
Permafrost Hazard Mapping for 
Yukon Highways 

 
• Presentation by 
 
 Muhammad Idrees, P.Eng, M.Eng 
 Manager, Geotechnical and Materials Program 
 Highways and Public Works, Government of Yukon 
 
 



Introduction - Yukon 
 

• Area 483,450 km2  
• Population ~38,000 
• 17 communities 
• 4,808 km of 

maintained highway 
• Asphalt pavement 310 

km; 
• BST 1,930 km; 
• Gravel 2,568 km; and 
• 132 bridges. 

• ~25% impacted by 
permafrost degradation 

 



Introduction - Yukon 
 



Systematic Approach to mitigate 
the effects of permafrost thaw 

• Generic Maps and visual observation 
• Detailed permafrost maps 
• Vulnerability Maps 
• Site Selection for mitigation techniques 
• Thermal analysis and modelling of potential mitigation techniques 
• Selection and detailed design of mitigation technique 
• Supply and installation of mitigation technique 
• Monitoring  

 
 



Permafrost General Maps 

• Generic Maps are good to have 
better understanding of the 
permafrost in Canada but are they 
good for construction of new roads 
or rehabilitation of existing roads? 

 
• Probably need more detailed maps 

for alignment of new roads and 
even rehabilitation of existing roads, 
like vulnerability maps 

 



Important Factors in Road Design 

Non Permafrost Areas 
• Short distance with detailed Geotechnical 

information 
• Minimum river and creek crossings 
• Avoiding significant geo hazards 
• Balanced cut and fill 
Permafrost affected Areas 
• All above factors but no cut 
• Avoid ice rich/massive ice bodies 
• Alignment in coarse grained soil vs fine 

grained soil, need extensive geotechnical 
information 

 
 



Vulnerability https://yukoncollege.yk.ca/downloads/permafrost_report.pdf 

 

 
 

 Vulnerability of North 
Alaska Highway km 
1700 to km 1902  

 3 years project with 
NCE Yukon College, 
2012-2015, funded by 
INAC and Climate 
Change Secretariat 
Government of Yukon 
 

 
43% highly vulnerable: 
• Intense Subsidence 
• Long duration 

 

38% moderately vulnerable: 
• Short Duration 
• Moderate subsidence 
 

19% low vulnerability 
• No permafrost 
• No ground movement 

https://yukoncollege.yk.ca/downloads/permafrost_report.pdf


Vulnerability https://yukoncollege.yk.ca/downloads/permafrost_report.pdf 

 

 
 

https://yukoncollege.yk.ca/downloads/permafrost_report.pdf


Vulnerability https://yukoncollege.yk.ca/downloads/permafrost_report.pdf 

 

 
 

Vulnerability 
 High 
 Moderate  
 Low 

https://yukoncollege.yk.ca/downloads/permafrost_report.pdf


Techniques for vulnerability mapping 
 

 
 

• Geotechnical 
Investigation (borehole 
logs), permafrost 
sample analysis 

• Ground Temperature 
and Climate 
Monitoring 

• Geophysical 
Techniques (ERT etc) 

• Lidar and Imagery data 
• Geological Maps 
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Techniques for vulnerability mapping 
 

 
 



Techniques for vulnerability mapping 
 

 
 



Identification of Sites, Potentially Responsive to 
Mitigation Techniques, 4th year Extensions 

 
 

Description of Site Factors 
• Solar Radiation 
• Wind 
• Precipitation 
• Snow Cover 
• Embankment Slope and Orientation 
• Vegetation Cover 
• Drainage 
• Soil Types 
• Ground Ice Conditions 
• Ground Temperature 
 
 

Mitigation Techniques 
• Air Convection Embankment (ACE) 
• Heat Drains 
• High Albedo Surface 
• Insulation 
• Thermosyphons 



Identification of Sites, Potentially Responsive to 
Mitigation Techniques, 4th year Extensions 

 
 Evaporation Condensation 

Conduction 
Convection 

Heat release 

Thermosyphons 
• Extract heat during the winter 

 Expensive and localised 

Heat Drains 

High Albido Surface 



Identification of Sites, Potentially Responsive to 
Mitigation Techniques, 4th year Extensions 

 
 



Mitigation Technique at Dry Creek 

 
 



Thermal Analysis 
ACE Embankment vs Thermosyphons at Dry Creek 

 
 



Thermosyphons at Dry Creek, 2018-2021 

 
 



Thermosyphons at Dry Creek, 2018-2021 

 
 



Thank You 
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