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•  Shaft sinking approach, and ensuring it aligns with need for geoscientific information 
and postclosure performance;  

•  Local rock stresses impacting DGR design and layout; and 

•  Regulations applicable to DGR and their implications. 

Examples of topics that need to be taken into account with respect to transitioning as an 
organization from a research or siting group to preparing to build a DGR are: 

•  Staffing, and evolution of required skills; 
•  Establishing appropriate Quality Assurance processes; 
•  Establishing design / records management; 

 
Optimization proceeds in stages. During conceptual/preliminary design, there is iterative 
development of the safety case between geoscience, engineering and safety assessment. During 
detailed design, this continues but to a finer level of detail. During construction, the design 
continues to be revised based on the observed underground conditions. And finally, during 
operations, monitoring of the repository behaviour leads to optimization of the closure plans. 
 
Canadian experience with the above topics is illustrated in the presentation. 

Experience in the Swiss programme in preparing for DGRs of all waste types  

The implementer’s view – P. Zuidema, J. Schneider and T. Fries (Nagra) 

Background information on the Swiss waste disposal programme and its current status 

In Switzerland, all radioactive wastes have to be disposed of in deep geological repositories. Two 
repositories are foreseen, a HLW repository (for spent fuel, vitrified HLW from reprocessing and 
long-lived ILW) and a L/ILW repository (for NPP operational and decommissioning waste and 
waste from medicine, industry and research). Furthermore the possibility exists to have both 
repositories at the same site with combined surface infrastructure but with the disposal rooms 
spatially separated either in the same or in different rock layers. 

Switzerland has an implementation strategy that consists of many steps. After the 
demonstration of the feasibility of safe disposal of all categories of waste in Switzerland was 
confirmed by the Federal Government in 2006, the focus was shifted towards site selection. The 
site selection process started with the publication, by the Federal Office of Energy, of the 
“sectoral plan for deep geological repositories” in April 2008. The process defined by the sectoral 
plan, which is divided into three stages, will lead to the selection of the sites for the two 
repositories as part of the general licence application procedure. The sectoral plan foresees 
strong involvement of the public in the siting regions, especially in conjunction with the siting of 
the surface facilities of the repositories. The Federal Office of Energy is responsible for managing 
the sectoral plan including the participation process to involve the public. For each of the 
repositories, the general licence is then followed by a construction licence, an operation licence 
and eventually by a licence to close the repository. The Federal Government decided on 
November 30, 2011 as endpoint of Stage 1 of the sectoral plan to accept all the six siting regions 
(three for HLW, six for L/ILW, with some overlap) that were proposed by Nagra in October 2008. 
The decision of the Federal Government is based on the results of rigorous reviews by the 
different authorities (including ENSI) and their experts as well as on the results of a broad 
consultation process. Stage 2 of the sectoral plan has now started which will lead to the 
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selection of sites for the surface infrastructure of the repositories in the six siting regions and a 
subsequent narrowing down to at least two siting regions per repository type mainly based on 
considerations regarding safety and technical feasibility. In Stage 3 of the sectoral plan, the sites 
for the HLW and L/ILW repository will be selected and the general licence applications will be 
prepared. 

Basic approach to developing the repositories 

When developing a repository concept and selecting a site, it is important to consider all 
elements that are essential for implementing a repository. Besides post-closure safety, it is 
important to consider also the feasibility to reliably construct, operate and close the repository at 
least at a conceptual level. This also includes the evaluation of conventional and radiological 
safety during these phases. 

To ensure that all relevant issues are considered in the development of the repositories, a 
requirements management process is used by Nagra. This process considers legal and regulatory 
requirements, the needs of the waste producers (e.g. requirements regarding the wastes to be 
disposed of), scientific and technical boundary conditions and stakeholder expectations. 

When developing the repository concept, it is considered important to keep the complexity of 
the repository and its operation at a reasonable level (Motto: “keep things as simple as possible, 
introduce complexity as far as necessary”). This will contribute to reliable and efficient 
construction, operation and closure of the repositories. 

The approach to developing a repository also takes into account the stepwise decision-making 
process. In this process, it is essential to maintain flexibility to take into account information 
becoming available only in later stages and to allow for learning also from experience in other 
programmes (Motto: “decide as late as possible, decide as early as necessary”). 

A broad overview of key requirements and issues related to radiological safety 

Disposal facilities 

Swiss legislation requires that all radioactive wastes (HLW, LL-ILW, L/ILW) will be disposed of in 
(deep) geological repositories. The geological repositories must contain the following elements: 
the main facility, the pilot facility and test facilities. Test facilities (equivalent to a site-specific 
URL) are used to obtain additional information to build and operate the repository and as input 
for safety analysis required for the construction and operation licence application. The wastes 
will be emplaced in the main facility; the pilot facility (with the engineered barriers and the 
cross-section of the disposal rooms exactly the same as the main facility) contains a small but 
representative spectrum of waste packages and is used for extended monitoring during 
emplacement of the wastes and afterwards during the monitoring phase which can last for 
several decades or more. During the emplacement and monitoring phases, the retrieval of the 
wastes must be feasible without undue effort. 

Post-closure safety as a dominant factor for site selection 

Post-closure safety must be ensured by a system of passive barriers. Both the geological and the 
engineered barriers must contribute to safety. In the current phase of the repository 
development programme the main emphasis is on site selection and therefore on requirements 
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related to geology. The broad categories of requirements cover (i) the barrier functions of the 
host rock,    (ii) long-term stability, (iii) construction feasibility and (iv) reliability of site 
exploration, of rock characterization and of evaluation (“prediction”) of future evolution to 
ensure a reliable safety case. However, site selection also requires considering the key 
characteristics of the layout of the repository and of the engineered barriers and their key 
functions. This also results in requirements such as (i) a geological environment that ensures 
that the engineered barriers perform as intended, considering also their temporal evolution and 
(ii) limiting repository-induced effects on the host rock barrier to an acceptable level.  

Safety during the operational phase 

To evaluate safety during the operational phase, according to Swiss legislation and regulatory 
guidance the following broad categories have to be evaluated: (i) normal operation, including 
operational deviations (likelihood of occurrence, p > 10-1 /a), (ii) incidents (10-1/a ≥ p > 10-2/a),   (iii) 
accidents (10-2/a ≥ p > 10-4/a) and (iv) unlikely accidents (10-4/a ≥ p > 10-6/a). Furthermore, also 
(postulated) severe accidents (beyond design) are considered. For these categories different 
dose criteria apply. 

Radiological safety during normal operation has to consider doses due to direct radiation as well 
as doses due to inhalation of airborne radioactivity from the waste packages and due to the 
release of natural radioactivity from the rocks (e.g. radon). 

For the evaluation of incidents/accidents as part of operational safety, the initiating events are 
divided into (i) internal events, (ii) external events and (iii) events related to security taking into 
account aspects in connection with safeguards. These events may lead to an impact on some 
waste packages which may result in the release of radioactivity through mechanical impact (e.g. 
waste package drop due to equipment failure), thermal impact (e.g. fire), through exposure to 
water ((partial) flooding of facility) or a combination of these. Furthermore, the events may also 
affect safety-related elements of the repository (e.g. structures, installations, equipment). This 
possibility is also considered in the evaluation. 

To ensure operational safety, such undesirable events have to be prevented or the likelihood of 
their occurrence to be kept sufficiently small and the consequences (e.g. release of radionuclides 
to the environment) have to be limited if such events nevertheless occur. This implies that 
measures have to be taken (i) through appropriate design (including design of handling devices / 
transport containers and shielding), (ii) through specific organizational / administrative 
measures (including the use of an appropriate operating scheme) and (iii) by ensuring adequate 
properties of the waste packages through corresponding waste acceptance criteria (nuclide 
inventory, properties of waste matrix, properties of waste package, etc.). 

For the surface facilities, internal events and events related to security / safeguards and the way 
that they are managed are in principle comparable to those for similar, already existing nuclear 
installations (e.g. interim storage facilities, facilities for loading / unloading of transport 
containers, facilities for treatment / packaging of radioactive wastes) and thus, by analogy, their 
management is considered feasible through adequate design and operating schemes. Experience 
with similar existing nuclear facilities shows that the same is true for natural (flooding, soil/rock 
slides, forest fires, earthquakes, etc.) and anthropogenic external events (airplane crash, hazards 
due to nearby industry and transport (transmission lines, pipelines, road, railway lines, etc.)). For 
some external events such as severe flooding (especially when combined with erosion) the 
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measures needed for adequate protection against these events may depend on the site selected 
for the surface infrastructure and thus are to be explicitly considered in the site selection 
process. 

For the underground facilities, internal events, external events and events related to security / 
safeguards must also be considered. For the evaluation, it may be convenient to distinguish 
between (i) transportation of waste packages from the surface down to the level of the waste 
disposal rooms and (ii) the subsequent handling of the waste packages (transportation and 
emplacement in disposal rooms). Transportation of the waste packages from the surface down 
to the disposal rooms in the host rock can either occur through an access tunnel (e.g. by rack 
and pinion railway) or by shaft. Experience (e.g. from mining operations) and the project work in 
other waste management programmes shows that both options can provide a sufficient level of 
safety; thus, both options are considered in the design of the repositories. 

For the underground facilities, special attention has to be given to the ventilation system and to 
sufficient redundancy and diversity in evacuation and rescue routes (multiple shafts / access 
tunnels).  

Key issues related to the construction and operation of the repositories 

Construction of the repositories 

Construction of a repository includes implementation of the surface infrastructure, building the 
access routes to the host rock, excavation of the tunnel system within the host rock and 
excavation of the disposal rooms. Construction of the surface infrastructure (buildings, 
installation of equipment) is comparable to the construction of similar existing nuclear facilities 
(e.g. interim storage facilities, waste treatment facilities) and represents no special challenge. 
Construction of the underground facilities is in principle also comparable to other underground 
constructions such as tunnels or mines. However, the excavation of the disposal rooms and of 
sealing zones may require special attention to keep the damage to the surrounding rock as small 
as reasonably achievable. 

The geotechnical conditions in the host rock are well known due to the extensive geological 
characterization work and are taken into account in the layout and design of the facilities (e.g. by 
avoiding geological structures that pose special construction challenges and by using a 
construction method and a liner layout adjusted to the geotechnical conditions expected). 
Preparatory work also includes geotechnical experiments in the site-specific URL especially for 
optimizing the layout of the disposal rooms (construction method, cross section, layout of liner).  

In Switzerland, the underground construction needed to access the host rock (e.g. access tunnel, 
shafts) has to cross a range of different rock layers with differing properties which are 
characterized as part of the exploration programme. Further detailed geological characterization 
of these rocks can be done during excavation with testing in front of the tunnel/shaft face to 
adjust, if necessary, the excavation method (including grouting) and the liner according to the 
local geological conditions. In extreme cases, the alignment of the access tunnel may also be 
adjusted. 
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For the HLW repository, construction of additional disposal rooms in parallel to waste 
emplacement is foreseen. This needs spatial separation of the activities (waste emplacement 
and construction work) and is also considered in the layout of the ventilation system. 

Operation of the repositories 

During normal operation it is a key objective to keep the doses at a reasonably low level (ALARP). 
This includes consideration of direct radiation and inhalation of volatile radionuclides. Direct 
radiation due to surface dose rates is kept low through shielding by the buildings (walls, etc.), but 
also through shielding of the waste packages (as delivered to the repository), the shielding of the 
disposal containers and the use of shielding for the (external/internal) transport containers. 
Sufficiently low dose rates are also important to allow for interventions in case of malfunction of 
equipment; this means that sufficient shielding (including temporal shielding) has also to be 
available in places/steps which under normal operation are not accessed. For several waste 
types, sufficient shielding of the external and internal transport containers is considered 
essential, because shielding of the waste package and of the disposal container alone is not 
sufficient for these waste types. 

The release of volatile radionuclides is kept low through adequate treatment and packaging of 
the wastes (ensured through adequate waste acceptance criteria) and the doses can be further 
reduced by an appropriate design of the ventilation system. In the design of the ventilation 
system for the underground parts of the repository, the release of natural radioactivity from the 
rocks (e.g. radon) has also to be considered.  

Furthermore, it is the aim to keep the facilities free from contamination wherever feasible. 
Therefore, the waste packages delivered to the repository are required to be contamination free. 
However, some contamination is expected in the hot cells of the spent fuel encapsulation facility, 
where spent fuel is transferred from the transport casks into the disposal canisters. Most likely, 
the transfer cells used to load the disposal containers with L/ILW will be contamination free, but 
in the design contamination is considered possible (e.g. due to the unlikely event of a defective 
waste package being delivered). 

Also, in the case of incidents and accidents, the aim is to avoid any contamination and release of 
radioactivity. This can be achieved by a design and an operation scheme that ensures that 
impacts on the waste packages can either be prevented or are small if they occur, and by 
providing sufficient resistance to impacts through the quality of the waste packages, the 
strength of the disposal containers and the resistance offered by the transport containers. Only 
in the very unlikely case of a severe accident, some release of radioactivity is accepted; however, 
it is expected that even in those cases the release of radionuclides into the environment can be 
avoided or limited to very small levels. 

For emplacing the disposal containers (loaded with waste packages) in the disposal rooms, they 
have first to be unloaded from the internal transport container. Therefore, in the disposal rooms 
an increased level of radiation is possible because the shielding of the internal transport 
container is missing and corresponding radiation protection measures have to be taken.  

In the current phase of the project, it is the aim to identify those safety related aspects of 
repository operation that may have an impact on the basic design concept and on the basic 
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operational scheme and thus might influence site selection. More detailed analyses will be 
performed in later stages of repository development. 

Conclusions 

In Switzerland, a stepwise approach is chosen to implement the repositories needed to safely 
manage the wastes arising in Switzerland. Although the Swiss programme is still in an early 
phase of implementation with the current focus on site selection, all issues relevant to construct, 
to operate and to close the repositories are considered at least at a conceptual level. The 
stepwise approach, which foresees that both findings from previous steps and from foreign 
programmes are taken into account at each step, ensures that optimised projects are developed. 

Regulatory aspects of construction and operation in Switzerland – M. Hugi (ENSI) 

The regulatory mission with respect to radioactive waste disposal in Switzerland consists of the 
following tasks: to assess proposed solutions and supervise the preparation for geological 
disposal of radioactive waste, to review the licence applications in accord with the stepwise 
implementation process; to supervise the transport of radioactive material to and from nuclear 
installations; to supervise surface facilities and underground installations of deep geological 
repositories; and to supervise the safety of staff and the public and their protection from 
radiation. 

Related nuclear legislation consists of the Nuclear Energy Act, the Radiological Protection Act 
including the corresponding Ordinances, and the Ordinance on the Decommissioning Fund and 
the Waste Disposal Fund for Nuclear Installations. In retrospective, the recommendations of the 
Expert Group on Disposal Concepts for Radioactive Waste (EKRA – introducing the concept of 
monitored long-term geological disposal) had rather strong implications for the revision of 
nuclear legislation in 2003: In Switzerland, deep geological repositories are required for the 
permanent and safe disposal of all categories of radioactive waste including spent fuel. A deep 
geological repository (DGR) consists of a main section, a pilot section and test zones. During the 
operation and observation phase of the repository the recovery of the deposited waste packages 
shall be possible without undue effort. 

Nuclear legislation contains detailed regulatory statutes that are in accord with the stepwise 
implementation process for DGRs regarding, for instance, design and construction, operation 
and closure of the disposal facilities. Both Nuclear Energy Act and Nuclear Energy Ordinance 
request from the regulator to develop explicit guidelines on specific regulatory issues, e.g. on the 
requirements for the conditioning of radioactive waste, and on specific design principles for 
deep geological repositories and requirements for the safety case. 

The Nuclear Energy Act stipulates that the obligation to manage and dispose of radioactive 
waste is met if the radioactive waste has been transferred to a deep geological repository, and 
the funds required for the monitoring period and the eventual closure have been secured. 
Furthermore, the Nuclear Energy Act requires the waste producers (represented by the repository 
implementer) to draw up a Waste Management Programme that institutes a management 
instrument for the stepwise implementation process, specifying R&D needs and financial 
provisions for deep geological disposal. The programme is developed and periodically updated 
by the implementer on the basis of newly acquired knowledge, and is reviewed and assessed by 
the regulator. 


