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Overview of the Alaska Aviation 
System 

Design  Issues 

Closing 

Case Study 

Construction Issues 



 300 public use airports 
Uncounted landing areas 
Uncounted lakes and saltwater bays 

(3,000) 
 90% of Alaska is off of the road system 

 

Overview of Alaska  
Airport System 







 Foundation Soils 
o Permafrost 

 Local Materials 
Water 
Capillary Action 
 Erosion Control 
 Fencing 
 Snow Storage 
 Pavement Design 
Climate 

Design Issues  





Dry soils are stronger than 
wet soils 
Water will migrate to the 

freezing front  
Water migration most 

evident in fine grain soils 
 

Water 



 

Freeze/Thaw 



Embankment Performance Problems: 
Slope Erosion 



Erosion 



Embankment Performance Problems: 
Culvert Failures 



Embankment Performance Problems: 
Shoulder cracking 



Thaw 



Erosion 



Embankment Performance Problems: 
Wind Erosion 



Wind Erosion 



Seed 



Seed 







 25,000 residents in 34 communities, relying 
on summertime barge and year-round air 
transport 

 Remote and Roadless Region of 25,000 sq 
mi 

 Deltas merge between the Yukon River on 
the north side and the Kuskokwim on the 
south 

 Numerous lakes, ponds and sloughs cover 
nearly half of the land mass   

 Discontinuous permafrost throughout region 
 Only soil types are peats, silts and fine 

sands 
 

Y-K Regional 
Setting 



Typical view of lakes and ponds 





 Gravels notably absent 
 Fine silty sands available at Bethel, Hooper Bay and Chevak.  
 Silt contents ranged from 3 - 60% in the region 
 Most of Delta has only peats and organic silts 
 Organic contents in silts commonly range 4-10% by weight or 

10-20% by volume 
 The organic components retain water, restrict drainage, and 

reduce the effects of stabilizers 
 In-situ moisture contents in silts are commonly 30-50% when 

thawed and 50-100% when frozen 
 

Typical soil properties 



 Permafrost  is warm and discontinuous 
 Permafrost  is present below elevated areas of dryer 

ground (palsas) 
 Permafrost absent below lakes, ponds and swampy 

areas  
 Historical Soil Temperature data is minimal 
 The few existing records show soil temperatures almost 

always above 31° F 
 Essentially all structures in region are supported by 

piling founded in permafrost  
 Frozen moisture contents commonly exceed 50% while 

compaction optimums are 12-20% 

Permafrost 
Considerations  



 Moisture/Density controls can not be achieved due to 
high moisture contents and lack of summertime drying 
conditions 

 Compaction effort is accepted by the Engineer based 
on rolling coverage 

 Adopt CBR values for acceptance criteria 

Soil Compaction 
Procedures 



 FAA Advisory Circular 150/5370-10G 
 

o P152-2.6 says: “Earthwork operations shall be suspended at 
any time when satisfactory results cannot be obtained 
because of rain, freezing, or other unsatisfactory weather 
conditions in the field. Frozen material shall not be placed in 
the embankment nor shall embankment be placed upon 
frozen material. Material shall not be placed on surfaces that 
are muddy, frozen, or contain frost. The Contractor shall 
drag, blade, or slope the embankment to provide surface 
drainage at all times.” 
 

Materials Testing 





 Climatic conditions across Y-K  Delta are relatively 
uniform in summer  

 Thaw season from May 1 to October 15 
 Winters are colder by 30% at upriver areas 
 Summers are wet at 10-12” of rainfall 
 Windy and cloudy conditions predominate  

 
 
 
 
 

Climate 











Climate and Trends 
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Figure 8
5-Year Running Average Temperatures and Temperature Trends - Bethel, Alaska

29.25

29

28.9

28.8

28

28.25

27.75

27.3

30.6

27.2

28.25

30.75

26.7

28.6

30.2

26.8

28.5

28.9

27.5

28.75

28.2

28.5

29

27.5

29

28.25

27.9

29.2

27.9

28.5

31.25

27.5

29.25

31.4

27.25

30.1

31.1

27.4

30.75

30.7

28.1

30.9

31.1

28.1

31.2

30.5

29

31.1

29.8

29.25

31

29.76

28.9

31

29.92

28

30.6

29.72

27.75

30.1

29.8

27.2

29.4

29.38

26.7

28.8

30.3

26.8

28.5

30.28

27.5

28.3

30.78

28.5

28.5

30.78

29

28.8

31.48

29.2

28.75

30.74

31.25

29

29.74

31.4

28.8

30.4

31.1

28.25

29.68

30.7

27.3

29.9

31.1

28.25

30.54

30.5

28.6

29.8

28.5

29.76

28.75

29.92

29

29.72

28.25

29.8

27.9

29.38

27.5

30.3

27.25

30.28

27.4

30.78

28.1

30.78

28.1

31.48

29

30.74

29.25

29.74

28.9

30.4

28

29.68

27.75

29.9

27.2

30.54

26.7

26.8

27.5

28.5

29

29.2

31.25

31.4

31.1

30.7

31.1

30.5

29.8

29.76

29.92

29.72

29.8

29.38

30.3

30.28

30.78

30.78

31.48

30.74

29.74

30.4

29.68

29.9

30.54



Sheet1

		Year		5-Year Running Average Temp.

		1924

		1925

		1926

		1927

		1928		30.6

		1929		30.75

		1930		30.2

		1931		28.9

		1932		28.2

		1933		27.5

		1934		27.9

		1935		28.5

		1936		29.25

		1937		30.1

		1938		30.75

		1939		30.9

		1940		31.2

		1941		31.1

		1942		31

		1943		31

		1944		30.6

		1945		30.1

		1946		29.4

		1947		28.8

		1948		28.5

		1949		28.3

		1950		28.5

		1951		28.8

		1952		28.75

		1953		29

		1954		28.8

		1955		28.25

		1956		27.3

		1957		28.25

		1958		28.6

		1959		28.5

		1960		28.75

		1961		29

		1962		28.25

		1963		27.9

		1964		27.5

		1965		27.25

		1966		27.4

		1967		28.1

		1968		28.1

		1969		29

		1970		29.25				1970		29.25

		1971		28.9				1971		28.9

		1972		28				1972		28

		1973		27.75				1973		27.75

		1974		27.2				1974		27.2

		1975		26.7				1975		26.7

		1976		26.8				1976		26.8

		1977		27.5				1977		27.5

		1978		28.5				1978		28.5

		1979		29				1979		29

		1980		29.2				1980		29.2

		1981		31.25				1981		31.25

		1982		31.4				1982		31.4

		1983		31.1				1983		31.1

		1984		30.7				1984		30.7

		1985		31.1				1985		31.1

		1986		30.5				1986		30.5

		1987		29.8				1987		29.8

		1988		29.76				1988		29.76

		1989		29.92				1989		29.92

		1990		29.72				1990		29.72

		1991		29.8				1991		29.8

		1992		29.38				1992		29.38

		1993		30.3				1993		30.3

		1994		30.28				1994		30.28

		1995		30.78				1995		30.78

		1996		30.78				1996		30.78

		1997		31.48				1997		31.48

		1998		30.74				1998		30.74

		1999		29.74				1999		29.74

		2000		30.4				2000		30.4

		2001		29.68				2001		29.68

		2002		29.9				2002		29.9

		2003		30.54				2003		30.54





Sheet2

		





Sheet3

		







 Winter construction to build basic 
embankment 

 Barge gravel in the summer for surfacing 
 

Fine Grain and 
Poor Soils 



Borrow 



Borrow 

Borrow 



Borrow 



Moisture/Density Controls cannot be 
achieved due to high moisture contents 



Embankment 



Geo Drain Layer 



Geotextile 



Barge Landings 



Barging Gravel 



Barge Landing 



Barging 



Barging 



Barging 



Barging 



Barging 



 Local silts always used for embankments 
 First 40 x 2,000 ft strips built by “side borrow” method 

and pushed up by bulldozers 
 Current standards require lighted 60 x 3,200 ft airstrips 
 Remote silt borrow pits and early winter hauls used 
 Several years allowed for drying out of wet silts 
 Second project places gravel surface from barge haul  

Historical Construction 
Methods 



Cold Weather Equipment Issues 







Equipment Wear Issues 









Equipment 

















Staging at the Pit for Winter 



Breakup 



Test Hole at the Apron 



Opening the Pit 



Pit 



Alakanuk 





Kipnuk Airport study site 



 Kipnuk Site after 2 years; depths 0-4 ft 
 Moisture Contents still 33 to 51% in Organic silts 
 CBR values 1.4 to 3.6 after 2 years stabilization 
 Moisture and CBR values show little surface drying 
 Samples below old active runway still show 32 to 34% water contents and CBR values from 3 to 5 

after 17 years service 
 Concluded that silts remain above optimum moistures for compaction (12-18%) for many years 
 Seasonal thaw depths from 5 to 7 ft in September 
 

Test Data & Conclusions 
 





Eek Airport Study site 



 Moisture Contents at 33 to 38% from 0 – 3 ft 
 CBR values at 2.8 to 6.3  
 Strengths do not vary significantly with depth 
 Seasonal thaw depths from 7 to 8 ft on September 19th 
 Embankment still too soft for placement of granular surfacing for project completion 
 Use of Enkagrid (geogrid) and geotextile below granular layer still results in excess deformation  

 

Embankment drainage and strength gains 
over time at Eek Airport Site after 4 years 



 Local silt borrow Placed in embankment costs = $15 /CY 
 Costs of Imported crushed gravel for surfacing average  $120 

CY 
 Costs of Mobilizing equipment, supplies and offices to site: 

$500,000 to $1,000,000 US 
 Equipment dedicated to site for project duration 
 Low water levels restrict barge access 
 Lack of local roads require road construction  
 Wet summer conditions prevent equipment movement and 

compaction work 
 
 

Construction Cost 
Considerations 



















 Arctic airport construction is expensive 
 Arctic airport construction takes a good contractor 
 When soils are good, normal construction techniques 

work. 
 

Conclusion  
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