operates the National Collec-
tion Centre and is in charge of conditioning and storage of this kind of waste. The National
Collection Centre is a nuclear facility and thus subject to the Nuclear Energy Act. PSI holds
the licences to operate the nuclear facilities necessary for these activities. The supervision
exercised by ENSI ensures that PSI meets its responsibility regarding the safety of its radio-
active waste management facilities.

All radioactive waste, including spent fuel is to undergo final disposal in geological repositories.
No such repository is yet in operation. An eventual repository will be a nuclear facility and thus
subject to the Nuclear Energy Act.
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The licence holder will be responsible for the safe operation of such a repository. With its su-
pervision, ENSI will ensure that the licence holder will also fully meet its responsibility and
obligations.

F.1.2 Unlicensed Facilities, Activities and Materials (Paragraph 2)

If there is no such licence holder or other responsible party, the responsibility rests with
the Contracting Party which has jurisdiction over the spent fuel or over the radioactive
waste.

In the Nuclear Energy Act, the Swiss Confederation has reserved the right to take over the
management of radioactive waste from NPPs in case the operators do not meet their duties.
This would be at the expense of the concerned NPP operators, and the Swiss Confederation
would establish a dedicated organisation independent of the licensing and supervisory author-
ities.

The Radiological Protection Ordinance defines the different kinds of non-nuclear radioactive
waste that must be delivered to the National Collection Centre at PSI. The Federal Office of
Public Health (FOPH) regulates the details concerning the treatment and collection of non-
nuclear radioactive waste (see also the Ordinance on the Collection of Radioactive Waste).
This includes cases where no licence holder or other responsible party exist.

F.2 Human and Financial Resources (Article 22)

F.2.1 Qualified Staff (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that qualified staff are
available as needed for safety-related activities during the operating lifetime of a spent
fuel and a radioactive waste management facility.

The Nuclear Energy Act requires qualified senior staff to manage and operate any nuclear
facility and to fulfil all legal, regulatory and licence requirements. The Ordinance on the Re-
quirements for the Personnel of Nuclear Installations specifies the necessary qualification and
training of the staff of any nuclear installation. This is a prerequisite for granting an operation
licence for nuclear facilities, including spent fuel and radioactive waste management facilities.
The operation licence of the nuclear facility can be withdrawn in case these conditions are not
or no longer met. Precise requirements on the organisation and operating staff of a nuclear
facility are set out in the operation licence and in the technical specifications. Regulatory guide-
lines define specific regulatory requirements on the organisation (ENSI-G07), the operating
staff (ENSI-B10), and on the radiation protection staff (ENSI-B13) of nuclear installations in-
cluding spent fuel and radioactive waste management facilities.

The implementation of these legal requirements is ensured in practice by (1) review of the
projects submitted to licence and (2) supervision of the operation of the nuclear facility.
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F.2.2 Adequate Financial Resources (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that adequate finan-
cial resources are available to support the safety of facilities for spent fuel and radioac-
tive waste management during their operating lifetime and for decommissioning.

Current expenditure related to storage of spent fuel and radioactive waste, as well as to re-
search and development, planning, geological investigations and, eventually, construction and
operation of disposal facilities, are continuously paid for by the NPP operators until the end of
commercial energy production.

Two funds have been established by law in order to ensure the availability of sufficient financial
resources after the final shutdown of an NPP for the decommissioning and the management
of spent fuel and radioactive waste. The Ordinance on the Decommissioning and Waste Man-
agement Funds for Nuclear Facilities defines (1) the allocation of financial resources for the
decommissioning and for the disposal of decommissioning waste, and (2) the allocation of
financial resources to cover the costs for the final management of spent fuel and radioactive
waste from NPP operation.

Both, the Decommissioning and the Waste Management Fund, were established to cover the
management costs arising after final shutdown of the NPPs.

The two funds are independent legal entities administered by a Management Commission ap-
pointed by the Federal Council. The annual contributions to be paid to the funds by the NPP
operators are based on cost estimates derived from specific decommissioning and disposal
projects submitted by the operators. Technical issues are reviewed by the nuclear safety au-
thorities, and the costs are estimated by independent cost experts. The projects, cost estimates
and annual contributions are updated periodically. On the basis of the cost studies 2021, the
total decommissioning costs amount to 3.67 billion Swiss francs and the waste management
costs amount to 19.4 billion Swiss francs. By the end of 2022, the balance of the Decommis-
sioning Fund was 3.0 billion Swiss francs, and that of the Waste Management Fund was 6.0
billion Swiss francs. As of the end of 2022, 6.1 billion Swiss francs had been spent (e.g. for
research and preparatory tasks, reprocessing of spent fuel elements, construction of a central
interim storage facility, acquisition of transport and storage containers, transportation). Another
portion (amounting to 1.5 billion Swiss francs) will be required from 2023 until the time of shut-
down of the NPPs decommissioning, and this amount has to be covered by the operators on
an ongoing basis. In total, the Waste Management Fund has to secure 12.5 billion Swiss
francs.

The update of the cost estimates for decommissioning and waste management is not yet
finalised due to a pending court trial. In 2022, the Cost Study 2021 was reviewed by ENSI on
behalf of the Decommissioning and Disposal Fund Commission (STENFO). This process was
accompanied by the Swiss Federal Office of Energy (SFOE). In December 2022, the Commis-
sion requested the responsible federal department to comment on the cost studies and the
audit report of STENFO. The Federal department issued its statement at the end of March
2023. The final determination of the costs by STENFO has not yet taken place, as STENFO
decided to postpone its decision until the decision of the Federal Supreme Court is available
with respect to the previous cost study from 2016. The next update of the cost estimates is
requested for 2026.
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F.2.3 Financial Provision for Institutional Controls (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that financial provi-
sion is made which will enable the appropriate institutional controls and monitoring
arrangements to be continued for the period deemed necessary following the closure
of a disposal facility.

Regarding the closure of a disposal facility, the Nuclear Energy Act defines the following steps.
Upon expiry of the period of underground monitoring following the emplacement of the waste
packages, the Federal Council shall order the closure of the repository according to the corre-
sponding project submitted by the owner of the repository. The closure of the repository will
only be ordered if the permanent protection of human health and the environment is ensured.
After the repository has been closed in accordance with the applicable regulations, the Federal
Council may order further surface monitoring of the environment of the disposal facility for a
limited period of time. Upon expiry of this additional monitoring period, the Federal Council will
declare that the disposal facility is no longer subject to the nuclear energy legislation. At that
time, the responsibility for the disposal facility will pass over to the Swiss Confederation. The
Swiss Confederation may decide to continue monitoring of the site; this would be carried out
within the framework of the general radiological surveillance of the environment.

The Waste Management Fund mentioned in Section F.2.2 covers the disposal costs up to and
including the final closure of the repository and such monitoring after closure as may be or-
dered by the Federal Council. The continued monitoring, after the disposal facility has been
released from nuclear regulatory control, will be carried out at the expense of the Swiss Con-
federation.

The legislation on radiological protection puts the Federal Office of Public Health (FOPH) in
charge of monitoring the radioactivity in the environment. This duty includes the monitoring of
the environment of past nuclear facilities cleared from regulatory control after decommission-
ing, and eventually will also include closed disposal facilities. As an example, the former ex-
perimental NPP at Lucens, which has been decommissioned and released from nuclear regu-
latory control, is subject to the FOPH’s environmental radiation monitoring programme.

F.3 Quality Assurance (Article 23)

Each Contracting Party shall take the necessary steps to ensure that appropriate quality
assurance programmes concerning the safety of spent fuel and radioactive waste man-
agement are established and implemented.

The Nuclear Energy Act together with the Nuclear Energy Ordinance require the implementa-
tion of appropriate quality management (QM) systems for the construction and operation of
nuclear facilities, including storage and disposal facilities for spent fuel and radioactive waste.
The QM systems must be developed according to an internationally agreed standard (e.g.,
ISO 9001) and be reviewed periodically by an independent body. The Regulatory Guideline
ENSI-G07 "Organisation of Nuclear Installations" specifies the requirements for the organisa-
tion and the procedures according to the IAEA General Safety Requirements GSR Part 2
"Leadership and Management for Safety” and the corresponding guides. All Swiss nuclear
facilities involved in spent fuel and radioactive waste management, including Nagra, have es-
tablished and implemented certified QM systems based on the international industrial standard
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ISO 9001. Significant changes in the QM systems of the responsible organisation must be
reported to ENSI.

ENSI reviews and checks the completeness and the proper function of the QM systems of
spent fuel and radioactive waste management facilities according to an international nuclear
standard (e.g., IAEA Safety Standards GSR Part 2, GS-G-3.1 and GSG-16). By means of
inspections and audits, ENSI ensures that the QM systems are effectively implemented.

F.4 Operational Radiation Protection (Article 24)

The Radiological Protection Act and the Radiological Protection Ordinance form the legal basis
for the operational radiation protection in Switzerland. This legislation aims at protecting human
health and the environment against ionising radiation and is based on the recommendations
of the International Commission on Radiological Protection (ICRP). It implements the interna-
tionally agreed principles of justification of a practice, optimisation of radiation exposure and
dose limitation. More detailed requirements are defined in further Ordinances and in ENSI’s
regulatory guidelines, and specific conditions and obligations are contained in the operation
licences granted to each nuclear facility operator.

The Radiological Protection Act was partly revised in October 2007. Based on the recommen-
dations of the International Commission on Radiological Protection (ICRP) (e.g. Publication
No. 103), the Radiological Protection Ordinance was totally revised and came into force in
2018. The Ordinances’ contents are arranged according to the recommended makeup into
planned, emergency, and existing exposure situations. The goal of the latest revision of the
Ordinance was to obtain compatibility with the new European Safety Directive, Version 24"
from February 2010 (final) and the IAEA Basic Safety Standard, GSR Part 3 from July 2014.
As a consequence of the revision other legal documents such as guidelines of the Swiss Fed-
eral Nuclear Safety Inspectorate also had to undergo revisions. In this context the Guideline
ENSI-G12 “Nuclear Facility Internal Radiation Protection” has been introduced to replace the
Guideline HSK-R-07 “Guideline for Radiological Monitored Area of the Nuclear Installations
and the Paul Scherrer Institute” as well as parts of the Guideline ENSI-G15 “Radiation Protec-
tion Objectives for Nuclear Installations”. It specifies the Radiation Protection Ordinance for
the application in nuclear facilities and details out aspects regarding “source term reduction”,
“enclosure of radioactivity by barriers from the Radiological Controlled Area”, “limitation and
optimisation of external exposure” as well as “prevention of incorporation and contamination
of personnel’”.

F.4.1 Radiation Exposure (Paragraph 1 Clause i)

Each Contracting Party shall take the appropriate steps to ensure that during the oper-
ating lifetime of a spent fuel or radioactive waste management facility the radiation ex-
posure of the workers and the public caused by the facility shall be kept as low as rea-
sonably achievable, economic and social factors being taken into account.

The Swiss radiation protection legislation requires optimisation as a fundamental principle for
limiting the radiation exposure of the personnel and the public. In order to satisfy this rule, the
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Regulatory Guideline ENSI-G15 requires that every licence holder of a nuclear facility (includ-
ing storage and disposal facilities) has to establish a QM system for operational radiation pro-
tection. The QM system must include the optimisation process as an integrated part of the
radiation protection planning. Above mentioned Guideline ENSI-G12 comprises further de-
tailed requirements about optimization and radiation protection planning.

It is the responsibility of the operator to define optimisation within the framework of the QM
system for operational radiation protection. Most facilities have established a system for mon-
itoring and implementing optimisation. Depending on the level of estimated collective dose, a
dose-relevant job has to be reviewed and monitored by a radiation protection officer or by an
ALARA team consisting of engineers and radiation protection personnel. Every project leading
to an estimated collective dose above 50 man-mSv has to be notified to ENSI at least one
month in advance, as defined in the Regulatory Guideline ENSI-B03. ENSI evaluates the re-
port on radiation protection planning, discusses critical aspects with the operator, such as the
planned work flow, protection measures and monitoring, and inspects their implementation in
the nuclear facility.

F.4.2 Radiation Doses (Paragraph 1 Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that during the oper-
ating lifetime of a spent fuel or radioactive waste management facility no individual shall
be exposed, in normal situations, to radiation doses which exceed national prescrip-
tions for dose limitation which have due regard to internationally endorsed standards
on radiation protection.

The Radiological Protection Ordinance sets the dose limit to 1 mSv per year for individual
members of the population and to 20 mSv per year for occupational exposure (see Section
E.2.2). This is in accordance with international standards. The Radiological Protection Ordi-
nance further defines the dose limits and working conditions for young persons between 16
and 18 years and for pregnant and nursing women.

In order to ensure that these dose limits are not exceeded, reference levels, dose budgets as
well as dose, contamination and activity constraints have been defined in the Radiological
Protection Ordinance, in the Regulatory Guidelines ENSI-G15 or ENSI-G12 as well as in the
licence conditions. Based on the Radiological Protection Ordinance and the Regulatory Guide-
line ENSI-G12, employers have to define a personalised temporary dose contingent, when
sending an occupationally exposed to radiation employee to a different nuclear facility for a
time-limited and source-related job, provided they have the relevant licence. Some facilities
use additional daily or job specific dose constraints as investigation levels. In these cases,
electronic personal dosimeters are used to monitor the actual dose.

The effective dose in the environment due to discharges are calculated on the basis of models
on atmospheric dispersion and exposure paths (as outlined in the Regulatory Guideline ENSI-
G14 based on IAEA Safety Series No. 50-SG-S3), transfer factors and dose conversion fac-
tors. The discharge limits are fixed in the operating licence of each facility; they correspond to
the source-related dose constraint of 0.3 mSv per year and person, being calculated using the
mentioned models.

The Regulatory Guideline ENSI-B02 requires a periodical report of the activity discharged to
the environment. The measuring instruments used in the facilities to monitor the discharges
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have to be calibrated periodically (Regulatory Guideline ENSI-G13). The laboratories involved
in assessing radioactive environmental discharges are required to take part in proficiency tests.
The assessment of discharge probes is cross-examined several times a year by ENSI. For this
purpose, ENSI operates its own accredited laboratory, in accordance with SN EN ISO 17025.

F.4.3 Preventive Measures Taken (Paragraph 1 Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that during the oper-
ating lifetime of a spent fuel or radioactive waste management facility measures are
taken to prevent unplanned and uncontrolled releases of radioactive materials into the
environment.

The Radiological Protection Ordinance requires the licence holder to take appropriate
measures to prevent unplanned and uncontrolled releases of radioactive materials into the
environment. The corresponding technical and administrative requirements to be considered
during planning, construction, operation and decommissioning are outlined in the “Ordinance
on the Use of Radioactive Material” and in the Regulatory Guidelines ENSI-G12 and ENSI-
B12 “Emergency Preparedness”. All other facility specific details are laid down in the licences
and permits.

The Radiological Protection Ordinance stipulates that rooms, buildings or areas must be de-
clared as radiological controlled zones if the dose rate, surface contamination level or air con-
tamination level may exceed certain limits listed in the Ordinance.

F.4.4 Radiation Exposure Due to Discharges (Paragraph 2 Clause i)

Each Contracting Party shall take appropriate steps to ensure that discharges shall be
limited to keep exposure to radiation as low as reasonably achievable, economic and
social factors being taken into account.

In the licence application for the construction and operation of a nuclear facility (including stor-
age and disposal facilities), the foreseen technical measures have to comply with the ALARA
principle. For example, suitable barriers and air filters are to be implemented to reduce expo-
sure to radiation caused by radioactive discharges and are thereupon explicitly stated as con-
ditions within the licence. Each nuclear facility has to periodically report its radioactive dis-
charges to ENSI.
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F.4.5 Radiation Doses Due to Discharges (Paragraph 2 Clause ii)

Each Contracting Party shall take appropriate steps to ensure that discharges shall be
limited so that no individual shall be exposed, in normal situations, to radiation doses
which exceed national prescriptions for dose limitation which have due regard to inter-
nationally endorsed standards on radiation protection.

The compliance with the annual dose limit for the public is ensured via a partition into source-
related dose constraints of 0.3 mSv per year for each nuclear site (Regulatory Guideline ENSI-
G15). The dose from direct exposure must not exceed 0.1 mSv per year. Based on these dose
constraints, discharge limits for the total activity and activity concentrations into the environ-
ment are derived from the models for dispersion and transfer outlined in the Regulatory Guide-
line ENSI-G14. A distinction is made between short-term (less than one week) and continuous
discharges: the short-term and long-term discharge limits must be complied with. These limits
are reviewed by ENSI as part of the periodic safety review of the nuclear facility (Regulatory
Guideline ENSI-A03).

The handling of material from a controlled zone can be cleared from the mandatory licensing
and supervision under radiological protection or nuclear energy legislation, if the clearance
levels outlined in Section B.3 of this report are demonstrably met. These criteria are derived
from the de minimis value of 0.01 mSv per person and year. Guideline ENSI-B04 regulates the
procedure of clearance, incl. the reporting to ENSI.

F.4.6 Corrective Measures (Paragraph 3)

Each Contracting Party shall take appropriate steps to ensure that during the operating
lifetime of a regulated nuclear facility, in the event that an unplanned or uncontrolled
release of radioactive materials into the environment occurs, appropriate corrective
measures are implemented to control the release and mitigate its effects.

According to the Radiological Protection Ordinance, the licence holder is obliged to make the
necessary operational preparations in order to be able to deal with incidents. This includes
regular training of the employees, instructions regarding the immediate measures to be taken
in an emergency as well as provision of sufficient technical assistance and well-trained per-
sonnel for dealing with incidents at any time. This implies employing and training skilled per-
sonnel in the field of radiation protection. The dose limit for external emergency services in-
volved in rescuing human lives and protecting the population is 250 mSv per year. The dose
limit for personnel which would be deployed to deal with a radiological event is 50 mSv per
year.

In addition, the Radiological Protection Ordinance stipulates, that the licence holder carries the
responsibility for all risks. This means that, in case of an unplanned or uncontrolled release of
radioactive material into the environment, every possible effort has to be taken to mitigate its
effects. This includes appropriate protective measures for the personnel, installation of fail-
safe locks as well as activity and dose monitoring inside the facility, on the premises and in the
vicinity of the facility. The monitoring results are published and continuously updated on the
ENSI website (http://www.ensi.ch “Topics” > “Measured Value about Swiss nuclear power

plants”).
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In case of a radiological incident within a nuclear facility or during transport of radioactive ma-
terial, the licence holder has to notify ENSI and the National Emergency Operations Centre
(NEOC) immediately (see Section F.5).

ENSI is responsible for the recognition of the training courses and the qualification of the radi-
ation protection personnel in nuclear facilities. The licence holder has to summarise the par-
ticipation of their personnel in appropriate training courses in periodical reports.

F.5 Emergency Preparedness (Article 25)

F.5.1 Facility Emergency Plans (Paragraph 1)

Each Contracting Party shall ensure that before and during operation of a spent fuel or
radioactive waste management facility there are appropriate on-site and, if necessary,
off-site emergency plans. Such emergency plans should be tested at an appropriate
frequency.

The Federal Civil Protection Crisis Management Board (BSTB) coordinates emergency plan-
ning and preparedness in Switzerland. The Concept for Emergency Preparedness in Case of
an Accident at a Nuclear Power Plant in Switzerland (2015) describes the requirements for
emergency preparedness and is based on the following acts, ordinances, and regulatory
guidelines:

e Nuclear Energy Act

e Nuclear Energy Ordinance

o Radiological Protection Act

¢ Radiological Protection Ordinance

¢ Ordinance on Emergency Preparedness in the Vicinity of Nuclear Installations
¢ Ordinance on the Federal Civil Protection Crisis Management Board

e Ordinance on Civil Protection

¢ Ordinance on lodine Prophylactics in the Case of a Nuclear Accident

e Ordinance on Maximum Levels for Contaminants

e Regulatory Guideline ENSI-B11: Emergency exercises

¢ Regulatory Guideline ENSI-B12: Emergency preparedness in nuclear installations
¢ Regulatory Guideline ENSI-GO7: Organisation of nuclear installations

o Regulatory Guideline ENSI-A08: Analysis of source terms: Extent, methodology and
boundary conditions

These requirements generally refer to NPPs but are used for other nuclear facilities by analogy.
Prior to issuing the operating licence for a new spent fuel or radioactive waste management
facility, on-site emergency plans are required that must be approved by ENSI.
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To prepare emergency measures for spent fuel and radioactive waste management facilities,
specific scenarios are evaluated and form the basis for the emergency planning in the envi-
ronment of such facilities. The emergency scenarios at such facilities include fires, life-threat-
ening injuries to persons, excessive radiation to personnel, substantial release of radioactivity
to the environment, spillage of oil and chemicals, fuel handling accidents in hot cells, accidents
during transport of waste and spent fuel, severe earthquakes, airplane crash, and malevolent
actions by third parties.

Off-site emergency plans are required if accidents involving increased radioactivity, which ne-
cessitates immediate action to mitigate or avert serious adverse consequences for human
health and safety, living conditions, and the environment, are possible. Accidents at spent fuel
and radioactive waste management facilities located at NPPs are covered by the emergency
plans of the corresponding NPP. At PSI and Zwilag only an airplane crash could lead to off-
site doses requiring immediate action. For this scenario, procedures are in place forimmediate
alerting and issuance of recommendations regarding countermeasures for the population of
the neighbouring communities.

On-Site Emergency Organisation

Each new spent fuel or radioactive waste management facility is in possession of facility-spe-
cific emergency preparedness documentation which includes the following information:

e Operating procedures for abnormal situations
e Emergency procedures

e Reporting procedure to ENSI, and in case of radiological events also to the National
Emergency Operations Centre (NEOC)

e Reporting procedure to the police in case of rapidly evolving accidents (e. g. airplane
crash)

The emergency organisation of the facility is inspected by ENSI during emergency exercises
every year.

Off-Site Emergency Organisation and Protective Measures

The off-site emergency organisation is based on the resources within the swiss civil defence
concept. These resources consist of a well-developed shelter infrastructure (Switzerland has
sheltering capabilities for the whole population) and well-trained troops for fire and disaster
mitigation. In case of a radiological emergency, the Federal Civil Protection Crisis Management
Board (BSTB) coordinates the use of civil and military resources. The Federal Office of Civil
Protection’s National Emergency Operations Centre takes the necessary measures until the
Federal Civil Protection Crisis Management Board is ready to operate and upon immediate
danger orders direct actions to protect the population and alerts the authorities of the Federa-
tion and the cantons.

Protective measures to be implemented for the population are based on the concept of
measures as a function of dose defined in the Ordinance on Civil Protection. The concept
describes which protective measures are to be adopted if the expected radiation dose is above
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a predefined intervention level. In addition, the Ordinance on Maximum Levels for Contami-
nants contains limits for foodstuffs. The limits correspond to the maximum permitted levels or
radioactive food contamination under EURATOM regulations.

Emergency Exercises

ENSI issues the operating licence only if the on-site emergency organisation is operational and
has been successfully tested by an emergency exercise. Furthermore, on-site emergency pre-
paredness exercises are performed every year in accordance with the specifications in the
Regulatory Guideline ENSI-B11. In addition, each one of the different emergency teams, e. g.
fire brigade, has to carry out its own specific exercises. Neighbouring countries are invited to
take part in full-scale emergency exercises carried out at nuclear power plants located in the
vicinity of the border on a regular basis.

F.5.2 Territory Emergency Plans (Paragraph 2)

Each Contracting Party shall take the appropriate steps for the preparation and testing
of emergency plans for its territory insofar as it is likely to be affected in the event of a
radiological emergency at a spent fuel or radioactive waste management facility in the
vicinity of its territory.

The Federal Civil Protection Crisis Management Board takes over in case of a radiological

emergency from abroad. Automatic dose-rate monitoring systems have been installed in Swit-
zerland. These systems continuously monitor the dose rate at a large number of locations.

International developments and risks are monitored and assessed for continuous improvement
of national emergency plans.

F.6 Decommissioning (Article 26)

Each Contracting Party shall take the appropriate steps to ensure the safety of decom-
missioning of a nuclear facility.

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 has been issued. The licensee must state the basic commitments with respect
to decommissioning in the application documents for the general licence and present an initial
decommissioning plan with the application documents for the construction licence. He has to
regularly update the decommissioning plan during the operation period. At the end of the op-
erational lifetime of the facility, he must submit a final decommissioning plan (in the Swiss
legislation the “decommissioning project”). After this plan has been reviewed and approved by
the authorities, a decommissioning order is issued by the licensing authority (DETEC). The
legislation thus addresses aspects of decommissioning at the appropriate stages of facility
development.

Earlier legislation required a decommissioning licence. Such licences were issued for the pro-
totype reactor at Lucens, the research reactor AGN-201-P at the University of Geneva, and
the research reactors DIORIT and SAPHIR at PSI. They retain their validity under the new
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legislation. The experience made so far demonstrates the sound basis provided by the former
legislation.

In 2014, ENSI published a regulatory guideline that addresses all aspects of decommissioning
and dismantling of nuclear installations in Switzerland (Regulatory Guideline ENSI-G17). This
guideline respects WENRA'’s Safety Reference Levels in the field of decommissioning and the
corresponding IAEA Safety Standards. As a finding of the IRRS mission 2021 to ENSI, it was
suggested to update the decommissioning guidance. Therefore, the decommissioning guide-
line ENSI-G17 is currently under revision.

In June 2018, DETEC issued the decommissioning order for Miihleberg NPP. The order is based
on ENSI’s advisory opinion on the final decommissioning plan for Mihleberg NPP. In the de-
commissioning order the terms “final cessation of power operation” (which is different from final
shut down), “establishing of post operational phase” in the reactor building and “preparatory
measures” in the turbine building were legally well founded, introduced and explained. In
DETEC’s decommissioning order is also laid down that there will be two separate licensing pro-
cedures: one for release of Miuhleberg NPP from nuclear supervision and one for conventional
demolition or reuse of the Muhleberg site.

The life cycle of an NPP can be divided into four stages: 1) planning (general licence), 2)
construction (construction licence), 3) power operation (operating licence), 4) decommission-
ing (decommissioning order). Each stage is based on a separate licence or order, respectively,
that ensures a complete sequence of legislation.

In the decommissioning order for Mihleberg NPP a distinction is made between cease of
power operation and final shut down. Cease of power operation describes the moment when
an NPP generates no more electricity. In the case of Mihleberg NPP, after cease of power
operation, the spent fuel elements from the reactor core are transferred to the spent fuel pool.
In the meantime, all measures to establish a safe technical post-operation are being imple-
mented. To remove heat from the spent fuel pool some safety and operation systems from
power operation are still necessary. Hence, the works being performed to establish the tech-
nical post-operational phase are conducted as part of operating licence and are not part of the
decommissioning order. As all works for establishment of the technical post-operational phase
were completed, the facility was considered as finally shut down and the decommissioning
activities as described in the decommissioning order began.

F.6.1 Staff and Financial Resources (Clause i)

Such steps shall ensure that qualified staff and adequate financial resources are avail-
able.

Two funds have been established by law in order to ensure the availability of sufficient financial
resources for the decommissioning of nuclear facilities and waste management (see Section
F.2.2).

If the financial provisions prove insufficient during decommissioning, the owner of the facility
concerned has to pay the difference within three years. In the case that the means of the fund
are still not sufficient to cover the costs of decommissioning an NPP, the owners of the other
NPPs are also liable for the amount in debt.
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The costs of waste management are determined on the basis of the waste management pro-
gramme, the current technical and scientific requirements and on the prices applicable when
the calculation is being made. Costs estimates have to be updated every five years based on
information from the owner of each nuclear installation. When a nuclear installation starts op-
eration, the initial costs are estimated. They are re-calculated when a nuclear installation is
shut down or when a substantial change in costs is expected due to unforeseen circumstances.

In 2022, the 4th revision of the Decommissioning and Disposal Fund Ordinance came into
force, in which the consequences of the Federal Court ruling of 2020 are implemented and
flanking risk-minimizing measures are taken into account. According to the revised ordinance,
the expected decommissioning and disposal costs are now defined by the Decommissioning
and Disposal Fund Commission (STENFO), based on an assessment of the costs study by
various federal authorities on the cost studies.

The last updates (new cost studies) for decommissioning were prepared in 2021 by NIS Inge-
nieurgesellschaft mbH on behalf of swissnuclear, the organisation of Swiss nuclear operators.
These studies took account of the latest knowledge available regarding the decommissioning
of nuclear power plants. The decommissioning costs for Switzerland’s five nuclear power
plants and the Central Interim Storage Facility Zwilag amount in total 3.67 billion Swiss francs.
The update of the cost estimates for decommissioning and waste management is not yet final-
ised due to a pending court trial (See Section F.2.2).

With adequate financial resources, the recruitment of qualified staff can be ensured. The Reg-
ulatory Guidelines ENSI-G07 and ENSI-G17 specify requirements that also apply to decom-
missioning. The decommissioning order can lay down specific obligations in this respect. The
Nuclear Energy Act requires the operator to submit a detailed final decommissioning plan. The
final decommissioning plan must address all aspects, including staff, organisation and quality
management.

The decision to shut down the Muhleberg NPP in 2019 for example has not led to a fall in staff
numbers at Mihleberg. The plant has developed a concept that ensures that the staff of
Mihleberg NPP has a perspective for the work life after decommissioning.

F.6.2 Radiation Protection (Clause ii)

Such steps shall ensure that the provisions of Article 24 with respect to operational
radiation protection, discharges and unplanned and uncontrolled releases are applied.

The Radiological Protection Act and the Radiological Protection Ordinance also apply to the
decommissioning of nuclear facilities. This legislation covers all aspects of Article 26 Clause ii
(see Section F.4). The decommissioning order lays down complementary obligations as ap-
propriate.

F.6.3 Emergency Preparedness (Clause iii)

Such steps shall ensure that the provisions of Article 25 with respect to emergency
preparedness are applied.

The legal requirements concerning emergency preparedness apply independently of whether
a facility is in operation or is being decommissioned. These requirements cover all aspects of
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Article 26 Clause iii (see Section F.5). The decommissioning project must cover design acci-
dent evaluation and emergency preparedness planning for all stages of decommissioning.

F.6.4 Record Keeping (Clause iv)

Such steps shall ensure that records of information important to decommissioning are
kept.

The Nuclear Energy Act requires the facility operators to keep and to update all technical rec-
ords until decommissioning is completed. After completion of decommissioning, the operator
has to hand over the documentation to the regulatory authorities. A finding of the IRRS mission
2021 to ENSI was a suggestion to update the decommissioning guidance to include provisions
for the collection and retention of records and reports relevant to decommissioning, and for
preserving information after termination of the license.

After the research reactor at Basel University has been completely dismantled and released in
2021 from nuclear legislation, the owner of the former reactor submitted the documentation of
the reactor to ENSI to store and archive the documents on a long-term basis. The documen-
tation covered the complete life cycle of the facility and included documents from construction,
operation, and decommissioning. Which documents must be archived is described in the
guideline ENSI-G09 and in the Ordinance on the Requirements for the Personnel of Nuclear
Installations (SR 732.143.1, article 37).
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Section G Safety of Spent Fuel Management

G.1 General Safety Requirements (Article 4)

Each Contracting Party shall take the appropriate steps to ensure that at all stages of
spent fuel management, individuals, society and the environment are adequately pro-
tected against radiological hazards.

The protection of individuals, society and the environment against radiological hazards related
to spent fuel management is subject to the Swiss legislation on radiation protection and on
nuclear energy, as detailed in Section E.2. Compliance with the legal requirements regarding
nuclear safety and radiation protection is verified and enforced by the Swiss Federal Nuclear
Safety Inspectorate (ENSI). This is done by reviewing safety analysis reports during the licens-
ing steps, supervising construction and operation particularly by inspections, and periodic
safety reviews of the NPPs.

G.1.1 Criticality and Removal of Heat (Clause i)

In so doing, each Contracting Party shall take the appropriate steps to ensure that crit-
icality and removal of residual heat generated during spent fuel management are ade-
quately addressed.

Criticality and heat removal are addressed during the licensing process of a spent fuel man-
agement facility, during operation if changes in the operational procedures are planned, and
in the periodic safety reviews of each NPP every 10 years. For storage facilities a systematic
safety assessment report is requested every 10 years (see Section G.5.2). Criticality and Re-
moval of Heat are analysed in the safety analysis report submitted with the licence application
and reviewed by the regulatory body. Safety relevant changes to a spent fuel management
facility, including equipment and procedures, require a licence from DETEC or a permit from
ENSI. All Swiss spent fuel management facilities are in compliance with the requirements of
Clause .

G.1.2 Generation of Radioactive Waste (Clause ii)

In so doing, each Contracting Party shall take the appropriate steps to ensure that the
generation of radioactive waste associated with spent fuel management is kept to the
minimum practicable, consistent with the type of fuel cycle policy adopted.

Both, the Nuclear Energy Act and the Radiological Protection Act, require that any handling
and management of radioactive materials must take place in such a way that the generation
of radioactive waste is kept to the minimum practicable. The spent fuel management facilities
mentioned under Section D.2.1 were built and are operated according to this principle. This
will also be the case for future facilities.
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G.1.3 Interdependencies (Clause iii)

In so doing, each Contracting Party shall take the appropriate steps to take into account
interdependencies among the different steps in spent fuel management.

The remarks on Article 11, Clause iii apply likewise to Article 4, Clause iii (see Section H.1.3).

G.1.4 Protection of Individuals, Society and the Environment (Clause iv)

In so doing, each Contracting Party shall take the appropriate steps to provide for ef-
fective protection of individuals, society and the environment, by applying at the na-
tional level suitable protective methods as approved by the regulatory body, in the
framework of its national legislation which has due regard to internationally endorsed
criteria and standards.

Protection of individuals, society and the environment from the effects of ionising radiation is a
subject of the radiation protection legislation (see Section E.2.2), in which the ICRP system of
radiation protection, consisting of justification, optimisation and dose limitation, is implemented.
The applicable dose limits are compatible with the International Safety Standards (General
Safety Requirements Part 3). In particular, a dose limit for members of the public of 1 mSv
effective dose per year and a dose limit for workers of 20 mSv per year are implemented.

Compliance of spent fuel management facilities with the legislation is ensured during the li-
censing and operational phases. At each licensing step a safety analysis report demonstrating
compliance has to be submitted and is reviewed by the regulatory body. During the operational
phase, compliance is verified and enforced by regulatory supervision, mainly by inspections,
systematic safety assessments and periodic safety reviews. The regulatory supervision in-
cludes monitoring of the radioactivity in the environment of the facility. Compliance with the
environmental protection legislation is verified by the responsible authorities according to the
environmental radiation monitoring programme of the Federal Office of Public Health (FOPH).

G.1.5 Biological, Chemical and other Hazards (Clause v)

In so doing, each Contracting Party shall take the appropriate steps to take into account
the biological, chemical and other hazards that may be associated with spent fuel man-
agement.

Biological, chemical and other hazards are subject to the environmental protection legislation,
which aims at human health protection, especially with requirements concerning air and water
quality. An environmental impact assessment is required for the general licence and for the
construction licence.

This assessment is reviewed by the competent authorities before the licence is issued. Haz-
ards other than radiation encountered by workers during the handling of spent fuel are covered
by general legislation on safety in working places and enforced by supervision by the Swiss
National Accident Insurance Fund (Suva).
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G.1.6 Impacts on Future Generations (Clause vi)

In so doing, each Contracting Party shall take the appropriate steps to strive to avoid
actions that impose reasonably predictable impacts on future generations greater than
those permitted for the current generation.

Several legal requirements aim at avoiding impacts on future generations. The Nuclear Energy
Act requires that all radioactivity hazards be removed from a nuclear facility upon termination
of operation. The same Act also requires safe and permanent management and disposal of all
radioactive waste (including spent fuel). The specific design principles for deep geological re-
positories and the requirements for the safety case are detailed in the Regulatory Guideline
ENSI-GO03. Here, the principle is formulated that possible future effects of deep geological dis-
posal in Switzerland must not be greater than those permissible in Switzerland today (see
Section H.1.6).

There are currently no disposal facilities for spent fuel, either in operation or under construc-
tion, in Switzerland. However, the requirements on long-term safety have been observed in
the design and planning of disposal facilities, and compliance has been verified in the regula-
tory review of such projects.

G.1.7 Burdens on Future Generations (Clause vii)

In so doing, each Contracting Party shall take the appropriate steps to aim to avoid
imposing undue burdens on future generations.

As explained in Section G.1.6 above, the legal requirements prevent imposing undue burdens
on future generations. Regarding disposal, the Regulatory Guideline ENSI-G03 explicitly for-
mulates, as one of the overall disposal objectives, that it has to ensure the long-term protection
of humans and the environment from the effects of ionising radiation, without imposing undue
burdens and obligations on future generations (see Section H.1.7).

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

G.2 Existing Facilities (Article 5)

Each Contracting Party shall take the appropriate steps to review the safety of any spent
fuel management facility existing at the time the Convention enters into force for that
Contracting Party and to ensure that, if necessary, all reasonably practicable improve-
ments are made to upgrade the safety of such a facility.

An overview of the existing spent fuel management facilities is given in Section D.2.1.

These facilities have been licensed as required by law. The Nuclear Energy Act and the Nu-
clear Energy Ordinance require the owners of all nuclear facilities to systematically and regu-
larly assess the safety of these facilities under the supervision of ENSI. The spent fuel pools
(SFP) are included in the periodic safety reviews of the NPPs, and their actual status is de-
scribed when revised safety assessment documents are issued. In addition, operators of any
nuclear facility in Switzerland (not only NPPs) have to perform systematic safety assessments
(see Section G.5.2).
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As a result of screening re-assessments of the cooling provisions for the SFP in the Swiss
NPPs, which were ordered by ENSI in the aftermath of Fukushima, improvement areas were
identified. The Inspectorate thus ordered all licence holders to immediately implement two
physically separated lines/connections for feeding the SFPs from outside the buildings as an
accident management measure, and to backfit seismically robust SFP cooling systems in the
first generation NPPs. In addition, the NPPs were requested to backfit redundant level and
temperature measurements for the SFPs with readings available in the special emergency
control rooms. The two separated hook-up points have been implemented in all plants. The
project for backfitting the seismically robust SFP cooling systems had been completed in the
Muhleberg NPP and all fuel elements were finally removed by the end of 2023. The retrofitting
project at Beznau NPP is in the final stages of completion. Limited additions to further improve
the robustness of the systems are planned for the next annual overhauls.

The planned improvements for the temperature and level measurements of the SFPs have
been completed in all NPPs.

G.3 Siting of Proposed Facilities (Article 6)

G.3.1 Safety Impact Information (Paragraph 1)

Each Contracting Party shall take the appropriate steps to ensure that procedures are
established and implemented for a proposed spent fuel management facility:

(i) to evaluate all relevant site-related factors likely to affect the safety of such a
facility during its operating lifetime;

(ii) to evaluate the likely safety impact of such a facility on individuals, society
and the environment;

(iijj  to make information on the safety of such a facility available to members of
the public;

(iv)  to consult Contracting Parties in the vicinity of such a facility, insofar as they
are likely to be affected by that facility, and provide them, upon their request,
with general data relating to the facility to enable them to evaluate the likely
safety impact of the facility upon their territory.

A spent fuel management facility is a nuclear facility according to the Swiss nuclear energy
legislation. The site of a nuclear facility is fixed by the general licence which is a prerequisite
for further licences and has to be approved by Parliament (see Section E.2.3). The safety
analysis report to be submitted with the general licence application has to include an evaluation
of the site-related factors likely to affect the safety of the facility, as well as the likely safety
impacts of the facility on individuals, society and the environment. Clauses i and ii are thus
addressed.

The licensing procedure includes a public consultation. The documentation on the project, in-
cluding the safety analysis report, the regulatory review report and the views and opinions of
the cantons, is made available, and any person (also from foreign countries) can give input or
raise objections. This fulfils the requirement of Clause iii.
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The Nuclear Energy Act specifically requires that the siting canton as well as neighbouring
cantons and countries shall be involved in the decision making regarding the general licence.
Furthermore, bilateral agreements have been established with the neighbouring countries
(France, Germany, Austria and Italy) with the aim of exchanging information on planned or
operating nuclear facilities that are situated close to the common national borders. This fulfils
the requirements of Clauses iv.

The site selection process leading to the application for a general licence is not explicitly de-
fined in the legislation. According to Article 5 of the Nuclear Energy Ordinance, however, the
federal authorities have developed a procedure for the siting of disposal facilities, which was
approved by the federal government in 2008, see Section B.2. The stepwise procedure fo-
cuses primarily on safety related criteria, but socio-economic aspects are also taken into ac-
count. Cantons, siting regions and neighbouring countries are involved in the site selection
process at an early stage as important stakeholders.

G.3.2 Effects on other Contracting Parties (Paragraph 2)

In so doing, each Contracting Party shall take the appropriate steps to ensure that such
facilities shall not have unacceptable effects on other Contracting Parties by being sited
in accordance with the general safety requirements of Article 4.

The remarks on Article 13, Paragraph 2 apply likewise to Article 6, Paragraph 2 (see Section
H.3.2).

G.4 Design and Construction of Facilities (Article 7)

G.4.1 Limitation of Radiological Impacts (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that the design and
construction of a spent fuel management facility provide for suitable measures to limit
possible radiological impacts on individuals, society and the environment, including
those from discharges or uncontrolled releases.

The procedure for the construction licence for a nuclear facility, including spent fuel manage-
ment facilities, requires the submission of a safety analysis report with the licence application.
This safety analysis report, which is reviewed by the nuclear safety authority, has to contain
the necessary information to verify that the possible radiological impacts on individuals, society
and the environment are within the limits given in the regulation. The evaluation of the radio-
logical impacts must encompass normal operation as well as possible accidental situations.
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G.4.2 Decommissioning (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that at the design
stage, conceptual plans and, as necessary, technical provisions for the decommission-
ing of a spent fuel management facility are taken into account.

The Nuclear Energy Act requires for any nuclear facility a decommissioning concept at the
general licence stage and a more detailed decommissioning plan at the construction licence
stage. Under the previous legislation, a similar requirement was applied when granting the
general licence to Zwilag for the Central Interim Storage Facility Zwilag. Further details are
given in Section F.6.

G.4.3 Technologies (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that the technologies
incorporated in the design and construction of a spent fuel management facility are
supported by experience, testing or analysis.

During design, construction and operation, the Nuclear Energy Ordinance requires for any
nuclear facility, that technologies, materials and organisational structures are employed that
are supported by experience and proven to be of high quality. This requirement is therefore
also considered in the regulatory review of licence applications and in the regulatory supervi-
sion during the construction phase. During planning, construction and operation, ENSI bases
its assessments of nuclear facilities, including spent fuel management projects, on evaluations
taking into account the recent developments in science and technology.

G.5 Assessment of Safety of Facilities (Article 8)

G.5.1 Safety Assessment (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that before construc-
tion of a spent fuel management facility, a systematic safety assessment and an envi-
ronmental assessment appropriate to the hazard presented by the facility and covering
its operating lifetime shall be carried out.

A safety assessment report is part of the documentation required by the Swiss nuclear energy
legislation for each licensing step of a nuclear facility, including spent fuel management facili-
ties. An environmental impact assessment is required at the general licence and construction
licence stages based on the Environmental Protection Act. ENSI carries out comprehensive
reviews of the safety assessments, and the Federal Office for the Environment (FOEN) reviews
the environmental impact assessment.
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G.5.2 Update of Safety Assessment (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that before the oper-
ation of a spent fuel management facility, updated and detailed versions of the safety
assessment and of the environmental assessment shall be prepared when deemed nec-
essary to complement the assessments referred to in clause (i).

The safety assessment has to be updated by the applicant and reviewed by ENSI at each step
of the licensing procedure (general licence, construction licence and operation licence). Fur-
thermore, the Nuclear Energy Act (Article 22, lit. €) requires periodic safety reviews during the
lifetime of the NPPs, including their spent fuel management facilities. A frequency of ten years
is set for these reviews by the Nuclear Energy Ordinance. The procedure and the requirements
of the periodic safety reviews are outlined in the Regulatory Guideline ENSI-A03. The periodic
safety reviews are examined by ENSI.

In addition, operators of any nuclear facility in Switzerland (not only NPPs) have to perform
systematic safety assessments. The conditions and requirements for such assessments have
been laid down in the Regulatory Guideline ENSI-GO08. For storage facilities a systematic
safety assessments report is requested with a frequency of 10 years.

G.6 Operation of Facilities (Article 9)

G.6.1 Operation Licence (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that the licence to
operate a spent fuel management facility is based upon appropriate assessments as
specified in Article 8 and is conditional on the completion of a commissioning pro-
gramme demonstrating that the facility, as constructed, is consistent with design and
safety requirements.

The operation licence for a nuclear facility, including spent fuel management facilities, is
granted based, inter alia, on a safety analysis report. ENSI supervises the construction of the
facility and makes sure that the facility is built in accordance with the construction licence. The
operation licence includes the obligation that active operation of the facility requires a corre-
sponding permit from ENSI. This permit is issued after the commissioning programme has
demonstrated that the facility fulfils all safety and other requirements.

G.6.2 Defining and Revising Operational Limits and Conditions (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that operational limits
and conditions derived from tests, operational experience and the assessments, as
specified in Article 8, are defined and revised as necessary.

ENSI supervises and inspects the commissioning and operation of each nuclear facility, in-
cluding spent fuel management facilities. This includes the review and approval of operational
conditions for the particular nuclear facility. According to the Nuclear Energy Ordinance, any
changes to operational limits and conditions require a permit from ENSI that has the compe-
tence to revise operational limits and conditions as necessary for reasons of safety.



Joint Convention: Eighth National Report of Switzerland BN

G.6.3 Accordance with Established Procedures (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that operation,
maintenance, monitoring, inspection and testing of a spent fuel management facility are
conducted in accordance with established procedures.

The processes of operation, maintenance and monitoring of nuclear facilities, including spent
fuel management facilities, are specified in the operation licence. The corresponding proce-
dures as described in the facility operation documents are reviewed by ENSI. Their adequacy
is a condition for issuing the permit to start operation. ENSI is entrusted with the supervision
of nuclear facilities and carries out inspections according to an annual inspection plan. ENSI
is empowered to enforce compliance with all requirements.

G.6.4 Engineering and Technical Support (Clause iv)

Each Contracting Party shall take the appropriate steps to ensure that engineering and
technical support in all safety-related fields are available throughout the operating life-
time of a spent fuel management facility.

According to the Nuclear Energy Act, the fulfilment of requirements regarding the staff and the
organisation is a prerequisite for the granting of the operation licence for a nuclear facility. The
requirements concerning staff and organisation are outlined in the Nuclear Energy Ordinance
and more specifically elaborated in the Regulatory Guidelines ENSI-G07, ENSI-B10 and ENSI-
B13. They include the availability of engineering and technical support. ENSI inspects and
supervises the qualification of the personnel of nuclear facilities including spent fuel manage-
ment facilities. ENSI has the competence to intervene if a lack of technical or engineering
support is determined to impact on the safety of the facility.

G.6.5 Reporting of Incidents (Clause v)

Each Contracting Party shall take the appropriate steps to ensure that incidents signif-
icant to safety are reported in a timely manner by the holder of the licence to the regu-
latory body.

The requirements regarding the regular reporting (monthly, quarterly, and yearly) and the re-
porting of incidents are specified in the Nuclear Energy Ordinance and in the Regulatory Guide-
lines ENSI-B02 und ENSI-B03.

All safety-relevant incidents have to be reported without delay, first by telephone, and to be
reconfirmed in writing within very short deadlines (a few hours at the most). Further reports, at
least on the cause, effects, countermeasures and measures to prevent reoccurrence, must be
submitted within a specified deadline after the written confirmation. An additional report is re-
quired after an appropriate period on the effectiveness of the measures against reoccurrence.
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G.6.6 Collection and Analysis of Operating Experience (Clause vi)

Each Contracting Party shall take the appropriate steps to ensure that programmes to
collect and analyse relevant operating experience are established and that the results
are acted upon, where appropriate.

The Nuclear Energy Act explicitly requires the operator of a nuclear facility, including spent
fuel management facilities, to conduct systematic safety assessments and to observe and an-
alyse operating experience gained in comparable facilities. The Nuclear Energy Ordinance
further requires the operator to include the operating experience gained in the safety evalua-
tions and to determine the relevance for his facility of the operating experience gained in com-
parable facilities. The conditions and requirements for such assessments have been laid down
in the Regulatory Guideline ENSI-G08.

G.6.7 Decommissioning Plans (Clause vii)

Each Contracting Party shall take the appropriate steps to ensure that decommission-
ing plans for a spent fuel management facility are prepared and updated, as necessary,
using information obtained during the operating lifetime of that facility, and are re-
viewed by the regulatory body.

The Nuclear Energy Act and the Nuclear Energy Ordinance require the updating of decommis-
sioning plans for nuclear facilities on a regular basis (10-year cycle), considering all changes
made to the facilities, as well as changes in the regulatory framework and technological devel-
opment, as necessary. The Ordinance on the Decommissioning and Waste Management
Funds requires a periodical update of the decommissioning cost estimate (5-year cycle). The
operators of the NPPs have elaborated detailed decommissioning studies for their facilities
that are based on the decommissioning plans. These studies were revised in 2021, the next
update will take place in 2026.

G.7 Disposal of Spent Fuel (Article 10)

If, pursuant to its own legislative and regulatory framework, a Contracting Party has
designated spent fuel for disposal, the disposal of such spent fuel shall be in accord-
ance with the obligations of Chapter 3 relating to the disposal of radioactive waste.

According to the current legislation, radioactive waste is defined as radioactive material which
is no longer used. Since the ban of reprocessing spent fuel has to be managed as radioactive
waste and must be disposed of accordingly.



Joint Convention: Eighth National Report of Switzerland

Section H Safety of Radioactive Waste Management

H.1 General Safety Requirements (Article 11)

Each Contracting Party shall take the appropriate steps to ensure that at all stages of
radioactive waste management individuals, society and the environment are adequately
protected against radiological and other hazards.

The protection of individuals, society and the environment against radiological and other haz-
ards is subject to the Swiss legislation on radiation protection and on nuclear energy, as de-
tailed in Section E.2, and to the legislation on environmental protection (mainly the Environ-
mental Protection Act and associated ordinances).

Compliance with the legal requirements regarding nuclear safety and radiation protection is
verified and enforced by regulatory bodies. These are mainly the Swiss Federal Nuclear Safety
Inspectorate (ENSI) for nuclear facilities, including radioactive waste management facilities,
and the Federal Office of Public Health (FOPH) for non-NPP practices. Compliance is verified
by reviewing safety analysis reports during the licensing steps and by supervising construction
and operation particularly through inspections.

Protection of the environment from hazards other than radioactivity is verified in the licensing
process of practices by the Federal Office for the Environment (FOEN). During operation, pro-
tection of workers is assured by requirements and compliance checks of the Swiss National
Accident Insurance Fund (Suva). Compliance with the legislation on protection of the general
population and the environment from non-radiological hazards is verified by cantonal authori-
ties.

H.1.1 Criticality and Removal of Heat (Clause i)

In so doing, each Contracting Party shall take the appropriate steps to ensure that crit-
icality and removal of residual heat generated during radioactive waste management
are adequately addressed.

The remarks on Article 4, Clause i apply likewise to Article 11, Clause i (see Section G.1.1).

H.1.2 Generation of Radioactive Waste (Clause ii)

In so doing, each Contracting Party shall take the appropriate steps to ensure that the
generation of radioactive waste is kept to the minimum practicable.

Minimisation of radioactive waste is required by the Radiological Protection Act as well as the
Nuclear Energy Act. The Nuclear Energy Ordinance further details the requirements for nu-
clear facilities. Compliance is subject to verification by the regulatory body during licensing
review, issuance of permits, and regular inspections, and is recorded by appropriate safety
indicators. Until now there has never been a reason for a regulatory enforcement action re-
garding minimisation of radioactive waste.

As the low permeable sedimentary formation Opalinus clay is the actual choice as host rock
for deep geological repositories, it is essential to keep gas production as a result of decompo-
sition and corrosion processes in the radioactive waste repositories at a sufficiently low level.
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Thus, the minimisation of organic and metallic radioactive waste in the deep geological repos-
itories is of concern. High gas production rates and associated pressure build-up could possi-
bly lead to rock damage, and consequently, the generation of pathways for radionuclides. As
a result of a regulatory research project, some technical options were identified and assessed
to minimise gas production from organic and metallic radioactive waste, respectively.

H.1.3 Interdependencies (Clause iii)

In so doing, each Contracting Party shall take the appropriate steps to take into account
interdependencies among the different steps in radioactive waste management.

Radioactive waste management is subject to the requirement of optimisation formulated in the
Radiological Protection Ordinance, thus interdependencies among the different steps must be
(and in practice are) taken into account.

In addition, the nuclear energy legislation requires the producers of radioactive waste to pre-
pare and submit a comprehensive waste management programme for all types of radioactive
waste. The programme has to include

e origin, type and quantity of the radioactive wastes

e geological repositories required including their layout concept

e allocation of the waste types to the geological repositories

¢ realisation plan of the geological repositories

e duration and required capacity of interim storage

¢ financial plan for all the waste management activities until shutdown of the NPPs
e information concept.

The waste management programme has to be revised and submitted to the regulatory bodies
every five years (see Section B.2).

H.1.4 Protection of Individuals, Society and the Environment (Clause iv)

In so doing, each Contracting Party shall take the appropriate steps to provide for ef-
fective protection of individuals, society and the environment, by applying at the na-
tional level suitable protective methods as approved by the regulatory body, in the
framework of its national legislation which has due regard to internationally endorsed
criteria and standards.

The remarks on Article 4, Clause iv apply likewise to Article 11, Clause iv (see Section G.1.4).

H.1.5 Biological, Chemical and other Hazards (Clause v)

In so doing, each Contracting Party shall take the appropriate steps to take into account
the biological, chemical and other hazards that may be associated with radioactive
waste management.

The remarks on Article 4, Clause v apply likewise to Article 11, Clause v (see Section G.1.5).
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H.1.6 Impacts on Future Generations (Clause vi)

In so doing, each Contracting Party shall take the appropriate steps to strive to avoid
actions that impose reasonably predictable impacts on future generations greater than
those permitted for the current generation.

Several legal requirements aim to avoid any impact from the application, production and han-
dling of radioactive materials on future generations. The Radiological Protection Act and the
Nuclear Energy Act require that all radiological hazards be removed from a nuclear site in the
case that the operating licence is terminated.

The Nuclear Energy Act requires safe and permanent management and disposal of all radio-
active waste in deep geological repositories. The specific design principles for deep geological
repositories and the requirements for the safety case are detailed in the Regulatory Guideline
ENSI-GO03. Here, the principle is formulated that any possible future consequences from geo-
logical disposal of radioactive waste in Switzerland may not be greater than those permissible
in Switzerland today. ENSI-G03 specifies the following protection criteria for the post closure
phase:

e Any future evolution of a deep geological repository must not lead to the release of
radionuclides causing an individual dose exceeding 0.1 mSv per year, nor cause the
risk value according to criterion (b) of paragraph 2.15 of the IAEA Safety Standard
SSR-5 to be exceeded.

e During the time period set to demonstrate compliance with safety requirements (as-
sessment period) the radiological consequences of an inadvertent human intrusion into
the deep geological repository have to be assessed according to criteria (c) and (e) of
paragraph 2.15 of the IAEA safety standard SSR-5.

o After the assessment period, the effects on the surface must not be significantly higher
than the average current radiation exposure of the Swiss population.

There are currently no final disposal facilities for radioactive waste in operation or under con-
struction in Switzerland. However, the requirements on the long-term safety are assessed
based on the design and planning of disposal facilities, and compliance with these require-
ments is continuously verified in the regulatory review of such projects.

H.1.7 Burdens on Future Generations (Clause vii)

In so doing, each Contracting Party shall take the appropriate steps to aim to avoid
imposing undue burdens on future generations.

As stated in Section H.1.6, the legal requirements prevent imposing undue burdens on future
generations. Regarding disposal, the Regulatory Guideline ENSI-GO03 explicitly formulates the
main objective of geological disposal, as to ensure protection of the humans and the environ-
ment from ionizing radiation without imposing any undue burdens and obligations on future
generations.

According to the basic design principles as imposed by Article 11 of the Nuclear Energy Ordi-
nance, the repository must be designed in such a way that it can be closed within a few years.
The Regulatory Guideline ENSI-GO03 further states that after a repository has been closed, no
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further measures shall be necessary to ensure long-term safety. In the event of an unfavoura-
ble development in the general conditions that calls into question the safety of the repository
or orderly closure, engineering and operational precautions have to be taken for temporary
closure so that the emplacement areas in a deep geological repository can be converted to a
passive safe state at any time during the operational phase.

According to the Nuclear Energy Act, anyone who operates or decommissions a nuclear facility
is obliged to safely manage all radioactive waste arising from that installation at his own cost.
Two funds have been established by law to ensure the availability of adequate financial re-
sources for the decommissioning of nuclear facilities and the management of spent fuel and
radioactive waste (see Section F.2.2). The current decommissioning strategy for all Swiss nu-
clear installations is immediate dismantling.

Sites of past practices in Switzerland needing clean-up measures for reasons of radioactive
contamination are being restored to safe conditions under the supervision of the FOPH (see
Section H.2.2).

H.2 Existing Facilities and Past Practices (Article 12)

H.2.1 Existing Facilities (Clause i)

Each Contracting Party shall in due course take the appropriate steps to review the
safety of any radioactive waste management facility existing at the time the Convention
enters into force for that Contracting Party and to ensure that, if necessary, all reason-
ably practicable improvements are made to upgrade the safety of such a facility.

An overview of the existing radioactive waste management facilities is given in Section D.2.3.

These facilities have been licensed as required by law. The Nuclear Energy Act and the Nu-
clear Energy Ordinance require the owners of all nuclear facilities to systematically and regu-
larly assess the safety of these facilities under the supervision of ENSI. All Swiss NPPs have
on-site waste treatment and conditioning as well as storage facilities for their own operational
waste. These facilities are included in the periodic safety reviews of the NPPs, and their actual
status is described when revised safety assessment documents are issued. In addition, oper-
ators of any nuclear facility (not only NPPs) in Switzerland have to perform systematic safety
assessments. The conditions and requirements for such assessments have been laid down in
the Regulatory Guideline ENSI-GO08. For storage facilities a systematic safety assessments
report is requested with a frequency of 10 years.

H.2.2 Past Facilities and Practices (Clause ii)

Each Contracting Party shall in due course take the appropriate steps to review the
results of past practices in order to determine whether any intervention is needed for
reasons of radiation protection bearing in mind that the reduction in detriment resulting
from the reduction in dose should be sufficient to justify the harm and the costs, includ-
ing the social costs, of the intervention.

One experimental power reactor has been dismantled in Switzerland. This facility, at Lucens
in the canton of Vaud, was shut down in 1969 following an accident after a short period of
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operation, and was later decommissioned. The site was released from regulatory control in
1995 with the exception of six containers containing approximately 240 t unconditioned, solid
radioactive waste. In 2003, these waste containers were transported to Zwilag for storage and
conditioning of the waste in view of later disposal. The complete former site at Lucens was
released from regulatory control in 2004. The site is, however, subject to the environmental
radiation monitoring programme of the Federal Office of Public Health (FOPH).

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 AGN-201-P and re-
leased the site from the former atomic legislation. The fuel elements were transferred to PSI
and later back to the USA. No radioactive waste resulted from the dismantling of this installa-
tion.

In February 2017, the University of Basel submitted the final decommissioning plan for its re-
search reactor AGN-211-P that finally ceased operation in October 2013. The fuel elements
were removed from the facility in July 2015. ENSI assessed the decommissioning plan in 2017.
In February 2019, DETEC gave the decommissioning order. Since it is a simple and small
facility, there is only one phase of decommissioning. All dismantling work was completed in
2019. The radioactive waste that arose from decommissioning was transferred to PSI for fur-
ther treatment and conditioning. After completion of the decommissioning activities, the Uni-
versity of Basel submitted the final report in which was verified that the installation no longer
represents a radiological risk. ENSI approved the report and DETEC released the installation
from nuclear legislation in November 2021. Thereafter, the University of Basel had to submit
all documents from operation to ENSI, as the nuclear regulator is obliged to store and archive
the documents in the long term.

The Radiological Protection Ordinance assigns the obligation to collect legacy radioactive ob-
jects as radioactive waste and to investigate potential legacy sites to the FOPH. It sets a gen-
eral reference level of 1 mSv per year for existing exposure situations whereas the FOPH can
propose higher reference levels, up to 20 mSv per year, to the Federal Council, in individual
cases.

In the last few decades, a number of collection campaigns were organised to collect radium
waste still present in the watch industry, thus leading to an overall decrease in legacy objects
in circulation. Enterprises which were still in operation in these years were thoroughly decon-
taminated.

However, discoveries of radium in old conventional landfills and in dwellings where radium
paint had been used before the first ordinance on radiological protection in 1963 led the FOPH
to set up a dedicated action plan. This “Radium Action Plan®" was performed between 2015
and 2023. It aimed at identifying all radium legacy sites and remediate sites were the reference
level of 1 mSv per year was exceeded. Based on historical research, all identified (dwellings
and gardens) were diagnosed for radioactivity and, based on dose estimations, remediated if
the reference level was exceeded. As a result, 1093 properties (buildings and gardens) were
diagnosed and 163 needed remediation. All sites but two could be remediated. Former landfills
potentially containing radium-bearing waste are listed and kept under surveillance. Radioactive

3 MURITH, C., BAECHLER, S., ESTIER, S., PALACIOS-GRUSON, M., “Remediation of Radium Lega-
cies from the Swiss Watch Industry”, Radiat Prot Dosimetry 173 (2017) 245-251.
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waste arising during remediation of contaminated sites are eliminated according to the Radio-
logical Protection Ordinance. Weakly contaminated radioactive waste was disposed of in con-
ventional landfills or incineration plants if specific conditions were met (see Art. 114 and 116
Radiation Protection Ordinance). All other radioactive waste is transferred to the National Col-
lection Centre at PSI. Further information and collection campaigns for legacy objects are reg-
ularly organised and conventional waste collection or recycling facilities have the obligation to
check incoming and outgoing waste for radioactivity.

H.3 Siting of Proposed Facilities (Article 13)

H.3.1 Safety, Impact and Information (Paragraph 1)

Each Contracting Party shall take the appropriate steps to ensure that procedures are
established and implemented for a proposed radioactive waste management facility:

(i) to evaluate all relevant site-related factors likely to affect the safety of such a
facility during its operating lifetime as well as that of a disposal facility after
closure;

(ii) to evaluate the likely safety impact of such a facility on individuals, society
and the environment, taking into account possible evolution of the site con-
ditions of disposal facilities after closure;

(iijj  to make information on the safety of such a facility available to members of
the public;

(iv)  to consult Contracting Parties in the vicinity of such a facility, insofar as they
are likely to be affected by that facility, and provide them, upon their request,
with general data relating to the facility to enable them to evaluate the likely
safety impact of the facility upon their territory.

A radioactive waste management facility is a nuclear facility according to the Swiss nuclear
energy legislation. The remarks on Article 6, Paragraph 1, Clauses i to iv apply likewise to
Article 13, Paragraph 1, Clauses i to iv (see Section G.3.1).

H.3.2 Effects on Other Contracting Parties (Paragraph 2)

In so doing, each Contracting Party shall take the appropriate steps to ensure that such
facilities shall not have unacceptable effects on other Contracting Parties by being sited
in accordance with the general safety requirements of Article 11.

For nuclear facilities in general, adequate protection beyond the national borders is effected in
practice by the fact that the evaluation of impact is carried out irrespective of national borders.
For disposal facilities, this requirement is explicitly stated by the Regulatory Guideline ENSI-
GO03: The possible future effects of deep geological disposal in Switzerland may not be higher
in other countries than is permissible in Switzerland. Some nuclear facilities in Switzerland are
located close to the German border. In the frame of a bilateral agreement with Germany, Ger-
man regulatory authorities review licence applications for such nuclear facilities and assess
the potential radiological effects according to the German regulations. Results are discussed
by the German-Swiss Commission for the Safety of Nuclear Installations (DSK).
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H.4 Design and Construction of Facilities (Article 14)

H.4.1 Limitation of Radiological Impacts (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that the design and
construction of a radioactive waste management facility provide for suitable measures
to limit possible radiological impacts on individuals, society and the environment, in-
cluding those from discharges or uncontrolled releases.

The remarks on Article 7, Clause i apply likewise to Article 14 Clause i (see Section G.4.1).

H.4.2 Decommissioning (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that at the design
stage, conceptual plans and, as necessary, technical provisions for the decommission-
ing of a radioactive waste management facility other than a disposal facility are taken
into account.

The remarks on Article 7, Clause ii apply likewise to Article 14, Clause ii (see Section G.4.2).

H.4.3 Closure of Disposal Facility (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that at the design
stage, technical provisions for the closure of a disposal facility are prepared.

The Nuclear Energy Act requires a concept for the closure of the disposal facility at the stage
of the general licence and a more detailed plan at the stage of the construction licence.

H.4.4 Technologies (Clause iv)

Each Contracting Party shall take the appropriate steps to ensure that the technologies
incorporated in the design and construction of a radioactive waste management facility
are supported by experience, testing or analysis.

Nuclear legislation stipulates that established or proven high-quality processes, materials,
technologies and organisational structures and processes must be used in order to guarantee
nuclear safety in connection with the design, construction, commissioning and operation of
nuclear installations.

The licence holder is obliged to monitor field-related scientific developments, especially find-
ings obtained from research activities, and must examine the extent to which conclusions may
be drawn therefrom concerning safety and security. The licence holder must also monitor tech-
nological developments, including those relating to organisation and personnel, and must ex-
amine the extent to which lessons learned may be gained therefrom. The following are of par-
ticular relevance: recognised domestic and foreign technical standards; regulations of the
country supplying the nuclear installation, as well as of other countries, relating to nuclear
technology; recommendations of international bodies; state of the art in nuclear installations of
a similar nature and in other relevant installations.

Furthermore, in accordance with the Nuclear Energy Ordinance, the safety-relevant properties
of the host rock and the processes of interaction between the natural and engineered barriers
have to be investigated in greater detail in test areas of a geological repository. Safety-relevant
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technologies for emplacing the backfill material (or its removal if retrieval is appropriate), for
retrieving waste packages and for sealing of caverns and tunnels have to be tested and their
operational reliability demonstrated.

H.5 Assessment of Safety of Facilities (Article 15)

H.5.1 Safety Assessment (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that before construc-
tion of a radioactive waste management facility, a systematic safety assessment and an
environmental assessment appropriate to the hazard presented by the facility and cov-
ering its operating lifetime shall be carried out.

The remarks on Article 8, Clause i apply likewise to Article 15, Clause i (see Section G.5.1).

H.5.2 Post-Closure Safety Assessment (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that in addition, be-
fore construction of a disposal facility, a systematic safety assessment and an environ-
mental assessment for the period following closure shall be carried out and the results
evaluated against the criteria established by the regulatory body.

For a disposal facility, a safety assessment addressing the period after closure (long-term
safety) is required at each licensing step. The safety assessment has to be revised regularly
in the light of the actual situation of the facility and upon new findings in research and technol-
ogy. It is reviewed by the competent supervisory authority ENSI based on the safety principles
and protection criteria as stipulated in the Regulatory Guideline ENSI-GO03.

The Environmental Protection Act requires the implementer of a facility subject to an environ-
mental impact assessment to submit a report to the competent authority that enables assess-
ment of the non-radiological hazards associated with the operational and post-operational pe-
riod of this facility. For a deep geological repository a two-stage procedure is prescribed, where
the first stage relates to the general licence application and the second stage to the application
for the construction licence. Environmental impact issues are reviewed by the Federal Office
for the Environment (FOEN).

H.5.3 Update of Safety Assessment (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that before the oper-
ation of a radioactive waste management facility, updated and detailed versions of the
safety assessment and of the environmental assessment shall be prepared when
deemed necessary to complement the assessments referred to in paragraph (i).

The safety assessment of a radioactive waste management facility has to be updated by the
applicant and reviewed by ENSI at each step of the licensing procedure (general licence, con-
struction licence and operation licence) and also before and after closure of the disposal facility
(Nuclear Energy Act and Regulatory Guideline ENSI-G03). Furthermore, the remarks on Arti-
cle 8, Clause ii apply likewise to Article 15, Clause iii (see Section G.5.2).
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H.6 Operation of Facilities (Article 16)

H.6.1 Operation Licence (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that the licence to
operate a radioactive waste management facility is based upon appropriate assess-
ments as specified in Article 15 and is conditional on the completion of a commission-
ing programme demonstrating that the facility, as constructed, is consistent with design
and safety requirements.

The remarks on Article 9, Clause i apply likewise to Article 16 Clause i (see Section G.6.1).
Furthermore, for the operation licence of a deep geological repository to be granted, the Nu-
clear Energy Act specifically requires that the findings gained during construction confirm the
suitability of the site.

H.6.2 Defining and Revising Operational Limits and Conditions (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that operational limits
and conditions, derived from tests, operational experience and the assessments as
specified in Article 15 are defined and revised as necessary.

The remarks on Article 9, Clause ii apply likewise to Article 16, Clause ii (see Section G.6.2).
Furthermore, for storage and disposal facilities, the Nuclear Energy Ordinance stipulates that
a storage permit issued by ENSI is required for each type of waste package (defined in ISRAM,
see Section D.1).

H.6.3 Accordance with Established Procedures (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that operation,
maintenance, monitoring, inspection and testing of a radioactive waste management
facility are conducted in accordance with established procedures. For a disposal facility
the results thus obtained shall be used to verify and to review the validity of assump-
tions made and to update the assessments as specified in Article 15 for the period after
closure.

The remarks on Article 9, Clause iii apply likewise to Article 16, Clause iii (see Section G.6.3).
Furthermore, the safety assessment of a radioactive waste management facility has to be up-
dated by the applicant and reviewed by ENSI at each step of the licensing procedure (general
licence, construction licence and operation licence) and also before and after closure of the
disposal facility (Nuclear Energy Ordinance and Regulatory Guideline ENSI-G03).

H.6.4 Engineering and Technical Support (Clause iv)

Each Contracting Party shall take the appropriate steps to ensure that engineering and
technical support in all safety-related fields are available throughout the operating life-
time of a radioactive waste management facility.

The remarks on Article 9, Clause iv apply likewise to Article 16, Clause iv (see Section G.6.4).



Joint Convention: Eighth National Report of Switzerland

H.6.5 Characterization and Segregation of Radioactive Waste (Clause v)

Each Contracting Party shall take the appropriate steps to ensure that procedures for
characterization and segregation of radioactive waste are applied.

According to the Nuclear Energy Ordinance, the conditioning of radioactive waste requires an
approval from ENSI. The approval depends, inter alia, on the measures taken to ensure that
the properties of the waste and its characterisation are optimal in view of the waste manage-
ment steps following conditioning. The former point includes that attention is paid to segrega-
tion whenever this is beneficial.

H.6.6 Reporting of Incidents (Clause vi)

Each Contracting Party shall take the appropriate steps to ensure that incidents signif-
icant to safety are reported in a timely manner by the holder of the licence to the regu-
latory body.

The remarks on Article 9, Clause v apply likewise to Article 16, Clause vi (see Section G.6.5).

H.6.7 Collection and Analysis of Operating Experience (Clause vii)

Each Contracting Party shall take the appropriate steps to ensure that programmes to
collect and analyse relevant operating experience are established and that the results
are acted upon, where appropriate.

The remarks on Article 9, Clause vi apply likewise to Article 16, Clause vii (see Section G.6.6).

H.6.8 Decommissioning Plans (Clause viii)

Each Contracting Party shall take the appropriate steps to ensure that decommission-
ing plans for a radioactive waste management facility other than a disposal facility are
prepared and updated, as necessary, using information obtained during the operating
lifetime of that facility, and are reviewed by the regulatory body.

The remarks on Article 9, Clause vii apply likewise to Article 16, Clause viii (see Section G.6.7).

H.6.9 Closure of Disposal Facility (Clause ix)

Each Contracting Party shall take the appropriate steps to ensure that plans for the
closure of a disposal facility are prepared and updated, as necessary, using information
obtained during the operating lifetime of that facility and are reviewed by the regulatory
body.

Article 13 of the Nuclear Energy Act requires a plan for the monitoring period and a plan for
the closure of the disposal facility as a prerequisite for granting the general licence. Monitoring
relies on data acquisition within the pilot section, a small but representative part of the main
disposal facility (the requirements on which are outlined in Art. 66 of the Nuclear Energy Ordi-
nance and the Regulatory Guideline ENSI-G03), and on experiments carried out within the test
zones, the on-site rock laboratory (Nuclear Energy Ordinance, Article 65). The data acquired
by the monitoring will form the basis for the future decision on closure of the repository.

For the construction licence a project for the monitoring period and a plan for the closure of the
disposal facility are required.
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As a general obligation, the licence holder is bound to regularly update the project for the
monitoring period and the plan for the closure of the disposal facility, taking account of changes
made to the facility, changes in the regulations and technological development (Nuclear En-
ergy Act).

H.7 Institutional Measures after Closure (Article 17)

H.7.1 Keeping Records (Clause i)

Each Contracting Party shall take the appropriate steps to ensure that after closure of
a disposal facility records of the location, design and inventory of that facility required
by the regulatory body are preserved.

The Nuclear Energy Act requires the Federal Council (federal government) to take the neces-
sary steps to ensure that information on a closed disposal facility, including location, design
and inventory is preserved. The required duration of the preservation is not specified. The
Nuclear Energy Act prescribes long-term marking of the disposal facility.

The Nuclear Energy Ordinance requires the host canton of a deep geological repository to
enter information on the protection area defined for the disposal facility in its land register (see
Section H.7.2).

According to the requirements of Article 71 of the Nuclear Energy Ordinance and the Regula-
tory Guideline ENSI-GO03, respectively, the documentation related to the closure of the disposal
facility has to contain at least the following information:

e A description of the closed facility and its location;
e The location and extent of the underground installations;

e The inventory of the emplaced radioactive waste, separated according to their type and
amount for each emplacement chamber;

o Details of the emplacement and the detailed position of each disposal container as well
as on the conditioning of the contained waste packages;

e The layout of the technical safety barriers, including and the sealing of the tunnels;

o Details on interim storage of waste packages in case these might be relevant for pos-
sible retrieval of the waste or long-term safety;

o A summary of the results from the monitoring period;
e The basis for and the results of the final safety assessment.

The owner of the disposal facility is obliged to hand over the documentation to the competent
Federal Department (DETEC) after closure of the facility or after termination of the additional
monitoring period. At least three copies of the documentation have to be provided in order to
allow for archiving at different locations. The long-term durability of the documentation has to
be demonstrated and the required maintenance measures explained (ENSI-G03).
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H.7.2 Institutional Controls (Clause ii)

Each Contracting Party shall take the appropriate steps to ensure that after closure of
a disposal facility active or passive institutional controls such as monitoring or access
restrictions are carried out, if required.

The Nuclear Energy Act requires the safe and permanent disposal of radioactive waste to be
realised in such a way that the long-term safety does not rely on active surveillance and mainte-
nance. However, further monitoring after closure of a disposal facility may be stipulated. The
Nuclear Energy Act requires establishing a protection area around a disposal facility. The pro-
tection zone is the underground area where intrusions may impair the long-term safety of the
disposal facility. It includes all parts of the repository, the host rock area relevant for the hy-
draulic isolation of the repository, and the host rock area providing a significant contribution to
the retention of released radionuclides. The protection area is defined provisionally in the gen-
eral licence and definitively in the operation licence and is integrated into the land register of
the host cantons. Future activities such as drillings, underground constructions or blastings,
which may affect the protection area of a disposal facility, are subject to authorisation by the
competent federal department (DETEC). Such authorisations may only be granted provided
the long-term safety of the disposal facility will not be impaired by the planned activities.

As there are no disposal facilities to be closed in Switzerland in the near future, further details
of the institutional controls after closure have not yet been decided. The Nuclear Energy Act
allocates the corresponding decisions to the federal government.

H.7.3 Intervention Measures (Clause iii)

Each Contracting Party shall take the appropriate steps to ensure that after closure of
a disposal facility if, during any period of active institutional control, an unplanned re-
lease of radioactive materials into the environment is detected, intervention measures
are implemented, if necessary.

Switzerland has implemented a national monitoring programme of the radioactivity in the en-
vironment. This monitoring is performed by the FOPH. The environment of a closed disposal
facility will be subject to the environmental radiation monitoring programme. The intervention
measures to be taken in the case of increased environmental radiation are established by the
radiation protection legislation and by the Ordinance on the Emergency Organisation in Case
of Increased Radioactivity. The responsibility for such potential intervention measures after
closure lies with the Swiss Confederation.
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Section| Transboundary Movement (Article 27)

.1 General Requirements (Paragraph 1)

Each Contracting Party involved in transboundary movement shall take the appropriate
steps to ensure that such movement is undertaken in a manner consistent with the pro-
visions of this Convention and relevant binding international instruments.

1.1 Authorisation by State of Destination (Clause i)

In so doing, a Contracting Party which is a State of origin shall take the appropriate
steps to ensure that transboundary movement is authorised and takes place only with
the prior notification and consent of the State of destination.

The import and export of radioactive material are subject to an authorisation issued under the
Nuclear Energy Act and the Nuclear Energy Ordinance (for nuclear material and radioactive
waste) or the Radiological Protection Act and the Radiological Protection Ordinance (for other
radioactive materials). As a general rule, Swiss nuclear waste is to be managed inside Swit-
zerland. Exceptionally, a licence can be granted under restrictive conditions as listed in the
Nuclear Energy Act and the Nuclear Energy Ordinance, including the agreement of the state
of destination and the obligation for the waste owner to take back the exported waste if neces-
sary. As sea dumping of radioactive waste ceased in the early 1980s, no radioactive waste
has been exported from Switzerland for disposal purposes since.

Export of spent fuel for reprocessing has finally been prohibited since 2018. However, the last
shipment of Swiss spent fuel elements to foreign reprocessing sites already took place in June
2006. All resulting reprocessing waste had been repatriated by end of 2016. Hence there will
be no future need of transboundary movement of spent fuel and according waste packages
except -if licensed- for small amounts as an exception for research purposes.

Export of radioactive waste for conditioning, storage or disposal, or for research purposes, is
possible but subject to authorisation. Such licenses will be issued if the following general con-
ditions are met:

a. the protection of humans and the environment is assured, and nuclear safety and se-
curity are guaranteed,;

b. there are no conflicting reasons associated with non-proliferation for nuclear arms, in
particular international control measures that are not binding under international law
but are supported by Switzerland;

c. no sanctions have been imposed under the Embargo Act of 22 March 2002;

d. the required insurance cover exists in accordance with the Nuclear Energy Liability Act
of 18 March 1983;

e. there are no conflicting commitments under international law, and Switzerland’s na-
tional security is not affected;

f. the persons responsible for the installation concerned possess the necessary exper-
tise.
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Additional specific export conditions for the purpose of conditioning Swiss waste:

a. the country of destination has consented to the import of radioactive waste for condi-
tioning purposes in an agreement under international law;

b. the country of destination has a suitable waste management installation that corre-
sponds to the latest international standards of science and technology;

c. all countries concerned have given their consent to the transit of the radioactive waste
in question;

d. the exporter has entered into a binding agreement with the importer of the radioactive
waste that has been approved by the Federal Council or its designated authority and
which stipulates that the exporter shall take back any radioactive waste that may result
from conditioning or — if applicable — any radioactive waste that may not have been
conditioned.

Additional specific export conditions for the exceptional purpose of storage and/or disposal of
Swiss waste:

¢ in addition to letters a-c (above)

e the exporter has entered into a binding agreement with the importer of the radioactive
waste that has been approved by the authority designated by the Federal Council, and
which stipulates that the exporter shall take back the consignment if necessary.

Additional specific import conditions for the exceptional purpose of managing non-Swiss radi-
oactive waste in Switzerland:

a. Switzerland has consented to the import of radioactive waste for management pur-
poses in an agreement under international law;

b. Switzerland has a suitable waste management installation that corresponds to the lat-
est international standards of science and technology;

c. all countries concerned have given their consent to the transit of the radioactive waste
in question;

d. the importer and the exporter of the radioactive waste consignment have signed a le-
gally binding agreement that has been approved by the country of origin and stipulates
that the exporter shall accept the consignment if it has to be returned for any reason.

Small quantities of nuclear material (up to 15 g) are exempted from the provisions of the Nu-
clear Energy Act, but such transports are subject to authorisation under the Radiation Protec-
tion Act.

According to the Nuclear Energy Act, air transport within the Swiss airspace of nuclear mate-
rials containing plutonium is prohibited.
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1.1.2 Movements through States of Transit (Clause ii)

In so doing, transboundary movement through States of transit shall be subject to those
international obligations which are relevant to the particular modes of transport utilised.

Switzerland is a party to the Agreement on the International Carriage of Dangerous Goods by
Road (ADR) and by Rail (RID). Air transport is covered by the ICAO Dangerous Goods Regu-
lations and transport on the river Rhine by the ADN (Accord européen relatif au transport in-
ternational des marchandises dangereuses par voies de navigation intérieures). The transit of
radioactive material is subject to an authorisation issued under the Nuclear Energy Act and the
Nuclear Energy Ordinance (for nuclear material and radioactive waste) or the Radiological
Protection Act and the Radiological Protection Ordinance (for other radioactive materials) like
import and export. Licences for transit are not issued unless the international obligations rele-
vant to the modes of transport used are fulfilled. There were no transits of radioactive waste or
spent fuel through Switzerland in recent years.

1.1.3 Requirements for State of Destination (Clause iii)

In so doing, a Contracting Party which is a State of destination shall consent to a trans-
boundary movement only if it has the administrative and technical capacity, as well as
the regulatory structure, needed to manage the spent fuel or the radioactive waste in a
manner consistent with this Convention.

The Radiological Protection Act prohibits the import of radioactive waste not originally arising
from Switzerland for disposal purposes unless under an international agreement.

The import of radioactive waste originating from other countries can be exceptionally allowed

if

a. Switzerland has consented to the import of radioactive waste for disposal purposes in an
agreement under international law;

b. Switzerland has a suitable nuclear facility that fulfils the latest international standards in
science and technology necessary to handle such waste;

c. all countries concerned give their consent to the transit of radioactive waste;

d. the importer and the exporter of the radioactive waste consignment have signed a legally
binding agreement that has been approved by the country of origin and stipulates that the
exporter shall accept the consignment if it has to be returned.

Switzerland has the administrative and technical capacity, as well as the appropriate regulatory
structure, so that it would be in a position to manage imported spent fuel or radioactive waste
in @ manner consistent with the Convention.

In recent years Switzerland has occasionally issued authorisations to import radioactive waste
originating from maintenance or decontamination of equipment from Swiss nuclear power
plants in Installations outside Switzerland. These authorisations where issued under the Nu-
clear Energy Act, and the resulting secondary waste is regarded as Swiss waste as it originated
from maintenance of Swiss equipment.

In the context of waste from decommissioning and dismantling activities, Switzerland has re-
cently issued an authorisation to import ingots (steel molds), that could not be released in the
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foreign country where the original metal waste was treated or melted down, as well as the
secondary waste originated during these treatments. This authorisation was also issued under
the Nuclear Energy Act.

1.1.4 Meeting the Requirements for State of Destination (Clause iv)

In so doing, a Contracting Party which is a State of origin shall authorise a transboun-
dary movement only if it can satisfy itself in accordance with the consent of the State
of destination that the requirements of Clause iii are met prior to transboundary move-
ment.

According to the Nuclear Energy Act, a licence is required for the export of radioactive waste.
The conditions are explained in detail therein (see 1.1.1). They ensure that the requirements of
Article 27 Paragraph 1 Clause iv of the Convention are fulfilled.

1.1.5 Re-entry in Case of Non-Conformity (Clause v)

In so doing, a Contracting Party which is a State of origin shall take the appropriate
steps to permit re-entry into its territory, if a transboundary movement is not or cannot
be completed in conformity with this Article, unless an alternative safe arrangement can
be made.

The Nuclear Energy Act explicitly requires a binding agreement between the exporter and the
importer concerning the re-entry into Switzerland, if necessary, of radioactive waste to be ex-
ported for conditioning or disposal as a condition for issuing the export licence. Wherever nec-
essary the competent Swiss regulatory body is prepared to confirm this preparedness as, e.g.,
in cases where the EU Directive 2006/117/Euratom is applied.

.2 Shipment South of Latitude 60 (Paragraph 2)

A Contracting Party shall not licence the shipment of its spent fuel or radioactive
waste to a destination south of latitude 60 degrees South for storage or disposal.

In November 1990, Switzerland acceded to the Antarctic Treaty. According to Articles 5 and 6
of the treaty, the disposal of radioactive waste is prohibited in the area south of 60° South
latitude.
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Section J Disused Sealed Sources (Article 28)

J.1 Possession, Remanufacturing and Disposal (Paragraph 1)

Each Contracting Party shall, in the framework of its national law, take the appropriate
steps to ensure that the possession, remanufacturing or disposal of disused sealed
sources takes place in a safe manner.

Switzerland has expressed its commitment to the Code of Conduct on the Safety and Security
of Radioactive Sources and its two Supplementary Guidance on the Import and Export of Ra-
dioactive Sources and on the Management of Disused Radioactive Sources. It regularly re-
ports to other parties and the IAEA regarding its compliance with the Code. Handling of radia-
tion sources requires a licence according to the Radiological Protection Act. The Federal Office
of Public Health (FOPH) maintains databases enclosing information on all radioactive sources
on its territory. The secure management of disused sources is enforced in the frame of the
licence regime. There are several end-of-life options for disused sources in Switzerland. Re-
turn to supplier for reuse or recycling is the preferred option for high activity sources. Several
private actors take care of specific elimination pathways and delivery as radioactive waste to
the National Collection Centre for radioactive waste at PSI assures the proper management of
all other waste. The costs of waste elimination are borne by the owner.

There are several provisions regarding the recovery and the restoration of appropriate control
over potential orphan sources. Private companies, such as scrap metal dealers, foundries,
waste incineration plants and landfills, for which the probability of detecting orphan sources is
enhanced, must dispose of a measuring concept and are trained to deal with such cases. The
regulatory authorities (FOPH and Suva) organise their delivery to the National Collection Cen-
tre at PSI. The state takes over expenses if no waste owner can be found.

J.2 Re-entry into Territory (Paragraph 2)

A Contracting Party shall allow for re-entry into its territory of disused sealed sources
if, in the framework of its national law, it has accepted that they be returned to a manu-
facturer qualified to receive and possess the disused sealed sources.

There are no industrial manufacturers of sealed radioactive sources in Switzerland. Therefore,
no authorisation for re-entry into Swiss territory of disused sealed sources has been applied
for. Very few sealed sources in the research sector can be produced by highly specialised
research centres. Switzerland would allow re-entry into its territory of such disused sealed
sources. The prerequisites for such an import are set forth in the Radiological Protection Ordi-
nance.
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Section K General Efforts to Improve Safety

As outlined in the present report, the safety of spent fuel management and the safety of radio-
active waste management in Switzerland are in compliance with the obligations of the Con-
vention. There is thus no imminent need for measures to improve safety in Switzerland. How-
ever, Switzerland strives for continuing improvement of safety. In this regard, the following
activities may be mentioned.

K.1 Regulatory Guidelines

Several regulatory guidelines in the field of waste management have been recently updated.
These are the Guidelines ENSI-G05, ENSI-G12, ENSI-G18 and ENSI-G23.

The Guideline ENSI-G05 "Transport and Storage Casks for Interim Storage" applies to the
design, manufacture and use of Dual-Purpose Casks (DPC) for the dry storage of spent fuel
elements assemblies and vitrified high level waste (HLW) in interim storage facilities. The new
version of the Guideline ENSI-GO5 lists all requirements to the design and the manufacturing
of DPCs. The new version of the Guideline ENSI-G05 was published in October 2021.

The guideline ENSI-G12 “Radiation protection in nuclear facilities” defines safety functions for
radiation protection within the monitored operating area in all phases of operation and decom-
missioning and applies to nuclear installations. The Guideline ENSI-G12 was published in Oc-
tober 2021

The guideline ENSI-G18 “Fire protection” regulates the requirements for the fire protection of
nuclear installations. The guideline will replace the HSK-R-50. The public consultation on the
draft of the new edition of the ENSI-G18 "Fire Protection" guideline has been extended until
31 October 2023 and is currently being finalised.

The Guideline ENSI-G23 "Design Principles for other Nuclear Installation" specifies the design
principles for nuclear facilities other than NPP and deep geological repositories. It has become
apparent during supervision that the requirements for the design of the other nuclear facilities
(not only for interim storage facilities) must be clarified in detail and specifically defined, as the
existing corresponding requirements for NPPs are not always or only partly transferable to
them. The Guideline ENSI-G23 was published in October 2021.

K.2 New interim storage facility at PSI

In order to extend the storage capacity of non-nuclear radioactive waste (e.g., from medicine,
industry and research) the Paul Scherrer Institute (PSI) plans to put into operation a new in-
terim storage facility beside the existing Federal Interim Storage Facility (BZL). In June 2014,
PSI submitted the application for the construction and operation licence. After the description
of the project and the safety analysis report have been reviewed and approved by the author-
ities (ENSI’s advisory opinion was published in July 2017), the licensing authority (DETEC)
granted the construction and operation licence in September 2018.
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The new interim storage facility has been applied for as a nuclear installation with low hazard
potential. For this reason, the capacity of the facility continues to be limited by the maximum
permissible amount of radioactivity, regardless of the volume of waste and the number of con-
tainers.

ENSI permits are required for various stages of construction and operation. Construction of
the building and assembly of the components have been completed. PSI plans to commission
the new interim storage facility from September 2024 and intends to submit the necessary
applications to ENSI from June 2024.

K.3 Activities with respect to transport dual purpose casks after
long-term storage

Addressing long-term storage of spent fuel, ENSI has finished a two-year regulatory project in
2015/2016. As a result, actions were identified in the fields of package components, spent fuel
properties and procedures in the surface facility of the deep geological repository as well as
general aspects such as licensing or knowledge management.

Implementing these actions, ENSI has adapted its licensing process: Instead of only validating
foreign transport package design approvals, ENSI issues own approvals to get the complete
access to the design justifications relevant to ageing. In addition, approvals for dual purpose
cask (DPC) designs for interim storage facilities include a periodical review requirement every
ten years to address ageing effects. Getting the full control of the package design approval
review process for both, transport and storage, assure ENSI to establish a rather comprehen-
sive ageing surveillance programme for DPC and to evaluate significant results with respect
to the safety justifications for transport and storage. The regulatory framework has been com-
peted with the amendment of the guideline ENSI-B17 related to the operation of storage facil-
ities, now including ageing surveillance requirements. To support the operators implementing
a comprehensive ageing management and providing corresponding safety justifications of
DPC, ENSI has published an ageing guide for dry interim storage, which is now available in
three languages (English, German and French) ((http://www.ensi.ch “Documents” - “Other
documents" > "Ageing Guide for Dry Interim Storage"). The guide defines the process of the
periodical design review and the necessary justifications to demonstrate continuous compli-
ance with the underlying transport and storage approvals. The required justifications cover
ageing effects of cask components and cladding material as well as the decay of the radioac-
tive content and organisational changes.

The operators have entered the implementation phase by either developing a generic ap-
proach covering all essential technical aspects or developing a more multi level document
structure. Both modi adress general issues such as material properties, research and devel-
opment, package design issues such as ageing surveillance of components, safety file de-
velopments and consider individual packages such as deviations and state of manufacturing.

First documentations are available and under review. A roadmap has been agreed for the
periodical review of the already stored DPCs.


http://www.ensi.ch/
https://www.ensi.ch/en/documents/ageing-guide-for-dry-interim-storage/
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K.4 Licensing of dual purpose casks

For interim storage of spent fuel Switzerland uses dual purpose casks. These casks must fulfil
the national storage requirements according to the guideline ENSI-G05 and the international
transport regulations according to SSR-6. In the past the applicant documented the fulfilling of
the requirements normally in two different safety files.

According to IAEA-TECDOC-1938 ENSI has received an application for a DPC based on one
safety case called integrated safety case (ISC). ENSI will be one of the first competent author-
ities granted a package approval and a storage approval based on one safety case. The prin-
cipal definition of the safety relevance is documented in IAEA TEC DOC-1938 and accepted
by a lot of IAEA-member states. Therefore the described process can be used by each country
using DPCs as national interim storage solutions.

K.5 International review missions

Switzerland is legally obliged to regularly host international peer review missions, as is stated
in the ENSI Act. Moreover, ENSI experts regularly participate in international peer review mis-
sions worldwide. For the reporting period, two IAEA missions took place in Switzerland and
one other international review is planned for 2024:

In 2021, an International Regulatory Review Service (IRRS) mission was conducted in Swit-
zerland. The mission concluded that ENSI is a mature, competent and independent regulator
and with that fully capable of fulfilling its mandate in Switzerland. Furthermore, the mission
identified 7 recommendations and 13 suggestions to further enhance the Swiss regulatory sys-
tem and the effectiveness of the regulatory functions in line with IAEA safety standards, includ-
ing:
- Switzerland requires a national strategy to be able to maintain or build up expertise
in the nuclear sector in the medium and long term and in this way remain able to
continue to ascertain nuclear safety.

- The Government should create a legal basis to ensure that all nuclear facilities will
be subject to periodic safety reviews in accordance with a graded approach.

- ENSI should update its procedures for clarifying the role of inspectors in the enforce-
ment process, including in relation to the immediate corrective actions inspectors are
authorized to take.

The team also identified good practices in the area of safety culture. ENSI continuously im-
proves its internal safety culture and promotes the proactive safety culture of licensees through
periodic focus groups. Switzerland is currently working on implementing the findings from the
mission and will host a follow-up mission in due time. The IRRS mission in Switzerland prior
to this took place in 2011, the corresponding follow-up review mission in 2015.

In 2023, ENSI hosted a follow-up International Physical Protection Advisory Service (IPPAS)
Mission. The focus was on the national foundations and the measures with which nuclear in-
stallations, nuclear material and, in addition to the IPPAS mission conducted in 2018, high
activity sources are protected from unauthorised access or removal. This related to protecting
against criminal acts, theft and sabotage. Amongst other things, the follow-up IPPAS mission
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identified that Switzerland has a robust nuclear security system and is committed to the con-
tinuous improvement of nuclear and radiological security.

In November 2024, Switzerland will host a Country Specific Safety Culture Forum (CSSCF)
organised by the OECD Nuclear Energy Agency. The aim of this event is to examine how
nuclear safety culture is affected by the national cultural context of the country operating a
nuclear facility. It brings together experts representing both the nuclear industry and the regu-
latory authority in the host country, with the objective of helping organisations maintain a
healthy safety culture for the safe operations of nuclear installations and for effective regulatory
activities.

Switzerland also participates, on a voluntary basis, in the second Topical Peer Review Process
which started in 2023. The second Topical Peer Review is focusing on fire protection pro-
grammes implemented in the national nuclear installations.

Every Swiss NPP is a WANO member. Since 2005, all Swiss NPPs have been involved in the
WANO peer review process. The cycle for WANO peer reviews and WANO follow-up missions
is about six years, i.e. the NPPs are involved in either a WANO peer review or a WANO follow-
up mission every two to three years.

All Swiss NPPs underwent OSART missions, including follow-up missions. No further OSART
missions are planned in Switzerland for the time being. This is also because the Swiss NPPs
are regularly involved in the WANO peer review process (see above).

K.6 Openness and transparency

National Reports of Switzerland on the Joint Convention also serve as an information source
for other purposes. They provide comprehensive information on the safety of spent fuel man-
agement and on the safety of radioactive waste management in a clearly arranged manner.
All Swiss Reports on the Joint Convention and the results of the review are publically available
on ENSI’s website (http://www.ensi.ch “Documents” > “Conventions”).

K.7 Safety Culture

The Swiss Federal Nuclear Safety Inspectorate (ENSI) is convinced that the establishment of
a good safety culture needs room and time to develop. Cultural values inside an organisation
are influenced by its people with their values, views and behaviours (see a more detailed de-
scription of the ENSI position towards Safety Culture in the Oversight of Safety Culture in Nu-
clear Installations (http://www.ensi.ch “Documents” > “Strategy Documents” - “Oversight of
Safety Culture in Nuclear Installations”).

Operating plants with a general licence are under the supervision of ENSI. Safety culture is
subject to the regular supervision. The ,specialist discussions promoting a dialogue on safety
culture” is a well-established instrument for reflecting this topic. These dialogues represent a
particular type of interaction with the supervised parties, different from “classical” oversight
activities, aimed at promoting self-reflection and exchange on values and views, the deeper
elements of an organisation’s (safety) culture.


http://www.ensi.ch/
https://www.ensi.ch/en/documents/document-category/conventions/
http://www.ensi.ch/
https://www.ensi.ch/en/documents/oversight-of-safety-culture-in-nuclear-installations/
https://www.ensi.ch/en/documents/oversight-of-safety-culture-in-nuclear-installations/
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The request for a general licence for a deep geological disposal of radioactive waste in Swit-
zerland will be submitted by the end of 2024. The official review of this request will provide
ENSI an initial concrete impression of how the National Cooperative for the Disposal of Radi-
oactive Waste (Nagra) anchors the topic of safety culture in the management system and
thus in the organisation. Nevertheless, the dialogue on safety culture with Nagra initiated in
2017 by ENSI is a valuable instrument for both sides. The aim is to enable ENSI to get an in-
sight into Nagras understanding and implementation of its values of safety culture. Nagra
judged the exchange valuable as well for their reflection on safety culture and agreed to con-
tinue this dialogue on a regular base.
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Section L Annexes

L.1 List of Abbreviations

ADR
ADN

AGNEB
ALARA
ATW
BWR
BSTB
BZL

DETEC

DPC
DSK
EGT
ENSI

ETH
FOE
FOEN
FOPH
HLW
HSK

IAEA
ICAO
ICRP
ILW
ISRAM
L/ILW
LLW
Nagra
NEOC
NPP
NSC
OECD
PSI
PWR

European Agreement concerning the International Carriage of Dangerous
Goods by Road

Accord européen relatif au transport international des marchandises dange-
reuses par voies de navigation intérieures

Interdepartmental Working Group on Radioactive Waste Management
As low as reasonably achievable

Alpha-toxic waste

Boiling water reactor

The Federal Civil Protection Crisis Management Board

Federal Interim Storage Facility at PSI for all non-nuclear radioactive waste
originating from medicine, industry and research

Federal Department of the Environment, Transport, Energy and Communica-
tions

Dual purpose cask
German-Swiss Commission for the Safety of Nuclear Installations
Expert Group on Radioactive Waste Disposal

Swiss Federal Nuclear Safety Inspectorate (Eidgendssisches Nuklearsicher-
heitsinspektorat), Swiss regulatory body as from 1 January 2009

Swiss Federal Institute of Technology
Federal Office of Energy

Federal Office for the Environment
Federal Office of Public Health
High-level waste

Swiss Federal Nuclear Safety Inspectorate (Hauptabteilung fir die Sicherheit
der Kernanlagen), Swiss regulatory body until 31 December 2008

International Atomic Energy Agency

International Civil Aviation Organisation

International Commission on Radiation Protection
Intermediate-level waste

Information System for Radioactive Materials

Low- and intermediate-level waste

Low-level waste

National Cooperative for the Disposal of Radioactive Waste
National Emergency Operations Centre

Nuclear power plant

Swiss Federal Nuclear Safety Commission

Organisation of Economic Co-operation and Development
Paul Scherrer Institute at Villigen and Wuirenlingen
Pressurised water reactor
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QM Quality management

RID Regulations concerning the International Carriage of Dangerous Goods by
Rail

SFP Spent fuel pools

Suva Swiss National Accident Insurance Fund

SVTI Swiss Association for Technical Inspections

STENFO Decommissioning and Disposal Fund Commission

WENRA Western European Nuclear Regulators' Association

ZWIBEZ Interim storage facility at Beznau NPP

Zwilag Central Interim Storage Facility at Wirenlingen

L.2 References to National Laws and Regulations

L.2.1 Legislation (Acts and Ordinances)

Acts

The main legal provisions for authorisations and regulation, supervision and inspection are
based on the following legislation:

e Nuclear Energy Act of 21 March 2003, SR* 732.1.

e Swiss Federal Nuclear Safety Inspectorate Act of 22 June 2007, SR 732.2.

e Federal Act of 7 October 1983 on the Protection of the Environment, SR 814.01.
e Federal Act of 24 January 1991 on the Protection of Waters, SR 814.20.

¢ Radiological Protection Act of 22 March 1991, SR 814.50.

Ordinances

There are a number of federal ordinances (lower level of legislation) of relevance to nuclear
energy legislation. The most important are as follows:

¢ Ordinance on Alerting the Authorities and the Public of 11 November 2020, SR 520.12.

e Ordinance on the Federal Civil Protection Crisis Management Board of 2 March 2018,
SR 520.17.

e Ordinance on Civil Protection of 11 November 2020, AS 2020 5087.
¢ Nuclear Energy Ordinance of 10 December 2004, SR 732.11.

e Ordinance on the Threat Assumptions and Security Measures for Nuclear Installations
and Nuclear Materials of 16 April 2008, SR 732.112.1

e Ordinance on Hazard Assumptions and the Assessment of the Protection against Ac-
cidents in Nuclear Installations of 17 June 2009, SR 732.112.2.

4 SR (Systematische Rechtssammlung) refers to the classification system of the Swiss legislation.
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¢ Ordinance on the Methodology and the General Conditions for Checking the Criteria
for the Provisional Shutdown of Nuclear Power Plants of 16 April 2008, SR 732.114.5.

¢ Ordinance on the Requirements for the Personnel of Nuclear Installations of 9 June
2006, SR 732.143.1.

¢ Ordinance on the Federal Nuclear Safety Commission of 12 November 2008, SR
732.16.

¢ Ordinance on the Decommissioning and Waste Management Funds for Nuclear Instal-
lations of 7 December 2007, SR 732.17.

¢ Ordinance on the Swiss Federal Nuclear Safety Inspectorate ENSI of 12 November
2008, SR 732.21.

¢ Ordinance on Emergency Preparedness in the Vicinity of Nuclear Installations of 14
November 2018, SR 732.33.

¢ Radiological Protection Ordinance of 26 April 2017, SR 814.501.

e Ordinance on lodine Prophylactics in the Case of a Nuclear Accident of 22 January
2014, SR 814.52.

¢ Ordinance on the Use of Radioactive Materials of 26 April 2017, SR 814.554.
¢ Ordinance on the Collection of Radioactive Waste of 26 April 2017, SR 814.557.
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L.2.2 List of the Inspectorate's (ENSI) regulatory guidelines

Status:

August 2024

Languages:

All regulatory guidelines are originally written in German. Some guidelines have been
translated into French and English for information purposes only. In the event of any
discrepancies, the German version prevails.

Note:

¢ Non-classified regulatory guidelines are available on the ENSI website (“Documents”
- “Guidelines”).

e Guidelines of the series A cover the assessment of facilities, guidelines of the series B
cover the surveillance of operations, and guidelines of the series G are guidelines with
general requirements, which cover both the assessment of facilities and surveillance
operation. With the exception of the Guideline HSK-R-46, guidelines of the series R
were issued before the Nuclear Energy Act and the Nuclear Energy Ordinance entered
into force in February 2005.

e Regulatory guidelines in the field of physical protection and computer security are not
listed.

ge o) ;e 0 ) 0
ENSI-GO1 Safety Classification for Existing Nuclear Power Plants 20111
ENSI-G02 Design principles for Operational Nuclear Power Plants 2022/10
ENSI-G03 Deep geological repositories 2023/11
ENSI-G05 | Transport and Storage Casks for Interim Storage 2021/10
ENSI-G0O7 | The Organisation of Nuclear Installations 2023/11
ENSI-G08 Systematic Safety Assessments for the Operation of Nuclear Instal- |2021/12

lations
ENSI-G09 Operational Documentation 2023/11

ENSI-G11 Safety Classified Vessels and Pipework: Engineering, Manufacture |2013/6

and Installation

ENSI-G12 Radiation protection in Nuclear Installations 2021/10

ENSI-G13 Measuring Instruments for lonising Radiation 2021/10

ENSI-G14 Calculation of Radiation Exposure in the Vicinity due to Emission of |2009/12

Radioactive Substances from Nuclear Installations

ENSI-G15 Radiation Protection Objectives for Nuclear Installations 2021/9
ENSI-G17 Decommissioning of Nuclear Installations 2023/11
ENSI-G18 Draft: Fire Protection 2022/11

ENSI-G20 Reactor Core, Fuel Assemblies and Control Rods: Design and oper- | 2015/1

ation

ENSI-G23 Design principles for Nuclear Installations 2021/10
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Guideline Title of guideline Date of
current issue

ENSI-AO01 Technical Safety Analysis for Existing Nuclear Installations: Scope, |2020/1
Methodology and Boundary Conditions

ENSI-A03 Periodic Safety Review of Nuclear Power Plants 2018/10

ENSI-A04 Application Documents for Modifications to Nuclear Installations Re- | 2023/11
quiring a Permit

ENSI-A05 Probabilistic Safety Analysis (PSA): Quality and Scope 2018/1

ENSI-A06 Probabilistic Safety Analysis (PSA): Applications 2015/11

ENSI-A08 Analysis of Source Terms: Extent, Methodology and Boundary Con- | 2010/2
ditions

ENSI-BO1 Ageing Management 2011/7

ENSI-B02 Periodic Reporting by the Nuclear Installations 2023/9

ENSI-B03 Reports by the Nuclear Installations 2023/11

ENSI-B04 Release of Controlled and Surveillance Areas, and of Materials from |2018/11
the Requirement for Authorisation and Supervision

ENSI-B05 Requirements for the Conditioning of Radioactive Waste 2023/03

ENSI-B06 Safety Classified Vessels and Pipework: Maintenance 2013/6

ENSI-B07 Vessels and Piping Classified as Important to Safety: Qualification of | 2008/10
non-destructive Testing

ENSI-B08 Vessels and Piping Classified as Important to Safety: Non-destruc- | 2022/11
tive Testing

ENSI-B09 Determining and Recording the Doses of Persons Exposed to Radi- |2018/6
ation

ENSI-B10 Basic Training, Recurrent Training and Continuing Education of Per- | 2010/10
sonnel in Nuclear Installations

ENSI-B11 Emergency Exercises 2020/12

ENSI-B12 Emergency Protection in Nuclear Installations 2023/1

ENSI-B13 | Training and Continuing Education of the Radiation Protection Per- | 2010/11
sonnel

ENSI-B14 Maintenance of Electrical and Instrumentation and Control Equip- 2010/12
ment Classified as Important to Safety

ENSI-B17 Operation of interim storage facilities for radioactive waste 2021/10

HSK-R-08 Structural Safety for Nuclear Power Plants, Swiss Federal Supervis- | 1993/1
ing Procedures for Construction Work

HSK-R-46 Requirements for the Application of Computer-based Instrumenta- 2005/4
tion and Control Important to Safety in Nuclear Power Plants

HSK-R-50 Requirements Important to Safety for Fire Protection in Nuclear In- | 2003/3
stallations

HSK-R-102 | Design Criteria for the Protection of Safety Equipment in Nuclear 1986/12
Power Stations against the Consequences of Airplane Crash
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