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Arctic Ice Conditions 

Å Offshore Ice Features 

ï FY level ice   

ï Ice floes    

ï Rafted ice 

ï FY / MY Pressure ridge (linear feature) 

ï Rubble pile (grounded), stamukha, rubble field 

Multi -Year Ridge  Ice Rubble / Hummock Field Iceberg in Pack Ice 

 

ï Hummock fields  

ï Icebergs 
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Arctic / Subarctic Condition 

ωIcebergs 

ωPack ice 

ωIcebergs in pack ice  

ωHigh seas 
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Arctic / Subarctic Condition 
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Variability in Conditions 

http://www.navcen.uscg.gov/?pageName=IIPIcebergCounts 

http://www.navcen.uscg.gov/?pageName=IIPIcebergCounts
http://www.navcen.uscg.gov/?pageName=IIPIcebergCounts
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Presentation Theme 

ωGrand Banks O&G Developments 
ςPioneered technology development  

and operations in harsh ice prone environment 

ςTechnology Gateway to the Arctic 

ςBaseline / Benchmark for moving into  
more extreme conditions  
(Labrador, Greenland, Beaufort Sea 
Davis Strait, Barents Sea) 

 

           ²Ŝ ƘŀǾŜ ŎƻƳŜ ŀ ƭƻƴƎ ǿŀȅ Χ 
               ΧΦΦ  ǿŜ Ŏŀƴ Ǝƻ ŀ ƭƻǘ ŦǳǊǘƘŜǊ 
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ω Challenges 

ς Sea ice and iceberg risk 

ς Geotechnical properties  

ω Facility Types 

ςGBS,  FPSO, Subsea 

ω Special Design Features 

ς Structural Reinforced 

ςDisconnection  

ω Risk Mitigation 

ς Iceberg detection and towing 

ς Alert zones 

ς Excavation Drill Centres  

ς Pipeline trenching 

 

Terra Nova 

FPSO 

Hibernia GBS 
ExxonMobil  

Terra Nova 

Suncor Energy 

White Rose 

Husky Energy 

Hebron GBS 

ExxonMobil  

Grand Banks Developments 
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Design Methodology (ISO 19906) 

Å Environment Conditions  
ï Ice type, thickness, size  

 

Å Ice -  Structure Interaction  
ï Structure shape, contact area  
ï Ice types, ice clearing mechanisms,  
ï Ice failure, strength  

 

Å Encounter Probability  
ï Concentration, floe size, thickness, drift speed, 

facility size  
 

Å Risk Mitigation  
ï Icebreaking, Iceberg towing  

 

Å Global / Local Loads  
ï Limit failure stress, limit energy, limit environment 

force, exposure  
 

Å Structure Design  
ï Foundation lateral resistance  
ï Foundation bearing resistance  

ï Structural Integrity   
 



9 
9 

ÅDesign Criteria (ISO 19906)  

ïTarget Safety Levels  

 
Annual  

Exceedence  
Probability  

Load  
Factor  

Abnormal Loading  
Event (ALIE)  

10  - 2  

10  
- 4  

1.35  

1.0  

Extreme Loading  
Event (ELIE)  

Design Methodology  

Load Event Type  
Structure Design  

Approach  

Ultimate Limit States  
(allow damage but   

require repairs)  

Elastic  
or Limited  

Plastic Damage  
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Iceberg Management ς Protection Zones 

Ice Management Plan 

ωDetection 

ωSurveillance 

ωData collection 

ωReporting 

ωForecasting 

ωIce avoidance 

ωMeasuring performance 

New Tow illustration
Exclusion

Zone

Alert Zone 2 

T-Time)

Control/Prevention 
Zone 3

(Iceberg towing)

Observation 
Zone 

(varies with 

Ice Track



11 

Detection 

ω Enhanced Marine Radar 

ω Satellite Radar 

ω Aerial & Vessel 
Reconnaissance 

ω Detections vary in space  
and time 

ω Multiple sensor platform 

 

Sensor
Integration
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Physical Management 

ωIceberg Towing 



13 

ωBased on ability to alter iceberg drift including change in course 
and/or speed  

 
  Success 

Years Towline & Net 

Before 2000  85% 

2000-2012 
(361 icebergs) 94% 

  

Towing Success Statistics 



14 

Physical Management 

ωIcebreaking 

Wright et al, 2014 
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1 impact / 10 yrs 

1 impact / 30 yrs 

Ice Loads reduced using Ice Management 
 

 

ω Iceberg Loads for  
1 in 10,000 yrs 
 or  

ω 10 -4  exceedence  
probability 

ISO 19906 Design Example 
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Iceberg Loads Software (ILS) 

ÅProbabilistic iceberg loads  

Å ISO 19906 compliant 

ÅUndergone third party reviews  

ÅUsed in design of GBS and floater 
structures for Grand Banks, but 
applicable to other structure 
types and locations 

ÅModels risk mitigation 

ÅCurrently being updated using 
new 3D iceberg profile data    


