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1. Introductionand Objective

Over the past 30 years there have been more than 90 incidents in which
commecial jet airliners encounteradouds of volcanic ash.

Eight of these involved temporary-iflight engine failure antvo barely
avoideddisaster.

The volcanic ash hazard to aviatioraigery real threabn a worldwide

scale, gren that manyfthemajorai r r outes are over
volcanically active regions. It is estimated that volcasit ean be

expected to be iar aroundair routes at altitudes greater than 30 000ft for
roughly 20 days per year.

There have been many advances in coordinating a dynamic response to
the threat of volcanic ash and the havoc it wreaks economicakge
include:

1 establising nineVolcanic Ash AdvisoryCener s ( VAACOGOs)

around the world.
9 satellite and ground based observations
1 sophisticated computer modeling prediction programs.

Yet, in April 2010 theEyjafjallajokull Volcano in Iceland erupted and
resuled in the prolonged shutdown of most of European Airspace.
Criticism was leveled at the authorities for an over cautious response as
the economic effects were enormous. In somesthsePilot in

Command was left to make the final decision.

t
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The olpective of this paper is thus

To Iincrease thenderstanthg of the
phenomenon ofPtoklgnd| c ar
Crews.

To educate Flight €¢ws as tdhow and
why it affects aircratft.

To increase theiunderstanahg ofthe
advancingworldwide aviation trensl and
forecasting techniques so thtaeyare
equipped to make an informed decision.
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2. Brief history of previous aircraft
Incidents

There are more #n 1,330 volcanoes worldwide that have demonstrated
activity over many thousands of years.

Approximatdy 500 have recent histories of activity, resulting in 55 to 60

eruptions per year (arvarage of more than one a week)

However constanseismic monitoring is only available on 174 volcanoes

A brief summary of the major incidents.(Taken from Bo®ing Volcanic
Ash paper 2010pllows:

Mt St Helens United States 1980.

A Boeing727 and &ouglasDC 8 encountered separate ash clouds during
this major eruption. Both aircraft experienced damage to their systems and
windshields but were able to land dgfe

Galunggung Volcano, Indonesia 1982.

Several 747s encountered ash from this eruption. Ocfhiost thrust

from all four engines and descended from 36000 12,500f. before all

four engines were restarted. Theceaaft, on a flight from Kua Lumpur,
Malaysia, to Perth, Australia, diverted to Jakarta and landed safely despite
major engine damage. This@ift subsequently had all four engines
replaced before returning to service. A few days after the initial encounters,
another 747 flew intthe ash cloud and suffered significant engine damage.
This airplane also diverted to Jakarta and subsequently performed a
successful tweengine landing(British Airways Flight9)

Mt. Redoubt, United States, 1989.

On a flight from Amsterdam to Anchoragdaska, a new 74400 (only
three months old with approximately 900 total flying time) encountered
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an ash cloud from the erupting Mt. Redoubt near Anchorage. All four
engines ingested ash and flamed out. The crew successfully restarted the
engines anthnded safely at Anchorag@kLM 867)

All four engines were replaced and many airplane systems also had to be
repaired or replaced. For examgle airplane envonmental control system

was replaced, the fuel tanks were cleaned, and the hydraulic systems were
repaired Several other airplanes encountered ash from this eruption, but

most damage was minor because operators had been notified of the eruption.
Some oprators, such as Alaska Airlines, continued scheduled flights once
theyhaddeveloped processes to safely identify where ash might be
encountered. Although information was available about the Mt. Redoubt
eruption, the channels for sharing this informatnare not well developed

at the time

Mt. Pinatubo, Philippines, 1991.

More than 20 volcanic ash encounters occurred after the Mt. Pinatubo
eruption Thiswas the largest volcanic eruption of the past 50 years. The
ability to predict where ash was to beifol was challenging because of the
enormous extent of the ash cloud. Commercial flights and various military
operations were affected; one U.S. operator grounded its airplanes in Manila
for several days.

Mt. Popocatepetl, Mexico, 1997.

This volcano affeted several flights in 1997 and 1998. Although damage
was minor in most cases, one flight crew experienced significantly reduced
visibility for landing and had to look through the flight deck side windows to
taxi after landing. In addition, the airportihexico City was closed for up to
24 hours on several occasions during subsequent intermittent eruptions.


http://www.boeing.com/commercial/aeromagazine/aero_09/volcanic_examples.html
http://www.boeing.com/commercial/aeromagazine/aero_09/volcanic_examples.html
http://www.boeing.com/commercial/aeromagazine/aero_09/volcanic_examples.html
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Eyjafiallajokull , Iceland2010(pronouncedeiya fjatla joekul

In April 2010,in an unprecedented mo\aspaceall overEuropewas
closeddue to the presence of volcanic ash in the upper atmosphere from the
erupton of the Icelandic volcano Eyjafjallajokull

There had been some minor seismic activity in the preceding montbs but
14 April 2010, the eruption entered a second phase and creaast afoud
that led to the closure of most of Eurod€R airspace from 15 until

20 April 2010. Consequently, a very high proportion of flgktithin, to,

and from Europe were cancelled, creating the highest least tvavel
disruptionsince theSecond World War

The air space shut down had a maskmack on impact on the economy and
cultural eventacross Europe.

Other volcanic activity tht affected Aviation during 20liicluded:

Kilauea Volcano Hawaii November 2010

This resulted in thee-routing of air traffic

Mount Merapivolcanoin IndonesiaDctober 2010

This resulted in thee-routing of air traffic

(Source: Boeing Volcanic Ash paper 2010

On the following pagare someémagesirom theEyjafjallajokull Eruption

(Pictures: NationaGeographic and Wikipedia)


http://en.wikipedia.org/wiki/Airspace
http://en.wikipedia.org/wiki/Europe
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/2010_eruptions_of_Eyjafjallaj%C3%B6kull
http://en.wikipedia.org/wiki/Eruption_column
http://en.wikipedia.org/wiki/Instrument_Flight_Rules
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/World_War_2
http://en.wikipedia.org/wiki/Aftermath_of_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/Aftermath_of_the_2010_Eyjafjallaj%C3%B6kull_eruption
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[ Forecast extent of ash cloud
+- Flights
—— Normal transatiantic routes
“" High altitude global jet streams | ¥

\

The last slide shows the forecast extent of thecksid superimposed on
a map of normal transatlantic flights.
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3. Analysis of the makeip of Volcanic
Ash

Volcanic ashs made upf smalltephra which arefragmentsof
pulverized rock and glass createdvmycaniceruptions

The tephragarticles ardess than 2nillimeters in diameter.

(Light microscope image of ash from the 1980 eruption of Mount St. Helens, WashiRigtone
Wikipedia)

Ash deposited on the ground after an erupgdimown as ashfall deposit.
Significant accumulations of ashfall can lead to the immediate destruction
of most of the local ecosystem, as well the collapse of roofs ommade


http://en.wikipedia.org/wiki/Tephra
http://en.wikipedia.org/wiki/Volcano
http://upload.wikimedia.org/wikipedia/commons/f/fe/MtStHelensAsh1980eruption.jpg
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structures. Over time, ashfall can lead to the creation of fertile soils.
Ashfall can also become cemented together to form a solid rock called
tuff. Overgeologic time the ejection of large @untities of ash can
produce arash cone

(Picture: National Geographic)

There are three mechanisms of volcanic ash formation:

1.
2.

Gas release under decompression causing mageraptions;

Thermal contraction from chilling on contact with water causing
phreatomagmatic eruption®ruptions as a result of interaction between
water and magma

Ejection of entrained particles during steam eruptions causing phreatic
eruptions.Theviolent nature of volcanic eruptions involving steam
results in thenagmaand solid rock surrounding the vent being torn into
particles ofclay to sandsize.


http://en.wikipedia.org/wiki/Tuff
http://en.wikipedia.org/wiki/Geologic_time
http://en.wikipedia.org/wiki/Volcanic_cones
http://en.wikipedia.org/wiki/Magma
http://en.wikipedia.org/wiki/Clay
http://en.wikipedia.org/wiki/Sand
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If a volcanic eruption occurs beneath glacial ice, cold water from melted ice
chills the lava quickly and fragments it into glass, creating small glass
particles thaget carried into the eruption plume. This can create a-gldss
plume in the upper atmosphere whiclpasticularly hazardous to aircraft

Ash isalsocreated when solid rock shatters and magma separates into
minute particles during explosive volcanidiaity. The plume that is often

seen above an erupting volcano is composed primarily of ash and steam. The
very fine particles may be carried for many miles, settling out as dikleist

layer across the landscape.

If liquid magma is ejected as a sprdy particles will solidify in the air as
small fragments of volcanic glass. Unlike the ash that forms from burning
wood or othecombustiblematerials, volcanic ash is hard and alwasit
does not dissolve in water, and it conducts electricity, especially when it is
wet.

At first glance, volcanic asappears as soft, harmlespowder.Instead,
volcanic ash is a rock material with a hardneszppiroximately6+ on the
Mohs Hardnesscle (The highest level on the scale is 10 being that of a
diamond)It is composed of irregularlyhaped particles with sharpagged
edges (see imaye

f Enlarge

(Picture: National Geographic)


http://en.wikipedia.org/wiki/Combustion
http://geology.com/articles/volcanic-ash/volcanic-ash-picture-750.jpg
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The significant hardness, combined wtiike irregular particle shapenders
volcanic ash an abrasive material. This gives th@aseoscopigoarticles the
ability to damage aircraft windowssyitate theeye causeabnormalwea on
moving parts of equipmeimind many other problems

Volcanic ash particles are very small in size and have a vesicular structure
with numeras cavities.This gives them a relatively low density for a rock

like material. This low density, combined tvithe very small particle size
allows volcanic ash to be carried high into the atmosphere by an eruption
and carried long distances by the wind. Volcanic ash can cause problems a
long distance from the erupting volcano.

Volcanic ash particles are insolabn water. When they become wet they
form a slurry or a mud that can make highways and runways slick. Wet
volcanic ash can dry into a solid, concrike mass. This enables it to plug
stormwatersewers and stick in the fur of animals that are in treaghen
ash falls at the same time as rain.

Tephra / Pyroclastic Terminology

Particle Name Particle Size
Blocks / Bombs over 64 mm (2.5 inches)
Lapilli under 64 mm (2.5 inches)
Volcanic Ash under 2 mm (.079 inches)

Volcanic Dust

(Fine Volcanic Ash) under 0.063 mm (0.0025 inches)

"Tephra" and "pyroclastics" are general terms used in reference to particles of igneous rock material of various sizes that have been
ejected from volcanoes. They are classified by size. The terms "ash" and "dust" communicate a specific size of tephra or pyroclasti¢
particles. These are summarized in the table above.
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Atmospheric effects

When ash begins to fall during daylight hours, the sky turns hazy and a pale
yellow colaur. The ashfall may become so dettsat the skyturnsgray to

pitch black, with the ash severely restricting visibility and deadening sound.
A darkened ash sky lowers temperatures during daylight hours from what
would otherwise be expected. Loud thunder, lightning, as well as the strong
smdl of sulphur accompany an ashfall. If rain accompanies an ashfall, the
tiny particles turn into a slurry of slippery mud. Rain and lightning combined
with ash can lead to power outages, breakdowns of communication, and
disorientation.

Volcanic ash parties have a maximum residence time inttlo@ospheref

a few weeks. The finesgphraparticles remain in thstratospheréor only a
few months, they have only minor climatic effects, and they can be spread
around the world by highltitude winds. This suspended material
contributes to speatalar sunsets. The major climate influence from
volcanic erptions is caused by gaseous sulptampounds, chieflgulphur
dioxide, which reacts with OfHydroxide)and watein the stratosphere to
create sulfate aerosols with a residence time of dlauto threeyears.

There are clearly many hazards associated with VolcanicTAghnext
Chapter focuses on the aviation hazardghere are othdnealth hazards to
humans

People exposed to falling ash or living in the dusty environment after an ash
fall can suffer a number of problems. Respiratory problems include nose and
throat irritation, coughing, bronchitigke illness and discomfort while
breathing. These can be redd with the use of higéfficiency dust masks

but exposure to the ash should be avoided if possible.

Long term problems might include the development of a disease known as
"silicosis" if the ash has a significant silica content. The U.S. National
Institute of Occupational Safety and Health recommends specific types of
masks for those exposed to volcanic ash. Anyone who already suffers from


http://en.wikipedia.org/wiki/Troposphere
http://en.wikipedia.org/wiki/Tephra
http://en.wikipedia.org/wiki/Stratosphere
http://en.wikipedia.org/wiki/Sulfur_dioxide
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problems such as bronchitis, emphysema, or asthma should avoid exposure.

Dry volcanic ash can stick to a moist hairmeye and the tiny ash particles
quickly cause eye irritation. This problem is most severe among people who
wear contact lenses. Some skin irritation is reported by people in ashfall
areashowever, the number of cases and their severity are low.

- n

b

Steam explodes from a glacimppediceland volcandn an aerial picture taken April 14, 2010, by the
Icelandic Coast Guard.

Sources: Wilpedia and National Geographic websites


http://ngm.nationalgeographic.com/geopedia/Iceland#Land of Fire and Ice

Page| 16

4. The Dangers Facingiferaft

In general the following hazardous substances can be identified:

Dust/rock particles
Glass particles

SO2 (Sulphur Dioxide)
HCI (hydrochloric acid)

In their gaseous form the latter twonstituents of the volcanic ash cloud are
considereahot to cause significant harmful effects to aircratft.

However, following the eruptigroxidation and hydration of the SO2 forms
H2S04 (sulphuric acid) droplets which are quaiteifferent matter. The
resulting ash/acid mix is highly corrosive and can cause damage to jet
engines and pitting of windscreens.

This may present a lortgrm maintenance expense for aircraft operating
regularly in airspace contaminated with even relatil@ly concentrations of
such ash/acid.

The effect on jet aircraft engines is particularly severe as large amounts of
air are sucked in duringpmbustioroperation, posing a great danger to
aircraftflying near ash clouds. Very fine volcanic ash patrticles (particularly
glassrich if from an eruption under ice) sucked int@ienginemelt at

about 1,100C, fusing onto the blades and other parts of the turbine (which
operates at about 1,400).


http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Aircraft
http://en.wikipedia.org/wiki/Jet_engine

Page| 17

[llustration of the effects of ash on the modern turbo fan engine

(Picture: The Airbus Paper on Volcanic Ash 2010)

Melted material will
cool down in the
turbine and deposit on
the turbine vanes

—
o

Glass particles will melt in
the combustion chamber,
if high thrust rating is used

Abrasive particles can
erode compressor blades
edges, reducing
compressor performance
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Damage to the engine blades of BA Flight 9

(picture:bbs.stardestroyer.net)
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Damage to the Windscreen of BA Flight 9

(picture:bbs.stardestroyer.net)
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Aircraft Hazards

Several shorterm and longerm hazards can beadtified and have been
encountered in real life in relation to ash encounters.

The hazards that warrant most attention are those affecting aircraft
engines and airspeed sensors.

Shortterm operational hazards:

o Engine failure

A Multiple engine malfunctionsuch as surge, stalls,
increasing Exhaust Gas Temperature (EGT)tarching

A Slow or no engine restart

A In case of loss ahrust onall engines there is a high risk of
loss of most electrical, hydraulic and pneumatimponents
with the ensuing flight aatrol problems and cabin
pressurization failure

Pitot-static instrument failure

Communication failure

Electrical failures

Impaired vision caused by damaged windows
Degraded landing performance

Limited ground operations

Degraded integrity of composite stture

©O O 0O 0o 0o o o

o Long-term operational hazards:

A Abrasion of farblades, engine inlet, and compressor blades

A Partial or complete occlusion of turbine blade cooling
channels leading to blade overheating with a corresponding
reduction of blade life and premature @ddilure

A Abrasion or contamination of pneumatic ducting
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>\

Damage to aircraft exterior egindshields, wing leading
edgeJanding lights

Contamination of pitot tubes and static ports

Health risks to operating crew and passengers
Corrosion of exterior

Corrasion of interior

Health hazards:

Impaired breathing

Impaired vision (physically)

Long term exposure health risks to operating crew and
passengers

I v v D D D D

(Source IFALPA Position Paper on Volcanic Ash and thiebus Volcanic Ash Papégr
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5. The Economic&Effects of Volcanic
Activity on Aviation

In dealing with this complex topit based my research chiefly orPaper
written by Hauke L. KitePowellfrom Marine Policy Center, Woods Hole
Oceanographic Institutiom January 2001

Kite-Powellsummarize the problems volcaniash presents to commercial
aviation and considedthe potential contribution of dafaovided by the
planned National Pola®rbiting Operational Environmental Satellite
System (NPOESS).

This paperattemptedo quantify the economiempact that volcanicsh had on
Aviation in order to motivate the huge expense ofNagonal PolatOrbiting
Operational Environmental Satelli&ystem (NPOESS). Although it was
written in 2001 it is a useful exercise in quantifying the economic effects.

NPOESSxperienceextensive developmaealtproblems with its many sensors,
causingts first launch to slieseveral years. Developmental challenges and
changingrequirements also promptéuetotal program costs to more than
double from their initial $& billion estimate

Thus, |dly, this program never came to fruition being a victim of American
politics and economic problenasid was finally terminated in February 2010.

A brief summary of the gper:

In estimating the economic effects of volcanic aslaviation, it is useful to
distinguish between two main categories:

airborneo effect swithaskclouds,aradi r cr af t

o0 N

airporto effects due to flight del

en
ay
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Each year from 1980 to 1995, on average, five commegetsgaéncountered ash
Cloudsin flight. About 10 percent of these encounters resulted in loss of power.

Thetotal reported damage to engines, avionics, and airframesstrom
encounters (1980 t01998) walsout $250 million. Some ash damage may not
havebeen reported; it is likelghat this number underestimates the actual costs.

Fortunately, no ash encounter to date has led to loss of aircraft or fatalities.

However, observers agree that several encounters (Galunggung 1982; Redoubt
1989/90)had the pantial for disastrous consequences. It seems reasonable,
therefore, to suggetiat there has been about pelcentchance of total aircraft

loss in the event of an asloud encounter.

To estimate the economic ri sctedamrfualiiai r |
equipment damage (some $15 million/year based on historical data), and the
estimatedannual risk of a total aircraft loss. Assuming 200 passengers and

crew, and a value pauman life of $5 million (see Gramlich 1990), plus $100

million for theaircraft, the costf a total aircraft loss is $1.1 billion. The

economic risk of total aircraft loss is 1 percehb encounters per year, or $55
million. Thus, the over afecshsaiaiyemi c r i
approximately$70 million per year

On the ground, additional costs are incurred when airports are shut down and
flights are delayed or cancelled because of ash clouds and ash deposition.

Aircraft maybe moved to avoidsh contamination on the grounBetween

1980 and 1998, ove5airports in 11 countries (USA, Japan, New Zealand,

Mexico, Guatemala, ColombiArgentina, Indonesia, Japan, New Guinea

Philippines, Falkland Islanjishave been shutown or severely affected by ash

falls (Miller and Casadevall 1999). The historieskrage in the jet aviation age,
therefore, has beapproximatelt wo fai rporto events per

Although the particular effects vary from one incident and airport to another,
mostfall into one of three categories:
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(1) lost revenue to airlines becausf cancelleghassenger and freight service,
(2) lost revenue to airports from cancelled traffic, and
(3) delay costs incurred by passengers.

Other costs include the removal of ash from airfaaiities, the relocation of
aircraft to avoid strandinthem (for example, a Boing 767 wstsanded at
Manila airport for 6 days due to ash contamination from Mt. Pinatuth©9i),
and delays associated with rerouting flights around potential ash hazards,
amongothers.

Tuck and Huskey (1994) summarize thersamic effects of the 1989/90
Redoubteruption on the aviation industry. In addition to $80 million in damage
to aircraft, theydentified$21 million in economic losses due to disruption of
air travel at Anchoragkternational Airport (sebelow). This s a lower

estimate of overall losses, asldes not include the cost of disruptions in
international passenger traffic.

domestic passenger traffic $1.7 million

international passenger traffic [not quantified]

domestic freight [minimal]

international freght $15.0 million

Anchorage I nt ol Ai r gancessionsdgueldlowage tees | a n c
$1.6 million

airport support industries (fuel distribution, growrdws and service, catering,
concessions$1.0 million

passenger waiting time $1.8 million

(Sources: Tuck and Huskey (1994); Casadevall (1994).

Using the Anchorage Airport figures as a representative example, we assume
Aairporto |l osses in the event of ash f
airportsper year have been affected, fdristorical loss of $40 million per year

i n Nalossgs.or t O

Thus, the historical losses to commercial aviation from volcanic ash over the
baseline period 1980 to 1995 have been on the order of $110 million per year.



Page| 25

Source: Benefits of NPOESS for Comarcial Aviationi Volcanic Ash Avoidance by
Hauke L. KitePowell
Marine Policy Center, Woods Hole Oceanographic Institution
January 2001

This estimatedigure of 110 Million USD per yean 2001will clearly be much
higher now.

There have been no accwa&stimatsof the combined economic and airline
effect ofEyjajalljokull butthefigure of 1 Billion Euro per day for the duration
of the airspace closuteasbeen widely used.
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6. Tracking of Volcanic Ash

A wealth of information abouwtolcanic eruptionshas been availabléor
many years. However it was only in July 1991 thatbroaderaviation
industry andhef dlcanologicabcommunity began a joint effort to find
ways to avoid future encounte(after the Mt. Redoubt eruptign

This was atan international cderence in Seattle, Washingtonyviation

industry members, meteorologists, and volcano scientists gathered to
determine what volcano event information the aviation industry needed, how
this information could be distributed,&awho or which agencies should
distribute it. The International Civil Aviation Organization (ICAO) had laid
much of the foundation for the volcanic ash issue through itsa¥i@ Ash
Warnings Study Group.

One of the outcomes of this initial meeting is dvailability of today's

Volcanic Ash Advisory Centers (VAAC). The VAACs provide an important
link among volcano observatories, meteorological agencies, air traffic
control centers, and operators. A total of nine VAACs observe and report on
their respectiveegion of the world
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Cugsth MY STATUS (6 EAD VOULANI ASie ADYERON ¥ CRMISE S (AL . AREAS OF SEASTASINe (1Y
SITUADOM ACTURLLE OFS CONTRES OACI DAWS OF CENDRES VOLTANGUES (WAAC) - JONES DE MESPONSASLITE
EETADO ACTUAL D LOS CEXTROS OC AVB0S OF OCHZAS %Ou DANCAS NMAAL) DF LA DACH - ASTAS OF RCSPONIARLITAD
CYVBSCIIMOUET MCTVEIEPOWE a2nCrOa TATIMB ALY LENTPOD WD 4O S At L CoMy SENEY NAAC: - W e COSLTCIROMNIOC T

i

VAAC

VAAC ;
“| WELLINGTON |

‘s
B
5
v

(VAAC regions from theVikipediawebsitg

The VAAC s provide aVAAS which is a Volcanic Ash Advisory Statement.

In addition to providing VAASSs directly to the airlines, the VAAE€ also
provide information to appropriate meteamgical organizations that
subsequently issue significant meteorological information (SIGMET) and
other reports. The ICAO publication "International Airways Volcano Watch"
(ICAO annex lll) contains further information and contact names and
numbers. Detailethformation on the VAACSs, including contadts each of
the nine centi® is available ahttp://www.ssd.noaa.gov/VAAC/

Operators rely on the VAACs for information, and many operators maintain
direct contatwith volcano observatories within their flight domains. For
instance, the Alaska Volcano Observatory (AVO) in Anchorage, with links
to Fairbanks, issues a weekly bulletin bgnail and fax detailing the activity

of key volcanoes in Alaska. During perioalsvolcanic unrest and eruption,


http://www.ssd.noaa.gov/VAAC/
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bulletins are issuenhorefrequently as conditions change. Anyone can
request to be placed on distributigsts for the bulletins.

Many operators maintain personal relationships with individuals in the
volcano observatas that monitor volcanoes within a particular flight
domain. For instance, Alaska Airlines maintains contact with key individuals
at the AVO because a significant portion of Alaska's flight domain could be
affected by Alaskan volcanoes.

Many other web sits provide information and links to other sources of
volcano informabn. A wealth of printed information, such as tBelletin of
the Global Volcanism Netwotkrough the Smithsonian National Museum
of Natural History in Washington, D.C., is also avaikalfiowever, the
information about current volcanic activity in these printed sources is often
two to three months old.

Aviation operations in volcanic ash situations rely on information based on
detection and monitoring, alerting, modeling, and post eassgssments.

The U.S. Geological Survey (USGS) provides seismic monitoring for early
detection and passes the information directly to the FAA to provide early
warnings when an eruption is imminent or has occurred, which is especially
important for en routaircraft. NOAA uses satellite monitoring as a core
element in detection, tracking, and monitoring eruptions, and the resultant
ash plume. Pilots also make observations, and the FAA disseminates pilot
reports or PIREPS along with NOTAMs and Significant debdlogical

l nformation (SI GMETs). SIGMETS ori gi
Weather Service.

The challenge facing the i ndustry is
Vari ous methods are used i ncluding i
advanced mathermeal modelling processes. This process is still in its

infancy and not yet robust enoufgit accurate forecasting but as more data

Is gatheregdthis process will improve.

Sources: Ifalpa Paper 2010 and Boeing Paper 2010
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Example of current Volcanic AsBtatusby theVolcanic Ash Advisory Center:
Anchoragga Green, Yellow, Red colour coded system is used)
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7. International Federation of Airline
Pi | ot sd As s o cPosdidni ons

Shortly after thetyjafjallajokull eruption IFALPA produced aofficial
Position Paper outlining its viewpoint. This Paper is readily available so |
have not reproduced the entire paper here. | have however included the
Executive summary antie sevenRecommendations herehe following s
taken directly from the paper

Executive Summary

Dealing with hazards is inherent to aircraft operation. Like icing conditions, wake
turbulence or microburst, volcanic ash introduces operational risks that can be identified
and dealt with in order to achieve a safe flight.

Aircraft are not specifically designed nor certified for flight into volcanic ash simply
because airworthiness requirements have not been specified with regard to volcanic ash.
There is presently no clear threshold for the composition and concentration of ash that
hazardous to aviation, so the ICAO recommended practice is to avoid all volcanic ash
(zerotolerance).

Current regulations and guidance for volcanic ash operations (including measurement and
certification), i.e. those that resulted in the widespegegpace closure in Europe in April

and May 2010, do not fulfil all operational and safety needs. This has led to devastating
economic consequences.

Under this pressure, the Council of European Union Transport Ministers adopted a value
of 2 mg/m3 as accégible provided that certain risk mitigating measures were
implemented. IFALPA believes that such a value needs a scientific basis and this has not
yet been demonstrated.

| CAO specifies that the position ohott he o0a:
define any threshold limits for ash concentration.

Threshold ash concentration values vary over the world with no clear relationship

between threshold values and aviation hazards.
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A continued zerdolerance policy is probably not realistic therefaceeptable levels of
exposure to defined astoncentrations and appropriate risk mitigation measures must be
established.

Volcanic Ash is first of all an operational problem as it affects the aircraft and its safe
operation. The solution depends on newewvised specifications for acceptable tolerance
levels from engine and airframe manufacturers which can be related to scientifically
validated measurements. ICAO should establish or revise global Standards for refined
threshold values for exposure to @@hic ash concentration which must be based on
hazards to the aircraft and people; acatbed hazard threshold.

Furthermore flight operational and maintenance procedures must be adapted or developed
and subsequently implemented. Taking into account tiodaily proven aviation limits

(hazard thresholds) the airlines/operators should be able to bear the responsibility for
planning and executing safe flights.

The necessity of avoiding Volcanic Ash creates a problem for the Air Traffic Services
(ATS). They play a significant role in the information distribution and have to prevent
collisions between aircraft and to maintain an orderly fbd air traffic (ICAO Annex 11)

Objectives of the Air Traffic Services), even in situations where Volcanic Ash testric
operations in large portions of airspace. ATS Contingency Plans addressing all aspects of
Air Traffic Management for Volcanic Ash

situations should be available for all regiafd¢he world and be based on the needs of
aircraft in flight.

Civilaviaton has devefopstdbdapdsateple which shou
result of the economic pressures causgthe recent airspace closures. This means that

the current principle of conservative avoidance should be maintained defessstrably

safe hazard threshold criteria can be applied. These include accurate modelling or
measurement of the hazard amdtification criteria for flight in the hazard area that

includes mitigation measures catering for longer term effects.

Finally, the ultimate responsibility for the safe conduct of a flight rests with the
Pilot-In-Command. The Pilotin-Command must therefore be given adequate tools,
training information and guidelines to deal with volcanic ash.

Recommendation 1:

New SARPs and Guidance Matdsiare needed to ensure safety amdimizedisruption
to air travel in case of future eruptiof®evised procedures shall be based on data from
scientific research; global volcanic ash standards (composition, concent#tion,
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certified engine and drame operations; reliable and fast (ideally real time) information
on the hazards; etc.

Recommendation 2:

IFALPA strongly supports research to validate a safe and practicable boundary for
acceptable ash concentration expostline introduction of standad limitations must
be based on a safety risk assessment.

Recommendation 3:

IFALPA believes that additional refinement of the model(s) will indicate more reliable
and precise defined airspace volur(@&s) of ash hazards. Furthermore, whenever the
disperson of volcanic ash is forecast the extent of the airspace volusst(sjated to be
above the acceptable threshold concentration should be verified and validatetighy in
measurements otherwiaeconservative safety buffer should be applied.

Recommendtion 4:

IFALPA believes that a global approach is needed that allows for ata@éde solution

for any airspace concernddperators and flight crews are primarily responsible for safe
flight operations and thus generakp restrictions should beinimised. Operations
should be |l eft subject to the operatorso
overseeingational regulator (safety oversight authority). ANSPs should have

contingency plans available, based on RegionaNawigation Agreemen

Recommendation 5;:

Regional contingency plans should also consider potential effects of volcanic ash on
aerodromes in the region.

Recommendation 6:

The Aircraft Operations Certificate (AOC) holder must conduct a safety risk assessments
prior to planneaperations within or in the vicinity of volcanic ash. The risk assessment
must include all affected stakeholders and must satisfacceptable level of safety
prescribed by the safety oversight authority. The risk assessment must include clearly
definabk threat scenarios, actions, training and other mitigations.

Recommendation 7:

IFALPA strongly believes that several issues must be resolved to guarantee safe flight in
a volcanic ash environment withaximum flexible use of the available airspace. The
uncerlying goal should always be to plan a flight path that will befficea significant

ash hazards. To achieve this goal the following requirements shall be accomplished:

1. Identify the hazards.

a. Perform adequate research on the short and long tertsefferolcanic ash on the
entire aircraft and their occupants.

S
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b. Conduct an wdepth risk analysis for the hazards of aircraft operation in VA.

c. Establish generic engine ash tolerance levels based on actual data and research for
relevant ash parameter®ntent concentration, particle size/type/properties and acidity.

2. ldentify the contaminated airspace.

a. Improve modelling, measurement and/or sensing accuracy of ash particle size and
density in volcanic ash cloudSompile experience and data fromegent and past
encounters and test flights.

b. VAAC must deliver relevant data in an accurate, timely and robust way by means of
measurement, imaging, modellinagd validation.

c. The appropriate safety oversight authority shall establish a danger aeea, w
necessary.

d. Uniform global criteria for closure of (parts of) airspace should be applied in case of
unacceptable hazardous asimcentrations (the rity black zone). Closure should be

based on unambiguous validated data and executestandancewt h gl obal o6cl o
criteriao.

e. Implementation of one or more intermediate levels of ash hazard/concentration with
restrictive use and additionaperating rules and maintenance requirements (e.g. red,
orange zone) needs further study and validation.

3. Flight Operation.

a. Responsibility for flight operations should remain with the operators, except for
hazardous higldensity ash levelexceeding aircraft and engine tolerance limitations
(black zone). The black zone should be defined by the NatBafdl Oversight
Authorities responsible for regulating flight operations, not by Air Traffic Management
authorities oAir Navigation Service Providers.

b. The operator must fulfil this responsibility for a safe flight and conduct a safety risk
assessment i to any operatiom low-concentration ash (grey, red, orange zones) and
get approval from his Safety Oversight Authority. The operatioosild effectively train
crews for operation in these zones.

c. The Pilotin-Command is ultimately responsible fofesélight and must therefore have
insight in all relevant ash dasmd specific aircraft procedures. As the person ultimately
responsible, the Pildh-Command must retain the final deciswhether a flight can be
conducted safely.

d. Operators should m&fin from any disciplinary actions when flight crews exercise their
flight safety responsibility ndb fly in ash (i.e. delay departure or diversion).

e. VFR operations (ASee and avoido) shal/l
conducting commerciair transporbperations in, or near, ash. A restriction to fly in
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potentially or actually contaminated areas only under daylight WiMight be an adequate
mitigation measure to avoid high ash concentration, but does not necessarily protect from
low ash oncentration that might still be hazardous.

Source: The IFALPA Position Paper on Volcanic Operations (June 2010)
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8. Boeing Volcanic Ash Advice

Boeing published a Volcanic Ash Advice Paper in May 2010. This Paper is
readily available sbhave not reproduced the entire document here.

This briefing leaflet comprised two parts

The first is a selection of pages from the Boeing Commercial Airplanes
publicationAero and dealtvith advances in volcanic ash avoidance and
recoveryandthe secad part is based on the Flight Operations Technical
Bulletin issued by the company on 21 April 2010.

The nNnSpecific Flight Crew Actiisons
particularly interesting as it accepts that there will be encounters and thus
offers specific advice (it does acknowledge that the aircraft/company
manuals will take preference).

It also publishes Alaska Airles Procedures for operating inlesanicash as
they have extensive experience in this regard due to the extensive of active
volcanoes in their route structure.

Lastly | have also reproduced thei
Codestable and their list of Volcanic Ash Resources.

Re

r



3 SPECIFIC FLIGHT CREW ACTIONS REQUIRED IN RESPONSE TO ENCOUNTERS

Despite ongoing avoidance efforts, operators can still experience volcanic ash
encounters. Guidance on the operational issues surrounding volcanic ash is
divided into three aspects: avoidance, recognition, and procedures. The following
information is general; flight crews should refer to their respective company’s

operating manuals for details.

Avoidance.

Preventing flight into potential ash
environments requires planning in
these areas:

= Dispatch needs to provide flight
crews with information about vol-
canic events, such as potentially
eruptive volcanoes and known ash
sightings, that could affect a
particular route (see sidebar at
bottom of p. 26).

= Dispatch also needs to identify
alternate routes to help flight
crews avoid airspace containing
volcanic ash.

= Flight crews should stay upwind of
volcanic ash and dust.

= Flight crews should note that air-
borne weather radar is ineffective
for distinguishing ash and small
dust particles.

Recognition.

Indicators that an airplane is pene-
trating volcanic ash are related to
odor, haze, changing engine conditions,
airspeed, pressurization, and static
discharges.

» Odor. When encountering a vol-
canic ash cloud, flight crews usu-
ally notice a smoky or acrid odor
that can smell like electrical
smoke, burned dust, or sulfur.

= Haze. Most flight crews, as well as
cabin crew or passengers, see a
haze develop within the airplane,
Dust can settle on surfaces.

= Changing engine conditions.
Surging, torching from the
tailpipe, and flameouts can occur.
Engine temperatures can change
unexpectedly, and a white glow
can appear at the engine inlet.

= Airspeed. If volcanic ash fouls the
pitot tube, the indicated airspeed
can decrease or fluctuate erratically.

w Pressurization. Cabin pressure can
change, including possible loss of
cabin pressurization.

= Static discharges. A phenomenon
similar to St. Elma’s fire or glow
can occur. In these instances,
blue-colored sparks can appear to
flow up the outside of the wind-
shield or a white glow can appear
at the leading edges of the wings
or at the front of the engine inlets.

Procedures.

The following nine procedures are gen-
eral recommendations. Each operator’s
flight operations manuals will include
more specific directions.

1. Reduce thrust to idle immediately.
By reducing thrust,engines may suf-
fer less buildup of molten debris on
turbine blades and hot-section com-
panents. Idle thrust allowsengines to
continue producing electrical power,
bleed air for pressurization, and
hydraulic power for airplane control.

2. Turn the autothrottles off. This
prevents the engines from increasing
thrust above idle. Ash debris in the
engine can result in reduced surge
margins, and limiting the number of
thrust adjustments improves the
chances of engine recovery.

Exit the ash cloud as quickly as
possible. A 180-deg turn out of the
ash cloud using a descending turn
is the quickest exit strategy. Many
ash clouds extend for hundreds of
miles, so assuming that the
encounter will end shortly can be
false. Climbing out of the ash could
result in increased engine debris
buildup as the result of increased
temperatures. The increased engine
buildup can cause total thrust loss.

4. Turn on engine and wing anti-ice
devices and all air-conditioning
packs. These actions improve the

3
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engine stall margins by increasing
the flow of bleed air.

5. If possible, start the auxiliary
power unit (APU). The APU can
power systems in the event of a
multiple-engine power loss. It can
also be used to restart engines
through the use of APU bleed air.

6. If volcanic dust fills the flight
deck, the crew may need to use
oxygen. Use flight deck oxygen at
the 100 percent setting. Manual
deployment of the passenger axygen
system is not required because it
will deploy automatically if the
cabin altitude exceeds 14,000 ft.

7. Turn on the continuous ignition.
Confirm that autostart is on, if
available. In the event that the
engines flame out or stall, use
appropriate procedures to restart the
engines. During restart, the engines
may take longer than normal to
reach idle thrust due to the com-
bined effects of high altitude and
volcanic ash ingestion. If an engine
fails to start, try restarting it again
immediately. Flight crews should
remember that the airplane may be
out of the airstart envelope if the
encounter occurs during cruise.

8. Monitor engine exhaust gas

temperature (EGT). Because of
potential engine debris buildup,
the EGT can climb excessively.
The flight crew should prevent EGT
exceedances. Shut down the engine
and restart it if the EGT & approach-
ing limits similar to a hung start.

9. Fly the airplane by monitoring
airspeed and pitch attitude.

If necessary, follow the procedure
for flight with unreliable airspeed.
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SUMMARY | Though the number of
ial airplane
lcanic ash
c s decreased significantly
over the past
sntial for this ty

knowl t how to avoid
and recover from the unters
ssulted in improved capa-
areas. By working
of the volcanological
the aviation industry

ob es that provide daily

updates through e-mail mess

or [lh(lllf' recordings have been
established. In addition, a variety
of Internet sources pro

flight domains
flight operations proce
cumented and able to
: s to help them re
immediately and appropriate
maintain the highe

level of flight safety




ALASKA AIRLINES
PROCEDURES FOR

When in doubt, don't fly
Use facts and data

eruptions interfere with its route structures

Identify the location of both the ash and clear areas

Stay focused

WHEN IN DOUBT, DON'T FLY

The fundamental principle by which Alaska Airlines
operates is knowing where to find the ash after a vol
canic eruption it will
not allow its flight crews to fly through the eruption

If unsure of the ash location

area. Though this approach is conservative, Alaska
Airlines successfully and safely operated after the 1989

Mt. Redoubt eruption and other volcanic eruptions
2 | USE FACTS AND DATA

Alaska Airlines has selected several information
sources, uses Volcanic Ash Advisory Statements from
the Volcanic Ash Advisory Centers, and 15 in direct
communication with the Alaska Volcano Observatory
During a major eruption, Alaska Airlines will interview
well as other operators’ pilots about
It has also estab

lished contacts on the ground that it can call for

its own pilots as
their observations on ash location

additional intelligence. These individuals include mayors

and police officers in vil

lages and towns near the
airline’s flight paths, If

Alaska Airlines receives
inconsistent information
it double

tinually validates what

hecks and con

appears to be correct
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OPERATING IN VOLCANIC ASH CONDITIONS

laska Airlines has many active volcanoes within its flight domain, To prepare for an eruption and result

ing encounter with volcanic ash, the airline has developed focused guidelines for flight operations when

3 IDENTIFY THE LOCATION OF BOTH
THE ASH AND CLEAR AREAS

ka Airlines tracks the ash by asking a number of
stons

Where 15 the ash itself?

Where is the volcanic source of the ash?
What are the winds doing?

What information is available from the

volcanological community?

What information do the reports from the pilots

selected contacts, and others contain?

Alaska Airlines then provides its pilots with informa
tion on where to fly and the reasons for not flying in

Certam areas
4 | STAY FOCUSED

Ed Haeseker
worked during the Mt

manager of air traffic control for Alaska
Redoubt event with
Tom Cufley, then chief pilot at Alaska Airlines. They

Airlines

found that a small team worked better than a large
team, especially if the chief pilot provided information
directly to the flight crew in the early days of the
event, In addition, a small team can travel more
quickly to the site where the greatest assistance i
needed and remain focused on the key task: identitying

where the ash is
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—0 AC‘”VITIES[!N' VPLC AN l c AS! ,”w [nternational Civil Aviation Organization (ICAQ) .

nitiated a volcanic ash effort in 1982 after multiple
747 awrplanes nea rta, Indonesia. Ti ilting organization, the Volcani
Ash Warnings Study Group, has worked since the standardize the information provided to flight cre
about volcanic eruptions

In addition, 1ICAO formed the International Airways Yolcano Watch (IAVW) in 1987. This effort formalized
the international arra 2nts for monitoring and providing warmngs to airplane m
atmosphere. ICAD annex III and the World Meteorolegical Organization (WMQ) Techni gulation
introduced a requirement to disseminate information about v sh to airplanes in the form of signifi
cant meteorological information (SIGMET) and no

The first W CAD workshop on volcanic ash hazards was
held in Dary Australia, in 1995, Since then, a number of the | T. FoX
designated Volcanic Ash Advisory Centers () have come Secretary of the ICAD Volcanic Ash
into full operation. A second workshop in Toule France, in Warnings Study Group

1998 focused primarily on VAAC nsibilities and procedures Chiet - Meteorology

More information about ICAD activities related to volcanic ash | International Civil Aviation
avoidance and encounters s available in the nization’s Organization
document titled "Operational Procedures And L 899 University Street

Operational Contact Points Between Vulcanological
Meteorological Watch Offices And Area Control Centres Montreal, Quebec H3C 5H7 Canada

from the address to the right E-mail: tfox@icao.org

Eruption warnings are issued in the form of coded information
VOLCANO ERUPTION | ™

ses. Over the past 10 years, this method has proved to be effec-

Ié
WARNlNG COLOR CODES tive for alerting the aviation community to potential volcanic ash

: ALERT COLOR CODE | YOLCANO ACTIVITY STATUS

.

Red Volcanic eruption in progress. Ash plume or cloud reported above FL 250
Yolcano dangerous, eruption likely, with ash plume or cloud expected to rise above FL 250

Orange Yolcanic eruption in progress but ash plume or cloud not reaching nor expected to
reach FL 250

Yolcano dangerous, eruption likely, but ash plume or cloud not expacted to reach FL 250

Yellow Volcano known to be active from time to time and volcanic activity has recently
Increased significantly, volcano not currently considered dangerous but caution should
be exercised
After an eruption, |.e., change in alert to yellow from red or orange, volcanic activity
has decreased significantly, volcano not currently considered danrgerous but caution
should be exercised,

Green Valcanic activity considered to have ceased and volcano reverted to ils normal state

The responsible volcanological agency in t gion where the volcano erupts should provide the area
control center with (1) the color code for the level of alert indicating the status of activity of the volcano
and (2) any change from a previous status of activity {e.g., “Red alert following yellow” or “Green alert
following orange”). Source: ICAD—International Airways Volcano Watch
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Source: Boeing Volcanic Ash Advice (May 2010)



