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Example of Temperature Increases
Average January air 
temperature in Point Hope, 
Alaska:
• 1961-1990, -3°F
• 2001-2010, 3°F
• 2031-2040, 6°F
Projected change of +9°F over 
89 years. Our current sanitation 

infrastructure is designed 
for the conditions of the 
past, not for the present or 
the future.





• Water and Sewer along with Transportation Infrastructure is 
estimated to be most vulnerable to climate change.

• Cost of not adapting infrastructure has been estimated in a 
2007 study by University of Alaska (ISER) to shorten the 
useful life of water and sewer infrastructure by 3.5 years (20 
year normal design life assumed).  

• Compounding this shortened life over decades adds billions 
of dollars to preserving the sanitation utility.  Estimated to add 
$3-6 B (rebuilding) by 2030 for Alaskan villages.

(Larsen, Goldsmith, Smith, et al. (2007) Estimating Future Costs 
for Alaska Public Infrastructure At Risk from Climate Change.

What is the cost of climate change to 
water and sewer infrastructure?











How does climate change affect 
transportation in villages?

Damage and the inability 
to use trails, roads, rivers 
and boardwalks is caused 
by:
– Erosion
– Flood damage
– Storm damage
– Melting permafrost
– Sedimentation



How does changing Arctic affect solid 
waste?

Collection systems:
– Destruction or loss of access

Disposal systems:
– Erosion intercepting the facility 

which spreads waste
– Flood water entering the facility 

which spreads waste
– Permafrost or waste melting and 

releasing contaminants



• Foundations-Pipes/Buildings
• Contamination

– Rising sea levels
– Storm surge (seawater contamination)
– Northward migration of animals with disease or parasites 

(Giardia)
– Saline intrusion into coastal groundwater
– Increased algae

• Reduced supply
– Drought or drying tundra ponds
– Damage to intakes or impoundments from sediments, ice, 

and erosion

How does changing Arctic affect  
water and sewer ?



How does warming permafrost affect 
water chemistry and quality?





In Unalakleet, erosion has exposed a water 
line.



In Kotlik, coastal flooding has damaged  
community infrastructure.



In Noatak, failing foundations from 
permafrost warming 





1. May  2016  - Anchorage, Alaska to discuss permafrost and water-wastewater system 
2. Goal:  identify options, best practices, and impacts in regard to permafrost  
3. Participants: NSB, UAF, CRREL, Engineers and Murkowski representative 
4. Expertise: geotechnical, environmental, construction, operations, and planning 
engineering

Point Lay Permafrost Sustainability Workshop

The Problem:  Snow and Ground Water 

The Long Term Implications:  Reduced Sustainability of Point Lay

Short term:  Make sure to plow and shovel all snow away from each house, each structure and the entire village THOROUGHLY  
Mid term:     Use fine silt to fill-in cavernous water ponds and holes.  Do not use gravel as water can penetrate it and melt the permafrost 
Long term: Develop housing, structures, vehicle parking and utilities that allow the snow to blow through, rather than create drifts

Recommendations:  Use Snow Management Strategies 

UAF Participants:  Doug Reynolds, Billy Connor, Tony Nakazawa, Yuri Shur,  Dave Barnes, Bill Schnable, 
Srijan Aggarwal, Misha Kanevskiy and Jon Skinner Special thanks to the Native Village of Point Lay, the 
North Slope Borough, CREL, UAF’s School of Management, Natural Resources and Extension, the 
Geophysical Institute and the Center for Environmentally Sustainable Transportation in Cold Climates, 
ANTHC,  Golder, and Umiaq



What can be done to save the infrastructure that villages depend 
upon? Conversion of passive to active cooling of foundations on 
warming permafrost. This is soon to be built in western Alaska  



Adaptation: Portable Alternative Sanitation 
System (PASS) in Kivalina

Typical system layout Rain catchment system

This system is entirely homeowner-based and is designed to address the 
most basic sanitation needs and is portable so it can be moved with the 
community to a new location. 



Rain Catchment Systems
• Water tank equipped to accept 

hauled water and rainwater
• Point-of-use water treatment device 

to treat water from non-potable 
sources

Grey Water Disposal Systems
• Tank equipped to accept liquids that are discharged 

from the kitchen and bathroom sinks, urinal, and 
separating toilet

• Shallow brackish ground water and gravely soils are 
freeze-proof and environmentally sound for 
disposing grey water

Nine homes received demonstration in home PASS units to 
improve availability of water and lower risk of wastewater 

disposal. Can be moved with home or abandoned.



Adaptation to shifting foundations:  
Arctic Boxes replaced by Flexible Connection 

to homes



Flexible Service 

SOLID connection  
to the house.



Adaptation: Kotlik carrier pipes placed  
on Helical Piers instead of sleepers 



Remote Monitoring:  System Concept

Remot
e  End 
User





What can be done to save the infrastructure that  
villages depend upon? 

Environmental Atlas to ensure Climate Data is  
updated for Design Engineers 





Future Possible Guiding Principles of 
Infrastructure Design

• Flexible instead of rigid
• Moveable instead of permanent 
• Smaller 
• Adaptable to changing conditions
• Efficiency and simplicity over complexity
• Innovative
• Increased monitoring 
• Modular
• Light Footprint






