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Variable Value
Exit velocity 337 m/s
Magma temperature 1000 K
Water fraction 6 wt%
Exit density 3.65 kg/m®
Pressure 1.013X10° Pa
Vent radius 321m
Mass eruption rate 4.0X10°kg/s
Vent elevation 0 m

462 J/(K - kg)
1348 J/(K - kg)
1100 J/(K - kg)

Gas content of volcanic gas
Specific heat of volcanic gas

Specific heat of pyroclasts
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In an explosive volcanic eruption, a large amount of volcanic ash is injected into the atmosphere. Volcanic ashes are transported
in eruption columns and umbrella clouds and are diffused widely by the atmospheric wind. For volcanic hazard assessment, it
is important to correctly reproduce and/or predict from the ejection of volcanic ash to the deposition on the ground surface. The
advection-diffusion model of volcanic ash must be related to the dynamics model of eruption cloud. For this coupling, we
performed some numerical simulations by using SK-3D to estimate the positions in which the volcanic ashes start falling.
Simulation results indicated that the particle distribution as a function of height depends on the particle size. This particle

distribution may be treated as an initial condition for advection-diffusion model in a first-order approximation.

Keywords : volcanic eruption, volcanic ash, hazard assessment, multiphase flow

1. Introduction

An explosive volcanic eruption generates a stable plume called
as eruption column and a horizontally spreading cloud called as
umbrella cloud. In such an eruption, a large amount of volcanic
ashes are emitted from volcanic vent into the atmosphere.
Volcanic ashes are transported by eruption column and umbrella
cloud. Once volcanic ashes are separated from eruption clouds
(i.e., eruption column and umbrella cloud), they are dispersed by
the atmospheric wind and deposited on the ground surface. For
aviation safety and hazard assessment, it has been required to
reproduce and/or predict the spatial distribution of volcanic ashes
into the atmosphere and the depositional patterns on the ground.

Many numerical studies tried to reproduce ash transport [e.g.,
1]. Volcanic ashes are raised by eruption column and has been
described as a simple function [2]. However, the velocity profiles
are not simple and therefore ash distribution in eruption cloud
should be estimated by dynamical model of eruption cloud. On
contrast, ash dispersal in the atmosphere can be described by
advection-diffusion model [2]. In the advection-diffusion model,
the distribution where volcanic ashes separate from clouds is
needed as an initial condition.

In our project, we aim to combine the dynamical model of
eruption cloud and the advection-diffusion model of ash dispersal.
For this purpose, in this study, we carried out numerical
simulations by the dynamical model we have developed and
estimated the ash distribution in eruption clouds.

2. Method and Simulation Inputs

We used a 3D fluid-dynamical model called as SK-3D [3]. In
SK-3D, the ejected mixture of volcanic ash and gas are treated as
a single gas (i.e., pseudo-gas assumption). Because of this
assumption, the high-accuracy scheme for compressible flow can
be applied to the eruption cloud dynamics. This model employs
Lagrangian marker particles of various sizes to calculate ash
particle transport [1].

3. Results

We performed numerical simulations of eruption in the mid-
latitude atmospheric condition with a mass flow rate of 105 kg/s.
Simulation results show an eruption column and radially
spreading umbrella cloud. Small particles were suspended in the
eruption cloud and transported by umbrella cloud. On the other
hand, large particles were separated from the eruption column.
Middle-size particles reached to the top of eruption column and
flowed into umbrella cloud, and then were separated from the
umbrella cloud.

Fig. 1 shows the frequency distributions of particles whose
vertical velocity is within *1 m/s. These particles are
considered to start falling from the cloud. Although these
distributions do not coincide with that of separation points from
eruption cloud, they may be treated as an initial condition for
advection-diffusion model in a first-order approximation.
Additional simulations and further analyses are required to
propose a new source condition for ash dispersal simulations.
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Fig.1: Frequency distribution of the height where the upward velocity of marker particles changes from positive to negative based

on simulation results by SK-3D.
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