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Background:
Following the eruption of the Eyjafjallajökull (E15) volcano, UK military 
operators are advised by the MAA that 'flight in areas affected by VAC is at 
the discretion of the operational duty holder (ODH) and should be 
supported by appropriate risk assessment'.  

Exam questions:
• What is the risk of military operations being impacted by 

volcanic eruptions?
• What are the airworthiness and safety risks related to engines 

and other critical systems? 
• What are the safe concentration limits for flight for a generic 

ash composition and aircraft/engine type?
• How long can we fly in a particular concentration (single 

sustained flight, cumulatively)?
• What sampling/inspection is necessary to monitor platform 

effects and to highlight performance/technical issues?
• What are the long-term (financial and technical) cost of 

ownership issues?
• What are the military-specific departures from the Civil Aviation 

guidelines?  

Ash Cloud on 4/19/10 

Eyjafjallajökull:  Impact on International Air Traffic 
(http://news.bbc.co.uk/2/hi/uk_news/8625813.stm) 

Global risk assessment

  
  

Air vehicle impacts
Failure Modes and Effects Analysis (FMEA) at system and major 
aircraft element level performed on three aircraft types: fast jet, 
military transport and large rotorcraft.

Engine operability model
MOD’s current understanding of VA Concentration vs Exposure 
Duration.  
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MOD priorities:
• Global risk assessment of an ash encounter. 
• Refine current understanding of the propulsion system impacts. 
• Refine current understanding of the Air Vehicle (non-propulsion) impacts. 

Short term

• Validate the engine models for predicting exposure limits to VA.
• Assess propulsion system vulnerability to sulphidation.
• Assess the vulnerability of specific propulsion system features. 

Medium 
term

• Define standards for VA composition, testing equipment/methods and test 
specimen.

• Investigate novel ways to protect against VA inflicted damage. 
• Understand the long-term (financial and technical) cost of ownership issues.

Long term 

UK MOD Volcanic Ash (VA) Research Programme 
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MOD VA sampling methodology
 

  
  Engine turbine blade sampled Analysed via SEM-EDX

Particles compared against known VA composition

Strong matches re-examined for 
morphology and confirm analysisSample Stub
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<0.2mg/m3
• Clear Zone
• Flight unrestricted 

0.2-2mg/m3
• Cyan Zone
• Flight subject to additional engine inspection
• Determined by individual ODH based on ‘Risk’

>2mg/m3 
• Red Zone 
• Flight to be completely avoided. 

SENSE:
• Investigate COTS onboard 

detection technologies 
• Conduct probabilistic 

assessment of global risk 
assessment above 

COORDINATE:
Standardisation of:
• Test rigs 
• Engine tests 
• Testing methodologies
• Volcanic ash composition 
• Test specimens 

PROTECT: Fan

Phenomena

CFD

Turbine Combustor Compressor 

Damage Blade/vane damage
Rotor path lining damage

Fuel system blockage

VA accretion
VA shedding 

Erosion and Abrasion
Particle impingement  

VA agglomeration
VA accretion  

EMR activity (6-12 months)

Sub-element 
test rig TTCP collaboration 

(1-2 years)

Sub-assembly 
test rig

Engine test US-UK Collaboration through VIPR3 (2-3years)

Erosion
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Nozzle Guide Vane 
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Particle 
Centrifuging 

Abbreviations:

S Iceland
NE Iceland
SW Iceland
SE Iceland  
W Iceland
N of Iceland
Jan Mayen
Arctic Ocean

Aleutian Is.
Alaska Peninsula
SW Alaska
E Alaska
W Alaska

Italy
Greece
Turkey
W Europe
W Asia

Ecuador
Central Chile & Argentina
Columbia
N Chile, Bolivia & Argentina
S Chile, Bolivia & Argentina
Galapagos Is.
Peru
Chilean Is.

Kamchatka 
E China
W China
Korea
SE Russia 
Mongolia

Hawaiian Is.  
Pacific Ocean (N, E, S, Central)

Washington
Oregon
California 
Canada
Arizona
UT, ID, WY, NV, 
CO, NM

New Zealand
Tonga Is.
Kermadec Is.
Samoa & Wallis Is. 
Fiji

Sumatra
Java
Lesser Sunda Is.
Sangihe Is.
Sulawesi
Krakatau
Halmahera
Banda Sea
Andaman Is.
Borneo

Azores
Canary Is.
Cape Verde Is. 
S Atlantic Ocean
N Atlantic Ocean
Central Atlantic Ocean

West Indies

Antarctica

Mexico 
Guatemala
Nicaragua
Costa Rica
El Salvador & Honduras
Panama

W. Indian Ocean
S Indian Ocean 
Arabia
Iran & Afghanistan
Syria
E Indian Ocean

Izu, Volcano & Mariana Is.
Ryuku Is. & Kyushu
Honshu
Hokkaido
Taiwan

Luzon
NE of Luzon 
Mindanao
Central Philippines
SE Asia
Sulu Is.

NE New Guinea
New Britain
Bougainville & Soloman Is.
Vanuatu
New Guinea & D’Entrecasteaux Is.
Santa Cruz
Admiralty Is.
New Ireland
SW Pacific Ocean
Australia 

Kuril Is.

E Africa 
NE Africa & Red Sea 
Central Africa
W Africa
N Africa
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ASNR Air Senior National Representatives
BA British Airways
CFD Computational Fluid Dynamics
COTS Commercial Off The Shelf
DLR German Aerospace Center
DSTL Defence Science and Technology Lab
EDX Energy Dispersive X-Ray 
EMR Extramural Research 
KLM Koninklijke Luchtvaart Maatschappij
MAA Military Aviation Authority 
MOD Ministry of Defence
NATO North Atlantic Treaty Organization 
PA Project Arrangement 
SEM Scanning Electron Microscopy 
STO Science and Technology Organisation
TTCP The Technical Cooperation Program 
VAC Volcanic Ash Cloud
VIPR Vehicle Integrated Propulsion Research 

NATO US/UK PA

ASNR TTCP

IRC Forums 

Propulsion system impacts 

  
  

Limited centrifuging 
by fan

Ash 
cloud

Molten ash sticks in turbine 
annulus, choking engine

Compressor erosion:
•loss of efficiency and surge 
margin
•gradual loss of efficiency

Ash starts to melt in and around 
combustor (clogging in 

combustor and flame extinction) 

Electrical and 
electronic system 

contamination 

Fuel system 
blockage

Lubrication 
system 

contamination Sulphidation of Ni 
alloys in turbine

Turbine cooling systems block, 
reducing component life

Key:
Short term impact
Long term impact 

UK MOD Volcanic Ash (VA)  
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