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1991 Pinatubo Eruption

 Lessons learned from the 1991 Pinatubo eruption
— Largest eruption in the past 50 years
— 20 ash encounters in flight, including a 747-400 jumbo
jet (see figure)

— Majority of ash encounters occurred when ash cloud at
least 12 hours old and hundreds of miles from ItS source

— The aging of volcanic ash reduces threat to aircraft, as
larger particles (>30 um diameter) particles had already
settled from the cloud
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Volcano Okmok

Stratovolcano (viscous lava, steep slope) i
Eruption at 1143Z on 12 July 2008

Volcanic explosivity index (VEI) of 4

Ash plume reached 15 km above MSL

Ash drifted to the south and east over the North
Pacific Ocean




Okmok Eruption

Aura/OMI - 07/12/2008 21:56-23:44 UT
SO, mass: 42.419 kt; Area: 129905 km®; SO, max: 101.38 DU at lon: -167.58 |at: 53.35 ; 23:42UTC
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Okmok Eruption

Aura/OMI - 07/13/2008 00:18-21:11 UT
SO, mass: 96.603 kt; Area: 565613 km?; SO, max: 42.55 DU at lon: -156.46 lat: 51.98 ; 0025UTC
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Okmok Eruption

Aura/OMI - 07/14/2008 15:18-23:32 UT
SO, mass: 121.831 kt; Area: 833581 kn?; SO, max: 42.10 DU at lon: -153.27 |at: 49.00 ; 23:28UTC
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Okmok Eruption

Aura/OMI - 07/15/2008 00:06-22:37 UT
SO, mass: 83.768 kt; Area: 876547 km?; SO, max: 31.82 DU at lon: -152.82 lat: 46.25 ; 22:33UTC
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Okmok Eruption

Aura/OMI - 07/16/2008 00:49-23:20 UT
SO, mass: 80.062 kt; Area: 897869 km?; SO, max: 31.53 DU atlon: -150.51 lat: 41.06 ; 23:14UTC
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Okmok Eruption

Aura/OMI - 07/17/2008 00:00-24:00 UT
SO, mass: 73.740 kt; Area: 1123367 kn?; SO, max: 23.27 DU at lon: -143.54 |at: 40.71 ; 22:19UTC
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Okmok Eruption

Aura/OMI - 07/18/2008 00:37-23:08 UT
SO, mass: 55.291 kt; Area: 1102800 kn?; SO, max: 22.37 DU at lon: -131.19 |at: 43.94 ; 21:24UTC
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Okmok Eruption

Aura/OMI - 07/19/2008 15:35-23:50 UT
SO, mass: 31.377 kt; Area: 799305 km?; SO, max: 6.47 DU at lon: -119.78 lat: 47.18 ; 20:29UTC
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Okmok Eruption

Aura/OMI - 07/20/2008 00:25-22:56 UT

SO, mass: 24.267 kt; Area: 678306 km?; SO, max: 268.48 DU at lon: -84.32 lat: 55.63 ; 19:35UTC
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Volcano Kasatochi

Shield volcano (fluid lava, gentle slope)
Eruption at 2230Z on 7 August 2008
Volcanic explosivity index (VEI) of 4

Ash plume reached 10.7 km above MSL
Ash drifted to the south




Kasatochi Eruption

Aura/OMI - 08/08/2008 00:13-00:20 UT - Orbit 21621
S0, mass: 2.742 kt; Area: 25563 km?; SO, max: 25.80 DU at lon: -176.05 lat: 51.98 ; 00:19UTC
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Kasatochi Eruption

Aura/OMI - 08/09/2008 00:56-01:03 UT - Orbit 21636
SO, mass: 882.092 kt; Area: 641791 km?; SO, max: 246.15 DU at lon: -171.85 lat: 50.32 ; 01:02UTC
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Kasatochi Eruption

Aura/OMI - 08/10/2008 00:01-00:08 UT - Orbit 21650
SO, mass: 1341.807 kt; Area: 1010656 km? SO, max: 271.73 DU at lon: -160.82 lat: 45.74 ; 00:05UTC
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Kasatochi Eruption

Aura/OMI - 08/10/2008 00:44-23:19 UT
SO, mass: 1482.516 kt; Area: 2550724 km? SO, max: 236.74 DU at lon: -145.06 lat: 48.58 ; 23:10UTC
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Kasatochi Eruption

Aura/OMI - 08/11/2008 00:00-24:00 UT
SO, mass: 1580.568 kt; Area: 4693456 km?; SO, max: 260.01 DU at lon: -135.45 lat: 53.66 ; 22:16UTC
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Kasatochi Eruption

Aura/OMI - 08/12/2008 00:31-23:07 UT
SO, mass: 1373.147 kt; Area: 8635150 km? SO, max: 166.42 DU at lon: -137.14 lat: 59.64 ; 21:23UTC
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Kasatochi Eruption

Aura/OMI - 08/13/2008 13:49-23:50 UT
SO, mass: 1116.844 kt; Area: 8997417 km? SO, max: 145.62 DU at lon: -125.04 lat: 68.20 ; 20:20UTC
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Synoptic Pattern: Okmok

300mb Geopotential Heights*

SO, Column Measurements
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Synoptic Pattern: Kasatochi

200mb Geopotential Heights*

SO, Column Measurements
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Okmok

SO, Column Measurements

ISOIES

Ash Adv

Volcanic Ash Advisory
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Ash Advisories:

Volcanic Ash Advisory

Kasatochi

SO, Column Measurements
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3. Investigating reported impacts on aviation

e Examined past studies of reported impacts on
aviation

« Examined pilot reports from the Aviation Safety
Reporting System (ASRS) database and the United
States Geological Survey (USGS)




Reported Impacts

e Okmok: On 15 July 2008 a non-damaging aircraft
encounter occurred near Kodiak Island due to
volcanic ash from Okmok.

« Kasatochi: On 11 August 2008 a 757 aircraft

encountered an ash cloud over the Yukon from the
Kasatochi eruption.

— On 10 August 2008 flights were cancelled in several
cities and over 6000 passengers were stranded




Conclusion

 The airline industry Is exposed to a considerable
threat from volcanic eruptions

— Fine-grained ash can linger in the atmosphere for
several days after an eruption and disperse over
hundreds of kilometers

— Since the Issue of ash avoidance is primarily an issue of
economic implications, an investment in preparing for
volcanic encounters would yield high returns for the
airline industry over the long term.




Image source: http:/www.boston.com/ ri ﬂ?"
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Engine Damage

e Commercial aircraft
— Engines operate at 1400°C
— Volcanic ash melts at 1100°C

e Damages
— Loss In engine thrust
— Clogging of fuel nozzles (flameout)




2009 Redoubt Eruptions

23 eruptions

23 March 2009 - 4 April 2009
Maximum ash plume reached 18.3 km (60,000 ft)

VEI4 -5 (E.g. Pinatubo VEI 6, greater mass+energy)
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S02 vertical column [DU] 23 March 2009
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S02 vertical column [DU]
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S02 vertical column [DU] 25 March 2009

OMI — KNMIBIRA-IASB/NASA
I_EL'I 170 -1 80

40

1610 -150 -140

0.0 0.4 08 1.2 16 o0 =10



S02 vertical column [PU] 26 March 2009
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S02 vertical column [DU]
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S02 vertical column [DU] 28 March 2009
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S02 vertical column [DU] 29 March 2009
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S02 vertical column [DU] 30 March 2009
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S02 vertical column [DU] 31 March 2009
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S02 vertical column [DU] 1 April 2009
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S02 vertical column [DU] 2 April 2009
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S02 vertical column [DU] 3 April 2009
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S02 vertical column [DU]
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Time (AKDT) Time (UTC) Plume Height (km)

Plume Height (km)
0 4 8 12 16 20

22 March 2009

23 March 2009

26 March 2009

27 March 2009

28 March 2009

29 March 2009

30 March 2009

31 March 2009
4 April 2009

1| 10:38 PM 6:38 8.6 2
2| 11:02 PM 7:02 15.2

3| 12:14 AM 8:14 15.2

4| 139 AM 9:39 12.1

5| 431 AM 12:31 18.3

6 7:41PM 3:41 17.1

7 840 PM 440

8 834 AM 16:30 9.1

9| 9:24 AM 17:24 18.3
10| 11:48 PM 7:48 o
11| 839 AM 16:39 15.2
12| 535 PM 1:35 12.2 -
13| 720 PM 3:20 15.5
14| 11:20 PM 7:20 12.2
15]  1:20 AM 9:20 15.2
16| 3:29 PM 23:29 12.2 28
17| 723 PM 3:23 13.7 i
18] 11:20 AM 19:20 29
19| 11:10 PM 7:10 i
20/ 10:50 AM 18:50 30
21| 11:30 PM 7:30 i
22|  4:07 PM 0:07 4.6 _ 3;’
23| 558 AM 13:58 15.2 April 04
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YOLCANIC ASH ADVISORY
DTG: 2009032371725
YAAC: AMCHORAGE
VOLCAND: EEDOUBT 1103-03
AREA: SO0UTH CENTEAL ALASKA
SUMMIT ELEY: 10198ft (3109m)
ADVISORY NUM: 2009-3
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INFO SOURCE : MT-SAT/GOES/AVO/KVERTAPILOT EEPORET/RADARS
EEUPTION DEAILS: EXPLOSIVE EREUPTION 231230 UTC
EEMARKS: ¥A BLW FLZ200 MOY N AND W OF REDOUBT VOLCAMNO, VA ABY

FLZ200 MOY N AND E OF REDOUBT VOLCANO,
MNEXT ADVISORY: 20090323/23257

Source: http://vaac.arh.noaa.gov



Reported Impacts

e Commercial flights
— 295 cancelled flights
— 20,000+ displaced passengers

 Cargo flights
— 66 (out of 68) flights cancelled on 24 March
— Air cargo employees sent home for several days
— A major overnight shipper temporarily moved to Seattle




Reported Ash Encounters

« Major ash encounters
— 0 ash encounters with commercial aircraft

« Minor ash encounters
— 1 ash encounter with a private jet (unverified)
— 1 ash encounter with a helicopter (verified)




Conclusion

o Aviation industry well prepared for Redoubt

* Integrated solutions combining the most useful
available information are the key.

 There were significant impacts economic and
Interruptive impacts but none were catastrophic.
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