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ummit: 1260 m Activity:

lecent eruptions: 1986, 2006 -steam and ash eruptions, ashfalls
-debris avalanches, pyroclastic flows
-lava flows
-earthquakes
-tsunamis
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Figure 1. SEM photos of (I-r) Fuego, Guatemala basaltic ash; M.
Spurr, Alaska andesitic ash; bubble wall shards from the rhyolitic
ash of the Ash Hollow Member, Nebraska (Riley et al., 2003).

Particles (ice, silicates, mixtures and aggregates) that fall from volcanic clouds can
be collectively classified as . The prediction of ash fallout (from calculating fall
velocities and knowing local meteorological conditions) forms an important part of
volcanic hazard mitigation, from the airline industry, meteorologists, and volcano

observatories. Recently, more attention has been paid to the shape of particles and how
they interact as they drift through the atmosphere, to help improve our understanding of
fallout patterns.




EFFECT OF SIZE ON FALLOUT RATES

10 microns

1 micron ‘
; |

T ~ 0.0003 km/hr
ey l ~ 0.01 km/hr
1 ~ 0.8 km/hr
ground l
3.3 years 290 hours 11.5 hours

Time for a particle to reach the ground



Terminal Velocity

The fallout velocity of a particle 1s dependent upon the
at which a particle can fall. Terminal velocity, defined as
the maximum velocity a particle can fall at in the Earth's atmosphere, can
be calculated using

These equations describe how a particle moves through a fluid, and are
used 1in many earth science applications, such as contaminant transport in
groundwater, particle settling in riverine systems, precipitation and
settling of minerals in magma chambers (~Stoke’s Law).

In our case the “fluid” is the atmosphere. Think about how a particle
would fall through a column of syrup, versus through a column of water
- would 1t tumble? slide?




describes how a particle moves through a fluid:

(where d = particle diameter, v, = terminal velocity, p = density of the atmosphere and
1 = viscosity of the atmosphere.)

The is a measure of the air resistance acting on a falling
particle:

describes the falling of objects through the Earth's
atmosphere:

(where V = particle volume, o = particle density, g = gravitational acceleration, A =
particle cross-sectional area, and all other variables are defined as before.)




For volcanic ash clouds, the actual distance that fallout occurs is
not only a function of terminal velocity, but also of wind velocity.
Material ejected into the atmosphere during an eruption is carried
from the vent by the prevailing winds. As the particle falls it is
carried horizontally until it impacts the ground.




Augustine’s peak eruption rate Q was estimated to be 7.5 * 1079 kg/day based
on measurements of emitted materials and the timing of the eruption.

To calculate the maximum column height above the vent we use
Wilson’s equation:

H=236.6 * Q°2°

Where Q is in kg/s, and H is in meters.

Cloud H = 7221 m (above summit) = 8421 m (above sea level)




-Particle fallout began in Anchorage
approximately after the eruption began.

-The mean particle size was

L=

Fhaota by Duug Van Patten




Distance and time for a 22 micron
particle to hit the ground

2b_ Calculate distance and time for 22 micron particle fallout
Diarneter Diarneter  Pat density  Grasdty | Abtwsiscasity  Constant  Terrnwvel Ve dist falltitne  Windspeed  har dist Curn dist

CH cr’2 qlcen™3 cris"2 glcen s cr's CH hrs krlhr krn krn
Aty d d-2 o G n & T ¥
m 20E-005 4 84 E-006  2.50E+0010 az0 1.45E-004 s 4 45 4 20E+004
2.20E-003  4.84E-006  2.50E+000 a0 1.49E-004 4. 42 1.00E+005
G-7 km 2. 13 B4E-008  2.50E+000 Q20 1.50E-004 4_39 1.00E+005

1 K
1 245 294
1
18
5-6 km 2 13 B4E-006  2.50E+000 =N 1.53E-004 18 4.31 1.00E+005

1 1 ]
1
1
1
1

675
635
651
617
444
352
223
143

G5 lkm L 13 G4 E-008 +0010 a2 1.55E-004 425 1.00E+005
Fdkm 2 13 4. ] 417 1.00E+005
23 km | 2. 13 4.84E-008 +0010 4.09 1.00E+005
1-2km  2.20E-003  4.84E-006 2.50E+000 1.

- 4 04 1.00E+005
0-1 km 220E-003  4.84E-006  2.50E+000 1.66E-004

3.97 1.00E+005
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TOTALS

55.5 hours - way too long! (Anchorage ashfall ~22 hours after eruption)

4035 km - way too far! (Anchorage about 280 km from Augustine)




Adjust the particle size so the particle will hit

the ground In 22 hours

4. Change particle size to make fall out in 22 hours

Diameter Diameter  Part density  Grasdty Atmovise Constant | Termwel Werd dit | falltime  Windspeed  hor dist

cHn chnt2 qicimn™3 chnts"2 qicem s chne's CHn hrs krndhr ki

Level d d 2 o G n 18 T
2-9 km e 1.23E-005 2.50E+000 220 1.45E-004 18 1127 4. 20E+004 1.0 Q353 969
T-Gkm f 3.50E-003Y 41.23E-005 2.50E+000 220 1.49E-004 18 1119  1.00E+005% 2.5 107 .42 266 6
6-7 km N3.S0E-003/ 1.23E-005 2.50E+000 220 1.50E-004 18 1112  1.00E+005% 2.5 102.34 2707
5-6 km i S - 1.23E-005 2.50E+000 20 1.53E-004 18 10.90  1.00E+005% 2.5 100.93 2573
A5 km  3.50E-0035  1.23E-005 2.50E+000 20 1.55E-004 18 10_76  1.00E+005% 26 Qg 45 24319
3-dkm  350E-003  1.23E-005 2.50E+000 20 1.58E-004 18 10.5%%  1.00E+005% 26 G667 1755
23 km  3.50E-003  1.23E-005 2.50E+000 20 1.61E-004 18 10_36  1.00E+005% 2.7 5126 139.1
1-2 km  3.50E-003  4.23E-005 2.50E+000 o0 1.63E-004 18 10.23  1.00E+005% 2.7 2.4 §8.0
0-1km  3.50E-003  1.23E-0058 2.50E+000 o0 1.6GE-004 18 10.04  1.00E+005% 2.8 2037 563

-particle size of 35 microns - too big!

-fallout distance at 1600 km still too far




Adjust the particle size so the particle will hit
the ground 280 km from volcano

Change particle size to make fall out 280 km from volcano

Ciameter FPart density  Atmowvisc Term wel Werical d falltime Windspeed horzontal d

CHT) alcm®3 qicHn 3 ch's cHn hrs kindthr krn

o n T

148E-004 6410 4 20E+004 n.1a 93.53 17.0

149E-004 G3.6T J0E+005 0.44 ‘ * 46.9
2.5 1.5 63.24 J0E+005 0.44 ‘ 47.6
2.00E+000  1.53 1 G2.00 J0E+005 045 ‘ : 45.2
2.00E+000 1.5 15 61.20 J0E+005 045 ! 42.9
2.00E+000  1.58 1€ G0.04 J0E+005 046 i 308
12 2.50E+000 1.6 1€ 26.92 JA0E+005 047 ! 24 4
12 250E+000  1.63 1€ 28.20 JA0E+005 0.4a 3 15.5
A2E-002 1.66E-004  57F.15 JA0E+005 043

TAOTALS

-particle size of 132 microns - way too big!

-fallout time of 3.86 hours - way too fast!




Augustine 1986 Fallout
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Particles do not fall out as modeled - so what is happening?




Aggregation

Individual particles cannot match observed fallout patterns.
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But, ash cloud particles
collide and stick together
with : as
; or dry,

with

, and therefore
can fall out much faster
yet leave few traces of
aggregation. Also, very
small particles can fall
with large ones, which
explains many fallout
deposits.




Pinatubo, 1991
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Figure 3. Mass removal patterns of ash, ice and sulfur dioxide in the 1991
Pinatubo volcanic cloud (Guo et al., 2004a; 2004Db).



Volcano

Measurement
Period (hours
after eruption)

Particle
type

Mean
Removal
Rate
(kt/hour)

E-folding
(hours)

Retrieval
Method

Reference

El Chichon, Mexico (1982a)

34

AVHRR

Schneider et al., 1999

El Chichon, Mexico (1982b)

99

AVHRR

Schneider et al., 1999

Pinatubo, Philippines (1991)

HIRS/2

Guo et al., 2004b

Pinatubo, Philippines (1991)

HIRS/2

Guo et al., 2004b

Pinatubo, Phillipines (1991)

AVHRR

Guo et al., 2004b

Pinatubo, Philippines (1991)

AVHRR

Guo et al., 2004b

Hudson, Chile (1991)

AVHRR

Constantine et al., 2000

Spurr, USA (Jun 1992)

AVHRR

Rose et al., 2001

Spurr, USA (Aug 1992)

AVHRR

Rose et al., 2001

Spurr, USA (Sept 1992)

AVHRR

Rose et al., 2001

Hekla, Iceland (2000)

AVHRR

Rose et al., 2003

Cleveland, USA (2001)

GOES +
MODIS

Gu, 2004



