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Project description

One of the challenges in quantitative risk analysis of industrial facilities, is accounting for multiple hazards
in risk computations, as well as accounting for, so-called, high-consequence low-probability (HCLP)
events. HCLP events, sometimes referred to under the literary metaphor of black swans, can be defined
in the context of industrial risk analysis as events causing the unlikely simultaneous failure of multiple
safeguard mechanisms, leading to industrial accidents (e.g., releases of hazardous materials at industrial
installations housing chemical processes) with catastrophic consequences. Such accidents, that can be
triggered by natural hazards such as earthquakes and tsunamis or hurricanes, are often referred to as
NaTech events.

A notorious example of such a HCLP NaTech event is the Fukushima Daiichi nuclear disaster, which
occurred in the wake of the 2011 Tohoku earthquake in Japan. In that case, the combination of ground
shaking and subsequent inundation by a tsunami wave, led to the failure of enough back-up safety
systems to provoke a major nuclear accident. In fact, hindsight indicates that many past HCLP events,
including the Fukushima Daiichi incident used as an example, are consequences of unforeseen
interactions between multiple hazards, natural or anthropic, to which a system is exposed.

In this context, the research objectives of this project can be summarized as follows:

X Quantification of the interaction of natural (hurricanes, floods, earthquakes) and anthropic
(sabotage, terrorist attacks, operator errors) perils at the hazard level; probabilistic quantification
of the joint occurrence of one or more triggering events is an important open issue in multi-
hazard risk analysis. This is especially true in the case where some of these hazards are not
independent, for example in the case of earthquakes and tsunami.

X Quantification of multi-hazard interaction at the system level; the occurrence of two or more
hazardous events within close temporal proximity can lead to the first-arriving event increasing
the system’s vulnerability to the second, thus exacerbating the overall impact. One example can
be damage accumulation in key components/facilities of an industrial complex due to a seismic
event, which can increase the probability of an accident before remedial measures can be taken
to mitigate the increased risk.
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e Incorporation of high-consequence low-probability scenarios within the industrial quantitative
risk analysis framework; the a-priori identification of HCLP scenarios within a complex system is
achallenge initself, due to the interdisciplinary nature of studying multi-hazard triggering events.
Another challenge is incorporating the potential consequences of such events in quantitative risk
analysis, due to the inherent difficulty in estimating occurrence rates for low-probability events.

The methodology expected to be followed when tackling these challenges, is divided between innovative
approaches to hazard, vulnerability and identification of multi-hazard triggering scenarios. On the hazard
front, an extension of traditional probabilistic hazard analysis will account for the joint occurrence rate
of natural phenomena with specific intensities and their interaction with anthropic perils. On the
vulnerability front, the definition of state- or damage-dependent fragility functions for industrial
component or facilities will be pursued. This will have to be combined with a probabilistic treatment of
HCLP event scenarios inducing damage states that traditional parametric fragility functions cannot
capture by definition.

Relevance to the MERC PhD Program

Multi-hazard quantitative risk analysis of industrial facilities is, by its very nature, a multi-disciplinary
task, being traditionally separated into a study of hazards potentially impacting the facility,
infrastructure vulnerability and the study of cascading effects of component/facility failures and their
consequences. Quantification of natural hazards potentially impacting the industrial site may require
expertise in a variety of disciplines, such as engineering seismology, wind engineering, flood and coastal
engineering, to name a few. Estimating component and facility vulnerabilities to these hazards typically
requires the collaboration of structural and industrial engineers. Finally, quantification of the adverse
consequences of natural-hazard-induced failures, in the form of cascading effects such as fires and
explosions leading to the release of dangerous substances, requires expertise in chemical engineering.
The rational estimation of the risk to which large industrial complexes are exposed, is a topic that has
been attracting the attention of major stakeholders, such as re-insurance companies, over the past
decade. Bringing multi-risk analysis up to the standard of single-natural-hazard risk analysis, e.g., seismic
risk, and accounting for high-consequence events is the next frontier in this field.
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Joint supervision arrangements

Weekly meetings with the first supervisor. Monthly meetings with both supervisors.
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