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r Volcanic Ash

“Ash clouds are not an everyday issue and they
do not provide frequent hazard. But if
encountered, volcanic ash can spoil your
entire day.”

(Engen, 1991)
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Eyjafjallajokull volcano, Iceland

Photo: by Marco Fulle
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Volcanic Ert

Eruption of magmas and_. '
Effusive eruptions

Dominated by passive
Volcano in Hawaii is an €
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Okmok

Phreatomagmatic Eruption

Ash cloud
Ash fall Y
Pyroclastic surges -
Ballistics

Steam explosions
Lava fountaining

Strombolian Eruption
Lava fountaining
Ash cloud
Ash fall

Ballistics

Lawva floay

Steam explosi ons

Figure 12. Sketch of phenomer that accompany typicdl explosive eruptions af Okmok Volcano. Eruptions from
Cone A during the 20th century were primarily Strombolian, and areas outside the caldera were affected only
by ash clouds and ash falls. However, some earlier eruptions such as the 1817 event at Cone B involved
magma interactions with lake weger, and these hvdrovolcanic explosive eruptions generated pyroclastic surges
thep sometimes overtopped the caldera rim and traveled down the slopes and drainages around Okmok ot
very high velocities.
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Okmok July 13,
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Hazards

Ash/sulfate aerosol c: N
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Volcanic Plumes as

Aircraft Over the F
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Recent Example: ;‘% il
and the Aviatit

Eyjafjallajokull volcano, Ie
2010 - $3.0 billion los
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Hazards on t

Explosive eruptions can
deposit volcanic rocks a

Mud and debris flows : |
fires, and hot ashflows.

Irritant to eyes, skin and re

Ash and Gases____ 0,, nd L
Destroys veg

Collapsed roo:
Damage to me

ImpaCtS .-.t Y r |
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Volcanic Ash

7/7/2010

Mount Redoubt - December 1989: USGS - Joyce Warren L
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Photo by: John Snowden, March 1944
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Volcanic As

Results from an “expl

Volcanic glass, rock,
Size: 0.001 to 2.00 milli

Composition: mostly Silic

minerals rich ir

It is hard, (x
and corrosiv
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Volcanic A
Volcanic Ash

Abrasive and dense ( me
Conductive (electronic:
Small (infiltration, respir

Ash fallout

Most of the a'-_ ticles with ¢
near the volc: =

Fine grained
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Drifting volc:
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D. Wieprecht, USGS May 1980

SEM image provided by 18
A.M. Sarna-Wojcicki, USGS
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Volcanic Gases

The most abundant volcanic gases
released into the atmosphere are:

H,0(g), C0, and SO0,

Small or trace amounts of others gases
include:

H,S, H,(g), CO, HCL, HF, and HE

The volcanic gases that pose the greatest
potential'hazard to people, animals,
agriculture, and property are: SOZ, C0,, and
HEF (ac1d)

1 Photo:'s. R. Brantley (USGS) i 1t
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Chuginadak Island
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By Thomas J. Casadevall

S, PAINT EROSION . "‘_-—:_____a_} LEADING EDGE ABZA

" ERDSION

= ALL P5U RAL'T AREA DIRTY

- 3 . = ALL STOWAGE BIN UPPER DNRTY g
« COCKPIT WINDOWS... : i S, R t 0
=CABIN WINDOWS ) - . v e e~ . -
g ) ¥ - - 7 + WING NAVIGATION LIGHT -
e EROSION (BOTH SIDE) I r c r a
« LANDING LIGHT INMER

MINOR SCRATCH
LANDING LIGHT CRAZING
[BOTH SIDE)
« AUX-2 PITOT, PILOT * ALL ENGIME FAN BLADE, TURBINE SLEEVE INSIDE

STATIC FROEBE
s ALL ENGINE FIRST-STAGE NOZILE GUIDE VANE

COOLING AIR HOLES WERE 70-80% BLOCKED
: Photo: R.L. Rieger, U.S. Navy

= AR e s ~
Cour OFCN - — f,b',_'-?’f;! : "‘b\ =
—COUTESy DRCIM = s o i R - =, g e

7/7/2010 26



Volcanic Ash -

.lI' v -~ X
- l‘i;.ff
S v

m Bulld-up of
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Abrasive particles can Glass particles will melt Melted material will
erode compressor blades in the combustion cool down in the
edges, reducing chamber, if high thrust turbine and deposit on
compressor performance rating is used the turbine vanes

7/7/2010 28



International Civil Av i

ICAO ASH SEV

Class 0: acrid odor, ele 0
reported _

Class 1: light cabin dust, t

Class 2: heavy cabin dust, exte
damage, window f

Class 3: engine
readings, hydr:
engine and
electrical systen '
Class 4: engine fz
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Volcanic plume ch:
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Eruption Height and 1
Instabil;

Plume height is affecte
and atmospheric instab

Even relatively wea
tropics can trigger dee

columns (15-20 km).

The same erup ensit:
produce vas

between the
(up 8 - 10 km

From: Tupper et al. 2009
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mﬂ; P“nﬁrﬁmﬁ:ﬂnw Self and Walker, 1994

Side View TESearal 20 yaars

Vulcanian/sub-Plinian

Vulcanian/Surtseyan/
Strombodian eruption
=10 par yaar

10 KILOMETERS

Ash content and Extension, with time, Vertical
local turbulence in wind direction velocity
T ] High " i high

_..__._+

: 7 { ) Very high
7/7/2010 = Extreme 34




Active Volcanoes, Plate Tectonics, and the "Hing of Fire'
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Paclflc Active Valclanoes (uses - 2008)

 From ”Tlua Dynamic Planet" Wmld Map of Vc:-lcmmeb. Eﬂl‘ﬂlqllﬂl\Eb.
Impact Craters, and Plate Tectonics - USGS 2006
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Hazards to Airports

Canic

Vol




~Guatemala City, Friday May
e 20 (1)

7/7/2010 Photo: Photo/Jose Luis Pos



Volcanic Hazards t

At least 101 airports in 2
impacted on 171 occasior
2006 by the eruptions of

The primary hazard to airj

Ash accumulation of anythin
trace amount req ;
order for airp

Indonesia, the

volcanoes (seve
whose eruptior

Guffanti et al. 2009

40



Reducing Impact to A

Aircraft Op: ,
Volcano Observatorie

- pre-eruption, eruption ¢ ne
monitoring including:

Geodesy - look for gro |

Seismology - li eel inc

ground mof
Geochemical
chemistry an

Other th-— |
Therma ectr
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Reducing Impact 0 £
Aircraft Ope
VAAC - Volcanic Ash e

Develop and execute Volcam
real-time.

Continuously use satellite in |
ash and to discriminate volcan
clouds.

Issue Volcanic Ash Advisory (VA2
Graphic (VAG), whic ide guidanc
SIGMETs invo -

Provide advisor _‘
and other VAACs

Coordinate with
neighboring VA/
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Reducing Impact t
Aircraft Op:
(Fore)warning of i ? .
and hazards can redu
at airports. 1

Methods include:

Better real-time ' ion of e
activity. '

Forecasts
(PUFF and/ ¢
Detection of-. |
Radar.

P 4
N

 7/7/2010
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Importance of

5 Glopz | COVERaSENS
Allows for track

both during the - ay night.
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Can be -_
other infc
plume he

.f "'é




Real-time Ash a

Observation by Satellite -
Visible Imagery
Reverse absorption: BT 10.
3.9 um imagery for detectior
SO, detection using Infrared
7 - 12 pm range
Image enhancem:

Observation by
Visual/Came
Pilot Reports

Observations fron
Ra_dar"' -~

/\
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Goals of USing ,

Quick and efficient detectlon
plume

Monitoring of the therm
volcano

Mapping of the surface defo
including topogra y and topog

Producing tempora atial dis

gases producec

Contributing to :
future changes i ir

Contrlbutmg to
future movement
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Satellite Prod:

NOAA’s GOES and O

MTSAT series; Europe’s M

Visible, Shortwave IR, Lc
Differencing Products (S

GOES and POES: (Mul

Component Analysis and
PCI) |

GOES and PO
Derived Prodt

Aura-OMI (O:
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Okmok, Terra/MODIS, Visible Image&
July 13, 2008 :
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NOAA-19 AVHRR 20. April 2010 05:54

3.7 - 3.9 micron
(Shortwave) IR By




Okmok, NOAA 18 AVHRR,
Channel 4, july 13, 2008



allajokull Volcano

e Image data from: EUMETSAT
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Split-window IR d
How it Wor

Emissivity of silicate pa
um than at 12 pm.

Emissivity of water /i
opposite - higher at 11 |

Therefore, ash clouds can
Brightness Temr ure Diff

BT10.7um - B
BT10.7um -b
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Split Window IR Detectio:
in Iceland
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PCI Volcanic ash an:
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Principal Component An:
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Add Iceland ol
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Ash Detection - The 3 Channel
Product

1800 UTC 20 March 2006
GOES-12 Visible

I.l'. 5 ™, L
a0 ANt Lyua
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Three-channel Vol;_ and

GOES-11 Detection A
2003):

B=C+ml[T(12.0) - T(1O
B = output brightness Valu_
C = constant; m': 2 = caling
T = brightness ter e at
T(12.0) - T(10.’
volcanic ash.




Three-channel Vol -ani;

GOES-12+ Detection Alg
Schreiner 2004):
B = 5(DT)
B = output brightness value,
DT = [T(3.9) - 1.5 T(10.7) +1.

T = brightnes

Values of B th:
clouds and te
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Image/Info Courtesy Scott Bachmeier,
CIMSS, July 18, 2008

. T/712010



General Ash Produc ]

Within hours of an eruption,
copious amounts of water
eruption cloud often rest
discrimination of ash (Ellr

Deep moist tropical conditic
presence of volcanic ash, or
discrimination of t 1 from 1
clouds. This is

smaller volcano

and middle tror

Hills volcano.




Limitations conti

An important modification
imager was the loss of the 4
pm IR band 5 which was r
resolution (8 km) IR ban
pm.

Some degradation of remot

ash is likely, leading to both t

thin ash, and an in
ash, resultmg I
aviation adviso

The 12 pm banc
R becomes oper
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Aura/OMI - 08/12/2008 00:31-23:07 UT
S0, mass: 1373.147 kt; Area: 8635150 km?; SO, max: 166.42 DU at lon: -137.14 lat: 59.64 ; 21:23UTC

IN[SO, column, DU]

0.0 0.5 .0 1.5 2.0 2.5 3.0

Picture Date: August 12, 2008
7/7/2010 Image Creator: Schneider, Dave
Image courtesy of AVO/USGS. Data provided by the OMI near-real-time project funded by NASA.
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Okmok AIRS 7.3 um Cumulative SO, 12-20 July, 2008
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Meteosat-9 Ash and SQO:

(Combined Multispectral Product)
— — e~




7/7/2010 79



|;'_.
7/7/2010

GOES-R Aviation/V:

GOES-R products will detect a i
sulfur dioxide (SO2). e

Improved spatial resolution anc
channels will enable the GOES-R
quantitative volcanic cloud produ

The SO2 Detection Product will autc

clouds during very ea d es when tl

obscured by liquid x

The Volcanic Ash
cloud coverage, hei
necessary to issue Si
(SIGMET) advisorie
dispersion of ash cl

(0]



GOES-R Volcanic A;
Detection pro

These products will be g
radiances, which are da

ABI channels centered at
13.3 pm are used in the algo

and 12 pm chanr vide 1r

cloud partic
pm channel de
7.3 pm chann‘l'
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GOES-R Volcar .

The advanced spectral,
resolution of the GOE!

to generate a complete se
detection and monitoring g

improved air and ground sa

€CoONnomicC savil
The GOES-R
improve the 1r
which will allc
dispersion and

e ey
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GOES-R Ash Loading GOES-R Ash nght
e e

O : : = : e :
Ash Concentration [ton/km?] Ash Height [km]
'
3.3 3 . : ) : 0.0 15 30 45 6.0 5 9.0

GOES-R-like Volcanic Ash Loading and Height products are shown for ash clouds produced

by eruptions of Mount Eedoubt on March UM

7/7/2010




Photo: Courtesy Burke Mees and Alaska Airlines
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532nm cross polarization NFOV telescope

16/04/2010
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1064nm linear polarization NFOV telescope

17/04/2010
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ObservatiO'

Visible Satellite High resolution. Detects
albedo ditferences. Good

in “contrasty” situations.

Infrared Satellite Temperature sensitive.
Unaffected by night.

Split-Window Infrared = Discriminates ash from
cloud.

7/7/2010

Water/ice clouds can
obscure volcanic cloud.
Daytime only use. Ash may
be difficult to discern if very
low albedo (too diffuse or
from some backgrounds).

Water/ice cloud can
obscure volcanic cloud.
Observed temperature can
be misleading.

Water/ice cloud can
obscure volcanic cloud.
False alarms from desert
areas or stratospheric cloud.

Water vapor mixed with
ash will “hide” ash.




Observatio:

Video Camera

Thermal Infrared
Camera

Direct human
observation

7/7/2010

Remote access to direct
observations.

Heat/night-time
measurement.

Low technology, power

of local/subjective
interpretation. Some
nighttime observations.

Water/ice cloud or other
poor visibility can obscure
volcanic cloud. Requires
locally developed
infrastructure and reliable
communications. Prone to
vandalism or theft. Daytime
use only.

Water/ice cloud or other
poor visibility can obscure
volcanic cloud. Expensive,
requires locally developed
infrastructure and reliable
communications, prone to
vandalism or theft.

Meteorological cloud or
poor visibility can
obscure volcanic cloud.



Observationz:

Aircraft Pilot Airborne perspective. Water/ice cloud or other
Observation (Reports) Great viewing distance ~ poor visibility can obscure

and aspect Can also use volcanic cloud. Requires
cameras. Limited some local infrastructure

. . and reliable
mghttlme Lt communications. Limited
nighttime use. Pilot weather
radar is not sensitive to
volcanic ash.

Ground Based Weather =~ Can measure height and Expensive ground stations

Radar/Lidar position of larger and limited range. May not

particles in ash cloud. detect smaller particles well.
Obscured by heavy rain.

Requires advanced local
infrastructure/
communications and must

be well staffed.

7/7/2010
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Things to R

No detection techni-"
cases.

Techniques should be .
overall ash clouc detect1

Inherent limitati or all de

Obstructior
Ambiguity
regional con
below
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Model F“ ,

There are two primary modk
dispersion today: >

1. The PUFF model: a Vol
originally developed at the G
University of Alaska Fairbanks
for predicting the movement of e
(spurred on by the e f M
2. HYSPLIT: A

result of a joint ef

Bureau of Meteor

The current versi

many updates are |

e ey
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Characteristics of t

*Searc /s
VOlC, NC

The PUFF model is a Lagrangian
model developed to simulate the mov
near real-time following a volcanic e
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