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1. Introduction 
ChemRisk is an instrument developed to survey and assess the risk of potential environmental 
pollution and potential human hazard caused by the storage, handling and transport of 
dangerous chemical substances and materials. In addition, ChemRisk is a means of 
implementing the Swiss Federal Ordinance on Protection against Major Accidents (Ordinance 
on Major Accidents, OMA). 

ChemRisk was originally developed by Basler & Hofmann for the Zürich cantonal authorities 
for the protection against major accidents and is now a “joint venture” of the Zürich Office of 
Waste, Water, Energy and Air (AWEL) and the Geneva Labour Inspectorate, Environmental 
Affairs (OCIRT). ChemRisk forms part of more comprehensive cadastral and decision 
support systems both in Geneva (“Geneva Risk”) and in Zürich (“Zürich Cantonal Risk 
Registry”). 

 

Figure 1: Switzerland with Cantons Zürich (right) and Geneva (left). 

ChemRisk is intended to be compatible with the European Community Seveso II Directive on 
the Control of Major Accidents Hazards Involving Dangerous Substances, and also with the 
UNECE Convention on the transboundary effects of industrial accidents. In addition, 
ChemRisk is an instrument for legal enforcement and enables the regional authorities to 
optimize their land use management and to establish efficient preventive emergency response 
procedures. Although fully operational, this ambitious risk management project is in a process 
of continuous improvement and development, profiting from the collaboration of the 
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authorities in charge of OMA in the Cantons of Zurich and Geneva with other Swiss federal 
and local authorities and with private consultants. The project could not have been 
implemented without the incorporation of a wide range of geographical data provided by the 
federal and cantonal geographical information centres. 

2. Background 

2.1 Legislative framework 

In Switzerland, the handling of hazardous chemical substances and materials is regulated in 
the Ordinance on Major Accidents (OMA). The Swiss Agency of Environment, Forest and 
Landscape (SAEFL) delegates the executive powers to the cantonal authorities. In the Canton 
of Geneva, the Geneva Labour Inspectorate (OCIRT) is in charge of the enforcement, in the 
Canton of Zürich the relevant authority is the Office of Waste, Water, Energy and Air, 
Section for Industrial Safety and Environmental Protection (AWEL). 

A number of official guidelines specify the precise interpretation of the OMA (SAEFL 1991-
2001). Specifically, certain methods have been defined as de facto Swiss standards for the 
estimation of hazards and risks. Furthermore, the official risk acceptance criteria have been 
defined for various risk “recipients” (fig. 2). 

 

Figure 2: Official Swiss risk acceptability criteria (F/N-diagram). 
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According to Swiss federal legislation, only societal risk is used officially as a criterion for 
persons, although individual risk might be employed locally as an aid in planning and zoning 
decisions. Risks, for which the cumulative risk curve lies within the unacceptable region of 
the F/N-diagram, must be reduced, in the ALARA (“as low as reasonably achievable”) region, 
safety measures with a favourable cost/effect-ratio must be applied. 

In Switzerland, the evaluation of any potentially adverse effects on the environment is also a 
mandatory part of the risk assessment process. Specifically, rivers, lakes and ground water 
reservoirs are considered to be the relevant environmental compartments in this context. 

A complete quantitative risk analysis must be performed, if a site or a section of a transport 
route might result in “severe damage” caused by a chemical incident. All installations, which 
underlie the OMA regulations must present a “short report” stating the possible effects of 
incidents within the plant or on the transport route. 

2.2 Problems facing the authorities 

Some of the problems facing the relevant authorities regulating the OMA-installations are 
listed below: 

• Comparing and prioritizing risks arising from different activities (production plants, 
storage, road or rail transport, pipelines etc.) is not trivial, since the risk estimation 
methods as well as the available data may differ considerably. 

• Transit transports – especially by road – are difficult to treat quantitatively because neither 
the actual amounts and types of dangerous goods are known, nor a truly reliable statistical 
basis exists. 

• Conflicts between risk-inducing activities and land-use planning are increasingly 
emerging as built-up areas are more intensely used and as the remaining land reserves are 
getting scarcer. 

• Urban industrial sites are increasingly being redeveloped into areas of mixed use, 
producing new risk exposure situations. 

3. Methods 

3.1 General approach to risk assessment 

The principal approach to risk assessment is obviously based on the postulation of: 

• a certain probability of major accidents occurring at a specific site and  
• an estimate of potential damage to the population and the environment around the site 

(CCPS 1989; Little 1992; Taylor 1994).  

Within the ChemRisk framework, probability is derived from statistical data. The probability 
of a major accident depends on the failure ratio of technical installations, the frequency of 
dangerous goods transports, the average daily traffic on highways and main roads, the average 
traffic accident ratio, etc. 



Hansen et al.  422.09.2005 

14th SRA-Europe Annual Meeting, Como (IT), 12-14. September 2005 

The damage assessment depends on various factors such as amounts of chemicals stored or 
transported, dispersion distances for different chemical substances, toxic properties of 
chemical substances, population density, etc. 

The resulting risk is presented as an expectation value (mathematically a multiplication of 
probability and damage) or as a cumulative risk curve within the F/N-diagram. These 
calculations are carried out separately for human and environmental damages and for all 
relevant risk sources. 

The employment of Geographic Information Systems (GIS) methods allows one to visualize 
the risk levels and to assign them to specific geographical areas. Furthermore, GIS facilitates 
the interpretation of data and of the final results. The accumulated risk layers lead to 
interesting, sometimes surprising results, because several minor events accumulated at the 
same geographical site might result in a significant total risk. 

3.2 Standards and Models 

ChemRisk accounts for potential chemical hazards and the ensuing risks by means of standard 
scenarios and standardized calculation methods. The actual hazard and risk calculations were 
performed using elements of three different methods:  

• the official Swiss OMA methodology (SAEFL 1991, 1992, 1999a, 1999b; AWEL 1998; 
Covelli et von Rohr 1998, Basler & Hofmann 1992) 

• the methodology developed by the International Atomic Energy Agency (IAEA 1996) 
• individual risk as developed by agencies in the UK and the Netherlands (CPD 1999) 

Within this framework, reference scenarios for toxic, explosive and flammable substances 
were defined and used in the calculation of risk to the general population (cf. Taylor 1994). In 
parallel, reference scenarios for surface and ground water contamination (Fischer et al. 1977, 
Liu 1977, Basler & Hofmann 2002a) were analyzed. 

Based on these scenarios, numerical models were defined and applied to the release and 
dispersion calculations for a range of risk sources: stationary facilities, such as production 
plants, storage facilities, etc. or transport infrastructure, such as national motorways (Basler & 
Hofmann 2000/2002a), main roads, railways, and pipelines (EGPIDG 1993, SEW 1997) for 
oil/petroleum or liquefied natural gas (fig. 3). 

Site-specific information – including chemicals inventories, safety measures and intervention 
possibilities – was taken into account, where available, as were the results of any formal risk 
assessments already carried out for any of the installations. Wherever this was not possible, 
generic data was used, based on international statistics (e.g. failure probability etc.). 
Specifically, this was the case with the transport risk assessments. Since the exact nature and 
distribution of the transported goods was not available, one specific chemical was used as a 
representative for all compounds corresponding to a certain scenario: petroleum in the fire and 
environmental release scenarios, liquefied petroleum gas (LPG) in explosion scenarios, 
chlorine or ammonia in the toxic release scenarios and tetrachloroethylene in the 
environmental release scenarios. 
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Figure 3: Overview of ChemRisk. 

 

3.3 Information Technology / Geographic Information Systems 

Since the IT infrastructure of the Cantons Geneva and Zürich differ in some aspects, the 
methods had to be compatible with both these environments. Common is the use of relational 
databases for the data administration of for the industrial facilities and their associated hazard 
potentials and risks. 

In Geneva, a dedicated Spatial Database Engine (SDE) developed by the Environmental 
System Research Institute (ESRI) was established to serve the various needs of different 
administrative units, providing a variety of raster-based information such as satellite images, 
maps in different scales, and vector-based data such as river and highway datasets. Specific 
tools were developed to meet standard requirements of different administrative units. Security 
aspects and personal data protection can be easily implemented within this system. The SDE 
server's conceptual framework makes it possible to selectively set the access for each dataset, 
making separate sets of data accessible to the public, internal administrative units and 
cantonal agencies. This geographical server is connected to the database system containing 
the facilities data.  

The ESRI software ArcGIS was the instrument of choice in the implementation of the risk 
assessment models and the visualization of the results. Geographic Information Systems 
(GIS) are especially suited to maintaining and to managing line-based data and information by 
means of dynamic segmentation and to perform analyses based on spatial or geographical 
criteria. The implemented models reflect the current state-of-the-art in chemical risk 
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assessment and were successfully built into the geographical context through the collaboration 
between chemical engineers, GIS and IT specialists and the cantonal authorities. 

4. Results 

4.1 Visualization 

Without visualization the results of any project of this kind would be hard to use and to 
communicate to others. Thus, a powerful, flexible and understandable visualization was one 
of the key project goals. The following figures show how risk assessment results may be 
illustrated by means of a GIS. 

 

Figure 4: Enterprises with potential damage areas. 

One basic application (fig. 4) is the presentation of the type and range of possible effects in 
the vicinity of major hazard installations. This applies to hazards to the population as well as 
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to hazards to the environment. To our knowledge, Switzerland is the only country to have 
defined quantitative criteria for the assessment of environmental damage from major events. 

 

 

Figure 5: Hazards to surface water caused by transport routes. 

 

 

Figure 6: Hazards to ground water caused by transport routes. 
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With ChemRisk, the extent and the probability of damage to rivers and lakes (fig. 5) as well 
as to ground water (fig. 6) can be presented geographically. Also, the connection of the 
potential damage to the part of the transport route, where an accident may lead to this damage, 
is visualized. For the road transport module, this takes into account the actual runoff pathways 
(drainage system, discharge points etc.) as well as the local topography and, to a limited 
extent, geology. For surface waters as well as for ground water aquifers, simplified dispersion 
models are employed. 

4.2 Decision Support and Planning 

Various instruments - like the visualization shown above – support decision making and 
planning, either through enabling comparisons between different risks or “benchmarking” of 
risks against the pertinent acceptance criteria. 

 

 

Figure 7: Societal risk comparison. 
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Displaying the risks from fixed installations and various transport routes on the same map 
(fig. 7) enables the authorities to set priorities and to decide, which problems to address most 
urgently. Re-entering the results of safety measures back into the ChemRisk system to 
remodel and recalculate the risks will then show, if the risk situation improves. 

Likewise, the visualisation of the results of a screening of the various risks using a 
“simplified” risk analysis methodology (cf. Basler & Hofmann 2002) to position the risks 
within the F/N-diagram used in the official Swiss acceptability criteria (fig. 2), provides an 
instant overview of the risk situation and a means of identifying risk “hot-spots” (fig. 8). 

 

 

Figure 8: Societal risk screening with acceptability criteria applied. 

All the illustrations shown above have taken these acceptability criteria into consideration 
and, accordingly, have employed societal risk as their “unit of measure”. For land-use 
planning, however, the geographical distribution of individual risk seems the more 
appropriate approach. Whereas societal risk obviously depends on the population density or 
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the current land-use, individual risk allows an estimate of the “risk impact” to a given area 
regardless of any existing housing etc. Thus it provides an “unfiltered” view of the “risk 
landscape” (fig. 9), enabling the authorities to determine, whether to allow future 
developments in the vicinity of existing risks or not. These risk maps facilitate an objective 
discussion between risk management authorities, land-use planners, prospective builders and 
the public. 

 

 

Figure 9: Individual risk zones. 

 

4.3 Future Developments 

In view of the recent flood events in central Europe and the USA, the question of interactions 
between natural and technological disasters have gained increased actuality. The overlay of 
inundation risk zoning maps with chemical hazards is one possibility of using GIS methods to 
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identify such possible interactions (fig. 10). Since the definition of inundation risk zones is 
not yet completed in Switzerland, we have not yet been able to use these extensively in 
preventive disaster planning. It is clear, however, that this is one of the immediate future 
developments to be established. 

 

 

Figure 10: Chemical hazards within inundation risk zones. 

Future plans for the extension of the ChemRisk system include the integration of airports and 
airplane crash risks, especially since the two largest Swiss airports are situated in the Cantons 
of Zürich and Geneva. This will include the risk from aircraft accidents to major hazards 
installations. Furthermore, the implementation of a model for the calculation of physical 
damage to buildings and infrastructure – ultimately resulting in financial damages – is 
planned. 

Finally, the realisation of a registry of biological risks – specifically, risks from the use of 
pathogenic micro-organisms or genetically modified organisms (GMO) in closed systems – is 
planned. It remains to be shown, whether and in which form such risks can be modelled and 
geographically visualized, since they obviously pose other challenges than chemical risks – 
being able, for instance, to spread and multiply actively in the environment. 

5. Conclusion 
In conclusion, the ChemRisk project owns its success to the conceptual and technical 
integration of databases, scientific models and GIS, to the excellent contacts between the 
authorities and the “risk owners” in industry, and to the fruitful collaboration between the 
Cantons Zürich and Geneva as well as with the private consultants. 
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The authorities were provided with a means of visualizing and prioritizing hazards and risks 
to the environment and to the public. The results (maps etc.) can be shared with other units 
within the cantonal administration or the affected municipalities – especially land-use 
planning and management offices. 

The results visualized by means of GIS are an important instrument for a clear and effective 
risk communication, enabling the administration to better integrate industry and the public 
into the risk management process. 

Inspections of industrial facilities conducted by the authorities can be prioritized based on the 
ChemRisk decision-support tool. Safety improvement measurements can be evaluated against 
the previous situations. 

The partnership developed between the authorities of the Cantons of Zürich and Geneva 
allowed us to minimize the cost of developing and creating a unique methodological standard 
in the field of major hazard prevention. The results of risk assessment facilitated comparative 
analyses in the Cantons of Geneva and Zürich. It is expected that the risk comparison will 
lead to similar risk assessments in other regions of Switzerland and possibly to the 
implementation of the method in other cantons. 
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