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NAGRA AND OUR MISSION

At the centre of our mission is the Nagra  
Disposal Programme – a century-long path 
towards permanently disposing of Swiss  
radioactive waste in an optimised deep  
geological repository.  

Each step requires research, development  
and demonstration (RD&D) to ensure the  
safety and feasibility of our repository design,  
as it evolves and becomes more detailed  
over time. We are proud to be contributing  
to the protection of future generations and  
the environment and excited to present  
our vision for RD&D.
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The primary objective of Nagra’s programme is the safe deep geo-
logical disposal of Switzerland’s radioactive waste. Accordingly, the 
most decisive factor in determining the safety of a repository site 
is therefore the nature and stability of the underground geological 
conditions, rather than of the conditions at the surface. By following 
the government’s Sectoral Plan, Nagra has spent over a decade 
narrowing down the most suitable sites across Switzerland.

In 2011, Nagra identified six potential siting regions based on the 
available understanding of Switzerland’s geology. The Federal 
Council decided that these should be investigated in more detail 
and Nagra embarked on a series of measurement campaigns 
in collaboration with the communities in the regions concerned. 
Since then, we have successfully conducted various surface in-
vestigations across Switzerland, such as seismic measurements, 
which have provided us with 2D and 3D images and a better under-
standing of what lies hundreds of metres underground.

Having reviewed Nagra’s safety-based comparison of all six re-
gions in 2018, the Federal Council approved narrowing down the 
options to three sites in an Opalinus Clay rock formation which 
extends from Olten to Schaffhausen. The geological repository 
will therefore be sited in either Jura Ost (Canton Aargau), Nördlich 
Lägern (Canton Zürich) or Zürich Nordost (Cantons Thurgau and 
Zürich), along with corresponding areas for the surface facilities.
We are now investigating the three remaining siting regions in 
greater detail by cross-referencing our existing understanding 
with additional data from samples obtained through borehole drill-
ing. This is an exciting time for our engineers and scientists as we 
have been able to characterise many high-quality rock samples 
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and rock formations obtained directly from deep below the siting 
regions.

Throughout the site selection process, we have encouraged and 
relied on participation from the parties concerned in an effort to 
optimise our plans and minimise our impact on local communi-
ties. We expect to announce which siting region we consider best 
suited for a deep geological repository in 2022, and we will rely on 
continued engagement to optimise our approach as we progress 
towards an operational deep geological repository in Switzerland.
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WHAT IS THE CONTEXT OF OUR RD&D VISION?

Given the range of materials involved, radioactive waste is catego-
rised based on how radioactive the waste is – its ‘activity’, and how 
long the waste will remain radioactive – its ‘half-life’. Internation-
ally agreed terminology assigns a higher level to radioactive waste 
with a higher activity and/or longer half-life. A higher level gener-
ally means the waste has a greater potential to harm people and 
the environment. This means stricter precautions must be taken, 
and more robust controls put in place, when handling the waste.

 – Spent fuel is the material which has been used to fuel nuclear 
power plants or nuclear research reactors. Over the course of 
reactor operations, the activity of the fuel assemblies decreas-
es to a point where they must be replaced. Spent fuel is no 
longer reused in Switzerland, but constitutes the highest- 
level waste category.

 – Other high-level waste primarily consists of the by-products 
of reprocessing spent fuel, i.e,.  recycling of some of the mate-
rial which makes up the spent fuel, as was done with Switzer-
land’s spent fuel in the past but has been discontinued.

 – Intermediate-level waste includes materials used for, and 
generated through, nuclear reactor operations and decommis-
sioning.

SITE SELECTION PROCESS 
FOR A REPOSITORY IN SWITZERLAND

 – Low-level waste includes a very wide range of material, from 
protective equipment used by staff in nuclear facilities to the 
rubble generated from the decommissioning and dismantling 
of these nuclear facilities.

In Switzerland, very low-level, low-level and intermediate-level 
radioactive waste types are grouped together as ‘L/ILW’, while 
high-level radioactive waste and spent fuel are classified as 
‘HLW’.

Today, Swiss radioactive waste is safely held at nuclear power 
plants and shared interim storage facilities. These facilities 
have sufficient capacity for all waste resulting from the opera-
tion and decommissioning of the five nuclear power plants. As 
the name suggests, interim storage are only temporary solu-
tions. There is international consensus that the only practical 
long-term solution is the permanent underground disposal of 
radioactive waste in a ‘deep geological repository’, developed 
in line with legal and regulatory requirements.

The Swiss waste producers have given Nagra the mandate to de-
velop and implement safe and sustainable long-term solutions 
for all radioactive waste arising in Switzerland from the use of 
nuclear energy and from medicine, industry and research in a 
timely manner and at reasonable cost.

Much of Switzerland’s radioactive waste arises from the production of nuclear 
power, but other sources include medical, industrial and research activities.

Our search for the most suitable site for a deep geological repository has  
been regulated by the Federal Government’s ‘Sectoral Plan’, a staged process 
ensuring all of Switzerland’s potentially suitable regions and rock formations 
have been considered. We started our journey with a ‘blank map’ of Switzerland.

The ZWILAG interim storage facility holds various types of Swiss radioactive waste. © ZWILAG
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Nagra foresees disposing of Switzerland’s radioactive waste in a com-
bined repository located at a single site. However, due to the different 
nature of the waste types and the different barriers involved, the under-
ground level of the repository will be separated into an HLW repository 
section and an L/ILW repository section, respectively. A central area 
will host all other underground facilities shared by these two repository 
sections.

Disposing of Switzerland’s radioactive waste deep underground iso-
lates it from humans as we continue our day-to-day lives at the surface. 
While the geological rock formations form an important natural safety 
barrier, the waste is further separated from us by a system of engi-
neered barriers. Safely contained within this multi-barrier system, the 
radioactive materials can decay over a very long time period until they 
no longer pose a hazard.

Several hundred metres below the earth’s surface and at a secure 
distance to the biosphere, the waste will be safely isolated. The mul-
ti-barrier system ensures this. While the geological barrier is identical 
for both repository sections, the HLW and L/ILW engineered barriers 
will differ, due to the different demands on the respective repository 
sections.

Prior to disposal, HLW will be packaged into strong, corrosion-resistant 
disposal canisters which will then be methodically emplaced into their 
final disposal locations - a series of long, narrow drifts in the dedicat-
ed HLW repository section. Each HLW canister will be separated from  
the next by a buffer made of bentonite, a clay material with excellent 
properties for maintaining the long-term safety of the waste.

A different process will be followed for L/ILW, which will be conditioned 
to ensure chemical and physical stabilisation before the waste is immo-
bilised in waste packages and placed into specially designed disposal 
containers. The L/ILW disposal containers will be carefully stacked in 
multiple large caverns, excavated in the dedicated L/ILW repository 
section. At each step, the waste packages will be fixed in place using 
a cementitious material.

Once the HLW emplacement drifts and L/ILW emplacement caverns 
have been filled, the underground areas will be backfilled and perma-
nently sealed step-by-step, isolating the waste from what is happening 
at the surface for a very long time period.

OUR PLAN AT A GLANCE
A deep geological repository in Switzer-
land will consist of buildings at the  
surface and facilities deep underground, 
connected to one another by access 
routes. These will be used to bring in ma-
terial for constructing and operating the 
repository, before eventually being used 
to deliver the waste inventory to its under-
ground disposal location.

 1   Surface Facility
 2   Auxiliary Access Facility
 3   Main Access Shaft
 4   Operations & Ventilation Shafts
 5   L/ILW Pilot Repository
 6   L/ILW Repository Section
 7   HLW Pilot Repository
 8   HLW Repository Section
 9   Underground Geological Investigation/Test Areas
 10   HLW (Spent Fluel)
  11   HLW Disposal Canister
  12   HLW Emplacement Drift
  13   L/ILW Disposal Container & Drum
  14   L/ILW Emplacement Cavern
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THE VE-DRIFT IN THE UNDERGROUND RESEARCH 
LABORATORY AT THE GRIMSEL TEST SITE
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The specification, planning and implementation of our RD&D is driven by the needs of the Nagra Disposal Programme. Similarly,  
the forward trajectory of our programme is reliant on a focused foundation of RD&D. The next 5-10 years will see a significant  

shift in our focus, as outlined in the diagram above. Our planned RD&D activities will increasingly be determined by the  
upcoming optimisation processes of the repository concepts and components and the development of the plans for the underground  

geological investigations. With this in mind, our near-term RD&D programme has been split across six major research themes,  
each of which is covered in more detail in the following pages.
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As we progress towards 2024, our 
primary focus is on gathering and 
integrating the information needed 
for the submission of our general  
licence application for a Swiss deep 
geological repository.

WHAT IS THE GENERAL LICENCE  
AND WHY IS IT IMPORTANT?
The general licence is a legal mechanism which allows 
us to fix important aspects of our programme plans and  
approach to repository implementation. In our application 
for a general licence:

 – We will propose our preferred site based on a compar-
ative assessment of the three potential siting regions.

 – We will outline the approximate size and location of the 
main installations.

 – We will define the overall concept for our repository, to 
be optimised in the following decades.

Our application will be reviewed closely by the Federal  
Government and various independent bodies.

During this time, we will prepare another application to the 
same authorities to obtain permission to begin underground 
geological investigations at the site for which we will have 
submitted our general licence application.

WHY IS A LICENCE NECESSARY  
TO CONDUCT UNDERGROUND GEOLOGICAL  
INVESTIGATIONS?
These investigations will allow us physical access to the 
underground area of the site for the first time. Prior to this, 
our insight into the deep underground area will have been 
limited to nearby borehole campaigns and surface investi-
gations.

The area in which these investigations will be carried out 
is foreseen to become part of the repository itself, so it is 
important that, at this early stage, we show that we are able 
to conduct our investigations without damaging any part of 
the rock that will eventually host the repository.

The licence application will be prepared at the same time we 
ramp up our optimisation activities. This is key to ensuring 
that our evolving repository design is continuously adapted 
to the specific site for which we will submit our general  
licence application:

 – We will optimise the repository design to ensure it is safe 
during construction and operation and will remain so 
following its closure in the 22nd century.

 – We will optimise the repository design to ensure that we 
can implement our plans using the technology available 
at that time and within time and budget constraints.

With an approved general licence and a licence to con-
duct our on-site underground geological investigations, 
our organisation will have to shift towards constructing 
the required infrastructure and preparing for the nuclear 
construction licences. This will be an exciting time, but our 
focus now must be on the RD&D needed to get us to this 
point.

CONTINUATION OF INTERNATIONAL  
&  COMMERCIAL ACTIVITIES

REPOSITORY OPTIMISATION IN PREPARATION 
 FOR THE NUCLEAR CONSTRUCTION 

 LICENCE APPLICATIONS 

DIALOGUE & CO-OPERATION WITH 
STAKEHOLDERS

SUBSEQUENT INTERACTIONS AND 
FOLLOW-UP ACTIVITIES REGARDING THE 

GENERAL LICENCE

LICENCE APPLICATION  
FOR UNDERGROUND  

GEOLOGICAL INVESTIGA-
TIONS

CONTINUATION OF INTERNATIONAL &  
COMMERCIAL ACTIVITIES

FURTHER OPTIMISATION  
IN PREPARATION FOR THE  
NUCLEAR CONSTRUCTION  

LICENCE APPLICATIONS

CONTINUED DIALOGUE & 
CO-OPERATION WITH  

STAKEHOLDERS 

CONSTRUCTION OF FACILITIES  
FOR UNDERGROUND GEOLOGICAL 

INVESTIGATIONS

INTERNATIONAL & COMMERCIAL  
ACTIVITIES

OPTIMISATION

STAKEHOLDER DIALOGUE

GENERAL LICENCE APPLICATION

NEAR-TERM RD&D , DRIVEN  BY PROGRAMME NEEDS
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> To date, we have gathered significant information about the 
subsurface through non-intrusive methods, such as seismic and  
ultrasound imaging. This has allowed us to build a 3D picture of  
the underground from the surface without digging below the  
surface.

Over time, this has been complemented by, and checked against, 
the information we have acquired through more intrusive tech-
niques. Deep boreholes have allowed us to extract samples from 
the rock at each of the potential siting regions and analyse them in 
detail in a laboratory environment.

> Supported by the findings from these 3D imaging techniques 
and the deep boreholes in the siting regions, our RD&D activities 
over the next 5-10 years will focus on the characterisation of the 
geosphere and the development of detailed, site-specific geolo- 

gical models. These models will help us to progress and test our 
understanding of the way radionuclides, water and gases will  
behave at the sites, e.g., how they may be transported through the 
rock, especially in those zones foreseen for the emplacement of 
radioactive waste.

> Topics of interest in this period include the way in which such 
materials could be transported through the rock and potential  
effects on existing processes and properties resulting from  
repository construction.

An improved understanding of the sites will further determine our 
approach to safety. By becoming more certain about behaviours 
and processes in the conditions present at the respective sites, we 
can ensure specific design measures are available to be put into 
place where and when required.

The realisation of a deep geological repository relies on a comprehensive and detailed understanding of the geological environment of 
the specific site at which it will be constructed, operated and closed. In the last decades, Nagra has developed a profound understand-
ing of relevant aspects of the Swiss underground. Each of the three siting regions remaining in our site selection process hosts a layer 
of Opalinus Clay around 110 metres thick and located between 400 and 900 metres below the surface - favourable properties for hosting 
a Swiss repository. Our RD&D now focuses on supporting the development of more detailed site-specific models for each of the three 
sites to serve as the basis for selecting the final site and developing the safety case.

GEOLOGICAL INFORMATION

DRIVERS
OUR RD&D ON RADIOACTIVE WASTE & MATERIALS IS 
DRIVEN BY: 

 – The site selection process, and the need to obtain 
more reliable information about the selected site.

 – The safety case to be developed, verifying our 
ability to construct a safe repository

 – The engineering required for the underground 
infrastructure of a repository.

OBJECTIVES
THE OBJECTIVES FOR THE NEXT 5-10 YEARS ARE TO: 

 – Confirm the extent and properties of the  
geological units at the selected site.

 – Characterise the properties and features of the  
host rock, including the parameters for key safe-
ty-relevant processes.

 – Improve our understanding of the long-term geolo- 
gical evolution by reducing associated uncertainties.

when near a waste package. A key criterion for HLW is the ther-
mal output of waste packages. Our research efforts on spent fuel 
assembly loading into disposal canisters will help to optimise the 
thermal load in the HLW repository section.

> For L/ILW, the rate of gas generation is relevant and can partly 
be addressed by collaborating with the waste producers to develop 
appropriate waste conditioning methods if required in the future.

> As we move towards submitting the construction and operat-
ing licence applications, we will be able to cross-reference our  
continuously revised Model Inventory for Radioactive Materials 
database with these waste acceptance criteria to ensure compli-
ance with requirements for waste packages.

RADIOACTIVE WASTE AND MATERIALS

> While the nature of our disposal programme foresees a long pe-
riod before any waste will be emplaced in the repository, radioactive 
waste and materials that require disposal continue to be produced 
every day. Nagra is responsible for advising the waste producers 
and managers to ensure the waste is packaged and held in such a 
way that it can be accepted into the repository once it is operational.

> Many of our studies in this period will focus on existing waste to 
gain a better understanding of its long-term properties and how 
these could change under repository conditions. These studies 
will directly shape the definition of ‘preliminary waste acceptance  
criteria’ - conditions a waste package must meet (whether pro-
duced before, during or after the present day) to be accepted for 
final disposal, such as the radiation dose an operator would receive 

OUR RD&D ON RADIOACTIVE WASTE & MATERIALS  
IS DRIVEN BY: 

 – The general licence application and associated 
need for a detailed inventory description and 
updated databases.

 – Maintaining and understanding the state of the 
art regarding waste treatment options to enable 
optimisation in the future.

 – Ensuring that radioactive waste produced to date 
and in the future will meet the requirements for 
disposal in the planned repository.

THE OBJECTIVES FOR THE NEXT 5-10 YEARS ARE TO: 

 – Reduce uncertainties and improve waste inventory 
forecasting.

 – Optimise waste conditioning, packaging and loading 
to develop criteria for waste package acceptance in 
the planned repository.

At the heart of planning a deep geological repository is knowledge of the radiological and material properties of all the waste des-
tined for disposal. For this purpose, the ‘Information System for Radioactive Materials’ database is maintained and operated by the 
producers and managers of radioactive waste – in addition to Nagra, as we will be responsible for its disposal. The database cat-
alogues all the relevant information for all existing radioactive waste packages resulting from nuclear power plant operation and 
from applications in medicine, industry and research in Switzerland. By combining this database with forward-looking Swiss radio- 
active waste production forecasts, Nagra has established the more comprehensive ‘Model Inventory for Radioactive Materials’ database 
which accounts for existing radioactive waste in addition to radioactive waste that is expected to arise in the future. This database forms 
the basis for studies which impact the design of the repository. It is essential to repository safety and therefore sits at the centre of RD&D 
activities associated with radioactive waste and materials.

Measuring tunnel lining behaviour at the Mont Terri Underground Research Laboratory. © Comet Photoshopping GmbH, Dieter Enz

DRIVERS OBJECTIVES
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Switzerland has a rich history of tunnelling, mining and underground construction and many aspects related to the construction and 
operation of a deep geological repository bear similarities. However, the permanent deep geological disposal of radioactive waste has 
never been attempted before in Switzerland and presents a novel situation combining numerous activities, some familiar and some new. 
In order to solve the unique challenges we expect to encounter, and to communicate their success, a significant component of our RD&D 
programme is dedicated to designing and testing robust and reliable technological solutions that can be applied safely and practically.

DESIGN AND TECHNOLOGY DEVELOPMENT

RD&D activities will be primarily desk-based, but accompanied  
by activities in surface laboratories and underground research  
laboratories, including:

 – Collaboration with leading tunnel-boring machine manufac-
turers to approach tunnel construction.

 – Improved understanding of tunnel geomechanics to ensure 
tunnel-lining constructability.

 – Optimisation of sealing and closure options to meet safety and 
practicability requirements.

> The development of alternative HLW disposal canisters will  
continue, with a major focus on copper-coated canisters that 
have reached a high level of maturity as a result of international  
improvements. The design and prototype production of L/ILW dis-
posal containers has been completed. RD&D work here will focus 
on selecting L/ILW cavern backfill aggregates.

> Operational planning within the repository will feature a strong 
international and industrial collaboration component with a focus 
on both remotely operated and autonomous vehicles. Applying 

> Key RD&D in this area focuses on the development, expansion 
and improvement of various computer models that simulate the 
individual processes, expected to take place in the near-field, and 
associated underpinning databases.

> The evolving impacts of heat, water and mechanical forces in 
the near-field are highly coupled and require complex ‘thermo- 
hydro- mechanical’ modelling. Over the next 5-10 years, we will 
further introduce probabilistic features to better address current 
uncertainties. This will be particularly important for the thermal 
output of HLW as the understanding gained here will feed into  
the optimisation of the repository design and the distribution of  
the thermal load in anticipation of the detailed design develop- 
ment required for the submission of the construction licence  
applications.

> The cement-based L/ILW near-field is characterised by ‘hydro- 
chemical’ processes, where gas will be generated over time. Exces-
sive gas pressure has to be avoided, and this is therefore another 
key area for requiring a detailed understanding and modelling. The 
goal is the further improvement of our predictions of how this gas 
will likely be transported through the repository from its point of 
generation, taking into account its potential consumption and/or re-
lease, including the assessment of potential mitigation measures.

> A range of validation experiments will support our modelling, 
from the microscopic scale in standard scientific facilities to the 
1:1 scale in underground research laboratories. International col-
laboration will continue here through a series of benchmarking  
exercises to ensure confidence in the applied methods and  
assumptions in support of the Swiss disposal programme.

The multi-barrier system at the core of the repository concept is being designed to immobilise and retain the radionuclides for a very long 
period of time. The ‘near-field’, i.e., all engineered barriers and the natural barrier, which consists of the immediately surrounding layer of 
Opalinus Clay as well as the over- and underlying rock formations, will further contribute towards radionuclide containment, immobilisa-
tion, retention and very slow release. A detailed understanding of the HLW and L/ILW near-field evolution is required to provide evidence 
for the arguments justifying our specific approach to repository implementation, as set out in our safety case.

EVOLUTION OF SAFETY-RELEVANT PROPERTIES  
AND PROCESSES IN THE NEAR-FIELD

these technologies in a radioactive, underground environment will 
be key for transport at the disposal level, for the emplacement and 
retrievability of waste packages and for backfilling the HLW em-
placement drifts and L/ILW emplacement caverns.

> In contrast to the disposal level, the highly advanced design 
of most surface facilities required at this stage relies on proven 
standard engineering practices applied in other industries. No 
specific RD&D is required to further develop the surface facility 
design and associated technologies during this phase of our pro-
gramme – with one exception. There is significant optimisation 
potential for the design of the encapsulation plant, in particular for 
transferring the HLW to disposal canisters before these are trans-
ported underground.

> To support all our design work, we take a holistic, integrated 
approach to engineering through the consistent application of a 
central digital workflow. This significant RD&D activity will include 
all our engineering disciplines in a digital model that will serve as 
a single source of truth for design development and optimisation.

OUR RD&D ON DESIGN AND TECHNOLOGY DEVELOPMENT 
IS DRIVEN BY:

 – The need to demonstrate the feasibility of our 
approach to repository construction, operation and 
closure from the conceptual stage for the general 
licence application towards greater levels of detail 
for licensing steps thereafter.

 – The need to future-proof our approach in anticipation of  
an increase in digitalisation over the upcoming decades.

THE OBJECTIVES FOR THE NEXT 5-10 YEARS ARE TO:
 – Demonstrate, at a conceptual level, the general 
feasibility of the safe operation, backfilling and 
closure of the planned repository for the general 
licence application.

 – Incorporate all engineering aspects into a central 
digital workflow (including a Building Information 
Model) supporting the overall optimisation of the 
disposal project.

THE OBJECTIVES FOR THE NEXT 5-10 YEARS ARE TO:
 – Improve our general understanding of HLW and  
L/ILW repository evolution through modelling 
activities, as the processes involved are strongly 
coupled and take place in complex environments.

 – Validate our existing and emerging modelling 
results with experiments and international  
benchmarking.

DRIVERS OBJECTIVES
OUR RD&D ON NEAR-FIELD EVOLUTION IS DRIVEN BY:

 – The requirements on the expected performance of 
the engineered and natural barriers.

 – The need to formulate sensible indicators and 
targets to be achieved by these barriers.

 – The need to underpin our safety cases, which we 
will submit with each of our licence applications, 
with clear evidence that the required performance 
of those barriers will be met by our design.

DRIVERS OBJECTIVES
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> Nagra must develop a conceptual monitoring plan for the  
pilot repository at an early stage, but significant technological  
development of monitoring techniques will be required during the 
decades prior to this monitoring phase, especially for fibre-optic 
sensing, wireless data transmission and non-intrusive monitoring 
techniques.

> International and industrial collaboration will allow us to devel-
op generic guidance and quality-assurance plans for monitoring 
data acquisition, data validation and data management.

> Environmental and baseline monitoring will be established in  
the near term, and the screening of technologies required for moni-
toring during the underground geological investigation phase is cur-
rently taking place. These technologies will have to be developed and 
periodically updated and adapted to incorporate the state of the art.

> Long-term experiments in the Swiss underground research  
laboratories will provide valuable knowledge about the long-term 
performance of the installed, state-of-the-art monitoring tech-
niques and, for example, the impact of very high temperatures.

POST-CLOSURE SAFETY
The handbooks, tools and models we will use throughout our 
programme will be updated based on the experience gained 
from applying a safety assessment methodology in prepara-
tion for our general licence and to address potential regulato-
ry questions. The associated datasets will be refined over this 
period using site investigation data. International collaboration 
will prove key during this period as a means to enhancing and 
maintaining our general assessment strategy and methodology 
capability.

Specific areas of interest in this period include:
 – The management of uncertainty as more data become available 
and international consensus is reached on certain topics.

 – Biosphere modelling and assessing the consequences of future 
human actions.

 – Assessing the impact of operational safety incidents and  
mitigation measures on post-closure safety.

 – The link between performance and safety assessment for  
repository-induced effects.

OPERATIONAL SAFETY
Advances in our operational safety assessment capability are 
closely linked to the optimisation and further development of 
measures to ensure nuclear safety, radiological protection and 
conventional safety in a deep geological repository. At this stage 
of our programme, RD&D in this area is primarily covered by our 
design and technology development.
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Our responsibilities concerning safety assessment involve quantitatively and qualitatively evaluating the radiological safety of a deep  
geological repository in Switzerland. Assessing the safety of the repository involves the application of a methodology for gathering and pro-
cessing information about the disposal system and its environment. We then use this information to perform an evaluation of whether our 
repository design meets the safety requirements outlined by the regulatory authorities. These requirements cover the operational period, 
i.e., the time during which waste emplacement activities are ongoing, as well as the ‘post-closure’ phase – a long-term monitoring period 
following the closure of the entire repository during which licensing conditions remain applicable.

SAFETY ASSESSMENT

Monitoring features prominently in the development and implementation of a repository because it can provide live data from both inside 
the repository and the larger siting area over the different phases of the project. These data are useful for us as well as for expert reviewers 
and lay stakeholders, as it will illustrate the processes taking place. This will allow us to advance with, or pause, repository implementation 
and closure processes in a staged manner and confirm the predicted repository evolution at a very early stage. The latter is key for our 
safety assessments, as comparing the monitoring results with prior performance assessments and process models will support us in 
increasing and maintaining stakeholder confidence regarding the disposal system.

REPOSITORY MONITORING

OUR RD&D ON SAFETY ASSESSMENT IS DRIVEN BY:

 – The need to ensure and communicate the safe nature 
of our plans for repository implementation in each of 
our licence applications.

THE OBJECTIVES FOR THE NEXT 5-10 YEARS ARE TO:
 – Enhance our models and databases using data 
acquired at the selected repository site in Swit-
zerland.

DRIVERS OBJECTIVES

OUR RD&D ON REPOSITORY MONITORING IS DRIVEN BY:
 – The need to confirm the validity of monitoring con-
cepts which can only be fully implemented several 
decades from now.

 – The need to confirm predictions associated with 
early repository process evolution.

 – Achieving continued stakeholder awareness and 
confidence in our staged implementation of a deep 
geological repository in Switzerland. 

THE OBJECTIVES FOR THE NEXT 5-10 YEARS ARE TO:
 – Finalise the first monitoring concepts for the se-
lected site, to be submitted with the general licence 
application.

 – Implement initial monitoring networks prior to 
the construction of the facilities for underground 
geological investigation.

DRIVERS OBJECTIVES
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The Full-scale Emplacement  
tunnel in the underground  

research laboratory  
at the Grimsel Test Site.

ROADMAP TOWARDS 
REPOSITORY OPERATIONS
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SPENT FUEL
This programme aspect covers the investigation and assessment 
of spent fuel assemblies that have undergone interim storage and 
the improvement of the methods used to assess their properties. 
This includes the development of methods for managing degraded 
and/or damaged spent fuel assemblies, the outcome of which will 
be used to underpin the safety case submitted with each licence 
application.

The development of a solution for loading the spent fuel inventory 
into HLW canisters in a future encapsulation plant is also included 
here. International operational experience is expected to be useful. 
All these activities will be supported by dedicated laboratory pro-
grammes and in-situ experiments.

THERMAL OUTPUT
This covers the consideration of the impacts of the thermal output 
of HLW (the L/ILW inventory will not emit a significant amount of 
heat) on the thermo-hydro-mechanical evolution of the repository 
near-field to ensure that decay heat does not negatively affect the 
safety functions of the engineered and natural barriers.

To this end, thermo-hydro-mechanical databases will be compiled 
and both laboratory and in-situ experiments conducted. Thermal 
optimisation will also be carried out with the aim of ensuring the 
practicability of the repository design.

GEOLOGICAL EVOLUTION
This focuses on data acquisition to determine the potential conse-
quences of tectonic activity, climate change and erosion for host 
rock properties, radionuclide transport and pathways for radionu-
clide release.

The evolution of the geological environment is a key part of the 
safety assessment and site characterisation and requires spe-
cial attention given the location of the siting regions in the vicin-
ity of the Alps. An in-depth analysis is needed to ensure that the 
potential impact on the engineered and natural barriers is well 
understood.

L/ILW DISPOSAL CONTAINER
This covers the work required to ensure that the current contain-
er designs for packaging L/ILW waste remain suitably state of the 
art for the disposal of all decommissioning and operational waste 

In order to plan the RD&D required over the long term, we have developed  
a roadmap which takes us towards HLW repository operations in around 2060. 
The roadmap is grouped around ten programme aspects for specific RD&D  
components needed to support the overall optimisation of the deep geological 
repository. Executing these ten RD&D topics requires an integrated approach 
between our scientists and engineers across many disciplines as well as access 
to cutting-edge science and state-of-the-art technology.

THE RD&D ROADMAP

generated during the remainder of the operational lifetime of the 
Swiss nuclear power plants. In the near term, the focus is on final 
design substantiation and testing of the current designs. This will 
evolve into a longer period of updates and adaptations to take into 
account the international state of the art and any changing needs 
of nuclear power providers in the coming decades.

HLW DISPOSAL CANISTER
This covers the development of an appropriate packaging concept 
for HLW disposal, a detailed design for the HLW disposal canister, 
licensing of the canister as well as industrial optimisation and 
ramp-up to manufacture the as-licensed design. As site-specific 
information becomes available, distinct underpinning research 
is required to optimise the design and verify its performance in 
line with relevant safety criteria through a robust assessment 
process. Alternative canister materials, such as ceramics and 
copper coatings, will remain under consideration until a final 
canister design is developed.

EMPLACEMENT & RETRIEVABILITY
This covers the development of a feasible technical solution for 
emplacing and retrieving waste packages under the conditions 
prevailing in the repository environment. A key regulatory re-
quirement for the emplacement of HLW disposal canisters and  
L/ILW disposal containers is the ability to retrieve waste packages 
without significant effort.

While the technical solutions for HLW and L/ILW will be matured 
separately, both will rely on a similar stepwise process, using an 
iterative design and testing approach and developing technolo-
gies to ensure the feasibility of the integrated technical solutions.

MONITORING
This covers the development of an overarching repository moni-
toring concept that sets out monitoring strategies, parameter 
selection and measurement techniques and the development  
and implementation of the necessary monitoring programmes,  
including the associated technology and concept development 
requirements.The overarching monitoring concept will evolve as 
new information becomes available, and updates will be pub-
lished periodically. Monitoring activities will start before under-
ground geological investigations take place and will continue 
long after waste emplacement operations have ceased.

GAS 
This covers gas-generation, transportation and dissipation pro-
cesses to ensure that the impact of the gas generated through the 
corrosion of metal components and the degradation of the organic 
waste does not affect the safety functions of the engineered and 
natural barriers. Most gas generation is tied to L/ILW, where this 
topic has greater relevance.

Analysis of gas processes will help to make detailed design deci-
sions required as the programme progresses. Applying this anal-
ysis to the site-specific context will provide important inputs for 
the safety concept.

HYDROCHEMISTRY & BARRIERS
This covers the impact of the hydrochemical evolution of the near-
field, including processes and phenomena related to the chemical 
evolution and the interaction and degradation of the waste invento-
ry, repository components and engineered barriers.

Uncertainties in the modelling assumptions for the waste inventory 
will gradually be reduced over time, as nuclear power plants are 
shut down and decommissioning takes place. These steps com-
bine findings from desk studies and laboratory experiments, both 
above and below ground, with a well-characterised inventory of 
materials, providing a key input to ensuring repository safety.

SEALING, BACKFILL & CLOSURE
This covers the development, refinement and delivery of a solu-
tion for sealing the disposal areas, backfilling the access tunnels 
and closing the entire repository in line with the overarching safe-
ty criteria for the deep geological repository.

The assessment of the currently planned approach for the closure 
of the repository must ensure that the required safety functions 
can be met through the selected approach and/or any viable  
alternatives. Further adjustments may be required to adapt to site- 
specific conditions.
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As we near the submission for the repository construction licences, we will ac-
celerate design optimisation. Design adaptations are expected to rely on RD&D 
activities carried out as part of the underground geological investigations. Other 
aspects, such as the waste inventory and technological developments, will be 
de-coupled from the underground investigations but continued in parallel.

CONTINUED GEOLOGICAL INVESTIGATIONS
The continuation of the underground geological investigations will 
provide a substantial amount of data, which will be used to sup-
port and validate our geological and site-specific models. These 
models provide the basis for our repository design and associated 
safety case – essential for our planned optimisation activities, with 
regard to both safety and implementation practicability.

The underground geological investigations and accompanying 
experiments will contribute to a better understanding of safe-
ty-relevant properties and processes in the near-field of the re-
pository site.

Long before we submit our construction licence applications,  
we will reassess the maximum temperature and overpressure  
allowed in the host rock and engineered barriers. This will ensure 
their full incorporation into our design through thermal optimisa-
tion of the entire HLW emplacement procedure.

This phase will allow us to further refine our process models 
and parameter ranges established in earlier steps. We will also  
enhance our methodologies for assessing and assuring the  
performance of aspects that are important to our safety case.

By the time we submit our construction licence applications, re-
sults from long-term experiments that will have been monitored 
for ~20 years will be available. Significant lessons learned are also 
expected from our French counterparts, who will by then have con-
cluded their pre-industrial testing, and associated monitoring, and 
will have started repository operations.

DESIGN AND TECHNOLOGY DEVELOPMENT
A ramp-up of major technology development at all levels will sup-
port the delivery of the machinery and tools required for construct-
ing and operating the repository.

In-situ underground development activities
The repository layout and disposal area support system will be 
adapted to the mechanical stress observed as part of the host 
rock characterisation process. A full-scale demonstration of the 
tunnel design can only be finalised after detailed site investigation.  
Development and testing of a prototype tunnel-boring machine, 
tailored to the site conditions, will form an important component of 
development activity to towards enabling construction.

Surface-based development activities
A significant effort to upscale technologies in dedicated facilities 
will be required to prove they are suitable for repository operation 
on an industrial scale. This will cover everything from handling 
waste packages as they are transported underground, to back-
filling and closing the repository. Final 1:1-scale underground 
demonstration will take place later in the programme.

COLLABORATION AND COMPETENCE
As we move towards repository construction, we will increasingly 
rely on the activities and outputs of our RD&D programme. Given 
the timescales involved, it is key that we maintain and safeguard 
our own competence. To maximise the transfer of knowledge and 
expertise from other nations, where repositories will be operational 
by the time we begin construction, we will continue to take an active 
role in international collaboration.

OBTAINING A CONSTRUCTION LICENCE

A cavern with a settling basin was built in the Lötschberg base tunnel. © Foto: BLS

UNDERGROUND  
GEOLOGICAL INVESTIGATIONS 
Obtaining a licence to conduct underground geological investiga-
tions will be a pivotal milestone for our programme. This licence 
will allow us to directly access the host rock at the selected site 
for the first time. As soon as the ground is broken to construct 
underground access tunnels, we will begin collecting evidence to 
support our path towards repository construction. This includes 
characterising the rock sequence and obtaining a plethora of ge-
ological information as the construction of underground access 
tunnels takes place.

A few years after the start of this work (depending on the methods 
selected for underground access, which will be outlined in our li-
cence application), our engineering team will reach the repository 
depth – several hundred metres below the surface. At this point the 
main underground connection area of the repository, from which 
all other activities extend, will be built.

CONFIRMING PERFORMANCE
This phase of the programme provides us with the oppor-
tunity to confirm our assumptions about the selected site 
through data collection and dedicated experiments. This 
will let us confirm that we can construct and operate the 
repository as safely as stated in our plans. In addition, we 
can verify the properties that are key to our claims for the 
long-term safety of the repository, including:

 – The  gas transport capacity in the host rock, defined 
by hydraulic and geomechanical properties and their 
spatial variability.

 – The thermal impact of HLW on the host rock and on the 
engineered barriers.

 – Radionuclide migration, determined by sorption and 
transport parameters.

 – Construction of HLW emplacement drifts and confir-
mation of the tunnel support system as well as con-
struction and support of the L/ILW emplacement 
caverns, both taking account of the site-specific con-
ditions.

 – Self-sealing, for which hydraulic and geomechanical 
property evolution is key.

MONITORING
The installation of monitoring equipment throughout the 
repository will be essential. This equipment will act as the 
eyes and ears of our scientists and engineers, keeping 
them informed about underground processes. It will be 
relied upon throughout the entire programme. The under-
ground monitoring programme begins with the construc-
tion of access tunnels. Long-term monitoring networks 
will be implemented as far as reasonably possible and 
will be relied on to  collect meaningful time sequences 
of the relevant parameters in preparation for waste em-
placement.

In addition to laying the foundation for our monitoring 
programme, this phase will be used to further develop 
the monitoring strategy for all other aspects related to 
repository implementation. This includes an evaluation of 
next-generation instrumentation to support the objectives 
of those monitoring strategies. For this, the underground 
geological investigations will provide valuable experience.

DEMONSTRATING SAFETY  
AND FEASIBILITY
The facilities we will build for underground geological investiga-
tions will also allow us to demonstrate our plans for constructing 
and operating the repository. These facilities present us with a 
unique opportunity for communicating exactly how we will safely 
carry out each step of the waste management process before we 
commence waste emplacement. In-situ demonstration is a power-
ful method to verify our technologies and processes in an environ-
ment that cannot be reproduced in off-site laboratory conditions. 

Waste emplacement, backfilling and retrieval demonstrations will 
prove the feasibility of safe disposal in accordance with the require-
ments on the underground environment. The construction of the 
repository seal, which is expected to be a particularly significant 
challenge, will be demonstrated on a 1:1 scale. Measures for clo-
sure using temporary plugs (with an expected performance of a 
few decades to a few centuries) in an emergency (e.g., societal un-
rest) will be demonstrated in this phase.

© wolfgang.m.kessler@gmx.de
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Once the Federal Authorities grant these licences, we will quickly 
be able to mobilise and start construction. Having established an 
underground presence at the site for many years, we will begin to 
integrate our underground geological investigation facilities into 
the repository itself as we begin constructing outwards from the 
common, central area. 

CONTINUED CHARACTERISATION
The evidence gathered through geological investigations will not 
stop once construction begins. We will continue to gather geolog-
ical information, continuously verifying our understanding of the 
host rock.

As the first waste emplacement structures are constructed, the 
waste inventory awaiting disposal will be fully defined, packaged 
and encapsulated. In parallel, our engineers will consider final op-
tions for adapting the planned mechanised procedures, including 
technologies for emplacement and retrieval. Our operating licence 
applications will reflect a fully optimised approach with regard to 
occupational safety and efficiency and the latest technological in-
novations and approaches.

SUBMISSION OF OPERATING LICENCES
Prior to submitting our operating licence applications, we will revisit 
the state of the art regarding the long-term properties of the re-

As we approach the construction of our repository, our RD&D programme will 
decelerate significantly. Demonstration activities will prove our technologies and 
processes, and many key decisions around the repository design will be submit-
ted in our construction licence applications. 

MOVING TOWARDS OPERATIONS

pository. Our safety case will be updated to reflect final adaptations  
to our operational plans, incorporate our latest test results and  
address questions formulated by the regulatory authorities. How- 
ever, no major changes in the argumentation for the safety case and 
the performance assessment are anticipated at this stage.

Once the operating licences have been granted, waste emplace-
ment will begin and our RD&D programme will be almost com-
plete.

ENSURING POST-CLOSURE SAFETY  
OF THE  REPOSITORY
Well beyond the completion of waste emplacement and backfilling 
operations, the repository will be subject to observation through 
the monitoring infrastructure in and around the repository. This 
network of monitoring instrumentation will continually provide us 
with data to verify the performance of the safety barriers on which 
our safety case relies.

Prior to the final repository closure, a final assessment of the con-
cept for sealing and backfilling the main tunnels is foreseen. This 
will allow us to apply the state of the art at that point in time. Before 
the repository can be closed, we must apply for licences from the 
Federal Authorities to ensure our approach aligns with any devel-
opments of a scientific or societal nature.

OUR VISION 

Our vision for RD&D is one of continuous  
development and optimisation to ensure  
the repository is implemented safely  
and efficiently.

Our RD&D programme will also enable the 
maintenance of in-house competence so  
that our experts are able to incorporate the 
evolving state of the art and continually  
update our safety demonstrations as the  
programme progresses.

The work we are carrying out today will  
provide the stepping-stones for future  
work and ensure that Switzerland’s deep  
geological repository is built on a foundation 
of innovation, practicality, science and  
technology.
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