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Natural disasters can cause several accidents affecting the integrity of industrial facilities and lifelines, the so-
called natural-technological accidents or simply Na-Techs. Amongst several volcanic hazards, lava flows
appear less dangerous for human life than other phenomena and their impact on structures, traffic and
communication are even also more manageable, because the slow movement of these streams allows
mitigation strategies to be employed. Nevertheless, in 2002 two Italian newspapers reported about an
explosion due to a boiling liquid expansion inside a civil tank (BLEVE), which was triggered by thermal
radiation produced by a lava flow, during an effusive eruption of Mt. Etna. BLEVEs are amongst the most
severe accidents that could occur in chemical and process industry as well as in the storage of hazardous
materials; as an example the result of the previous mentioned explosion was a number of 32 injured people.
This accident highlighted a lack of these scenarios reported in the local emergency plans. To allow improving
the emergency management, the present work compares the potential damage scenarios associated with
different liquid tanks (containing water and fuel) used in civil activities and triggered by lava inundation.

1. Introduction

Several recent events evidenced that natural disasters can trigger also technological catastrophes according
to a domino dynamics (Kadri et al., 2014). These complex scenarios, also known as Na-Techs (Cruz et al.,
2004), may pose remarkable risks to people and the environment (De Rademaeker et al, 2014). In Europe,
there are many vulnerable installations located in areas prone to various natural hazards, thus potentially
triggering Na-Techs, moreover it must be highlighted that the hazard could be significant also due to the
unpreparedness to face such phenomena (Vetere Arellano et al., 2004). Several other issues are associated
with Na-Tech accidents: (i) the simultaneous occurrence of a natural disaster and a technological accident
determine also a concurrent response effort in a context where resources could be unavailable and (ii) the
releases of hazardous-materials may occur from single or multiple leaks in one or several installations, this
makes worse the overall consequences.

Recently some dedicated risk-assessment methodologies (Cozzani et al., 2014; Kadri et al. 2014; Ancione et
al., 2014a; Marzo et al., 2015) and tools (Posthuma et al., 2014) were developed to investigate, assess and
manage natural technological hazards. By comparing Na-Techs, only during these last years a growing
attention has been paid to those caused by volcanic eruptions (Milazzo et al, 2012). Amongst many volcanic
hazards, ash fallouts appear much more interesting due to their wide impact areas and the great number of
potential affected vulnerable elements, whereas lava flows are considered to be less dangerous and more
manageable. Approaches to the vulnerability modelling of atmospheric storage tanks and filters to volcanic
ash fallouts are due to Milazzo and coworkers (Milazzo et al. 2013a; Milazzo et al. 2013b); Baxter et al. (1982)
previously investigated the hazards related to the transportation of hazardous materials due to slippery road
conditions from a qualitative point of view, whereas more recently Ancione et al. (2014b) studied the reduction
of functionality of primary wastewater treatments (screening operations and grit removals were respectively
studied by Milazzo et al. (2015) and Ancione et al. (2015a)). Even if lava flows could be more manageable, the
literature shows that, in some case mitigation strategies, adopted to face thermal radiations and thus to
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prevent Na-Techs, can fail. Barnard (2004) cited an example, it is related to a liquid tank explosion occurred
during an effusive eruption of Mt. Etna (ltaly) in 2002. After the study of this event and the analysis of the
surrounding Mt. Etna, Ancione et al. (2015b) pointed that only a few local emergency plans take into account
the hazard associated with civil tanks potentially exposed to lava flows. These plans provide a damage
probability for each vulnerable facility, but they do not analyse the potential consequence of the scenarios.

This work compares the consequences of the explosion of two civil tanks containing water and fuel when
involved in lava inundations; it will be shown that the impact of these scenarios could damage several human
targets. This observation points toward the need to improve the emergency planning in areas characterised by
lava flows. The paper is structured as follows: in the first Section the proposed methodology analysing Na-
Techs due to effusive eruptions is described; in the second Section a case study, located in the surrounding of
Mt. Etna, is presented; then the results are given in the third Section and finally the conclusive part follows.

2. Methodology

A previous study of Ancione et al. (2015b) showed that civil tanks used to store fuels and water can give
explosive scenarios, such as BLEVEs (Boiling Liquid Expanding Vapour Explosions) if they are exposed to
thermal radiation. The radiation is generated by the lava during effusive eruptions, thus tanks could be heated
from the stream flowing at a certain distance and, in some cases, can be completely inundated by the flow.
Impact areas of the Na-Tech could include buildings and blast effects, due to their extent, could determine
several injuries and fatalities. Potential targets are inhabitants, most of them are evacuated, and tourists and
civil protection operators, whose number could not be exactly foreseen. These considerations point the need
to include these scenarios in the emergency plans in order to be proper managed. To contribute to the
improvement of the emergency planning, Ancione et al. (2015b) suggested a methodology which allows the
assessment and the inclusion of Na-Tech scenarios triggered by lava flows in emergency plans. Their
approach includes the following steps:

1. Identification of potential Na-Tech scenarios due to lava flows or inundations;

2. Collection of lava flow maps for the case-study;

3. Census of territorial elements (i.e. people, infrastructure, storage tanks, etc.).

4. BLEVE modelling (in case of flammable substances thermal radiation and overpressure scenarios

are simulated, whereas in case non-flammable substances only overpressure);
5. Representation of damage zones on cartography by using a GIS (Geographical Information System)
software;

6. Calculation of the number of people involved in the scenario by means of the GIS.
It must be pointed that, given that this study is focused on Na-Techs occurring from thermal radiation on
domestic tanks, which are used to store water and fuels, toxic effects are not considered as they are not
generated from the release of these substances and those produced by their combustion could be considered
negligible.

2.1 BLEVE modelling

In this work, the consequences of two types of tank containing two different substances (i.e. LPG and water)
were calculated. Both BLEVEs were modelled as suggested by Casal et al. (2001) and compared. In the case
of LPG only the blast effects were considered because, as shown by Ancione et al. (2015b), the effects of the
thermal radiation due to the fire, which depend on the flame extent and temperature (Palazzi and Fabiano,
2012), involve a portion of the territory within the damage zones identified for the blast effects. The overall
heat transfer coefficient requires a complex modelling (Reverberi et al., 2013) and the effects of the
projections of fragments of tanks and lava crust need of a proper approach (Lisi et al., 2015). Thus these latter
effects were not considered in this preliminary work.

According to Casal et al. (2001), the energy released during the vapour expansion from the breaking pressure
in the vessel up to the atmospheric pressure, is given by the model of Prugh and converted in TNT equivalent
mass (Winr):

P (1)
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where: P, = atmospheric pressure (bar); P = pressure in the vessel just before the explosion (bar); V* =
volume of vapour in the vessel plus the volume (at the pressure inside the vessel) of the vapour generated in
the explosion (m3); v = ratio of specific heats.

The term V* can be calculated by using the following equations:
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where: p = liquid density (kg/m®); p, = vapour density (kg/m>); f = vaporisation fraction (flash), i.e. the fraction
of liquid which vaporises in the depressurisation (dimensionless); Cp = specific heat of the liquid (kJ~K'1~kg'1);
H, = enthalpy of vaporisation of the substance (kJ-kg™); T = critical temperature of the substance (K); T, =
boiling temperature of the substance at atmospheric pressure (K); T, = temperature of the substance in the
moment of the explosion (K).

2.2 Representation of the damage and calculation of the number of people involved

A GIS (Geographical Information System) is often defined as a tool that enables capturing, processing,
analysing, storing and representing georeferenced spatial information (Milazzo et al., 2014). In this work, the
representation of the impact areas of each Na-Tech and the calculation of the number of involved targets were
possible through the use of a GIS.

3. Case-study

The case-study is the territory surrounding Mt. Etna, located in the South of Italy (Sicily), where the city of
Catania and several small urban centres and agricultural and industrial sites are located. The activity of this
volcano is characterised by effusive eruptions, even if several explosive eruptions have been recently
observed with volcanic ash emissions. Several municipal areas were identified as potential exposed to lava
flow and a proper hazard assessment due to lava inundations was given by Del Negro (2013). Figure 1 shows
the map of the probability of inundation. By overlapping the collected vulnerable elements and the areas

identified within the map, each tank can be associated with a probability of inundation.
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Figure 1: Probability of inundation (source Del Negro et al. 2013)
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Two type of tanks were studied in this work: they have the same geometrical characteristics (diameter and
length), in order to compare the consequences of the scenario, but the construction material is different due to
the physical state of the substances to be stored and the different conditions inside the vessel (LPG is a
pressurised liquid and water is a liquid).

Table 1 summarises the characteristics of the tanks used to simulate the blast effects. The calculations of the
pressure inside the tank (due to the vaporisation of the liquid) was the first step, then the procedure of Casal
et al. (2001) was applied.

Table 1. Characteristics of the tanks.

Parameter Value

LPG tank Water tank
Volume (m®) 2.5 2.5
Diameter (m) 1.2 1.2
Height (m) 25 25
Length (m) 1.2 1.2
Temperature (K) 293 293
Pressure inside the vessel (bar) 3 1
Filled percentage of the tank (%) 80 80
Construction material steel (high density) polyethylene
4. Results

If the tank is heated from the lava (assuming that its location is close to the edge of the flow), the
overpressure, generated by the BLEVE, could have devastating consequences for people and buildings which
are located within the impact areas. Figure 2 and Figure 3 show the representation of the consequence on the
cartography, respectively, for the explosion of LPG and water. Table 2 gives the dimension of the damage
zones associated to the blast effects caused by both the BLEVEs.

Legend
Tank

== Zone 1

=i ZoNE 2
Zone 3
Zone 4

Figure 2. Damage zones for a LPG BLEVE.
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Figure 3. Damage zones for a water BLEVE.

Table 2. Damage zones and vulnerable elements

Zone Threshold of overpressure Distance Elements involved
(bar) (m) Building People
LPG* Water LPG Water LPG Water
1 0.30 10 13 1 2 2 4
2 0.14 20 27 2 5 4 10
3 0.07 30 40 6 11 12 22
4 0.03 40 54 11 23 22 46

*Ancione et al. (2015b)

These scenarios are located within the urban centre of a small city and close to an area potential affected by
lava inundation. The results of the simulation show that the zone 4 has a radius of 40 m for the LPG explosion
and 54 m for the water explosion, it represents the area where 50 % of people suffer to be injured by the
pressure wave. It can be seen that, as also mentioned by Casal et al. (2001) and confirmed through a different
modelling given by Pinhasi et al. (2007), a BLEVE of a water tank give more severe consequence.

5. Conclusions

As shown by Ancione et al. (2015b), the review of local emergency plans for the municipalities surrounding Mt.
Etna highlighted the need of improving these documents by taking into account potential Na-Tech scenarios
triggered by lava flows. By comparing the consequence of the BLEVEs of LPG and water, obtained with the
application of the approach of Casal et al (2001) and using a Geographic Information System, it can be seen
that the impact is more severe in case of water. Given that the storage of water for civil purpose is a common
practice in this territory, a proper consequence analysis for these Na-Techs is greatly recommended.
Moreover the presence of operators of Civil Protection and tourists must also be considered during the
occurrence of such an event, as these could be more exposed to the scenario than the local population.
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