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OUTLINE

# SEDIMENTATION FROM VOLCANIC PLUMES

+ SOME ASPECTS OF SEDIMENTATION FROM THE
EYJAFJALLAJOKULL PLUMES

% APPROACHES TO TEPHRA DISPERSAL MODELLING

# INPUT PARAMETERS
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Volcanic Plumes
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Sedimentation from EE8
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CLASS 1Y coarse fragments (>=1m)
ejected from the jet (ballistics).
Typically <4km from vent.

CLASS 2 Y convective region (2-10cm).
Typically <15km. X, = 0.2 H,

CLASS 3 Y umbrella cloud (<2cm)

CLASS 1 Y Blocks and bombs (>6cm).
Typically <0.5km from vent.

CLASS 2 Y bent-over region (0.1-6cm).
Depends on plume energetics
(e.g. Ruapehu 96: 30km from vent)

CLASS 3 Y horizontal region (<0.1cm)



ﬁo UNIVERSITE
I:IE c.m!wz

::::::::::::::

4§ &y Sedimentation during the 2010 S8
R Eyjafjallajokull eruption S

EYJAFJALLAJOKULL PLUMES

wt%

7 B8 9 10 »10




UNIVERSITE Fe o\ S8R
eE i Z)

DE GEMEVE = &,y

FATULTE OCS SOCRCES % &

Sedimentation during the 2010 [

Eyjafjallajokull eruption P i, S

PLUDIX MEASUREMENTS AND CALIBRATION

U Calibration of a Doppler Radar (X band) to measure vertical velocity and
sedimentation rate of falling particles

U Tephra collection to measure grain size and sedimentation rate
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PLUDIX MEASUREMENTS AND CALIBRATION
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The doppler shift in frequency is used to calculate
settling velocity and grainsize of falling particles

0 200

200
Dopple

amplitude [dB]

particle velocity

amplitude [dB]

-78
ol
84l
sl W

-88 -

.........................................................................

4 km

1 2 3 4 5 6 7 8 9
particle size [mm]



5 UMIVERSITE
"~ DE GENEVE
F&CULT -

[0S SOCRCES

% &y Sedimentation during the 2010 {5
O Eyjafjallajokull eruption S

PLUDIX MEASUREMENTS AND CALIBRATION

The doppler shift in frequency Is used to calculate terminal
velocity and grainsize of falling particles
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Particles: 1-70nm

- a i A .
— 10pm EJ1S5A 04.08.2010 — 100pm EJ15A 04.08.
15.0kV SEI SEM WD 10.0mm 15:28:35 X 15.0kV SEI SEM WD 10.2mm 16

Particles: 2-40mm Particles: 0.6-12(

o ) -
- 10pm EJ18 04.08.2010 100pm EJO6 06.08.
15.0kV SEI SEM WD 9.lmm 17:44:39 X 250 15.0kV SEI SEM WD 10.1lmm 09:
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Analytical and
numerical modeling e

ANALYTICAL AND NUMERICAL MODELING

+# ADVECTION-DIFFUSION
SEDIMENTATION MODELS

2 and 3D (analytical)
i HAZMAP

I TEPHRAZ2

Bonadonna et al. 2005 oW w W W o ¢
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Probabilistic risk assessment of volcanic fallouts - Cotopaxi volcano, Ecuador YNOSAT & wam
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ANALYTICAL AND NUMERICAL MODELING

+# ADVECTION-DIFFUSION
SEDIMENTATION MODELS

2 and 3D (analytical)

T HAZMAP
I ASHFALL 26 February 2000, Hekla, Iceland
| TEPHRA2 BSC CNS. FALL3D-6.2 ASH DISPERSION WMODEL

27feb2000 at 23:19 Dep load (kq /m )

3D (numerical)

I MOCAGE (Large Scale
Chemical atmospheric Model)
Toulouse VAAC

T FALL3D Buenos Aires VAAC

Folch et al. 2009
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ANALYTICAL AND NUMERICAL MODELING
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ANALYTICAL AND NUMERICAL MODELING

+# ADVECTION-DIFFUSION

SEDIMENTATION MODELS

2 and 3D (analytical)

HAZMAP
ASHFALL
TEPHRAZ2

3D (numerical)

MOCAGE (Large Scale
Chemical atmospheric Model)
Toulouse VAAC

FALL3D Buenos Aires VAAC

# PARTICLE-TRACKING MODELS

# MLDPO (Modele Lagrangien de
Dispersion des Particules) Montreal VAAC

# PUFF (volcanic Ash Tracking Model)
Anchorage VAAC

# NAME (Numerical Atmospheric-
dispersion Modelling Environment)
London VAAC

# HYSPLIT (HYbrid Single-Particle

Lagrangian Integrated Trajectory)
Washington VAAC

# VOL-CALPUFF

# 3D PLUME DYNAMICS AND
MICROPHYSICS

# ATHAM (Active Tracer High

Resolution Atmospheric Model)
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TEPHRA DISPERSAL MODELS

ANALYTICAL: TEPHRA2

NUMERICAL
(Eulerian: FALL3D)

NUMERICAL
(particle tracking: PUFF)

PROBABILITY MAPS
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Critical aspects of s
tephra modelling S

MAIN INPUT PARAMETERS

# ERUPTED MASS
# PLUME HEIGHT

# TOTAL GRAINSIZE
DISTRIBUTION

+“ WIND DATA

Uncertainty associated with data
acquisition and data processing

Variability of the system

Etna eruption Erupted Mass | Plume height | Duration | Grainsize | Grainsize Reference
(violent strombolian) (kg) (km) (hours) (Mdphi) (sphi)
21-24 July 2001 1.02E+09 2.5 96 2 1.7 Scollo et al. 2007
4 November 2002 1.39E+09 2.9 18 0.5 3.7 Andronico et al. 2008
16 November 2006 7.00E+06 1.2 10 2.2 1.6 Andronico et al. 2008
4-5 September 2007 3.90E+08 2.0 9 0 1.3 Andronico et al. 2008
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Critical aspects of s
tephra modelling S

MAIN INPUT PARAMETERS

Hekla 2000 (Iceland)

Models outputs are very sensitive
to input parameters
(MASS, GRAINSIZE, PLUME HEIGHT)

Data from Arnasson (2002), Haraldsson (2001),
Haraldsson et al. (2002) and Larsen (unp. data)

TEPHRAZ2
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Data from Arnasson (2002), Haraldsson (2001),
Haraldsson et al. (2002) and Larsen (unp. data)
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MAIN INPUT PARAMETERS

Hekla 2000 (Iceland)

Critical aspects of
tephra modelling

% mass accumulation with varying plume height
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CONCLUSIONS

Empirical, analytical, numerical?
=) depends on specific objectives and application

Importance of probability analysis/ensemble forecasting

(both for ground accumulation assessment and dispersal forecast)
We need to appreciate and learn how to deal with uncertainty on initial conditions

Critical aspects of tephra dispersal modelling:
Determination of input parameters (MASS, GRAINSIZE, PLUME HEIGHT)
Process parameterization (e.g. PARTICLE AGGREGATION)

Workshop on Ash Dispersal Forecasting and Civil Aviation
18-20 October, 2010, Geneva
www.unige.ch/hazards/Workshop.html
TAVCEI Commission on Tephra Hazard Modelling and WMO
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