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Using a three-dimensional fluid dynamic model for eruption cloud dynamics, we present numerical simulations of the development
of a volcanic eruption column and umbrella cloud formed during the 13 February 2014 eruptions of Mount Kelud, Indonesia. We
carried out a parametric study with different mass eruption rate (MER) at the vent. The model used in this study quantitatively
reproduces the observed data and, in particular, the plume height and the horizontal expansion level and rate of the umbrella cloud.
The simulation results suggest that on the basis of the plume height and structures and the horizontal expansion level of the umbrella
cloud the mass eruption rate for the 2014 Kelud eruptions was 3 x 107 — 4 x10” kg s. On the basis of the horizontal expansion rate
of the umbrella cloud, on the other hand, the estimated MER was 7 x 10" — 1 x 10° kg s, The difference between these two estimates
implies the unsteadiness of eruption, the strong diffusion in the umbrella cloud, or the efficient entrainment of ambient air by eruption

column. The present 3D model is applicable for the estimation of MER from observations.

Keywords: volcanic eruption, eruption cloud, turbulent mixing, volcanic hazard

1. Introduction 3. Simulation Results and Comparison with the
Explosive volcanic eruptions are characterized by the Observations

formation of an eruption column and umbrella cloud. In order In all the runs, the eruption columns exceed 20 km high and

to reconstruct or predict the progression of volcanic eruptions, the umbrella clouds show asymmetrical spreading; the radial

estimations of eruption conditions at the vent from observable lengths of the downwind umbrella clouds are longer than those
quantities such as plume heights have long been a major focus of the upwind clouds (Fig. 1).
on research in volcanology [1]. In this study, we present 3D The results of Runs 1-4 show the horizontal spreading of
numerical simulations for the 2014 Kelud eruption. We aim the umbrella cloud at ~18 km, whereas those of Runs 5-7 show
to comprehensively explain the data obtained by various thick layer of the umbrella cloud spreading above 20 km. The
observations and to constrain the eruption conditions at the vent, satellite measured its strongest signal in altitudes around 17-18
in particular, the mass eruption rate (MER). km, with the top of the umbrella cloud at 18—-19 km [2]. The
In Kelud volcano, Indonesia, a major Plinian eruption satellite measurements also indicated some higher spreading
began at approximately 16:00 UTC on February 13 2014. The layers at 22-25 km. The results of Runs 3—7 show multiple
eruption had an estimated MER of ~10” kg s [2]. The eruption layers of eruption cloud, whereas those of Runs 1 and 2 indicate
column reached ~26 km above sea level, and the umbrella cloud only one layer at ~18 km.
laterally spread as a gravity current at a height of 18-20 km. At The satellite data revealed that some clouds reached a
the same time, the umbrella cloud was affected by an easterly maximum height of ~26 km. The maximum height in Run 1 is
wind and drifted. lower than the observed height, and those in Runs 5-7 exceed
30 km and are significantly higher than the observed height. The
2. Method and Simulation Inputs maximum height in Runs 2—4 are ~25 km, which are consistent
The simulations were designed to describe the injection of ~ with the observations.
a mixture of pyroclasts and volcanic gas from a circular vent The area of the umbrella cloud can be estimated from the
located at 1500 m. We used a combination of a pseudo-gas satellite observations. The areas of the umbrella clouds obtained
model for fluid motion and a Lagrangian model for particle from all the runs show the similar behavior as the observations.
motion [3]. We carried out seven simulations of eruption plumes In detail, the results of Runs 6 and 7 seems more consistent with
with variable MER (Runs 1-7): 1.0 x 107, 2.0 x 10, 3.0 x 10/, the observations, whereas those of Runs 1-5 are slightly smaller
3.7 x 107, 5.0 x 107, 7.0 x 107, and 1.0 x 10° kg s™. The other  than the observations.
parameters were kept fixed in all of the simulations. Through comparison, we conclude that the results of Runs
3 and 4 (MERs of 3.0 x 10" and 3.6 x 10" kg s™, respectively)
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Fig. 1 Simulation results of Runs 1-7. Left column figures show iso-surfaces where the magma mass fraction is 0.02 at 1800 s from eruption initiation

and their vertical cross-sections at x = -30 km. Right column figures show the vertical cross-sections of the mass fraction of the erupted

material at y = 0 km.

explain the observed plume height, and the maximum spreading
level of the umbrella cloud, whereas those of Runs 6 and 7
(MERs of 7.0 x 10" and 1.0 x 10° kg s, respectively) explain
the observed expansion rate of the umbrella cloud. The
difference between two estimations implies the unsteadiness
of the eruption, the strong diffusion in the atmosphere or the
efficient entrainment of ambient air by eruption cloud. Although
a systematic investigation of these effects will be required, the
present method is useful for the estimation of MER from the

observable data.
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