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  Introduction 
 

At the request of Chris Johnston, P.E., the Northern Region Materials Section (NRMS) conducted an 
investigation in the vicinity of Noorvik, Alaska (Figure 1). The objectives were: 

• Investigate foundation soil conditions for a proposed PAPI replacement. 
• Investigate the embankment near areas of settlement and shoulder rotation cracks. 
• Identify material for the project, including a source of crushable aggregate for surface course, 

selected material for embankment repair, and a silt-rich borrow to displace water collecting in 
settled areas at the toe of the embankment. 

 
Previous investigations applicable to this project include: 
State Department of Public Works, Engineering Geology and Soils Report, Noorvik Alaska, 
    August, 1976. 
DOT&PF, Engineering Geology Reconnaissance Report, Noorvik Landfill and Hotham Peak Road 
    Material Sources, September, 1995. 
Duane Miller and Associates, Geotechnical Investigation, Airport Material Sites, Noorvik Alaska, 
    July 1997. 
DOWL, Mining Plan of Operations and Reclamation Hotham Peak Material Site A, Noorvik, 
    August 31, 2017 

Summary  
Centerline 

Results from drilling in the runway indicate that the core of the embankment is thermally stable. In 
segments with deep fill (up to 11 feet thick), permafrost appears to be stable where the base of the 
embankment lies in contact with the original ground surface.  In segments with thinner fill in the 
embankment core (up to 8 feet thick) and 2 inches of foam insulation, the top of permafrost appears to lie 
between the base of the embankment (original ground surface) and the top of visible ice encountered 
about 3 feet below it.  Significant thaw degradation is occurring in the toe of the embankment, 
particularly in areas where the soil is ice rich. This thaw degradation extends to as far as 25 feet away 
from the toe, resulting in longitudinal cracks along the shoulder, and significant shoulder rotation.   
 

Materials 
Material site drilling and trenching indicates sufficient volumes of accessible selected materials to meet 
the project’s embankment reconstruction needs.  Abundant silt and silty sand overburden for use in slope 
flattening and pond displacement are stockpiled throughout the developed pit and may improve access to 
more valuable underlying materials if removed.  Crushable material, capable of meeting Standard Airport 
Materials Specifications for Aggregate Surface Course, is available within the developed pit (Site A, 
Phase 2).  Such material was also identified in an undeveloped areas, referred to in this report as Site A 
Expansion (Figure 8).
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Figure 1. Noorvik Field Area
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Physical Setting 
 

Location 
Noorvik is an Inupiat village of approximately 600 people located on the Lower Kobuk River, about 40 
miles east of Kotzebue in northwest Alaska and within the boundaries of the Northwest Arctic Borough.  
Travelling to the area is by small aircraft throughout the year with scheduled flight service from 
Kotzebue.   The Kobuk River is navigable from the end of May to early October. 
 

Climate 
The Environmental Atlas of Alaska, (Hartman, 1984) indicates the village of Noorvik is located in the 
transitional climate zone of Alaska, characterized by pronounced temperature variations throughout the 
day and year.   Long term climate data is not available for the Noorvik area.  Kotzebue airport at 
approximately 40 miles west of Noorvik and within the same climate zone is used as a comparison.  
Table 1 below gives climate data for the Kotzebue Airport area.  It should be noted that temperatures in 
Noorvik are probably lower in the winter and higher in the summer than the Kotzebue area.  
 
Temperature extremes in the Kotzebue area are 85 degrees Fahrenheit during the summer and minus 52 
degrees Fahrenheit during the winter.  In the summer, sunset in July is approximately at midnight and 
sunrise is 2:30 am, while winter sunset is 3:00 pm and sunrise is 11:00 am.  Wind direction is  
generally northwest or southeast with average speeds of 10 mph, with the average maximum speed 
during the summer at 35 mph and 48 mph during the winter, (Hartman, 1984). 
 
Table 1:  Climate Data Summary.  Data for Kotzebue Airport, period of Record: 9/1/1949 to 9/30/2012.   

Average Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Max. Temp. 

(F) 3.8 4.2 8.4 21.4 38.0 50.7 59.2 56.5 46.9 28.2 14.0 5.5 28.1 

Min. Temp. 
(F) -9.5 -10.2 -7.9 4.3 25.1 38.8 48.8 47.1 37.3 19.0 3.4 -7.3 15.7 

Total 
Precip.(in.) 0.49 0.51 0.37 0.44 0.35 0.56 1.48 2.14 1.53 0.80 0.63 0.57 9.87 

Total 
Snowfall (in.) 7.8 7.5 5.8 5.3 1.4 0.1 0.0 0.0 1.0 6.6 9.4 9.3 54.3 

Snow Depth 
(in.) 18 21 24 22 6 0 0 0 0 1 6 12 9 

Data source:  Western Regional Climate Center, wrcc@dri.edu. 

Thawing and freezing indices are shown in Table 2 are for Kotzebue Airport.  The thawing index, or 
degree-days above freezing, is a measure of thawing that occurs during the year.  The thawing index 
listed below takes the annual thawing-degree days (TDD) for the last thirty years and averages them.  The 
design thawing index takes the average of the three warmest (highest) TDD over the last thirty years. 
 
Likewise, the freezing index, or degree-days below freezing, can be used to calculate the depth of ground 
freezing during winter.  The freezing index listed below averages the annual freezing-degree-days (FDD) 
for the past thirty years.  The design freezing index “coldest” averages the three coldest (highest) FDD 
for the same period.  The “warmest” design freezing index averages the warmest (lowest) FDD.   
No data was available for the project site, so data from Kotzebue is used to calculate the thermal indices.  
Noorvik should be expected to have a higher thawing index. 
 

mailto:wrcc@dri.edu
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Table 2:  Thawing and Freezing Index.  Kotzebue Airport, 1976 to 2005. 
Thawing Index 2200 Fahrenheit degree-days 
Freezing Index 5459 Fahrenheit degree-days 
Design Thawing Index 2673 Fahrenheit degree-days 
Design Freezing Index 6762 Fahrenheit degree-days 
Freezing Index (average of warmest three annual 
FDDs in 30 years) 

4435 Fahrenheit degree-days 

 
Figure 2 below is a graphic representation of mean annual temperatures from 1949 to 2009 for the 
Kotzebue Airport area.  The red line is the 5 year average and the solid black line is the trend line. 
 

Data source: Alaska Climate Research Center, Geophysical Institute, University Alaska Fairbanks, climate.gi.alaska.edu. 

 
Figure 2:  Kotzebue Airport Mean Annual Temperature (oF) from 1949 to 2009. 

 
Geology and Topography 

The village of Noorvik is located in the Western Alaska physiographic province and within the Kobuk - 
Selawik lowland division, (Wahrhaftig, 1965).  The Kobuk river lowlands consist mainly of broad 
alluvial flood plains with numerous lakes and swampy terrain.  The river is bordered by gravel and sand 
terraces 100 to 200 feet above the river level (Wahrhaftig, 1965).   
 
The Hockley Hills at the west end of the Waring Mountains terminate at Hotham Peak, 10 miles east of 
Noorvik. These are a group of low, rounded hills less than 2,000 feet in elevation.  The hills are 
composed of marine conglomerate, volcanic and calcareous graywacke, and mudstone, overlain by non-
marine conglomerate, sandstone and mudstone. (Patton, 1968).   
   

Seismicty 
Noorvik lies in an area of low seismic activity, and as a result falls under Seismic Zone 2B according to 
The Uniform Building Code, 1997 version.  The United States Geological Survey Seismic hazard map 
from 2007 give the area a peak ground acceleration of .10g to .20g, with a 10 percent probability of 
exceedance in 50 years.  The mapped fault shown in red on Figure 3 is the Kobuk Fault and is mapped 
approximately 100 miles east of Noorvik (Figure 3).  
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Figure 3:  Northwestern Alaska Seismicity, Data from 1958 to 2003.  Kiana is located in the lower center 

of the figure.  Source:  Alaska Earthquake Information Center.  www.aeic.alaska.edu 

Field Investigation 
This subsurface investigation was conducted from June 17 through July 1, 2019.  Several potential 
material sources were drilled, trenched, or surface sampled. 6 test holes were completed on the runway to 
provide information about thaw settlement and shoulder rotation. One test hole was drilled to investigate 
foundation soil for a proposed PAPI relocation.  Thermistors were installed temporarily in 2 runway test 
holes and in the test hole near the PAPI.  Data was recorded prior to removal of the thermistors at the end 
of the investigation.  Soil thaw depth profiles were collected at right angles to the runway, adjacent to test 
holes, using a 6 foot frost probe.  Field personnel included Regional Engineering Geologist G. Speeter, 
Engineering Geologist K. Maxwell and Drillers P. Lanigan, and T. Hartford.  Drilling was accomplished 
using a track-mounted B-24 drill.  Test holes were drilled using 4.5 inch solid-stem augers. Samples were 
collected from auger cuttings. Trenches were completed using a Volvo excavator leased from the City of 
Noorvik.   

Soil samples and test hole conditions were logged in the field using the Unified Soil Classification 
System. Selected samples were submitted to Northern Region Materials Lab for testing.  The testing 
program included particle size gradations for classification, moisture content analyses, and organic 
content analyses, as well as quality testing on gravel and bedrock samples. Locations were recorded using 
a Garmin hand-held GPS (datum NAD 83) with an accuracy of +/- 50 feet.  Holes in the material site 
were backfilled with cuttings.
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Centerline Investigation Results 
   

Runway Embankment 
Shoulder cracking and rotation are most severe in the same segments where the deepest thaw penetration 
and greatest surface polygon development were observed, due to thaw consolidation of ice rich 
foundation soil at the toe of the embankment (Figure 4).  We believe that cracking may be exacerbated by 
the upper 3 to 4 feet of embankment slipping along the inclined surface of the foam insulation, where 
shoulder settlement resulted in the foam panels dipping toward the embankment toe.                              

Figure 4. Shoulder cracks and ponding looking southwest at the PAPI and TH19-3030. 
                                                                     

6 test holes (TH19-3027 thru TH19-3029, and TH19-3031 thru TH19-3033) were drilled through the 
embankment, adjacent to settlement areas, to investigate embankment construction and subsurface 
conditions which may have an impact on embankment settlement (Figure 5).  The embankment was 
constructed with a variety of materials including silty gravel, gravel with silt and sand, gravel with sand, 
fine-grained poorly-graded sand, as well as silt in some of the deeper fill portions of the embankment. 2 
inches of foam insulation was encountered in 4 test holes (TH19-3027 thru TH19-3029 and TH19-3033), 
where the embankment was found to be less than 8 feet thick.  Insulation was not found in two test holes 
(TH19-3031 and TH19-3032) where the embankment was found to be at least 11 feet thick, at the east 
end (Figure 5). 
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Thaw unstable foundation soil was encountered in all 5 test holes (TH19-3028, TH19-3029, and TH19-
3031 thru TH19-3033) which reached below the embankment (Appendix A).  Thaw depth profiles were 
collected adjacent to each of these test holes, as well as TH19-3030, near the PAPI.  The deepest and 
widest thaw penetration was observed near TH19-3030 and TH19-3033, where surface polygons are 
most developed.  Thaw depth profiles were measured in tundra soil, adjacent to test holes at 14 locations 
using a 72 inch frost probe (Figure 5). Thaw depth profiles were oriented at right angles to the 
embankment, starting at the embankment toe and ending in undisturbed ground, in order to determine the 
lateral extent of permafrost thawing associated with embankment toe settlement. The potential full depth 
of seasonal thaw penetration may not occur until mid-August for shallow, undisturbed tundra soil, and 
September or later for soil in deep ponded areas.  Thaw depth profile data and location detail may be 
found in Appendix D.  
 
Thermistor data was collected in TH19-3030, TH19-3031 and TH19-3033.  The temperature gradient 
from TH19-3030 was collected in undisturbed ground.  The temperature gradient from TH19-3031 and 
TH19-3033 were collected through the embankment.  The embankment at TH19-3031 is 11 feet thick 
and not insulated with foam.  Permafrost appears to be stable near its preconstruction depth where the 
base of the embankment lies in contact with original ground surface here.  The embankment at TH19-
3033 is 8 feet thick and insulated.  The top of permafrost appears to lie between the base of the 
embankment (original ground surface) and the top of visible ice encountered about 3 feet below it.  
Thermistor data and thermographs are found in Appendix C.   
 
 

PAPI 
The PAPI embankment is exhibiting the same toe settling, shoulder cracking and rotation that is 
occurring in the adjacent runway embankment.  This is results in sufficient embankment settling to 
require frequent releveling of the PAPI lights. 
 
Thaw profile data was collected across and adjacent to the PAPI Embankment on July 27, 2019 (Figure 
6).  Measurements of depth to frozen soil indicate ice rich permafrost soil below and abutting the 
embankment toe has experienced surface thawing to depths several feet deeper than is typically found 
here in undisturbed soil.  The resulting thawed wet silt exhibits low bearing capacity. 
 
TH19-3030 was drilled in undisturbed ground near the existing PAPI (Figure 4).  Frozen silt and silt with 
sand was encountered to the bottom of the hole at 27 feet below ground (bgs), starting immediately 
beneath the 6 inch organic mat.  Ice content varies from segregated visible ice (Vx) to non-visible ice, 
bonded, without excess moisture (Nbn), and generally decreases with depth.  A thermistor was installed 
on 6-21-19 and recorded on 6-29-19.  The data and thermograph are found in Appendix C.   
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Figure 5. Map of airport test holes, thaw depth profile locations, and occurrence of foam insulation in runway test holes. 



 

11 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Location of thaw depth profiles adjacent to PAPI showing depth of thaw at intervals along the profile    
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Material Source Investigation Results 
Hotham Peak 

The west side of Hotham Peak was investigated at a reconnaissance level as a potential hard rock source 
(Figure 1).  A matrix-supported quartz conglomerate outcrop lies about 2 miles east of the Hotham Peak 
Material Site A.  This rock occurs over an expansive area, however the matrix is soft and precludes the use 
of this material as a source for crushed products.   

Table 3.  Hotham Peak Conglomerate Material Quality [# of analyses] 

Sample Number LA Abrasion % Degradation Value 

19-3669, 19-3670, 19-3671 and 19-3672  40-50 
[4] 

16-49 
[4] 

4 samples (19-3669, 19-3670, 19-3671 and 19-3672) were analyzed for rock quality.  3 of the 4 samples 
failed to meet Standard Airport Materials Specifications for all crushed products. 
 

Hotham Peak Material Site 
The areas investigated within the active pit are identified by designations included in the NANA 
Corporation mining plan (Figure 7).  Several areas in and around the Hotham Peak Material Site were 
investigated as potential alluvial material sources (Figure 8): 

1. A portion of the active material site identified as Site A/Phase 2 was investigated with test 
trenching. 

2. A proposed expansion area, northwest of the developed portion of the active material site, 
identified as Site A/Phase 4, was investigated with test drilling.    

3. An area immediately to the southwest of the developed portion of the active material site has 
gravel exposed at the surface. This area, referred to in this report as Site A Expansion was 
investigated with test drilling and trenching.   

4. An area about 2000 feet to the southwest of Site A, identified as Site B, was investigated with test 
drilling.    

Site Description and Access 
The Hotham Peak Material Site lies about 6 miles east of the Noorvik. This site is located in T16N, R10W, 
Sections 3, 4 & 9, Kateel River Meridian.  It is accessed by single-lane road from the village.  Site A 
comprises about 30 acres, with over half of the site mined to basal silt and sand.  The developed portion of 
Site A exposes alluvial gravel, sand and silt.  Site A, Site A Expansion, and Site B are part of an alluvial 
terrace which was segmented by erosion.  The stratigraphy of these sites is similar, consisting of 
interbedded sand, gravel, sand with silt, gravel with silt, silty sand and silty gravel, overlain with 0 to 8 feet 
of silt.   

Land Status 
Surface and subsurface rights for this site are held by NANA Regional Corporation. 

Clearing and Stripping 
Phase 1 is cleared and mined to basal silt and sand.  The overburden in Phase 2 has been removed from 
about 70% of the area.  The Phase 3 area lies under several feet of overburden stockpiled there. The Phase 
4 area is undeveloped and has 3 to 8 feet of mostly frozen silt overburden. 
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Figure 7. Hotham Peak Material Site A mining plan. From DOWL, 2017. 

 
Water Table 

A water table was encountered as shallow as 9 feet bgs surface in Phase 2, and at 12 to 13 feet bgs in the 
Expansion Area. 

Frozen Ground 
Frozen soils were encountered below 7 to 10.5 feet bgs in about half of the test trenches in Phase 2.  In 
Phase 4, frozen soil was encountered below 2 feet bgs.  This frozen soil was typically classified as non-
visible ice, bonded, without excess moisture (Nbn).  In the Site A Expansion Area, frozen soil begins at 
around 18 feet bgs in the center lobes and as shallow as 1 or 2 feet between them.  At Site B, frozen soil 
was encountered below 12 and 17 feet bgs, typically Nbn with ice content increasing at depth.
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Figure 8. Locations of all material test drilling and trenching. 

 



 

15 
 

Subsurface Findings  
Site A/Phase 2  Figure 9 
This area in the central pit was explored with 7 excavated trenches (TT19-3049 and TT19-3053 thru TT19-
3058).  These trenches were extended to the depth of frozen soil or a water table.  All but one trench 
(TT19-3054) encountered poorly-graded and well-graded sand or gravel with little or no silt. Based on field 
and laboratory data, the deposit geometry is permissive to host 50,000 cubic yards of Selected   Materials 
Type A and B.  This area will provide a source for crushable aggregate (Table 4).  

Site A/Phase 4  Figure 9 
This area, contiguous with the northwest side of the developed pit, was explored with 6 test holes (TH19-
3034 thru TH19-3038) and 3 hand trenches (TT19-3050 thru TT19-3052).  The 3 trenches, which run down 
the cut slope on the eastern edge of this area, encountered at least vertical 8 feet of material composed of 
poorly-graded sand with gravel, of poorly-graded sand with silt and gravel, well-graded gravel with silt and 
sand, and silty sand.  This interval will produce Selected Materials Type A or B. The lateral extent of this 
interval is not known, as its western limits lie somewhere between the 3 trenches and the 3 test holes noted 
below.  The volume of the Selected Materials Type A encountered in the trenches is conservatively 
estimated to yield on the order of 5,000 cubic yards.  Gravel samples failed to meet Standard Specifications 
for all crushed products except asphalt concrete aggregate (Table 5).   

In contrast, three test holes (TH19-3035 thru TH19-3037) drilled near the center of this area encountered 
12 to 18 feet of material composed of silty sand, silty sand with gravel, silty gravel with sand, and poorly-
graded sand with silt and gravel. This interval will produce Selected Materials Type C, and constitutes the 
majority of the material available in Phase 4.  Based on field and laboratory data, the deposit geometry is 
permissive to host 150,000 cubic yards of Selected Materials Type C. 

Site A Expansion  Figure 10 
This undeveloped area is characterized by topographic lobes with exposed surface gravel.  Three lobes 
were explored with 2 test holes (TH19-3042 and TH19-3043) and 2 excavated trenches (TT19-3060 and 
TT19-3062), which encountered poorly-graded and well-graded gravel with silt and sand, well-graded sand 
with silt and gravel, silty gravel and silty sand.  The lobes appear to be laterally discontinuous, but may 
connect at depth.  The material tends to grade into lower silt content at depth.  Based on field and 
laboratory data, the deposit geometry is permissive to host 50,000 cubic yards of Selected Materials Type 
B. This area will provide a source for crushable aggregate (Table 6). 

Site B  Figure 11 
This undeveloped area is a large, apparently laterally continuous topographic lobe with widely exposed 
surface gravel.  This area was explored with 5 test holes (TH19-3044 thru TH19-3048) which encountered 
sandy silt with gravel, silty sand, silty sand with gravel, silty gravel with sand, poorly-graded and well-
graded gravel with sand, poorly-graded and well-graded sand with gravel, poorly-graded and well-graded 
sand with silt and gravel, and poorly-graded sand.  Silty sand and gravel are the predominant materials 
encountered in TH19-3044, which will likely yield only Selected Materials Type C.  Silty sand and gravel 
are interbedded with “clean” sand and gravel in TH19-3045, making it difficult to produce better than 
Selected Materials Type C in this vicinity. 
 
Selected Materials Type A or B can likely be produced in the vicinity of the following 3 test holes. Well-
graded gravel with sand and Well-graded sand with silt and gravel are the predominant materials 
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encountered in TH19-3046.  Poorly-graded sand and gravel are the predominant materials encountered in 
TH19-3047.  Poorly-graded sand and well-graded gravel are the predominant materials encountered in 
TH19-3048.  Based on field and laboratory data, the deposit geometry is permissive to host 160,000 cubic 
yards of Selected Materials Type A, B, or C. The gravel encountered in drilling at this site was found to be 
too fine to provide a significant source for crushable aggregate. 
 

Available Material 
Crushable Aggregate 
A source of crushable material is required for production of Crushed Aggregate Surface Coarse.  Of the 4 
alluvial sources investigated, the following 3 sources contained gravel coarse enough to be crushable.  The 
results of quality analyses for the sources are summarized in Tables 4, 5 and 6.    
 

Table 4.  Site A/Phase 2 Material Quality and P200 Analytical Results [# of analyses] 

Sample Number 
LA 

Abrasion 
% 

Degradation 
Value 

NaSO4 
Soundness 

Coarse 

% 
Passing #200 

(Silt) 
19-3658, 19-3664 (combined 

for rock quality) 
37 
[1] 

52 
[1] 

2 
[1] 

2.1-4.2 
[2] 

Two samples (19-3658 and 19-3664) were combined for a rock quality analysis.  The results meet Standard 
Specifications for all crushed products. 
  

Table 5.  Site A/Phase 4 Material Quality and P200 Analytical Results [# of analyses] 

Sample Number 
LA 

Abrasion 
% 

Degradation 
Value 

NaSO4 
Soundness 

Coarse 

%  
Passing #200 

(Silt) 
19-3650, 19-3651, 19-3653a 
(combined for rock quality) 

and 
19-3653  

36 
[1] 

28-30 
[2] 

1-4 
[2] 

2.5-5.9 
[4] 

Three samples (19-3650, 19-3651 and 19-3653a) were combined for a rock quality analysis.  A fourth 
sample (19-3653) was run individually. The results failed to meet Standard Specifications for all crushed 
products except asphalt concrete. 

 
Table 6.  Site A Expansion Material Quality and P200 Analytical Results [# of analyses] 

Sample Number 
LA 

Abrasion 
% 

Degradation 
Value 

NaSO4 
Soundness 

Coarse 

%  
Passing #200 

(Silt) 
19-3627, 19-3629, 19-3630  
(combined for rock quality) 

and 
19-3673, 19-3674, 19-3675  
(combined for rock quality)  

36 
[1] 

65-81 
[2] 

3 
[1] 

6.9-21.4 
[6] 

Six samples (19-3627, 19-3629, 19-3630 and 19-3673, 19-3674, 19-3675) were combined for two rock 
quality analysis.  The results meet Standard Specifications for all crushed products. 
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Figure 9. Locations of Site A test drilling and trenching. 
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Figure 10. Locations of Site A test drilling and trenching. 
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Figure 11. Locations of Site B test drilling. 
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Silt  
Silt rich materials are required for embankment slope flattening and pond displacement.  These are 
abundant in the developed portion of the site (Figure 7).  Silt and silty sand may be mined productively 
from: 

• The eastern edge of Phase 2 where overburden can be removed to expose underlying selected 
materials. 

• Phase 3 where silt and silty sand overburden has apparently been stockpiled and now obstructs 
access to underlying selected materials. 

• Phase 4 where overburden silt will need to be removed prior to development of this area. 

Comments and Recommendations 
General 

Shoulder rotation and embankment cracking are the main geotechnical issues affecting the runway 
embankment.  Cracking occurs between the light line and the upper embankment slope, resulting in 
openings up to 18 inches wide and up to 3 feet deep.   
 
Factors contributing to shoulder rotation and cracking: 

• Thaw consolidation begins near the embankment toe, where the organic mat is compressed and its 
insulation value is lost. 

• Thaw consolidation results in formation of ponds trapped against the embankment, which 
contributes to further thaw consolidation.  Ponds are wider and deeper in ice rich permafrost areas. 

• Deposition of snow on the embankment slope from snow removal and drifting insulate this area 
from winter cold, contributing to soil thawing. 

• Thaw consolidation is most severe in areas of ice-rich permafrost as indicated by pronounced 
pattern polygon development. 

• Buried insulation board at the embankment edge settles differentially, dipping away from the 
embankment.  This results in a sloping water barrier and potential sliding surface which may 
contribute to the severity of cracking.  Shoulder rotation and cracking were not observed in local 
roads where insulation board is absent.  

 
The structural core of the embankment appears to be thermally stable.  Permafrost is likely accreting into 
the embankment at TH19-3031, where it is 15 feet thick and not insulated with foam.  
 

Centerline 
The following recommendations are intended to repair damaged embankment, fill ponded areas, promote 
refreezing of that soil, and flatten embankment slopes to shift future ponding and settlement farther away 
from the structural core and working surface of the embankment.   
 
 With those goals in mind, recommend the following: 

• Remove ponded water abutting the embankment by displacement, or pumping. 
• Backfill pond areas using granular material of between 30% to 50% P200 content.   
• Place this material adjacent to the existing slope and construct a working platform, 1 foot above 

original ground, graded to drain away from the embankment, around the full perimeter of the 
airport embankment structures. 

• The working platform should extend out from the existing toe of slope to encompass the footprint 
of the final embankment slope, suggested to be 5H:1V to 6H:1V. 
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• The working platform should be constructed using granular material of between 30% to 50% P200 
content, no later than early fall, to allow to the maximum compaction possible without moisture or 
density control, by routing compaction and haul equipment over the entire surface. 

• Remove snow from perimeter working platform during late winter or early spring.  Place 4" of 
insulation board on previously constructed platform, and cover with 12" of Selected Materials Type 
B Modified (containing less than 20% P200).  Reconstruct embankment slopes beyond the existing 
2H:1V structural core with Selected Materials Type B Modified during summer, by benching into 
existing slopes per Section 203-3.03 as required for slopes steeper than 4H:1V.  A special provision 
for Selected Materials Type B Modified will be written upon request. 

• Extend existing insulation board by placing 4" of insulation board to the new perimeter of the slope. 
 

 
PAPI 

The PAPI embankment is exhibiting the same toe settling, shoulder cracking and rotation that is occurring 
in the adjacent runway embankment.  Generalized settlement indicates that thaw consolidation at the toe 
has affected the structural core as well. The ground surface adjacent to the PAPI embankment has been 
significantly affected by thaw consolidation and ponding.  
  
We recommend the following:  

• Reconstruct the shoulders and slopes as specified for the airport embankments above, to stabilize 
the existing PAPI embankment.  

• Place foundation pilings to a sufficient depth in frozen soil, through the existing embankment, to 
support the PAPI structure. 

• Do not construct a new conventional PAPI embankment on thermally disturbed ground. 
 

References 
 
State Department of Public Works, Engineering Geology and Soils Report, Noorvik Alaska, 
August, 1976. 
 
DOT&PF, Engineering Geology Reconnaissance Report, Noorvik Landfill and Hotham Peak Road 
Material Sources, September, 1995. 
 
Duane Miller and Associates, Geotechnical Investigation, Airport Material Sites, Noorvik Alaska, 
July 1997. 
 
DOWL, Mining Plan of Operations and Reclamation Hotham Peak Material Site A, Noorvik, 
August 31, 2017 
 
Patton, H.H., Miller, T.P., 1968, 1:250,000 Regional Geologic Map of Selawik and Southeast Baird 
Mountains, U. S. Geologic Survey.  
 
Wahrhaftig, C. 1965, Physiographic Divisions of Alaska:  U.S. Geological Survey Professional Paper 482. 
 
Hartman, C.W., Johnson, P.R., 1984, Environmental Atlas of Alaska, University of Alaska Fairbanks, 
Alaska. 



 

22 
 

______________________________________________________________ 

Appendix A 

Drill Logs 
______________________________________________________________ 



 

23 
 



 

24 
 



 

25 
 



 

26 
 



 

27 
 



 

28 
 



 

29 
 



 

30 
 



 

31 
 



 

32 
 



 

33 
 



 

34 
 



 

35 
 



 

36 
 



 

37 
 



 

38 
 



 

39 
 



 

40 
 



 

41 
 



 

42 
 



 

43 
 



 

44 
 



 

45 
 



 

46 
 



 

47 
 



 

48 
 



 

49 
 



 

50 
 



 

51 
 



 

52 
 



 

53 
 



 

54 
 



 

55 
 



 

56 
 



 

57 
 



 

58 
 



 

59 
 



 

60 
 

 
  



 

61 
 

______________________________________________________________ 

Appendix B 

Lab Results 
______________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

62 
 



 

63 
 



 

64 
 



 

65 
 



 

66 
 



 

67 
 



 

68 
 



 

69 
 



 

70 
 

 
  



 

71 
 

______________________________________________________________ 

Appendix C 

Thermographs 
______________________________________________________________ 

 



 

72 
 



 

73 
 



 

74 
 

 



 

75 
 

 

______________________________________________________________ 

Appendix D 

Thaw Depth Profile Data 
______________________________________________________________ 

 
  



 

76 
 

TH Profile # Offset from: Offset Direction Offset Length (ft) Thaw Depth (in) Figure Reference Surface Condition
3031 1 Runway LL south 55 49 Figure A dry ditch

60 18 Figure A moist 9" tussock
3031 2 Runway LL north 67 48 Figure A dry ditch

73 33 Figure A moist tussock
78 12 Figure A minor tussocks

3032 3 Runway LL south 72 37 Figure B willows
82 35 Figure B 8" pond
87 26 Figure B
92 12 Figure B

3032 4 Runway LL north 58 49 Figure B 15' willows
73 44 Figure B dry tussocks
78 33 Figure B dry tussocks
82 16 Figure B undisturbed
88 11 Figure B undisturbed

3033 5 Runway LL south 28 >70 Figure C
33 >70 Figure C 8" pond
38 70 Figure C pond edge
48 25 Figure C edge of settlement
53 11 Figure C undisturbed

3033 6 Runway LL north 26 55 Figure C wet grass
29 50 Figure C 1" pond
34 16 Figure C alder
39 14 Figure C

3029 7 Runway LL south 45 33 Figure D 5" deep pond
58 11 Figure D edge of settlement

3029 8 Runway LL north 36 53 Figure D dry ditch
41 50 Figure D slightly settled
46 15 Figure D edge of settlement
51 12 Figure D undisturbed

3028 9 Runway LL south 43 47 Figure E
45 43 Figure E
48 58 Figure E edge of settlement
53 11 Figure E deep tussocks

3028 10 Runway LL north 41 70 Figure E 7" deep pond
46 44 Figure E thermokarst gullies
51 11 Figure E undisturbed

3030 11 Runway LL south 53 70 Figure F 6" deep pond
58 >76 Figure F 22" deep pond
62 >80 Figure F 28" deep pond
69 75 Figure F floating veg mat
74 62 Figure F floating veg mat
79 58 Figure F
84 46 Figure F
89 27 Figure F edge of floating mat
96 10 Figure F undisturbed

3030 12 Runway LL north 59 68 Figure F
64 44 Figure F ponded
69 20 Figure F ponded
79 14 Figure F

3030 13 PAPI CL west 42 61 Figure F 4" deep pond
45 70 Figure F pond edge
50 52 Figure F pond
55 46 Figure F
60 38 Figure F sedges
70 28 Figure F
85 13 Figure F
100 16 Figure F

3030 14 PAPI CL east 42 43 Figure F
47 27 Figure F minor settlement
57 9 Figure F
67 12 Figure F
77 11 Figure F
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