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1. Introduction      
 
The City of Barrow, Alaska has a severe erosion problem due to storm wave 
action during summer and fall on the beach adjacent to town. The North Slope 
Borough and the U.S. Army Corps of Engineers have agreed to identify and 
explore for approximately two million cubic yards of gravel for the purpose of 
beach nourishment at Barrow.  A literature search and a site visit identified 
three areas near Barrow as potential gravel sources.  These potential source 
locations are shown on the Project Location and Vicinity Map presented as 
Figure 1. The sites have been designated as Cooper Island, BIA Prospect, and 
the Submerged Spit. The investigation presented in this report discusses the 
exploration performed at Cooper Island, the BIA Prospect and the Submerged 
Spit as well as four borings drilled along the beach adjacent to the City of 
Barrow (Beach Area Site) to help define the existing beach conditions.  
 
The purpose of this exploration effort was to determine the characteristics of 
the soils along the beach adjacent to Barrow and to explore for a source of 
gravel or sand (approximately two million cubic yards) at the potential source 
locations identified as Cooper Island, the BIA Prospect, and the Submerged 
Spit. 
 

              
    Photo 1.   View of beach area in front of Barrow in mid-April 2004. 
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2. Field Exploration 
 
Onshore Exploration:   
The onshore subsurface exploration for the project was conducted 28 March 
through 27 April 2004. Two drill rigs owned and operated by Denali Drilling of 
Anchorage, Alaska were mobilized to Barrow for the exploration. The drill rigs 
were CME-45’s mounted on N-60 Nodwell carriers. During the exploration, 
covered enclosures were constructed over the drill engines to allow heating the 
engines prior to starting. The engines of the Nodwell carriers remained running 
during the entire exploration. The exploration was performed in temperatures 
ranging from –25 to 15 degrees Fahrenheit with wind chills to –60 degrees. The 
drill rigs were fitted with continuous flight, eight-inch diameter, hollow-stem 
auger.  An engineer with the Corps supervised the drilling. The engineer from 
the Corps and a geologist under contract to the Corps from R&M Consultants 
Inc. logged the test borings in accordance with ASTM D-2488, "Description and 
Identification of Soils (Visual - Manual Procedure)”. Each drill rig was 
accompanied by a trained “bear-guard” supplied by LCMF, LLC (under contract 
to the North Slope Borough). The bear-guard’s responsibility was to patrol the 
drilling area and watch for polar bears that are a constant threat in the area. 
  

   
 Photo 2. Drilling operation on Cooper Island. 
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The test boring locations were determined using a handheld GPS unit and 
referencing existing topographic features. These locations are only as accurate 
as the method implies. The coordinates for each of the boring locations shown 
on the boring logs are in NAD 83, UTM (feet). The boring locations are shown 
on the enclosed Test Boring Location Maps, Figures 2, 3, 4 and 5. 
  

    
     Photo 3. Wind blown surface of Cooper Island . 

 
Soil samples generally were procured near the ground surface, at five feet 
below the surface, and at five-foot intervals thereafter. Grab samples were 
taken at the surface. Subsequent samples were taken with a 2.5-inch inside 
diameter, split spoon sampler driven with a 340-pound hammer falling 30 
inches operated with a cathead and rope system. The sampler was driven 18 
inches ahead of the auger or to refusal. The number of blows required to drive 
each six-inch increment is recorded on the exploration logs. The blow count is 
an indication of the relative density or consistency of the soil, but in this case, 
most of the soils are in a frozen state and the blow counts are not indicative of 
the thawed density of the soil encountered. In some cases where significant 
quantity of sample could not be recovered with the split spoon sampler, a grab 
sample was obtained from the auger flight upon reaching the surface. In the 
relatively smooth sided holes augered into the frozen soils, the drill advance 
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was purposefully stopped at the top of the sample interval to clear auger 
cuttings from the hole. Then the auger was advanced a foot and the cuttings 
were sampled as they were transported to the surface on the auger flight. 
 

    
   Photo 4. Drilling operation at the BIA Prospect.  

 
Offshore Exploration:  
The offshore exploration was conducted from 3 to 14 August, 2004. The drilling 
operation was performed from a 127-foot landing craft from Anchorage, Alaska. 
Two track mounted Mobile B-61 drill rigs and backup drilling equipment were 
transported aboard the landing craft from Anchorage to Barrow. The drilling 
operation and landing craft were furnished and operated by Denali Drilling 
under contract to the Corps. The transit time from Anchorage to Barrow 
required about 12 days each way. The offshore drilling operation was impacted 
by several weather conditions that included significant winds, seas to six feet 
or more, and extensive floating ice and ice bergs. 
 
An engineer with the Corps supervised the drilling. The supervising engineer 
and a geologist under contract to the Corps from R&M Consultants Inc. logged 
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the test borings in accordance with ASTM D-2488, "Description and Identifi-
cation of Soils (Visual - Manual Procedure)”. The borings were drilled by setting 
four-inch conductor pipe into the sea bottom to the depth of sampling and then 
drilling the soil out of the pipe with a tri-cone bit and wash rotary drill 
methods. Soil samples generally were procured at five feet below mud-line, and 
at five-foot intervals thereafter. Samples were acquired with a 2.5-inch inside 
diameter, split spoon sampler driven with a 340-pound hammer falling 30 
inches operated with an automatic hammer system. The sampler was driven 18 
inches ahead of the conductor pipe drive-shoe. The number of blows required 
to drive each 6-inch increment is recorded on the exploration logs. The blow 
count is an indication of the relative density or consistency of the soil. 
 
 

 
 

Photo 5. Drilling operation on the landing craft off Point Barrow. 

 
The test boring locations were determined using the GPS unit on board the 
landing craft. The coordinates for each of the boring locations shown on the 
boring logs are in NAD 83, UTM (feet). The boring locations are shown on the 
enclosed Test Boring Location Map, Figure 5. 
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3. Laboratory Testing and Soils Classification 
 
A laboratory testing program was established to classify and determine 
physical properties of the soils encountered.  The testing program consisted of 
a total of 144 sieve analyses. The samples recovered from the borings along the 
beach and the offshore samples were all tested and the samples from the BIA 
Prospect and Cooper Island that consisted of granular soil were generally 
selected for testing. Samples from the BIA Prospect and Cooper Island that 
were obviously silt/clay by visual classification were not selected for testing. 
The tests were performed in accordance with the latest edition of the following 
methods.  
 
• ASTM D 422, "Standard Test Method for Particle Size Analysis of Soils". 
• ASTM D 2487, "Standard Practice for Classification of Soils for Engineering 

Purposes (Uniform Soil Classification System)". 
 
The soil descriptions and classifications contained in this report and presented 
on the final exploration logs are the project engineer's interpretation of the field 
logs and results of the laboratory testing program. The stratification lines 
represent approximate boundaries between soil types; the transitions are often 
gradual or not discernible by drill action.  The exploration logs and the 
laboratory test results that apply to those logs are enclosed as Appendix A 
(Beach Borings), Appendix B (Cooper Island), Appendix C (BIA Prospect) and 
Appendix D (Submerged Spit).  
 
 
4. Regional Geology 
 
General:  The arctic coastal plain of Alaska is a broad, roughly triangular area 
bordered by the arctic foothills on the south and the Arctic Ocean on the north, 
and extending from Cape Beaufort on the west to the international boundary 
on the east.  It is more than 400 miles long with a maximum width of 85 miles, 
and encompasses roughly 25,000 square miles.  It is characterized by low 
topographic relief, thousands of lakes and swamps, and numerous meandering 
streams. For the most part, the plain is underlain by Cretaceous strata capped 
unconformably by a thin mantle of dominantly marine Quaternary sediments, 
called the Gubik formation.  The surface continues beneath the ocean, and 
forms the shallow continental shelf, which is terminated offshore by the rim of 
the deeper basin of the Arctic Ocean. 
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   Photo 6. Example of a high ice content sample from the BIA Prospect. 

 
It is estimated that 50-75 percent of the coastal plain near Barrow is covered 
by lakes or marshes that occupy low areas of former lake basins.  The basins 
are elongated and their long axes are parallel and oriented a few degrees west 
of north. 
 
Plant assemblages range in composition from place to place according to the 
type, texture, and drainage of the land on which they grow.  They are generally 
characterized by a mat that includes lichens, mosses, grasses, sedges, and 
shrubs.  Near Barrow, all shrubs are dwarf and prostrate, but further south 
willows and alders may grow several feet high along rivers and streams. Factors 
affecting plant distribution include temperature, moisture, soil texture, fertility, 
site stability, snow depth, and wind exposure. 
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Photo 7. Example of the silt with high ice content encountered at the        
BIA Prospect. 

 
5. Site Conditions 

 
Surface: 
 
At the time of the land-based exploration all areas were snow and ice covered 
although in some areas the ground surface was exposed by the wind. At Cooper 
Island the area is relatively flat and rises about eight to 10 feet above sea level.  
It appears that little or no vegetation exists on the island although driftwood 
and other scattered debris were observed protruding from the snow. The 
borings at Cooper Island were all drilled in areas where the snow could be 
removed and sand or gravel exposed.   
 
The beach area adjacent to Barrow was covered with heavy snow and broken 
ice.  Ice ridges to five feet in the work area and ridges to 40 feet or more could 
be seen a short distance offshore. The borings along the beach were all drilled 
through the sea ice.  
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The BIA Prospect area is gently rolling tundra with scattered lakes. The BIA 
Prospect area was wind blown and heavily drifted with snow to three feet. 
 
During the offshore portion of the exploration the temperatures were generally 
in the 30’s to low 40’s and the wind was blowing constantly at 15 to 35 miles 
per hour. The wave action is a product of the ocean currents merging between 
the Beauford Sea and the Chukchi Sea and the wind.  In general, the waves in 
the submerged spit area were seldom less than five feet in height. Although the 
tides are generally less than one foot in amplitude, the currents in the 
submerged spit area are on the order of at least three miles per hour. At times 
icebergs were numerous in the area and a hazard to the landing craft. 
 
  
   

    
   Photo 8. Typical "gravel" deposit in sidewall of existing borrow area. 
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Subsurface: 
 
Beach Area—The four borings along the beach were drilled at increasing 
distances from the beach as they progress from east to west. These borings 
were given the designations BE-01 to BE-04. The soils encountered in the 
borings nearest the beach consisted of clean sand and as the distance from the 
surf-zone increased the soils contained more silt. Samples contained up to 30 
percent gravel, but in general the soils have only about 10 percent gravel sized  
 
 
 

        
       Photo 9. Typical Poorly Graded Sand with Gravel (SP) encountered                          

on the BIA Prospect. 
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material. The soil classifications ranged from clean sands (SP and SW) to silty 
sand (SM) and silt with sand (ML). The grain size analyses performed on the 
samples from the four borings along the beach consist predominately of fine 
sands. Boring BE-03 encountered sediments with a strong sewer odor assumed 
to be a result of sewage discharge from the nearby sewer lagoon. 
 
Cooper Island—Ten borings were drilled on Cooper Island and the extension of 
Cooper Island to the east.  The borings stretch over a distance of about four 
miles. These borings indicate that the island consists of a relatively clean sand 
layer above the silt and clay that compose the shallow sea floor. In general the 
sands extend only a few feet below sea level. The sands contain up to 40 
percent gravel near the surface and the gravel content decreases with depth.  
Also, the silt content is near zero at the surface and increases with depth. In 
general, the sands contain 10-20 percent gravel and about five percent silt. The 
thickness of the sand layer varies with the topography of the island, but the 
average thickness of the sand layer encountered in the ten borings was 11 feet. 
 

 
 
Photo 10.  Typical sand encountered during the drilling operation. 
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BIA Prospect—The purpose of the exploration in the BIA Prospect area was to 
determine if the deposit currently used as the gravel borrow pit for projects in 
Barrow extends to the south. The general conclusion from this exploration is 
that the existing pit may be expanded but that expansion is limited by the 
gravel available.  The entire area is underlain with permafrost.  In general, the 
near surface soils at the site consist of frozen silts (ML) and silty sand (SM). 
These silty soils generally contain some organics and in some areas the ice 
content exceeds the percentage of soil. In general this surface layer is from 10 
to 20 feet thick. Below the surface layer the soils generally consist of sands.  In 
some areas the sands have sufficient silt content to classify as silty sand (SM). 
In other areas the sands are relatively clean and contain variable amounts of 
gravel that are generally less than ¾-inch in diameter. The most extensive 
deposit of relatively clean sand with gravel was encountered within the area 
defined by test borings BIA-16, BIA-30, BIA-31 and BIA-21. The soils below the 
sand generally consist of frozen silt (ML). 
 
Submerged Spit—The soils recovered from the borings in the submerged spit 
area generally consist of silt (ML) or fine sand with 10 to 40 percent silt (SP-SM 
or SM). None of the samples recovered contained more than five percent gravel 
sized particles. The six borings drilled from Point Barrow north cover a 
substantial area but none of the borings encountered any material that 
appears to be appropriate for borrow. 
 
6. Conclusions 
   
Beach Area –The soils along the Barrow beach consist generally of fine sands 
with variable silt contents. Most of the soils encountered contain only minor 
percentages of gravel sized particles. 
 
Cooper Island—The soils on Cooper Island consist of clean sands with variable 
percentages of gravel. The granular soils extend from the island surface to the 
approximate elevation of the surrounding ocean surface. In general, this 
average thickness is about 10 feet or less. The granular soils are exposed at the 
surface and no overburden removal will be required for extraction.  It appears 
that there is more than two million cubic yards of granular material available 
on the island. 
 
BIA Prospect—The BIA prospect has about two million cubic yards of granular 
soil that could be extracted and used for this project. The granular soils 
generally consist of sands with variable percentages of gravel and on the order 
of ten percent silt. The granular soils are covered with a mantle of frozen silt, 
organics and ice that generally is only slightly less in thickness than the 
granular deposit. The extraction of the granular material will require removal of 
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overburden in volumes approximately equal to the volume of extracted 
granular material. 
 
Submerged Spit—The exploration in the offshore area north of Point Barrow 
did not identify any significant volume of usable granular soils. The soils 
encountered generally consisted of fine silty sands or sandy silts. These 
materials are deemed unsuitable for use as material for beach nourishment.  
 
 
 
Enclosures: 
 
1. Figure 1 - Project Location and Vicinity Map 
2. Figure 2 - Test Boring Location Map – Beach Area Site  
3. Figure 3 - Test Boring Location Map - Cooper Island Site  
4. Figure 4 – Test Boring Location Map – BIA Prospect Site 
5. Figure 5 – Test Boring Location Map – Submerged Spit Site  
6. Appendix A - Test Boring Logs and Laboratory Data – Beach Area 
7. Appendix B – Test Boring Logs and Laboratory Data – Cooper Island 
8. Appendix C – Test Boring Logs and Laboratory Data – BIA Prospect 
9. Appendix D – Test Boring Logs and Laboratory Data – Submerged Spit 
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Appendix A 
 

Test Boring Logs and Laboratory Data 
Beach Area 
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Appendix B 
 

Test Boring Logs and Laboratory Data 
Cooper Island 
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Appendix C 
 

Test Boring Logs and Laboratory Data 
BIA Prospect 
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Appendix D 
 

Test Boring Logs and Laboratory Data 
Submerged Spit 

 
 






































































