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SUMMARY

The EU SEVESO II Directive, requires for establishments handling dangerous substances, to take all measures necessary to prevent major accidents and to limit their consequences for people and the environment. This paper presents a structured approach to the risk management process which demonstrates that hazards are suitably analyzed and all possible preventive and mitigation measures are in place. The application of such methodology to LPG operations is also presented.

ΙNTRODUCTION

The European Union policy on the control of major accidents is implemented through the 96/82/EC Directive [1], the so-called “SEVESO II”, which replaced the original “SEVESO” Directive 82/501/EC. The general duty of the operator of an establishment that falls into scope, is to determine all possible hazards, evaluate their effects to people and the environment and take and, prove that he has taken, all measures necessary to prevent major accidents and to limit their consequences for people and the environment.

An important new feature of the SEVESO II, is the requirement for a safety management system (SMS). This development reflects the modern approach to safety and loss prevention, as appears also in other regulations and industry initiatives [2]. SMS evolves from the necessity to approach safety on a proactive rather than a reactive attitude, and the fact that despite improvement in technical systems, major accidents continue to occur, primarily due to failures in the safety management practices. The objectives of an SMS is to assure that suitable measures are in place to control the foreseeable hazards, and these are properly managed and continuously upgraded so as to be effective at all times. The risk management process has a central role in the SMS, since it demonstrates the functioning of the SMS in practice, by showing the methods by which hazards are identified and controlled.

This paper describes a structured methodology for implementing the risk management process, which is based on the ‘bow-tie’ diagrams [3,4]. The paper presents results from the application of the methodology to an LPG storage and handling station, an important case of the small or medium size SEVESO industry.

PRINCIPLES OF Risk MANAGEMENT

The fundamental principles of risk management can be outlined as follows:

· Identify: Are people, environment or company assets exposed to harm? What are the hazards?

· Assess: What are the causes and consequences?  How likely is loss of control?  What is the severity of consequences? What is the risk and can it be reduced?
· Prevent: Can the causes be eliminated?  What preventive measures are needed? How effective are the controls?

· Recover: Can the potential consequences be mitigated? What recovery measures are needed? Are recovery capabilities suitable and sufficient?
The basic risk management components can be visualised in a “bow-tie diagram” [3], as presented in Figure 1. A hazard, defined as the potential to cause harm, is released in the form of a top or initiating event. The bow tie approach assumes that a hazard is represented by one or several threats, which have the potential to lead to the top event. Consequences are the potential outcomes of a top event. Preventive measures are technical or procedural measures which act as ‘barriers’ to prevent or minimize the likelihood of hazard release. Recovery or mitigation measures are measures specified to stop propagation of the events and/or to limit the severity of the consequences. Also, there could be secondary controls, designed to avoid escalation factors, i.e. situations where defeat or impairment of the primary preventive or recovery measures can occur.

The top event is presented in the center of the bow-tie diagram, shown in Figure 1. The left-hand side of the diagram is the causal path showing threats and the corresponding  preventive measures. The right hand side of the diagram demonstrates potential sequence of events following release of the hazard, and the corresponding recovery measures. The diagram also shows a  link of controls with the corresponding safety critical activities, i.e. the actions taken to ensure that these controls are effective at all times.
APPLying the bow tie analysis

Figure 1 shows an example of a bow-tie analysis for truck loading operations in an LPG storage site. Pressurized LPG from storage tanks is pumped to loading station where, it is transferred to road tankers, using flexible hoses. The hazard of particular concern is a potential rupture of hose during loading operations’. The the essential parts of the bow-tie analysis are presented by the following procedural steps:

· The top event is linked to the threats, which are able to release the top event. The selected top event is ‘loading hose rupture’, which can be initiated by a) drive away error (driver drives off without being disconnected from loading point) or b) hose bursting during operations.

· The potential consequences of the top event are established. The outcomes of  ‘hose rupture’ can be a) sustained release of LPG from loading station pipeline, b) release of LPG from road tanker and c) fire or explosion.
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Figure 1. A bow tie diagram for LPG operations

· For each threat, the preventative measures are identified. This is shown on the left hand side of Figure1. The barriers to ‘drive away’ are a) the tanker interlock system, which is designed to prevent drive off, and b) the terminal procedure for truck loading, which specifies responsibilities for supervising the operations. The barrier to ‘hose bursts’ is the terminal hose inspection procedure, which specifies methods and frequencies for hydraulic testing and regular replacement of hoses.

· The same is done for the recovery measures. This is shown on the right hand side of  Figure 1, where a ‘hose rupture’ has occurred and the recovery mode is triggered to avoid consequences. Measures to stop or mitigate ‘release of LPG from station pipeline’ are a) the leak detection system, b) the quick release couplings, which, if function properly, will limit the release to the hose contents only, and c) the remotely operated ESD valves of the terminal, which will isolate the station delivery and vapour return pipelines. Similarly, the measures to stop or mitigate ‘release from road tanker’ are a) the leak detection system, b) the quick release couplings and c) the isolation valves on tankers. Protection measures against ‘fire or explosion’ are ) the leak detection system, b) the water deluge system on loading station and c) the emergency plan procedures which specify, methods for response as well as, training and testing arrangements.  

· For each preventive and recovery measure, the link to the party responsible for the execution of the corresponding safety critical task, required to support the control measure, is identified, e.g. responsibility for hose inspection and testing. The  escalation factors are also considered along with the corresponding secondary controls. In the case depicted, the measure ‘emergency release couplings’ can be defeated if not properly maintained. To avoid this failure mode, there is an appropriate maintenance procedure to act as secondary control. For clarity, escalation factors and secondary controls are not shown.

· An assessment of the control being in place is then made, by considering the number, nature and quality of the individual measures against the risk encountered. For this reason, suitable criteria are established, e.g. for the risks presented, the minimum requirement could be to have two independent barriers for each threat, and two independent recovery measures for each consequence, with at least one of them technical and the other one procedural.

For the implementation of the bow-tie methodology described above, there is a specifically designed software tool, called THESIS [3]. The package provides suitable platforms for demonstrating the analysis of hazards and their controls and the linkage to company’s processes and to individual responsibilities.

Conclusions

This paper described a structured methodology for the analysis and management of hazards and their controls. The application of the methodology to LPG operations was also presented. The results show that such approach can be very effective in demonstrating that all possible hazard prevention and mitigation measures are in place, and it is therefore, particularly suitable for the purposes of SEVESO II compliance studies. Furthermore, it provides a platform for  communicating risk management to all levels of a company and it can be used for training and allocation of responsibilities.
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