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Past and recent construction as well as operating experience has shown the importance of giving due 
attention to human and organisational factors (HOF) in the design and construction of new NPPs. The 
present paper primarily deals with the development of regulatory requirements by the Swiss Federal 
Nuclear Safety Inspectorate (ENSI) concerning HOF engineering aspects, i. e. the design of the work 
systems of the new NPP (technical systems, work tasks, operating organisation). The requirements 
concerning quality and project management or the management system in general are not in the main focus 
of this paper. 
 
The approach and requirements presented are not yet fully implemented in the Swiss regulatory framework 
and are still being worked on. Therefore the issues described in the paper have to be considered as 
provisional and might still be subject to some change in the next months as the approach and requirements 
are being further developed and finalised. 
 
1.  Human and organisational factors in the application for general and construction licenses 
 
One of the design principles for NPPs, as defined by the Swiss Nuclear Energy Ordinance (NEO)9, states 
that work stations and processes for the operation and maintenance of the installation must be designed so 
that they take account of human capabilities and their limits. Correspondingly, the ENSI requires from 
applicants for a construction license (called “applicants” in the following) that the HOF be adequately 
considered from the beginning and in all phases of the project of building a new NPP. The declaration of a 
commitment to develop and implement a thorough approach to integration of the HOF into the project was 
therefore expected from the three current applicants already in their general license (site license) 
application. For construction license application this systematic approach has to be developed and 
presented in detail in the submissions to the authorities. 

 
2.  The principles for integration of human and organisational factors in new build projects 
 
The ENSI’s approach is based on one hand on well established approaches and methods applied by other 
safety authorities concerning human factors engineering and their experience gained in past and current 
new build projects and modernization projects, including in reactor design licensing processes (e. g. US 
NRC, the French ASN, the British HSE etc.). On the other hand strong emphasis was put on developing an 
approach commensurate to the Swiss licensing process and the specificities of the Swiss projects. 
 
The ENSI builds on the basic assumption that the applicant is and must remain responsible for its project, 
particularly with respect to safety and quality. Therefore it is the applicant’s responsibility to determine the 
way to organise its project and hence also the way to integrate the HOF into the project in order to assure 
the safety of the installation. The ENSI is facing the challenge not to be too prescriptive in order not to 
jeopardize the responsibility principle, but still giving enough guidance to allow for a suitable integration 
of the HOF in new build projects and positive communication between ENSI and the applicants. 

                                                      
9 Cf. Art. 10 NEO 
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The ENSI formulated a series of basic principles10 the applicants shall apply when developing their own 
approach for HOF integration: 
 

1. Integrated, socio-technical perspective: the nuclear installation is a socio-technical system; 
human, technology and organisation shall be considered and designed in an integrated manner. 
 

2. Systematic and continuous approach: the HOF shall be considered in a systematic and 
continuous way along the course of the whole project and during all phases of the life cycle of 
the installation. 
 

3. Systematic consideration of operating and project experience: existing experience from 
operation of predecessor or similar nuclear installations and with similar technologies from 
other industries, experience from the realization of other projects, as well as the current state of 
the art as conveyed in international standards and other literature sources shall be systematically 
analysed and integrated into the project. 
 

4. User-centred approach: The design of work systems (i. e. technical systems, work tasks, 
operating organisation) shall be targeted at their (future) users. Users must be involved into the 
design process and the applicant must have a clear understanding of user and organisational 
requirements. 
 

5. Iterative approach: Design solutions shall be developed in an iterative way; preliminary design 
solutions shall be tested (through verification & validation) with user involvement throughout 
the design process. Feedback from the tests shall be incorporated into the refinement of the 
design solutions. 
 

6. Multi-disciplinary project teams: Project teams shall encompass all relevant skills and 
experience, including specialists in the HOF area. 

 
3.  Topical areas to be covered within the application for a construction license 
 
Within the application documentation for a construction license, the applicants are requested to submit 
information concerning the integration of the HOF in the following areas: 
 

• Design process of the NPP: the object of this part of the documentation is the design of the means 
(systems, tools, devices) that individuals or groups of individuals (particularly operating, 
maintenance and safeguard personnel) need to fulfil their tasks, which have an impact on the 
nuclear safety of the plant. The focus shall not be limited to the human-machine interfaces in the 
(main) control room, but shall include local control rooms and work stations, the layout and 
accessibility of buildings, rooms and installations, operating and emergency procedures, as well 
as organisational issues of the plant design. All plant states shall be considered. 

• Construction phase: relevant issues include, for instance, safety culture and safety management 
issues in general, leadership, learning organisation, event analysis and experience feedback, 
multi-cultural management on construction site, construction staff training, development and 
implementation of tools to improve human performance etc. 

• Development of the future operating organisation: During the construction phase, the operating 
organisation gains more and more topicality the closer the commissioning phase comes. 

                                                      
10 Cf. particularly ISO 13407 
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However, the development of the operating organisation and the transition from the construction 
and project organisation to the operating organisation must be effected in a systematic way and 
must be planned and started timely in the project. 

 
4.  Documents to be submitted with the construction license application 
 
For the three topical areas described, applicants are requested to submit a series of documents. These 
documents are partly process oriented, i. e. they describe the procedures, methods and organisation to 
integrate the HOF into the project phases, and partly product oriented, i. e. they describe the concrete 
measures and the results of the implementation of the processes. 

 
Design process 
 

- HOF programme for the planning and design phase: This document is process oriented and 
describes in concrete and specific terms how the HOF will be integrated in the planning and 
design of the plant. It explains the objectives and the scope of HOF integration, the technical 
programme (activities, steps, milestones, documentation etc.) and the methodologies to be 
applied along the project phases, the way specific HOF qualifications are integrated into the 
project team, etc. 
 

- General (technical and organisational) orientation for the design of HSI and procedures – 
Preliminary analysis of HOF related impact: This product oriented document contains an 
analysis of the impact of the technical and organisational options pursued by the applicant on 
safety and the personnel. This analysis helps the applicant (as well as the ENSI) to grade its 
efforts related to HOF integration. For instance, if the pursued option is in use in other nuclear 
installations, and well documented design and operating experience is available, providing 
evidence for positive safety impact, less effort will have to be put into activities to demonstrate 
that the option has no negative impact. Does, on the other hand, the applicant aim at an option 
with strong innovative nature, for which no design and operating experience is documented yet, 
deeper analyses will be needed to demonstrate the positive contribution to safety of that option. 
These first two documents and accordingly the related activities need to be compiled early in 
the project. They represent for the applicants an important input for the bidding documentation 
and criteria for the selection of a plant designer. 
 

- Preliminary inventory of the means to be used by the personnel for monitoring, control and 
maintenance of the plant: The solutions adopted within the specific plant design and their HOF 
related impact on safety have to be analysed and described in as much detail as is already 
possible at the moment of the submission of the construction license application. 

 
Construction phase 
 

- Within the Management System for the Construction Phase the applicant has to demonstrate 
that and how the HOF will be considered during the construction phase. In particular, the 
applicant must describe its concrete measures concerning, for instance, safety culture on the 
construction site, staffing and training programmes during the construction phase, analysis of 
events and experience feedback, etc. 

 



NEA/CNRA/R(2011)7 

 108

Development of the future operating organisation 
 

- Concept for the development of the future operating organisation: A concept on how the 
applicant will proceed to develop its future operating organisation is expected within the Safety 
Analysis Report for the construction license application (or as a separate document). A 
comprehensive documentation will be required in the operating license application. 

 
The development and implementation of the HOF related programmes and activities and the submission of 
the documents and communication with the ENSI are the responsibility of the applicant. The applicant 
cannot shift this responsibility to the designer organisation(-s), although close cooperation with the latter is 
of course necessary. In addition, crucial activities concerning the integration of HOF into the design 
process, e. g. the definition of the applicant’s HOF approach, its requirements (e. g. derived from the fact 
that the new plant is going to be built on the site of an existing unit, or from the regulatory requirements) 
and the general HOF related specifications (e. g. the applicant’s expectations concerning the role, tasks and 
organisation of the operating staff, the degree of automation of the plant, the use of digital technologies in 
the control room, etc.) (cf. the above described document “General … orientation for the design of HSI 
and procedures…”), have to be performed before the selection of a reactor type and a designer 
organisation. 
 
5.  Outlook 

 
The ENSI is currently developing its approach for the assessment of the application documentation. 
Among other things, it is considering to require the submission and to stagger the assessment of parts of 
the application documentation over a period of time previously to the official submission of the application 
for the construction license. This approach seems to be highly desirable for certain subject areas 
characterised by irreversibility of the applicant’s activities in the time period before the submission of the 
application. For instance, some activities can permanently compromise the project and have negative 
impact on safety if performed in a suboptimal way, or they cannot be caught up if not performed at the 
right time. This is particularly true, among others, for the HOF area where the activities to properly 
integrate the HOF into plant design have to be planned and performed from the beginning of the project in 
a systematic and competent way. 
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