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Introduction 

This paper discusses the role of quality management (QM) in safety case development 
based on Nagra’s experience from a broad range of projects. These include Project Gewähr 
(L/ILW & HLW, Nagra, 1985), the Wellenberg Project (L/ILW, Nagra, 1994), Project Opalinus 
Clay (HLW, Nagra, 2002a, 2002b), and recent project work needed in the context of the 
Swiss site selection process (L/ILW & HLW, Nagra, 2008a, 2008b, 2008c, 2010). 

Broadly speaking, Nagra’s Quality Management policy is focused on ensuring: i) the 
quality of the disposal system (siting, design and implementation); ii) the quality of the 
underlying scientific understanding, which are seen as key elements of a credible safety 
case, along with the quality of the safety calculations themselves and of compiling the 
safety case, including the drawing of conclusions (Nagra, 2002a). All aspects of QM 
discussed in this paper should be seen in this context. 

Importance of QM 

The most important principle to ensure sufficient quality (i.e. no unacceptable 
deviations from the planned scope of work) is a company policy that actively promotes a 
quality culture and awareness throughout the company. This begins by recruiting 
personnel that: i) are sufficiently qualified for their work and have the necessary tools; 
ii) are fully aware of the expectations placed upon them; iii) take full responsibility for 
their work. The requirement of sufficiently qualified personnel applies both to the Nagra 
staff involved as well as to personnel of contractors. Central aspects of the quality culture 
are openness to new developments in science and technology and the handling of 
detected errors. 

To promote a quality culture among staff, it needs to be recognised at all levels in the 
company that errors are inevitable, no matter how comprehensive the company QM 
system, and that this is acceptable provided QM procedures have been followed with 
reasonable diligence. The important point is that errors, once detected, are openly 
acknowledged and appropriately handled. This will generally involve: i) an assessment, 
involving all relevant staff and contractors of the importance of the error for the current 
project; ii) the implementation of corrective actions if the importance of the error so 
demands; iii) the definition and implementation of measures to help avoid similar errors 
in the future. Nevertheless, the main emphasis of the quality culture and the QM 
procedures is on avoiding errors. The corresponding key elements are discussed in the 
next section. 
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Key elements of Nagra’s QM system 

The key elements of Nagra’s QM system relevant for technical project work are 
schematically shown in Figure 1, and discussed below (see also Nagra, 2002b). 

Figure 1: Key elements of Nagra’s QM system relevant for technical project work 

 

· Project Plan – Through a project plan developed at the start of the project, all 
persons involved in the project are fully aware of the aims and boundary conditions 
of their work (definition and analysis of project mission and identification of 
sub-projects), are clear about the responsibility they have within the project 
(organisation of project), and are aware of the inter-relations between the different 
activities/sub-projects within the project, the timing of these activities and the 
expected deliverables. The project plan also defines the need for project plans for 
sub-projects and identifies for which activities/(sub-)projects a quality management 
plan is needed. If needed, the project plan is updated. 

· Quality Management Plan – With the quality management plan developed early in 
the project, it is clearly defined what quality assurance (QA) measures are required 
for which activity/(sub-)project by whom and at what stage in the project (a priori 
definition) and the QA measures conducted are clearly documented (a posteriori 
documentation). The necessity for a (a priori) quality management plan for 
(sub-)projects is defined in the project plan. The QA measures identified in the 
quality management plan can either be defined by specific quality management 
guidelines or can specifically be defined. If needed, the quality management plan 
is updated. An integral part of the QA measures is the requirement of a peer 
review for all Nagra technical reports. 

· Data Clearance – A rigorous data clearance process ensures that throughout the 
whole project suitable and consistent data are used. Data are always cleared for a 
certain purpose and for specific (sub-)projects/users. It is the duty of a data user to 
initiate the clearance process for a specific purpose and to ask the data producer to 
deliver the data in a suitable document, together with a data clearance form, to the 
clearance group for processing. The clearance group ensures (by expert judgement) 
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that the data are adequate for the intended purpose. If the data are especially 
important, additional QM measures (e.g. peer review) are implemented in the 
process of compiling/producing the data to be cleared. Whenever any planned 
updates, new findings or errors detected in the course of the project need to be 
considered, a revised data clearance form and supporting document is issued and 
submitted again to the clearance group for processing. The data clearance process 
ensures that all data users are made aware of such a revision. This forms the basis 
for further actions, e.g. a re-calculation of the affected assessment cases. Such 
further actions are, however, not part of the data clearance process. If required, 
they are initiated by the project manager in charge. 

· Project Documentation – Thanks to a project documentation that is continuously 
updated, all persons involved are fully aware of the relevant documents for the 
project. For this purpose a documentation structure is defined, a centralised 
catalogue of all relevant documents is maintained and all those documents 
catalogued that are not readily available (e.g. Nagra internal notes) are archived.  
At the end of the project all documents entered into the project documentation are 
checked for their relevance to ensure that the documents needed for traceability of 
the project are properly catalogued and available for any future use. 

· Audits – To ensure the effectiveness of the QM system, audits are performed to 
check if the procedures are followed and if there is a need to modify or enhance 
the existing QM system. If any deficiencies are detected, appropriate measures are 
taken by the project manager in charge. The audits may also lead to modifications 
and refinements of the QM system. 

These principles and measures described thus far are common to all significant 
projects undertaken by the company, and do not relate exclusively to safety case 
development. However, for individual working steps within a project, specific working 
procedures are defined that may include specific QA measures, defined in specific QM 
guidelines, which are specific to the type of project at hand. For example, for performance 
assessment calculations carried out within any significant project, specific QM guidelines 
address the issues of: i) performing safety calculations; ii) checking safety calculations; 
iii) maintenance of computer programs for safety calculations. These QM guidelines have 
more recently been updated and extended. As an example, the current guidance regarding 
the use of computer codes for safety calculations is summarised in Box 1. 

Box 1: Summary of current QM guideline regarding  
the use of computer codes for safety calculations 

· The adequacy of the safety assessment codes for the different calculation cases and 
the adopted modelling approaches need to be checked (explicit/implicit consideration 
of processes and parameters, acceptable simplifications) and the codes need to be 
verified to the extent required by the modelled problem. 

· Attention has to be given to the systematic naming and structuring of the assessment 
cases and the corresponding input and output files. 

· Input data need to be traced to, and checked against, their source, and, if relevant, to 
the corresponding data clearance. 

· Version control has to be implemented for all program, script and input files, and log 
files with specific information on the execution of each calculation case must be 
created. 

· QA measures, such as consistency checks of input and calculated data, must be 
carried out and may be integrated into the log file. Automatic control measures both 
at code execution and post-processing of results have to be carried out. 

· QA measures must be documented in technical notes and added to the QA 
documentation of the project. 
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Guidelines also relate to supporting activities for safety calculations or safety case 
development. For example, quality guidance is given on the acquisition and development 
of safety analysis codes and on the maintenance of these codes. This guidance aims to 
ensure, among other things, the operational readiness of the compiled version of a code 
and its computational environment (including pre- and post-processing) for safety analysis 
when required. 

Regarding waste acceptance criteria, which also support the safety case, Nagra has 
developed and implemented a set of rules regarding waste documentation and acceptance; 
formal disposability assessments have been performed since 1989 (Zuidema, et al., 1997). 

Description and documentation of QA measures – example Project Opalinus Clay 

In the Project Opalinus Clay documentation, the general QA measures were described 
in a Nagra report (2002b). Specific planned QA measures were set out in an a priori quality 
management plan and documented in an internal note. The QA measures actually taken 
during the project were collected in specifically designed QA forms, signed by the 
responsible project managers and documented after completion of the project in an 
internal note. Safety calculations and the corresponding preparatory work, including the 
development of models, codes and data, were conducted within the framework of the 
Nagra quality management system and took into account the requirements defined by 
the specific QM guidelines discussed above. Specific QA measures taken during the 
project regarding the use of computer codes for safety calculations were recorded and 
documented by the contractor who conducted the calculations. 

Experience 

One of the main challenges for Nagra in quality management of safety analyses and the 
safety case has been the development and implementation of a rigorous data clearance 
process. A specific challenge here is the question of when to “freeze” data used in the work 
needed to compile a safety case. If, on the one hand, this is done early in the project, then 
it is likely that developments in a specific area (e.g. development of canister design) will 
progress noticeably until the time the documentation is handed in to the authorities and 
that the actual data used in the project does not correspond to the data published in the 
most recent documentation on, in this example, a specific RD&D project with a longer 
time perspective. Although such “discrepancies” may have negligible implications for 
safety, they may be misused and quoted out of context by specific stakeholders. If, on the 
other hand, data freezing is done late in the project, then there may be too little time for 
all the sub-projects that use this data to do their work in the thorough manner required 
to assure the needed quality. 
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