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Abstract 
 
Many important steps in the management of radioactive waste have already been implemented in 
Switzerland and there is now wide experience in carrying out the associated activities. These 
include the handling and packaging of the waste and its characterisation and inventorying, as well 
as interim storage and waste transport. There is a sound scientific and technical basis for realising 
the deep geological repositories and the feasibility of constructing repositories that provide the 
required long-term safety has been demonstrated successfully for all wastes arising in Switzerland 
and approved by the Federal Council.  

The legal framework and organisational measures that will allow the sites to be selected in the 
coming years are also in place. These include the Sectoral Plan for Deep Geological Repositories 
that was approved by the Federal Council in 2008; this regulates the ongoing site selection process 
in detail. Stage 1 of the process was completed successfully with the approval by the Federal 
Council in November 2011 of the geological siting regions proposed by Nagra. In Stage 2, 
potential siting areas for the repository surface facilities were identified with the cooperation of 
the siting regions and additional geological and safety-oriented investigations were carried out. 
Nagra's proposals for the siting regions to be investigated further in Stage 3 were announced by 
the Swiss Federal Office of Energy in January 2015. The Federal Council is expected to reach a 
decision on these proposals at the end of 2018. Activities in Stage 3 will include in-depth geo-
logical investigations in the siting regions remaining in the process. The results will provide the 
basis for selecting the sites for the repositories for low- and intermediate-level waste (L/ILW) and 
high-level waste (HLW), for which general licence applications will be prepared and submitted 
according to the Sectoral Plan (BFE 2008). This report documents the Waste Management Pro-
gramme prepared by the waste producers, as required by the legislation (Nuclear Energy Act 
(KEG 2003), Art. 32, and Nuclear Energy Ordinance (KEV 2004), Art. 52). As was the case for 
the first Waste Management Programme of 2008 (Nagra 2008a), the 2016 Programme has been 
prepared by Nagra on behalf of the waste producers. The updated report is structured in such a 
way that it provides the information required on all the points set out in Art. 52 of the Nuclear 
Energy Ordinance. The structure also basically follows that of the 2008 Programme, but, in addi-
tion, the conditions attached by the Federal Council in 2013 to its review of the 2008 Programme 
are also addressed. The progress that has been made in the meantime is identified, as are the main 
differences between the 2016 Waste Management Programme and its predecessor (Nagra 2008a). 

The key information presented in chapters 2 to 8 of the 2016 Waste Management Programme is 
summarised in the following according to the aspects listed in Art. 52 of the Nuclear Energy 
Ordinance: 

• Origin, types and volumes of radioactive waste: The origin, types and volumes of radio-
active waste to be disposed of in Switzerland are known. Four scenarios are considered in the 
2016 Waste Management Programme. In scenario 1a, the waste volumes arising from opera-
ting lifetimes of 47 years for NPP Mühleberg and 50 years for the NPPs Beznau, Gösgen and 
Leibstadt are assumed. Scenario 2a assumes operating lifetimes for Beznau, Gösgen and 
Leibstadt of 60 years. It is then considered what waste volumes would be expected if the 
foreseeable revision of the Radiological Protection Ordinance brings about a change in the 
nuclide-specific clearance limits and the possibility of decay storage of very low-level mate-
rials (scenarios 1b and 2b). 
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The waste inventory for emplacement in the deep geological repositories is largest in the case 
of scenario 2b and, unless otherwise indicated, the assumptions underlying the current Waste 
Management Programme are based on this scenario. For radioactive waste from medicine, 
industry and research (MIR), a collection period up to 2065 (end of emplacement of NPP 
waste in the repository for low- and intermediate-level waste) is assumed. 

The arising wastes are conditioned, characterised and inventoried on an ongoing basis. Before 
conditioning of a waste stream begins, the proposed conditioning procedure is evaluated by 
Nagra in terms of the suitability of the resulting waste packages for disposal. This is a pre-
requisite for approval of routine conditioning procedures by the authorities. The conditioned 
waste will also be evaluated when preparing the safety assessment reports supporting the 
different decision-making milestones in the programme and it is possible that some condi-
tioning procedures will be modified in the light of new understanding. Besides information 
on waste that already exists, a model inventory of radioactive wastes and materials that will 
arise in the future has also been compiled (MIRAM). Scenario 2b assumed in the 2016 Waste 
Management Programme largely corresponds to version MIRAM 14 of this inventory (Nagra 
2014d), with the exception of the waste from the Paul Scherrer Institute (PSI) where the waste 
volumes were revised based on updated calculations. 

The information on the origin, types and volumes of waste for disposal in Switzerland pro-
vides a reliable basis for planning and implementing the deep geological repositories and 
managing the available interim storage capacities. 

• Deep geological repositories and their design concepts: The Swiss waste management con-
cept assumes two deep geological repositories, one for low- and intermediate-level waste 
(L/ILW) and one for high-level waste (HLW). These repositories could be constructed at two 
different sites depending on the geological situation, or at the same site as a so-called com-
bined repository; in the latter case, the surface infrastructure and part of the access structures 
to the underground could be shared. The conceptual requirements and assumptions to be taken 
into consideration for the different repositories are described against the background of the 
legal and regulatory framework and their implementation is described using example con-
cepts. The design concepts take into account the requirement in the nuclear energy legislation 
that long-term safety has to be assured by a system of multiple passive safety barriers. For 
future implementation, a range of design variants exists for individual elements of the 
repository that will allow the site-specific situation to be taken into consideration. It has to be 
assured in future procedures that sufficient flexibility remains to allow the information and 
experience arising in the coming years (results of site exploration, improved knowledge 
through R&D) to be taken into account in optimising the design of the disposal facilities. 

• Allocation of the waste to the deep geological repositories: Division of the waste into the 
categories HLW, ILW (long-lived intermediate-level waste) and L/ILW was used as the basis 
for proposing the geological siting regions in Stage 2 of the Sectoral Plan process and is based 
on safety-related considerations that also apply to siting regions for which long-term 
evolution allows only the disposal of a restricted inventory. This constraint no longer applies 
for the siting regions proposed by Nagra for Stage 3 of the Sectoral Plan process. The 2016 
Programme therefore considers variants for disposing of the long-lived intermediate-level 
(ILW) waste in both the HLW and L/ILW repositories. The definitive allocation of the waste 
to the different repositories will be carried out in a stepwise manner as part of the various 
nuclear licensing procedures. This allows optimisation of the waste allocation and the require-
ments on the waste for emplacement on the basis of conditions that are actually encountered. 
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• Implementation plan for the deep geological repositories: The legal and regulatory frame-
work together with other conceptual requirements and assumptions provide the starting-point 
for deriving an implementation plan for the L/ILW and HLW repositories. These require-
ments and assumptions allow the basic procedure to be defined and the necessary work 
activities to be specified. The plan is based on an estimate of the time needed for carrying out 
the technical work and for the regulatory/licensing procedures. It assumes that a legally valid 
general licence will be granted by 2031 and that the L/ILW repository will start operation in 
2050 and the HLW repository in 2060. This also assumes that there will be no time-con-
suming legal procedures and that the technical work can be performed without significant 
delay. 

The time plan takes into account site-specific studies for the L/ILW and HLW repositories, 
as well as the generic, non-site-specific work that forms part of a research and development 
programme. The formal recommendations made by the authorities and their experts regarding 
Nagra's work to date are also considered. 

The multi-stage licensing procedure set out in the nuclear energy legislation ensures that the 
necessary flexibility is maintained in terms of stepwise optimisation of the disposal facilities. 
This allows future developments to be taken into account, together with the increase in know-
ledge resulting from detailed site explorations and ongoing research and development. 

The responsibility for safe waste disposal lies with the waste producers, who have entrusted 
Nagra with performing all the tasks associated with the implementation of the deep geological 
repositories. Nagra maintains a formal management system that is geared to the special nature 
of its activities and ensures that all work is performed within this system. Nagra relies on its 
highly qualified staff to carry out the work and also makes use of experienced contractors 
and, if required, long-term agreements with recognised competence centres, collaboration 
with scientific institutes in Switzerland and abroad and relevant partner projects. 

• Duration and required capacity of centralised and decentralised interim storage 
facilities: Radioactive waste has to be held in interim storage until it can be emplaced in the 
deep geological repositories. Even for the scenario with the largest waste volumes (scenario 
2b), sufficient capacity will be available in the ZWILAG and ZWIBEZ storage facilities for 
all the waste arising from the operation and decommissioning of the nuclear power plants. 
Sufficient capacity for the waste from medicine, industry and research expected up to 2065 
can also be assured, for example with an expansion of the Federal Government's interim 
storage facility at the Paul Scherrer Institute (PSI). The interim storage facilities can also be 
operated for longer if the start of operation of the repositories is delayed. Proven infrastructure 
and technology for transporting the waste is already in place and concepts have been formu-
lated for the infrastructure that will be required in the future. 

• Financing waste management activities up to the shutdown of the nuclear installations: 
In order to determine the contributions to be made to the Decommissioning and Waste Dis-
posal Funds and the financial reserves to be made by the owners of the nuclear installations, 
the costs of waste disposal and decommissioning have to be estimated every five years in a 
dedicated cost study. The last cost study was submitted in 2011. Following this, and based on 
the calculations in the cost study according to Article 4 of the Ordinance on the Decom-
missioning and Waste Disposal Funds (SEFV) and their review by the Swiss Federal Nuclear 
Safety Inspectorate (ENSI) and independent experts, the administrative commission of the 
two Funds submitted an application for each nuclear installation to the Federal Department 
of the Environment, Transport, Energy and Communications to fix the expected amount of 
the decommissioning and waste disposal costs. In the interests of making the information 
consistent and compatible, the Federal Council resolution on the 2008 Waste Management 
Programme specified that the 2016 cost study and the 2016 Waste Management Programme 
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should be submitted at the same time. Model-based assumptions regarding the implementa-
tion of the future realisation programme were made in the 2016 cost study to allow a suffi-
ciently accurate and transparent estimation of the costs of the deep geological repositories, 
without pre-empting any future decisions. The financing of future costs will be met either 
directly by the plant owners (costs prior to the shutdown of the nuclear power plants) or 
through the Decommissioning Fund for the costs of decommissioning the nuclear installations 
and the Waste Disposal Fund for the costs of disposal arising after the shutdown of the NPPs. 
The calculation of the reserves is based on the current cost study (2016). This ensures that the 
reserves to be activated in the future will cover all the expected costs, taking into account the 
capital returns according to the Funds Ordinance (2007). 

• Information strategy: Active dialogue with interested stakeholder groups and providing 
comprehensive information to the public on all aspects of nuclear waste management are 
decisive in terms of implementing the required repositories. The public should be in a position 
to understand the roles played by the different participants in the process. For the Sectoral 
Plan process, the lead, and hence the responsibility for providing information, lies with the 
Swiss Federal Office of Energy (SFOE), which is responsible for ensuring the effective parti-
cipation of the public in the site selection process. The SFOE can call for the regulatory autho-
rities and, if necessary, Nagra to bring their technical know-how into the process. The regula-
tory authorities (in particular the Swiss Federal Nuclear Safety Inspectorate (ENSI) and the 
Federal Nuclear Safety Commission (NSC)) prepare expert reviews of licence applications 
and the operation of nuclear installations from the viewpoint of safety and technical feasibi-
lity. In their position as independent evaluators, they are responsible for ensuring that the 
relevant safety requirements are met. ENSI informs the public about the results of its super-
visory activities and acts as a contact for questions relating to safety. Nagra has been entrusted 
by the waste producers with the preparation, construction and operation of the deep geological 
repositories. In this capacity, it provides comprehensive information on its ongoing project 
work, the results of its investigations and, later, on the construction and operation of the 
facilities, and seeks active dialogue throughout with interested parties. 

Nagra provides information on the status of its work and its projects at an early stage and on 
a regular basis. The aim of these information activities is to learn about the concerns of the 
different interest groups and to inform them about nuclear waste management in general and 
the activities of Nagra in particular. The Swiss public is informed in a transparent way about 
why radioactive waste should be disposed of in deep geological repositories. Society should 
be in a position to recognise the need for action in achieving this goal and to form objective 
opinions on the concrete projects and results. Using trained personnel and an ongoing 
approach of adapting to meet the needs of dialogue partners at different stages in the process 
ensures that the instruments used for information and communication are kept up to date. 

The Waste Management Programme presented here documents the boundary conditions and the 
fundamental procedures for the timely implementation of repositories that provide the required 
long-term safety. It also provides information on all the topics specified in the Nuclear Energy 
Ordinance, without in any way pre-empting the outcome of the Sectoral Plan process. The Pro-
gramme documents a proposal by the waste producers as to how the repositories are to be 
designed on a conceptual level (including existing variants), how the individual steps in imple-
menting the repositories are to be developed, how the implementation time line looks and what 
financial means are required.  
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The work programme for the immediate future is clearly defined. It is expected that significant 
progress will be made by the next update of the Waste Management Programme in 2021, parti-
cularly in carrying out detailed geological investigations in the remaining geological siting 
regions. The results of these investigations will provide an important basis for selecting the sites 
for which general licence applications will be prepared according to the Sectoral Plan for Deep 
Geological Repositories (2008) and the submission of these applications in line with the Nuclear 
Energy Act (2003) and Ordinance (2004). 
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Zusammenfassung 
 
Viele wichtige Schritte zur Entsorgung der radioaktiven Abfälle in der Schweiz sind heute reali-
siert, und für die damit verbundenen Aktivitäten besteht mittlerweile eine grosse Erfahrung. Dies 
betrifft die Behandlung und Verpackung der radioaktiven Abfälle, ihre Charakterisierung und 
Inventarisierung sowie die Zwischenlagerung und die dazugehörigen Transporte. Im Hinblick auf 
die Realisierung der geologischen Tiefenlager wurde ein guter technisch-wissenschaftlicher 
Stand erreicht; der Nachweis der Entsorgung aller in der Schweiz anfallenden radioaktiven 
Abfälle in langfristig sicheren geologischen Tiefenlagern in der Schweiz wurde erbracht und vom 
Bundesrat anerkannt. 

Die gesetzlichen Regelungen sind vorhanden und die organisatorischen Vorkehrungen wurden 
getroffen, um die in den nächsten Jahren anstehende Standortwahl umzusetzen. Dazu gehört das 
vom Bundesrat 2008 genehmigte Konzept Sachplan geologische Tiefenlager (SGT), welches das 
laufende Standortwahlverfahren im Detail regelt. Mit der Bestätigung der durch die Nagra in 
Etappe 1 des Sachplanverfahrens vorgeschlagenen Standortgebiete durch den Bundesrat im 
November 2011 wurde die erste Etappe erfolgreich abgeschlossen. In Etappe 2 des Sachplanver-
fahrens wurden in den Standortgebieten, gestützt auf die Zusammenarbeit mit den Standort-
regionen, mögliche Standortareale für die Oberflächenanlage bezeichnet sowie ergänzende geo-
logische und sicherheitstechnische Untersuchungen durchgeführt. Im Januar 2015 wurden die 
Vorschläge der Nagra für die in Etappe 3 zu untersuchenden Standortgebiete vom Bundesamt für 
Energie (BFE) veröffentlicht; der Bundesrat wird voraussichtlich Ende 2018 darüber befinden. 
Etappe 3 des Sachplanverfahrens umfasst vertiefte erdwissenschaftliche Untersuchungen in den 
verbleibenden geologischen Standortgebieten. Diese stellen eine Grundlage dar, um für die geo-
logischen Tiefenlager für schwach- und mittelaktive Abfälle (SMA) bzw. hochaktive Abfälle 
(HAA) die Auswahl der Standorte für die Vorbereitung der Rahmenbewilligungsgesuche gemäss 
Konzept Sachplan geologische Tiefenlager (BFE 2008) zu treffen und entsprechende Rahmen-
bewilligungsgesuche einzureichen. Der vorliegende Bericht dokumentiert das Entsorgungspro-
gramm der Entsorgungspflichtigen, wie es gesetzlich verlangt wird (Kernenergiegesetz Art. 32, 
KEG 2003 und Kernenergieverordnung Art. 52, KEV 2004). Wie das erste Entsorgungspro-
gramm (Entsorgungsprogramm 2008, EP08, Nagra 2008a) wurde das Entsorgungsprogramm 
2016 (EP16) von der Nagra im Auftrag der Entsorgungspflichtigen erstellt. Der aktualisierte 
Bericht ist so aufgebaut, dass alle gemäss KEV Art. 52 Abs. 1 geforderten Angaben im Entsor-
gungsprogramm behandelt werden. Von seiner Struktur her entspricht das EP16 dem EP08, geht 
aber zusätzlich auf die vom Bundesrat 2013 im Hinblick auf das vorliegende Entsorgungspro-
gramm 2016 verfügten Auflagen ein und hält den Fortschritt sowie die wesentlichen Unterschiede 
zwischen dem EP16 und seiner Vorgängerversion (Nagra 2008a) fest. 

Nachfolgend sind die wichtigsten Angaben in Kap. 2 bis 8 des EP16 gemäss den Aspekten in 
KEV Art. 52 Abs. 1 kurz zusammengefasst: 

• Herkunft, Art und Menge der radioaktiven Abfälle: Die Herkunft, Art und Menge der in 
der Schweiz zu entsorgenden radioaktiven Abfälle sind bekannt. Im Entsorgungsprogramm 
werden vier Szenarien betrachtet. Im Szenario 1a wird hinsichtlich der Angaben zu Abfall-
mengen von Betriebszeiten für das Kernkraftwerk Mühleberg (KKM) von 47 Jahren und für 
die Kernkraftwerke Beznau (KKB), Gösgen (KKG) und Leibstadt (KKL) von 50 Jahren 
ausgegangen. Im Szenario 2a wird von einer Betriebszeit der Kernkraftwerke KKB, KKG 
und KKL von 60 Jahren ausgegangen. Schliesslich wird aufgezeigt, mit welchen Abfallmen-
gen zu rechnen ist, wenn mit der absehbaren Revision der Strahlenschutzverordnung (StSV) 
eine Änderung der nuklidspezifischen Freigrenzen erfolgt (Szenarien 1b und 2b). 
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Das in die geologischen Tiefenlager einzubringende Abfallinventar ist im Szenario 2b am 
grössten. Deshalb beruhen die Annahmen, die dem aktuellen Entsorgungsprogramm – soweit 
nicht anderweitig vermerkt – zugrunde gelegt werden, auf diesem Szenario. Hinsichtlich der 
radioaktiven Abfälle aus Medizin, Industrie und Forschung (MIF) wird im EP16 von einer 
Sammelperiode bis 2065 (Ende der Einlagerung der KKW-Abfälle in das SMA-Lager) aus-
gegangen. 

Die entstehenden Abfälle werden laufend konditioniert, charakterisiert und inventarisiert. Vor 
Beginn der Konditionierung eines Abfallstroms wird das vorgeschlagene Konditionierverfah-
ren durch die Nagra bezüglich der Endlagerfähigkeit der fertigen Abfallgebinde beurteilt. 
Dies ist Voraussetzung für die behördliche Freigabe der routinemässigen Konditionierung. 
Ebenso werden die konditionierten Abfälle im Rahmen der für die verschiedenen Entschei-
dungspunkte zu erstellenden Sicherheitsberichte evaluiert. Es ist grundsätzlich möglich, dass 
Konditionierverfahren bei wichtigen neuen Erkenntnissen modifiziert werden. Neben der 
Information über die vorhandenen Abfälle besteht auch für die erst in Zukunft anfallenden 
Abfälle ein modellhaftes Inventar der radioaktiven Abfälle und Materialien (MIRAM). Das 
dem EP16 zugrunde gelegte Szenario 2b entspricht weitgehend der Version MIRAM 2014 
(Nagra 2014d) mit Ausnahme der Abfälle des Paul Scherrer Instituts (PSI), deren Volumina 
aufgrund aktualisierter Rechnungen überarbeitet wurden. 

Mit den Angaben zu Herkunft, Art und Menge der in der Schweiz zu entsorgenden radioakti-
ven Abfälle ist somit eine zuverlässige Basis vorhanden für die Planung und Realisierung der 
geologischen Tiefenlager und für die Bewirtschaftung der vorhandenen Zwischenlager. 

• Benötigte geologische Tiefenlager einschliesslich ihres Auslegungskonzepts: Das schwei-
zerische Entsorgungskonzept geht von zwei verschiedenen geologischen Tiefenlagern aus, 
dem SMA-Lager und dem HAA-Lager. Das SMA- und das HAA-Lager können an zwei ver-
schiedenen Standorten, bei einer entsprechenden geologischen Situation aber auch als soge-
nanntes 'Kombilager' im gleichen Standortgebiet erstellt werden und dabei die Oberflächen-
infrastruktur und einen Teil der Zugangsbauwerke nach Untertag gemeinsam nutzen. Unter 
Beachtung der gesetzlichen und behördlichen Vorgaben werden für die verschiedenen Lager 
die zu berücksichtigenden konzeptuellen Vorgaben und Annahmen beschrieben und deren 
modellhafte Umsetzung aufgezeigt. Die beschriebenen Auslegungskonzepte berücksichtigen 
die Vorgabe in der Kernenergiegesetzgebung, dass die Langzeitsicherheit durch gestaffelte 
passive Sicherheitsbarrieren zu gewährleisten ist. Für die zukünftige Realisierung existieren 
für einzelne Elemente der Lager verschiedene Varianten zur Ausgestaltung, mit welchen die 
standortspezifischen Gegebenheiten berücksichtigt werden können. In den zukünftigen Ver-
fahren ist sicherzustellen, dass zur Berücksichtigung der in Zukunft anfallenden Informatio-
nen und Erkenntnisse (Resultate der Exploration der Standorte, Kenntniszuwachs durch For-
schung und Entwicklung) der notwendige Handlungsspielraum zur optimalen Gestaltung der 
Lageranlagen erhalten bleibt. 

• Zuteilung der Abfälle zu den geologischen Tiefenlagern: Die Abfallzuteilung in HAA, 
LMA (langlebige mittelaktive Abfälle) und SMA, welche der Erarbeitung von Vorschlägen 
für die Einengung der geologischen Standortgebiete im Rahmen von SGT Etappe 2 zugrunde 
gelegt wurde, basiert auf sicherheitsbezogenen Überlegungen, welche auch für Standortge-
biete gelten, in denen das einzulagernde Abfallinventar wegen der Langzeitentwicklung 
beschränkt ist. Für die von der Nagra für SGT Etappe 3 vorgeschlagenen Standortgebiete gilt 
die Einschränkung nicht mehr. Deshalb wird im EP16 die Einlagerung von langlebigen 
mittelaktiven Abfällen (LMA) sowohl in das HAA- als auch in das SMA-Lager als Varianten 
ausgewiesen. Die definitive Abfallzuteilung auf die verschiedenen geologischen Tiefenlager 
erfolgt schrittweise im Rahmen der verschiedenen nuklearen Bewilligungsverfahren. Dieses  
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Vorgehen ermöglicht auf Basis der effektiv vorgefundenen Verhältnisse, die Abfallzuteilung 
bzw. Anforderungen an die einzulagernden Abfälle entsprechend dem Optimierungsgebot zu 
regeln. 

• Realisierungsplan für die Erstellung der geologischen Tiefenlager: Die gesetzlichen und 
behördlichen Vorgaben sowie die Festlegung weiterer konzeptueller Vorgaben und Annah-
men bilden den Ausgangspunkt für die Ableitung eines Realisierungsplans für das SMA bzw. 
HAA-Lager. Die Vorgaben und Annahmen erlauben es, den grundsätzlichen Ablauf festzu-
legen und die notwendigen Arbeiten aufzulisten. Der Realisierungsplan basiert auf einer 
Abschätzung des Zeitbedarfs für die Abwicklung der technischen Arbeiten und der behörd-
lichen Verfahren. Dieser geht von einer rechtsgültigen Rahmenbewilligung 2031 sowie von 
einer Betriebsaufnahme für das SMA-Lager 2050 und für das HAA-Lager 2060 aus. Dabei 
wird angenommen, dass es zu keinen zeitaufwendigen Rekursen kommt und dass die tech-
nischen Arbeiten ohne grösseren Verzug abgewickelt werden können. 
Der Realisierungsplan berücksichtigt die standortbezogenen Arbeiten für das SMA- und 
HAA-Lager sowie die standortunabhängigen, generischen Arbeiten, welche im Rahmen eines 
Forschungs- und Entwicklungsprogramms abgewickelt werden. Dabei werden formelle 
Empfehlungen der Behörden zu den bisherigen Arbeiten der Nagra berücksichtigt. 
Das mehrstufige Bewilligungsverfahren nach Kernenergiegesetz erlaubt es, den notwendigen 
Handlungsspielraum zur schrittweisen Optimierung der geologischen Tiefenlager zu nutzen. 
Ebenso erlaubt es, die erforderliche Flexibilität zur Berücksichtigung möglicher zukünftiger 
Entwicklungen zu erhalten und den erwarteten Erkenntnisgewinn aufgrund vertiefter Explo-
ration der Standorte und der fortlaufenden Forschungs- und Entwicklungsarbeiten zu berück-
sichtigen. 
Die Verantwortung für die Entsorgung liegt bei den Entsorgungspflichtigen. Diese haben die 
Nagra mit der Wahrnehmung aller Aufgaben im Hinblick auf die Realisierung der geo-
logischen Tiefenlager betraut. Die Nagra unterhält ein auf die speziellen Anforderungen aus-
gerichtetes formelles Management-System, innerhalb dessen alle Arbeiten abgewickelt 
werden. Für diese Arbeiten stützt sich die Nagra auf ihre qualifizierten Mitarbeitenden ab. 
Zudem greift sie auf qualifizierte Auftragnehmer zu. Bedarfsgerecht sichert sich die Nagra 
mittels mehrjähriger Verträge die Unterstützung von Kompetenzzentren und -instituten im 
In- und Ausland und nimmt an Projekten mit Partnerorganisationen teil. 

• Dauer und benötigte Kapazität der zentralen und der dezentralen Zwischenlagerung: 
Die anfallenden radioaktiven Abfälle müssen zwischengelagert werden, bis sie in die ent-
sprechenden geologischen Tiefenlager verbracht werden können. Auch im Szenario, welches 
zu den grössten Abfallvolumina führt (Szenario 2b), ist mit den bestehenden Zwischenlagern 
beim ZWILAG und ZWIBEZ eine ausreichende Zwischenlagerkapazität für sämtliche 
Abfälle aus dem Betrieb und der Stilllegung der Kernkraftwerke vorhanden. Auch für die bis 
2065 erwarteten MIF-Abfälle kann u.a. auch aufgrund der Erweiterung des Bundeszwischen-
lagers am Paul Scherrer Institut (PSI) genügend Zwischenlagerkapazität zur Verfügung 
gestellt werden, um die anfallenden Abfälle bis zu ihrer Einlagerung in die geologischen Tie-
fenlager sicher zwischenzulagern. Falls sich die Inbetriebnahme der geologischen Tiefenlager 
verzögern sollte, können die Zwischenlager auch länger betrieben werden. Die für den Trans-
port der Abfälle erforderliche Infrastruktur und Technologie ist vorhanden und erprobt; für 
die zukünftig notwendige Infrastruktur liegen Konzepte vor. 

• Finanzplan für die Entsorgungsarbeiten bis zur Ausserbetriebnahme der Kernanlagen: 
Zur Festlegung der Beiträge für den Stilllegungs- und Entsorgungsfonds und der zu tätigen-
den Rückstellungen der Eigentümer der Kernanlagen müssen die Kosten der Entsorgung und 
der Stilllegung alle fünf Jahre im Rahmen der Kostenstudie geschätzt werden. Die letzte 
Kostenstudie (KS11) wurde 2011 eingereicht. Die Verwaltungskommission des Stilllegungs- 
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und Entsorgungsfonds stellte anschliessend, gestützt auf die Berechnungen in der KS11 auf 
Basis von Art. 4 der Stilllegungs- und Entsorgungsfondsverordnung (SEFV 2007) und die 
anschliessende Überprüfung durch das Eidgenössische Nuklearsicherheitsinspektorat (ENSI) 
unter Einbezug unabhängiger Experten, dem Eidgenössischen Departement für Umwelt, Ver-
kehr, Energie und Kommunikation (UVEK) für jede Kernanlage jeweils einen Antrag auf 
Festlegung der voraussichtlichen Höhe der Stilllegungs- und Entsorgungskosten. Im Hinblick 
auf eine aufeinander abgestimmte und konsistente Darstellung der Informationen sind gemäss 
der Verfügung des Bundesrats zum Entsorgungsprogramm 2008 die Kostenstudie 2016 
(KS16) und das Entsorgungsprogramm 2016 zeitgleich einzureichen. 
Für die Ermittlung der Kosten für die geologischen Tiefenlager müssen modellhafte Annah-
men bezüglich der Realisierung der Tiefenlager getroffen werden, ohne jedoch dabei Ent-
scheide vorwegzunehmen oder Aussagen über Präferenzen zu treffen. Diese modellhaften 
Annahmen sind mit dem Entsorgungsprogramm vereinbar, stellen aber ebenso wie im EP16 
keine vorzeitigen Festlegungen zu späteren Entscheidungen auf dem Weg zur Realisierung 
der geologischen Tiefenlager dar. Dementsprechend werden für wichtige Entscheide bei den 
Kosten auch alternative Varianten betrachtet. Die Finanzierung der zukünftigen Kosten 
erfolgt einerseits direkt durch die Eigentümer (Kosten vor Ausserbetriebnahme der Kern-
kraftwerke) und andererseits über den Stilllegungsfonds für die Kosten der Stilllegung der 
Kernanlagen sowie über den Entsorgungsfonds für die Kosten der Entsorgungsaufgaben nach 
Ausserbetriebnahme der Kernkraftwerke. Die Berechnung für die Rückstellungen basiert auf 
der aktuellen Kostenstudie (KS16). Dadurch wird sichergestellt, dass die gebildeten und die 
zukünftig noch zu tätigenden Rückstellungen sämtliche erwarteten Kosten abdecken unter 
Berücksichtigung der Kapitalerträge gemäss SEFV (2007). 

• Informationskonzept: Im Hinblick auf die Realisierung der benötigten Tiefenlager sind ein 
aktiver Dialog mit den Interessierten und eine umfassende Information der Öffentlichkeit zu 
allen Fragen der nuklearen Entsorgung entscheidend. Die Bevölkerung soll die unterschied-
lichen Rollen der beteiligten Akteure wahrnehmen und verstehen. Im Rahmen des SGT liegt 
die Federführung und damit die Verfahrensinformation beim BFE, welches dafür zuständig 
ist, der Bevölkerung in geeigneter Weise die Mitwirkung an den Verfahren zu ermöglichen. 
Es kann dazu die Aufsichtsbehörden und fallweise die Nagra mit ihrem Fachwissen 
beiziehen. Die Aufsichtsbehörden (das Eidgenössische Nuklearinspektorat (ENSI) und die 
Eidgenössische Kommission für nukleare Sicherheit (KNS)) nehmen zu Gesuchen und dem 
Betrieb von Kernanlagen betreffend Sicherheit und technischer Machbarkeit Stellung und 
gewährleisten mit ihrer Tätigkeit als unabhängige Instanzen die Einhaltung der Sicherheits-
bestimmungen. Das ENSI informiert die Öffentlichkeit über die Ergebnisse ihrer Aufsicht 
und ist deren Ansprechpartner für Sicherheitsfragen. Die Nagra ist von den Entsorgungs-
pflichtigen mit der Vorbereitung, dem Bau und dem Betrieb der Tiefenlager beauftragt. In 
dieser Rolle informiert die Nagra über ihre Arbeiten und Projekte, Untersuchungsresultate 
und später über den Bau und Betrieb der Anlagen. Sie pflegt einen aktiven Dialog mit den 
Interessierten. 
Die Nagra informiert frühzeitig und regelmässig über den Stand ihrer Arbeiten und über ihre 
Vorhaben. Ihre Informationsarbeit hat zum Ziel, die Anliegen der verschiedenen Anspruchs-
gruppen kennen zu lernen und diese über die nukleare Entsorgung allgemein sowie die Tätig-
keiten der Nagra im Besonderen zu informieren. Der Schweizer Öffentlichkeit werden die 
Gründe transparent dargelegt, warum die radioaktiven Abfälle in geologischen Tiefenlagern 
langfristig eingeschlossen werden sollen. Die Gesellschaft soll in die Lage versetzt werden, 
den Handlungsbedarf zu erkennen und sich zu den konkreten Arbeiten und Ergebnissen eine 
objektive Meinung bilden zu können. Durch ausgebildetes Fachpersonal sowie einen konti-
nuierlichen Anpassungsprozess an die Bedürfnisse der Anspruchsgruppen und die Verfah-
rensschritte werden die einzusetzenden Instrumente für die Information und Kommunikation 
auf aktuellem Stand gehalten. 
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Das vorliegende Entsorgungsprogramm dokumentiert die Rahmenbedingungen und das grund-
sätzliche Vorgehen für die Realisierung der benötigten, langfristig sicheren geologischen Tiefen-
lager und gibt Auskunft zu den in der Kernenergieverordnung aufgeführten Themenkreisen, 
jedoch ohne dem Sachplanverfahren vorzugreifen. Das Entsorgungsprogramm enthält auch einen 
Vorschlag der Entsorgungspflichtigen, wie die Lager auf konzeptueller Ebene auszulegen sind 
(inklusive vorhandener Varianten), wie bei der Realisierung die einzelnen Schritte ausgestaltet 
werden sollen, wie der Realisierungsplan dazu aussieht und welche finanziellen Mittel dafür not-
wendig sind. 

Für die nahe Zukunft ist das Arbeitsprogramm klar definiert. Bis zur nächsten Aktualisierung des 
Entsorgungsprogramms 2021 werden weitere Fortschritte erwartet. Im Fokus steht die Durch-
führung vertiefter erdwissenschaftlicher Untersuchungen in den verbleibenden geologischen 
Standortgebieten. Die daraus gewonnenen Erkenntnisse stellen eine wichtige Basis für die Aus-
wahl der Standorte für die Vorbereitung der Rahmenbewilligungsgesuche gemäss Konzept Sach-
plan geologische Tiefenlager (BFE 2008) und die Ausarbeitung der Rahmenbewilligungsgesuche 
für die geologischen Tiefenlager gemäss KEG (2003) und KEV (2004) dar. 
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Résumé 
 
De nombreuses étapes décisives ont été franchies en matière de gestion à long terme des déchets 
radioactifs en Suisse et l’on dispose aujourd’hui d’une expérience considérable dans les domaines 
nécessaires, à savoir le traitement et le conditionnement des déchets, leur caractérisation et leur 
inventaire ainsi que leur stockage intermédiaire et leur transport. S’agissant de la réalisation des 
dépôts géologiques en couches géologiques profondes, l’état des connaissances scientifiques et 
techniques a atteint un bon niveau. La démonstration de la faisabilité et de la sûreté à long terme 
du stockage géologique, à l’intérieur des frontières nationales et pour tous les déchets radioactifs 
produits en Suisse, a été apportée et approuvée par le Conseil fédéral.  

Le cadre légal a été établi et les mesures organisationnelles mises en place pour concrétiser la 
sélection des sites au cours des années à venir. En particulier, le concept du plan sectoriel « Dépôts 
en couches géologiques profondes », approuvé en 2008 par le Conseil fédéral, définit avec 
précision le cadre réglementaire de la procédure de sélection des sites actuellement en cours. En 
novembre 2011, la confirmation par le Conseil fédéral des domaines d’implantation proposés par 
la Nagra a conclu la première étape du plan sectoriel. Au cours de l’étape 2, dans chacun des 
domaines d’implantation, des emplacements potentiels pour les installations de surface ont été 
désignés en collaboration avec les régions et des études complémentaires ont été menées au regard 
de la géologie et de la sûreté. En janvier 2015, les propositions de la Nagra pour les domaines 
d’implantation où les investigations doivent être poursuivies à l’étape 3 ont été publiées par 
l’Office fédéral de l’énergie ; la décision du Conseil fédéral est attendue fin 2018. L’étape 3 du 
plan sectoriel comprendra la réalisation d’investigations géologiques approfondies dans les 
domaines d’implantation géologiques retenus. Ces études permettront de sélectionner les sites 
destinés aux dépôts en couches géologiques profondes pour déchets de faible et moyenne activité 
et de haute activité, en vue de la préparation de demandes d’autorisation générale conformément 
au plan sectoriel "Dépôts en couches géologiques profondes" (BFE 2008) et de la présentation 
des demandes correspondantes. Le présent rapport documente le programme de gestion élaboré 
par les producteurs de déchets tel qu’il est exigé par les dispositions légales applicables (art. 32 
de la Loi sur l’énergie nucléaire (KEG 2003) et art. 52 de l’Ordonnance sur l’énergie nucléaire 
(KEV 2004)). A l’instar du premier programme de gestion (programme de gestion 2008, Nagra 
2008a), la Nagra a été chargée de l’élaboration du programme de gestion 2016 par les producteurs 
de déchets. Le programme de gestion 2016 traite tous les aspects mentionnés à l’art. 52, al. 1 de 
l’Ordonnance sur l’énergie nucléaire. Il est structuré de la même manière que le programme de 
gestion 2008, tout en tenant compte des requêtes émises en 2013 par le Conseil fédéral au regard 
du programme de gestion 2016. Il décrit en outre les avancées réalisées dans l’intervalle et 
souligne les principales différences entre le programme de gestion 2016 et son prédécesseur 
(Nagra 2008a). 

Les principaux points abordés aux chapitres 2 à 8 du programme de gestion 2016 sont résumés 
ci-dessous selon l’art. 52, al. 1 de l’Ordonnance sur l’énergie nucléaire : 

• Origines, types et quantités de déchets radioactifs : La provenance, la typologie et les 
quantités de déchets radioactifs produits en Suisse sont connus. Quatre scénarios sont con-
sidérés dans le cadre du programme de gestion. Avec le scénario 1a sont prises en compte les 
quantités de déchets produits pendant une durée de fonctionnement de 47 ans pour la centrale 
nucléaire de Mühleberg et de 50 ans pour les centrales de Beznau, Gösgen et Leibstadt; le 
scénario 2a envisage une durée de fonctionnement de 60 ans pour les centrales de Beznau, 
Gösgen et Leibstadt. On a par ailleurs estimé les quantités de déchets à gérer dans les cas où 
la révision prévue de l’Ordonnance sur la radioprotection entrainait une modification des 
limites d’exemption des différents radionucléides (scénarios 1b et 2b).  
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C’est dans le cas du scénario 2b que l’inventaire des déchets à stocker dans les dépôts en 
couches géologiques profondes est le plus important. Pour le programme de gestion actuel, 
c’est par conséquent sur ce scénario que reposent les hypothèses effectuées (en l’absence 
d’autre indication dans le texte). Pour les déchets radioactifs issus du secteur médical, de 
l’industrie et de la recherche, la durée de stockage par défaut définie par le programme de 
gestion 2016 s’étend jusqu’en 2065 (fin de la période de mise en place des déchets dans le 
dépôt pour déchets de faible et moyenne activité).  

Les déchets produits sont conditionnés, caractérisés et inventoriés au fur et à mesure. Avant 
le début du conditionnement d’un flux de déchets, la Nagra détermine également si les colis 
de déchets fabriqués pour le procédé de conditionnement proposé sont adaptés au stockage 
final. Ces étapes sont requises pour l’autorisation par les autorités du procédé de conditionne-
ment proposé. Les déchets conditionnés sont également évalués dans le cadre des rapports de 
sûreté établis à différentes étapes du processus. D’une manière générale, la modification d’un 
procédé de conditionnement demeure possible en cas de découverte majeure. Outre les 
informations relatives aux déchets existants, un inventaire-type des matières radioactives 
(MIRAM) a été réalisé pour rendre compte des déchets produits à l’avenir. Le scénario 2b à 
la base du programme de gestion 2016 concorde pour une grande part avec la version 2014 
de l’inventaire MIRAM (Nagra 2014d), à l’exception des déchets de l’Institut Paul Scherrer, 
dont les volumes ont été revus sur la base de calculs actualisés.  

Les données relatives à la provenance, à la typologie et aux quantités de déchets radioactifs à 
gérer en Suisse constituent ainsi une base fiable pour la planification et la réalisation des 
dépôts en couches géologique profondes, ainsi que pour l'exploitation des dépôts inter-
médiaires existants.  

• Les dépôts en couches géologiques profondes requis et leur conception : Le modèle suisse 
de gestion des déchets radioactifs prévoit deux dépôts en couches géologiques profondes : 
l’un pour les déchets de faible et moyenne activité, l’autre pour les déchets de haute activité. 
Les deux dépôts peuvent être construits sur deux sites différents ; si les conditions géo-
logiques le permettent, un dépôt dit « mixte » ou « combiné » au même emplacement est 
également envisageable, avec la possibilité d’exploiter la même infrastructure de surface et 
de partager certaines voies d’accès vers le dépôt souterrain. Les exigences conceptuelles à 
respecter pour ces divers dépôts, sur la base des impératifs légaux et réglementaires, sont 
décrites et illustrées par des modèles. Les concepts de dimensionnement présentés satisfont à 
la condition énoncée dans la législation sur l’énergie nucléaire, à savoir que la sûreté à long 
terme est garantie par une succession de barrières de sécurité passives. Dans la perspective 
de la future réalisation du dépôt, plusieurs options conceptuelles ont été envisagées pour un 
certain nombre d’éléments, afin de pouvoir tenir compte de la situation spécifique sur le site 
sélectionné. Il est important de ménager une marge de manœuvre suffisante dans les 
procédures à venir, de sorte que les informations et les connaissances nouvelles (issues des 
résultats de l’exploration des sites ou de la recherche-développement) puissent être intégrées 
dans la conception des dépôts, assurant ainsi un aménagement optimal.  

• La répartition des déchets dans les dépôts en couches géologiques profondes : Lorsque 
les propositions de domaines d’implantations pour l’étape 2 du plan sectoriel ont été pré-
parées, l’attribution des déchets de haute activité, de moyenne activité à vie longue et de faible 
et moyenne activité à chacun des dépôts a été effectuée sur la base de critères de sûreté qui 
s’appliquaient aussi aux domaines d’implantation dont l’évolution à long terme n’autorisait 
le stockage que d’un inventaire réduit. Cette contrainte ne s’applique plus aux domaines 
d’implantation proposés par la Nagra pour l’étape 3. De ce fait, le programme de gestion 2016 
présente des alternatives pour le stockage des déchets de moyenne activité à vie longue, soit 
dans le dépôt pour déchets de haute activité, soit dans le dépôt pour déchets de faible et 
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moyenne activité. La répartition définitive des déchets dans les dépôts en couches géo-
logiques profondes se fera par étapes dans le cadre des différentes procédures d’autorisations 
nucléaires. Cette façon de procéder permettra d’optimiser la répartition des déchets et 
d’adapter les exigences qui leurs sont appliquées, sur la base des situations effectives 
rencontrées. 

• Le plan de réalisation pour la construction de dépôts en couches géologiques profondes : 
Les dispositions légales et réglementaires applicables ainsi que les exigences et hypothèses 
conceptuelles constituent le point de départ pour la définition d’un plan de réalisation pour 
les dépôts pour déchets de faible et moyenne activité et pour déchets de haute activité. Les 
exigences et les hypothèses permettent à la fois de définir le scénario général et d’établir la 
liste des travaux nécessaires. Le plan de réalisation a été élaboré après évaluation des délais 
requis pour l’exécution des opérations techniques et procédures administratives. Le calendrier 
suppose l’obtention de l’autorisation générale en 2031 ; le début de l’exploitation du dépôt 
pour déchets de faible et moyenne activité est fixé à 2050, celui du dépôt pour déchets de 
haute activité à 2060. Cette planification suppose l’absence d’une longue procédure de 
recours juridique et de tout retard majeur lors de l’exécution des travaux.  
Le plan de réalisation prend en compte les travaux spécifiques effectués sur les sites sélec-
tionnés pour les dépôts pour déchets de faible et moyenne activité et pour déchets de haute 
activité, ainsi que les travaux génériques indépendants des sites, lesquels doivent être exécutés 
dans le cadre d’un programme de recherche et développement. Les recommandations 
formelles des autorités compétentes concernant les travaux de la Nagra entrepris à ce jour ont 
par ailleurs été pris en compte. 
Le processus d’autorisation en plusieurs étapes mis en place par la Loi sur l’énergie nucléaire 
accorde la marge de manœuvre nécessaire à l’optimisation progressive des dépôts en couches 
géologiques profondes. Il autorise en outre le maintien d’une certaine flexibilité en vue de 
développements futurs et permet la prise en compte des connaissances futures acquises au 
cours de l’exploration en profondeur des sites et par la poursuite des travaux de recherche et 
développement.  
La responsabilité de la gestion des déchets incombe à leurs producteurs. Ceux-ci ont délégué 
à la Nagra l’ensemble des tâches nécessaires à la réalisation des dépôts en couches géo-
logiques profondes. La Nagra s’est dotée d’un système de gestion de la qualité axé sur ces 
exigences spécifiques et qui s’applique à tous les travaux. Pour la réalisation de ceux-ci, elle 
peut compter sur une équipe de collaborateurs hautement qualifiés, secondés par des manda-
taires chevronnés, et en partie aussi sur des centres de compétence et des instituts en Suisse 
et à l’étranger avec lesquels elle a passé des contrats pluriannuels, ainsi que sur des projets 
partenaires. 

• Durée et capacité requise pour l’entreposage centralisé et décentralisé : Les déchets 
radioactifs produits doivent être entreposés avant de pouvoir être transférés vers les dépôts en 
couches géologiques profondes. Les centres de stockage ZWILAG et ZWIBEZ disposent 
d’une capacité de stockage intermédiaire suffisante pour tous les déchets produits par 
l’exploitation et la désaffectation des centrales nucléaires, et ce même dans le cas du scénario 
envisageant le plus grand volume de déchets (scénario 2b). Pour l’entreposage des déchets 
attendus jusqu’en 2065 dans le secteur de la médecine, de l’industrie et de la recherche, 
jusqu’à leur stockage définitif en dépôts en couches géologiques profondes, on peut égale-
ment compter sur une capacité supplémentaire grâce notamment à l’extension du dépôt 
fédéral de l’Institut Paul Scherrer. En cas de retard rencontré pour la mise en service des 
dépôts en couches géologiques profondes, l’exploitation des dépôts de stockage intermé-
diaires pourra également être prolongée. L’infrastructure et la technologie requises pour le 
transport des déchets sont disponibles et éprouvées ; des concepts pour les infrastructures 
futures ont par ailleurs été développés. 
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• Plan de financement pour les travaux de gestion des déchets jusqu’à la cessation 
d’exploitation des centrales nucléaires : Les coûts de gestion des déchets et de la désaffec-
tation des installations nucléaires sont estimés tous les cinq ans dans le cadre des études de 
coûts afin de fixer les contributions que les propriétaires des installations nucléaires doivent 
verser aux fonds d’évacuation et de désaffectation ainsi que les provisions qu’ils doivent faire. 
La dernière étude des coûts transmise aux autorités date de 2011 (KS11). A partir de cette 
étude de coûts, conformément à l’article 4 de l’Ordonnance sur le fonds de désaffectation et 
sur le fonds de gestion des déchets radioactifs pour les installations nucléaires (SEFV 2007) 
et sur la base de l’examen effectué par l’Institut fédéral de la sécurité nucléaire avec l’appui 
d’experts indépendants, la commission administrative du fonds de désaffectation et du fonds 
de gestion des déchets des centrales nucléaires a ensuite demandé au Département fédéral de 
l’environnement, des transports, de l’énergie et de la communication de fixer le montant 
prévisible des coûts de désaffectation et de gestion des déchets pour chaque installation 
nucléaire. Suivant la décision du Conseil fédéral suisse concernant le programme de gestion 
des déchets de 2008, l’étude des coûts 2016 (KS16) doit être présentée en même temps que 
le programme de gestion des déchets 2016, ceci en vue d’assurer la cohérence des informa-
tions contenues dans les deux documents.  

Pour le calcul des coûts relatifs aux dépôts en couches géologiques profondes, il est nécessaire 
d’effectuer des hypothèses quant à leur réalisation, sans toutefois donner lieu à une prise de 
décision anticipée, ni émettre des préférences. Ces hypothèses sont compatibles avec le 
programme de gestion des déchets. Cependant, ni dans l’estimation des coûts, ni dans le 
programme de gestion 2016, il ne s’agit d’anticiper sur les décisions qui seront prises lors des 
étapes ultérieures de la réalisation des dépôts géologiques. En présence de décisions 
importantes, plusieurs variantes sont par conséquent proposées pour l’évaluation des coûts. 

Le financement des coûts à venir doit être pris en charge directement par les propriétaires 
(coûts de mise hors service des centrales nucléaires), d’une part, et par les fonds de désaffec-
tation et de gestion des déchets pour les coûts associés, respectivement, à la désaffectation 
des centrales et aux travaux de gestion des déchets après la mise hors service des centrales, 
d’autre part. Le calcul des provisions est basé sur l’étude de coûts actuelle (KS16). Ceci 
permet d’assurer la couverture de l’ensemble des coûts attendus par les provisions existantes 
et futures tout en tenant compte des revenus de capitaux conformément à l’Ordonnance sur 
le fonds de désaffectation et sur le fonds de gestion des déchets radioactifs pour les installa-
tions nucléaires (SEFV 2007).  

• Stratégie d’information : Dans la perspective de la réalisation des dépôts en profondeur 
nécessaires, il est essentiel d’entretenir un dialogue actif avec les intéressés et d’informer le 
public de manière détaillée sur toutes les questions ayant trait à la gestion des déchets nuclé-
aires. La population doit connaître les différents acteurs de la procédure et les comprendre 
leurs rôles respectifs. La responsabilité générale pour le plan sectoriel « Dépôts en couches 
géologiques profondes » incombe à l’Office fédéral de l’énergie, qui est par conséquent aussi 
chargé d’informer la population et de lui garantir une participation adéquate. L’Office fédéral 
de l’énergie peut consulter les autorités de surveillance, ou dans certains cas la Nagra, pour 
des questions spécifiques. En qualité d’organes indépendants, les autorités de surveillance 
(l’Institut fédéral de la sécurité nucléaire) et la Commission fédérale de sécurité nucléaire) 
examinent les requêtes et contrôlent l’exploitation d’installations nucléaires sur le plan de la 
sûreté, et de la faisabilité technique, garantissant ainsi le respect des dispositions relatives à 
la sûreté. L’Institut fédéral de la sécurité nucléaire communique également au public les résul-
tats de ses activités de surveillance et joue le rôle d’interlocuteur de la population pour toutes 
les questions de sûreté et de sécurité. La Nagra, quant à elle, est chargée par les producteurs 
de déchets de la planification, de la construction et de l’exploitation des dépôts en couches  
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géologiques profondes. À ce titre, elle doit fournir des informations sur ses travaux et projets, 
sur les résultats d’études, et ultérieurement au sujet de la réalisation et de l’exploitation des 
installations. Elle entretient un dialogue actif avec les personnes intéressées. 

La Nagra communique sans retard et de façon régulière sur l’état d’avancement de ses travaux 
et de ses projets. Ses activités de communication ont pour but de connaître les préoccupations 
des divers intéressés et de les informer sur le stockage des déchets nucléaires en général et 
sur les activités de la Nagra en particulier. La Nagra explique de manière transparente au 
public suisse pourquoi les déchets radioactifs doivent être confinés dans des dépôts en 
couches géologiques profondes. La société doit être en mesure de reconnaître la nécessité 
d’agir et se faire une opinion objective sur les projets et résultats concrets. Les instruments 
d’information et de communication sont mis à jour par du personnel qualifié, en prenant soin 
de les adapter continuellement aux groupes cibles et aux étapes de la procédure en cours. 

Le présent programme de gestion documente les conditions cadres et la démarche générale pro-
posées pour réaliser, avec la sûreté requise, les dépôts en profondeur nécessaires à long terme. Il 
renseigne en outre sur les points figurant dans l’Ordonnance sur l’énergie nucléaire, sans toutefois 
anticiper sur la procédure du plan sectoriel. Les producteurs de déchets y proposent également 
une solution (et des alternatives) pour la conception des dépôts, des étapes concrètes et le plan 
pour la réalisation et dressent enfin la liste des moyens financiers nécessaires.  

Le programme d’activité pour l’avenir proche est clairement défini. D’ici à la prochaine mise à 
jour du programme de gestion en 2021, on escompte des progrès notables, en particulier la réali-
sation d’investigations géologiques approfondies dans les domaines d’implantation géologiques 
retenus. Les connaissances ainsi acquises constitueront une base importante pour la sélection des 
sites en vue de la préparation de demandes d’autorisation générale dans le cadre du plan sectoriel 
« Dépôts en couches géologiques profondes » (BFE 2008) et ensuite, de l’élaboration des 
demandes d’autorisation générale pour les dépôts en couches géologiques profondes conformé-
ment à la Loi sur l’énergie nucléaire (KEG 2003) et à l’Ordonnance sur l’énergie nucléaire (KEV 
2004). 
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1 Introduction and objectives 

1.1 Background and requirements for the 2016 Waste Management 
Programme 

The following English translation is provided information purposes only. The original German 
text1 remains the only official and legally binding version. Nagra disclaims responsibility for any 
misunderstanding or misinterpretation due to this translation. 

According to the nuclear energy legislation (Nuclear Energy Act (KEG) 2003 and Nuclear Energy 
Ordinance (KEV) 2004)2, the Federal Government has the lead role in the nuclear waste manage-
ment programme. Various instruments are available to the Government, in particular the Sectoral 
Plan for Deep Geological Repositories (SGT) for repository site selection (Swiss Federal Office 
of Energy (SFOE), BFE 20083 ), the Waste Disposal and Decommissioning Funds for securing 
the financing, and the Waste Management Programme that addresses overarching aspects of waste 
management and disposal. The boundary conditions and requirements for successful realisation 
of safe waste disposal are thus already in place. 

The Nuclear Energy Act and Ordinance oblige the waste producers4 to submit a Waste Manage-
ment Programme to the responsible authorities and to update this every five years (KEV Art. 52). 
The Nuclear Energy Act (KEG Art. 32) and the Nuclear Energy Ordinance (KEV Art. 52) contain 
information on the required content and structure of the Programme; these requirements are 
shown in Tab. 1-1. The Waste Management Programme was prepared by Nagra on behalf of the 
waste producers; it is directed mainly to the authorities but is formulated in such a way as to be 
informative for the wider public. 

The first Waste Management Programme (Nagra 2008a; NTB 08-01) was prepared by Nagra and 
submitted to the Federal Department of the Environment, Traffic, Energy and Communications 
(DETEC) in 2008. Based on the review by the Swiss Federal Nuclear Safety Inspectorate (ENSI) 
and the Swiss Federal Office of Energy (SFOE) (ENSI 2011a), the Nuclear Safety Commission 
(NSC), as well as the evaluation of the results of the public consultation phase, the Federal Coun-
cil confirmed in an order of 28th August 2013 that the 2008 Waste Management Programme 
(WMP08) fulfilled the legal mandate of the waste producers according to Art. 32 of the Nuclear 
Energy Act, Art. 52 of the Nuclear Energy Ordinance and paragraph 3 of the Federal Council 
resolution of 2nd April 2008 on the Sectoral Plan for Deep Geological Repositories. 

The Federal Council also noted the report prepared by Nagra to address the recommendations 
made in the various expert opinions on the 'Entsorgungsnachweis' feasibility demonstration pro-
ject (Nagra 2008b: NTB 08-02) and ordered that the next Waste Management Programme should 
be submitted in 2016 together with the 2016 Cost Study and a Research, Development & 
Demonstration Plan (RD&D Plan).  

  
                                                           
1  Nagra (2016): Entsorgungsprogramm 2016 der Entsorgungspflichtigen. Nagra Technischer Bericht NTB 16-01. 
2  English translations (for information purposes, no legal force) of the Nuclear Energy Act and the Nuclear Energy 

can be found on the website of the Federal Council (https://www.admin.ch/opc/en/classified-compilation 
/20010233/index.html and https://www.admin.ch/opc/en/classified-compilation/20042217/index.html). 

3  An English translation (for information purposes, no legal force) of the conceptual part of the sectoral plan can ve 
found on the website of the Swiss Federal Office of Energy (http://www.bfe.admin.ch/themen/00511/01432/ 
06819/index.html?lang=en&dossier_id=06849). 

4  The waste producers are the electricity utilities, as the operators of the nuclear power plants, and the Swiss Con-
federation, which is responsible for radioactive waste from medicine, industry and research (MIR, see Chapter 2). 

https://www.admin.ch/opc/en/classified-compilation/20010233/index.html
https://www.admin.ch/opc/en/classified-compilation/20010233/index.html
https://www.admin.ch/opc/en/classified-compilation/20042217/index.html
http://www.bfe.admin.ch/themen/00511/01432/06819/index.html?lang=en&dossier_id=06849
http://www.bfe.admin.ch/themen/00511/01432/06819/index.html?lang=en&dossier_id=06849


NAGRA NTB 16-01E 2  

Tab. 1-1: Requirements on the Waste Management Programme: taken from the Nuclear 
Energy Act (KEG 2003) and the Nuclear Energy Ordinance (2004). 

 

• Those required to manage and dispose of radioactive waste shall draw up a waste 
management programme, which shall include a financial plan up to the time at which the 
nuclear installations will be taken out of operation. The Federal Council shall specify a 
deadline by which the waste management programme is to be submitted (KEG Art. 32, 
par. 1). 

• The waste management programme shall be reviewed by an authority designated by the 
Federal Council, after which it shall be forwarded by the Department to the Federal 
Council for approval (KEG Art. 32, par. 2). 

• Those required to manage radioactive waste must include the following information in 
the waste management programme (KEV Art. 52 par. 1): 
a. origin, types and quantity of radioactive waste; 
b. the required deep geological repositories, including their design concepts; 
c. allocation of radioactive waste to the deep geological repositories; 
d. plan for the realisation of the deep geological repositories; 
e. duration and required capacity of centralised and decentralised interim storage; 
f. financial plan for waste management operations up to decommissioning of the nuclear installa-

tions, including details concerning:  
1. the activities to be carried out, 
2. the associated costs, 
3. the type of financing 

g. the information concept. 
• The persons responsible for the management of radioactive waste are obliged to 

periodically adapt the programme to changing circumstances (KEG Art. 32, par. 4). 
• The waste management programme must be updated every five years (KEV Art. 52, 

par. 2). 
• ENSI and the Federal Office are responsible for reviewing and monitoring of compliance 

with the waste management programme (KEV Art. 52, par. 3). 
• The Federal Council shall provide regular reports on the programme to the Federal 

Assembly (KEG Art. 32, par. 5). 

 
The Federal Council also attached specific obligations in 2013 to the Waste Management Pro-
gramme 2016 (WMP16); these are contained in Appendix A.5. An important starting-point for 
these obligations was the review of the WMP08 by ENSI and the SFOE (ENSI 2011a). The 
responses of the Nuclear Safety Commission (KNS 2011) to the WMP08 that were taken into 
consideration in the conditions formulated by the Federal Council are also summarised in Appen-
dix A.5. The Appendix also outlines how the conditions imposed by the Federal Council have 
been addressed in WMP16. 

Reference is made in Appendix A.6 to specific recommendations for the WMP16. The informa-
tion in Appendix A.6.2 relates to requirements from a project on 'Waste Management in Com-
parison', which is part of the research programme on radioactive waste of the Federal Workgroup 
for Nuclear Waste Disposal (AGNEB 2014). 
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1.2 Overarching elements of waste management and the current status of 
work 

The overarching elements of waste management5 are shown schematically in Figs. 1-1a and b. 
The starting-point can be summarised as follows: 

• Nuclear energy has been used in Switzerland to generate electricity and produce process heat 
and district heating since the end of the 1960s (start of operation of the Beznau I nuclear 
power plant: 1969, Beznau II and Mühleberg: 1972, Gösgen: 1979, Leibstadt: 1984). Aside 
from energy production, radioactive waste has been produced for decades in the areas of 
medicine, industry and research.  

• The radioactive waste is conditioned on an ongoing basis into a form suitable for further 
management steps and is held safely in interim storage facilities until such time as it can be 
delivered to the relevant repository. The required central and decentralsed interim storage 
capacity is available (see Chapter 6). 

• In line with international practice, the Swiss waste management concept assumes two deep 
geological repositories: one for low- and intermediate-level waste (L/ILW repository) and 
one for spent fuel assemblies and vitrified high-level waste from reprocessing (HLW reposi-
tory). L/ILW and alpha-toxic waste (ATW: see Chapter 2) which are currently assigned to 
the HLW repository are designated as long-lived low- and intermediate-level waste (ILW; 
reference should be made to section 4.1 for information on waste allocation to the L/ILW and 
HLW repositories, including variants considered in the WMP16). 

• Work on deep geological repositories in Switzerland has been ongoing for around 40 years 
and has led to a solid scientific-technical knowledge base. Important milestones include the 
demonstrations of disposal feasibility for low- and intermediate-level waste (for the example 
of Oberbauenstock (Nagra 1985a), which was confirmed by the Federal Council in 1988), 
and for high-level waste (for the example of the Opalinus Clay in the Zürcher Weinland 
(Nagra 2002a, b and c), confirmed by the Federal Council in 2006), the work on identifying 
sites and siting regions (site selection L/ILW: Nagra 1981, Nagra 1983, Nagra 1993, HSK 
2001) and on clarifying the possibilities for HLW disposal (Nagra 2005), including selection 
of the Opalinus Clay and the Zürcher Weinland for the 'Entsorgungsnachweis' feasibility 
demonstration for HLW (Nagra 1988, Nagra 1991, Nagra 1994a, Nagra 1994c, AkEnd 2002, 
HSK 2002, HSK 2005a). For the L/ILW repository, the Wellenberg project reached the stage 
of a general licence application (GNW 1994, Nagra 1994b, HSK 1996). The project was 
withdrawn following two negative votes on a cantonal level. Within the framework of the 
Sectoral Plan process, the existing knowledge base was consolidated and documented in a 
series of reports (SGT Stage 1: Nagra 2008c, d and e; SGT Stage 2: Nagra 2010, Nagra 2014a, 
b and c). The current legislation (KEG 2003, KEV 2004) regulates waste management com-
prehensively and forms an important basis for the Waste Management Programme described 
in the present report. The conceptual part of the Sectoral Plan for Deep Geological Reposi-
tories (SGT, BFE 2008) approved by the Federal Council in 2008 sets out the procedure for 
selecting geological siting regions with a view to general licence applications for the reposi-
tories for L/ILW and HLW.  

  

                                                           
5  According to Art. 3b of the KEG, waste management consists of conditioning, interim storage and disposal of the 

radioactive waste in deep geological repositories. 
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• As part of SGT Stage 1, Nagra proposed six siting regions that fulfil the geological and safety-
related requirements set out in the Sectoral Plan (Fig. 1-2). The regulatory authorities con-
firmed the proposals and the Federal Council included the six siting regions in the Sectoral 
Plan in a decision of November 2011.  

• Potential siting areas for the surface facilities were identified based on collaboration with the 
siting regions and additional geological and safety-related investigations were carried out in 
SGT Stage 2. In August 2014, the authorities confirmed that the level of geological know-
ledge achieved by Nagra was sufficient to allow (as foreseen in the Sectoral Plan) the proposal 
of at least two siting regions for each repository type to the SFOE; this was done in December 
2014. Based on its investigations and the results of a safety-based comparison, Nagra pro-
posed the siting regions Zürich Nordost and Jura Ost for further investigation in Stage 36. 

• The results of the ongoing geological investigations in the remaining siting regions and the 
extensive scientific-technical knowledge base will allow Nagra, in Stage 3, to select sites for 
the L/ILW and HLW repositories for preparation and submission of general licence applica-
tions according to the Sectoral Plan (BFE 2008). 

 
  

                                                           
6  As part of the evaluation of the documentation, it is being discussed whether the Nördlich Lägern siting region 

should also be included in Stage 3. To avoid further delays, Nagra has already submitted an exploration concept 
for Nördlich Lägern (Nagra 2016d). Planning work has also begun, together with the first geological investigations 
(3D seismics). 
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Fig. 1-1a: The elements to be addressed in the Waste Management Programme in the case of 
two separate repositories for HLW and L/ILW. 
(i) All radioactive waste arising in Switzerland and its conditioning (see Chapter 2), (ii) inte-
rim storage (see Chapter 6) and (iii) allocation of the waste to the deep geological repositories 
(see Chapter 4), one for low- and intermediate-level waste (L/ILW) and one for spent fuel 
assemblies (SF) and high-level waste (HLW) (including an SF/HLW encapsulation plant; for 
a detailed illustration see section 3.2). Long-lived intermediate-level waste (ILW) and L/ILW 
will be packaged in disposal canisters before being emplaced in the repository (for an 
illustration of the ILW / L/ILW encapsulation plant see sections 3.2 and 3.3). 

The emplacement of ILW in both the HLW and L/ILW repositories will be considered as 
variants in WMP16 (see section 4.1). 

Depending on the operating lifetimes of the NPPs, the option exists (see Tab. A.4-5 and refe-
rence in Chapter 6) to emplace some decommissioning waste directly in the L/ILW reposi-
tory.  
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Fig. 1-1b: The elements to be addressed in the Waste Management Programme in the case of a 
combined repository for HLW and L/ILW at the same site where components of the 
surface infrastructure and at least part of the access structures to underground can be 
used jointly. 
(i) All radioactive waste arising in Switzerland and its conditioning (see Chapter 2), (ii) inte-
rim storage (see Chapter 6). A combined repository includes a SF/HLW encapsulation plant; 
for a detailed illustration see section 3.2). L/ILW and ILW will be packaged in disposal 
canisters and containers before being emplaced in the repository (for an illustration of the 
ILW / L/ILW encapsulation plant see sections 3.2 and 3.3).  

In the case of a combined repository, a suitable layout will allow optimisation of the waste 
allocation based on specific waste properties (HLW, ILW, L/ILW; see section 4.1) and the 
design of the geological repository. 

Depending on the operating lifetimes of the NPPs, the option exists (see Tab. A.4-5 and refe-
rence in Chapter 6) to emplace some decommissioning waste directly in the combined reposi-
tory.  
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Fig. 1-2: The six geological siting regions proposed as the result of Stage 1 of the Sectoral 
Plan process (Nagra 2008c). 

 

1.3 Objective, content and structure of the Waste Management Programme 
The objective of the Waste Management Programme (WMP) is to provide – from the perspective 
of the waste producers – a comprehensive presentation of the work required for disposing of all 
radioactive waste in Switzerland (strategic work programme) and to identify the conceptual 
requirements and assumptions for the design of the facilities and their stepwise realisation. The 
work programme and underlying implementation plan documented in the Waste Management 
Programme are intended to serve as the basis for the periodic updating of the cost studies and 
deciding on the financial reserves and annual contributions to the Waste Disposal Fund (Funds 
Ordinance SEFV 2007). Because of differing requirements and the somewhat different objectives, 
the WMP is deliberately formulated more broadly than the cost study (see Chapter 7). The 
WMP16 includes several variants to allow stepwise optimisation and to maintain sufficient flexi-
bility to allow changes in external requirements and future scientific-technical developments and 
advances to be taken into consideration.  
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The WMP shows: 

• How the starting-point for the different elements of waste management is defined, what room 
for manoeuvre exists for optimising the organisation of waste management activities and what 
flexibility is required to take into account future developments7. 

• What has to be realised on what timescale within the framework of which legal and regulatory 
boundary conditions (realisation plan), how realisation of the elements of waste management 
that have still not been implemented (particularly for deep geological repositories) should be 
approached (associated work programme), and how the existing room for manoeuvre in opti-
mising the facilities and the required flexibility for taking future developments into account 
can be maintained8. 

• What documentation is required for the different stages and processes. 

• What overarching activities are required for realising the deep geological repositories and 
preparing the required documentation and what resources (time, costs) are needed. 

In presenting the scientific-technical knowledge base for waste management, the WMP refers to 
the extensive documentation of Nagra's work as part of the 'Entsorgungsnachweis' feasibility 
demonstration project and the ongoing Sectoral Plan process. However, the WMP does not pre-
empt any decisions that are to be made in another context. 

This applies in particular to: 

• The evaluation of potential geological siting regions and sites within the context of the 
Sectoral Plan process (BFE 2008). 

• The specification of the main features of the design of the repositories for HLW and L/ILW 
(site, facility concept, allocated waste categories, maximum disposal capacity) in the general 
licence according to the KEG (2003). 

• Detailed design of the repositories in the different nuclear licences according to the KEG 
(2003). 

• Definition of the field work required in the different phases by the applications and licences 
for geological investigations according to the KEG (2003). 

The present report is structured as follows: Chapter 1 provides an introduction to the Waste 
Management Programme (WMP) and describes its objectives and structure. Chapter 2 describes 
the origin, types and volumes of radioactive waste, as well as its conditioning, characterisation 
and inventorying. Chapter 3 introduces the required deep geological repositories and their design 
concepts, while Chapter 4 discusses the allocation of the waste to the repositories. Chapter 5 con-
tains the implementation plan for the deep geological repositories, including the supporting 
research and development programme, and Chapter 6 describes the duration and capacity of the 
required centralised and decentralised interim storage. Chapter 7 covers the costs and financing 
of waste management. Chapter 8 documents the information/communication strategy and 
Chapter 9 contains the conclusions. 

                                                           
7  For this reason, variants are discussed in the WMP for the different aspects of waste management in order to show 

what flexibility is required for optimisation (taking into account project-related scientific-technical knowledge and 
advances) and what flexibility is required for accommodating changes in external requirements (e.g. changes in the 
waste for disposal). 

8  The deliberations documented in WMP16 in this respect are also presented in the form of a table in Appendix A.2. 
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There is considerable agreement in terms of structure and content between the 2016 and 2008 
Waste Management Programmes. The reasons for this are: 

• The requirements on the WMPs are anchored in KEV Art. 52 par. 1 (see Tab. 1-1) 

• The WMP is understood as a long-term work programme that provides an overall description 
of the main activities required for managing all radioactive waste arising in Switzerland 

• The conceptual requirements and fundamental assumptions for the design of the facilities and 
their stepwise realisation have remained largely unchanged since the 2008 Programme 

For all central topics, Chapters 2 to 8 begin with a brief description of how the assumptions and 
principles underlying WMP16 have changed since 2008. With the exception of editorial changes 
and updating of reference information, important topic-specific differences between WMP16 and 
its predecessor are thus easily identifiable by the reader. 

The key differences between WMP08 and the WMP16 are: 

• The conditions attached by the Federal Council to WMP08 are given adequate consideration 
in WMP16. 

• The updating of the realisation plans, including the implications for interim storage, is pre-
sented in WMP16. 

• A revision of the Radiological Protection Ordinance (Strahlenschutzverordnung StSV) is 
planned. The new nuclide-specific clearance levels that are expected with the revision are 
taken into consideration in WMP16 using different scenarios (scenario 1b, 2b). 

• WMP16 contains a brief presentation of the significant progress made in the Sectoral Plan 
process since 2008. Proceeding from a blank map of Switzerland, six potential siting regions 
proposed in Stage 1 were approved in a Federal Council decision of 2011 and recorded in the 
so-called object-sheets. Building on intensive collaboration with the siting regions, Stage 2 
saw at least one siting area for a surface facility being identified in each region. Nagra also 
proposed the siting regions for further investigation in Stage 3 to the Swiss Federal Office of 
Energy (SFOE); the decision of the Federal Council on this proposal is expected for the end 
of 2018. With a view to Stage 3, further field investigations (3D seismics) were carried out 
in selected regions and applications submitted for exploratory boreholes. 

• The first report on research, development and demonstration (Nagra 2009) was prepared by 
Nagra in the follow-up to WMP08 and appropriate weight was therefore assigned to the focus 
of RD&D work in WMP08. The requirement of the Federal Council that the next WMP in 
2016 should be submitted at the same time as the RD&D Plan means that an important refe-
rence report (Nagra 2016a) exists for WMP16. The RD&D report explains the purpose, scope, 
type and timeline of activities (RD&D programme) in detail, with the emphasis on the work 
to be carried out in the next 10 years or so. In addressing RD&D work, WMP16 therefore 
restricts itself to a short presentation of topics that are discussed in detail in the RD&D Plan 
(Nagra 2016a). 
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2 Origin, types and volumes of radioactive waste 

Key differences between WMP08 and WMP16 
The main commonalities and differences between WMP08 and WMP16 are presented in the 
following. Section 2.1 explains the reasons for the differences in waste volumes between WMP08 
and WMP16. In WMP08, a 50-year operating lifetime is assumed for the existing NPPs and a 
collection period for MIR waste up to the year 2050. Other scenarios in WMP08 considered a 60-
year NPP operating lifetime (with collection of MIR waste up to the year 2060), as well as 
additional waste volumes from electricity production from new NPPs. 

In WMP16, again a 50-year operating lifetime is assumed for the NPPs, with the exception of 
Mühleberg; the latter is now assumed to operate for 47 years. This takes into account the shutdown 
of the Mühleberg in 2019. The waste volumes for 60 years of NPP operation (Mühleberg again 
47 years) are also considered. For both cases, new scenarios with and without additional waste 
volumes due to the possible revision of the Radiological Protection Ordinance are presented. All 
scenarios assume a collection period for MIR waste up to the year 2065 (end of emplacement 
operations for the L/ILW repository; see section 5.3). The information on conditioning, charac-
terisation and inventorying of the waste remains the same in principle as in WMP08; changes are 
restricted to editorial modifications and updating of reference information.  

2.1 Description of the radioactive waste 
In Switzerland, the categories9 specified in Nuclear Energy Ordinance (KEV) Art. 51 are used for 
describing the waste: 

• High-level waste (HLW) includes spent fuel assemblies (SF) not destined for further use and 
vitrified fission product solutions from the reprocessing of spent fuel. 

• Alpha-toxic waste (ATW) is waste with a content of alpha emitters exceeding a value of 
20,000 Becquerels/g of conditioned waste. 

• Low- and intermediate-level waste (L/ILW) is all other radioactive waste. 

In Switzerland, radioactive wastes and materials are produced in the use of nuclear energy and 
the application of radioactive materials in the areas of medicine, industry and research (MIR). As 
already mentioned, WMP16 considers four different scenarios (Tab. 2-1) for the volumes and 
arisings with time of the waste: 

• Scenario 1a: 50-year operation of the NPPs Beznau, Gösgen and Leibstadt and 47-year 
operation for Mühleberg. The nuclide-specific clearance limits in the existing Radiological 
Protection Ordinance (StSV 1994) are assumed. 

• Scenario 1b: Operating times as in scenario 1a but taking into account the new nuclide-speci-
fic clearance limits in the expected revision of the Radiological Protection Ordinance and the 
decay storage of very low activity materials (see section 6.1). 

• Scenario 2a: 60-year operation of the Beznau, Gösgen and Leibstadt NPPs, otherwise as for 
scenario 1a. 

• Scenario 2b: Operating lifetimes as for scenario 2a but taking into account the new nuclide-
specific clearance limits in the expected revision of the Radiological Protection Ordinance 
and the decay storage of very low activity materials (see section 6.1). 

                                                           
9  This categorisation is in line with international practice and is based on the physical properties of the waste arising 

in Switzerland. 
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Tab. 2-1: Overview of the four scenarios considered in WMP16. 
 

Scenario NPP operation StSV 1) Decay storage 2) 

1a 50 years (Mühleberg 47) Existing No decay storage 

1b 50 years (Mühleberg 47) Revised With decay storage 

2a 60 years (Mühleberg 47) Existing No decay storage 

2b 60 years (Mühleberg 47) Revised With decay storage 

1) The Radiological Protection Ordinance (StSV) is currently being revised; this will lead to a change in 
the nuclide-specific clearance limits. The change is considered by way of precaution in WMP16 
(scenarios 1b and 2b). 

2) According to the current status of the StSV now under revision, the time for decay storage is a maxi-
mum of 30 years (StSV Art. 85, par. 2). For more information on decay storage, refer to section 6.1. 

 
The volumes and arisings with time of the MIR waste is based on the following assumptions: 

• For MIR operational waste, a collection period up to the end of waste emplacement in the 
L/ILW repository is assumed (up to 2065, see section 5.3). 

• For the operational waste from the hot-lab of the Paul Scherrer Institute (PSI), a collection 
period up to 2034 (scenarios 1a, 1b) and 2044 (scenarios 2a, 2b) is assumed. These collection 
periods coincide with the end of commercial operation of NPP Leibstadt (see Tab. A.4-5). 

The Swiss waste management concept presented in Fig. 1-1 includes both reprocessing and direct 
disposal of spent fuel. In the past, around 1,139 t of fuel (uranium/heavy metal, tU) were sent for 
reprocessing. The Nuclear Energy Act (KEG Art. 106 par. 4) introduced a moratorium on repro-
cessing and this was extended by 4 years by a transitional provision in 2016 10. It is assumed for 
WMP16 that reprocessing will not be resumed by Switzerland. This assumption is conservative 
in terms of inventory and waste volumes as reprocessing leads to a reduction of the waste volumes 
for emplacement in a repository as well as the radiological inventory. For direct geological 
disposal of spent fuel, the prediction is around 2,433 tU (47/50 years operation for Mühle-
berg/other NPPs) and 2,932 tU (47/60 years operation). 

The waste volumes for the scenarios 1a to 2b are presented in Tab. 2-2a to d. These tables first 
show the volume of "delivered" and conditioned waste; this corresponds to the volume required 
for interim storage. As the waste will be packaged in disposal containers before being emplaced 
in the emplacement rooms of a repository (see sections 3.2 and 3.3), the volume for waste 
packaged in disposal containers is given in brackets. The properties of the waste are documented 
in detail in Nagra (2014d). The arising of the waste with time (conditioned and also packaged in 
disposal containers) for scenario 2b is shown in Fig. 2-1 (top and bottom) as a cumulative curve 
divided according to the origin of the waste.  

  

                                                           
10  Spent fuel assemblies could not be exported for reprocessing for a period of ten years from 1st July 2006. The 

Federal Assembly can extend this period by a maximum of ten years by a simple resolution. The period was exten-
ded by four years on 1st July 2016 (Nuclear Energy Act Art. 106 par. 4). 
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The designations used in the following (see Tab. 2-2a – d and Appendix A.9) are largely identical 
to those in the corresponding tables of WMP08. Differences relate to: 

• Reprocessing waste WA (NPP)-HLW in Tab. 2-2a – d corresponds to HLW (WMP08) 

• Reprocessing waste WA (NPP)-ATW in Tab. 2-2a – d corresponds to WA-MA (WMP08) 

• Operational and reactor waste BA / RA (NPP) in Tab. 2-2a – d is summarised in WMP08 
under BA (operational waste) 

Additionally, WMP16 differs from WMP08 in terms of: 

• A more accurate estimate of the arising waste volumes 

• Concretisation of the assumptions relating to packaging 

• Realisation of different optimisation steps on the part of the waste producers 

These slightly altered boundary conditions result in differences in terms of waste volumes 
between WMP08 and WMP16. This is highlighted in the following for the different waste cate-
gories and for the "packaged volumes" that are relevant for disposal in scenario 1a. This is largely 
identical with the so-called "reference case" considered in WMP08. The number of packages 
assumed for WMP16 has changed slightly from WMP08. 

The main reasons for the proportionally relevant differences in the waste volumes are discussed 
in more detail in the following: 

• Spent fuel (SF): Increase in the packaged volume by 534 m3: The restriction on the complete 
filling of the disposal canisters is a result of the need to limit the maximum permissible heat 
output of the canisters 11 ; this boundary condition has not changed from WMP08. For 
information on volume, however, different boundary conditions were assumed in WMP08 
and WMP16 regarding the selection of fuel assemblies for optimum loading of the disposal 
canisters (see section 3.2.1). 

• Reprocessing waste (WA-HLW): Reduction of the packaged volume by 332 m3: The high-
level waste from reprocessing is conditioned in special steel containers (180-litre flasks). In 
WMP08, one 180-l flask is packaged into one disposal canister, while WMP16 assumes that 
three 180-l flasks are packaged into one (longer) disposal canister with significantly better 
use of the available volume. 

• Reprocessing waste (WA-ATW): Reduction of the packaged volume by 906 m3: In WMP08, 
it was assumed that 390 200-l packages with bituminised slurries would be returned from 
reprocessing. Based on new agreements, these are replaced in WMP16 with 20 180-l flasks 
with vitrified slurries. Tighter packaging is assumed, at the same time with a smaller disposal 
container, for all 180-l flasks (without exception packages for reprocessing waste-ATW). 

  

                                                           
11  The calculation of the number of canisters required takes into account that, based on current understanding, a 

SF/HLW canister can have a maximum heat output of 1,500 Watt per canister at the time of emplacement. The 
result is that a small proportion of the SF/HLW disposal canisters cannot be fully loaded. 



NAGRA NTB 16-01E 14  

• Operational waste (BA) and reactor waste (RA): Increase in the packaged volume by 
3,549 m3: In WMP08, a disposal container with a volume of 26 m3 was used for disposal-
ready enclosure of 200-l packages and special cast containers (Mosaik-II); 36 200-l packages 
or 3 Mosaik-II containers were packaged in these disposal containers. A disposal container 
with 10.3 m3 is now planned for the 200-l packages; this will hold 12 200-l packages (less 
favourable packaged volume per container). One Mosaik-II will now be placed in a 4.5 m3 
container (more favourable packaged volume per Mosaik-II container). WMP16 has an over-
all larger packaged volume because of the significantly larger number of 200-l packages com-
pared to the Mosaik-II containers. 

• Decommissioning waste (SA) (NPP/ZWILAG): Reduction of the packaged volume by 
2,890 m3: This is the result, on the one hand, of improved packaging of the Mosaik-II con-
tainers (see above) and, on the other hand, use of weakly contaminated and activated concrete 
from decommissioning for partial filling of containers with metallic wastes. This was not 
considered in WMP08. 

• MIR: Reduction of the packaged volume by 18,031 m3: In WMP08, the data for CERN waste 
were unknown and details of the PSI waste from decommissioning the accelerator facility 
were uncertain; only a conservative estimate was available. In addition to the likely waste 
volumes for these waste streams, a reserve volume of 12,000 m3 was taken into account. In 
WMP16, the CERN waste is assumed to be around 4,000 – 5,000 m3 (see Tab. 2-2a – d). 
Based on the current data for PSI, the reserve no longer has any effect, which leads to an 
effective reduction of around 8,000 m3. In WMP08, a figure of 11,000 m3 was estimated for 
the PSI accelerator facility. Detailed calculations carried out for WMP16 have shown that a 
volume of only around 2,000 m3 is expected, giving an additional reduction of around 
9,000 m3. The remaining decrease of around 1,000 m3 results from a general reduction in the 
predictions for future arisings of operational waste. 

• Spent fuel encapsulation plant (BEVA): Reduction of the packaged volume by 252 m3: 
More compact packaging of the waste in small containers instead of large containers means 
that there is a difference in WMP16 compared to WMP08 between delivered and packaged 
volumes.  
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Tab. 2-2a: Waste volumes in cubic metres for 50-year operation of Beznau, Gösgen and Leib-
stadt and 47 years for Mühleberg for the current Radiological Protection Ordinance 
(scenario 1a). 
Explanations for scenarios 1a – 2b: Volumes of delivered and conditioned waste and the 
volume "packaged" in disposal containers in brackets. The information is divided according 
to the categories in the Nuclear Energy Ordinance (KEV 2004) with HLW = high-level waste, 
ATW = alpha-toxic waste and L/ILW = low- and intermediate-level waste. Additional divi-
sion according to origin with SF: spent fuel assemblies; WA: waste from reprocessing; BA: 
operational waste from the NPPs and ZWILAG; RA: reactor waste from the NPPs consisting 
of exchangeable components from the reactor pressure vessel that arise during operation (no 
SF); SA: decommissioning waste from the NPPs and ZWILAG, including Lucens waste; 
MIR: waste from medicine, industry and research, including CERN waste; BEVA: waste 
from the operation and decommissioning of the encapsulation plants and disposal of the 
transport and storage casks for SF. "BEVA" also includes a certain reserve from the other 
surface facilities. 

Non-reprocessed fuel assemblies (SF) are packaged into disposal canisters without further 
conditioning before emplacement in the HLW emplacement drifts. The first volume given is 
the non-packaged SF. The number in brackets is the packaged volume, whereby some empty 
positions in the canisters have to be taken into consideration because of the limit on the maxi-
mum permissible heat output. 

 

 Origin Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(NPP) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 K
E

V
 HLW     1,126 1) 

(7,129) 
   114 2) 

(398) 
      8 4) 

(8) 
 1,248 

(7,536) 

ATW        99 2)  
(414) 

  24 
(24) 

154 
(573) 

   277 
(1,011)  

L/ILW     7,352 
(28,094) 

   416 
(1,595) 

17,847 
(26,006) 

  9,755 
(14,478) 5) 

   567 
(1,968) 

35,937 
(72,141) 5) 

Total     1,126 3) 
(7,129) 

213 
(812) 

  7,352 
(28,094) 

   416 
(1,595) 

17,871 
(26,030) 

  9,917 
(15,059) 5) 

   567 
(1,968) 

37,462 
(80,687) 5) 

1) Corresponds to 2,433 tU. 
2) Waste from reprocessing of 1,139 tU. 
3) Full loading of disposal canisters (without empty positions) would result in a volume of 6,455 m3. 
4) Fuel assemblies from the DIORIT reactor. Assumption: packaged in two disposal canisters. 
5) Contains 4,014 m3 for waste from CERN not considered in the 2016 Cost Study. 
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Tab. 2-2b: Waste volumes in cubic metres for 50-year operation of Beznau, Gösgen and Leib-
stadt and 47 years for Mühleberg for the expected revision of the Radiological Pro-
tection Ordinance (scenario 1b). 

 

 Origin Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(NPP) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 K
E

V
 HLW      1,126 1) 

(7,129) 
   114 2) 

(398) 
   8 4) 

(8) 
 1,248 

(7,536) 

ATW        99 2)  
(414) 

  24 
(24) 

154 
(573) 

    277 
(1,011)  

L/ILW     7,473 
(28,260) 

   416 
(1,595) 

18,839 
(27,366) 

14,213 
(18,972) 5) 

   567 
(1,968) 

41,508 
(78,161) 5) 

Total     1,126 3) 
(7,129) 

213 
(812) 

  7,473 
(28,260) 

   416 
(1,595) 

18,863 
(27,390) 

14,375 
(19,553) 5) 

   567 
(1,968) 

43,033 
(86,708) 5) 

1) Corresponds to 2,433 tU. 
2) Waste from reprocessing of 1,139 tU. 
3) Full loading of disposal canisters (without empty positions) would result in a volume of 6,455 m3. 
4) Fuel assemblies from the DIORIT reactor. Assumption: packaged in two disposal canisters. 
5) Contains 4,883 m3 for waste from CERN not considered in the 2016 Cost Study. 
 
 

Tab. 2-2c: Waste volumes in cubic metres for 60-year operation of Beznau, Gösgen and Leib-
stadt and 47 years for Mühleberg for the current version of the Radiological Protec-
tion Ordinance (scenario 2a). 

 

 Origin Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(NPP) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 K
E

V
 HLW     1,357 1) 

(8'995) 
    114 2) 

(398) 
   8 4) 

(8) 
 1,479 

(9,402) 

ATW        99 2)  
(414) 

  24 
(24) 

168 
(634) 

     291 
(1,072)  

L/ILW     8,167 
(31,068) 

  478 
(1,811) 

17,847 
(26,006) 

  9,776 
(14,563) 5) 

   651 
(2,302) 

36,919 
(75,750) 5) 

Total     1,357 3) 
(8,995) 

213 
(812) 

  8,167 
(31,068) 

  478 
(1,811) 

17,871 
(26,030) 

  9,952 
(15,205) 5) 

   651 
(2,302) 

38,689 
(86,224) 5) 

1) Corresponds to 2,932 tU. 
2) Waste from reprocessing of 1,139 tU. 
3) Full loading of disposal canisters (without empty positions) would result in a volume of 7,676 m3. 
4) Fuel assemblies from the DIORIT reactor. Assumption: packaged in two disposal canisters. 
5) Contains 4,104 m3 for waste from CERN not considered in the 2016 Cost Study. 
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Tab. 2-2d: Waste volumes in cubic metres for 60-year operation of Beznau, Gösgen and Leib-
stadt and 47 years for Mühleberg with the expected revision of the Radiological Pro-
tection Ordinance (scenario 2b). 

 

 Origin Total 

SF 
(KKW) 

WA 
(KKW) 

BA 
(KKW) 

RA 
(KKW) 

SA 
(KKW) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 K
E

V
 HLW    1,357 1) 

(8,995) 
   114 2) 

(398) 
   8 4) 

(8) 
 1,479 

(9,402) 

ATW        99 2)  
(414) 

  24 
(24) 

168 
(634) 

    291 
(1,072)  

L/ILW     8,326 
(31,271) 

  478 
(1,811) 

18'839 
(27'366) 

14,222 
(19,010) 5) 

   651 
(2,302) 

42,516 
(81,760) 5) 

Total     1,357 3) 
(8,995) 

213 
(812) 

  8,326 
(31,271) 

  478 
(1,811) 

18'863 
(27'390) 

14,398 
(19,652) 5) 

   651 
(2,302) 

44,286 
(92,234) 5) 

1) Corresponds to 2,932 tU. 
2) Waste from reprocessing of 1,139 tU. 
3) Full loading of disposal canisters (without empty positions) would result in a volume of 7,676 m3. 
4) Fuel assemblies from the DIORIT reactor. Assumption: packaged in two disposal canisters. 
5) Contains 4,883 m3 for waste from CERN not considered in the 2016 Cost Study. 
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Fig. 2-1: Arisings with time of radioactive waste in Switzerland (in cubic metres) for the 
existing nuclear power plants and from MIR for a collection period up to 2065 for 
scenario 2b. 
Timescale from the start of operation of NPP Beznau (1970 as an approximate average for 
Beznau I and II) to the end of emplacement in the HLW repository (2075). 

Waste divided according to origin (for abbreviations see Tab. 2-2a). 

Top: Volume of conditioned waste required for storage in the interim storage facilities 
(cumulative curve according to origin, see Tab. 2-2d). Bottom: Volume for waste packaged 
in disposal containers (cumulative curve according to origin, see Tab. 2-2d, information in 
brackets). 
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2.2 Conditioning, characterisation and inventorying of radioactive waste 
The radioactive waste arising today is conditioned12, characterised and inventoried on an ongoing 
basis: 

• As a result of a moratorium on reprocessing, spent fuel assemblies have been packaged with-
out treatment in transport and storage casks since 2006 and held in the ZWILAG centralised 
interim storage facility and the ZWIBEZ storage facility at the Beznau NPP once they have 
cooled sufficiently in the fuel storage pools at the power plants or the wet storage facility at 
the Gösgen NPP.  

• The waste from reprocessing in England (Sellafield) and France (La Hague) is conditioned 
into a form that meets Swiss requirements relating to transport, storage and deep geological 
disposal. The waste is returned to Switzerland and stored in ZWILAG or ZWIBEZ. As the 
result of a change in the processing procedure in France, part of the long-lived intermediate-
level waste will be returned to Switzerland as so-called CSD-B steel flasks with vitrified 
waste and not in the form of bitumen as originally planned. For waste from reprocessing in 
England, low- and intermediate-level waste will be substituted by a volume of vitrified high-
level waste with equivalent radiotoxicity. This significantly reduces the number of transports 
and the amount of organic substances for disposal. 

• For the NPP operational waste (including exchangeable reactor components), conditioning 
procedures exist for all the waste streams shown. Conditioning of waste is carried out 
routinely directly on site, and partly also in the centralised ZWILAG facility. The latter 
applies particularly to waste that is incinerated or melted in the plasma furnace. 

• Concepts for the treatment of waste from decommissioning the NPPs have been prepared as 
part of decommissioning studies, taking into account experience worldwide and the waste 
was characterised by Nagra as part of modelling studies. The decommissioning studies are 
reviewed periodically (see Chapter 7) and the information on the waste is updated based on 
new experience. The appropriateness of the procedures for conditioning decommissioning 
waste will be checked again before their implementation. 

• Waste from small MIR producers is collected on behalf of the Federal Office of Public Health 
(FOPH). The Paul Scherrer Institute (PSI) is responsible for conditioning and interim storage 
(StSV 1994, Art. 87). The waste from large research facilities (PSI, CERN) and from decom-
missioning the various research installations (technical schools, universities) is conditioned 
or – if the nuclide inventory is short-lived – placed in decay storage until it is ready for con-
ventional disposal or concepts are available for its disposal or minimisation. 

Tab. 2-3 provides an overview of the conditioning procedures that are planned or already in use; 
the information corresponds to that in WMP08. 
  

                                                           
12  According to Art. 3d of the KEG, conditioning is defined as all operations involved in preparing radioactive waste 

for interim storage or disposal in a deep geological repository, particularly mechanical shredding, decontamination, 
compaction, incineration, embedding in waste matrices and packaging. 
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Tab. 2-3: Overview of conditioning methods planned and already in use. 
Identical conditioning methods are used for comparable MIR waste (e.g. slurries, con-
centrates, mixed wastes). 

 

Producer Raw waste Pre-treatment Solidification 
material 

Conditioning plant 

Beznau Ion-exchange resins Draining / suction Polystyrene Drying and 
solidification 

Slurries Precipitation / 
centrifuge 

Cement In-drum mixer 

Filter cartridge Drum preparation Cement Cementing facility 

Gösgen Ion-exchange resins Hot air drying Bitumen Extruder 
Concentrates Concentration by 

distillation 
Bitumen Extruder 

Filter cartridges Compaction Cement Cementing facility 

Leibstadt Ion-exchange resins 
and concentrates 

Centrifuge and 
evaporation 

Cement In-drum mixer 

Concentrates Evaporation Cement In-drum mixer 
Fuel assembly 

channels 
Cutting with 

underwater shears 
Cement Cementing facility 

Mühleberg  Ion-exchange resins Drying and 
thermolysis 

Cement In-drum mixer 

Slurries Thickening Cement In-drum mixer 
Fuel assembly 

channels 
Cutting with 

underwater shears 
Cement Cementing facility 

All NPPs  Compressible 
mixed wastes up to 

2004 

High-pressure 
compaction 

Cement Cementing facility 

Combustible mixed 
wastes up to 2004 

Incineration Cement Pilot incineration 
plant PSI 

Mixed wastes from 
2005 

Incineration / melting Glass for slag 
formation 

Plasma furnace 
ZWILAG 

Non-compressible / 
combustible wastes 

Mixing / casting Cement Cementing facility 

Weakly activated 
reactor waste 

Cutting Cement Cementing facility 

Strongly activated 
reactor waste 

Cutting – Packaging in cast 
containers 

AREVA 
NC 

Fission product 
solutions 

Calcination Glass Vitrification plant 

Hulls and ends Drying and high-
pressure compaction 

– Packaging in flasks 

Slurries Calcination Glass Vitrification plant 
Sellafield 
Ltd 1) 

Fission product 
solutions 

Calcination Glass Vitrification plant 

1)  Other waste from reprocessing at Sellafield Ltd is substituted by additional HLW (see text). 
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The transports required in connection with conditioning (particularly for the collection campaigns 
from small MIR producers and for use of the plasma furnace at ZWILAG) are carried out routinely 
under the legislation regulating the transport of dangerous goods. The conditioning of radioactive 
waste requires a type approval according to ENSI Guideline HSK-B05. 

Procedures regulated by the authorities (cf. ENSI Guidelines HSK-B05, HSK 2007) ensure that 
the properties of the conditioned waste are suitable for further waste management steps and that 
all the information required in the future is available and documented in a suitable form. This 
includes the procedure for certifying waste package types as suitable for disposal in a repository. 
In later steps, procedures for preliminary acceptance will be carried out for individual waste 
packages, during which the conformity of the packages with the relevant specifications will be 
checked. Before a waste conditioning procedure can be approved for use by the responsible 
authority (ENSI), the procedure proposed by the waste producer, and in particular the waste 
packages that will be produced, have to be evaluated by Nagra in terms of their suitability for 
disposal. If necessary, the proposed conditioning procedure can be optimised by the waste pro-
ducer in agreement with Nagra. The requirements and measures are defined in negotiations with 
the waste producers and formulated as specifications which ensure that the waste is conditioned 
into a form that is suitable for transport and disposal and can be held in interim storage and trans-
ferred to the repository without any further intervention. In exceptional cases, the waste may have 
properties (e.g. increased gas production, increased heat output, excessive swelling) that require 
special measures in the geological repository. These are applied during packaging in the disposal 
containers or during emplacement in the emplacement rooms. The different chemical properties 
of the waste are also taken into account and, depending on chemical composition, the waste will 
be emplaced in different emplacement rooms. 

The production conditions are monitored during conditioning and selected package properties are 
measured. These data are checked for compatibility with the specifications and are documented 
by the individual waste producers as well as centrally by Nagra. As part of its supervisory role, 
ENSI monitors and checks the preparation and implementation of conditioning procedures for all 
radioactive waste and grants the corresponding approvals. 

The knowledge of the waste required for planning waste management activities is acquired as part 
of characterisation programmes and is recorded centrally. The Information System for Radio-
active Materials (ISRAM) is used to document information on waste that already exists. The 
Model Inventory of Radioactive Materials (MIRAM, currently Nagra 2014d), which is updated 
periodically, provides a complete overview of both existing waste and waste expected to arise in 
the future. The information in the two databases provides a reliable and comprehensive descrip-
tion of the properties of all waste for disposal as a basis for the planning and implementation of 
further waste management steps (interim storage, transport, geological disposal). 

The entire process of selecting conditioning procedures, waste characterisation and inventorying 
was defined by Nagra together with the waste producers. Each conditioning procedure is specified 
by the waste producers, evaluated by Nagra in terms of suitability of the resulting waste packages 
for disposal and, if the outcome is positive, approved by ENSI. The supporting technical work 
takes into account regulatory guidelines (ENSI Guideline HSK-B05, HSK 2007) and is specified 
in agreements. The tools required (preliminary acceptance conditions, instruments for evaluating 
the safety of the waste, databases for all available information and its analysis etc.) are already 
available.  

Besides suitability for disposal, the waste properties are evaluated by Nagra as part of safety 
analyses required for the different decision-making milestones. Besides radionuclide inventory 
(radiotoxicity, radiogenic heat, radiolysis), the chemical and physical properties of the raw wastes 
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and their treatment and solidification and packaging are evaluated. The effects of gas formation 
due to metal corrosion under anoxic conditions (Diomidis 2014) and degradation of organic 
materials are also evaluated (Warthmann et al. 2013a &b). Particularly because of the potential 
influence of complexants13, it may be appropriate to divide the waste into different groups and 
dispose of them separately in different emplacement rooms. 

The status of the technology for waste treatment is re-evaluated periodically and developed further 
as appropriate. For many years, the focus has been on the possibility of melting metals and 
reducing the content of organic materials. The latter is carried out for some waste in the plasma 
furnace at ZWILAG. Reference should be made to Appendix A.6.2 for the relevance of gas forma-
tion due to metal corrosion and degradation of organic materials. 

Besides radiological safety, chemo-toxicity also has to be taken into consideration in waste 
management. This is done formally as part of the Environmental Impact Assessment (Environ-
mental Protection Act (USG) 1983; see Chapter 5). The waste inventory is therefore characterised 
in terms of its chemo-toxicity (Häner et al. 2014). Even taking into account conservative release 
models, no risk to the environment is expected from the chemo-toxicity of radioactive waste. 

2.3 Summary 
The origin, types and volumes of waste for disposal in Switzerland are known. The current Waste 
Management Programme assumes scenario 2b, which leads to the largest waste inventory for 
emplacement in the repositories and includes the largest waste volumes (see Tab. 2-2d). It 
assumes an operating lifetime of 47 years for the Mühleberg NPP and 60 years for the other NPPs 
and takes into account the expected revision of the Radiological Protection Ordinance (see 
Tab. 2-1). WMP16 assumes a collection period up to 2065 for radioactive wastes and materials 
from medicine, industry and research. According to the implementation plan underlying in the 
present report (Tab. A.4-2), the emplacement of low- and intermediate-level waste from the NPPs 
in the L/ILW repository will be complete by this time. 

The waste is continuously conditioned, characterised and inventoried. Before the start of condi-
tioning of a waste stream, the proposed conditioning process has to be evaluated by Nagra in 
terms of the suitability for disposal of the resulting waste packages. This is a prerequisite for the 
regulatory approval of routine conditioning. The conditioned waste is evaluated and modified on 
the basis of new information in the safety reports prepared for the different milestones. Besides 
information on existing waste, there is also a model inventory of waste that will arise in the future. 
This provides a reliable basis for planning and realising the geological repositories and managing 
the available interim storage capacity. 

 

                                                           
13  Complexants can be formed by the degradation of organic materials and can increase the mobility of radionuclides. 

Complexants and their influence on the sorption of relevant radionuclides are therefore investigated systematically 
and considered in the safety analysis, e.g. Van Loon & Kopajtic (1990), Van Loon & Glaus (1998), Glaus & Van 
Loon (2004), Glaus & Van Loon (2008), Wieland (2014), Cloet et al. (2014). 



 23 NAGRA NTB 16-01E  

3 Deep geological repositories 

Key differences between WMP08 and WMP16 
The focus of Chapter 3 is on presenting the different aspects of the waste management and dispo-
sal concepts. The overview of concepts for HLW and L/ILW disposal in different countries was 
updated for WMP16. In Switzerland, the principle of a safety concept consisting of staged, passive 
safety barriers (waste matrix, waste container, backfilling/sealing and the geological barrier) is 
well established and the explanations of the main aspects of safety therefore remain unchanged. 
In terms of geology, the knowledge base in WMP16 is more detailed compared to WMP08. This 
is reflected in the progress with the Sectoral Plan since 2008 and the field investigations planned 
with a view to Stage 3 of the process. The planning studies represent a key change in terms of use 
of space and environmental impact; these studies were prepared as part of an intensive collabora-
tion with the siting regions and document the siting areas for the repository surface facilities. The 
design concepts presented in WMP08 for the HLW, L/ILW and combined repositories are still 
valid. Greater emphasis is now placed on variants of these basic concepts. 

3.1 Introduction and overview 
A working group appointed by DETEC (Expert Group on Disposal Concepts for Radioactive 
Waste, EKRA) presented its final report in 2000 (EKRA 2000). The working group was tasked 
with evaluating all possible waste disposal concepts and came to the conclusion that only deep 
geological disposal can ensure the required long-term safety. At the same time, EKRA presented 
a concept that took account of societal wishes for monitoring and waste retrievability. This 
concept met with wide approval and the concept of deep geological disposal became part of the 
legislation in Switzerland (KEG 2003, KEV 2004). A deep geological repository14 is defined by 
the following features: 

• Type and volume of waste for disposal (waste inventory) 
• The safety concept tailored to the types of waste (contributions of geological and engineered 

barriers to safety), which ensures the permanent protection of humans and the environment. 
The selected safety concept defines the requirements on the site (geological barriers) and the 
design of the repository (engineered barriers) 

• The planned monitoring of the repository and possibilities for retrieval of the waste 
• The selected site with: 

− A favourable geological situation with  
− sufficient long-term stability (suitable large geological area and favourable local 

situation), 
− a containment-providing rock zone with suitable barrier properties and a favourable 

hydrogeological situation, and 
− a sufficient extent of host rock at the preferred depth that can accommodate the 

required layout of the underground facilities. 
  

                                                           
14  KEG Art. 3c defines a deep geological repository as a facility in the geological underground that can be sealed 

when the permanent protection of humans and the environment is assured by a system of passive barriers. 
According to Art. 64 of the KEV, the repository consists of a main repository for emplacement of the radioactive 
waste, a pilot repository and test areas. 
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− Local situation at the earth's surface which allows the configuration of the surface infra-
structure of the repository (surface facility, accesses) to be realised in such a way that 
potential conflicts in terms of use of space and the environment can be avoided as far as 
possible during the exploration, construction, operation, monitoring and long-term 
monitoring after closure. 

Tab. A.1-1 (Appendix A.1) provides an overview of the requirements and information in laws 
and regulatory documents for the design of deep geological repositories in Switzerland. 

3.1.1 Waste disposal concepts: an overview 
In practically all countries with a nuclear energy programme, the disposal of the resulting 
radioactive waste is done, or will be done, in repositories, taking into account the differences in 
the waste types by constructing more than one facility. In repositories (in contrast to interim 
storage), the waste is isolated on the long term without the intention of retrieval. 

The most important source of information on disposal concepts worldwide is the regular reporting 
by various international mechanisms. As part of the Joint Convention on the Safety of Spent Fuel 
Management and on the Safety of Radioactive Waste Management (IAEA 1997) of the Inter-
national Atomic Energy Agency, periodic country reports are prepared which document the mea-
sures taken to fulfil the obligations of the Convention. The reports also contain information on 
the facilities and the waste to be emplaced in them. 

Guideline 2011/70/Euratom was issued under the auspices of Euratom in 2011 (Euratom 2011). 
This obliges member states to prepare a national waste management programme which sets out 
the strategy for disposal of spent fuel and radioactive waste. The first programme had to be sub-
mitted by each member state by August 2015. 

Nagra also obtains detailed information on individual national programmes through participation 
in a large number of international bodies (particularly as part of the International Association for 
Environmentally Safe Disposal of Radioactive Materials EDRAM), working groups and projects 
(particularly within the framework of the Nuclear Energy Agency NEA of the OECD), as well as 
through bilateral cooperation agreements with other waste management organisations. 

Overall, it can be said that many countries already have operational repositories for low- and 
intermediate-level waste (many surface or near-surface). In some countries, the disposal pro-
grammes for high-level waste (and spent fuel) are already far advanced (cf. Tab. 3-1). 
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Tab. 3-1: Information on selected foreign repositories and disposal projects.  
a) Repositories for low- and intermediate-level waste 

 

Country Repository Status 

Belgium Dessel (surface) Operation from around 2022 

Germany Asse (former potash and salt mine) In use from 1965 to 1995 to test waste 
disposal; current planning foresees the 
retrieval of the waste 

Konrad (former iron ore mine) Completion from 2022 

Morsleben (former salt mine) Operation ended, decommissioning/clean-up 
underway 

Finland Olkiluoto In operation since 1992 

Loviisa In operation since 1998 

France Centre de la Manche (surface) Decommissioned (operated till 1994) 

Centre de l'Aube (surface) In operation since 1992 

UK Dounreay (surface) In operation since 1957 

Drigg (surface) In operation since 1959 

Japan Rokkasho (surface) In operation since 1992 

Canada Kincardine Licensing application underway, operation 
from around 2025 

Port Hope – "historic waste" (surface) Preparation of construction phase underway 

Sweden SFR1 In operation since 1988, extension to 2023 
planned 

Spain El Cabril (surface) In operation since 1992 

South Korea Gyeong-ju, Wolsong In operation since 2015 

Czech Republic Richard (near-surface) In operation since 1964 

Dukovany (near-surface) In operation since 1995 

Hungary Püspökszilágy (surface) In operation since 1976 

Bátaapáti  Emplacement in first disposal rooms since 
2012, still under construction 

USA Numerous surface repositories in 
operation (Hanford Site, Idaho National 
Laboratory, Los Alamos National 
Laboratory, Nevada National Security 
Site, Savannah River Site, Barnwell, 
Clive, Andrews County) and closed 
(Beatty, Maxey Flats, Sheffield, West 
Valley)  

 

 

First facility operational from 1963 

 
  



NAGRA NTB 16-01E 26  

Tab. 3-1: (continued) 
b) Repositories for spent fuel, vitrified high-level waste and long-lived intermediate-level 

waste, with information on host rock (in brackets) 
  

Country Repository Status 

Belgium Site not yet identified (clay) In planning, decision in principle of 
government expected (clay recommended 
as host rock by ONDRAF/NIRAS) 

Germany Site not yet identified 
(claystone/granite/salt) 

New procedure being defined, site selec-
tion around 2031, exploration work in 
Gorleben completed (started in 1979) 

Finland Olkiluoto (granite) Site selection confirmed by Parliament in 
2001. ONKALO URL constructed at site, 
construction licence granted in 2015, start 
of operation from 2022 

France Bure region (clay rock) URL in operation in siting region, con-
struction licence application 2018, step-
wise pilot operation from around 2025 

Canada Site not yet identified Site selection process underway, site selec-
tion around 2023 

Sweden Oskarshamn or Östhammar 
(granite) 

Licence application submitted in 2011, 
pilot operation from around 2029 

USA Site not yet identified Licensing process stopped, and options 
investigated, deep geological disposal 
recommended by "Blue Ribbon Com-
mission", new site selection process being 
prepared 

WIPP for long-lived ILW (salt) In operation since 1999 
 

In line with international practice, the Swiss waste management concept also foresees two reposi-
tories: one for low- and intermediate-level waste (L/ILW) and one for high-level waste (HLW) 
(for information on allocation of the waste to the two repositories see section 4.1). The design of 
the repositories (including identification of the site) has to take into consideration the specific pro-
perties of the waste intended for disposal. Because of the heterogeneity of the waste, these con-
siderations result in two repositories that differ in terms of their design and the demands placed 
on the host geology. The possibility exists of locating the two repositories at the same site. This 
option is being evaluated in Switzerland as the so-called combined repository project (see 
section 3.4). 

The law specifies that, in principle, Swiss radioactive waste should be disposed of within Switzer-
land (Nuclear Energy Act KEG Art. 30 par. 2). However, by way of exception and under certain 
conditions, the law does allow for the possibility of disposal abroad (Nuclear Energy Act KEG 
Art. 34 par. 4). This would come into question mainly for HLW (e.g. final report of the EU project 
SAPIERR I: Stefula 2006, SAPIERR II: Verhoef 2009). Since 2009, the European working group 
ERDO has been investigating whether an organisation can be set up to implement one or more 
multinational repositories in Europe; Switzerland is not represented in ERDO. The decision 
whether some of the waste will be disposed of as part of such a multinational initiative will have 
to be made before construction of the repository in question begins. The Swiss waste producers 
have ruled out disposal of foreign waste in a repository located in Switzerland. 
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As yet, there are no deep geological repositories in operation in Switzerland, but there is a sound 
technical-scientific basis for moving ahead with the disposal programme; wide experience already 
exists in preparing repository projects and establishing the necessary background. Repository 
concepts capable of ensuring the required long-term safety have been developed and are docu-
mented in key Nagra reports (Nagra 1985a, b and c, Nagra 1994b, Nagra 1994c, Nagra 2002c); 
these have also been reviewed by the authorities and their experts (HSK 1986a, HSK 1996, HSK 
2004, OECD/NEA 2004, HSK 2005b, KNE 2005, KSA 2005). Particularly worth mentioning are 
the demonstrations of disposal feasibility ('Entsorgungsnachweis') for L/ILW and HLW. The 
existing knowledge base has been expanded as part of the Sectoral Plan process, safety has been 
evaluated and the results have been summarised in a series of reports (SGT Stage 1: Nagra 2008c, 
d and e; SGT Stage 2: Nagra 2010, Nagra 2014, a, b and c). 

In principle, there is a range of concepts for designing the engineered barriers and for the layout 
of the emplacement rooms (Nagra 2016b). As part of an AGNEB research project on repository 
design, questions relating to the repository design for the two facility types were widely discussed 
and the results brought together in a synthesis report (ENSI 2016). The concepts proposed by 
Nagra are generally considered as meaningful and appropriate for ensuring safety. Switzerland 
can also benefit from the wide experience available in other countries; this applies particularly to 
France with a host rock for its planned HLW repository that is very similar to the Opalinus Clay 
– the preferred host rock for both repositories in Switzerland (e.g. ANDRA 2005, ANDRA 2012). 
For the engineered barriers for a HLW repository, relevant experience is also available from 
Sweden and Finland (e.g. SKB 2011, Posiva 2012), where the programmes are already far 
advanced. It is also possible to draw on the extensive know-how available in the area of con-
ventional underground construction. 

3.1.2 Disposal concepts: the different aspects 
A disposal concept is defined by selecting safety concepts and using these to derive the require-
ments applying to the geology and design of the repository and the required construction, opera-
tion and closure technologies. They contain information on the technologies required for the dif-
ferent realisation steps, measures for monitoring the repository and technology for possible 
retrieval of the waste with reasonable effort. These are described briefly in the following, together 
with indications of the degree of flexibility required for optimising repository design concepts in 
the future.15 

  

                                                           
15  The waste producers have to consider optimisation measures in every step of realising the repositories (including 

closure) (ENSI-G03, ENSI 2009a). Optimisation means that, for each safety-relevant decision, various relevant 
alternatives and their significance for operational and long-term safety have to be weighed against one another and 
a decision made that is favourable overall for safety. Optimisation measures are required in so far as this is possible 
and reasonable given the status of science and technology. This approach ensures that all the necessary measures 
have been taken to ensure that the legally defined protection objectives can be met during operation and after 
closure of a repository. Appropriate optimisation measures also have to be checked in terms of an additional gain 
in safety. Appropriateness has to be evaluated in an overall context and the optimisation process must be docu-
mented. The documentation will accompany the submission of the general licence application as the next step in a 
multi-stage licensing procedure according to the KEG (2003). 
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Safety concept: Experience worldwide shows that a range of possibilities exists for structuring 
the safety concept for deep geological repositories. This leads to different configurations for the 
repository components – particularly for the engineered barriers in specific geological settings – 
that all ensure a sufficient level of safety. The differences are at least partly due to the different 
geological boundary conditions. 

The safety concept has to ensure the permanent protection of humans and the environment by 
passive barriers (KEG Art. 3c). A safety concept with several different passive safety functions 
that complement one another in time is therefore followed.16 The Swiss multibarrier concept is 
made up of the waste matrix, waste container and disposal canister/container, backfilling/sealing 
and the geological barrier. The geology plays a key role: besides isolating the waste from the 
human environment and ensuring long-term stability, it also has to make a significant contribution 
to the barrier function (radionuclide retention). The multibarrier concept for SF (Fig. 3-1a), HLW 
(Fig. 3-1b), long-lived ILW (Fig. 3-1c)17 and L/ILW (Fig. 3-1d)14 is illustrated in Fig. 3-1. 

 
  

                                                           
16  According to ENSI G-01, Appendix 1 (ENSI 2011b), a safety function is one that contributes to fulfilling the 

protection objectives.  
17  The integrity of the disposal containers for long-lived ILW and L/ILW has to be assured up to the time of possible 

retrieval for reasons of feasibility and operational safety. The safe containment of non-volatile nuclides in the 
disposal container is also assured. Taking into account uncertainties, a containment time of around 100 years from 
emplacement is thus assumed for the containers for long-lived ILW and L/ILW so that the monitoring phase (see 
section 5.4) is also covered in terms of safety. 
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Fig. 3-1a: Safety concept for the HLW repository with staged passive safety barriers for spent 
fuel assemblies (SF). 
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Fig. 3.1b: Safety concept for the HLW repository with staged passive safety barriers for 
vitrified high-level waste (HLW). 
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Fig. 3-1c: Safety concept for the HLW repository with staged passive safety barriers for long-
lived intermediate-level waste (ILW). 
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Fig. 3-1d: Safety concept for the L/ILW repository with staged passive safety barriers. 
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Repository design: Variants exist for the design of the engineered barriers and for the basic con-
figuration of the emplacement rooms (Nagra 2016b). As the details of the repository projects 
become more concrete in the course of the Sectoral Plan process and the further licensing proce-
dures according to the KEG (2003), the design will be refined and adapted to local conditions and 
the suitability of the different variants will be evaluated. The final repository design (detailed 
layout of the underground emplacement rooms and configuration of the engineered barriers) is 
decided based on the results of underground geological investigations (see section 5.1 and 
Tabs. A.4-3 and A.4-4). The results of future RD&D activities should also be taken into account 
(cf. section 5.7), as should relevant experience from foreign programmes. To ensure optimisation 
of existing repository design projects, sufficient flexibility should be maintained to allow new 
findings to be taken into consideration up to the time of the nuclear construction licence applica-
tion. 

Technology for construction, operation and closure of the repositories: Concepts based on 
state-of-the-art technology already exist for the construction, operation and closure of geological 
repositories (e.g. infrastructure and technology for handling the waste, for installing the engi-
neered barriers and for closing the facility) (Nagra 2002a, Nagra 2008e). Considerable advances 
can be expected in general technological fields (robotics, electronic control systems etc.) up to 
the time when construction begins, and these should be integrated into the definitive configuration 
of the disposal technology. Repository-specific development programmes are underway with the 
involvement of Nagra (e.g. the EU ESDRED project; ESDRED 2009) or which have been initia-
ted by Nagra (Nagra 2016a). Relevant experience in foreign programmes should also be con-
sidered. Sufficient flexibility to allow new technological developments to be integrated into the 
project should therefore be maintained up to the time of the nuclear construction licence applica-
tion.  

Monitoring and retrievability: Monitoring and retrievability form an integral part of the 
geological disposal concepts in the Swiss programme, but also in several foreign programmes. 
The possibility to reverse decisions and, in particular, to retrieve the waste are being considered 
in depth in the "Reversibility and Retrievability" (R&R) Project of the OECD/NEA (OECD/NEA 
2011). Concepts for monitoring and retrievability are modified periodically to take the most recent 
developments into account. For monitoring technology, relevant information is available from 
results and experience gained in experiments in rock laboratories, for example the EU project 
"MoDeRn" (Monitoring Developments for Safe Repository Operation and Staged Closure 2009 
– 2013; White 2014). Both conceptual aspects and technological questions are being addressed in 
the new EU research programme "Modern2020" (Development & Demonstration of Monitoring 
Strategies and Technologies for Geological Disposal), meaning that a broadly-based concept for 
monitoring will be available by the time of the general licence applications. Exactly how the 
monitoring programme will be set up depends on both technical progress in operational aspects 
and on the decision as to what phenomena are to be observed. The final decision will be made 
only after completion of underground geological investigations. 

Concepts for waste retrieval have been developed on the basis of existing technology. Con-
siderable technological advances (e.g. in underground construction) are also expected in this area 
up to the time of the nuclear construction licence application and experience will also accumulate 
in foreign programmes. Technological advances should be considered for the final design within 
the scope of the nuclear construction licence. 
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3.1.3 Geology 
Based on many years of work, there is now a wide understanding both in Switzerland and abroad 
of the aspects of geology that are relevant for disposal (Switzerland: see Nagra 2002b and c, Nagra 
2008d and Nagra 2014b with references therein; investigation programmes at the Grimsel Test 
Site: e.g. Blechschmidt & Vomvoris 2015 and Mont Terri: e.g. Delay et al. 2014, Vomvoris et al. 
2015; abroad: e.g. SKB 2000, ANDRA 21005, SKB 2008, Posiva 2011, OPG 2011). This know-
ledge base is the outcome of general geological research, hydrocarbon exploration, tunnel con-
struction and the focused investigations of Nagra that have been ongoing for more than 30 years 
(cf. Fig. 3-2). The knowledge is sufficient for defining the requirements on the geology as a 
function of allocated waste inventory and the selected safety concept. 

In the nineties, the Wellenberg geological siting region was under discussion as a potential site 
for a L/ILW repository. Seven years after the first referendum on the project, Canton Nidwalden 
decided in 2002 to vote against granting a permit for an exploratory drift at Wellenberg and 
therefore once more against the procect.  

The Federal Council approved the 'Entsorgungsnachweis' feasibility demonstration for the HLW 
repository in 2006. At the same time, the request to focus future investigations for the SF/HLW 
repository on the Opalinus Clay in the potential siting region Zürcher Weinland was refused. As 
a consequence, the Federal Council introduced a new siting approach with the approval of the 
conceptual part of the Sectoral Plan in 2008; this regulates the ongoing site selection process in 
three stages (BFE 2008). 

Starting with the whole of Switzerland (the so-called blank map), Stage 1 of the SGT saw evalua-
tion of potential host rocks and siting regions from the viewpoint of both safety and geology. 
Based on many years of investigations, Nagra then put forward six proposals for siting regions 
for a L/ILW repository and three for a HLW repository (Nagra 2008c, Nagra 2008d; cf. Fig. 2-1 
and Chapter 1). When preparing the proposals, Nagra applied the criteria for site selection defined 
in the SGT using a multi-stage systematic approach (Nagra 2008c). Following the decision of the 
Federal Council in 2011, the proposals for potential L/ILW and HLW siting regions were recorded 
in the so-called object-sheets of the SGT for further investigation in Stage 2 of the process. 

For Stage 2, the knowledge base from Stage 1 was expanded further through additional investiga-
tions and the siting regions were narrowed down systematically according to the criteria specified 
in the SGT (Nagra 2014b). The narrowing-down process consisted of a stepwise evaluation with 
a view to proposing at least two siting regions for each repository type18. Optimised geological 
configurations for the HLW and L/ILW repositories were also selected for the individual siting 
regions (determining the priority host rock, defining optimised underground disposal perimeters). 
This was followed by a review of the safety-oriented narrowing-down process and the equivalence 
of the siting regions based on dose calculations and a qualitative assessment based on the criteria 
in the SGT, as well as an overall assessment using the features considered as being relevant by 
the authorities and the identification of any clear disadvantages of the siting regions. The propo-
sals for Stage 3 are the result of this comparative assessment. The two siting regions proposed by 
Nagra – Jura Ost and Zürich Nordost – have the Opalinus Clay as a host rock and are suitable for 
disposal of both HLW and L/ILW (Nagra 2014a). The possibility thus exists in both regions to 
                                                           
18  The optimisation process (ENSI-G03, ENSI 2009a) also applies to the geological configuration in the individual 

siting regions as part of the SGT. When defining disposal perimeters within the siting regions, the available space 
plays a role; this is determined by the geological situation (including the tectonic regime). To take into account the 
improved knowledge during implementation (geological investigations underground), the protection zone defined 
in the general licence and all the components of the repository including the accesses (KEV Art. 70) must also 
contain sufficient flexibility. Detailed layout and design of the emplacement rooms is part of the nuclear con-
struction licence. The definitive designation of the protection zone is done only at the stage of the operating licence. 
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construct the HLW and L/ILW repositories at the same site, the so-called combined repository 
option (see section 3.4). Compared to Jura Ost and Zürich Nordost, Nagra considers the other four 
siting regions (Jura-Südfuss, Nördlich Lägern, Südranden and Wellenberg) to have clear disad-
vantages (Nagra 2014a). Nagra therefore proposes the two regions Jura Ost and Zürich Nordost 
for further investigation in Stage 319. 

The work programme for the coming years is clearly defined. Extensive geoscientific investiga-
tions (including 3D seismics, exploratory boreholes and Quaternary investigations) will be carried 
out in the regions remaining in the process. The exploration concepts submitted by Nagra (Nagra 
2014s)20 provide important information in this respect. 

 
  

                                                           
19  As part of the evaluation of the submitted documentation, it is being discussed whether the Nördlich Lägern siting 

region should also undergo further investigation in Stage 3. 
20  To avoid further delays, Nagra also submitted an exploration concept for Nördlich Lägern (Nagra 2016d); the 

planning work has started and the first investigations (3D seismics) have been carried out. 
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Fig. 3-2: Sources of geological data in Switzerland. 
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3.1.4 Safety case 
The Nuclear Energy Ordinance (KEV 2004) and Guideline ENSI-G03 (ENSI 2009a) require 
safety assessments to be carried out for all the licensing steps in the course of realising a deep 
geological repository, for the operational phase and for the post-closure phase (demonstration of 
long-term safety). It is also necessary to demonstrate long-term safety for the definitive closure 
of a repository. Guideline ENSI-G03 contains detailed requirements for preparing the safety 
demonstrations. In particular, they have to be carried out based on the current status of science 
and technology, have an appropriate degree of detail depending on the stage of the project and 
must be documented in safety analysis reports. 

The results of the safety assessments and the review by the authorities are integrated into the 
safety demonstrations for the subsequent milestone. The next safety analyses will be required for 
the general licence applications. Information on the safety-related work planned for the coming 
years can be found in Chapter 5 and Tab. A.3-2. 

Long-term safety 
The overarching objective of ensuring the long-term safety of a deep geological repository is 
based on the general protection objective in the Nuclear Energy Act (KEG 2003) and the require-
ment in ENSI-G03 (ENSI 2009a) for the permanent protection of humans and the environment 
from the effects of ionising radiation from the waste following orderly closure of the repository, 
without placing any undue burdens or obligations on future generations. 

The demonstration of the long-term safety of a sealed deep geological repository is presented 
through a comprehensive and systematic analysis of how the repository will evolve, what the 
radiological consequences will be and how the overarching protection objective and associated 
guidelines and protection criteria in Guideline ENSI-G03 can be met. This also includes an eva-
luation of the methods and data used, the use of supporting arguments and a systematic analysis 
of existing uncertainties and their relevance for long-term safety. 

With regard to methodology, Nagra can draw on earlier safety analyses, particularly the 'Entsor-
gungsnachweis' feasibility demonstration for the HLW repository (Nagra 2002c and d), as well 
as on regulatory requirements. There are also international recommendations for preparing a 
safety case (OECD/NEA 2013, PAMINA 2011a and b, OECD/NEA 2012); Nagra was actively 
involved in preparing these documents. Nagra also follows international developments, e.g. by 
taking part in the review of the safety reports of sister organisations (e.g. SKB 2011) or involve-
ment in important bodies (e.g. Integration Group for the Safety Case of the OECD/NEA). This 
work will continue with a view to the next safety cases for the general licence applications.  

In line with regulatory requirements (BFE 2008, ENSI 2010a and ENSI 2013), Nagra carried out 
so-called provisional safety analyses and a safety-based comparison of the geological siting 
regions as part of SGT Stage 2 (Nagra 2014a and c). The planning of the SFOE for the Sectoral 
Plan foresees that the regulatory authority ENSI will define the requirements for the safety-based 
comparison in Stage 3. For the general licence application, Nagra has to document the site 
selection in a report that contains a comparison of the siting options available in terms of safety 
and an evaluation of the properties that are decisive for the selection of the site (KEV Art. 62).  

The comprehensive analysis of uncertainties includes a method for systematically recording all 
safety-relevant features, events and processes, a method for developing scenarios of the basic 
evolution pathways of the repository and techniques for handling uncertainties in quantitative 
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analyses (e.g. sensitivity analyses). Nagra has experience in all relevant areas and follows 
developments in relevant scientific know-how and is currently involved in an initiative of the 
OECD/NEA on preparing a synthesis report on the status of scenario development. 

Quantitative investigations are carried out on the barrier effect of the nearfield and the contain-
ment-providing rock zone using dose calculations to determine the radiological consequences. 
These are based on models of radionuclide transport and on the data mentioned in section 3.1.3 
on the geological situation and its long-term evolution. Basic information is provided through 
long-term research programmes at the Paul Scherrer Institute, the Federal Institutes of Technology 
in Zürich and Lausanne and (Bern), as well as through the research projects in the Mont Terri and 
Grimsel URLs as part of the RD&D programme. Ongoing scientific developments are also 
monitored continuously (for detailed information see Nagra 2016a). Models of radionuclide 
diffusion (Van Loon 2014, Gimmi & Kosakowski 2011) and radionuclide sorption on clay and 
cement minerals (Baeyens et al. 2014, Wieland 2014) are particularly important. The PSI/Nagra 
Thermodynamic Database (Thoenen et al. 2014) contains a quality-checked compilation of 
thermochemical data on radionuclides and provides important background for the quantitative 
description of radionuclide transport in the nearfield and the containment-providing rock zone.  

Radionuclide transport through the barrier system, including the analysis of the resulting radio-
logical consequences in the biosphere, is described quantitatively using numerical computer pro-
grams (Nagra 2014r, Poller et al. 2014). For the safety analyses as part of the general licence 
applications, international developments in the area of numerical modelling will be followed 
actively and computer programs developed further if necessary. 

With regard to long-term safety, repository-induced effects (thermal, hydraulic, chemical, rock 
mechanical and the effects of gas generation) are important as the interactions between the 
emplaced waste, the materials introduced, and the host rock could potentially affect the safety 
functions (safe containment, retention capacity) of the engineered and geological barriers (Nagra 
2016a). Reference should be made to a recent synthesis report (Diomidis et al. 2016) on gas 
generation and its relevance for the disposal concept. 

Operational safety 
For the emplacement operations21, requirements relating to nuclear operational safety, radiologi-
cal protection and security and safeguards are particularly important22. 

According to ENSI-G03 (ENSI 2009a), the safety case for the operational phase comprises a 
systematic, comprehensive safety analysis both for normal operation and for accidents. Safety for 
the operational phase was evaluated as part of SGT Stage 2 (Nagra 2013a, Nagra 2014h). In terms 
of safe operation and the analysis of potential accidents, there is wide knowledge and experience 
for nuclear installations both in Switzerland and abroad. The safety analyses for the general 
licence applications can thus be based on established state-of-the-art methodology. 

                                                           
21  During the construction phase, aspects of worker safety and health protection as well as escape, evacuation and 

rescue have to be considered, as is the case for conventional underground facilities. 
22  These include guidelines and regulations on radiological protection, hazard management and security measures for 

nuclear installations and materials, safeguards regulations and various ENSI Guidelines (see Appendix A.8). 
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3.1.5 Spatial planning and environmental compatibility 
The construction and operation of a deep geological repository has impacts on the environment 
and landscape, as well as on the spatial planning strategy of the affected communities and Can-
tons. The spatial impact of a repository can be estimated today and was presented in SGT Stage 2 
in project documentation (Nagra 2011) and in planning studies (Nagra 2013b – g, Nagra 2014i – 
q). Various instruments are used to determine, analyse and describe these impacts, for example 
the Environmental Impact Assessment (EIA; preliminary investigations: SC+P & Roos & Partner 
2014a – I and 2016a – f) or socio-economic-ecological studies (BFE 2014a). The objective of the 
Environmental Impact Assessment is to ensure that the applicable environmental regulations are 
observed. Environmental conflicts have to be reduced or avoided wherever possible. 

The layout of the surface facilities and their accesses will be optimised in Stage 3, working closely 
together with the different interest groups – particularly the regions and Cantons. Possible loca-
tions for the required auxiliary access facilities23 will also be discussed with the Cantons and 
regions and their impact on the landscape and the environment will be investigated. The impact 
of the surface infrastructure is described in the environmental impact report, which forms part of 
the general licence application. 

A further component of the general licence application is a report on compliance with spatial 
planning. 

The conceptual part of the SGT (BFE 2008) provides guidelines on procedural issues in the areas 
of spatial planning and environmental impact. The requirements in these areas are already regula-
ted by legislation in Switzerland and also apply to repository projects24. 
  

                                                           
23  The totality of elements in an area for an auxiliary access is designated as an auxiliary access facility or, more often, 

as a shaft head facility. 
24  See various laws and regulations in Appendix A.8. 
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3.2 Design concept for the HLW repository 

3.2.1 Conceptual requirements and assumptions for the HLW repository 
The design concept for the HLW repository is presented in Fig. 3-3. It is based on the safety 
concept described in section 3.1.2 (multibarrier concept) and takes into account legal and regula-
tory requirements (see Tab. A.1-1). It is also based on the following assumptions: 

Underground geological investigations and structures of the HLW repository at disposal level 

• Various underground structures will be required for the underground geological investiga-
tions (e.g. exploratory drift in the host rock). These have to be configured in such a way that 
they allow characterisation of the geological situation underground, and hence the safety of 
the repository, without compromising the suitability of the site (KEG Art. 35). As no nuclear 
installations are present at this time (see section 5.1), the structures have to be planned in such 
a way that they can be converted later if a nuclear construction licence is granted and used as 
test areas or integrated into other parts of the repository25. 

The HLW repository includes a main repository for SF/HLW, a main repository for long-
lived ILW, a pilot repository and test areas. It is based on the concept of monitored long-term 
geological disposal according to EKRA (2000) and as anchored in the KEG (2003) and the 
KEV (2004). 

− The disposal canisters with high-level waste are emplaced in the main repository for 
SF/HLW. The main repository is arranged into one or more disposal areas consisting of 
the waste emplacement rooms (SF/HLW emplacement drifts) and the disposal area 
accesses. 

− The main repository for ILW26 is for emplacement of long-lived intermediate-level waste 
in disposal containers. According to current planning, the waste will be emplaced in sepa-
rate rooms depending on its chemical properties (cf. Nagra 2014c, Appendix A-31). 

− The behaviour of the barrier system is monitored in the pilot repository using a small 
representative volume of waste. A potential layout is illustrated in Fig. 3-3. The design 
of the pilot repository corresponds to that of the SF/HLW main repository. For long-lived 
ILW, monitoring is carried out in an emplacement cavern in the disposal area as the 
volume of ILW is too small to justify a separate pilot repository. 

− Test areas form an integral part of the deep geological repository (KEV Art. 64) and are 
used to carry out long-term experiments initiated as part of the underground geological 
investigations27. A possible schematic layout of the test areas is shown in Fig. 3-3. How-
ever, depending on the geological situation, alternative layouts could be considered. 

 
  

                                                           
25  This approach corresponds to a safety-oriented design in the sense that the space available within the disposal 

perimeter is optimised, the damage to the host rock is restricted and the underground cavities in the host rock are 
restricted in extent and number. 

26  The emplacement of long-lived ILW in both the HLW and L/ILW repositories is considered as a variant in WMP16 
(see section 4.1). 

27  See Tab. A.4-3. 
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Fig. 3-3: Conceptual illustration of the HLW repository for spent fuel assemblies (SF) and 
vitrified high-level waste from reprocessing (HLW), as well as long-lived inter-
mediate-level waste (ILW). 
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Access to the underground 

• As part of the underground geological investigations, two separate accesses to the under-
ground are constructed (e.g. exploratory shaft, exploratory tunnel). This secures the necessary 
connection from the surface for the investigations at the disposal level. As no nuclear compo-
nents are present at this time (see section 5.1), the structures have to be planned in such a way 
that they can be converted later if a nuclear construction licence is granted and integrated into 
the repository. 

• At least one main access and one auxiliary access are required during emplacement opera-
tions. The main access is used for transport of the waste and the backfill materials from the 
surface to the disposal zone. The auxiliary access or accesses are used for ventilation, con-
struction of further SF/HLW emplacement drifts, visitor transport and supply and disposal 
services for the repository (e.g. energy supply, water supply, waste water removal and water 
management; Nagra 2016c). The accesses can either be in the form of a tunnel (ramp), shaft 
or blind shaft (underground shaft head with access tunnel). The surface facility does not have 
to be located directly above, or in the vicinity of, the underground repository (Nagra 2013e, 
Nagra 2014j, m and p, Nagra 2016c). Access to the disposal level via a tunnel or blind shaft 
with a horizontal access tunnel allows a certain decoupling of the underground disposal zone 
from the location of the surface facility. 

Surface infrastructure 

• Various infrastructure facilities are required at the surface for performing the underground 
geological investigations (e.g. access structures, facilities for the supply and disposal of the 
exploration infrastructure, an administration building for the geological investigations, 
construction installations and locations for processing and storage of excavated materials). 
As no nuclear installations are present at this time (see section 5.1), the structures have to be 
planned in such a way that they can be converted later if a nuclear construction licence is 
granted and integrated into the repository28. 

• According to KEG Art. 49, the repository includes the surface infrastructure associated with 
the construction, operation and dismantling of the facility, as long as this has a close spatial 
and functional connection with the project. This includes the surface facility, the installations 
required at the surface at the auxiliary accesses (e.g. shaft head facilities29

 ), access for services 
and traffic and construction site installations. The surface facility secures the interface for the 
supply and disposal of the underground facilities. The waste and other production materials 
are received in the surface facility, where the waste is packaged and prepared for emplace-
ment. Construction installations and sites for processing and deposition of excavated and 
demolished materials are also required in order to meet the phase-wise requirements for sur-
face and underground infrastructure and dismantling and backfilling of facilities that are no 
longer required. 

  

                                                           
28  The conversion has to take account of the construction, technical, organisational and administrative requirements 

on facility safety.  
29  The totality of elements in an area for an auxiliary access is designated as an auxiliary access facility or, more often, 

as a shaft head facility (Nagra 2016c). 
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Operating and closure concept 

• The operating and closure concept is part of the design concept and consists of the following 
elements: 
− The waste is transported to the surface facility in transport and storage casks in accor-

dance with applicable traffic regulations via the public transport network by rail or road. 
On arrival, the waste is checked for conformity with the acceptance conditions for the 
HLW repository. 

− The packaging of the delivered SF and vitrified HLW in disposal canisters is done in 
reloading cells in the SF/HLW encapsulation plant. The disposal canisters are designed 
to withstand loading such that there will be no release of radionuclides in the event of an 
accident30; they also provide the necessary shielding. Allocation of the SF to the disposal 
canisters has to be done in such a way that the requirement of maximum heat output of 
the canisters is met. This is achieved by appropriate design of the encapsulation plant and 
the application of a suitable packaging strategy31. 

− The packaging of long-lived ILW is done in a separate encapsulation plant32. The canis-
ters for ILW are also designed to resist mechanical and thermal loading as well as from 
fluids and, in the case of an accident, there will be no, or only a restricted, release of 
radionuclides. 

− The disposal canisters are moved underground in internal transport containers. These pro-
vide protection from external influences and additional shielding. The disposal canisters 
are removed from the transport containers in the reloading area at the entrance to the 
emplacement rooms and transported to their allocated position. 

− The SF/HLW emplacement drifts are backfilled promptly in the area of an emplaced 
SF/HLW canister. When a drift is completely filled with disposal canisters, it is closed 
using a sealing structure. There is also the possibility to install interjacent sealing sections 
to divide the emplacement drift into individual compartments. A cement-based backfill 
material is used to fill the voids in the ILW emplacement rooms. Once they are com-
pletely filled, the ILW rooms are closed with a sealing structure. 

− The required SF/HLW emplacement drifts are excavated in parallel with waste emplace-
ment operations. The construction of these drifts during emplacement is not done via the 
main access. This ensures that the parts of the facility that are under construction are 
spatially separated from those where emplacement is underway. The SF/HLW drifts of 
the pilot repository and the ILW emplacement rooms are constructed before emplacement 
begins. 

− The monitoring phase begins once waste emplacement is complete (see Tab. A.4-1). The 
disposal level remains accessible via at least two accesses. Besides monitoring of the pilot 
repository, this phase includes continuous or repeated measurement of radiological and 
non-radiological parameters in the vicinity of the repository and in the test areas. 

                                                           
30  According to the current concept, the SF/HLW disposal canisters are thick-walled, gas-tight welded steel canisters 

that are designed in such a way as to remain intact and gas-tight in the event of design-basis accidents. The complete 
containment of the waste is thus assured. A release of radionuclides can be ruled out for SF/HLW in a design-basis 
accident. 

31  For optimum loading of the disposal canisters, they have to be filled with spent fuel assemblies with differing heat 
output (see section 2.1). This requires access to several transport and storage casks at any one time. According to 
current planning, the encapsulation plant has several docking stations for the transport and storage casks and the 
disposal canisters. 

32  Depending on the operating concept, the reloading and transport installations in the SF/HLW encapsulation plant 
can also be used for handling the transport and storage casks and disposal canisters for ILW. A combined encapsu-
lation plant with separate ILW reloading cells is therefore a possibility. 
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− Closure of the repository is done in several stages using different sealing structures 
(Nagra 2008g) and backfilling of the remaining voids33. The individual emplacement 
rooms (drifts and caverns) are backfilled and sealed during the course of emplacement. 
As part of the monitoring phase, after a restricted period of time (assumption 10 years; 
see Tab. A.4-1) there is a second stage of backfilling and sealing of the accesses to the 
disposal areas of the main repository on the disposal level and possibly of accesses that 
are no longer required from the surface to the underground34. The facilities and structures 
at the surface that were used only for the packaging and emplacement of the waste are 
decommissioned and dismantled after emplacement. The third and final closure stage is 
the closure of the whole repository following the monitoring phase (assumption: 50 years 
after emplacement, see Tab. A.4-2) on the order of the Federal Council following the 
application of the repository owner (KEG Art. 39). This includes the backfilling of test 
areas that were still in use and all other open underground structures, including the 
accesses that are still open. Seals have to be installed in all the accesses at the boundary 
to the containment-providing rock zone. Closure of the repository also includes marking, 
ensuring long-term isolation of groundwater-bearing rock layers along the access struc-
tures above the disposal level with suitable seals, dismantling the remaining surface infra-
structure and renaturation of the ground surface if no other use is foreseen. 

3.2.2 Model implementation of the conceptual requirements and assumptions 
for the HLW repository 

One possibility for implementing the conceptual requirements and assumptions discussed in 
section 3.2.1 is shown in the system sketch for the underground facilities (Fig. 3-4). The transport 
of the radioactive waste to the underground emplacement drifts and caverns is done using the 
access tunnel (main access). The model design also includes auxiliary accesses, i.e. an operations 
shaft and a ventilation shaft for providing fresh air. 

Figs. 3-5 and 3-6 show a possible functional layout and configuration of the different components 
of the surface facility for the HLW repository, including their design and access and how they are 
embedded in their wider environment. The model representations do not relate to any specific 
site. The effective spatial arrangement and design will depend on the site-specific situation. 

Siting areas for the surface facility of a HLW repository were identified as part of SGT Stage 2, 
taking into account spatial and environmental planning boundary conditions and based on close 
collaboration with the siting regions (for the regions Jura Ost and Zürich Nordost, see Nagra 
2013e and Nagra 2014j35). Nagra also made proposals for the possible layout of the surface 
facilities and their transport connections and planning variants for the surface infrastructure 
(Nagra 2011, 2012, 2013a and e, 2014j).  

 
  

                                                           
33  Besides the waste matrix, the waste containers and the disposal canisters, sealing and backfilling elements represent 

components of the engineered barrier system (cf. section 3.1.2). 
34  This may apply, for example, if there are three accesses to the repository. In this case, one can be backfilled and 

sealed during this second stage (generally the main access). 
35  As part of the evaluation of the supporting documentation, it is being discussed whether the siting region Nördlich 

Lägern (NL) should be further investigated in Stage 3 of the SGT. In Stage 2, planning studies for the HLW 
repository were also prepared for the NL planning perimeter and siting areas identified for the surface facility 
(Nagra 2014m and 2014p). 
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Fig. 3-4: System sketch for the underground facilities of the HLW repository.  
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Fig. 3-5: Potential, non-site-specific functional layout and design of the different structures 
(modules) of the surface facility of the HLW repository.  

 
The surface facility of a HLW repository (Fig. 3-5) is located at the main access via which the 
disposal canisters packaged in internal transport containers are transported to the underground 
(Fig. 3-4). According to current planning36, the key elements comprise the following structures 
(modules)37: 

• SF/HLW encapsulation plant and ILW encapsulation plant38and the facility for preparing the 
backfilling and sealing materials; here, the SF/HLW and ILW are packaged in disposal 
canisters and containers and prepared for emplacement. The backfill material is also prepared 
(e.g. granular bentonite material, mortar components) for the ILW disposal containers or the 
waste emplacement rooms during emplacement. 

• Access to the repository, generally an underground structure for the loading of transport 
equipment for moving materials underground. It represents the connection to the main access. 

  

                                                           
36 The basis is provided by the corresponding planning studies for the HLW repository (Nagra 2013e, Nagra 2014j) 

and Nagra (2011) and Nagra (2013a). Depending on the site-specific situation and realisation concept, structures 
can be arranged differently or combined into buildings.  

37 Elements that are in italics in the following can be found in Fig. 3-5. 
38 The emplacement of ILW in both the HLW and L/ILW repository is considered as variants in WMP16 (see 

section 4.1). For the case where all the L/ILW and ATW are emplaced in the L/ILW repository, there is no ILW 
encapsulation plant in the HLW repository. 
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• The auxiliary buildings required for the operation and maintenance of the surface and under-
ground facilities (e.g. electricity supply, ventilation plant, effluent treatment facility), with 
installations for supply and disposal and for maintaining the facilities (ventilation, energy 
supply, water, effluent, groundwater management, workshops and garages etc.) and the fire 
service building. 

• Auxiliary buildings for collecting and sorting operational waste39 (operational waste treat-
ment plant) and an optional transport cask cleaning facility. 

• Administration building and entry control (equipment airlock, person airlock, vehicle and 
train airlock) and delivery terminal: the administration building is used for the organisational 
management of the facility operation; the entry control and the delivery terminal are for opera-
tional logistics according to regulations (e.g. delivery of radioactive waste, backfilling and 
sealing materials, externally produced empty disposal canisters and containers and operating 
materials). 

• Security installations (security fence etc.) 

• Visitor facilities (e.g. as part of a visitors' centre) and parking. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-6: Model site-specific layout of the surface facility for the HLW repository in a fictive 
environment. 

 
  

                                                           
39  The operational waste is transported to an existing external waste treatment plant. 
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For the auxiliary accesses, it is assumed for planning purposes that the HLW repository generally 
has an operations and ventilation access in addition to the main access; these are shown in 
Fig. 3-4 as the operations and ventilation shafts. There are several different possibilities for the 
layout. Auxiliary accesses40 can be spatially separated or located together in the same area (Nagra 
2016c). 

The area for the operations shaft includes the following elements during emplacement opera-
tions: 

• The shaft tower with shaft hall and materials and personnel access 

• The installations required for the construction work (construction office, team rooms, work-
shop, storage area, equipment and materials hall etc.) for excavating the SF/HLW emplace-
ment drifts during the emplacement operations  

• Material management (excavated material, construction material) and interim storage site for 
the excavated material from the emplacement phase up till its further transport 

• Auxiliary buildings with installations for supply and disposal (ventilation, energy supply, 
water, waste water, groundwater management etc.) 

• Security installations (security fence etc.) 

The area for the ventilation shaft includes the following elements: 

• Shaft head with fresh-air intake (possibly with a cooling plant for pre-cooling the air) 

• Rescue equipment (personnel access and transport) 

• Security installations (security fence etc.) 

The transport of the disposal canisters and containers underground to the reloading area at 
the emplacement rooms and the underground transport and emplacement in the SF/HLW 
emplacement drifts and ILW caverns depend to a large extent on the access configuration and the 
effective design of the repository. There are various possibilities for this (section 3.2.3). 

A railway41 and road access or a road connection to the public transport network will be required 
for accessing the surface facility and the auxiliary access facilities (Fig. 3-4; Nagra 2011, 2013e, 
2014j and 2016c)42. A connection to the wider supply and disposal network (sewage system, 
groundwater discharge into receiving waters, water pipes, energy supply lines etc.) will also be 
required.  

In all phases of realisation, construction site installations, installations for material management 
and appropriate construction access will be required (Nagra 2011, Nagra 2013e, Nagra 2014j) and 
a long-term deposition area is foreseen. This is for the case where broken-out Opalinus Clay will 
be used for the closure of the repository. 

  

                                                           
40  The totality of elements on a site for the auxiliary access is designated as the auxiliary access facility or, more often, 

the shaft head facility. The area is thus called the shaft head area (Nagra 2016c). 
41  Possibly with a nearby reloading station. 
42  For the construction of accesses to the underground, depending on the site-specific situation an underground interim 

access could be required. This would necessitate access to the public transport network. 
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For planning purposes, the following model implementation is assumed for the construction of 
the HLW repository: 

• The model design of the HLW repository according to Fig. 3-4 comprises an access tunnel 
and an operations and ventilation shaft. In principle, there are several possible configurations 
for accessing the underground (section 3.2.3; see also Nagra 2016c); these will vary in suitabi-
lity depending on the actual situation at the site. 

• The construction and closure of underground structures are done from main access points and 
associated construction installations located at the surface and the auxiliary access facilities. 

• The length and layout of the SF/HLW emplacement drifts and the disposal areas and the 
orientation of the drift axis and spacing between the drifts can be adapted to make optimum 
use of the available space in the disposal zone (Nagra 2008e, Nagra 2014e). 

• For the cross-sectional dimensions and forms, the lengths and lining of the SF/HLW emplace-
ment drifts, ILW caverns and other underground structures and for the backfill material, the 
information in the technical reports of Nagra (Nagra 2010, 2014f and 2002a) is assumed for 
planning purposes. The lining of the SF/HLW emplacement drifts consists of securing the 
excavation with a shotcrete shell (emplacement sections) or with steel arches and nets (interim 
sealing sections) (Nagra 2010, Nagra 2014f, Nagra 2016e, f and g). There are also other 
possibilities (section 3.2.3). 

3.2.3 Variants for the design of the HLW repository 
Different variants are considered in order to maintain the flexibility required for taking into 
account possible future developments in the context of the realisation plan for optimising the 
facilities and the operating processes; these are consistent with the flexibility presented in 
Appendix A.2. The following are the main variants in current planning: 

• As a variant for ILW and its emplacement in the HLW repository, it would be possible to 
emplace all the waste in question in the L/ILW repository (see section 4.1). In this case, no 
ILW caverns would be constructed in the HLW repository. 

• The packaging of SF and HLW could, in principle, be done in a facility external to the surface 
facility at the site of the repository. The packaged SF/HLW disposal canisters would then 
have to be moved to the surface facility in transport containers (not yet developed) for direct 
emplacement. 

• The packaging of ILW could, in principle, be done in a facility external to the surface facility 
at the site of the repository. 

• For the construction and backfilling of underground structures, there is flexibility to take into 
account site-specific features, possible staged construction of some structures or requirements 
based on different construction sections. 

• There is a range of design variants for the accesses to the underground and the underground 
connections to the disposal areas: use of access tunnels and/or shafts, length of the access 
tunnel(s), parallel access tunnels, length and line of access tunnels and shafts, number and 
functional allocation of the auxiliary accesses, access to the pilot repository, routing of con-
struction and operations tunnels, additional ventilation tunnel at disposal level, bypassing the 
disposal area for preliminary exploration etc. (cf. Nagra 2010, Nagra 2014g, Nagra 2016c). 
There is also flexibility regarding the timing of realisation of these design variants.  
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• Various possibilities were considered for the disposal canisters for SF and HLW to take into 
account new regulations and the requirement for optimisation in line with new experience 
and technical advances. This relates to issues of transport (infrastructure, transport casks, 
vehicles) and canister materials. Besides carbon steel and cast iron, alternative canister 
materials (various ceramics) as well as special alloys (coating with copper, titanium, nickel) 
can be considered (Diomidis et al. 2016; Appendix A.6.2). 

• There is a wide range of possibilities for transport of the disposal canisters. Transport to the 
underground can be done with a shaft facility (Sindern & Borowski 2014), a funicular 
(Messmer & Berger 2014), wheeled vehicles (Ricca & Monti 2014) or a cog railway (Wieser 
et al. 2014). Underground transport and emplacement in the SF/HLW drifts could be done 
with wheeled or rail vehicles. 

• The cross-sectional dimensions and forms and the length of the emplacement drifts and the 
securing of underground structures assumed for planning purposes (Nagra 2010, Nagra 2014f, 
Nagra 2016e) can be adapted to site-specific geomechanical conditions. There are variants 
for the type of excavation and for the drift support; depending on the site-specific situation 
the latter could consist of shotcrete, steel arches and nets or segmenting, or a combination of 
these (Fries & Winter 2009, Nagra 2014f, Nagra 2016f and g). 

• Besides pure bentonite, bentonite-additive mixtures (e.g. bentonite/sand mixtures) or other 
clay materials can be considered for backfilling the SF/HLW emplacement drifts. The granu-
lar bentonite material proposed in the 'Entsorgungsnachweis' could also be replaced by 
bentonite blocks. A cement-based backfill would be another variant (Nagra 2016b). 

• The repository is designed in such a way that the operating times and the monitoring phase 
can be extended43. For certain elements and components, revisions or replacements or 
renewals would have to be considered and integrated into the corresponding concepts. 

  

                                                           
43  For example, if the monitoring phase has to be significantly longer. 
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3.3 Design concept for the L/ILW repository 

3.3.1 Conceptual requirements and assumptions for the L/ILW repository 
The design concept for the L/ILW repository is shown in Fig. 3-7. It is based on the safety concept 
described in section 3.1.2 (multibarrier concept), takes into account legal and regulatory require-
ments (cf. Tab. A.1-1) and is based on the following assumptions: 

Geological investigations underground and the structures of the repository at disposal level 

• Various underground structures are required for the underground investigations (e.g. explo-
ratory drift in the host rock). These have to be configured in such a way as to allow the under-
ground geological situation to be characterised and the safety of the repository to be evaluated 
without compromising the suitability of the site (KEG Art. 35). As no nuclear installations 
are present at this time (see section 5.1), the structures have to be planned in such a way that 
they can be converted later if a nuclear construction licence is granted and used as test areas 
or integrated into the repository44. 

• The L/LW repository includes a main repository, a pilot repository and test areas. It is based 
on the concept of monitored long-term geological disposal according to EKRA (2000) and as 
anchored in the KEG (2003) and the KEV (2004). 

− The disposal containers with low- and intermediate-level waste are emplaced in the main 
repository for L/ILW45. According to current planning, the waste will be emplaced in 
separate emplacement caverns depending on its chemical properties (cf. Nagra 2014c, 
Appendix A-3.1). The main repository is arranged into one or more disposal areas 
consisting of the emplacement caverns and the disposal area accesses. These secure the 
cavities for permanent emplacement and the necessary accesses at disposal level. 

− The pilot repository is for monitoring the behaviour of the barrier system using a small 
representative waste volume. A potential layout is illustrated in Fig. 3-8. The design of 
the pilot repository corresponds to that of the main repository.  

− Test areas are an integral part of the deep geological repository (KEV Art. 64) and are 
used to carry out long-term experiments initiated as part of the underground geological 
investigations46. A possible schematic layout of the test areas is shown in Fig. 3-8. How-
ever, depending on the geological situation, other arrangements of the test areas are 
conceivable. 

 
  

                                                           
44  This approach corresponds to a safety-oriented design in the sense that the space available within the disposal 

perimeter is optimised, the damage to the host rock is restricted and the underground cavities in the host rock are 
restricted in extent and number. 

45  The emplacement of long-lived ILW in both the HLW and L/ILW repositories is considered as variants in WMP16 
(see section 4.1). 

46  See Tab. A.4-4 
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Fig. 3-7: Conceptual illustration of the repository for low- and intermediate-level waste 
(L/ILW). 

 
Access to the underground 

• Two separate accesses to the underground are constructed as part of the underground geo-
logical investigations (e.g. exploratory shaft, exploratory drift). This secures the necessary 
connection from the surface for the investigations at the disposal level. As no nuclear installa-
tions are present at this time (see section 5.1), the structures have to be planned in such a way 
that they can be converted later if a nuclear construction licence is granted and used as test 
areas or integrated into the repository. 

• During emplacement operations, at least one main access and one auxiliary access are 
required. The main access is used for transport of the waste and the backfill materials from 
the surface to the disposal zone. The auxiliary access or accesses are used for ventilation, 
visitor transport and services for the repository (e.g. energy supply, water supply, waste water 
removal and water management; Nagra 2016c). The accesses can either be in the form of 
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tunnels (ramps), shafts or blind shafts (underground shaft head with connecting tunnel). The 
surface facility does not have to be located directly above, or in the vicinity of, the under-
ground repository (Nagra 2013b, c, d and g, Nagra 2014i, l and o). The access to the disposal 
level via a tunnel or blind shaft with a horizontal connecting tunnel allows a certain decoup-
ling of the underground disposal zone from the location of the surface facility. 

Surface infrastructure 

• For the underground geological investigations, various infrastructure facilities are required at 
the surface (e.g. access structures, facilities for the supply and management of the exploration 
structures, administration building for geological investigations, construction installations 
and locations for processing and deposition of excavated materials). As no nuclear installa-
tions are present at this time (see section 5.1), the structures have to be planned in such a way 
that they can be converted later if a nuclear construction licence is granted and used as test 
areas or integrated into the repository47. 

• According to KEG Art. 49, the repository includes the surface infrastructure associated with 
construction, operation and dismantling as long as this has a close spatial and functional 
connection with the project. This consists of the surface facility, the installations required at 
the surface at the auxiliary accesses (e.g. shaft head facilities48), access for services and traffic 
and construction site installations. The surface facility secures the interface for supplying the 
underground facilities. The waste and other production materials are received in the surface 
facility and the waste is packaged and prepared for emplacement. Construction installations, 
including installation sites and sites for processing and deposition of excavated materials, are 
also required in order to meet the phase-wise requirements for surface and underground 
infrastructure and dismantling and backfilling facilities that are no longer required. 

Operating and closure concept 

• The operating and closure concept is part of the design concept and consists of the following 
elements: 

− The transport of the waste to the surface facility is done in special transport casks in 
accordance with the applicable transport regulations via the public transport network by 
rail or road. On arrival, the waste is checked for conformity with the acceptance 
conditions for the L/ILW repository. 

− All the waste is emplaced in concrete disposal containers. The conditioned waste (waste 
packages) are placed in the containers either in the L/ILW encapsulation plant in the 
surface facility (e.g. operational and reactor waste) or disposal containers are used already 
at the conditioning stage (for certain decommissioning wastes). Special requirements and 
boundary conditions have to be observed (e.g. chemical properties). The waste is then 
delivered and emplaced after inspection. The containers for L/ILW are designed to resist 
mechanical and thermal loading as well as from fluids and, in the case of an accident, 
there will be no, or only a restricted, release of radionuclides. 

  

                                                           
47  The conversion has to take account of the construction, technical, organisational and administrative requirements 

on facility safety.  
48  The totality of elements in an area for an auxiliary access is designated as an auxiliary access facility or, more often, 

as a shaft head facility (Nagra 2016c). 
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− The disposal containers are moved underground in internal transport containers. These 
provide additional protection from external influences and additional shielding. In the 
event of an operational accident, an intervention would thus be possible without major 
additional measures. The disposal containers are removed from the transport containers 
in the reloading area at the entrance to the emplacement caverns and transferred to their 
emplacement position. 

− The voids in the L/ILW emplacement caverns are backfilled with a cement-based mate-
rial. Once they are completely filled, the caverns are closed with a sealing structure. 

− The L/ILW caverns, including those of the pilot repository, are constructed before 
emplacement begins. This ensures that construction and operational activities are clearly 
separated in time, i.e. no construction work is required during emplacement. 

− The monitoring phase begins once emplacement is complete (see Tab. A.4-2). The dispo-
sal level remains accessible via at least two accesses. Besides monitoring the pilot reposi-
tory, this phase includes continuous or repeated measurement of radiological and non-
radiological parameters in the vicinity of the repository and in the test areas. 

− Closure of the repository proceeds in several stages using sealing structures (Nagra 
2002a) and backfilling of the remaining voids49. Firstly, the individual emplacement 
rooms (caverns) are backfilled and sealed during emplacement. As part of the monitoring 
phase, after a restricted period of time (assumption 10 years; see Tab. A.4-2), there is a 
second stage of backfilling and sealing of the accesses to the main repository on the 
disposal level and possibly of accesses that are no longer required from the surface to 
underground50. The facilities and structures at the surface that were used only for the 
packaging and emplacement of the waste are decommissioned and dismantled after 
emplacement. The third and final closure stage consists of closure of the whole repository 
following the monitoring phase (assumption: 50 years after emplacement, see Tab. A.4-2) 
on the order of the Federal Council following an application by the repository owner 
(KEG Art. 39). This involves the backfilling of test areas that were still in use and all 
other open underground structures, including the accesses that are still open. Seals have 
to be installed in all the accesses at the boundary to the containment-providing rock zone. 
Closure of the repository also includes marking, ensuring long-term isolation of ground-
water-bearing rock layers along the access structures above the disposal level with 
suitable seals, dismantling the remaining surface infrastructure and renaturation of the 
ground surface if no other use is foreseen. 

3.3.2 Model implementation of the conceptual requirements and assumptions 
for the L/ILW repository 

One possibility for implementing the conceptual requirements and assumptions discussed in 
section 3.3.1 is shown in the system sketch for the underground facilities (Fig. 3-8). The waste is 
transported to the underground emplacement caverns via the access tunnel (main access). The 
model design includes an operations shaft as an auxiliary access and a ventilation shaft for 
providing fresh-air. 

 
 
                                                           
49  Besides the waste matrix, the waste containers and the disposal canisters, sealing and backfilling elements represent 

components of the engineered barrier system (cf. section 3.1.2). 
50  This may apply, for example, if there are three accesses to the repository. In this case, one can be backfilled and 

sealed during this second stage (generally the main access). 
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Fig. 3-8: System sketch for the underground facilities of the L/ILW repository. 
 
Figs. 3-9 and 3-10 show a possible functional layout and configuration of the different compo-
nents of the surface facility for the L/ILW repository, including their design and access and how 
they are embedded in their wider environment. The model representations do not relate to any 
specific site. The effective spatial arrangement and design will depend on the site-specific situa-
tion. 
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Fig. 3-9: Potential, non-site-specific functional layout and design of the different structures 
(modules) of the surface facility of the L/ILW repository. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-10: Model site-specific layout of the surface facility for the HLW is a fictive environ-

ment. 
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and Nagra 2014i51). Nagra also made proposals for the possible layout of the surface facilities 
and their transport connections as well as planning variants for the surface infrastructure (Nagra 
2011, 2012, 2013a and d, 2014i).  

The surface facility of a L/ILW repository (Fig. 3-9) is located at the main access via which the 
disposal containers packaged in internal transport containers are transported underground 
(Fig. 3-8). According to current planning52, the key elements comprise the following structures 
(modules) 53: 

• L/ILW encapsulation plant54and the facility for preparing backfilling and sealing material; 
here, the waste is packaged in disposal containers and prepared for emplacement. The 
materials for backfilling the L/ILW disposal containers or the emplacement caverns and 
sealing during emplacement are also prepared (e.g. mortar components, bentonite/sand mix-
tures). 

• Access to the repository; this is generally an underground structure for the loading of transport 
equipment for transfer underground. It represents the connection to the main access. 

• The auxiliary buildings required for the operation and maintenance of the surface and under-
ground facilities (e.g. electricity supply, ventilation plant, effluent treatment facility) with 
installations for supply and disposal and for maintaining the facilities (ventilation, energy 
supply, water, effluent, groundwater management, workshops and garages etc.) and the fire 
service building. 

• Auxiliary buildings for collecting and sorting operational waste55 (operational waste treat-
ment plant). 

• Administration building and entry control (equipment airlock, person airlock, vehicle and 
train airlock) and delivery terminal: the administration building is used for the organisational 
management of the facility operation; the entry control and the delivery terminal are for 
operational logistics according to regulations (e.g. delivery of radioactive waste, backfilling 
and sealing materials, externally produced empty disposal canisters and operating materials). 

• Security installations (security fence etc.) 

• Visitor facilities (e.g. as part of a visitors' centre) and parking. 

 
  

                                                           
51  As part of the evaluation of the supporting documentation, it is being discussed whether the siting region Nördlich 

Lägern (NL) should be further investigated in Stage 3 of the SGT. In Stage 2, planning studies for the L/ILW 
repository were also prepared for the NL planning perimeter and siting areas identified for the surface facility 
(Nagra 2014l and 2014o). 

52  The basis is provided by the corresponding planning studies for the L/ILW repository (Nagra 2013d, Nagra 2014i) 
and Nagra (2011) and Nagra (2013a).  

53  Elements in italics in the following can be found in Fig. 3-9. 
54  The emplacement of ILW in both the HLW and L/ILW repository is considered as a variant in WMP16 (see 

section 4.1). For the case where all the L/ILW and ATW are emplaced in the L/ILW repository, the L/ILW 
encapsulation plant can be used for packaging this waste. 

55 The operational waste is transported to an existing external treatment plant. 
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For the auxiliary accesses, it is assumed for planning purposes that the L/ILW generally has a 
ventilation access in addition to the main access; depending on site situation and design variant 
for the access to underground, an operations shaft may be considered (section 3.3.3)56. There are 
several different possibilities for the layout. Auxiliary accesses57 can be spatially separated or 
located on the same site (Nagra 2016c). 

In the case of an operations shaft, the area includes the following elements during emplacement 
operations: 

• The shaft tower with shaft hall and materials and personnel access 

• Auxiliary buildings with installations for supply and disposal (ventilation, energy supply, 
water, waste water, groundwater management etc.) 

• Security installations (security fence etc.) 

The area for the ventilation shaft includes the following elements: 

• Shaft head with fresh-air intake (possibly with a plant for pre-cooling the air) 

• Rescue equipment (personnel access and transport) 

• Security installations (security fence etc.) 

The transfer of the disposal containers underground to the reloading area at the emplacement 
rooms and the underground transport and emplacement in the L/ILW caverns depend strongly on 
the access configuration and the effective design of the repository. There are various possibilities 
for this (section 3.3.3). 

For accessing the surface facility and the auxiliary access facilities (Nagra 2011, 2013e, 2014j 
and 2016c) a railway58 and road access or a road connection to the public transport network will 
be required (Fig. 3-8)59. Connections to the wider supply and disposal installations (sewage 
system, groundwater removal into drainage channels, water pipes, energy supply lines etc.) will 
also be required.  

Construction site installations, installations for material management and appropriate construction 
access will be required in all phases of realisation (Nagra 2011, Nagra 2013d, Nagra 2014i) and 
a long-term deposition site is foreseen. This is for the case where broken-out Opalinus Clay will 
be used for the closure of the repository. 

  

                                                           
56  The operations shaft is not necessary during emplacement operations as long as it was not required for the 

construction of the exploration infrastructure before the nuclear construction licence or the number of visitors 
underground remains restricted during emplacement. 

57  The totality of elements on a site for the auxiliary access is designated as the auxiliary access facility or, more often, 
the shaft head facility. The area is thus called the shaft head area (Nagra 2016c). 

58  The delivery of the transport containers to the surface facility by rail is preferable, possibly with a nearby reloading 
station. 

59  For the construction of accesses to the underground, depending on the site-specific situation an underground interim 
access could be required. This would necessitate access to the public transport network. 
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For planning purposes, the following model implementation is assumed for the construction of 
the L/ILW repository: 

• The model design of the L/ILW repository according to Fig. 3-8 comprises an access tunnel 
and a ventilation shaft. In principle, there are several configurations for access to the under-
ground (section 3.3.3; see also Nagra 2016c); depending on the situation at the site, these will 
vary in suitability. 

• The construction and closure of underground structures are done from main access points and 
associated construction installations at the location of the surface and the auxiliary access 
facilities. 

• The length and layout of the L/ILW emplacement caverns and the disposal fields and the 
orientation of the cavern axis and spacing between the caverns can be adapted in such a way 
to make optimum use of the available space in the disposal zone (Nagra 2008e, Nagra 2014e). 

• For the cross-sectional dimensions and forms, the lengths and lining of the L/ILW emplace-
ment caverns and other underground structures and for the backfill material, the information 
in the technical reports of Nagra (Nagra 2010, 2014f) is assumed for planning purposes. The 
lining of the L/ILW caverns consists of securing the excavation with a single shotcrete shell 
(Nagra 2010, Nagra 2014f, Nagra 2016f and g). There are also other possibilities 
(section 3.3.3). 

3.3.3 Variants for the design of the L/ILW repository 
Different variants are considered in order to maintain the required flexibility for taking into 
account possible future developments within the framework of the realisation plan for optimising 
the facilities and the operating processes; these are consistent with the flexibility presented in 
Appendix A.2. Current planning foresees the following main variants: 

• The emplacement of all L/ILW and ATW in the L/ILW repository is a variant (see 
section 4.1). 

• The possibility exists to package L/ILW (or parts of it) in disposal containers at the location 
of the consignor using a mobile/temporary facility and to transport the containers to the 
repository and emplace them directly. There is also the possibility to use synergies with 
ZWILAG for packaging the L/ILW and transporting it to the repository. Either the disposal 
containers would have to be qualified for transport or they would have to be placed in 
approved transport containers. In both cases, it might be possible to dispense with an encapsu-
lation plant at the repository site. 

• For the construction and backfilling of underground structures, there is flexibility to take into 
account site-specific features, possible staged construction of some structures or requirements 
based on different construction sections. 

• There is a range of design variants for the accesses to the underground and the underground 
connections to the disposal areas: use of access tunnels and/or shafts, length of the access 
tunnel(s), parallel access tunnels, length and line of access tunnels and shafts, number and 
functional allocation of the auxiliary accesses, access to the pilot repository, routing of con-
struction and operations tunnels, additional ventilation tunnel at disposal level, bypassing the 
disposal for exploration etc. (cf. Nagra 2010, Nagra 2014g, Nagra 2016c). There is also flexi-
bility regarding the time of realisation of these design variants.  
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• There is a range of possibilities for transport of the disposal containers. Transport to the 
underground can be via a shaft facility (Sindern & Borowski 2014), a funicular (Messmer & 
Berger 2014), wheeled vehicles (Ricca & Monti 2014) or a cog railway (Wieser et al. 2014)60. 

• The properties and construction of the L/ILW caverns (size, length, form, cavity support) and 
other underground structures can be adapted to site-specific geomechanical conditions (Nagra 
2010, Nagra 2014f, Nagra 2016e, f and g). 

• The repository is designed in such a way that the operating times and the monitoring phase 
can be extended61. For certain elements and components, revisions or replacements or 
renewals would have to be considered and integrated into the corresponding concepts. 

3.4 Design concept for the combined repository 

3.4.1 Conceptual requirements and assumptions for the combined repository 
The term "combined repository" describes a concept in which the HLW and L/ILW repositories 
are both constructed at the same site. The combined repository is a deep geological repository and 
a SF/HLW and a L/ILW section will be discussed. The two sections are spatially separated and 
are located either in the same or in different host rocks. Certain elements of the surface infrastruc-
ture and at least part of the access structures to the underground can be used jointly. In principle, 
the same conceptual requirements and assumptions as for the HLW and L/ILW repositories apply 
to the combined repository.  

Figs. 3-11 and 3-12 show the design concept for the combined repository and the system sketch 
for the underground facilities. The key features of the design concept are summarised in the 
following: 

• The combined repository consists of two repository sections: the SF/HLW section comprises 
the main repository for SF/HLW with the disposal fields and the SF/HLW emplacement 
drifts, as well as the associated access structures (see below), the test areas for HLW, 
including the observation gallery, and a pilot repository. The L/ILW part comprises the main 
repository for L/ILW with the emplacement caverns, as well as the associated access 
structures (see below), the test areas for L/ILW, including the observation gallery, and a pilot 
repository. 

• The main and pilot repositories are connected on the disposal level from the foot of the access 
structures via separate disposal field access structures (operations and construction tunnel for 
the SF/HLW part, operations and ventilation tunnel for the L/ILW part). 

• The underground disposal areas will generally be accessed via three accesses (Main access 
and two auxiliary accesses), as for the HLW repository. 

• The surface infrastructure basically contains the same elements as the HLW repository 
(section 3.2.1) and the L/ILW repository (section 3.3.1). Further information on the surface 
infrastructure of the combined repository can be found in the corresponding planning studies 
for the siting regions JO, ZNO and NL (Nagra 2013d, Nagra 2014k, Nagra 2014n, Nagra 
2014q). With an appropriate layout, a combined repository allows joint use of elements of the 
surface infrastructure. Based on the overarching realisation plans, the emplacement phase is 
significantly longer than for the two separate repositories. The construction of the SF/HLW 
part and the SF/HLW pilot repository will be partly simultaneous with the emplacement 

                                                           
60  For the transport of the disposal containers in the L/ILW caverns, current planning foresees the use of an overhead 

crane.  
61  For example, if the monitoring phase has to be significantly longer. 
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operations in the L/ILW facility. The combined repository therefore has to be designed so 
that the construction of the main repository and pilot repository for SF/HLW is spatially 
separated from the emplacement operations in the L/ILW part. For this case, the operations 
access (e.g. operations shaft) and the construction and operations tunnel of the SF/HLW part 
are foreseen as construction access. 

• As significantly more underground structures have to be ventilated during emplacement and 
monitoring operations, more fresh-air has to be supplied to the disposal level. The ventilation 
shaft may have to have a larger diameter than would be the case for individual repositories.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-11: Conceptual illustration of the combined repository. 
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3.4.2 Model implementation of the conceptual requirements and assumptions 
for the combined repository 

The possibilities for configuring the disposal areas (SF/HLW, L/ILW and ILW) correspond in 
principle to the information in sections 3.2 and 3.3. One possibility for implementing the conc-
eptual requirements and assumptions for the combined repository is shown in the system sketch 
in Fig. 3-12. The transport of the waste to the underground emplacement drifts and caverns is via 
the access tunnel (main access). Besides the auxiliary accesses, the model design of the repository 
includes an operations shaft for simultaneous construction activities (see section 3.4.1) and a 
ventilation shaft. 

The surface facilities can basically be configured in the same way, but for L/ILW and ILW some 
components can be used jointly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-12: System sketch of the underground facilities of the combined repository. 
 
 

3.4.3 Variants for the design of the combined repository 
The flexibility for optimising the combined repository corresponds to that for the L/ILW and 
HLW repositories (see sections 3.2.3 and 3.3.3). 
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3.5 Summary 
The Swiss waste management concept assumes two different repositories for HLW and L/ILW. 
They will be constructed at two different sites but, if the geological situation is suitable, could 
also be constructed at the same site (so-called combined repository). In Stage 1 of the Sectoral 
Plan for Deep Geological Repositories, Nagra proposed six geological siting regions for the 
L/ILW repository and three for the HLW repository; these fulfil the geological and safety-related 
requirements according to the Sectoral Plan. In Stage 2, the geological knowledge base was 
extended further. Based on the results of a safety-based comparison according to the requirements 
of the regulatory authorities, Nagra submitted its proposal for at least two siting regions for each 
repository type to the SFOE in December 2014. Nagra proposes Zürich Nordost and Jura Ost for 
both the L/ILW and HLW repositories for further investigation in Stage 3. These investigations 
have already begun. 

The legislator defines a deep geological repository as a facility in the geological underground that 
can be sealed as long as the permanent protection of humans and the environment can be assured 
by a system of passive barriers. The Swiss multibarrier concept consists of the waste matrix, the 
waste container and disposal canister or container, backfilling/sealing and the geological barrier. 
Safety cases are required for the operational phase and the post-closure phase (long-term safety 
case) for all licensing steps in the course of realising a repository. For the post-closure phase, a 
comprehensive and systematic analysis has to show how the repository will evolve with time, 
what the radiological consequences will be and that the overarching protection objective and 
associated guidelines and protection criteria have been met. 

Against a background of intensive collaboration with the siting regions, siting areas for the surface 
facilities for all repository types and potential siting regions within the planning perimeters were 
identified in Stage 2. The associated planning studies provide details on aspects of spatial plan-
ning and environmental compatibility. 

For planning the repositories, design concepts were defined for the two repositories based on 
conceptual requirements and assumptions and these were implemented in model form. For some 
elements, there are different design variants which allow the site-specific situation to be taken 
into consideration. In future procedure, it also has to be ensured that sufficient flexibility is 
available to take into account information and know-how arising in the future (results of site 
exploration, increase in knowledge through R&D); this will allow optimisation of the surface and 
underground facilities. 
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4 Allocation of the waste to the deep geological repositories 

Key differences between WMP08 and WMP16 
The waste types have not changed since the WMP08 and a similar allocation of the waste to the 
different repository types is also assumed. As in WMP08, the information on waste volumes uses 
the categories L/ILW, ILW and HLW, with all the scenarios underlying WMP16 (1a – 2b) being 
considered. If Nagra's proposal for narrowing-down the siting regions in Stage 2 is accepted, it 
will no longer be necessary for safety reasons to distinguish ILW and emplace it in the HLW 
repository. In this case, the L/ILW and ATW can be disposed of in the L/ILW repository. The 
decision on Stage 2 has not yet been reached and disposal of ILW in both the HLW and L/ILW 
repositories are considered as variants. The waste volumes to be considered for the allocation of 
the waste categories L/ILW, ILW and HLW are based on Tab. 2-2. 

4.1 Waste types and allocation to the repositories 
An analysis of the waste disposal concepts being followed and implemented worldwide shows 
that there are various possibilities for allocating the waste to the different repositories, depending 
on the safety concept, the repository design and the selected site (different contributions of 
geology and the engineered barriers to safety). For L/ILW, there are surface repositories (e.g. 
Centre de l'Aube, France), repositories several tens of metres below the surface (e.g. SFR in 
Sweden and VLJ in Finland) and repositories several 100 m below the surface (e.g. Bátaapáti in 
Hungary). These facilities differ significantly in terms of the allocated waste inventory. 

The Swiss waste management concept assumes two deep geological repositories, one for HLW 
and one for L/ILW. A combined repository is a concept in which the HLW and L/ILW repositories 
are constructed at the same site (see sections 1.2 and 3.4). Spent fuel assemblies and vitrified 
high-level waste from reprocessing are allocated to the HLW repository, while low- and inter-
mediate-level waste is assigned to the L/ILW repository. The alpha-toxic waste (ATW, see 
section 2.1) can be divided and disposed of partly with the HLW and partly with the L/ILW. If 
ATW is allocated to the L/ILW repository, the siting region will, under certain circumstances, 
have to fulfil higher safety requirements than the case where only L/ILW is emplaced. Some of 
the L/ILW could also be allocated to the HLW repository. The L/ILW and ATW that could be 
allocated to the HLW repository is designated as ILW (long-lived intermediate-level waste62). 

The allocation of the waste assumed for preparing the siting proposals for Stage 2 of the SGT 
forms the basis for the waste allocation in WMP16. The reporting for SGT Stage 2 is based on 
the information in MIRAM 14 (Nagra 2014d). For the 2016 Cost Study (CS16), the waste 
inventory was checked and modified slightly, mainly for MIR. Tabs. 4-1 to 4-4 present the waste 
volumes for the categories L/ILW, ILW and HLW for the different scenarios (Scenarios 1a – 2b; 
section 2.1). 

  

                                                           
62  The designation ILW for long-lived low- and intermediate-level waste arose during the time before the current 

nuclear energy legislation entered into force. It refers to low- and intermediate-level waste that, because of specific 
safety-related requirements on the geological barriers of a L/ILW repository (particularly long-term protection from 
erosion), was separated out and allocated to the HLW repository. This applied e.g. to the Wellenberg site that was 
the focus at the time for L/ILW disposal. This concept continues to be applied in the Sectoral Plan process. In 
WMP16, the term long-lived intermediate-level waste (ILW) continues to be used as the decision on Nagra's 
narrowing-down proposal in Stage 2 has not yet been made. 
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If Nagra's narrowing-down proposal for Stage 2 is confirmed, it will no longer be necessary to 
distinguish ILW and dispose of it in the HLW repository63. All L/ILW and ATW can be emplaced 
in the L/ILW repository. The emplacement of ILW in the HLW and L/ILW repositories is con-
sidered as a variant in WMP16, i.e. besides the waste allocation to date, emplacement of the waste 
designated up to now as ILW in the L/ILW repository is also a variant. 

The type of waste allocated to the different repositories and repository sections and emplacement 
rooms (HLW, ILW, L/ILW) and the properties of the waste (radionuclide inventory, material 
properties, heat production, gas generation, complexants) are so homogeneous that it will not be 
necessary to have a repository design that is oriented to specific waste properties (e.g. taking into 
account heat production, chemical properties, gas generation etc.). A detailed description of the 
waste and its properties can be found in Nagra (2014d). 

In terms of allocating the waste to the repositories, there will still be flexibility even after the 
general licence has been granted; the waste allocation and the requirements on the waste can be 
optimised on the basis of the site-specific conditions. The detailed conditions for the emplacement 
of the waste will be defined only at the stage of the construction and operating licence, when all 
the required information (results of detailed site investigations and detailed design of the engi-
neered barriers, effectively existing waste) is available. This could lead to slight changes in the 
waste allocation. 
  

                                                           
63  In December 2014, Nagra proposed the two siting regions Jura Ost and Zürich Nordost for further investigation in 

Stage 3 (Nagra 2014a). It is currently under discussion whether Nördlich Lägern (NL) should also be carried 
forward to Stage 3. Also, in the case of NL, it would no longer be necessary to distinguish ILW and dispose of it 
in the HLW repository. 
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Tab. 4-1a: Waste volumes in cubic metres for the categories L/ILW, ILW and HLW (scena-
rio 1a). 
Explanations for scenarios 1a – 2b: Volumes of delivered and conditioned waste and the 
volume "packaged" in disposal canisters and containers in brackets. The information is 
divided according to the categories for deep geological repositories (DGR) and according to 
origin. SF: spent fuel assemblies; WA: waste from reprocessing; BA: operational waste from 
the NPPs and ZWILAG; RA: reactor waste from the NPPs; SA: decommissioning waste from 
the NPPs and ZWILAG; MIR: waste from medicine, industry and research, including CERN 
waste (see also Tab. 2-2a – 2-2d); BEVA: waste from the operation and decommissioning of 
the encapsulation plants and disposal of the delivered transport and storage casks for SF. 
"BEVA" also includes a reserve from the other surface facilities. 

 

 Origin Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(NPP) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 D
G

R
 HLW 

    1,126  

(7,129) 
   114  

(398) 
      8  

(8) 
 1,248 

(7,536) 

ATW 
       99   

(414) 
   77 

(261) 

 
154 

(573) 
   490 

(1,661)    
   820 

(2,909)    

L/ILW 
    7,352 

(28,094) 
  339 

(1,334) 
17,871 

(26,030) 
  9,755 

(14,478)  
  77 

(307) 
35,394 

(70,243) 

Total 
    1,126  
(7,129) 

213 
(812) 

  7,352 
(28,094) 

   416 
(1,595) 

17,871 
(26,030) 

  9,917 
(15,059)  

   567 
(1,968) 

37,462 
(80,687)  
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Tab. 4-1b: Waste volumes in cubic metres for the categories L/ILW, ILW and HLW (scena-
rio 1b). 

 

 Origin Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(NPP) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 D
G

R
 HLW 

     1,126) 

(7,129) 
   114  

(398) 
   8  

(8) 
 1,248 

(7,536) 

ATW 
       99   

(414) 
   77 

(261) 
 
 

154 
(573) 

  490 
(1,661) 

   820 
(2,909)  

L/ILW 
    7,473 

(28,260) 
   339 

(1,334) 
18,863 

(27,390) 
14,214 

(18,972) 
  77 

(307) 
40,966 

(76,263) 

Total 
    1,126  
(7,129) 

213 
(812) 

  7,473 
(28,260) 

   416 
(1,595) 

18,863 
(27,390) 

14,375 
(19,553)  

   567 
(1,968) 

43,033 
(86,708) 

 
 

Tab. 4-1c: Waste volumes in cubic metres for the categories L/ILW, ILW and HLW (scena-
rio 2a). 

 

 Origin Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(NPP) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 D
G

R
 HLW 

    1,357  

(8'995) 
    114  

(398) 
   8  

(8) 
 1,479 

(9,402) 

ATW 
       99   

(414) 
 110 

(374) 

 
168 

(634) 
  559 

(1,934) 
   936 

(3,356)  

L/ILW 
    8,167 

(31,068) 
   368 

(1,437) 
17,871 

(26,030) 
  9,776 

(14,563)  
  92 

(369) 
36,274 

(73,467) 

Total 
    1,357 
(8,995) 

213 
(812) 

  8,167 
(31,068) 

  478 
(1,811) 

17,871 
(26,030) 

  9,952 
(15,205) 

   651 
(2,302) 

38,689 
(86,224) 
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Tab. 4-1d: Waste volumes in cubic metres for the categories L/ILW, ILW and HLW (scena-
rio 2b). 

 

 Herkunft Total 

SF 
(NPP) 

WA 
(NPP) 

BA 
(KKW) 

RA 
(NPP) 

SA 
(NPP) 

MIR  BEVA 

C
at

eg
or

y 
ac

c.
 to

 D
G

R
 HLW 

   1,357  

(8,995) 
   114 

(398) 
   8  

(8) 
 1,479 

(9,402) 

ATW 
       99   

(414) 
 110 

(374) 

 
168 

(634) 
   559 

(1,934) 
   936 

(3,356)  

L/ILW 
    8,326 

(31,271) 
   368 

(1,437) 
18'863 

(27'390) 
14,223 

(19,010)  
  92 

(369) 
41,872 

(79,477) 

Total 
    1,357 
(8,995) 

213 
(812) 

  8,326 
(31,271) 

  478 
(1,811) 

18'863 
(27'390) 

14,398 
(19,652)  

   651 
(2,302) 

44,286 
(92,234)  

 

4.2 Summary 

The Swiss waste management concept assumes two types of repository, one for HLW and one 
for L/ILW. The repository design and allocation of the waste have to take account of site selection. 
Spent fuel assemblies (SF) and vitrified high-level waste from reprocessing (HLW) will be 
disposed of in the HLW repository, while low- and intermediate-level waste is assigned to the 
L/ILW repository. If Nagra's narrowing-down proposal for Stage 2 is confirmed, it will no longer 
be necessary to distinguish ILW and dispose of it in the HLW repository. All L/ILW and ATW 
can be emplaced in the L/ILW repository. The emplacement of ILW in the HLW and L/ILW 
repositories is considered as a variant in WMP16, i.e. besides the waste allocation to date, 
emplacement of the waste designated up to now as ILW in the L/ILW repository is also a variant. 

The allocation of the waste as part of the different licensing procedures according to the KEG 
(2003) and KEV (2004) will gradually be refined. The detailed conditions for emplacement of the 
waste will be defined only at the stage of the construction and operating licence when all the 
required information (results of detailed site investigations and detailed design of the engineered 
barriers, effectively existing waste) are available. This could lead to slight changes in the waste 
allocation.  
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5 Implementation plan for the deep geological repositories 

Key differences between WMP08 and WMP16 
The basic procedure for the realisation of the deep geological repositories and associated work 
has changed little compared to WMP08. The timeline, however, has changed significantly. 
WMP08 was based on data from the 2006 Cost Study (CS06), which assumed the commissioning 
of the L/ILW repository in 2035 and the HLW repository in 2050. The current implementation 
plan foresees the start of operation of the repository for L/ILW in 2050 and for HLW in 2060. 
The main reasons for this are: 

• The Sectoral Plan process was not yet understood in detail in CS06. In addition, the process 
has proved to be significantly more complex than originally foreseen in the conceptual part 
of the SGT (BFE 2008). Taken overall, a ten-year longer duration for the siting is now 
assumed. 

− Stage 1 lasted until the confirmation of the siting regions for Stage 2 by the Federal Coun-
cil in November 2011, only slightly longer than planned in SGT (3 instead of 2.5 years). 

− 2.5 years was also assumed for Stage 2 according to the SGT. Based on the current imple-
mentation plan, the Federal Council will only present the results from Stage 2 at the end 
of 2018; this comes with a delay of 4.5 years compared to the planning assumptions in 
the SGT. The main reasons for this were the intensive and challenging collaboration with 
the siting regions and the Cantons on the identification of siting areas for the surface 
facilities, carrying out further field work (including 2D seismic measurements) and the 
extensive documentation of Nagra's proposals for the siting regions for further investiga-
tion in Stage 3, as well as supplementary documentation required by ENSI as a result of 
the review of these proposals. 

− 6 years were scheduled in the SGT for Stage 3 up to the Federal Council decision. This 
is for the case where exploratory boreholes are necessary and decisions cannot be made 
based on existing knowledge. The implementation plan in WMP08 assumed approxi-
mately 3 years for the geological investigations and the preparation of the general licence 
applications. The current implementation plan in WMP16 assumes that, at the beginning 
of Stage 3, 3 to 5 exploratory boreholes will be required in the siting regions remaining 
in the process. Based on experience with field studies and other related work, Nagra will 
require about 3 years from the beginning of Stage 3 before announcing the selection of 
the sites for preparation of general licence applications. This will be followed by further 
detailed specification of the repository projects at the proposed locations, or at the 
location for a combined repository, again in cooperation with the siting regions and 
Cantons, as well as the preparation and submission of the general licence applications 
(2024). Around 3 years were planned in the WMP08 for the review by the authorities of 
a general licence application, the open consultation phases and the Federal Council deci-
sion. Currently, the SFOE estimates 5 years before the Federal Council decision (2029). 
A further 2 years are scheduled for the approval by Parliament (2030) as well as a possible 
referendum (2031). 

• For the L/ILW repository, the assessment by ENSI of the WMP08 considered the time hori-
zon foreseen for the geological investigations underground to be too optimistic for production 
of the geological, safety and construction databases necessary for the submission of the 
nuclear construction licence application. The investigations were to be specified in a more 
concrete manner in the preparation of the next WMP. For WMP16, detailed planning studies 
for underground geological investigations to support the L/ILW programme are now 
available. This also results in an additional delay of 5 years in the L/ILW implementation 
plan after completion of the siting / general licence phase, as compared to WMP08. 
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5.1 Legal framework and regulatory requirements for the implementation 
plan 

Tabs. A.1-2 and A.1-3 (Appendix A.1) summarise the procedural requirements in the KEG 
(2003) and KEV (2004), in the conceptual part of the SGT and the ENSI Guideline G03 (ENSI 
2009a), as well as requirements in environmental protection legislation (USG 1983) for the reali-
sation of a deep geological repository. The fundamental process of implementation resulting from 
these requirements, together with the most important specifications, are briefly described below. 

Site selection is conducted in three stages according to the SGT, the components of which are 
detailed in BFE (2008). Based on proposals from the waste producers (Nagra), Stage 1 led to 
identification of geological siting regions for the L/ILW and HLW repositories that were con-
firmed by the Federal Council in 2011 (BFE 2011). The currently running Stage 2 will result in 
at least two sites each for the L/ILW and HLW repository, again to be recorded in the object 
sheets to be approved by the Federal Council for Stage 2 (2018). In addition, at least one siting 
area for the surface facility in each siting region was identified in Stage 2, based on intensive 
cooperation with the siting regions. 

In Stage 3, detailed geological investigations will be carried out in the remaining geological siting 
regions. In 2022, Nagra will announce the sites for the preparation of general licence applications 
according to the Sectoral Plan (BFE 2008). This is followed by a further specification of the 
repository projects at the proposed locations, taking into account the cooperation with the siting 
regions for the submission of general licence applications (2024). After the review of the general 
licence application by the authorities, the Federal Council will decide on the granting of the 
licence and, at the same time, the associated stipulations according to the Sectoral Plan or Spatial 
Planning Act and record these in object sheets. The deferred sites for HLW and L/ILW in SGT 
Stage 3 will remain as reserve options until the issuing of the operating licence for the cor-
responding repository is assured. In all three stages of the SGT, safety has first priority; spatial 
planning and socio-economic aspects are considered but are subordinate. 

The general licence decides fundamental, politically significant questions in connection with any 
nuclear facility. Therefore, the law requires that, in contrast to the other licensing steps according 
to the KEG, the Federal Council's decision must be submitted for approval of the Federal 
Assembly and is then subject to an optional national referendum. The general licence defines the 
main features of the project; these include the approximate size and location of the most important 
structures, as well as the categories of waste for emplacement and the maximum disposal capacity 
(KEG Art. 14 par. 2). The general licence also defines the criteria relating to suitability that have 
to be met during further realisation steps. Concepts for the monitoring phase and closure will be 
specified and the provisional protection zone defined. 

In parallel with the general licence procedure, according to KEG Art. 42 – 48 foreign countries 
will be notified about the project by the competent federal authorities within the scope of the 
Espoo Convention (UN-ECE 1991). 
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After approval of the site in the general licence procedure and its specification in the object sheets 
of the Sectoral Plan, further licences are required from the Department (DETEC) or the Federal 
Council: permits for underground geological investigations, the nuclear construction licence, 
nuclear operating licence and, after completion of the operating and monitoring periods, a permit 
for closure issued by the Federal Council. These steps also include aspects from other areas, in 
particular spatial planning and environmental impact assessment: 

• Permit for geological investigations (KEG Art. 35 and 36): The legal requirements for 
geological investigations are established in KEG Art. 35 and 36. These investigations include 
both exploratory boreholes and underground structures (KEG Art. 36). After granting of the 
general licence, besides any additional exploratory boreholes, investigations underground 
will be necessary. Various underground structures will be needed for the designated under-
ground geological investigations. In addition to structures at the disposal level (e.g. explora-
tory drifts), these include the required underground access (e.g. exploratory shaft, exploratory 
tunnel). Conducting appropriate experiments will provide important input for construction of 
the repository (Tab. A.4-3). Because, at this time, there is still no nuclear facility, structures 
for geological investigations are designed so that they can later be redefined as a nuclear 
installation within the context of the nuclear construction licence (KEG Art. 3) and integrated 
into the deep geological repository64. The permit for underground geological investigations 
is, as for all earth science studies, temporary, and does not give any entitlement to subsequent 
conversion into a nuclear installation. 

• Nuclear construction licence (KEG Art. 15 – 18): The nuclear construction licence defines 
the planned capacity of the facility and includes a project for the monitoring phase and a plan 
for closure. The licence also specifies the key elements for technical implementation. This 
includes the test areas; together with the main repository and the pilot repository, these are 
integral parts of the geological repository (KEV Art. 64). Long-term experiments will con-
tinue in the test areas during construction65; this is necessary with a view to the operating 
licence, for confirming site-specific, safety-relevant characteristics of the host rock in order 
to strengthen the safety case (KEG Art. 37; KEV Art. 65). In addition, KEV Art. 65 states 
that safety-related technologies should be tested and their functionality demonstrated in the 
test areas before starting repository operation. This particularly concerns the technology for 
retrieval of waste packages without excessive effort (KEV Art. 37) and requires demonstra-
tion of the introduction and removal of backfill materials (KEV Art. 65). 

• Nuclear operating licence (KEG Art. 19 – 25): The nuclear operating licence specifies the 
definitive protection zone of the deep geological repository and its permissible capacity. It 
also sets out measures for monitoring the environment and the stages of commissioning, the 
beginning of which requires prior clearance by the regulatory authorities (KEG Art. 21). The 
operating licence also sets specific requirements, in particular limits for the activity of waste 
to be emplaced (KEG Art. 37). The emplacement of waste packages in a repository requires 
approval by ENSI (ENSI 2009a). The testing of sealing technology and the demonstration of 
its functionality take place in the test areas during the operation of the repository (KEV 
Art. 65). 

                                                           
64  This procedure implements the following safety requirements: i) the available space within the disposal perimeter 

in the host rock is to be used as well as possible, ii) the damage to the host rock is to be restricted and (iii) open 
cavities in the host rock are to be limited in terms of extent and number. 

65  The formal transition of structures for geological investigations underground into test areas after issuing of the 
construction licence will require further procedural steps. The nuclear energy legislation provides appropriate 
options (e.g. KEG Art. 17 par. 1f and KEV Appendix IV). 
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• Closure66 of the repository (see KEG Art. 39): Following the end of the monitoring phase, 
the Federal Council orders closure of the repository when the permanent protection of humans 
and the environment can be assured (KEG Art. 39). After orderly closure, the Federal Council 
may order further temporary monitoring. After closure or after expiry of the monitoring 
period, the Federal Council rules that the facility is no longer subject to nuclear energy legis-
lation (KEV Art. 39). 

5.2 Further specifications and assumptions for defining the realisation plan 
In addition to the legal and regulatory requirements discussed above in section 5.1, the basic 
implementation plan for the repositories will be determined taking into account the following 
specifications and assumptions:  

• In principle, disposal takes place in Switzerland (KEG Art. 30 par. 2): for the currently 
unlikely case of disposal abroad, a permit could be granted as an exception under strictly 
specified conditions (KEG Art. 34 par. 4). The final decision on whether disposal is to take 
place abroad would be made, at the latest, before beginning construction of the repository 
(Appendix A.2, Tab. A.2-1). 

• The existing siting options are systematically reviewed within the context of the SGT process 
(evaluation of safety and geology, coordination of the use of space). The comparison of 
options available required for the general licence application with regard to the safety of the 
planned repository as part of the site selection process (KEV Art. 62) can therefore be based 
on the investigations and work within the framework of the SGT. 

• Documents regarding spatial planning stipulations according to the Sectoral Plan are part of 
the reporting required for the general licence application and spatial planning approval. 

• The Swiss disposal concept is based on two deep geological repositories, but there is the 
possibility to dispose of all the waste in spatially separated areas at one site (termed a com-
bined repository, see BFE 2008). 

• With regard to the allocation of waste to the different geological repositories (see section 4.1), 
there is flexibility as part of the implementation process to allocate waste on the basis of the 
conditions actually found or requirements for the waste disposal according to an appropriate 
level of optimisation. This ensures that there is a disposal path available for all expected 
waste. 

• The timetable for disposal will take the temporal arisings of waste into account, with the aim 
of keeping the emplacement time short. 

• For an estimation of the required interim storage capacity, it is assumed that all waste for all 
scenarios listed in WMP16 (scenarios 1a – 2b, see also waste categories in Tabs. 2-1a – d) is 
stored in the available interim storage facilities until being transported to the deep geological 
repositories. For the HLW repository, the necessary time for cooling due to the initially high 
heat output of SF / HLW (see section 2.1) is to be considered. 

  

                                                           
66  In the event of an unfavourable development of the boundary conditions during the operating phase, according to 

ENSI-G03 (ENSI 2009a) technical and operational arrangements for a temporary closure are also to be included. 
In a previous study, Klubertanz et al. (2008) states that "self-closure" without human intervention is difficult to 
realise. Rather, both the repository design and the operational plan should include measures to allow rapid closure 
of the facility. 
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• For the optimisation of the disposal programme (in particular the design of the repository and, 
if necessary, optimisation of conditioning procedures), sufficient flexibility is necessary, 
including consideration of future potential developments regarding the waste to be disposed 
of. Such flexibility to adapt to new findings (results from the Swiss programme, experience 
in foreign programmes, general progress of science and technology) and taking account of 
new developments regarding the waste for disposal should be maintained as long as required, 
as foreseen in the stepwise licensing procedure according to the KEG (2003). 

• The concretisation of the concepts and projects (design of the repositories, the technology for 
construction, operation and closure, safety assessment) takes place at a level of detail and 
confidence appropriate for the requirements of upcoming decisions. The assurance of safety 
and fundamental technical feasibility is given high priority at each step; however, early steps 
require a lower level of detail. 

• The decisions on realisation of the implementation plan should not only be technical, but also 
socially supported. The inclusion of appropriate interest groups in the process should thus be 
assured. In the site selection phase (see Tabs. A.4-1 and A.4-2), this is ensured by the SGT 
procedure (BFE 2008). Also, inclusion of the various interest groups in the subsequent 
nuclear licensing procedure is provided for and regulated by law. Thus, information of the 
public is of high importance (see Chapter 8). 

5.3 Realisation plan for the deep geological repositories 
Starting from the specifications and assumptions described in sections 5.1 and 5.2, consideration 
of the times required for the execution of the technical work and for the implementation of 
associated official/regulatory processes results in the implementation plans shown in Figs. 5-1a 
and 5-1b for the HLW and L/ILW programmes respectively. Especially for later stages, this plan-
ning is associated with uncertainties of several years. The realisation plan is also based on the 
assumption that the legal remedies available in the licensing process are not exhausted. The 
timetable for WMP16 assumes the start of operation of the L/ILW repository from 2050 and the 
HLW repository from 2060. This time plan, which is shown in Tabs. A.4-1 and A.4-2 
(Appendix A.4) and is compatible with the bar graphs in Figs. 5-1a and b, underpins the infor-
mation in Chapter 6 (operating times of interim storage facilities) and Chapter 7 (costs and 
financing). 

The implementation plan takes into account in particular: 

• the statutory and regulatory permits and licences and the associated decision-making points 
according to Tab. A.1-2 

• the documentation supporting these permits and licences in accordance with Tab. A.1-3 and 
the time required for the performance of the necessary technical-scientific work 

• the time required for the official (licensing) procedures 

• the time needed to involve the various stakeholders in the decision-making process 

• other technical, time-related boundary conditions (for example for SF storage after removal 
from the reactor to allow the necessary cooling) 

The proposed implementation plan (Figs. 5-1a and b) and the associated decision-making points 
provide sufficient flexibility to optimise disposal and take into account future developments in 
terms of the waste to be disposed of. The relevant procedure is shown in Tab. A.2-1. 
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The most important conclusions can be derived from Tab. A.2-1: 

• The general licence requires sufficient knowledge to allow robust statements to be made on 
safety and engineering feasibility; this relates in particular to the host rock properties (partly 
from site-independent investigations, see section 5.7), the space available and the long-term 
stability, including information on erosion. This information can be obtained by surface 
investigations (e.g. seismics, exploratory boreholes, Quaternary investigations) supplemented 
by site-independent work. The general licence will also define the main features of the project, 
including the approximate size and location of the most important structures. At the stage of 
the general licence, concepts for selected elements of repository design may still include 
different variants (e.g. access to the underground, design of the engineered barriers and tech-
nology for the construction, operation and closure of the facility). 

• For the nuclear construction licence application, the detailed layout and design of under-
ground structures and engineered barriers as well as infrastructure and technology for the 
construction, operation and closure of the repository will be specified (KEV Art. 24 (2) and 
Appendix 4). The required input from underground geological investigations necessary for 
repository construction is taken into account in the application. This implementation plan also 
allows the experience from foreign programmes that are relevant for Switzerland (notably 
Finland, France, Sweden) to be taken into account (see also the dates in Tab. 3-1). 

The most important features of the realisation plan are: 

• The selection of the sites for the L/ILW and HLW repositories based on the SGT procedure, 
which runs in parallel until the respective general licences are granted. 

• The general licence specifies the main features of the project; the detailed design of the 
facilities will only be decided at the stage of the nuclear construction licence. The nuclear 
construction licence takes into account information gained from the underground geological 
investigations. 

• The facilities are constructed to the extent necessary to start operations. The construction of 
additional SF/HLW emplacement drifts within the accessible disposal zone for the HLW 
repository or the combined repository will be done during the operational phase. 

• Each emplacement room is closed once disposal is completed; after all the waste has been 
emplaced, the encapsulation plants are decommissioned and dismantled, and any resulting 
decommissioning waste disposed of. At this time, the monitoring phase begins (assumed to 
be 50 years, see Tab. A.4-1); after a limited period (assumption 10 years, see Tab. A.4-1), the 
accesses to the disposal zones at the repository level and any unrequired accesses from the 
surface to the underground are backfilled and sealed. 

• After completion of the monitoring phase, the entire facility (access structures, remaining 
parts of the surface infrastructure) is closed and decommissioned. Monitoring can then be 
continued from the surface. 
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Fig. 5-1a: Realisation timetable for the HLW repository based on current planning. 
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Fig. 5-1b:  Realisation timetable for the L/ILW repository based on current planning. 
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Deviations from the following requirements may mean that the realisation plan (Fig. 5-1a and b) 
for the start of operation of the L/ILW or HLW repository cannot be met: 

• For the general licences to be obtained by 2031, the field work in SGT Stage 3 must proceed 
without major legal delays or any relevant surprises. For the general licence application, a 
socially sustainable project must also be available, for which well-founded technical and 
scientific documentation is available. The assessment of the application documents by the 
authorities, the Federal Council decision and its confirmation must run to schedule. An 
optional national referendum can be handled without delays and leads to a positive outcome. 

• To obtain the nuclear construction licence within the specified timescale after granting of a 
valid general licence, the following is necessary: 

− The applications submitted for underground geological investigations and their examina-
tion by the authorities have to allow DETEC to grant authorisation for the investigations 
immediately after issuing of the general licence by the Federal Council (2029) - subject 
to confirmation by Parliament. 

− The preparation and implementation of the underground investigations have to proceed 
without relevant surprises; for the L/ILW repository, with lower requirements on long-
term safety, a few years are needed to characterise the geological situation at the disposal 
level and obtain the data necessary for the nuclear construction licence application 
(Tab. A.4-4); more time is planned for the HLW repository (Tab. A.4-3). 

− The application documents for the nuclear construction licence have to be of a sufficient 
technical-scientific standard and reviewed by the authorities so that the licence can be 
granted as planned; further there should also be no legal recourses involving longer 
delays. 

• The construction of the facilities will begin immediately after obtaining the nuclear con-
struction licence. The structures used for underground geological investigations, including 
the necessary accesses, can also be integrated into the deep geological repository as planned 
and without major expenditure. If the operating licence procedure has no legal recourses with 
longer delays, this leads to operations commencing in approx. 2050 for the L/ILW repository 
and approx. 2060 for the HLW repository. 

From a current perspective, the points discussed above describe the 'critical path', since they are 
sequentially coupled with each other. 

A wide range of topics has to be covered for the implementation of the realisation plan described 
here (see Tab. A.3-1 in Appendix A.3). These include questions about geology, safety, the inven-
tory of radioactive waste and the design, construction, operation and closure of the repositories. 

Decision-relevant issues associated with siting are in the foreground for the general licence. A 
solid foundation must also be developed for documentation to support the general licence appli-
cation in accordance with the provisions of the KEV (2004). The main areas of work are described 
in section 5.4.1 (HLW repository) and section 5.5.1 (L/ILW repository). Tab. A.3-2 contains a 
brief description of the work based on the proposals of Nagra for the siting regions to be investi-
gated in SGT Stage 3 (Nagra 2014a and b). 

The work within the next few years with a direct link to siting (including seismics, exploratory 
boreholes, analyses and syntheses, long-term observations, safety reports, facility planning) draws 
on many years of experience; its implementation is therefore not described in the following 
sections, since it has previously been documented in detail. The main reports submitted for the 
proposals of Nagra in SGT Stage 1 and Stage 2 summarise current knowledge related to geology 
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and safety (see in particular Nagra 2008c, d and e, Nagra 2010 and Nagra 2014a, b and c). For 
Stage 3, more detailed geological investigations (3D seismics, exploratory boreholes and Quarter-
nary surveys) will be carried out in the remaining siting regions; important background on this is 
included in the exploration concepts submitted with the documents for Stage 2 (Nagra 2014s)67. 

Work after granting of the general licence is related to preparing for and implementing the under-
ground geological investigations, as well as activities related to the nuclear construction and 
operating licence applications (sections 5.4.2 (HLW) and 5.5.2 (L/ILW)). Corresponding specifi-
cations are regulated in the nuclear energy legislation and guidelines of the regulatory authorities. 

5.4 Procedure for the realisation of the HLW repository 
The background for this section is the implementation plan presented in section 5.3; as noted 
there, only work with direct siting relevance will be covered. Work related to the general RD&D 
programme is described in section 5.7. 

5.4.1 Site selection according to Sectoral Plan and the general licence 
The basic procedure for siting is described in the conceptual part of the SGT (see BFE 2008). 

Stage 1: Nagra proposed geological siting regions that meet the safety requirements as part of the 
Sectoral Plan process in Stage 1 (Nagra 2008c). A multi-stage systematic procedure starting from 
the whole of area of Switzerland (so-called "blank map") was the starting-point for the preparation 
of these proposals (Fig. 1-2), based on geological requirements (Nagra 2008e) and incorporating 
criteria from the conceptual part of the SGT (BFE 2008). After an extensive review, the regulatory 
authorities confirmed the six siting regions for further investigation in the Sectoral Plan with a 
decision of the Federal Council of November 2011. 

Stage 2: In SGT Stage 2, further geological investigations were carried out in the L/ILW and 
HLW siting regions proposed in Stage 1 (including 2D seismics) to further develop the knowledge 
base on geology and safety (see in particular Nagra 2014a, b and c). The siting regions were thus 
systematically narrowed down further (Nagra 2014b). This included a stepwise optimisation of 
the geological configurations used for the assessment for the individual HLW and L/ILW reposi-
tory siting regions, a review of safety-related suitability of the siting regions and their equivalence 
on the basis of both dose calculations and a qualitative assessment using the criteria in the SGT, 
an overall comparative assessment using the decision-relevant features specified by the authori-
ties and identification any obvious disadvantages of specific siting regions. In December 2014, 
Nagra submitted proposals to the SFOE for at least two siting regions for each repository type 
and proposed that the regions Jura-Südfuss, Nördlich Lägern, Südranden and Wellenberg (Nagra 
2014a) be deferred, since these have clear disadvantages compared to the siting regions Jura Ost 
and Zürich Nordost. 

In contrast with the safety-oriented narrowing-down of the siting regions for the HLW and L/ILW 
repositories based on geological configurations, there is flexibility within the planning perimeters 
in terms of the placement, arrangement and design of the surface infrastructure. In SGT Stage 2, 
Nagra developed proposals for possible locations for the surface facilities (Nagra 2011) and a 
location-independent report on the safety and protection of groundwater (Nagra 2013a). Based on 
                                                           
67  As part of the assessment of the relevant documents, the question is whether or not the siting region Nördlich 

Lägern should be further investigated in Stage 3. To be prepared for all cases and avoid delays, Nagra has submitted 
an exploration concept for the Nördlich Lägern region (Nagra 2016d) with the relevant planning work included, as 
well as with first geological investigations (3D seismics) started. 
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intensive cooperation with the siting regions, locations for the surface facilities within the asso-
ciated planning perimeters could be specified for both types of repository and each potential siting 
region in SGT Stage 2. In the corresponding planning studies (Nagra 2013b – g, Nagra 2014i – 
q), aspects of land use and environmental compatibility are assessed in detail and the element of 
flexibility in the design of the surface infrastructure is discussed. 

Stage 3 and general licence: After approval of the object sheets (Stage 2), the repository projects 
are concretised in SGT Stage 3 based on collaboration with the siting regions. This includes the 
placement of the shaft head installations as well as the layout and further design of the surface 
infrastructure68. 

With a view to the general licence application, Nagra will carry out field investigations including 
3D seismic surveys, exploratory boreholes and Quaternary surveys. The field work required in 
Stage 3 in the proposed L/ILW and HLW siting regions will be carried out in a coordinated 
manner. In the case of 3D seismics, the mapping of the bedding is important together with the 
inventory and structural interpretation of any associated fault zones. The exploratory boreholes 
serve, in particular, for the calibration of the 3D seismic measurements (especially depth and 
thickness of the host and surrounding rocks), as well as for determining relevant rock properties 
and conditions. Investigations of unconsolidated Quaternary rocks contribute to assessing long-
term evolution. 

Based on the field work and further findings, Nagra will select and announce the sites 2 to 3 years 
before submission of the general licence applications. At the same time, the potential for a 
possible 'combined repository' (see section 3.4) will be announced. The documentation supporting 
the selection is produced according to specifications of the nuclear energy legislation (KEV 
Art. 62), with a comparison of the options available with regard to safety of the planned repository 
and an assessment of the site-selection relevant properties as part of the documents for the general 
licence application. 

After announcement by Nagra of the selection of the sites for the preparation of general licence 
applications, further site-specific concretisation of the disposal projects takes place working 
together with the siting regions. They will also produce regional development projects as required 
by the SGT and define the basis for any compensation measures. The waste producers regulate 
any compensation measures and payments in SGT Stage 3 together with the siting regions and 
Canton(s). 

The general licence decides fundamental, politically significant questions related to a nuclear 
installation; in particular, it specifies the site. The fact that the general licence is a fundamental 
decision is reflected in the fact that, in contrast with the further licensing steps specified in the 
KEG (sections 5.4.2 and 5.5.2), the decision of the Federal Council requires the general approval 
of the Federal Assembly and the decision is subject to an optional national referendum. 

  

                                                           
68  The packaging of the SF and HLW can, in principle, also take place in a facility located outside the repository 

surface facility. The SF/HLW disposal canisters would then have to be transported to the surface facility of the 
HLW repository in transport casks (not yet developed). 
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The requirements in the KEV for the general licence application require the following investiga-
tions and studies for the selected sites: 

• Provision of a geological synthesis with the geological databases required for long-term safety 
and repository planning 

• Safety-based comparison of the L/ILW and HLW siting regions studied in detail in Stage 3, 
including the evaluation of characteristics important for the siting decision  

• Better definition of the repository projects (including operation and closure): concepts have 
to be prepared for the surface and underground elements (see section 5.1) 

• Documentation of the harmonisation with spatial planning  

• Clarifications for the Environmental Impact Assessment (EIA, 1st stage) 

• Development of a monitoring concept 

• Preparing a security report (concept) 

At the time of the general licence, different design variants are kept open with a view to later 
optimisation within the framework of the multi-stage licensing procedure (see Appendix A.2). 
This makes it possible to reflect new insights from the underground geological investigations after 
obtaining the general licence, together with the results and experience from the RD&D 
programme and from foreign programmes. Final decisions should be made at the latest at the 
stage of the nuclear construction licence application. Currently, for HLW this concerns parti-
cularly: 

• Variants for materials and design concepts for the SF/HLW disposal canisters 

• Variants for the design of the emplacement rooms 

• Variants for the design and emplacement of backfill materials 

• Variants for the design and construction of sealing elements 

• Variants for the design of the closure of the ILW caverns with consideration of gas release 

• Variants for the design of the tunnels, including excavation protection, cladding and choice 
of sealing system 

5.4.2 Work after the general licence 
Underground investigations: Projects and proposals for underground geological investigations 
are prepared in parallel with the general licence procedure. The applications also include the 
necessary accesses (e.g. exploration tunnel, exploration shaft). Excavation of underground 
structures is accompanied by a characterisation programme (preparation and initiation of investi-
gations, Fig. 5-1a and b). The findings feed into the nuclear construction licence applications. 

Tab. A.4-3 in Appendix A.4 provides an overview of the activities planned during the phase 
"Continuing geological investigations underground" (Fig. 5-1a) and associated goals from a 
current perspective. It also shows how activities relate to the realisation plan for the HLW reposi-
tory and contribute to milestones and decisions. A detailed explanation of the purpose, scope and 
nature of the main RD&D activities is provided in the RD&D Plan (Nagra 2016a). 

Nuclear construction licence application: Based on the updated documentation on the geology 
(including the results of the underground investigations and results from the RD&D programme 
as well as findings from other programmes), geological datasets are provided for engineering 
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design and safety assessment. All documents related to facility design will also be prepared for 
the nuclear construction licence application (Table A.1-3). The required reports on long-term 
safety, operational safety and the engineered barriers will also be prepared. The official review of 
the documents leads to a nuclear construction licence issued by the responsible Department 
(DETEC). Underground experiments will continue in parallel with the nuclear construction 
licensing process. 

Construction, operation, monitoring and closure: The facilities required for initiating emplace-
ment operations are constructed following granting of the construction licence. In this phase, 
structures for underground geological investigations in test areas are converted to components of 
the repository (section 5.1). In the test areas, long-term experiments initiated as part of the under-
ground investigations continue and, before repository operations commence, safety-relevant tech-
niques are tested, and their functionality demonstrated. Tab. A.4-3 presents an overview of 
planned activities during this period and their associated objectives from a current point of view. 
The application for the nuclear operating licence will be prepared and submitted in parallel with 
construction (Tab. A.1-3). The emplacement operations commence once the operating licence has 
been issued. First, waste is emplaced in the pilot repository. After this, disposal of SF and HLW 
takes place in the emplacement drifts. Additional SF/HLW emplacement drifts will be excavated 
in parallel with emplacement. The monitoring phase begins once emplacement is complete 
(Tab. A.1-3). The deep geological disposal concept combines disposal with the possibility of 
retrieval and thus incorporates a certain reversibility (EKRA 2000). This means that, before 
closure, repository evolution over an extended period of time is monitored in the pilot repository. 
During this time, waste can be retrieved without excessive effort. For planning purposes, based 
on Art. 3 of the Ordinance on the Decommissioning and Waste Disposal Funds, a monitoring 
phase of 50 years is assumed, but its duration can be adjusted if necessary. After the end of the 
monitoring phase, the Federal Council authorises closure provided the permanent protection of 
humans and the environment can be assured (KEG Art. 39). The repository then enters the post-
closure phase. At the end of any further limited period of monitoring from the surface (KEG 
Art. 39), the Federal Council will declare the sealed repository to be released from nuclear energy 
legislation (KEG Art. 39). The responsibility for the closed repository then transfers to the Federal 
Government. This can include further long-term monitoring, in particular environmental moni-
toring (KEG Art. 39). 

5.5 Procedure for the realisation of the L/ILW repository 
This is based on the implementation plan presented in section 5.3, presenting only site-specific 
work. Work related to the general RD&D programme is described in section 5.7. 

5.5.1 Site selection according to the Sectoral Plan and the general licence 
The procedure for the L/ILW repository corresponds to that for HLW and is thus not discussed 
further; the statements in section 5.4.1 can be taken to apply here also. 

5.5.2 Work after the general licence 
The basic procedure is the same as for the HLW programme. Geological investigations under-
ground to support the nuclear construction and operating licences are also carried out for the 
L/ILW repository. 
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Tab. A.4-4 in Appendix A.4 provides an overview of planned activities in the phases "Continuing 
geological investigations underground" and "Construction" (Fig. 5-1b) and related goals from the 
present viewpoint. It also shows how the activities are coupled to the implementation plan for the 
L/ILW repository and contribute to milestones and decisions69. A detailed description of the pur-
pose, scope and content of underground investigations is given in the RD&D Plan (Nagra 2016a). 

The further procedures (nuclear construction licence application, construction, operating licence 
application, operation, monitoring and closure) are similar to the HLW repository and differ 
mainly in terms of timescale (see bar chart in Fig. 5-1b) and in that during operation no repository 
extension is planned. 

5.6 Procedure for the realisation of the combined repository 
The implementation plans for the HLW and L/ILW repositories presented in section 5.3 form the 
basis for the realisation of a combined repository. The detailed specification of this implementa-
tion plan depends on the site. The development of implementation plans also needs clarification 
of issues regarding the licensing procedure for a combined repository with the competent autho-
rities. 

5.6.1 Site selection according to the Sectoral Plan and the general licence 
The procedures for the combined repository in the site selection/general licence phase correspond 
basically to those for the HLW repository (section 5.4). Based on in-depth geological investiga-
tions in the remaining geological siting regions and additional work, in 2022 Nagra will select the 
sites for the preparation of general licence applications. At the same time, it will be announced 
whether two individual repositories or a combined repository will be constructed. If a combined 
repository is selected, the appropriate general licence application would then be prepared and 
submitted to the authorities for review. 

5.6.2 Work after the general licence 
In principle, the same conceptual specifications apply to the combined repository and the HLW 
and L/ILW repositories (section 3.4). Likewise, the procedure for the combined repository after 
obtaining the general licence mirrors the work steps required for the HLW and L/ILW repositories 
(see sections 5.4 and 5.5). The combined repository results in synergy with regard to the prepara-
tion and implementation of the underground geological investigations (e.g. characterisation of the 
geological situation as well as the associated experimental programme), construction (e.g. surface 
infrastructure and underground access), operation of the SF/HLW and L/ILW / ILW repository 
parts (e.g. use of underground access structures), monitoring and closure. 

  

                                                           
69  In the case of similar properties of the host rock, synergistic effects can be achieved by adapting the appropriate 

experimental programmes for the L/ILW and HLW repositories. 
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5.7 Research and development  
The realisation of deep geological repositories is a stepwise process extending over several 
decades and requires a comprehensive planning basis for the scientific and technical work priori-
ties. In the RD&D Plan (Nagra 2016a), the purpose, scope, nature and duration of various future 
activities involving research, development and demonstration resulting from the implementation 
plan, as well as the illustrated conceptual specifications and assumptions in WMP16, are pre-
sented in full. 

WMP16 is limited to the presentation of key topics in research and development. Tab. A.3-3 con-
tains a short description of these, based on the implementation plan from a current point of view, 
within the framework of the RD&D programme for the next approx. 10 years. For a detailed 
discussion of the research activities, see Nagra (2016a). Work on the RD&D programme covers 
a wide range of topics, including issues related to geology, safety and safety-relevant phenomena 
and processes, radioactive waste, the disposal concept, the engineered barriers and closure of the 
geological repositories. 

Ongoing RD&D activities also cover development of modules of the deep geological repositories 
(elements of the surface infrastructure, engineered barriers and the associated emplacement 
rooms, technology for construction, operation and closure) and – where necessary – adjustment 
to site-specific conditions (see sections 5.4 and 5.5). 

In the various waste disposal projects worldwide, RD&D programmes have been ongoing for 
many years, some of them running as international collaborations. For some of these, the RD&D 
carried out in underground rock laboratories (URLs) plays a central role. For Nagra, the findings 
from the URLs Mont Terri (Switzerland), Bure (France), Grimsel (Switzerland), Aspö (Sweden) 
and Mol (Belgium) are of particular interest. RD&D activities include also laboratory pro-
grammes, field programmes (for example in connection with natural analogues), model develop-
ment and topic-specific studies. The RD&D programme has been running in Switzerland for 
approx. 40 years, with PSI and other research bodies being involved (see section 5.7); this extends 
and complements the work being carried out abroad. Research topics and activities are based on 
the level of information and decision-making needs of the individual milestones for realisation of 
the repositories. The assessment of the priority and depth of study of these topics required for 
such milestones takes into account the level of knowledge as well as the assessments by the 
authorities and their experts (in particular KNS 2011, BFE 2011, ENSI 2011d, KNS 2012, ENSI 
2012, BFE 2013 and ENSI 2013, Appendix 1). It is also based on the specifications in Tab. A.1-3 
and the information in Tab. A.2-2. 

Specific RD&D activities are required with regard to the nuclear construction and operating 
licence applications. Particular information is provided during operation of the repository. 
Examples of such RD&D activities are the development of the disposal containers for SF/HLW 
or L/ILW / ILW, the demonstration of emplacement and retrieval of waste packages, backfilling 
and sealing as well as monitoring. A brief description of the topics can be found in Tab. A.3-4; 
more detailed information can be found in the RD&D Plan (Nagra 2016a). 

5.8 Performance of the work 
According to the legal requirements, the responsibility for disposal lies with the waste producers 
(KEG Art. 31). The waste producers (operators of the NPPs and the Swiss Confederation) founded 
Nagra in 1972 to carry out all tasks with regard to the realisation of the deep geological reposi-
tories. 
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In order to carry out its work professionally, Nagra has a flexible organisation which can be 
adapted to evolving needs. Nagra is currently established as a project management organisation. 
Work is awarded to qualified contractors when the tasks can be sufficiently clearly defined and 
the interfaces to other tasks are easily manageable. In work areas that require special knowledge 
(in particular RD&D work), long-standing collaboration arrangements runs with established 
competence centres (such as PSI or the University of Bern)70, complemented by institutes in 
Switzerland and abroad or experienced contractors with topic-specific knowledge and infra-
structure. Selected topics are handled in joint projects with partner organisations, partly in the 
context of the European Commission Research Framework Programmes and partly under other 
contractual arrangements. This includes, in particular, research programmes in the international 
URLs. 

Nagra itself has qualified employees with the safety awareness required for their tasks, involving 
planning of work, producing synthesis reports and presenting results and conclusions to stake-
holders (if necessary, involving key contractors). Commissioning and execution of the work takes 
place within a clearly defined management system, which has been certified since 2005 as 
meeting quality management requirements according to ISO 9001. Within this system, reviews 
play a central role. With Stage 3, the Sectoral Plan procedure will enter a decisive phase. Nagra 
has therefore instituted organisational development explicitly reoriented towards these challenges 
and goals. 

5.9 Transmission of information to future generations 
The nuclear energy legislation foresees a set of measures for the transmission of information about 
a repository to future generations. The owner of a deep geological repository must prepare suitable 
documentation to ensure that knowledge about the repository remains available on the long term 
(KEV Art. 71). KEG Art. 40 requires the Federal Council to ensure that this information is 
retained, and the knowledge of the repository is preserved (long-term archiving). In addition, the 
law prescribes the marking of the repository; a marking concept must be submitted by the owner 
as part of the nuclear construction licence application (ENSI 2009a). 

The extent of work in the field of transmission of information to future generations varies inter-
nationally. In 2011, the Nuclear Energy Agency (NEA) of the OECD launched the project 
"Preservation of Records, Knowledge and Memory (RK&M) Across Generations", which aims 
to integrate technical considerations internationally, analyse possible solutions and communicate 
decisions. Nagra has been actively involved in the RK&M project since 2011, with both financial 
contributions and technical expertise. According to the first findings of the project, the questions 
of long-term archiving and marking should not be considered individually, but rather together as 
part of a global system of measures to preserve information and knowledge. 

  

                                                           
70  Based on long-term contracts, competence centres ensure that an experienced pool of employees as well as special 

infrastructure for selected work areas are available. They conduct specific programmes, without the influence of 
Nagra on the details of the research. This ensures that the results are recognised as scientifically based and inde-
pendent. 
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5.10 Summary 
The statutory and regulatory requirements, as well as the definition of further conceptual specifi-
cations and assumptions, form the starting-point for the derivation of the realisation plans for the 
L/ILW and HLW repositories. The specifications and assumptions allow the determination of the 
fundamental procedure and a list of the necessary work. After estimating the time needed for the 
execution of technical work and for official procedures, the implementation plans can be defined. 
These are based on obtaining a general licence in 2031 and a start of operation for the L/ILW 
repository in 2050 and for the HLW repository in 2060 (see Figures 5-1a and b). This assumes 
that no time-consuming legal recourses arise and that the technical work and the licensing 
procedures run according to plan. 

The realisation plans take into account both site-specific work within the scope of the Sectoral 
Plan as well as the ongoing and planned RD&D work needed for the general licence and the 
further licensing steps (construction and operating licence). 

The multi-stage licensing procedure enshrined in the nuclear energy legislation allows the 
necessary flexibility for optimised design of the repositories. If the applications and licences are 
handled as planned, then future information (results of the detailed site exploration, increase in 
knowledge through research and development) provides input for such optimisation.  

The responsibility for the disposal lies with the waste producers. These have entrusted Nagra with 
implementation of all tasks with regard to the realisation of the disposal facilities. Nagra maintains 
a formal management system, within which all work is carried out. Nagra also has qualified 
employees complemented by support available externally, by competence centres secured over 
multiyear contracts, by institutes in Switzerland and abroad and by partner projects. 

The topic of long-term archiving of documentation and marking of the repository is part of the 
broader theme of transmitting information to future generations. Nagra follows the international 
status of such technical considerations within the framework of a project of the Nuclear Energy 
Agency (NEA) of the OECD. 
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6 Interim storage 

Differences between WMP08 and WMP16 
The basic assumptions regarding the configuration of interim storage have not changed since 
2008. Due to modification of the implementation plan and the underlying scenarios in WMP16, 
information on the duration and capacity of interim storage is checked and modified where 
necessary. For this purpose, interim storage logistics (acceptance of waste in disposal containers, 
boundary conditions for stack heights, maximum floor loads) are considered. 

6.1 Configuration, duration and capacity of interim storage 
The waste produced today from the NPPs and from medicine, industry and research (MIR) that 
is destined for deep geological disposal goes to interim storage. The NPP operational, reactor and 
decommissioning waste is stored in ZWILAG or ZWIBEZ, while MIR waste is stored in the 
federal interim storage facility (BZL or the planned OSPA) on the grounds of PSI and is the 
responsibility of the Swiss Confederation. 

On the long term, the following facilities are available or planned for interim storage (nomencla-
ture used in Tab. 6-1): 

• BZL: Federal interim storage facility at PSI for MIR waste 

• OSPA: Planned 'PSI Store East OSPA' for MIR waste71 

• ZWIBEZ-S: NPP Beznau interim storage facility for low-level waste 

• ZWIBEZ-H: NPP Beznau interim storage facility for high-level waste and spent fuel 

• ZWILAG-S: 'Hall S' for low-level waste 

• ZWILAG-M: 'Store M' for (low- and) intermediate-level waste 

• ZWILAG-H: 'Hall H' for high-level waste and spent fuel 

Spent fuel is placed without pre-treatment into transport and storage casks and stored in 
ZWILAG-H or ZWIBEZ-H, after sufficient cooling in the fuel storage pools of the NPP or the 
NPP Gösgen wet store. The waste from reprocessing is also stored temporarily: the vitrified HLW 
in transport and storage casks in ZWILAG-H and the other waste from reprocessing in containers 
in ZWILAG-M. 

With the planned commissioning of the repository for L/ILW in 2050, for 50-year operation of 
the NPPs all waste from the NPPs would have to be stored in ZWILAG/ZWIBEZ before being 
transported for disposal. For 60-year operation of the NPPs, it would be possible, in principle, for 
decommissioning waste from NPP Leibstadt to go directly to the L/ILW repository (see 
Tab. A.4-5). For a conservative estimate of the maximum required interim storage capacity, how-
ever, it is assumed that, even for scenario 2b72, all the waste is stored temporarily before being 
transported to the repositories. This takes into account the most conservative waste volume in 
WMP16 as well any possible delays in the commissioning of the L/ILW repository. 

                                                           
71  The federal interim storage facility at the Paul Scherrer Institute needs to be expanded. To this end, PSI applied in 

2014 to the Swiss Federal Office of Energy (SFOE) for a construction and operating licence. Application documents 
for the so-called "PSI Store East OSPA" have been submitted (1st half of 2016). 

72  Scenarios described in section 2.1 
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The phase after demolition of the NPPs plus the associated on-site interim storage facilities is 
important for evaluating the interim storage capacity. In WMP16, in contrast to WMP08, the 
capacities of the decentralised L/ILW interim stores at the NPPs are no longer considered. The 
storage capacity during the operation of the NPPs is included, because at that time sufficient 
capacity is available at ZWILAG/ZWIBEZ (for information on operational lifetimes of the NPPs, 
including decentralised L/ILW interim storage facilities, see Tab. A.4-5). 

In WMP08, simplified assumptions were based on the waste volumes transported to interim 
storage facilities as compared with the (theoretically) available volumes of these facilities. For in-
depth estimation of the degree of occupancy of interim storage facilities, various boundary con-
ditions such as maximum floor loadings are taken into account. Depending on the type of con-
tainer to be stored, the maximum number of containers that can be stacked on top of one other 
may be limited. The theoretically available volume can thus not be fully utilised in certain stores: 
this is taken into account in Tab. 6-1. 

WMP16 provides a more detailed picture of the interim storage capacity (see Appendix A.7); this 
takes into account the actual interim storage logistics on site. ZWIBEZ-S and ZWILAG-S/-M are 
designed for storage containers (so-called racks) into which the (smaller) waste packages are 
placed. Multiple stacking of these racks is possible at each location. In addition, decommissioning 
of the NPPs produces waste in concrete containers, which are stored directly; their stacking height 
is limited by the maximum floor load. ZWIBEZ-H and ZWILAG-H for HLW are designed for 
transport and storage casks: the maximum capacity is thus limited by the number of emplacement 
positions. 

An analysis of the waste (volumes and arisings with time) shows that, for the NPPs, and even for 
scenario 2b, there is sufficient interim storage capacity for all the waste (Tab. 6-1). Assuming no 
optimisation, the interim storage facility for SF and HLW in scenario 2b reaches a maximum 
occupancy of 104 %. However, the number of storage positions can be increased by improved 
use of the available floor area (see Appendix A.7): this leads to a maximum degree of occupancy 
of 88 %. If the commissioning of the repositories is delayed, interim storage facilities can be 
operated for a longer period with appropriate administrative and technical measures (contracts, 
maintenance, possibly retrofits, replacement or renewal of selected components)73. 

  

                                                           
73  In the event of a possibly extended operation of interim storage facilities, age management must be taken into 

account. 
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Tab. 6-1: Occupancy of the interim storage facilities for scenario 2b. 
For details of scenario 2b see section 2.1. 

 

Interim storage facility 1) Occupancy 4) 

[%] 

BZL / OSPA 2)  97 

ZWIBEZ-S  75 

ZWILAG-M  100 

ZWILAG-S  79 

ZWILAG-H + ZWIBEZ-H 3)  104 (88) 5) 

1)  For information on the operating lifetimes of the interim storage facilities see Tab. A.4-5. In WMP08, 
the capacity of the Gösgen wet storage facility was reported (operation from 2008 - 2046). Due to delays 
in the implementation plan (commissioning of L/ILW repository 2050 and HLW 2060; see Ch. 5), the 
information in WMP16 is limited in terms of NPP waste to the presentation of the existing storage 
capacity at ZWILAG and ZWIBEZ. 

2)  The dismantling of the PSI West facilities is planned after 2050. Because the L/ILW repository is 
available by then, this waste does not require to be stored; otherwise space must be found on site. 

3)  ZWILAG-H and ZWIBEZ-H can be considered as a single unit in terms of capacity. 
4)  For the detailed derivation of the occupancy rate refer to Appendix A.7. 
5)  Without optimisation measures, ZWILAG-H and ZWIBEZ-H have an occupancy of 104 %. If the num-

ber of emplacement spaces is optimised, this leads to a SF/HLW occupancy of 88 % (Appendix A.7). 
 
For emplacement in the repositories, waste from the interim storage facilities is placed in suitable 
transport casks and then moved to the disposal site(s). For SF and HLW, the intention is to use 
the existing transport and storage casks74. However, this requires the casks to be re-licensed; 
otherwise the SF and HLW must be reloaded into suitable containers licensed for transport. The 
transport and storage casks are recycled after use; if this is not fully possible, any contaminated 
parts are disposed of as radioactive waste – if required after appropriate decay storage. The neces-
sary infrastructure for transport (loading and unloading of transport containers) is either present 
or available as a concept. This also applies to the wagons and road vehicles necessary for trans-
port. The potential to take account of new experience, technical innovation and changes in regu-
lations is assured (Tab. A.2-1). For the expected revision of the Radiological Protection Ordi-
nance with revised nuclide-specific exemption levels (considered in scenarios 1b and 2b), addi-
tional radioactive material is generated (around 9,000 m3 for storage in racks or on pallets), which 
would otherwise be freely released according to current Radiological Protection Ordinance and 
could be disposed of conventionally. This material has very low activity and can be reused after 
a cooldown75 period; the rest can be disposed of conventionally. Here a decay store is necessary, 
where material is held until it can be released. Detailed investigations on the impacts and material 
flow for decay storage are presented in a report from the Federal Workgroup for Nuclear Waste 
Disposal (AGNEB 2015). 

  

                                                           
74  The owners of the containers have provided an aging monitoring programme for existing transport and storage 

casks. 
75  According to the current status of the Radiological Protection Ordinance (currently under review), the maximum 

time for decay storage is 30 years (StSVArt. 85 par. 2). 
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The Federal Council has formulated a specific recommendation with regard to WMP16 in terms 
of the long-term stability of spent fuel (stipulation 6.1; see Appendix A.5). The waste producers 
are required to start work on the investigation of such stability during interim storage, determining 
the status of science and technology with regard to long-term behaviour of fuel assembly cladding 
and its resulting consequences. Appendix A.6.1 contains specific references to such investigations 
as well as other work related to the long-term stability of spent fuel. 

6.2 Summary 
Even for scenario 2b, and in the case of a possible delay of the commissioning of the L/ILW 
repository, there is sufficient capacity in the existing interim storage facilities for all the waste 
until the last waste packages are placed in the appropriate repository. For an emplacement opera-
tions period of 15 years (see realisation plan in Chapter 5), this would be 2064 for L/ILW and 
2074 for HLW. For the expected waste from medicine, industry and research (MIR) and also the 
waste from NPPs, there is also sufficient capacity in the case of scenario 2b until the scheduled 
completion of the emplacement operations for the L/ILW repository. Similarly, with optimised 
use of space in ZWILAG-H and ZWIBEZ-H, even in the case of scenario 2b sufficient interim 
storage capacity is available for SF and HLW up to completion of disposal operations.  

If the commissioning of the repositories is delayed, interim storage facilities would be operated 
for longer. The infrastructure and technology required for the transport of waste is in place and 
tested concepts are available for the infrastructure needed in the future. 
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7 Costs and financing of waste management 

Key differences between WMP08 and WMP16 
The first Waste Management Programme (Nagra 2008a) was prepared by Nagra on behalf of the 
waste producers and submitted to the Federal Department of the Environment, Transport, Energy 
and Communications (DETEC) in 2008. WMP08 was based on the most up to date Cost Study at 
the time, i.e. 2006 (CS06). As CS06 and WMP08 were not coordinated in time regarding costs 
and the associated realisation plan, the information on costs and schedules in WMP08 was not up 
to date and did not correctly reflect, for example, the developments in the site selection process 
for the repositories. 

In its order of 28th August 2013 on WMP08, the Federal Council therefore specified that the next 
WMP in 2016 should be submitted at the same time as the 2016 Cost Study (CS16). This ensures 
that, from 2016, the information in the CS and the WMP will be coordinated and a consistent 
presentation of the details on waste management is assured. 

According to the requirements of the Administrative Commission of the Decommissioning and 
Waste Disposal Funds, the cost estimate for the deep geological repositories is based on the same 
model sites as the 2011 Cost Study. The Commission also set out detailed requirements regarding 
the cost structure and the presentation of surcharges for inaccuracies in predictions and risks and 
discounts for chances, as well as a possible safety reserve to take into account "optimism bias". 

7.1 Legal provisions 
According to the legal provisions, the waste producers are responsible for the disposal of radio-
active waste and must bear the full costs of this (polluter pays principle). To secure the financing 
of waste disposal and decommissioning after the shutdown of the nuclear installations and power 
plants, the owners require to make contributions to the Decommissioning and Waste Disposal 
Funds (KEG Art. 77). The Decommissioning Fund secures the financing of the decommissioning 
of facilities and the disposal of the resulting waste. The Waste Disposal Fund finances the disposal 
of all the operational waste arising after the shutdown of a power plant, interim storage, transport, 
transport and storage casks, reprocessing and disposal of spent fuel assemblies and the prepara-
tion, construction, operation, decommissioning and monitoring of the required repositories. The 
costs arising before shutdown are borne directly by the owners (KEG Art. 82).  

The Decommissioning and Waste Disposal Funds and their historical performance will be dis-
cussed in more detail in section 7.3.1. The Funds represent the form of financing for decommis-
sioning and disposal costs after shutdown, which is anchored in the Nuclear Energy Act76. The 
monies paid into the Funds are removed from direct access by the owners and are under state 
control. This ensures appropriate application of the funds. At no time are the owners relieved of 
their obligation to bear costs, either during or after the end of the obligation to make contributions 
to the Funds. 

To determine the amount of the annual contributions to be made to the two Funds and the amount 
of reserves to be put aside by the facility owners, the anticipated decommissioning and waste 
disposal costs are calculated every five years by the waste producers as part of cost studies (Funds 
Ordinance Art. 4). The cost studies are based on the decommissioning plans of the nuclear 
installations, the Waste Management Programme, the current scientific and technical knowledge 

                                                           
76  KEG Art. 77. 
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base and the prices that apply at the time of the calculations. The cost studies are reviewed in 
terms of aspects that are relevant for safety by the Swiss Federal Nuclear Safety Inspectorate 
(ENSI) and in terms of the cost calculations by independent experts (Funds Ordinance Art. 4).  

The Cost Study and the Waste Management Programme have different objectives. WMP16 repre-
sents the current status of planning for deep geological disposal and takes into account the existing 
options for realising the repositories in an open manner, without pre-empting decisions on the 
sites or on detailed technical design. 

The objective of the 2016 Cost Study (CS16) is to provide a sufficiently accurate, realistic and 
transparent cost estimate for calculating the contributions to the Decommissioning and Waste 
Disposal Funds and for determining the level of the reserves to be made for financing the costs 
that arise before the plants are shut down. Modelling assumptions have to be made for determining 
the costs of the repositories without pre-empting decisions or making statements on preferences. 
The modelling assumptions are consistent with the Waste Management Programme but do not 
make any premature findings on later decisions on the way to realising the repositories. In this 
sense, variants are considered in terms of costs for important decisions.  

7.2 Estimated costs 
CS16 is the basis for the following costs. 

CS16 takes into account the following: 

• Information on the waste for disposal in Chapter 2 (Tab. 2-2) 

• The description of the waste management facilities and the infrastructure (for deep geological 
repositories see sections 3.2, 3.3 and 3.4; for interim storage see section 6.1) 

• The implementation plan, in particular: 

− The operating lifetimes of the NPPs and the waste management facilities (for geological 
repositories see the tables in Appendix A.4 and the description in section 5.3; for interim 
storage see Tab. 6-1 in section 6.1) 

− The decision points (licences) for the facilities still to be realised (for repositories see the 
tables in Appendix A.4 and the description in section 5.3) 

− The key activities (for repositories see the tables in Appendix A.4 and the description in 
section 5.3) 

The costs of decommissioning and disposal include all past and future costs for planning, con-
struction and operation of the waste management facilities, the acquisition costs for transport and 
storage casks and the costs for services of third parties (reprocessing, transport). These cost ele-
ments are estimated by Nagra, ZWILAG and the nuclear power plants and are divided themati-
cally as follows: 

• Reprocessing 

• Interim storage 

• Acquisition of transport and storage casks for SF/HLW 

• Transports 

• Preparation, construction, operation, monitoring and closure of the L/ILW repository 
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• Preparation, construction, operation, monitoring and closure of the HLW repository 

• Decommissioning of the nuclear installations 

The total costs for decommissioning and waste disposal divided as presented in Tab. 7-1. They 
amount to 19,176 million CHF for disposal and 3,406 million CHF for decommissioning. The 
costs include outgoings that have already been paid (accumulated costs per end of 2015) as well 
as outgoings to be paid by the facility owners in the future either directly or via the Funds (future 
costs from 2016). 

Tab. 7-1: Total costs of decommissioning and waste disposal according to topic. 
Information (in million CHF) according to swissnuclear (2016a, 2016b and 2016c). Informa-
tion without brackets includes the costs of the Federal Government; information in brackets 
corresponds to costs without those of the Federal Government. Deviations in amounts are 
due to rounding. PB16 is price basis 2016. 

 

Topics Costs 
CS16/PB16 

Reprocessing 2,762 
(2,762) 

Interim storage (ZWILAG), including centralised waste treatment 2,739 
 (2,686) 

ZWIBEZ and Gösgen NPP wet storage 156 
(156) 

Acquisition of transport and storage casks for SF/HLW 1,098 
(1,096) 

Transports 303 
(299) 

L/ILW repository 

1), 2) 4,424 
 (3,361) 

HLW repository, including encapsulation plant for SF/HLW2) 7,694 
(7,630) 

Total for disposal 19,176 
(17,990) 

Decommissioning the nuclear power plants and interim storage facilities 

3), 4) 3,406 
Grand total 22,582 

(21,396) 

1) Without costs for decommissioning waste (total costs in the amount of 118 million CHF).  
2) If two individual repositories are constructed. Taking into account the chance of a combined repository, 

the following costs result (see Tabs. 7-3 and 7-4): for the L/ILW repository 4,151 million CHF (without 
Federal Government: 3,156 million CHF); for HLW costs of 7,152 million CHF (without Federal 
Government: 7,099 million CHF) and for the waste disposal costs a total of 18,362 million CHF (with-
out Federal Government: 17,254 million CHF). 

3) Cost estimate based on the variant 'Completion of decommissioning after release from the nuclear 
energy legislation'. For the variant 'Decommissioning including conventional dismantling', the total 
costs are 3,634 million CHF. 

4) Including total costs for the disposal of the decommissioning waste in the amount of 188 million CHF. 
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Tab. 7-2 shows the partitioning over time of the decommissioning and disposal costs. Financing 
of the different costs is discussed in section 7.3. 

Tab. 7-2: Overview of distribution with time of the decommissioning and waste disposal costs. 
Information in million CHF. Information without brackets is based on waste disposal costs 
for realisation of two separate repositories and for decommissioning costs for the variant 
'Completion of decommissioning after release from the Nuclear Energy Act'. Information in 
brackets takes into account the chance of a combined repository and, for decommissioning 
costs, conventional dismantling. Deviations in amounts are due to rounding. Price basis 2016. 

 

 Waste disposal Decommissioning Total 

Accumulated costs to end 2015 5,590 
 (5,590) 

19 
 (19) 

5,609 
 (5,609) 

From 2016 to shutdown of the 
nuclear power plants 

2,069 
 (1,979) 

228 
 (228) 

2,297 
 (2,207) 

After shutdown of NPPs 10,495 
 (9,850) 

3,159 
 (3,387) 

13,654 
 (13,237) 

Future cost share of Fed. Gov. 
from 2016 

1,022 
 (943) 

- 
(-) 

1,022 
 (943) 

Total 19,176 
 (18,362) 

3,406 
 (3,634) 

22,582 
 (21,9966) 

 
Tab. 7-3 presents the costs for waste disposal and decommissioning according to the cost division 
specified by the Commission. Besides the total costs, the table contains information on the base 
costs, the reserves for prediction uncertainties and risks and the deductions for chances. The total 
costs result from the sum of different cost blocks that are presented in the following. The base 
costs are made up of the starting costs and the costs of risk reduction. Reserves for uncertainties 
in predictions are added to the base costs. Reserves for risks and deductions for chances are then 
factored in. Because of the uniform and comprehensive reserves for prediction uncertainties, the 
additions for risks and the deductions for chances, there is no additional safety reserve that takes 
into account the optimism bias. The sum of all the cost blocks gives the total costs.  
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Tab. 7-3: Estimate of total costs for decommissioning and disposal with the cost division 
according to the specifications of the Commission. 
Information in million CHF according to swissnuclear (2016a), including the costs of the 
Federal Government for disposal of MIR waste 1). The information is based on a 50-year 
operation of the NPPs (Mühleberg 47 years). Deviations in amounts are due to rounding. 
PB16 is price basis 2016. 

 

Total costs  

CS16/PB16 

Waste disposal Decommissioning Total 

Accumulated costs up to 2015 5,590 19 5,609 

Future costs from 2016 

Initial costs 
Costs for risk reduction 

Base costs 
Prediction uncertainties 
Risks 
Chances 
Safety reserve 

 

10,197 
370 

10,567 
1,877 
1,373 
-230 

- 

 

2,622 
67 

2,689 
301 
491 
-94 
- 

 

12,819 
437 

13,256 
2,178 
1,864 
-324 

- 

Surcharge on future base costs 3,020 698 3,718 

Total costs CS16/PB16 

Considering the combined repository as 
a chance 

Total costs considering comb. rep. as 
chance (50 % weighted) 

19,176 

-815 

 
18,362 

3,406 

0 

 
3,406 

22,582 

-815 

 
21,768 

Total costs CS11 PB16 

Difference CS16/CS11 

Difference CS16/CS11 [in %] 

17,626 

1,551 

8.8% 

3,204 

202 

6.3% 

20,830 

1,753 

8.4% 

1) The Federal Government is responsible for disposal of MIR waste. No contributions are made to the 
Decommissioning and Waste Disposal Funds for the associated costs. An agreement will be reached 
between the owners of the nuclear installations and the Government and other organisations from the 
MIR area on their contributions to the costs of the repositories. According to Art. 38 of the KEG, the 
owners of the repositories have a right to compensation for disposal of wastes of third parties. 

 
The costs of the deep geological repositories are shown in Tab. 7-4 according to the division 
specified by the Commission for the HLW, L/ILW and combined repositories. The operating 
times for the NPPs are 47 years for Mühleberg and 50 years for the other NPPs. The table also 
shows as a variant the total costs for the case of realising a combined repository rather than two 
individual repositories as a chance with a weighting of 50 %. 

Tab. 7-4 shows that the initial costs make up around 70 % of the total costs and that more than 
5 % of the total costs are applied for measures for risk reduction. The base costs are around 80 % 
of the total costs. The resulting future base costs after subtraction of the accumulated costs (around 
10 %) are around 65 % of the total costs. The activated additions and subtractions for inaccura-
cies, risks and chances are around 35% of the base costs.  
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Tab. 7-4: Detailed presentation of the total costs for the HLW and L/ILW repositories and the 
variant combined repository as well as the total costs taking into account the variant 
combined repository as a chance. 
Information in million CHF according to swissnuclear (2016b); cost division according to 
the specifications of the Commission. 

The realisation of a combined repository rather than two individual repositories is considered 
as a chance. 

Cost division according to the specification of the Commission. The total costs for the 
disposal of the decommissioning waste in the amount of 188 million CHF are not included 
in the figures. The information is based on a 50-year operation of the NPPs (Mühleberg 47 
years). Deviations in amounts are due to rounding. 

  
HLW 

repository 
L/ILW 

repository 
Total individual 

repositories 
Combined 
repository 

[in % 
total 

costs] 

[MCHF] [in % 
total 

costs] 

[MCHF] [in % 
total 

costs] 

[MCHF] [in % 
total 

costs] 

[MCHF] 

Starting costs 71 % 5,453 73 % 3,209 71 % 8,662 70 % 7,292 

Costs of risk reduction 6 % 433 7 % 326 6 % 759 7 % 741 

Base costs 77 % 5,886 80 % 3,535 78 % 9,421 77 % 8,033 

Accumulated costs 9 % 723 13 % 573 11 % 1,296 12 % 1,296 

Future base costs 67 % 5,163 67 % 2,962 67 % 8,125 64 % 6,737 

Reserves for uncertainties 14 % 1,103 14 % 606 14 % 1,708 14 % 1,418 

Reserves for risks 9 % 721 9 % 415 9 % 1,128 9 % 991 

Deductions for chances -2 % -154 -2 % -76 -2 % -230 -1 % -64 

Additional safety reserve 0 % 0 0 % 0 0 % 0 0 % 0 

Total costs 98 % 7,546 101 % 4,480 99 % 12,026 99 % 10,377 

Additional/reduced costs siting variants (weighted) 2 % 148 -1 % -56 1 % 92 1 % 112 

Reserves on future base costs 23 % 1,808 20 % 88 22 % 2,697 23 % 2,456 

Reserves on future base costs [%] 1) 35 % 30 % 33 % 36 % 

Reserves for uncertainties [%] 1) 21 % 20 % 21 % 21 % 

Reserves for risks [%] 1) 17 % 12 % 15 % 16 % 

Deductions for chances [%] 1) -3 % -3 % -3 % -1 % 

Total costs incl. siting variants 100 % 7,694 100 % 4,424 100 % 12,118 100 % 10,489 

Considering combined repository as a chance -7 % -542 -6 % -273 -7 % -815   

Total costs considering combined repository as a 
chance (50 % weighted) 

93 % 7,152 94 % 4,151 93 % 11,303   

1) In percentage of future base costs. 
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7.3 Financing 

As already presented in section 7.1, the financing of the decommissioning of nuclear installations 
and the disposal of the arising radioactive waste is regulated by law – on the one hand by the 
state-controlled Funds and on the other by the obligation of the owners/operators to make their 
own provisions. 

7.3.1 State-controlled funds 
The Nuclear Energy Act Art. 77 obliges the owners of nuclear installations to make contributions 
to Funds to secure the financing of the decommissioning of their installations and the disposal of 
the waste. 

The Decommissioning Fund, which has existed since 1984, secures the financing of the costs of 
decommissioning the nuclear installations and the disposal of the resulting waste. Similarly to the 
waste disposal costs, decommissioning costs arising during operation and before shutdown are 
paid directly by the owners. 

The Waste Disposal Fund, established in 2000, secures the financing of disposal of radioactive 
waste and spent fuel assemblies after the shutdown of the power plants. The Nuclear Energy Act 
(Art. 77) makes a distinction between waste disposal costs that arise during the operation of a 
nuclear power plant and those arising after shutdown. The costs arising during operation are met 
directly by the owners from their own monies. 

The two Funds ensure that, after the shutdown of the power plants, there are sufficient financial 
means available to cover all the outstanding disposal and decommissioning costs. 

The two Funds are supervised by the Federal Council (Funds Ordinance Art. 20). 

In addition to the obligation to make payments into the Funds, the KEG foresees further security 
measures and an obligation to make additional payments (Art. 79 – 80). 

Funds capital and development of returns on investment 
Tab. 7-5 shows the capital in the Decommissioning and Waste Disposal Funds and the target 
assets of the Funds as per 31.12.2015 according to the annual reports of the two Funds (STENFO 
2016). 

Tab. 7-5: Target-actual Funds assets as per 31.12.2015. 
 

 Decommissioning Fund Waste Disposal Fund 

Target amount per 31.12.2015 with a 
return on investment of 3.5 % 

1,972 4,101 

Actual amount per 31.12.2015 after 
effective return 

2,000 4,223 

Excess/(shortfall) 28 122 

Excess/(shortfall) [in %] 1.41 % 2.97 % 

 



NAGRA NTB 16-01E 100  

Tab. 7-6 shows the target annualised return on investment of the Funds since the first deposit in 
the Funds up to 31.12.2015 compared to the target return on investment according to the Funds 
Ordinance (2007). 

Tab. 7-6: Historical annualised target return on investment since the establishment of the 
Funds compared to the return on investment according to the Funds Ordinance 
(2007). 
See annual reports of the Funds (STENFO 2016). 

 

Decommissioning Fund 

 Effective values 
1.1.1985 – 31.12.2015 

Budgeted values Difference 

Return of portfolios 4.75 % (p.a.) 3.5 % (p.a.) 1.25 % (p.a.) 

Minus inflation 0.84 % (p.a.) 1.5 % (p.a.) -0.66 % (p.a.) 

Real return of portfolios 3.91 % (p.a.) 2.0 % (p.a.) 1.91 % (p.a.) 

Waste Disposal Fund 

 Effective values 
Q1 2002 – 31.12.2015 

Budgeted values Difference 

Return of portfolios 3.21 % (p.a.) 3.5 % (p.a.) -0.29 % (p.a.) 

Minus inflation 0.31 % (p.a.) 1.5 % (p.a.) -1.19 % (p.a.) 

Real return of portfolios 2.9 % (p.a.) 2.0 % (p.a.) 0.9 % (p.a.) 

 

7.3.2 Financial provisions of the owners 
Before shutdown, the arising costs are paid directly by the plant owners. 

The expenditure associated with post-operations is considered as part of the operational costs. 
These are also to be borne by the owners in accordance with the polluter pays principle anchored 
in the Nuclear Energy Act. Post-operations are financed directly by the owners. 

7.3.3 Reserves for costs before shutdown 
Based on the cost studies, the owners put aside financial reserves for costs arising before shut-
down. Their external auditors check whether the reserves being created for the decommissioning 
and waste disposal costs before shutdown are at least as high as the reserves plan approved by the 
Funds Commission and that the monies are being used appropriately (KEG Art. 82). The owners 
have to submit the audit reports to the Commission.  
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7.4 Summary 
The costs of decommissioning and disposal are calculated periodically in order to fix the contri-
butions to be made to the Decommissioning and Waste Disposal Funds and the reserves to be put 
aside by the owners of the nuclear installations. The 2011 Cost Study was reviewed by the autho-
rities (ENSI). The Funds Commission then applied to DETEC for the expected amount of the 
costs to be fixed for each nuclear installation. 

According to the order of 28.08.2013 of the Federal Council on the 2008 Waste Management 
Programme, the Programme had to be submitted at the same time as the Cost Study for the first 
time in 2016. 

The 2016 Cost Study forms the basis for the costs presented in the Waste Management Pro-
gramme. The financing of future costs is done on the one hand by the owners (costs before shut-
down of the nuclear power plants) and on the other via the Decommissioning and Waste Disposal 
Funds after shutdown. The owners of the installations are obliged to make annual contributions 
to the Funds. However, the Funds do not free the owners of the obligation to bear costs which is 
anchored in the KEG (Art. 31). They are more in the nature of securing the financial means for 
the decommissioning and waste disposal after shutdown of the NPPs. 
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8 Information concept 

Key differences between WMP08 and WMP16 
The information concept presented here differs only slightly from that presented in WMP08. New 
is that a fundamental attitude to providing information has been embodied in a code of conduct 
(Nagra 2013h) prepared by Nagra employees: Nagra informs actively and is also available to 
respond to questions from all stakeholder groups. Where projects are planned close to national 
borders, neighbouring countries are also informed accordingly. 

Communication instruments are constantly being developed to meet new technology, for example 
the updated virtual reality exhibition for trade fairs. The interactive "Time Ride" was used 
successfully between 2012 and 2015 to communicate technical information in an entertaining 
way. It was replaced in 2015 by a smaller, more flexible exhibition. Attention is also paid to the 
growth of social media. 

8.1 Information mandate 
The Joint Convention on the Safety of Spent Fuel Management and the Safety of Radioactive 
Waste Management (IAEA 1997) attaches great importance to informing the public. Recognising 
the importance of informing the public on issues regarding the safety of spent fuel and radioactive 
waste management is the fourth point in the Preamble to the Convention At the same time, point 
six reaffirms that the ultimate responsibility for ensuring the safety of spent fuel and radioactive 
waste management rests with the State. These points in the Convention have been taken over into 
Swiss legislation. For example, Art. 74 of the KEG on informing the public states that the respon-
sible authorities have to provide information regularly on the status of the nuclear installations 
and on issues that apply to nuclear goods and radioactive waste. The licensing and regulatory 
authorities thus have a duty to inform. This is expressed particularly in the Sectoral Plan and the 
licensing procedures according to the KEG (2003). 

According to the polluter pays principle, the waste producers are charged with the task of safe 
management and disposal of radioactive waste. Along with the regulatory and licensing 
authorities, they also have an important role to play in dialogue with the public. In the explanatory 
report on the Nuclear Energy Ordinance, the SFOE writes that public communication and trans-
parency play a key role in a politically sensitive area such as nuclear waste management. In their 
Waste Management Programme, the waste producers therefore have to provide details of their 
information strategy. The authorities have thus assigned a communication mandate to the waste 
producers and they (i.e. Nagra) have to demonstrate in the WMP how they approach this task. 

8.2 Clear division of roles between the licensing and regulatory authorities 
and Nagra 

The individual actors in the nuclear waste management field have different roles. International 
experience has demonstrated the importance of ensuring that the public understands these 
different roles and the organisations that perform them. 

The most important actors in the site selection process are identified in the conceptual part of the 
Sectoral Plan (BFE 2008; Fig. 8-1). Their roles are defined by performance specifications and the 
possibilities for participation are highlighted. 
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Licensing authorities: In the Sectoral Plan for Deep Geological Repositories and the subsequent 
licensing procedures according to the Nuclear Energy Act (2003), the lead, and hence the duty to 
provide information, lies with the licensing authority (in the first instance the SFOE). They are 
responsible for ensuring that the public are integrated into the process. As a rule, they involve the 
regulatory authority and, if required, Nagra with its expert knowledge. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8-1: Different actors in the Sectoral Plan process.  
The lead lies with the SFOE. 

 
Regulatory authorities: The regulatory authorities (particularly ENSI) provide expert opinions 
on safety aspects of applications and the operation of nuclear installations and provide an inde-
pendent check, on behalf of the public, that safety requirements are being observed. They inform 
the public on the results of their reviews and are available as a dialogue partner on questions of 
safety. ENSI has the lead in the Technical Forum on Safety, an important tool in this respect. 

Nagra: Nagra has a mandate from the waste producers to prepare, construct and operate geo-
logical repositories. Part of this involves providing information on work activities, investigation 
results, projects and, later, on the construction and operation of the repositories. Nagra maintains 
active dialogue with interested parties; the information concept is presented in the following. 

8.5 Nagra's understanding of the need for information  
The public has a right to know how Nagra is fulfilling the tasks assigned to it. Nagra has prepared 
an image statement that summarises the objectives and fundamental principles underlying its 
activities. The following overarching principle applies to the provision of information and forms 
the basis for Nagra's activities in this respect: "We can only fulfil our mandate if our work is 
widely accepted by the public. We therefore provide information as early as possible, on a regular 
basis and without reserve on the status of our work and our projects."  

Nagra actively provides information and is also available for answering questions. In projects 
located close to national borders, Nagra also informs neighbouring countries. 
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Transparent and understandable information on work activities, investigation results and projects 
is provided to interested parties and the public via various channels. Detailed results are published 
in the Nagra Technical Report (NTB) series; this also allows the interested technical community 
to make a critical evaluation of Nagra's work.  

Based on the conviction that it is important to take account of the concerns and questions of all 
interested groups, Nagra strives to be an open dialogue partner for concerns coming from outside 
and to take these into account in developing its work. 

8.4 Objectives and content of Nagra's public relations activities 
General understanding of radioactive waste management: Nagra's information activities are 
aimed at identifying the concerns of the different interest groups and informing them about radio-
active waste management in general and the activities of Nagra in particular. It should be clear to 
the Swiss public why radioactive waste has to be isolated in deep geological repositories. Politi-
cians and the public should be in a position to recognise the need to take action and to form 
objective opinions on the concrete projects in the Sectoral Plan process. The following informa-
tion will be important in the coming years: 

• Switzerland has radioactive waste that has to be disposed of. The waste is currently held safely 
in interim storage facilities but, on the long term, repositories are required that ensure the 
long-term safe containment of the waste without any active monitoring or maintenance, i.e. 
that are passively safe. 

• The legislators have provided clear requirements for the permanent safe management of the 
waste. Deep geological disposal, which is required for all waste categories, ensures long-term 
isolation of the waste from the human environment. In approving the Entsorgungsnachweis 
(demonstration of disposal feasibility), the Federal Council confirmed that the required 
repositories can be constructed in Switzerland. 

• From the viewpoint of ethical responsibility, the facilities required for geological disposal 
should be implemented without delay, decoupled from the discussion of the future use of 
nuclear energy in Switzerland. 

• Site selection for geological repositories is led by the Federal Government as part of a 
transparent, open Sectoral Plan process involving all affected parties. 

• The roles of the different actors are clearly defined. The Federal Office of Energy leads the 
Sectoral Plan process and the subsequent licensing procedures. Nagra provides the technical 
and scientific basis for these procedures and applications on behalf of the waste producers 
and its work is reviewed by the regulatory authority. The regulatory authority is independent 
of the licensing authority. 

Information needs in the siting regions: The population in the proposed siting regions for 
geological repositories have a special need for information, particularly in order to be able to form 
opinions as part of the participatory process. Nagra takes this into account by setting priorities in 
its public relations activities. Nagra strives to be a reliable, dialogue-oriented partner for the 
authorities and the public in the siting regions. 
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The following focal points are in the foreground in the coming years with respect to informing 
the authorities in the siting regions, the regional participation bodies and the interested public: 

• Information on the planning and implementation of Nagra's upcoming work in the siting 
regions 

• Presenting the reasons for the technical-scientific proposals of Nagra as part of the site 
selection process 

• Appropriate information on the planned facilities at the surface and underground 

• General information on the waste disposal concept and its stepwise implementation 

This information can be disseminated via media or in direct dialogue at local events, depending 
on the possibilities and the needs of the regions also at exhibitions or as presentations. 

8.5 Communication tools 
Besides the technical-scientific reports in Nagra's NTB series, which are available both online 
and as paper copies, Nagra has a range of tools for promoting discussion with interested parties 
and providing them with information and these are continually being developed and improved. 
The instruments described in the following are therefore to be understood as a snapshot of what 
is being used at present. Ongoing modification to meet the needs of dialogue groups and 
procedural steps keeps the palette of communication tools up to date. Depending on the project, 
external experts may also be involved. 

Media network: The information tools being used will be integrated more completely into a 
media network in the future. In today's society, the internet plays a key role as a rapid information 
platform and large sectors of today's population have a fast internet connection. This trend will 
only strengthen. Nagra has had its own homepage for some time and this is continually updated. 
In 2007, for example, an electronic newsletter was introduced, the homepage was reworked and 
enriched with audio-visual materials. 

Internet-based communication is complemented with various print products. Current information 
is provided with a newsletter and individual brochures deal with selected topics of interest. A 
comprehensive annual report provides information on the past business year and the progress 
made with the different projects. Printed information is also made available over the internet. 

Media releases accompany significant events. 

Visits to facilities and field work: For an impression of how waste is handled and stored today, 
a visit to the ZWILAG centralised interim storage facility in Würenlingen is highly informative. 
Visits can be organised directly with ZWILAG or through Nagra. There is also the possibility to 
visit the nuclear power plants, particularly their information pavilions. 

Nagra also offers group visits to the rock laboratories at Grimsel and Mont Terri. At these 
locations, visitors can experience first-hand the work being carried out and discuss questions with 
the staff on site. During the Sectoral Plan process, it is planned to hold more open days at the rock 
laboratories for the public from the siting regions. 

Nagra offers open days for the public when large-scale field investigations such as deep boreholes 
and seismic campaigns are underway. 
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For many years, Nagra has been organising information trips to foreign waste management facili-
ties for decision-makers from the fields of politics and economy and for the authorities. Partici-
pants from the entire political spectrum have the opportunity to learn about waste management 
projects in other countries and to visit facilities that are in operation or under construction. 

During stepwise implementation of the geological repositories, Nagra plans to make the facilities 
open for visits during construction or after completion. Once the general licence has been granted, 
the first opportunity will be to visit the rock laboratories constructed at the sites of the future 
repositories. From the start of construction of the repository installations, there will be permanent 
information exhibitions at the sites. The communication concept foresees the possibility for the 
public to visit the facilities during operation. 

Presentations, information and discussion events: On request, Nagra staff will make presenta-
tions on nuclear waste management and Nagra's projects and activities to interested organisations, 
political parties, associations or the public. Nagra participates actively in podium discussions and 
other similar events. If required, Nagra also provides support to the authorities at information 
events held as part of ongoing procedures. Nagra also attends events held by organisations that 
are critical of its work and is available for open question and discussion sessions.  

Information tour and presence at trade fairs: For several years, Nagra has been present with 
its information tour at busy locations in various Swiss towns and cities. The public are reminded 
of the need to proceed with safe disposal of radioactive waste and Nagra staff seek direct dialogue 
with passers-by. Similar tours are planned for the future, albeit with a more regional slant. 
Nagra is attends public trade fairs and exhibitions, often with its information stand. 

Technical meetings and conferences: Nagra staff regularly present their work to the scientific 
community at meetings and conferences. Key results are published in recognised technical 
journals. 

8.6 Planning and implementing Nagra's public outreach activities 
Nagra has highly trained, experienced staff who plan and implement its public outreach activities. 
They are supported where necessary by the various project managers. Continuous training and 
education of staff keep them up to date with changing dialogue and information needs and with 
new communication tools. The efficiency and impact of the public relations activities is subject 
to periodic internal review.  

Nagra follows international developments in the area of public communication. Experience is 
exchanged with organisations from other countries performing similar work. Nagra is currently 
represented in the Forum on Stakeholder Confidence of the OECD/NEA. 

8.7 Summary 
Decisive for implementing geological disposal projects are active dialogue with interested parties 
and providing comprehensive information to the public on all questions relating to waste disposal. 
The public should be in a position to understand the roles played by the different actors in the 
process. The lead in the Sectoral Plan process and the following licensing procedures in 
accordance with the Nuclear Energy Act, and hence the duty to provide information, lies with the 
licensing authorities (the FOE in the first instance); they are responsible for ensuring that the 
public is involved in the different procedures. Where necessary, they can rely on the regulatory 
authority and Nagra and their experts for support. The regulatory authorities (particularly ENSI) 
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deliver expert opinions on safety aspects of applications and operation of nuclear installations and 
provide an independent check that safety requirements are being observed. They inform the public 
on the results of their reviews and act as a dialogue partner on questions of safety. Nagra has a 
mandate from the waste producers to prepare, construct and operate geological repositories. In 
performing this role, Nagra has to provide information on its work, investigation results, projects 
and, later, on the construction and operation of the repositories. It maintains active dialogue with 
interested parties.  

Nagra provides timely, regular and open information on the status of its work and projects. The 
aim is to understand the concerns of the different dialogue groups and to inform them about 
nuclear waste management in general and Nagra's activities in particular. The reasons why 
radioactive waste should be disposed of in deep geological repositories should be presented to the 
Swiss public in a transparent and understandable way. Politicians and the public should be in a 
position to understand the need for action and to form an objective opinion on the concrete 
projects in the Sectoral Plan. Trained technical staff and ongoing modification to meet the needs 
of the different interest groups ensures that the communication tools are kept up to date. 
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9 Conclusions 
 
Important steps have been taken to dispose of radioactive waste in Switzerland, and there is a lot 
of experience with related activities: in particular the treatment and packaging of radioactive 
waste, their characterisation and inventorying as well as interim storage and associated transport. 
For preparation of such disposal, a solid technical and scientific basis has been derived; with proof 
of the disposability of all Swiss radioactive waste in geological repositories located in Switzerland 
assuring long-term safety in deep geological repositories provided to and accepted by the Federal 
Council.  

The presented disposal programme documents the boundary conditions and basic procedure for 
the timely realisation of the required repositories and provides information on the topics listed in 
the Nuclear Energy Ordinance. The disposal programme also includes a proposal of the repository 
design at a conceptual level (including established variants) together with the individual steps 
towards its realisation, an outline of the implementation plan and assessment of the finances 
necessary for this. After examination and approval of the disposal programme, an active and 
focused cooperation of all involved is required to assure the desired progress towards realisation 
of the repositories in the foreseeable future. 

The legal regulations are also established, and the organisational needs determined to implement 
the activities planned for disposal in coming years. This includes, in particular, the Sectoral Plan 
for Deep Geological Repositories (SGT), approved by the Federal Council in 2008; this regulates 
the current siting procedure in detail. As part of SGT Stage 1, Nagra proposed six potential siting 
regions, which were confirmed in the Sectoral Plan by decision of the Federal Council in 2011. 
In Stage 2, Nagra presented sites for the surface facilities, based on the cooperation with the siting 
regions. In addition, the geological knowledge base of the proposed siting areas from Stage 1 was 
extended by additional investigations and the siting regions systematically narrowed down on this 
basis according to the criteria of the Sectoral Plan (Nagra 2014b). In December 2014, Nagra 
submitted its proposal for at least two siting regions per repository type to the SFOE; based on 
the results of a gradual optimisation, the siting areas Jura Ost and Zürich Nordost should be 
investigated further in SGT Stage 3 for disposal of both HLW and L/ILW. 

The work programme for the coming years is clearly defined. Until the next update of the Waste 
Management Programme in 2021, significant progress is expected. In 2018 the recording of the 
geological siting regions in the object sheets for SGT Stage 2 is expected to be approved by the 
Federal Council. In Stage 3, more extensive field work will take place (including 3D seismics, 
exploratory boreholes, Quaternary studies). Based on this and additional information, in 2022 
Nagra will select sites for the preparation of general licence applications in accordance with the 
Sectoral Plan (BFE 2008). At the same time, the announcement of a possible 'combined reposi-
tory' may be made. In addition, the surface infrastructure (e.g. placement of shaft head facilities) 
is being further concretised in collaboration with the regions. The current realisation plan assumes 
that the general licence applications will be submitted in 2024. 
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Appendix A 
 

A.1 Compilation of specifications in laws, regulations and official documents 
for the design and implementation of deep geological repositories in 
Switzerland 

Tab. A.1-1: Specifications and requirements in laws and official documents. 
The Waste Management Programme 2016 was prepared on the basis of existing legislation 
as of 1st July 2016. The specifications in the KEG (2003) and KEV (2004) are partly included 
in guidelines and other provisions of ENSI. These are generally not listed in the following 
compilation but are taken into account together with other legal requirements for safety 
(section 3.1.4), spatial planning and environmental compatibility (section 3.1.5). The specifi-
cations for the Waste Management Programme are listed in Tab. 1-1 and are not repeated 
here. 

 

Requirement Reference 

Deep geological repositories: General 
Anyone operating or decommissioning a nuclear installation is obliged to safely 
dispose of the resulting radioactive waste in deep geological repositories at their own 
expense. 

KEG Art. 3 & 
31 

Radioactive waste must be disposed of in such a way as to ensure the permanent 
protection of humans and the environment. For a deep geological repository, 
radioactive waste must be disposed of in such a way that future generations inherit no 
unreasonable burdens and obligations. These provisions are defined in terms of 
"protection objectives". 

KEG Art. 1, 3, 
13, 16, 20 & 
30 par. 3, 
ENSI-G03 
par. 4.1 & 4.2 

Deep geological repositories: Site selection and demonstration of long-term safety 
The waste generated in Switzerland must, in principle, be disposed of in Switzerland. 
Exceptionally, a permit may be issued for the export of waste for disposal if specific 
conditions have been fulfilled and the consignor has agreed with the recipient of the 
radioactive waste, with the consent of the authority designated by the Federal 
Council, that the consignor will take it back if necessary. 

KEG Art. 30 
par. 2 
 
KEG Art. 34 
par. 4 

The Federal Government sets binding targets and specifications for the authorities 
with respect to the disposal of radioactive waste in repositories in a sectoral plan: 
Sectoral Plan for Deep Geological Repositories: see BFE (2008). 

KEV Art. 5  

The results of the geological investigations must confirm the suitability of the 
repository site. 

KEG Art. 13 

The foreseeable future use of mineral resources must not be unnecessarily restricted 
by the repository. 

ENSI-G03 
par. 4.2i 

The risks that arise in the future from deep geological disposal must not be greater 
than are currently permitted in Switzerland. 

ENSI-G03 
par. 4.2d 

The site for a deep geological repository must have the following characteristics to 
ensure long-term safety: 
a. sufficient extent of suitable host rock 
b. favourable hydrogeological conditions 
c. long-term geological stability 

KEV Art. 11 
par. 1 and 
KEV Art. 63 
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Tab. A.1-1: (cont.) 
 

Requirement Reference 

Deep geological repositories: Site selection and demonstration of long-term safety (cont.) 

The compliance with the protection objective in accordance with the guidelines must 
be assessed on the basis of quantitative protection criteria. Compliance with the 
protection criteria must be demonstrated as part of the safety case. 
The safety case represents an overall assessment of the long-term safety of the sealed 
repository. It must be based on the results of a comprehensive safety analysis. 

ENSI-G03 
par. 4.3 & 7.2 

Guideline ENSI-G03 lists specific safety analysis provisions, including but not 
limited to: determination of individual doses, detection period, developments not to 
be considered as well as dealing with uncertainties. 

ENSI-G03 
par. 7.2.2 

Deep geological repositories: Waste allocation and acceptance conditions 
Radioactive waste must be categorised for disposal. KEV Art. 51 
The documents for the general licence application [the purpose and the main features 
of the project] include, in particular, the categories of the waste for disposal and the 
maximum disposal capacity. 

KEV Art. 23 
and KEG 
Art. 14 par. 2 

The documents for the construction licence application include disposal concepts and 
design principles, including scheduling plans and concepts for radiological zoning. 

KEV 
Appendix 4 

The operating licence determines the stages of commissioning, the beginning of 
which requires prior approval by the supervisory authorities. 
Acceptance conditions are to be issued. A release obligation exists in particular for 
the first disposal of waste packages of any particular type. 

KEG Art 21, 
KEV Art. 29 
par. 1  
and ENSI- 
G03 5.2.4 

The operating licence specifies requirements, in particular limit values for the activity 
of the waste to be disposed of. 

KEG Art. 37 
par. 3 

The documentation for securing the knowledge of the repository on the long term 
includes the inventory of emplaced waste, with types and volumes divided according 
to emplacement rooms. 

KEG Art. 38 
par. 2 bzw. 
KEV Art. 71 

Deep geological repositories: Design 
To ensure safety, all measures must be taken that are necessary in the light of 
experience and the state of the art in science and technology or contribute to further 
reducing the risk, as appropriate. 

KEG Art. 4 

A geological repository shall be designed such that no further measures to ensure 
long-term safety are required after it has been closed. 

ENSI-G03 
par. 4.2e 

For geological repositories, the operating licence is granted if, in addition to the 
prerequisites according to KEG Art. 20 par. 1: 
a. the knowledge gained during the construction confirms the suitability of the site 
b. the retrieval of radioactive waste up to a possible closure is possible without 

significant effort. 

KEG Art. 37 
par. 1 

Safety functions must remain in effect even if any individual error occurs, indepen-
dent of the triggering event. They have to be redundant. Passive measures are pre-
ferable to active safety features. When designing, sufficient safety allowances must 
be taken into account. 

KEV Art. 10 
par. 1 
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Tab. A.1-1: (cont.) 
 

Requirement Reference 

Deep geological repositories: Design (cont.) 

A geological repository is to be designed so that: 
a. the principles of KEV Art. 10 (1) [Principles for the design of nuclear power 

plants, cf. above] can be fulfilled 
b. long-term safety is assured via multiple passive safety barriers 
c. Arrangements to facilitate monitoring and repair of the facilities or retrieval of 

waste do not interfere with the post-closure performance of the passive safety 
barriers 

d. it can be closed within a few years. 

KEV Art. 11 
par. 2 

The general licence sets out criteria which, if not fulfilled, will lead to a planned 
disposal area being excluded as being unsuitable. 

KEG Art. 14 
par. 1 

A repository and its surface facilities shall be designed to implement the guidelines to 
achieve the protection objective and to comply with the protection criteria. The 
principles of nuclear safety and security laid down in nuclear energy legislation 
apply. 
ENSI-G03 lists general requirements and requirements for both surface installations 
and underground structures. 

ENSI-G03 
par. 5.1, 5.1.1, 
5.1.2, 5.1.3 

Duty to optimise: At every step of realisation, for each safety-relevant decision, 
different alternatives and their significance for long-term safety must be considered 
in a qualitative manner and an overall decision made that is more favourable to 
safety. 

ENSI-G03 
par. 4.2k and 
6.1 

A deep geological repository consists of the main repository for radioactive waste, a 
pilot repository and test areas. 

KEV Art. 64 

In the test areas, safety-relevant properties of the host rock are determined to 
substantiate the site-specific safety case. 

KEV Art. 65 
Abs. 1 sowie 
ENSI-G03 
Abs. 5.2.3 

In the pilot repository, the behaviour of the waste, the backfill and the host rock are 
monitored until the end of the monitoring phase. During this phase, data regarding 
the development of the safety case are to be determined to support closure. 

KEV Art. 66 
par. 1 and 
ENSI-G03 
par. 5.2.2 

The results of the monitoring [in the pilot repository] must be transferable to the 
processes in the main repository. They form the basis for the decision on closure of 
the repository. 

KEV Art. 66 
par. 2 

When designing the pilot repository, the following principles must be observed: 
a. The geological and hydrogeological conditions must match those of the main 

repository 
b. It must be physically and hydraulically separated from the main repository 
c. The design of the pilot repository and the way in which the waste is emplaced and 

its backfilling must correspond to the main repository 
d. The pilot repository must contain a small representative amount of waste. 

KEV Art. 66 
par. 3 

Incidents in the pilot repository must not affect the operational and long-term safety 
of the main repository and vice versa. Any transfer of waste from the pilot repository 
to the main repository should be taken into account in the design. 

ENSI-G03 
par. 5.1.5 and 
5.2.2 

During the operation of the repository, the sealing of caverns and drifts shall be tested 
and shown to be functional. 

KEV Art. 65 
par. 3 
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Tab. A.1-1: (cont.) 
 

Requirement Reference 

Deep geological repositories: Specific requirements for operation 

The operating licence specifies the safety, security and emergency measures that the 
licence-holder must take during operation. 

KEG Art. 21 

The general obligations of the operating licence holder (including operational safety) 
are listed in the KEG. 

KEG Art. 22 

ENSI-G03 lists requirements for the operation of a repository, including provisions 
for monitoring, emplacement and ongoing backfilling of the HLW drifts. 

ENSI-G03 
par. 5.2 

ENSI-G03 lists requirements regarding protection criteria and demonstration of 
safety for the operational phase. 

ENSI-G03 
par. 4.3.1 and 
7.1 

Radiological protection in the operational phase of a deep geological repository and 
its associated surface facilities must be optimised in accordance with Art. 6 StSV. At 
the same time, any effects on long-term safety must be taken into account. 

ENSI-G03 
par. 6.1 

A probabilistic safety analysis has to be carried out for the operational phase. 
A risk analysis for externally triggered events must be carried out in accordance with 
the Ordinance of DETEC (DETEC 2008). The results are to be discussed, the risk-
dominant processes to be described and, if necessary, meaningful improvement 
measures proposed. 

ENSI-G03 
par. 7.1e 

For nuclear installations, protective measures must be taken against incidents 
originating inside or outside the facility. 
The incidents are to be classified according to the probability of their occurrence in 
the accident categories according to the Ordinance of DETEC (DETEC 2008). 

KEV Art. 8 
and ENSI-G03 
par. 7.1c 

If there is evidence of a failure of the barrier system during the operational phase and 
targeted repair is not possible and the long-term safety of a geological repository can 
no longer be guaranteed, waste packages must be retrieved. 

ENSI-G03 
par. 5.2.6 

In the event of an unfavourable development of the boundary conditions which calls 
into question the safety of the repository or proper closure, technical and operational 
measures should allow for temporary closure. The temporary closure must be 
presented in a concept to be submitted together with the construction licence 
application. 

ENSI-G03 
par. 5.1.6 

Deep geological repositories: Specific requirements for the monitoring phase and closure 

The owner of a deep geological repository must backfill the emplacement caverns 
and drifts after the disposal of the waste containers. When closing, he has to fill all 
open parts of the repository and to seal the parts required to assure long-term safety 
and security. 

KEV Art. 67 
par. 1 & 
Art. 69 par. 1 

When the disposal of radioactive waste has been completed, the owner must submit 
an updated project for the monitoring phase and a project for the eventual closure. 
The Federal Council orders closure work after the end of the monitoring phase. After 
proper closure, it may order further monitoring. After proper closure or after expiry 
of the monitoring period, the Federal Council determines that the repository is no 
longer subject to nuclear energy legislation. The Government may carry out further 
measures after this date, in particular environmental monitoring. 

KEG Art. 39 
and KEV 
Art. 42 and 
ENSI-G03 
par. 5.3.1 
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Tab. A.1-1: (cont.) 
 

Requirement Reference 

Deep geological repositories: Specific requirements for the monitoring phase and closure (cont.) 

A monitoring period of 50 years is required. SEFV Art. 3  
After proper closure, long-term safety must be reconfirmed by a safety analysis that 
takes into account the effective execution of closure. This safety analysis forms the 
basis for the decision to release a deep geological repository from the nuclear energy 
legislation. 

ENSI-G03 
par. 5.3.1 

Repository: documentation, marking and protection zone 

The owner of a deep geological repository must prepare documentation that will 
ensure suitable long-term preservation of knowledge of the geological repository. 
The documentation must contain: 
a. Location and extent of the underground structures 
b. Inventory of radioactive waste, sorted by type and quantity according to the 

emplacement rooms 
c. Design of the engineered safety barriers, including the sealing of the accesses 
d. Fundamentals and results of the final analysis of long-term safety. 

KEV Art. 71 
par. 1 & 2 (see 
also KEG 
Art. 38 par. 2) 

The licence-holder must maintain complete documentation of the technical facilities 
and operations, modify the safety report and the security report if necessary, and 
follow up the project for the monitoring phase and the closure plan. 

KEG Art. 22 

The licence-holder must update the organisational and technical documents during 
the entire period of operation until closure and adapt them to the current status of the 
system. He has to document the operation comprehensibly at any time. The 
documentation must be kept safe until closure or until the expiration of the 
monitoring period. After closure or after expiry of the monitoring period, it will be 
handed over to the Department. 

KEV Art 41 
and Art. 71 
par. 3 

After proper closure, the submitted documentation is delivered in at least three 
copies, to be archived in different places. The long-term preservation of the 
documentation must be demonstrated and the required maintenance and repair 
measures explained. 

ENSI-G03  
par. 6.3 

The Federal Council determines the criteria for the scope of protection. A provisional 
protection zone is defined when the general licence is issued and reported to the land 
register office. When granting the operating licence, it is determined definitively. 
The Federal Council ensures that the information about the repository, the waste and 
the protected area are kept and the knowledge about it is preserved. 

KEG Art. 40 
and KEV 
Art. 70 

The Federal Council prescribes the permanent marking of the repository. KEG Art. 40 
par. 7 

The owner has to present a concept for the marking of the deep geological repository 
as part of the construction licence application. 

ENSI-G03  
par. 5.3.2 

Permanent marking must not affect long-term safety. It must be taken into account in 
the safety case. 

ENSI-G03  
par. 5.3.2 

On closure, the owner of the deep geological repository must ensure that the marking 
of the deep geological repository is permanent. 

KEV Art. 69 
par. 3 

Deep geological repositories: Quality assurance 

A quality management programme must be prepared for all safety-related work on 
the design, construction, operation, monitoring and closure of a deep geological 
repository. 

KEV Art. 25 & 
31 and ENSI-
G03 par. 6.2 
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Tab. A.1-1: (cont.) 
 

Requirement Reference 

Deep geological repositories: Safeguards 

Safeguards measures must be taken to prevent the nuclear safety of nuclear 
installations and core materials from being impaired by unauthorised interference or 
the theft of nuclear materials. 

KEG Art. 5 
par. 3 

Systematic safety and safeguards assessments are to be performed throughout the life 
of the facility. The security and safeguards reports should be adjusted if necessary. 

KEG Art. 22 
par. 2 

Requirements for the safeguarding of nuclear installations, including the 
classification of nuclear materials and radioactive waste and associated safety 
measures, are listed in the relevant legislation. 

HSK-R-49 
(HSK 2003a) 
and  
KEV Art. 9 
App. 2 and 
DETEC (2008)  

The operating licence holder has to define material balance zones for those areas in 
which relevant nuclear materials are emplaced. 

Safeguards 
Ordinance 
Art. 8 par. 1 

The licence-holder must limit or divide a material balance zone such that the 
inventory and movement of nuclear materials can be determined at any time. 

Safeguards 
Ordinance 
Art. 8 par. 2 
and 3 

The licence-holder must keep a constant record of the inventory of nuclear materials 
in each material balance zone and submit the relevant reports to the Federal Office. 

Safeguards 
Ordinance 
Art. 9 and 10 
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Tab. A.1-2: Decision-making points: required permits and licences for the stepwise realisation 
of deep geological repositories in Switzerland. 

 

Phase / milestone Licences, permits and clearances Reference 

Site selection: 

SGT Stage 1 (processing, 
approval) 

Approval of object sheets of Stage 1 (pre-
orientation stage) for geological siting regions and 
planning perimeters 
Reached in Nov. 2011 

SGT (BFE 2008) 

SGT Stage 2 (processing, 
approval) 

Approval of Stage 2 object sheets for at least 2 
sites 

SGT (BFE 2008) 

Preparation of the general 
licence application (RBG) 

 

Approval of field work (geological investigations) 
with regard to the RBG 

KEG Art. 35 – 36 

Exceptions from licence requirements 
Any other required permits under cantonal or 
federal law 

KEV Art. 61 par. 1 

KEV Art. 61 par. 2 

SGT Stage 3 (preparation, 
approval) 

Approval of the object sheet of Stage 3 for the 
selected sites for L/ILW and HLW (at the same 
time as granting the general licence by the Federal 
Council) 

SGT (BFE 2008) 

General licence: 

RBG (preparation, 
examination, approval 
process) 

General licence KEG Art. 12 – 14 

Preparation and start of the 
underground geological 
investigations 

Approval of underground geological 
investigations to develop the basis for the nuclear 
planning application 

KEG Art. 35 – 36 

Any other required permits under cantonal or 
federal law 

KEV Art. 61 par. 2 

Approval of the investigations according to the 
permitting for geological investigations 

KEG Art. 36 
par. 1b 
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Tab. A.1-2: (cont.) 
 

Phase / milestone Licences, permits and clearances Reference 

Construction: 

Nuclear construction 
application (preparation, 
examination, approval) 

Nuclear construction licence KEG Art. 15 – 17 

Construction of repository Approval for buildings and repository 
components in accordance with the construction 
licence 

KEV Art. 26 & 
Appendix 4 

Operation: 

Nuclear operating licence 
application (preparation, 
examination, approval) 

Nuclear operating licence  KEG Art. 19 – 21 
& Art. 37 

Operation Approvals of various stages of commissioning 
according to the operating licence 

Possible changes requiring approval in the system 

KEV Art. 29 & 
App. 4 

KEV Art. 40 

Preparation of monitoring 
phase 

Orders of the Department for the monitoring 
phase 

KEG Art. 39  
KEV Art. 68 

Closure: 

Preparation for the closure 
of the entire facility 

Permit for the closure of the entire facility  KEG Art. 39 and 63 

Periodic updates Adaptation of WMP 

Calculation of decommissioning and disposal 
costs 

Reports to assess the conditions and operation of 
the facility 

KEV Art. 52 par. 2 

SEFV Art. 4 
 

KEV Art. 37 & 
Appendix 5 
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Tab. A.1-3: Documents to be submitted for the licences and permits for the realisation of deep 
geological repositories listed in Tab. A.1-2. 

 

Licences, 
permits 

Documents to be submitted  Reference  

Approval of 
object sheets SGT 
Stage 2 

Documentation of proposed sites and their justification, 
including provisional safety analyses and assessment of 
spatial planning aspects and aspects of environmental 
sustainability 

(achieved in December 2014) 

SGT 

Permit for field 
work 

a. Investigation programme 

b. Geological report 

c. Report on possible effects of investigations on geology and 
the environment 

d. Outline maps and plans 
e. Desired duration of the permit 

KEV Art. 58 

Approval object 
sheets SGT 
Stage 3 

Report justifying the selected L/ILW or HLW sites 

Report on coordination with spatial planning 

(These reports are identical to those for the general licence 
applications) 

SGT 

General licence a. Safety and security report documenting: 1. site charac-
teristics; 2. the purpose and the main features of the 
project; 3. the expected radiation exposure in the vicinity of 
the facility; 4. important human resource and organisational 
information; 5. long-term safety 

b. Environmental Impact Assessment (EIA Level 1) 

c. Report on coordination with spatial planning 

d. Concept for the monitoring phase and closure 

e. Supplementary reports with information on: 1. Comparison 
of the options available in terms of the safety of the 
planned repository; 2. Assessment of the characteristics 
which determine the choice of site; 3. Assessment of 
costs. 

a, d: KEV 
Art. 23 

 

 
 
b: USG Art. 10b, 
UVPV Art. 9 & 
App., 40.1 & 
40.2 
e: KEV Art. 62 

Approval for 
underground 
geological 
investigations 

a. Investigation programme 

b. Geological report 

c. Report on possible effects of investigations on geology and 
the environment 

d. Outline maps and plans 

e. Desired duration of the permit 

KEV Art. 58 
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Tab. A.1-3: (cont.) 
 

Licences, 
permits 

Documents to be submitted  Reference  

Nuclear 
construction 
licence 

a. Repository concept / basis for design according to KEV 
Art. 7 – 12 

b. Environmental Impact Assessment (EIA Level 2) 

c. Report on coordination with spatial planning 

d. Quality management programme for the project planning 
and construction phases 

e. Emergency response concept 

f. Project for the monitoring phase and plan for closure 

g. Report on the project's compliance with the general licence 

a – g: KEV 
Art. 24 par. 2 & 
App. 4 

b: USG Art. 10b,  
UVPV Art. 9 & 
App., 40.1 and 
40.2 

Nuclear operating 
licence 

a. Organisational and technical documents (including safety 
and security report) 

b. Various documents for the operating licence 

c. Proof of insurance cover 

d. Report on the conformity of the system with the general 
licence and construction licence 

KEV Art. 28 
par. 1 & Apps. 3 
and 4 

 

Requirements for 
the monitoring 
phase 

Updated project for the monitoring phase with: 

− Description of the measures to be taken after completion 
of the disposal operations to monitor the repository 

− Proposal for the duration of the monitoring phase 

KEV Art. 68 
par. 1 

Licence for the 
closure of the 
entire facility  

Project for the closure with the following descriptions: 

− Filling and sealing the access to the disposal zones 

− Transfer of the pilot repository into a long-term safe 
condition 

− Filling and sealing the access to the repository 

− Assurance of long-term safety 

KEV Art. 69 
par. 2 

Release of the 
repository from 
nuclear energy 
legislation 

Safety analysis that takes into account the effective execution 
of closure 

ENSI-G03, 
par. 5.3.1 

Periodic updates − Adapted WMP 

− Reports on the calculation of decommissioning and 
disposal costs 

− Research, Development and Demonstration Plan (RD&D 
Plan) 

− Reports to assess the condition and operation of the 
system (from initiation of the operating phase) 

KEV Art. 52 
SEFV Art. 4 
 
KEV Art. 37 & 
App. 5 
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A.2 Starting-point, potential for modifications and flexibility 

Fundamental decisions regarding the realisation of deep geological repositories: 
Initial situation, potential for modifications and flexibility for the consideration of 
future developments 
The starting-point (1st column), the available scope for optimising the systems as well as the 
flexibility required for handling of existing or possible future developments (2nd column), as well 
as information on decision points where flexibility with regard to future developments or potential 
for modification can be used to optimise implementation (3rd column). This information is based 
on scenario 2b, which leads to the largest possible radioactivity inventory to be emplaced in the 
repository and includes the largest volume of waste expected (see Chapter 2). 

Tab. A.2-1: Starting-point, potential for modifications and flexibility. 
 

Principles of disposal in Switzerland 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

All waste is disposed of in 
Switzerland. 

Flexibility until start of 
construction exists for the 
common disposal (of a part) of 
the waste with other countries. 

Exceptionally, for conditions that are 
unlikely abroad from today's perspec-
tive, the required permit may be issued 
under strict conditions. The final 
decision on disposal of (part of) the 
waste abroad must be made at the latest 
before the construction of the relevant 
geological repository. 

Interim storage (capacity, operational lifetime) 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimize the facilities 

There is sufficient interim 
storage capacity for all 
waste. 

An extension of the existing 
interim storage capacity is 
possible in principle. If 
necessary, existing interim 
storage facilities for waste 
from medicine, industry and 
research can be further 
expanded. 

If necessary, existing interim storage 
facilities can be expanded at any time. 
The necessary administrative and 
technical measures must be taken in 
advance. 

The operating lifetimes of 
the existing interim storage 
facilities are in line with 
the L/ILW and HLW 
implementation plan. 

The operating lifetimes can, in 
principle, be adjusted so as to 
meet any delays in the 
realisation of the repositories. 

An adjustment of the operating life-
times of the existing interim storage 
facilities is basically possible at any 
time. 
The necessary administrative and 
technical measures must be taken in 
advance. 
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Tab. A.2-1: (cont.) 
 

Conditioning, characterisation and inventory of waste 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimize the facilities 

The conditioning, charac-
terisation and inventorying 
of the waste produced 
today according to current 
processes or the waste 
produced in the future 
according to concepts 
envisaged today are 
ensured. 

There is potential for modifi-
cation in order to adapt condi-
tioning procedures for future 
waste to new findings (for 
example as a result of 
updating decommissioning 
studies). 
There is potential for modi-
fication in order to improve 
the conditioning processes of 
waste produced today or, if 
necessary, to recondition 
existing waste. 

At any time up to the nuclear operating 
licence for the deep geological reposi-
tories, the existing or planned condi-
tioning methods can be modified or 
supplemented if necessary. If neces-
sary, re-conditioning can also be 
carried out. For both options, the 
licensing procedures are defined and 
the methodology and instruments for 
assessing the repository capability are 
available. 

Disposal capacity and type of waste 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

Scenario 2b (see 
section 2.1) also shows 
sufficient disposal capacity 
for all types of waste 
according to current 
concepts. 

The repository is designed so 
that there is sufficient 
flexibility to adapt the disposal 
capacity and to take account 
of new types of waste. 

The general licence specifies the dis-
posal capacity; this plans for foresee-
able wastes at that time. 
The repositories are designed in such a 
way that, even after the general licence, 
there is flexibility to adapt the disposal 
capacity and to take account of new 
types of waste. Depending on the 
nature and extent of the extension or 
modification, a supplement to the 
general, construction or operating 
licence or approval by the authorities 
may be necessary. 
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Tab. A.2-1: (cont.) 
 

Waste allocation 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

The allocation of waste is 
determined by the pre-
vailing geology at the 
repository sites (host rock, 
long-term stability) 
according to current 
concepts. 

With regard to the allocation 
of waste to the deep geo-
logical repositories, there is 
scope for modification in 
order to optimise the alloca-
tion of waste or requirements 
for the waste to be deposited, 
on the basis of the conditions 
which have been effectively 
established. 

The waste was allocated conceptually 
in the context of site selection (SGT 
Stage 1). The categories of the waste 
disposed of as well as the maximum 
disposal capacity are specified in the 
general licence. 
The detailed requirements for waste 
disposed are laid down in the nuclear 
construction and operating licences, 
taking into account the detailed 
characteristics (site properties after 
complete exploration, detailed 
repository design and the engineered 
barriers) and the intended waste. 

Waste inventory (quantity, type) – Waste from medicine, industry and research (MIR) 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

The inventory of MIR 
waste includes a collection 
period until 2065; this 
includes MIR wastes that 
occur in a similar way as 
in the future. 

Within the framework of the 
multi-stage licensing proce-
dure, sufficient flexibility for 
dealing with additional MIR 
waste due to prolongation of 
the collection period (takeover 
of storage by the Federal 
Government etc.) will be 
taken into account. 
There is flexibility in systems 
and concepts for handling 
waste from other sources (new 
types of MIR waste). 

In due course, the Federal Government 
will decide whether, when and to what 
extent MIR waste is to be taken into 
account beyond the volumes planned 
today. 
For the consideration of new types of 
waste, the licensing procedures are 
defined and the methodology and 
instruments for assessing their ultimate 
disposal capacity are available. In 
principle, other types of waste are also 
disposable. 
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Tab. A.2-1: (cont.) 
 

Transport 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

The transports necessary in 
connection with the treat-
ment of waste or interim 
storage are routinely 
carried out; concepts are 
available for the future 
necessary transports to the 
geological disposal facili-
ties and for the infrastruc-
ture for the loading and 
unloading of the transport 
containers. 

Flexibility to take into account 
new experience, technical 
innovations and new 
specifications (infrastructure, 
transport containers, vehicles) 
is available. 

For each transport, the detailed condi-
tions are laid down with the transport 
permit. At the time of the construction 
or operating licence for the deep geo-
logical repositories, the infrastructure 
required for loading, unloading and 
transport must be determined defini-
tively (including measures taken by the 
consignor). 

Safety and disposal concepts, design of repository (engineered barriers, storage rooms, backfill, 
disposal containers, sealing and closure) 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

The design of the 
geological repository 
according to today's 
concepts is based on a 
multibarrier concept.  

Scope for modification is 
present in a process to adapt 
the layout and design of the 
repository components 
(including technology) to new 
findings (progress in site 
exploration, experience in 
other programs). 

The safety and disposal concept has 
been defined in the guidelines for the 
site selection (Stage 1 or Stage 2 of the 
SGT) and is an important component 
of the documents for the application for 
a general licence. This contains con-
cepts for all elements of the engineered 
barriers; in some cases, variants are 
kept open. 
The detailed arrangement of the indivi-
dual emplacement rooms and the design 
of the repository components 
(engineered barriers) takes place taking 
into account site-specific conditions 
(partly based on underground 
exploration) and the actually expected 
wastes for the nuclear construction 
licence application. 
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Tab. A.2-1: (cont.) 
 

Technology for construction, operation and closure (surface and underground facilities) 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

Concepts for the techno-
logy for the construction, 
operation and closure 
(surface and underground 
facilities) are available. 

With regard to the technology 
for construction, operation and 
closure, there is sufficient 
potential for modification in 
the process, so that the design 
of the systems can be adapted 
to new findings (for example 
from foreign programmes) if 
required. 

The necessary technology is set at the 
conceptual level for RBG. At this level, 
alternative concepts can be kept open 
for selected elements. 
The detailed determination of the 
technology is made for the nuclear 
construction licence application, based 
on the then current state of knowledge. 

Retrievability and monitoring 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

Retrievability and 
monitoring are integral 
components of repository 
concepts; corresponding 
general concepts for 
technology are available. 
The detailed design is 
produced for the nuclear 
construction licence 
application. 

In terms of the design of the 
devices for retrieving the 
waste, design of the pilot 
repository (including instru-
mentation) and the other 
elements of monitoring, there 
is potential for modification in 
order to take into account the 
increase in knowledge. For the 
nuclear planning application, 
design and technology for 
recovery will be according to 
the state of the art and 
monitoring with current 
technology will focus on 
phenomena considered to be 
relevant. 

The general licence application 
presents concepts, which may also 
include alternatives, with detailed 
designs developed for the nuclear 
construction licence application. 
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Tab. A.2-1: (cont.) 
 

Site – Layout of underground facilities 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

The arrangement and 
detailed design of the 
underground facilities 
takes into account the 
waste to be emplaced and 
the site-specific condi-
tions, based on site-speci-
fic field investigations. 

For the detailed layout of the 
underground facilities, there is 
sufficient potential for modifi-
cation in the course of the pro-
cedure in order to adopt these 
(including technology) in the 
light of new findings (progress 
in site knowledge, experience 
in other programmes) and to 
the waste inventory included. 

The proposal and the approval of the 
sites occurred in SGT Stage 2, giving 
approximate arrangement of the 
underground structures in the RBG 
(underground perimeter). 
The detailed arrangement of the 
underground structures is carried out 
taking into account the site-specific 
conditions (for example, based on 
exploration underground) for the 
nuclear construction licence 
application. 
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Tab. A.2-1: (cont.) 
 

Site – Layout and implementation of the surface infrastructure (including access and 
connections), including design 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

Arrangement and spatial 
design of the surface 
infrastructure: 
The space available is 
limited; as a rule, various 
aspects of the arrangement 
and spatial design of the 
surface-area infrastructure 
exist, taking into account 
aspects of space utilisation 
and environmental 
compatibility. The official 
procedures lead to a 
coordination with spatial 
planning and ensure the 
stepwise environmental 
compatibility of the 
project. 

With the definition of at least 
one location for the surface 
facilities per site in the context 
of SGT Stage 2, a first 
determination has been made. 
Further definition with regard 
to the arrangement and spatial 
design of the surface 
infrastructure takes place in 
SGT Stage 3, including 
placement of the shaft head 
installations. In addition, in 
Stage 3 there is sufficient 
flexibility for optimising the 
surface infrastructure with 
regard to the layout and spatial 
design; this affects the 
definitive designation of siting 
areas for the surface facility 
and aspects of establishing 
access. 

In SGT Stage 2, possibilities for the 
arrangement and design of the surface 
facility were identified, evaluated and 
designated as the result of intensive 
cooperation with the siting regions. In 
SGT Stage 3, these specifications can 
be checked again. 
The facilities are described in the RBG 
in terms of their basic features in 
accordance with the specifications of 
the nuclear energy legislation and the 
perimeters are determined in 
accordance with the SGT. 
The detailed design is provided for the 
nuclear construction licence 
application. This also includes the 
facilities and access required for 
construction and operation. The 
repository also includes the sites for the 
handling and deposition of excavated, 
removed or demolished material, which 
are an integral spatial and functional 
component of the project. 

Design of the surface 
facility according to 
today's concepts 

There is sufficient potential 
for modification of the design 
of the surface facility in order 
to reflect new insights (in 
particular, progress in techno-
logy and new experiences in 
other programmes). 

The design of the surface facility is 
described in the RBG in general terms 
in accordance with the specifications of 
the Nuclear Energy Act. 
A detailed design of the surface facility 
is carried out for the nuclear 
construction licence application. 
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Tab. A.2-1: (cont.) 
 

Site – Proof of safety 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

Long-term safety: In SGT 
Stage 2, the knowledge 
gained from SGT Stage 1 
was further developed and, 
taking into account the 
results of the RD & D 
programme and the 
location-related data, 
appropriate analyses were 
carried out. 
Operational safety: There 
is a lot of experience in 
analysing the safety of 
operating nuclear 
installations. In addition, 
appropriate analyses have 
been carried out with 
regard to the construction 
and operation of the 
geological repositories. 

With each licence, the long-
term and operational safety are 
re-evaluated in the context of 
periodic safety reports, taking 
into account new findings. 
There is sufficient potential 
for modification to allow any 
necessary adjustments to the 
system and changes in the RD 
& D plan based on the results 
of the safety analysis. 

For the various decision-points, the 
safety reports must be updated and 
adapted to the new findings and 
decisions made (waste, repository 
design). The safety-related RD & D 
programme and the design must take 
into account the findings from the 
safety reports and their assessments 
with regard to an optimum design of 
the systems. 

Site – Geology: setting and configuration 

Starting-point Current potential for 
modification, required 
flexibility 

Decision-points where flexibility with 
regard to future developments or 
potential for modification is used to 
optimise the facilities 

For both L/ILW and HLW, 
different possible 
configurations (depth, 
extent etc.) remain in SGT 
Stage 3 in the Opalinus 
Clay. 

When choosing a site, there 
must be sufficient potential for 
modification in the space 
available in order to take 
account of the gain in 
knowledge regarding site-
specific conditions (including 
tectonics, formation 
parameters, long-term 
evolution) in the context of 
further realisation. 

The determination of the site (including 
the definition of the underground space 
in which intrusion could impair the 
safety of the repository) takes place via 
the general licence and leads to the 
planning of a temporary protection 
area. The operating licence specifies 
the definitive protection area of the 
deep geological repository. 
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A.3 Topics to be considered in the preparation and realisation of deep 
geological repositories 

Tab. A.3-1: Topics to be addressed for the realisation of the implementation plan from today's 
point of view. 

 

• Geological investigations 

− Site investigations (geometry and properties of relevant rock strata, state parameters, 
site-specific long-term evolution etc.) 

− Regional geological investigations (long-term evolution, general geology etc.) 

− Deepening of process understanding (transport mechanisms, gas release, self-sealing, 
coupled phenomena, rock mechanics etc.) 

− Synthesis and reporting, including geological datasets for the construction of the 
facilities and for the assessment of safety 

• Safety and clarification of safety-relevant phenomena 

− Safety, barrier and radiation protection concepts, methodology of safety and system 
analyses 

− Characterisation of immobilisation, retardation and transport phenomena for radio-
nuclides (particularly with respect to geochemistry) in the engineered and geological 
barriers after closure of the repositories and their consideration in the models for safety 
analysis 

− Safety-related properties of the engineered barriers and the nearfield, including 
interaction with the surrounding geology and deepening of the process understanding 
for the engineered barriers and the nearfield 

− Modelling to calculate doses from radionuclide releases after closure of the repositories 

− Dose calculations and accident analyses for the operational phase 

− Long-term safety and operational phase safety reports 
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Tab. A.3-1: (cont.) 
 

• Radioactive materials and wastes 

− Continuous improvement of the methods for the characterisation and inventory 
development of radioactive waste in Switzerland, both for already existing but also for 
future waste streams (for example from NPP decommissioning projects) 

− Continuous reduction of avoidable uncertainties and conservatism in the inventory of 
radioactive waste as a basis for the radiological databases ISRAM and MIRAM 

− Provision of complete waste logistics (waste inventory and transport frameworks) for 
each relevant repository scenario 

− Consultation of waste producers, in particular with regard to future decommissioning 
projects (ELFB pioneer projects, creation of new waste specifications, L/ILW / ILW 
container development) 

− Review of the used or intended conditioning methods, including evaluation of new 
conditioning methods 

− Evaluation of the safety-related properties of the waste (SF integrity questions, 
utilisation or possible disposal of the transport casks, container handling questions in 
the surface facility) 

− Exclusion of criticality both for handling operations and for long-term disposal by 
means of advanced methods ("burnup credit") 

• Design and later construction, operation, monitoring and closure of geological 
repositories 

− Site-specific design concepts and projects on components of the repository, including 
structural design and operational procedures 

− Concepts and projects on the engineered barriers (including materials) and 
development of the necessary technology for their production and emplacement: 

- final disposal containers 

- backfill 

- sealing 

− Technologies and methodology for: 

- emplacement of waste 

- monitoring 

- retrieval of the waste 

- closure, including marking and long-term archiving 

• Other aspects, including organisation (management and planning) 

• Information according to the information concept 
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Tab. A.3-2: Short description of the main work topics for the next years (excl. RD&D). 
Based on the existing fundamentals and experience (for example, disposal feasibility 
demonstration HLW, general licence application L/ILW, report SGT Stages 1 and 2), the 
listed topics are intensified step by step. Topics from the RD&D programme are listed in 
Tab. A.3-3. 

 

• Geological investigations 

− Site investigations for SGT Stage 3: The field work, which is subject to permitting, 
includes in particular supplementary mapping, exploratory drilling, seismic surveys, 
Quaternary surveys and further geophysical measurements. The results of the field 
work are documented in corresponding reports. The field work provides insights into 
the geometry and determination or confirmation of site-specific properties of relevant 
rock strata (e.g. host rocks and surrounding rocks), long-term geological evolution 
and determination of relevant parameters (hydraulic potentials, rock stresses, 
temperatures etc.). 

− Continuation of regional geological investigations on general geology and 
tectonics, hydrogeology and geological long-term evolution (studies, 
measurement campaigns): This includes the collection and evaluation of new data 
from deeper drilling and other reports by third parties as well as by new geological 
mapping. Also planned are: hydrogeological model calculations, continuation of 
cooperation with the Swiss Seismological Service (measurement network micro-
seismicity), participation in periodic geodetic measurements (precision levelling), 
operation of a geodetic precision measurement network (based on GNSS permanent 
stations) as well as field work, studies and modelling calculations for geological long-
term evolution (climate development, erosion, neotectonics). 

−  Syntheses and reporting on the geology of the sites for SGT Stage 3 as well as 
for general licence applications: The syntheses carried out for the various siting 
areas are documented in corresponding reports. 

• Safety and clarification of safety-relevant phenomena 

− Refinement of safety-, barrier- and radiation protection-concepts and implemen-
tation of system analyses as input for the design concepts and the safety-oriented 
optimisation of the deep geological repositories (in particular contributions to the 
choice of location and the delimitation of the underground disposal areas). 

− Reports on long-term safety taking into account the current state of knowledge 
(status of facility design, geosynthesis, findings from the RD&D programme): For 
SGT Stage 3, the safety reports for the general licence applications are to be 
developed to represent the state-of-the-art in science and technology. For this 
purpose, existing safety analyses must be adapted in such a way that a consistent 
handling of uncertainties for both probabilistic and deterministic analyses is ensured. 

− Safety reports for the operating phase, taking into account the current state of 
knowledge (status of system planning, findings from the RD&D programme): For the 
general licence applications, safety reports must be prepared for the operating phase in 
accordance with the state of the art. For this purpose, specific dose calculations and 
deterministic accident analyses are to be carried out. 
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Tab. A.3-2: (cont.) 
 

• Radioactive materials and waste 
− Continuous improvement of the methods for the characterisation and inventory 

development of radioactive waste in Switzerland: The methods for waste charac-
terisation are based on the collection of specific measurement data for the different 
waste streams. This measurement database subject to continuous updating. In addi-
tion, it is important to keep the supporting legal methods in line with the current state 
of science and technology. In particular, this will be done in view of the future 
decommissioning waste from Swiss NPPs. 

− Continuous reduction of avoidable uncertainties and conservatism: All existing 
uncertainties and conservatism in the Nagra databases for subsequent safety studies 
etc. (ISRAM for existing waste packages, MIRAM for the model waste inventory) 
are subject to critical review. As soon as uncertainties and conservatism can be 
removed by means of new procedures or updated metrics and information, the 
underlying databases will be updated accordingly - this is a continuous process 
(maintenance / updating of databases). 

− Provision of complete waste logistics: Updated waste inventory and transport 
frameworks are essential for any logistical planning of waste streams between 
producers (NPPs / research facilities), interim storage facilities, waste treatment 
centres and repository surface facilities. Depending on the scenario, all logistical 
factors must be provided for this purpose - based on the current waste volume and 
transport container configurations. 

− Consultation of waste producers: Especially with regard to future decommissioning 
projects, it is important to characterise new, as yet unseen waste streams and to define 
adequate packaging concepts. Within this framework, new waste specifications as 
part of pioneering ELFB projects have to be created and carried out and, if necessary, 
optimised L/ILW / ILW container types for decommissioning waste developed. 
Nagra works closely with producers in an advisory capacity, not least to ensure 
synergy effects for deep disposal. 

− Review of conditioning methods: Waste conditioning methods already in use or 
planned are continuously checked and new methods evaluated. Furthermore, the 
critical waste properties (gas formation, complexing agents etc.) are evaluated in the 
context of safety analyses. 

− Evaluation of safety-related waste properties: In particular SF integrity questions 
in the context of the planned transfer of the SF from transport casks into the disposal 
containers are currently a focus and must be answered satisfactorily. Questions 
regarding the future disposal of SF / HLW transport casks, as well as the handling of 
all waste packages in the surface facilities of the repository sites, are to be finally 
clarified. Staged questions of safety are to be answered quickly. 

− Exclusion of criticality: Criticality must be excluded at all times - during the 
handling of radioactive waste packages as well as after disposal. For this purpose, 
modern criticality calculation methods are used, with methods and databases subject 
to continuous, international improvement. 
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Tab. A.3-2: (cont.) 
 

• Design of repositories (construction, operation, monitoring and closure) 

− Adaptation of the generic concepts to the specific site conditions: In the context of 
the deepening of the projects in SGT Stage 3 and for the general application, site-
specific concepts are to be prepared on the basis of generic concepts, which includes 
in particular the layout and design of the surface facilities. In addition, spatial 
planning aspects and issues of environmental protection must be taken into account. 
According to the SGT, this work is carried out, in part, with the involvement of the 
affected siting regions and cantons ("participation"). 

− Extending concepts for different repository components and operational 
processes: This includes studies on the surface infrastructure, consisting of the 
surface facilities, the necessary shaft head installations and logistics and transport 
technology development. Likewise, concepts for the underground access, the 
emplacement rooms, the test areas and pilot repository etc. are prepared, taking into 
account possible ventilation and construction methods. In addition, concepts for 
retrieval, for the construction process and for operating procedures are also analysed, 
taking into account operational safety and radiation protection. As a rule, the 
concepts include a compilation of the basic principles and requirements, an 
examination of various approaches to solutions, and a suitable level of consideration 
of appropriate variants. 

− Deepening concepts for monitoring, marking and long-term archiving: This 
includes, in particular, a concept for the pilot repository and for further monitoring in 
the deep geological repository (monitoring concept). Furthermore, first concepts for 
the transmission of information to future generations have to be drafted, in particular 
with regard to the long-term marking of the deep geological repositories and the long-
term archiving of documents. Various studies are planned for this purpose. As part of 
the documentation for the general licence application, a concept for the monitoring 
phase will be developed. 

• Other aspects, including organisation (management and planning) 

For the execution of the work, a suitable management system is maintained (including 
certified QM system), in which planning has a high priority. 

• Information according to the information concept 
The different elements of the information concept are described in chap. 8. The effective 
information activities are adapted to the needs of the stakeholders. 
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Tab. A.3-3: Topics that, according to the implementation plan, will be dealt with in the next 
10 years as part of research and development work (RD&D programme) (for 
details, see Nagra 2016a). 

 

• Geological investigations 

− Research and development work on the characterisation of the geosphere for the 
selected siting regions. Methods which contribute to the description of the geological 
situation should be further developed as needed. This includes models (lithostrati-
graphic layer models, perturbation models), the description of relevant properties and 
their variability (e.g. mineralogy, porosity, hydraulic conductivity, geomechanical 
properties, gas transport properties) as well as dynamic models for the definition and 
prediction of in-situ conditions (pore pressure, water saturation, chemical 
composition of the waters, temperature, stress state, deformation). 

− Geological long-term development (neotectonics, climate evolution, erosion). With 
regard to neotectonics, the characterisation of the tectonic activity in the Quaternary 
is to be improved and the instrumental record of the recent crustal movements 
extended. Potential future neotectonic scenarios will be investigated, with the 
possible reactivation of regional faults in the basement and a permanent deformation 
of the Jurassic fold and thrust belt in the foreground. In addition, the effects of 
neotectonic movement and seismicity on the various elements of a repository as well 
as the geological and engineered barriers are analysed. With regard to climate evolu-
tion, the understanding of the local climate in the Central Alps and its northern 
foreland over glacial / interglacial cycles will be studied to assess how the global 
climate system affects local conditions. With a view to future erosion, methodo-
logical tests are planned for the dating of Quaternary sediments. The behaviour and 
extent of ice flow systems (Rhine, Aare and Rhone Glacier) are to be investigated by 
ice flow models under different climatic conditions. Coupled numerical simulations 
of ice flow, glacial hydrology and glaciofluvial erosion will help to narrow down and 
better understand the factors controlling the extent of glacial deepening. 

− Improving process understanding of key safety-relevant phenomena in the host rock 
(and the surrounding formations) which contribute to crucial roles in the multi-
barrier concept. The topic of radionuclide transport has an advanced assessment 
status and will be further refined in the future as required. The basic understanding of 
gas transport in the low-permeability host rock is further deepened. The 
understanding of self-sealing is further refined in view of its importance and how it 
affects water and gas transport in the EDZ. The basic understanding of the thermal 
effects on the host rock, also on a larger scale, is assessed in particular by the 
monitoring of large-scale experiments. In the field of geomechanics, it is planned to 
develop more robust test protocols and a more comprehensive database, which leads 
to improved constitutive models. The influence of microorganisms under repository-
relevant conditions should be evaluated in depth. 
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Tab. A.3-3: (cont.) 
 

• Characterisation of radioactive waste and its properties 

− Improvement of knowledge of the inventories and characteristics of waste package 
types is carried out with regard to the management of spent fuel and loading of dis-
posal containers, the inventory of low-level waste relevant for the planning of the 
decommissioning of nuclear power plant decommissioning, packaging and related 
logistics issues, as well as the inventories of low-level waste originating from 
research. 

− A characterisation of the immediately released portion of particularly mobile radio-
nuclides ("instant release fraction") and the dissolution rate of spent fuel assemblies 
under reducing conditions (with a focus on MOX) is planned as well as the estima-
tion of the geochemical in the containment-providing rock zone at the time of release, 
in order to expand the existing database in this regard. As part of international acti-
vities, the release rate of 14C into the gas and liquid phase will be determined and 
evaluated in the next few years with targeted experiments. The development of a 
methodology for assessing criticality, including burnup credit, will be completed in 
the coming years. 

− Long-term experiments on gas production from organic materials in L/ILW will be 
continued together with experiments on corrosion and gas formation from metals. 

− The long-term integrity of spent fuel in interim storage and the long-term behaviour 
of cladding should be further investigated. In addition to participation in international 
projects, experiments with spent fuel assemblies from Switzerland were launched. 
These will contribute significantly to the knowledge of these processes. 
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Tab. A.3-3: (cont.) 
 

• Design and technology development for surface and underground infrastructure and 
for the engineered barriers 

− The general licence application requires a design concept. In addition, there are 
planned conceptual retrieval studies covering possible in-situ conditions for different 
retrieval times up to closure of the repository. 

− Preliminary studies on tailor-made technical equipment for tunnelling will be carried 
out together with development of tunnelling concepts. 

− After the backfilling of a model SF / HLW drift has been successfully demonstrated 
on a 1: 1 scale (full-scale emplacement experiment (FE) in the Mont Terri Rock 
Laboratory), no further major activity with regard to emplacement technology is 
foreseen in the near future. 

− Since the selection of materials will not be made in the near future, possible alter-
natives should remain open for the development of the disposal canisters for SF / 
HLW; here, the focus of the work is on copper-coated canisters. 

− The development and production of prototype disposal containers for L/ILW, which 
will be carried out in close cooperation with waste producers, will soon be completed. 

− The general licence application requires a comprehensive closure concept (seals and 
infill), based on the repository design and safety requirements. Important technical 
foundations have already been developed and successfully tested in recent years in 
experiments. In addition to the monitoring and interpretation of the ongoing 1:1 
experiments, the work on the closure concept will be predominantly analytical-
conceptual in nature until the application for a general licence is submitted. 

− Specific aspects of the design concept of the packaging systems should be investi-
gated. This includes topics such as transport and waste package management, hand-
ling of fuel assemblies and container loading. 
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Tab. A.3-3: (cont.) 
 

• Evolution of safety-relevant properties and processes in the nearfield 
− The goal is a reliable description of the evolution of the SF / HLW and L/ILW nearfield. 
− In order to improve the process understanding of container evolution and to refine the 

reference values for corrosion rates, ongoing laboratory and in-situ tests are continued 
under anoxic conditions at elevated temperature. 

− The effectiveness of bentonite has been extensively studied and characterised. The 
remaining RD&D activities relate to specific topics such as the ability to inhibit 
microbial growth at certain swelling pressures. Investigations are planned to further 
improve the understanding of the effectiveness of bentonite at temperatures > 100°C. 
In addition, the consequences of the variability of the dry density as a result of the 
installation process or the later effect of thermal and hydraulic processes with respect 
to the barrier effectiveness are to be investigated. 

− To further investigate the importance of excavation damaged zone (EDZ) on long-
term safety, EDZ-relevant data are compiled from the Mont Terri Rock Laboratory 
and other research laboratories. This makes it possible to evaluate the consequences of 
tectonic overprinting and mineralogical variability on the development of EDZ. This 
also allows a robust assessment of rock mechanical rock behaviour on future engi-
neered structures, which is incorporated into the modelling of the repository design. 

− The release of gas from a HLW repository and the induced thermal overpressures are 
investigated in more detail. Sensitivity analyses include both gas transfer within the 
individual repository components and the behaviour of the overall system. This allows 
a further improved estimation of the maximum gas pressure build-up in the filled 
repository and the thermal overpressures in the nearfield. 

− Measurements from the long-term monitoring during the resaturation of the engi-
neered barriers from key experiments in the Mont Terri Rock Laboratory (FE, HE-E) 
provide insights into the evolution of the HLW nearfield in the transient phase. These 
data are used by international working groups for process modelling. This allows 
further model development and validation. 

− Numerous L/ILW repositories are in operation worldwide. As a result, the need for 
RD&D activities with respect to L/ILW is low compared to HLW. However, many 
activities are relevant to both types of repository. The controlled discharge of gases 
along the access structures (EGTS, "Engineered Gas Transport System") is further 
investigated in connection with the continuation of the gas-permeable seal test 
(GAST) experiment at the Grimsel Test Site. The functionality of the sand / bentonite 
seal is tested on a 1:1 scale. This contributes to the understanding of gas / water flow 
under repository-relevant conditions. 

− The available data regarding the transport of radionuclides in the nearfield, the 
existing process understanding and the state of knowledge of compacted clay systems 
are mature. The remaining uncertainties are limited to the transferability of data 
measured in dispersed clay to compacted systems. Likewise, aspects of sorption, 
radionuclide speciation, the behaviour of redox-sensitive radionuclides and the 
speciation, stability and retention of 14C should be taken into account. 



NAGRA NTB 16-01E A-28  

Tab. A.3-3: (cont.) 
 

• Safety assessment 

− The planned development work for post-closure safety assessments essentially covers 
the following aspects: treatment of features, events and processes (FEPs), develop-
ment of scenarios and methods and tools for probabilistic safety and sensitivity 
analyses. Particular attention is paid to the consistent handling of uncertainties and 
risks. The following activities are also envisaged: improvement of methods for 
estimating the consequences of human intrusion; explanation of the consequences of 
an eventual glacial erosion and exposure of the repository as well as improved 
biosphere modelling. 

− The following activities are planned for the evaluation of operational safety with the 
general aim of further developing the methodology and the associated assessments 
and toolkit: development of a classification concept for the radioactive waste tailored 
to the needs of the operational safety assessment and the further development of 
radioactive waste safety concepts and related requirements with regard to the mini-
misation or avoidance of malfunctions and accidents. 

• Development of a concept for repository monitoring  

− At a strategic level, Nagra's involvement in international research projects remains 
important; this particularly concerns projects involving international partners from 
countries with advanced disposal programmes. This allows consideration of their 
experiences in their national programmes. 

− Ongoing or planned experiments in the two Swiss rock laboratories lead to progress 
in monitoring with regard to technological and methodological issues. 

− GNSS and seismic stations are installed in the siting regions for surface observations 
of ground motion and seismicity. If required, these can be supplemented at selected 
locations by further remote sensing stations.  
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Tab. A.3-4: Work within the framework of the RD&D programme and the submission of the 
RBG with a view to the nuclear construction and operating licence applications (for 
details, see Nagra 2016a).  

 

• Construction licence 

− Further refinement of the safety case with regard to the following aspects: geological 
characterisation, characterisation of radioactive waste and its properties, repository-
induced influences, radionuclide transport, methods for assessing long-term safety. 

− Further improvement of tunnel design concepts and demonstration of repository 
design, including realistic-scale design based on in situ characterisation of required 
host rock properties. 

− Selection of container design; the selected materials and developed prototypes are 
tested on a realistic scale. 

− Testing, final selection and optimisation of backfill materials, including their detailed 
characterisation. 

− Adaptation of emplacement and backfilling technology for industrial application. 

− Development of suitable tools for container handling in surface and underground 
installations. 

− Design of technologies for the emplacement of HLW disposal canister and for the 
automated installation of engineered barriers. 

− Monitoring concept and further development of appropriate technologies. 

• Operating licence 

− Further refinement of the safety case concerning: geological characterisation, 
characterisation of radioactive waste and its properties, repository-induced effects, 
radionuclide transport, methods for assessing long-term safety. 

− Demonstration of emplacement and retrievability at disposal depth, verification of the 
structural feasibility of the filling elements, tracking the development of innovative 
automated processes with the aim of improving occupational safety and optimising 
construction and emplacement. 
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A.4 Phases, time periods and planned activities for the HLW and L/ILW 
programmes according to the implementation plan 

Tab. A.4-1: Most important activities in the different phases (HLW repository) according to the 
implementation plan. 
Convention for time periods: from January (start of year) to December (end of year). 

 

Phase Time period Aim Main activities 

Site selection 

 

2016 – 2018 SGT Stage 2: selection 
of at least 2 sites 

Official review of the documents, decision 
of Federal Council 

2019 – 2024 SGT Stage 3: 
fieldwork, selection of 
site for RBG, 
preparation and 
submission of RBG 

Implementation and analysis of the field 
work, determination of the site for RBG, 
preparation of the documents for the 
application for a general licence 

General 
licence 

 

2025 – 2031 General licence Official review of documents, decision of 
Federal Council, approval by Parliament, 
optional national referendum 

2027 – 2031 Approval of 
underground geological 
investigations 

Authorisation procedure for fieldwork 
requiring approval (geological 
investigations underground, supplementary 
investigations from the surface) 

Preparation 
and start of the 
scientific 
investigations 
underground  

2032 – 2037 Preparatory work and 
start of underground 
investigations 

Preparatory work and start of geological 
investigations underground (accompanying 
characterisation during the preparation of 
exploratory access underground, beginning 
of first experiments underground); 
supplementary investigations at the surface 

Continuation 
of the 
geological 
investigations 
underground  

 

2038 – 2048 
(– 2124) 

Continuation of earth 
underground geological 
investigations 

Construction and execution of experiments 
underground and observation, syntheses, 
preparation of documents for nuclear 
construction licence procedure 

2045 – 2048 Nuclear construction 
licence 

Official review of nuclear construction 
licence application, decision DETEC 

Construction  

 

2049 – 2059 Construction  Construction surface facility (including 
emcapsulation plant) / underground 
construction, including infrastructure, 
preparation for nuclear operating licence 
application 

2056 – 2059 Nuclear operating 
licence 

Official review of the documents, decision 
DETEC 

Operation 2060 – 2074 Operation  Transport of waste packages, packaging / 
emplacement in pilot and main 
repositories, backfilling and sealing 
emplacement rooms, continuous 
excavation of new SF / HLW empalcement 
drifts, periodic safety analyses / reporting 
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Tab. A.4-1: (cont.) 
 

Phase Time period Aim Main activities 

Monitoring 2075 – 2124 Monitoring phase Measurements in pilot repository, further 
monitoring activities, periodic reporting 

2075 – 2080 Decommissioning / 
dismantling of the 
nuclear components of 
the surface facility 

Decommissioning and dismantling of 
encapsulation plant 

2085 – 2090 Closure of main 
repository / partial 
dismantling of surface 
facility 

Closure of main and pilot repositories 
including unrequired access from the 
surface to underground, continuation of 
decommissioning of surface facility 
(conventional) 

Closure 2125 – 2126 Closure of entire 
repository 

Preparatory work, backfilling and sealing 
of remaining test areas and accesses of the 
underground facilities 

Marking the repository, complete 
dismantling of the surface facilities, all-
necessary site recultivation 

Long-term 
monitoring 

> 2126 Environmental 
monitoring 

Possible implementation of measures for 
environmental monitoring until release of 
the sealed repository from nuclear energy 
legislation 
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Tab. A.4-2:  Most important activities in the different phases (L/ILW) according to the imple-
mentation plan. 
Convention for time periods: from January (start of year) to December (end of year). 

 

Phase Time period Aim Main activities 

Site selection 

 

2016 – 2018 SGT Stage 2: selection 
of at least 2 sites 

Official review of the documents, decision 
of Federal Council 

2019 – 2024 SGT Stage 3: field 
work, selection of site 
for RBG, preparation 
and submission of 
RBG 

Implementation and evaluation of the field 
work, determination of site for RBG, 
preparation of the documents for the 
application for a general licence 

General 
licence 

 

2025 – 2031 General licence Official review of documents, decision of 
Federal Council, approval by Parliament, 
optional national referendum 

2027 – 2031 Approval of 
underground geological 
investigations 

Authorisation procedure for field work 
requiring approval (geological 
investigations underground, supplementary 
investigations from the surface) 

Preparation 
and start of the 
geological 
investigations 
underground  

2032 – 2035 Preparatory work and 
start of underground 
geological 
investigations 

Preparatory work and start of geological 
investigations underground (accompanying 
characterisation during the preparation of 
exploratory access underground, beginning 
of first experiments underground); 
supplementary investigations at the surface 

Continuation 
of the 
geological 
investigations 
underground  

2036 – 2044 
(– 2114) 

Continuation of 
geological 
investigations 
underground 

Construction and execution of experiments 
underground and observation, syntheses, 
preparation of documents for nuclear 
construction licence procedure 

2041 – 2044 Nuclear construction 
licence 

Official review of nuclear construction 
licence application, decision of DETEC 

Construction  

 

2045 – 2049 Construction  Construction of surface facility (including 
encapsulation plant) / underground 
construction, including infrastructure, 
preparation of nuclear operating licence 
application 

2046 – 2049 Nuclear operating 
licence 

Official review of the documents, decision 
of DETEC 

Operation 2050 – 2064 Operation  Transport of waste packages, packaging / 
emplacement in pilot and main 
repositories, backfilling and sealing of 
emplacement rooms, continuous 
excavation of new SF / HLW emplacement 
drifts, periodic safety analyses / reporting 
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Tab. A.4-2: (cont.) 
 

Phase Time period Aim Main activities 

Monitoring 2065 – 2114 Monitoring phase Measurements in pilot repository, further 
monitoring activities, periodic reporting 

2065 – 2070 Decommissioning / 
dismantling of the 
nuclear elements of the 
surface facility 

Decommissioning and dismantling of the 
encapsulation plant 

2075 – 2080 Closure of main 
repository / partial 
dismantling of surface 
facility 

Closure of main and pilot repositories 
including unrequired access from the 
surface to underground, continuation of 
decommissioning of surface facility 
(conventional) 

Closure 2115 – 2118 Closure of entire 
repository 

Preparatory work, backfilling and sealing 
of remaining test areas and access to 
underground facilities 

Marking the repository, complete 
dismantling of the surface facilities, all 
necessary site recultivation 

Long-term 
monitoring 

> 2118 Environmental 
monitoring 

Possible implementation of measures for 
environmental monitoring until release of 
the sealed repository from nuclear energy 
legislation 
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Tab. A.4-3: Presentation of a possible HLW programme for underground geological investiga-
tions according to chapter 9 of the RD&D Plan (Nagra 2016a). 
The following conditions are assumed: The construction of the facilities for geological 
investigations is staggered and without significant geological surprises; this can already be 
started from 2035 with the first experiments. From 2038, these experiments will be 
supplemented by further specific investigations with regard to nuclear construction licence 
and long-term experiments. From 2049 on, the testing of safety-relevant techniques and the 
proof of their ability to function with regard to the commissioning of the repository will take 
place. In addition, long-term experiments are continued within the test areas as required. It is 
assumed that the investigations in the facilities for geological investigations and the test areas 
are representative for the repository and there are no surprises which question the suitability 
of the site. 

 

Phase Time period Activities Most important activities with associated 
goals (C, B, Ü, D) 

(C) Characterisation of the geological situation 

(B) Confirmation of suitability with regard to 
previous assumptions and parameters 

(Ü) Monitoring 

(D) Demonstration 

Preparation 
and start of 
geological 
investigations 
underground  

2032 – 2037 Accompanying 
characterisation 
during access 
excavation 

• Characterisation during construction of 
exploratory shaft and tunnels (mapping and 
sampling): including geotechnical, hydro-
geological and hydrogeochemical aspects 
(C) 

• Monitoring under in situ conditions (Ü) 
203577 Start of first experi-

ments in the facilities 
for geological investi-
gations underground 

• Characterisation of the geological situation 
at the disposal level, including spatial 
variability (C) 

• Begin experiments to confirm rock mecha-
nical parameters (orientation in the stress 
field) and suitability of technical elements 
(e.g. tunnel support) with regard to 
repository construction (B) 

• Monitoring under in situ conditions (Ü) 
• Gas release via the host rock (gas test) (B) 
• Migration experiments (diffusion experi-

ments) (B, D) 

Continuation 
of geological 
investigations 
underground  

2038 – 2048 Continuation of 
experiments in 
facilities for geo-
logical investigations 
underground with 
regard to the nuclear 
construction licence 

• Monitoring under in situ conditions (Ü) 
• Self-sealing (development, geometry and 

hydraulic properties of the EDZ) (B) 
• Effects of heat on host rock and backfill 

material (heater test) (B) 
• (Small scale) testing of the sealing (B, D) 

  

                                                           
77  The beginning of the underground investigations may vary due to different construction times for the required 

access to underground depending on location. It is assumed that the first experiments can be started in 2035. 
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Tab. A.4-3: (cont.) 
 

Phase Time period Activities Most important activities with associated 
goals (C, B, Ü, D) 

(C) Characterisation of the geological situation 

(B) Confirmation of suitability with regard to 
previous assumptions and parameters 

(Ü) Monitoring 

(D) Demonstration 

Construction 2049 – 2059 Continuation of long-
term experiments as 
well as testing of 
safety-relevant tech-
niques and proof of 
their suitability for 
operation with regard 
to commissioning 

• Demonstration tests for emplacement 
(including introduction of filling material) 
and retrieval of waste packages (D) 

• Monitoring under in situ conditions (Ü) 
• Possible continuation of long-term experi-

ments 
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Tab. A.4-4: Presentation of a possible L/ILW programme for underground geological investiga-
tions according to chapter 9 of the RD & D Plan (Nagra 2016a). 
The following conditions are assumed: The construction of the facilities for geological 
investigations is staggered and without significant geological surprises; this can already be 
started from 2035 with the first experiments. From 2036, these experiments will be 
supplemented by further specific investigations with regard to nuclear construction licence 
and long-term experiments. From 2045 on, the testing of safety-relevant techniques and the 
proof of their ability to function with regard to the commissioning of the repository will take 
place. In addition, long-term experiments are continued within the test areas as required. It is 
assumed that the investigations in the facilities for earth science investigations and the test 
areas are representative for the repository and there are no surprises which question the 
suitability of the site. 

 

Phase Time period Activities Most important activities with associated 
goals (C, B, Ü, D) 

(C) Characterisation of the geological situation 

(B) Confirmation of suitability with regard to 
previous assumptions and parameters 

(Ü) Monitoring 

(D) Demonstration 

Preparation 
and start of 
data collection 
underground  

2032 – 2035 Accompanying 
characterisation 
during access 
excavation 

• Characterisation during construction of 
exploratory shaft and tunnels (mapping and 
sampling): including geotechnical, hydro-
geological and hydrogeochemical aspects 
(C) 

• Monitoring under in situ conditions (Ü) 

203578 Start of first experi-
ments in the facilities 
for geological investi-
gations underground 

• Characterisation of the geological situation 
at the disposal level, including spatial 
variability (C) 

• Begin experiments to confirm rock mecha-
nical parameters (orientation in the stress 
field) and suitability of technical elements 
(e.g. tunnel support) with regard to 
repository construction (B) 

• Monitoring under in situ conditions (Ü) 
• Gas release via the host rock (gas test) (B) 

Continuation 
of data 
collection 
underground 

2036 – 2044 Continuation of 
experiments in 
facilities for geo-
logical investigations 
underground with 
regard to the nuclear 
construction licence 

• Monitoring under in situ conditions (Ü) 
• Self-sealing (development, geometry and 

hydraulic properties of the EDZ) (B) 
• (Small-scale) testing of the sealing (B, D) 

  

                                                           
78  The beginning of the investigations may vary due to different construction times for the required access to under-

ground depending on location. It is assumed that the first experiments can be started in 2035. 
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Tab. A.4-4: (cont.) 
 

Phase Time period Activities Most important activities with associated 
goals (C, B, Ü, D) 

(C) Characterisation of the geological situation 

(B) Confirmation of suitability with regard to 
previous assumptions and parameters 

(Ü) Monitoring 

(D) Demonstration 

Construction 2045 – 2049 Continuation of long-
term experiments as 
well as testing of 
safety-relevant tech-
niques and proof of 
their suitability for 
operation with regard 
to commissioning 

• Demonstration tests for emplacement 
(including introduction of backfilling mate-
rial) and retrieval of waste packages (D) 

• Monitoring under in situ conditions (Ü) 
• Possible continuation of long-term 

experiments 
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Tab. A.4-5: Operating and decommissioning times of NPPs and interim storage facilities accor-
ding to scenario 2b. 

 

 KKB KKM KKG KKL ZWILAG ZWIBEZ 1) BZL/OSPA 

Commercial 
operation from / 
to 

24.12.1969 2) 
– 2030 

06.11.1972  
– 2019 3) 

01.11.1979  
– 2039 

15.12.1984 
 – 2044 

2000 –  
at least 2074 

2008 – 2074 1992 – 2064 

Post-operation 
from / to 

2031 – 2034 2020 – 2024 2040 – 2042 2045 – 2048    

Dismantling  
from / to 4) 

2035 – 2044 2020 – 2031 2043 – 2050 2049 – 2059 2060 5) – 2079 2075  

Decentralised 
L/ILW interim 
storage from / to 

6) 

1970 – 2034 1972 – 2024 1979 – 2042 1984 – 2048    

ZWILAG Hall S 
from / to 

    2020 7) – 2064   

ZWILAG 
Hall M from / to 

    2000 – 2074   

ZWILAG Hall H 
from / to 

    2000 – 2074   

ZWIBEZ Hall S 
from / to 

     2008 – 2064  

ZWIBEZ Hall H 
from / to 

     2008 – 2074  

KKG wet store 
from / to 

  2008 – 2046     

1)  BZL, ZWIBEZ and ZWILAG have independent licences in accordance with the Nuclear Energy Act; ZWIBEZ will continue to 
operate autonomously even after the decommissioning of NPP Beznau. 

2)  Date for KKB I: 24.12.1969, KKB II: 15.03.1972; for the other times an 'average' year is used for both blocks. 
3)  KKM is expected to operate in accordance with the announcements of the power plant operators and the 2016 Cost Study. 
4)  This includes dismantling until completion of decommissioning. 
5)  Decommissioning of conditioning plants / plasma furnace (at the latest) in the year after the last arising of NPP decommissioning 

waste (2059), dismantling from 2075 onwards. 
6)  End of the operating time of the respective L/ILW interim storage facility corresponds to the end of the post-operation of the 

respective NPP. 
7)  Emplacement of first decommissioning waste is expected from 2021 onwards. 
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A.5 Federal Council orders and conditions for the 2016 Waste Management 
Programme and their application in this report 

 
Order 

1. With the WMP08 (NTB 08-01), Nagra has fulfilled the legal mandate of the waste producers according to KEG 
Art. 32 and KEV Art. 52 and par. 3 of the Federal Council resolution of 2nd April 2008 on the Sectoral Plan for 
Deep Geological Repositories – conceptual part fulfilled. 

2. The report on handling the recommendations in the reviews of the 'Entsorgungsnachweis' (NTB 08-02) noted. 
On behalf of the utilities, Nagra has fulfilled par. 3 of the resolution of the Federal Council on the 'Entsorgungs-
nachweis' for spent fuel, vitrified high-level waste and long-lived intermediate-level waste of 28th June 2006. 

3. The next Waste Management Programme is to be submitted in 2016 together with the 2016 Cost Study. 

4. Together with the construction licence application, Nagra has to submit to DETEC a report estimating the costs 
of retrieving the waste from a L/ILW repository, HLW repository or combined repository during the monitoring 
phase and after closure. In both cases, the costs of delivering this waste to an interim storage facility also have 
to be estimated. 

5. Conditions for the 2016 Waste Management Programme Addressed in: 

5.1 Construction licence application: When updating the WMP, Nagra has to explain how 
the results of the underground geological investigations can be considered in the nuclear 
construction licence application. 

5.2 IN WMP16it is presented how the results of the geological investigations underground 
are included in the nuclear construction licence applications for the L/ILW and HLW 
repositories. It is noted that, when constructing the infrastructure for the investigations 
and their access (e.g. exploratory drift/shaft), there is a characterisation programme 
running in parallel. 

Sec. 5.4.2  
sec. 5.5.2 App. 
A.4, Tab. A.4-3 & 
A.4-4 
RD&D Plan 

5.2 Geological investigations L/ILW: The planning of the structures for the underground 
test areas for the L/ILW repository and the experiments to be conducted should be 
concretised and presented. 
In the RD&D Plan, the planned experiments in the areas for underground geological 
investigations for the L/ILW repository are concretised. WMP16 is restricted to a 
summary overview of the potential experiments as part of underground geological 
investigations. 

Sec. 5.4.2  
sec. 5.5.2 App. 
A.4, Tab. A.4-4 
 
RD&D Plan  
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6. Conditions for WMP16 and following Addressed in: 

6.1 Research programme: Together with the WMP, Nagra has to submit an RD&D Plan. 
This Plan contains the purpose, scope, type and timing of future RD&D activities and the 
approach to dealing with open questions. Work on investigating the long-term stability of 
spent fuel assemblies during interim storage, the status of science and technology 
regarding the long-term behaviour of spent fuel cladding tubes and the relevant 
consequences also have to be documented. The RD&D Plan 2016 also has to document 
the understanding of the geological-tectonic evolution of the Hegau-Bodensee graben 
and the role of cement minerals in the speciation and stabilisation of Fe(II) and Fe(III). 
The RD&D Plan documents the purpose, scope, type and timing of future activities and 
the approach to dealing with open questions. Besides many other topics, the Plan 
considers the geological-tectonic evolution of the Hegau-Bodensee graben and the role 
of cement minerals in the speciation and stabilisation of Fe(II) and Fe(III). 
Regarding the long-term stability of spent fuel assemblies during interim storage and the 
status of science and technology regarding the long-term behaviour of spent fuel 
cladding tubes, reference is made to Appendix A6.1 and a specific report (Axpo 2015). 
WMP16 is restricted to a presentation of the most important RD&D activities and their 
link to the implementation plan and refers to the RD&D Plan and other relevant reports 
for more details.  

Sec. 5.7  
RD&D Plan 
(Nagra 2016a) 
App. A.6.1 
Axpo (2015)  
 

6.2 Overall repository system: In future WMPs it has to be presented how the overall 
repository system will be realised technically and in terms of timing and how the 
individual R&D activities are linked with one another and with the milestones and 
decisions to be made in realising a repository. In terms of decisions, Nagra has to show 
when it will conduct which research projects and what the focal points are. Alternatives 
have to be considered for safety-relevant decisions and a procedure that is favourable for 
safety has to be followed. 
The WMP presents how outstanding elements of waste management (particularly deep 
geological disposal) will be approached, what has to be decided/realised in what time 
frame and within what legal/regulatory framework, as well as how the potential for 
optimisation and the flexibility to take into account future developments can be 
maintained. 
These requirements from the WMP provide an important basis for RD&D work as they 
make it clear when a particular state of knowledge or development is to be reached. The 
RD&D activities presented in WMP16 are closely linked to the realisation plan. 

Chap. 5 
App. A.2, 
Tab.A.2-1 
App. A.3, 
Tab. A.3-1 – A.3-7 
App. A.4, 
Tab. A.4-1 – A.4-4 

RD&D Plan 
(Nagra 2016a) 
App. A.6.2 

 

6.3 Waste volumes: The waste producers have to present in future WMPs what waste 
volumes are currently expected and that these are conservative. Nagra also has to show 
what methods are used for predicting waste volumes, what the differences are compared 
with earlier predictions and how these differences can be justified and explained. 
For evaluating the interim storage capacity and the radiological inventories for 
emplacement in the repositories and the waste volumes, the WMP draws on assumptions 
that lead to the largest inventory and volumes. For the method for making predictions of 
the waste volumes, WMP16 refers to the relevant documentation. . 

Chap. 2 
Chap. 4 
Chap. 6 
App. A.2, 
Tab. A.2-1 
App. A.6.2 

MIRAM; 
NTB 14-04 
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Conditions for WMP16 and following (cont.) Addressed in: 

6.4 Realisation plan: Future WMPs have to present how the long-term archiving of 
information on the repositories will be prepared. For the construction licence application, 
the nuclear energy legislation and ENSI Guideline G03 call for a project for the 
monitoring phase, a plan for closure and concepts for waste retrieval, marking and 
temporary closure in times of crisis. The preparatory work has to be described in future 
WMPs. 
WMP16 contains information on long-term archiving of documentation and on marking 
the repository and presents ongoing work on transmission of information to future 
generations. 
QM measures and the implementation of all project phases up to closure of the whole 
repository are also presented in WMP16. 
Preparatory work for possible retrieval of the waste is presented in the RD&D Plan. 

Sec. 5.1 
Sec. 5.7 
Sec. 5.8 
Sec. 5.9 
Chap. 6 

App. A.3, 
Tab. A.3-2 

RD&D Plan 
(Nagra 2016a) 

6.5 Taking into account experience and the current status of science and technology: In 
the next WMPs, Nagra has to show it has taken all the measures dictated by current 
experience and the status of science and technology to ensure that the protection 
objectives specified will be met for construction, operation and after closure of the 
repository. With a view to an additional gain in terms of safety, suitable optimisation 
measures must be illustrated and checked. 
In WMP16, the existing potential for optimising the facilities and the required flexibility 
for taking into account future developments is presented. This ensures that all the 
necessary measures are taking for complying with the specified protection objectives 
during construction, operation and after closure. 
The RD&D Plan presents details of how experience and current technologies are taken 
into consideration. 
For specific optimisation measures in relation to this condition (e.g. conditioning, 
alternative materials for disposal containers), reference is made to the project 
recommendations from “Waste management in comparison” (Appendix A.6.2). 

Chap. 1 
Chap. 2 
App. A.2, 
Tab. A.2-1 

App. A.6.2 
RD&D Plan 
(Nagra 2016a) 
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A.6 Specific recommendations for the Waste Management Programme 2016 

The purpose of Appendix A.6 is to give an overarching explanation of how the waste producers 
have responded to specific recommendations made regarding the 2008 Waste Management 
Programme. For more detailed explanations, see the references given in the Appendix. 

A.6.1 Recommendations related to the long-term stability of spent fuel 
assemblies 

A stipulation of the Federal Council called for the waste producers to carry out work in WMP16 
to investigate the long-term stability of SF during interim storage, the state of the art in science 
and technology with regard to the long-term behaviour of fuel assembly cladding and assessment 
of the resulting consequences. 

In the case of spent fuel, the aim is to ensure, with suitable boundary conditions, that the cladding 
tubes are not damaged during interim storage (see ENSI/HSK Guideline G05: HSK 2008). 
However, it cannot be completely ruled out that, due to damage of individual assemblies, there 
will be release of radioactivity from the fuel or components of structural materials (so-called 
'debris') in the reloading cell of the spent fuel encapsulation plant79. The behaviour of fuel 
assemblies during long-term dry storage is the subject of Nagra's own investigations and of 
various international programmes and studies (e.g. SPAR II-III of the IAEA; IAEA 2012) and 
regulatory working groups (e.g. WENRA-West European Nuclear Regulators Association).  

A study (Axpo 2015) was carried out by the Swiss waste producers, which addresses the inter-
national state of the art and current research programmes on SF integrity after long-term storage 
and transport. The most important conclusion is that integrity during dry storage is assured for the 
vast majority of the fuel assemblies since no significant corrosion is expected due to the inert 
atmosphere and secondary damage due to hydride reorientation can be excluded without primary 
damage. Even if individual cladding tubes were damaged, the integrity and manageability of the 
entire fuel assembly should not be compromised.  

Independently of this study, Nagra has initiated its own experimental programme involving 
international experts (EU, Germany, USA) (Nagra 2016a). In this programme, real high burnup 
fuel rods are tested for their integrity under different loading situations. The programme also 
investigates how to remove debris from a transport and storage cask in the event of fuel damage. 
Finally, decontamination of the unloaded transport and storage casks and their release and 
recycling (potentially only for some components) are examined after appropriate decay storage. 

A.6.2 Recommendations for the Waste Management Programme 2016 from 
the project "Waste Management in Comparison" 

Appendix A.6.2 provides an explanation of how the recommendations from the project "Waste 
Management in Comparison" (ENSI 2015a) carried out within the framework of the research 
programme on radioactive waste of the Federal Workgroup for Nuclear Waste Disposal (AGNEB 
2014) have been, and will continue to be, taken into account.  

  

                                                           
79  Fuel assemblies with damaged cladding can also be handled in the encapsulation plant (see section 3.2). Intact 

cladding is not a prerequisite for long-term safety; its barrier effect has not been considered in long-term safety 
analyses to date. 
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The recommendations of the project "Waste Management in Comparison" relate mainly to the 
topic of gas formation in a deep geological repository after its closure. A detailed analysis of this 
topic and the expected consequences for the long-term safety of a repository documented in 
Diomidis et al. (2016) shows that the relevant safety criteria with regard to gas pressure build-up 
and gas-induced water flows are adhered to with sufficient safety margins, even with relatively 
pessimistic assumptions for gas generation, for the gas transport capacity of the engineered and 
geological barriers (host rock with very low permeability) and for the possible contribution of gas 
sinks. In addition, various options are available to further reduce gas production and the resulting 
gas pressure. 

Organic waste 

ENSI recommendations on organic waste  

According to ENSI (2015a), the work of the waste producers must be continued with a view to 
an in-depth evaluation and safety assessment of the technical processes currently available for the 
prevention or reduction of organic substances in low- and intermediate-level waste. Any potential 
for optimisation must be assessed with regard to already conditioned waste. Extended use of the 
existing plasma furnace at ZWILAG for the elimination or mineralisation of organic substances 
has to be examined. 

Work and results on organic waste 

With regard to the recommendations of ENSI, various options for the treatment of organic waste 
were considered, accompanied by already completed and ongoing experimental programmes. The 
dominant sources of organic waste are ion-exchange resins and concentrates (mainly concentrates 
from pressurised water reactors loaded with boron), as well as various types of waste containing 
PVC.  

Initially, the use of ZWILAG's plasma furnace for the treatment of organic waste was evaluated. 
Special tests were carried out for the boron concentrates mentioned above, with the result that 
these cannot be treated in the plasma system (ZWILAG 2016). For the large-scale treatment of 
highly active resins, the furnace is not designed to the required radiological and radiation pro-
tection standards. Conversion of the facility is inconceivable due to the design of the plant and its 
infrastructure. The plasma furnace of ZWILAG is therefore excluded for the large-scale treatment 
of the dominant streams of organic waste. 

Regardless of the benefit or necessity of reducing organic materials, various methods for their 
mineralisation were evaluated (Matzner 2008) and it has been established that pyrolysis can be 
regarded as the procedure of choice. This conclusion was shared by the authorities (KNS 2009). 
The basic feasibility of pyrolysis of organic waste was examined as part of the in-depth analysis 
on gas formation in Diomidis et al. (2016). Pyrolysis tests with simulated (inactive) ion-exchange 
resins in a pilot plant resulted in a mass reduction of approx. 90 %, which would result in a 10-
fold increase in the specific activity of the waste product for radiologically contaminated waste 
actually used. Nagra also carried out a test at ZWILAG in which four 200-litre drums – also used 
for the conditioning of waste – were filled with inactive organic waste simulated according to the 
actual use in nuclear power plants. In such tests, with inactive samples on a 1:1 scale, any gas 
production or degradation rates are measured over several years in order to obtain reliable or less 
conservative base data for the gas production calculations of the repository. 

  



NAGRA NTB 16-01E A-44  

For the treatment of already conditioned waste (mainly ion-exchange resins and concentrates, see 
above), a distinction must be made between cemented waste (for Leibstadt and Mühleberg) and 
waste solidified with an organic binder (bitumen for Gösgen, polystyrene for Beznau). The ratio 
of conditioned waste with the binder 'cement:organic' is approx. 6:4 (status at the end of 2016) or 
is expected to be 7:3 (further conditioning according to scenario 2a/b). In absolute terms, there 
are already almost 10,000 200-litre containers of cemented resins/concentrates in existence today. 
For the treatment in a pyrolysis or other 'mineralisation plant', the metal container would have to 
be removed from all the conditioned waste containing cement, bitumen and polystyrene as a 
solidification material. Since the such containers are contaminated, they would have to be either 
decontaminated or disposed of as metallic radioactive waste, as in the case without pyrolysis. In 
view of the activity content, these activities would lead to an unjustified dose to workers. 

For the vast majority of cemented waste, it would also be necessary to extract the raw waste from 
the cement matrix. Pyrolysis plants are not designed for the treatment of cement (which makes it 
difficult to take into account the large quantities involved). Irrespective of the fact that such a 
separation would be extremely difficult (for resins) or impossible (for concentrates), from a purely 
technological point of view such a project from would be prohibited on radiological protection 
grounds due to the additional dose and the expected secondary waste. Short- and medium-term 
measures in this respect would not be worthwhile. Today's conditioning results in waste con-
tainers that are permitted according to the official guidelines and are optimum for safe interim 
storage. If reconditioning is deemed necessary, this would be sensible only immediately before 
or during the disposal of waste; in this case, radioactive decay could also be taken into account, 
whereby the adverse radiation protection obstacles would, at least, be reduced. In accordance with 
the ENSI recommendation, the treatment of already conditioned organic waste in a pyrolysis plant 
can be considered as inappropriate. 

For the treatment of unconditioned waste, it should be noted that the dominant waste stream of 
organic ion-exchange resins has a high activity load. The high reduction factor during pyrolysis 
combined with the multiplied activity concentration (see above) would lead to unacceptably high 
activities and dose rates in case of "standard conditioning" in 200-litre containers. This would 
jeopardise their safe handling and transport in terms of radiation protection. The pyrolysed waste 
products in thick-walled cast iron containers, e. g. type "Mosaic-II", which would then also be 
disposed of in the repositories, which would be the only viable alternative. Calculations have 
shown that this additional metal input could largely cancel out the "benefit" due to the reduced 
quantity of organic substances.  

For a safety-related assessment, a realistic waste inventory from today's point of view and a 
strongly hypothetical waste inventory for the 'pyrolysis' scenario were derived based on the con-
siderations of the feasibility of this process. The analysis of these inventories as part of the investi-
gations on gas formation (Diomidis et al. (2016) shows that the potential for optimisation in terms 
of safety is low, because both (i) the contribution of gas formation from the degradation of organic 
substances to the total gas formation (rates and cumulative volume) and (ii) the influence of degra-
dation of organic substances on chemical conditions (pH-reduction) and thus on the corrosion of 
metals are small. Pyrolysis is therefore a fundamentally feasible option, but due to the low rele-
vance of organic materials in a deep geological repository and an overall assessment based on 
current knowledge, it is not appropriate.  
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Metallic waste 

ENSI recommendations on metallic waste (ENSI 2015a)  

The work of the waste producers must continue with a view to an in-depth evaluation and safety 
assessment of the technical procedures available today for the avoidance or reduction of metallic 
materials in low- and intermediate-level waste. When updating their decommissioning plans, they 
must take into account consistent use of the maximum cooldown permitted by law for free release. 
In the case of future adjustments to the relevant limits, their effects must also be taken into account 
during the next update. 

Work and results on metallic waste 

It is already stated in KEV Art. 50 that radioactive waste, including metallic waste, must be mini-
mised. This is already guaranteed in the operation of nuclear facilities by decontamination of 
suitable materials. Decommissioning plans for the plants also focus on decontamination work 
with the aim of release or at least decay storage (see section 6.1). The free limits to be expected, 
combined with the consistent use of the maximum permitted decay storage, are taken into account 
in decommissioning plans and in Nagra's model inventory for radioactive materials (MIRAM) 
(see scenarios 1b/2b).  

Another option for the reduction of metallic waste, or at least the parameters relevant for potential 
gas production in repositories, is the melting of primary contaminated metal components. In 
addition, there are tried and tested technologies for treatment (e.g. Ferrière & Kluth 2013). There 
is a decontamination potential for contaminated metals in the melting process and, in any case, 
the surface/mass ratio of the waste product relevant for corrosive gas formation is minimised. As 
part of the in-depth analysis of gas formation, the possibilities for melting metals in low- and 
intermediate-level waste and their effects on the waste inventory and the resulting corrosion and 
gas formation rates in deep geological repositories were investigated (Diomidis et al. 2016).  

An analysis of realistic waste inventories as part of the studies on gas formation in Diomidis et 
al. (2016) shows that, due to the above-mentioned effects, the melting of metals results in a signi-
ficant reduction of the gas formation rate, because gas formation in the repository is mainly 
determined by the quantities and geometric properties of the metals included (especially steel). 

The state of the art in waste treatment is periodically reassessed; this also includes an assessment 
of the possibility of melting metals on the basis of future technologies. If necessary, the method 
can be used at any time until the nuclear operating licence for the repositories has been obtained. 

High-level waste 

ENSI recommendations on high-level waste (ENSI 2015a)  

The work of the waste producers must be carried out with a view to an in-depth analysis and 
safety assessment of the use of alternative materials in the manufacture of disposal canisters for 
spent fuel assemblies and vitrified high-level waste. The conditions of the Swiss disposal concept 
must be taken into account appropriately. 
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Work and results on high-level waste 

As a material for the canisters for spent fuel elements and vitrified high-level waste, alternative 
canister materials to steel are investigated in depth. A recently published study evaluates a large 
number of materials, namely carbon steel, cast iron, copper, titanium alloys, nickel alloys and 
various types of ceramics in connection with related possibilities for geometric and functional 
design of the repository (Holdsworth et al. 2014). The evaluation is based on numerous require-
ments and criteria to meet the overarching aspects: mechanical integrity under deep disposal 
conditions, chemical stability and interaction with the remaining safety barriers of a repository, 
methods and experience in manufacturing and cost. Based on the results, the development and in-
depth evaluation of carbon steel or cast iron disposal canisters, with the option of copper coating, 
was continued. In addition, work was initiated to investigate the feasibility of further coating 
processes (e. g. nickel, titanium and ceramic-based) for carbon steel or cast iron canisters.  

For a safety-related assessment within the scope of the investigations on gas generation in 
Diomidis et al. (2016), a model disposal canister with a comparable design life (10,000 years) 
was investigated in addition to a carbon steel canister (Patel et al. 2012). The model canister 
consists of a corrosion-resistant material (e.g. copper-coated canister) and thus has a negligible 
contribution to gas production. The results show that the gas formation rate and also the cumu-
latively formed gas volumes are considerably lower compared to the carbon steel canister. In this 
case, relevant gas volumes from HLW would be produced only from the corrosion of the baskets 
for the spent fuel elements and the fuel elements themselves, or only from corrosion of the steel 
canisters containing the highly active waste glass once canister integrity has been lost. In addition, 
gas formation would begin at a point in time at which gas formation caused by corrosion of metal 
components of the tunnel lining in the current construction concept would already have occurred.  

The definitive determination of the disposal canisters for spent fuel assemblies and vitrified high-
level waste is carried out within the framework of the application for a nuclear construction 
licence for the HLW repository or for a possible combined repository (cf. Appendix A.2). Up to 
this point in time, the current investigations and safety assessments for the design of the disposal 
canisters will be continued, taking into account future technological developments in other 
countries and in other technical areas. 

Summary 
In summary, it can be concluded that the gas production in both the HLW and L/ILW cases does 
not impair the safety functions of the host rock and the engineered barriers after repository 
closure. 
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A.7 Interim storage capacities 
This Appendix sets out the concept for interim storage of waste containers and the utilisation of 
existing storage capacity.  

L/ILW 
Initially, the interim storage of low- and intermediate-level waste from the nuclear power plants 
will be considered. Fig. A. 7-1 shows the corresponding range of conditioned waste containers 
for interim storage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. A.7-1: Waste packages used by the nuclear power plants for conditioning and interim 
storage of low- and intermediate-level waste.  
Images are not to scale. LC-84 and LC-86 are containers planned for packaging of decom-
missioning waste. 
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For interim storage, the waste containers (except for containers LC-84/86) are placed in storage 
containers (so-called racks) with a mass of approx. 6.10 m × 2.44 m and a height of approx. 
2.05 m (rack 1) or 2.60 m (rack 2). The package-specific specifications are shown in Tab. A.7-1.  

Tab. A.7-1: Package-specific specifications for L/ILW/ATW.  
Note the increased number of containers per rack in the case of KKB (72).  

 

Waste package Number of 
packages per 

rack 

Rack (type) Approximate rack 
height 

[m] 

100-l drum (Beznau package) 72 Rack-1 2.05 

200-l drum (Beznau package) 72 Rack-1 2.05 

200-l drum (not Beznau) 68 Rack-1 2.05 

180-l flask (WA-ATW)  56 Rack-1 2.05 

1 m3-BC  11 Rack-1 2.05 

Mosaik-II 5 Rack-1 2.05 

KC-T12  3 Rack-2 2.60 

LC-84  1 -  

LC-86 1 -  

 
The racks are stored in specific locations. For this purpose, the interim storage facilities ZWIBEZ-S, 
ZWILAG-S and ZWILAG-M have a so-called 20 ft × 8 ft "deposition space grid". Depending on 
the situation, different numbers of racks can be stacked on top of each other. The available storage 
volume is determined by the respective grid layout and stacking options. 

The following characterise these facilities with regard to the interim storage of racks: 

• ZWIBEZ-S: 

− Number of available deposition spaces: 55 

− Maximum permissible stacking for rack-1: 8 

− Theoretical capacity using the available space / volume: 440 rack-1 

• ZWILAG-S:  

− Number of available deposition spaces: 143 

− Maximum permissible stacking for rack-1: 8 (6 for rack-2) 

− Theoretical capacity using the available space / volume: 1144 rack-1 
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• ZWILAG-M: 

− Number of available storage positions: 40 

− The storage positions are designed as bays covered with concrete slabs. 

− Maximum permissible stacking for rack-1:8 

− Theoretical capacity using the available space / volume: 384 rack-1 

− 320 rack-1 

− In addition, the bays covered with concrete slabs can be used for further double 
stacking of racks (equivalent to 80 rack-1). However, due to the necessary accessibi-
lity of the bays, this capacity is limited to 64 racks. 

Interim storage of LC-84/86 containers is carried out directly without racks. The dimensions 
are designed in such a way that a combination of 5 LC-84 (so-called 5-piece ensemble of LC-84) 
or 2 LC-84 and 2 LC-86 (so-called 2/2 LC-84/86 ensemble) fits into one deposition space. When 
stacking, however, the maximum permissible weight loads of the floor slabs, calculated for each 
storage position, must be considered.  

For the respective interim storage facilities (ZWIBEZ-S, ZWILAG-S), the following situations 
arise with regard to the interim storage of containers LC-84/86: 

• ZWIBEZ-S: 

− Maximum permissible floor load: 480 - 500 Mg 

− Resulting maximum stacking for an average total mass of 20 Mg for a LC84/86:  

− 5-fold stacking for a 5-piece ensemble of LC-84 

− 6-fold stacking for a 2/2 LC-84/86 ensemble 

• ZWILAG-S: 

− Maximum permissible floor load: 600 Mg 

− Resulting maximum stacking for an average total mass of 20 Mg for a LC84/86:  

− 6-fold stacking for a 5-piece ensemble of LC-84 

− 7-fold stacking for a 2/2 LC-84/86 ensemble 

Tab. A.7-2 shows the distribution of the waste containers to be temporarily stored in ZWIBEZ-S, 
ZWILAG-S and ZWILAG-M, assuming that the existing storage capacity of ZWILAG-M is fully 
utilised. As a boundary condition, it is assumed that all waste containers from KKG, KKL, KKM 
are stored at ZWILAG-M and ZWILAG-S. For KKB, potentially combustible waste and all 
containers with a surface dose rate of more than 7.5 mSv/h have to be stored in ZWILAG-M. In 
addition, the containers from all nuclear power plants conditioned by the plasma furnace remain 
within ZWILAG, as well as the KC-T12 already produced at ZWILAG and later LC-84 produced 
for the nuclear power plants.  
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Tab. A.7-2: Occupancy (number of waste containers) of ZWIBEZ-S, ZWILAG-M and 
ZWILAG-S for the interim storage of low and medium level nuclear waste in 
scenario 2b.  
For KKB, only the 100 l / 200 l containers are shown separately due to the different loading 
of racks for 100 l / 200 l containers (see Tab. A.7-1), all other containers from KKB, KKG, 
KKL, KKM and ZWILAG are summarised under "Rest". 

 

Waste container ZWIBEZ-S ZWILAG-M ZWILAG-S 

KKB KKB Rest KKB+Rest 

100-l / 200-l 4230 4248 21420 15835 

1 m3-BC 178 - - 88 

Mosaik-II 356 - - 709 

KC-T12 - - - 32 

LC-84 263 - - 1144 

LC-86 250 - - 627 

180-l-flasks (WA-ATW) - 152 400 - 

 
With the packaging specifications in Tab. A.7-1, the maximum permissible stacking and the waste 
containers to be stored from Tab A.7-2, the capacity/utilisation of the interim storage facilities for 
low- and intermediate-level waste in Tab. A.7-3 is obtained.  

Tab. A.7-3: Existing and required interim storage capacity (number of storage spaces) and 
occupancy rate of ZWILAG-M, ZWILAG-S and ZWIBEZ-S for scenario 2b. 
SP: deposition space 

 

Interim store Existing capacity Required capacity Occupancy 
[%] 

ZWILAG-M 48 SP 48 SP 100 

ZWILAG-S 143 SP 113 SP 79 

ZWIBEZ-S 55 SP 41 SP 75 

 

HLW 
The highly active waste from the NPPs (vitrified waste from reprocessing, non-reprocessed spent 
fuel) is transferred or transported in transport and storage casks (TLBs) to ZWIBEZ-H and 
ZWILAG-H, where it is stored. Each TLB requires a specific deposition space. ZWIBEZ-H and 
ZWILAG-H currently have 54 and 200 spaces respectively, i.e. there are 254 spaces for TLB in 
total. As already reported in WMP08 (Nagra 2008a), there is a possibility of optimising the 
number of storage positions. As a result, 62 and 236 storage positions respectively would be 
available at ZWIBEZ-H and ZWILAG-H, i.e. 298 spaces for TLB in total.  

  



 A-51 NAGRA NTB 16-01E  

In the scenarios with 50 years of operation of KKB, KKG and KKL and 47 years of KKM 
(scenarios 1a/b; see Chapter 2), a total of 224 storage positions are required, of which 201 are for 
TLB with spent fuel and 23 for TLB with waste from reprocessing. For these scenarios, the 
available 254 storage positions are sufficient. A study of ZWIBEZ-H and ZWILAG-H shows an 
occupancy of 88 %.  

A total of 263 storage positions are required for the scenarios with 60 years of operation of KKB, 
KKG and KKL and 47 years of KKM (scenarios 2a/b, see Chap. 2), including 240 storage posi-
tions for TLB with spent fuel. When looking at ZWIBEZ-H and ZWILAG-H together, this leads 
to an occupancy of 104 % for the current 254 storage positions. If, on the other hand, the number 
of storage positions is optimised by an improved utilisation of the available storage area with 298 
standing spaces, this leads to a total occupancy of 88 %.  

Federal Government waste from medicine, industry and research (MIR) 
The BZL and OSPA have a total capacity of approx. 6,300 200-litre containers and 680 KC-T12 
containers (or a total of approx. 9,300 200-litre containers based on appropriate conversion). The 
waste actually generated also includes 1 m3 and 1.2 m3 containers, (small) cylinders with different 
dimensions and a few large 16 m3 containers. For the consideration of interim storage capacity, 
these are converted into 200-l equivalents. In addition, consideration is given to the fact that: 

• The production of waste from the Federal Government for deep geological disposal runs into 
the year 2065, but from 2050 it will be possible to transport this waste directly to the deep 
geological repository without use of the interim storage facilities (BZL, OSPA).  

• The decommissioning of the PSI-West facilities will be planned from 2050 onwards, which 
also does not lead to any use of the interim storage facilities (BZL, OSPA).  

Based on these assumptions, this results in a waste volume of approx. 9,020 "200-l equivalents" 
and thus a utilisation of the BZL and OSPA stores of approx. 97 % (9,020/9,300). 

CERN is a special case with regard to the available interim storage capacity. It has its own interim 
storage, which is not included in the disposal programme due to its international status. A very 
small proportion of CERN's radioactive MIR waste is conditioned at PSI. The interim storage of 
these wastes is taken into account in the data on the interim storage capacity of the Federal Interim 
Storage Facility (BZL). 
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A.8 Legal framework 

Systematic compilation of relevant federal laws  
(alphabetical, not exhaustive) 

Note: This list is identical with the original German version. Some legal instruments may be 
available in other languages. Please refer to www.admin.ch. 

ABCN (2010): Verordnung über die Organisation von Einsätzen bei ABC- und Naturereignissen 
(ABCN-Einsatzverordnung) vom 20. Oktober 2010, Stand am 1. Februar 2015. Syste-
matische Sammlung des Bundesrechts SR 520.17, Schweiz. 

ADR (1957): Europäisches Übereinkommen über die internationale Beförderung gefährlicher 
Güter auf der Strasse (ADR). Abgeschlossen in Genf am 30. September 1957. In Kraft 
getreten für die Schweiz am 20. Juli 1972, Stand am 1. Januar 2015. Systematische Samm-
lung des Bundesrechts SR 0.741.621, Schweiz. 

AlgV (2001): Verordnung über den Schutz der Amphibienlaichgebiete von nationaler Bedeutung 
(Amphibienlaichgebiete-Verordnung; AlgV) vom 15. Juni 2001, Stand am 1. Januar 2014. 
Systematische Sammlung des Bundesrechts SR 451.34, Schweiz. 

AltlV (1998): Verordnung über die Sanierung von belasteten Standorten (Altlasten-Verordnung, 
AltlV) vom 26. August 1998, Stand am 1. Januar 2016. Systematische Sammlung des Bun-
desrechts SR 814.680, Schweiz. 

ArG (1964): Bundesgesetz über die Arbeit in Industrie, Gewerbe und Handel (Arbeitsgesetz, 
ArG) vom 13. März 1964, Stand am 1. Dezember 2013. Systematische Sammlung des Bun-
desrechts SR 822.11, Schweiz. 

ArGV 1 (2000): Verordnung 1 zum Arbeitsgesetz (ArGV 1) vom 10. Mai 2000, Stand am 
1. Januar 2016. Systematische Sammlung des Bundesrechts SR 822.111, Schweiz. 

ArGV 2 (2000): Verordnung 2 zum Arbeitsgesetz (ArGV 2) (Sonderbestimmungen für bestimmte 
Gruppen von Betrieben oder Arbeitnehmern und Arbeitnehmerinnen) vom 10. Mai 2000, 
Stand am 1. Januar 2016. Systematische Sammlung des Bundesrechts SR 822.112, 
Schweiz. 

ArGV3 (1993): Verordnung 3 zum Arbeitsgesetz (ArGV 3) (Gesundheitsschutz) vom 18. August 
1993, Stand am 1. Oktober 2015. Systematische Sammlung des Bundesrechts SR 822.113, 
Schweiz. 

ArGV 4 (1993): Verordnung 4 zum Arbeitsgesetz (ArGV 4) (Industrielle Betriebe, Plangenehmi-
gung und Betriebsbewilligung) vom 18. August 1993, Stand am 1. Mai 2015. Syste-
matische Sammlung des Bundesrechts SR 822.114, Schweiz. 

ArGV 5 (2007): Verordnung 5 zum Arbeitsgesetz (Jugendarbeitsschutzverordnung, ArGV 5) 
vom 28. September 2007, Stand am 1. August 2014. Systematische Sammlung des Bun-
desrechts SR 822.115, Schweiz. 

http://www.admin.ch/
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BauAV (2005): Verordnung über die Sicherheit und den Gesundheitsschutz der Arbeitnehme-
rinnen und Arbeitnehmer bei Bauarbeiten (Bauarbeitenverordnung, BauAV) vom 29. Juni 
2005, Stand am 1. November 2011. Systematische Sammlung des Bundesrechts SR 
832.311.141, Schweiz. 

BauPG (2014): Bundesgesetz über Bauprodukte (Bauproduktegesetz, BauPG) vom 21. März 
2014, Stand am 1. Oktober 2014. Systematische Sammlung des Bundesrechts SR 933.0, 
Schweiz. 

BauPV (2014): Verordnung über Bauprodukte (Bauprodukteverordnung, BauPV) vom 
27. August 2014, Stand am 9. Dezember 2014. Systematische Sammlung des Bundesrechts 
SR 933.01, Schweiz. 

BGF (1991): Bundesgesetz über die Fischerei (BGF) vom 21. Juni 1991, Stand am 1. Januar 2014. 
Systematische Sammlung des Bundesrechts SR 923.0, Schweiz. 

Bundesbeschluss betreffend das Übereinkommen zur Erhaltung der wandernden wildlebenden 
Tierarten vom 14. Dezember 1994, Stand am 1. Juli 1995. Systematische Sammlung des 
Bundesrechts SR 451.46, Schweiz. 

Bundesbeschluss über zwei Übereinkommen der UNESCO betreffend Schutz des Kultur- und 
Naturgutes und Erhaltung der Feuchtgebiete vom 19. Juni 1975. Systematische Sammlung 
des Bundesrechts SR 451.41, Schweiz. 

ChemRRV (2005): Verordnung zur Reduktion von Risiken beim Umgang mit bestimmten 
besonders gefährlichen Stoffen, Zubereitungen und Gegenständen (Chemikalien-Risiko-
reduktions-Verordnung, ChemRRV) vom 18. Mai 2005, Stand am 1. Januar 2016. Syste-
matische Sammlung des Bundesrechts SR 814.81, Schweiz. 

Dosimetrieverordnung (1999): Verordnung über die Personendosimetrie (Dosimetrieverordnung) 
vom 7. Oktober 1999, Stand am 1. Januar 2013. Systematische Sammlung des Bun-
desrechts SR 814.501.43, Schweiz. 

EleG (1902): Bundesgesetz betreffend die elektrischen Schwach- und Starkstromanlagen 
(Elektrizitätsgesetz, EleG) vom 24. Juni 1902, Stand am 1. August 2008. Systematische 
Sammlung des Bundesrechts SR 734.0, Schweiz. 

EntG (1930): Bundesgesetz über die Enteignung (EntG) vom 20. Juni 1930, Stand am 1. Januar 
2012. Systematische Sammlung des Bundesrechts SR 711, Schweiz. 

Gebührenverordnung des Eidgenössischen Nuklearsicherheitsinspektorats (Gebührenverordnung 
ENSI) vom 9. September 2008, Stand am 1. Januar 2009. Systematische Sammlung des 
Bundesrechts SR 732.222, Schweiz. 

GebV-BAFU (2005): Verordnung über die Gebühren des Bundesamtes für Umwelt (Gebühren-
verordnung BAFU, GebV-BAFU) vom 3. Juni 2005, Stand am 1. Januar 2016. Syste-
matische Sammlung des Bundesrechts SR 814.014, Schweiz. 

GebV-En (2006): Verordnung über Gebühren und Aufsichtsabgaben im Energiebereich (GebV-
En) vom 22. November 2006, Stand am 1. Juni 2015. Systematische Sammlung des Bun-
desrechts SR 730.05, Schweiz. 
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GebV-swisstopo (2009): Verordnung des VBS über die Gebühren des Bundesamtes für Landes-
topografie (GebV-swisstopo) vom 20. November 2009, Stand am 1. Januar 2010. Syste-
matische Sammlung des Bundesrechts SR 510.620.2, Schweiz. 

GeoIG (2007): Bundesgesetz über Geoinformation (Geoinformationsgesetz, GeoIG) vom 
5. Oktober 2007, Stand am 1. Oktober 2009. Systematische Sammlung des Bundesrechts 
SR 510.62, Schweiz. 

GeoIV (2008): Verordnung über Geoinformation (Geoinformationsverordnung, GeoIV) vom 21. 
Mai 2008, Stand am 1. Januar 2016. Systematische Sammlung des Bundesrechts SR 
510.620, Schweiz. 

GeoIV-swisstopo (2008): Verordnung des Bundesamtes für Landestopografie über Geoinfor-
mation (GeoIV-swisstopo) vom 26. Mai 2008, Stand am 1. Mai 2012. Systematische 
Sammlung des Bundesrechts SR 510.620.1, Schweiz. 
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A.9 List of abbreviations 
 

AREVA NC AREVA Nuclear Cycle: French nuclear concern, established in 2001 by the merger 
of several companies including COGEMA and Framatome ANP 

ATW Alpha-toxic waste 

BA NPP operational waste 

BEVA Encapsulation plant for SF & HLW and waste from the operation and 
decommissioning of the plant, as well as disposal of delivered transport and storage 
casks for SF  

BFE Bundesamt für Energie (Swiss Federal Office of Energy / SFOE) 

BZL Interim storage facility of the Federal Government 

CERN European Organization for Nuclear Research 

CS11 Cost study 2011 

CS16 Cost study 2016 

DETEC Federal Department of the Environment, Transport, Energy and Communications 

DGR Deep geological repository 

EDRAM International Association for Environmentally Safe Disposal of Radioactive 
Materials 

EDZ Excavation Damaged Zone  

EIA Environmental Impact Assessment 

EKRA Expert Group on Disposal Concepts for Radioactive Waste 

ELFB Procedure for certification of waste as suitable for disposal 

ENSI Swiss Federal Nuclear Safety Inspectorate 

ESDRED Engineering Studies and Demonstration of Repository Designs (EU project) 

FMT Mont Terri Rock Laboratory 

FOEN Federal Office for the Environment BAFU) 

FOPH Federal Office for Public Health (BAG) 

FOSD Federal Office for Spatial Development (ARE) 

GNSS Global Navigation Satellite System (satellite-supported precision measurement 
network of swisstopo) 

GTS Grimsel Test Site 

HE-E Heater Experiment 

HLW High-level waste. The "HLW repository" includes spent fuel assemblies, vitrified 
high-level waste and long-lived intermediate-level waste (SF/HLW/ILW) 

HSK Principal Nuclear Safety Division (from 1.1.2009: ENSI) 

IAEA International Atomic Energy Agency 

ILW Long-lived intermediate-level waste 

ISRAM Information System for Radioactive Materials 

KEG Nuclear Energy Act (Kernenergiegesetz) 

KEV Nuclear Energy Ordinance (Kernenergieverordnung) 
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(cont.) 
 

KKB Kernkraftwerk (NPP) Beznau 

KKG Kernkraftwerk (NPP) Gösgen 

KKG-H Wet storage facility at the Gösgen NPP for spent fuel 

KKL Kernkraftwerk (NPP) Leibstadt 

KKM Kernkraftwerk (NPP) Mühleberg 

KNE Commission for Nuclear Waste Disposal, since 2012 Expert Group on Deep 
Geological Repositories (EGT) 

KNS Federal Nuclear Safety Commission, since 2007 (replaces the Commission for the 
Safety of Nuclear Installations KSA) 

KSA Commission for the Safety of Nuclear Installations (till 2007) 

L/ILW Low- and intermediate-level waste 

MCHF Million Swiss Francs 

MIR Waste from medicine, industry and research 

MIRAM Model Inventory of Radioactive Materials 

MoDeRn Monitoring Developments for Safe Repository Operation and Staged Closure (EU 
research programme) 

Modern 2020 Development & demonstration of monitoring strategies and technologies for 
geological disposal (EU project) 

MOX Mixed oxide (fuel) 

NEA Nuclear Energy Agency of the OECD 

NPP Nuclear power plant 

OECD Organisation for Economic Co-operation and Development 

OSPA Planned storage location "PSI Store East OSPA" for MIR waste on the PSI site 

p.a. per annum  

PB16 Price basis 2016 (1st January 2016) 

PSI Paul Scherrer Institute 

RA Exchangeable reactor core components (reactor waste) 

RBG General licence application (Rahmenbewilligungsgesuch) 

RD&D Research, Development and Demonstration  

R&R Reversibility and Retrievability 

SA Decommissioning waste 

SAPIERR Support Action: Pilot Initiative for European Regional Repositories  
(EU project) 

SEFV Ordinance on the Decommissioning and Waste Disposal Funds for Nuclear 
Installations (Funds Ordinance) 

Sellafield Ltd Subsidiary of BNFL (British Nuclear Fuels plc) 

SF Spent fuel assemblies 

SFR Repository for short-lived radioactive waste in Forsmark, Schweden 
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(cont.) 
 

SGT Sectoral Plan for Deep Geological Repositories 

StSV Radiological Protection Ordinance 

TLB Transport and storage casks 

UO2 Uranium oxide 

USG Environmental Protection Act (Umweltschutzgesetz) 

VLJ Repository for low- and intermediate-level waste at Olkiluoto, Finland, in operation 
since 1992  

WA Reprocessing waste 

WA-ATW Alpha-toxic waste from reprocessing 

WA-HLW High-level waste from reprocessing 

WA-MA Intermediate-level waste from reprocessing 

ZWIBEZ Interim storage facility at the Beznau NPP 

ZWIBEZ-H Interim storage facility at the Beznau NPP for high-level waste and spent fuel 

ZWIBEZ-S Interim storage facility at the Beznau NPP for low-level waste 

ZWILAG Zwischenlager Würenlingen AG, centralised interim storage facility 

ZWILAG-H "Hall H" for high-level waste and spent fuel in ZWILAG 

ZWILAG-M "Store M" for (low- and) intermediate-level waste in ZWILAG 

ZWILAG-S "Hall S" for low-level waste in ZWILAG 
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