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KOTZEBUE TO CAPE BLOSSOM ROAD
STATE PROJECT NO. 76884
NORTHERN REGION

Summary

At the request of ADOT&PF Project Manager Ryan Anderson, Northern Region
Materials Section (NRMS) conducted a reconnaissance-level geotechical investigation of
various proposed routes between Kotzebue and Cape Blossom. NRMS personnel also
explored selected areas looking for materials (gravel). NRMS personnel drilled 44 auger
holes to depths of 10 to 42 feet. Drilling occurred from April 6 to 23, 20009.

In general, soils consisted of frozen silt with ice and organics with some zones of massive
ice. The exception to this was at Sadie Creek were soils were thawed to some extent and
contained fine sand. The sites drilled for material found 22 to 26 feet of frozen silt
without encountering granular soils.

Physical setting

Climate

Kotzebue is located in coastal northwestern Alaska, north of the Arctic Circle and south
of the Brooks Range. Situated on the northwest tip of the Baldwin Peninsula (protruding
into Kotzebue Sound), Kotzebue’s climate is transitional between maritime to
continental. The following data are from the Western Regional Climate Center web site
(www.wroc.dri.edu).

Climate data summary for the Kotzebue Airport, period from 1949 to 2005

(in°F) | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | YEAR
Aver. High| 4.5 3.8 88| 215 | 38.3 | 50.6 | 59.2 | 56.5 | 46.7 | 28.1 | 141 50| 28.1
Aver. Low| -8.7| -10.4 | -7.6 40| 251 | 38.7 | 486 | 47.0 | 36.9 | 18.9 34| -79| 1567
Precip (in)| 0.46 04| 035| 043 | 037 | 0.55 | 143 | 2.14 | 1.58 0.8 06| 053 | 9.63
Snow (in)| 7.0 6.0 5.7 5.3 1.4 0.1 0 0 1.1 66| 96| 9.1 52.1

The following freeze/thaw indices are based on UCAN data (Unified Climate Access

Network) through the AEDIS (Alaska Engineering Design Information System) web site

(no longer available). 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
averages the three coldest (highest) FDD for the same period. The alternate freezing
index averages the three warmest (lowest) FDD.

Thermal indices based on temperature records, 1976 to 2005, Kotzebue Airport

Thawing Index (average annual thawing-degree-days (TDD) of last 30 years) 2200

Design Thawing Index (average of warmest three annual TDDs in 30 yrs) 2673

Freezing Index (average annual freezing-degree-days (FDD) of last 30 years) 5459

Design Freezing Index (average of coldest three annual FDDs in 30 yrs) 6762

Freezing Index Alt. (average of warmest three annual FDDs in 30 yrs) 4435
Geology

Kotzebue is located on the northwest tip of the Baldwin Peninsula. The Baldwin
Peninsula, which separates Hotham Inlet from Kotzebue Sound, lies within the Kobuk-
Selawik Lowland physiographic province. The peninsula is a “rolling, lake-dotted
lowland containing hills as high as 350 feet, bordered by bluffs” (Wahrhaftig, 1965). It
formed as the end moraine of an early Pleistocene glacier that moved west out of the
Brooks Range. Marine and glacial sediments were likely mixed as the moraine pushed
across the (intermittent) ocean floor. Subsequent to its formation, the peninsula has
undergone erosion of its coastline as well as accumulation of thick silt deposits on its
uplands. The silt mantle exceeds 70 feet in places where drilled (R&M, 2007), and
contains organics and ice, as wedges, lenses and crystals.

Bedrock does not outcrop on the peninsula. Bedrock was reportly intercepted at a depth
of 82 feet in a hole drilled 1000 feet west of the airport (Shannon & Wilson, 1982).

The uplands are underlain by permafrost except beneath thaw lakes and larger creeks (i.e.
Sadie Creek) where thaw bulbs are present. The active layer is probably 1 to 3 feet thick
in undisturbed areas.

Historically, the project area has low seismicity. A search of the Alaska Earthquake
Information Center (AEIC) web site (www.aeic.alaska.edu) for the area between N66°
and N69°, and W162° and W165°, indicates no earthquakes greater than Magnitude 4.0
have been recorded since 1898. Using the USGS interactive probabilistic seismic
hazards deaggregation web site, the peak horizontal ground acceleration with a 10%
probability of exceedence in 50 years and mean return period of 475 years was calculated
to be 0.09396 g for the project site.



Field investigation

Test holes were completed using a Mobil B-24 track-mounted drill, equipped with
custom sleds and pulled by snow machine. 4-inch O.D. solid-stem augers were used, and
soils samples were collected from auger cuttings. Subsurface conditions were logged in
the field, and selected samples were submitted to Northern Regions Materials Laboratory
for testing. The testing program included particle size gradations for classification,
moisture content, and organic content analyses. Salinity tests were performed on two
samples from Sadie Creek by Shannon & Wilson, Inc. Test hole locations were recorded
using a hand-held Garmin GPS (datum NAD 83). Holes were backfilled with cuttings.

Site and Subsurface conditions

At the time of exploration, the site was under 1 to 5 feet of packed snow. Terrain was
gentle and rolling. Aerial photographs show extensive patterned (polygonal) ground,

small lakes and ponds throughout the uplands. Oblique photos of the eroding coastal

bluffs show exposed ice wedges within the silt mantle.

Routes to Cape Blossom

We drilled 39 holes along several route segments between existing roads near Kotzebue
and a proposed port site east of Cape Blossom. The route segment designations
correspond to the lettered segments found in the draft reconnaissance study report for this
project (ADOT&PF, 2008, page 9). The terrain the routes cross is relatively uniform,
however, the eastern route passes through about 5 miles of hilly terrain in the middle
portion, while the western route is flatter overall. The southern half where the routes join
is relatively flat with minor elevation changes.

Landforms include thaw ponds and lakes, drained lake beds turned to muskeg, and rolling
hills composed of vegetated silt with organics and ice. Patterned ground is evident
throughout the area. Aerial photographs show that some areas have more prominent
polygons than other areas, either due to a deeper active layer or larger diameter polygons.
When drilling in snow-covered polygonal ground, one cannot tell if the drill is set up on a
perimeter ice wedge or in the center. Not hitting massive wedge ice in a given hole
within this type of terrain does not therefore indicate that massive ice is not present in the
general area.

The following is a generalized soil profile:

e  Organic mat, 6-12 inches thick with visible ice

. Brown silt with high organics and visible ice (Vs)

e Gray silt (not always present) with slight organics, excess nonvisible ice (Nbe)

e  We intercepted massive ice thicker than 3 feet in 11 of the 39 test holes. Significant
amounts of ice were commonly present.



» All holes except at Sadie Creek were frozen from the ground surface to the depth
drilled. Due the time of year, we could not determine the depth of the active layer.

Because there were no significant differences in soil conditions between the various
routes, route selection can be based on criteria other than geotechnical factors such as
cost. The western route is more direct and avoids hills so may be cheaper and easier to
construct. Roads through hilly terrain may require cutting or cut/fill construction; cutting
into these soils should be avoided as it would accelerate thawing.

Sadie Creek

We drilled two test holes adjacent to Sadie Creek along two different route segments.
The downstream test hole, 09-1207, was drilled to a depth of 42 feet. Soils consisted of
gray silt to silt with sand, with organics. Soils were thawed and wet below 3 ft, (thaw
bulb). The relative density appeared to be loose based on drill action. Groundwater
seeped into the hole below about 18 ft, and a slurry of wet silt was pumped out by the
augers. Salinity of a sample from 17 ft deep was 31.7 parts per thousand (ppt).

The upstream test hole, 09-1225, went to 30 feet. We found gray silt to silt with sand,
and organics in this hole as well, but the ground was only thawed between 7 and 17 feet
(smaller thaw bulb). Soils were wet and loose where thawed. Drilling was difficult in

the deep frozen soils as cuttings did not clear out of the hole readily. —Salinityofa—

sample from 17 ft deep was 26 ppt.

The elevated salinity readings suggests that sea water may have inundated Sadie Creek at
some point. Salinity is of potential concern for its corrosion potential on driven piles and
for its affect on frozen soil strength properties. It weakens the strength of frozen soils
due to the increased unfrozen water content. For general comparison, seawater has an
average salinity of 35 ppt. Our samples are a mixture of soil and water so cannot be
directly compared.

Coastal material sites

We drilled two areas that were reported as having potential for granular material based on
observations of gravel in nearby coastal bluffs (R&M, 2007). We drilled four test holes
southeast of Pipe Spit on the plateau above the bluff (09-1249 to 09-1251) and one hole
(09-1252) between the airport ridge and the north coast. We found frozen silt with
organics and ice to depths of 22 to 26 feet in all test holes. Test hole 09-1251 intercepted
massive ice from 16 to 23 feet, the depth drilled. This silt layer is apparently greater than
25 feet thick where drilled and covers any granular soils that may be present.
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STATE OF ALASKA DEPARTMENT OF TRANSPORTATION
NORTHERN REGION
LABORATORY TESTING REPORT

KOTZEBUE TO CAPE BLOSSOM ROAD

PROJECT NAME:
P ;
vl
SAMPLED BY: '
MATERIAL SOURCE:
TEST HOLE NUMBER 09-1207 09-1207 09-1207 09-1207 09-1209 09-1214 09-1217
DEPTH (feet) 0.5-1.5 6.0-6.5 17.0-18.0 | 37.0-380 | 10.5-11.0 | 12.0-13.0 | 12.0-13.0
LATITUDE N66.81626° | N66.81626° | N66.81626° | N66.81626° | N66.80613° | N66.77427° | N66.75047°
LONGITUDE W162.51162°| W162.51162°| W162.51162°|W162.51162° | W162.4841° |W162.43904° [W162.43391°]
LAB NUMBER 09-6306 09-6307 09-6308 09-6309 09-6310 09-6318 09-6322
DATE SAMPLED 8-Apr-09 8-Apr-09 8-Apr-09 8-Apr-09 9-Apr-09 10-Apr-09 | 11-Apr-09
08 Passing 3
#8
#10
#16 100 100
#30 99 99 100
Sand  #40 96 99 99
#50 88 98 99
#60 84 100 96 98
#80 77 99 100 94 97
#100 74 99 99 92 100 97
65.7 95.6 92.5 70.8 98.4 97.7 93.6
0.02 61.6
0.005 27.2
Hydro 5 002 17.4
0.001 12.6
LIQUID LIMIT NV NV NV NV NV NV 35
PLASTIC INDEX NP NP NP NP NP NP NP
USCS CLASSIFICATION ML ML ML ML ML ML ML
USCS SOIL DESCRIPTION
NATURAL MOISTURE 107.1 35.4 40.5 42.7 83.6 39.9 429
ORGANICS 15.4 49 3.6 1.9 49
SP. GR. (FINE) 2.90
SP. GR. (COARSE)
MAX. DRY DENSITY
OPTIMUM MOISTURE
L.A. ABRASION
DEGRAD. FACTOR
SODIUM SULF. (CRSE)
SODIUM SULF. (FINE)
NORDIC ABRASION
REMARKS hi Org' sl Org' sl Org' sl Org'

GENERAL COMMENTS

Gradation is based on material passing the 3" sieve, according to Alaska Test Method T-7.
! Organic content determination is based on the results of the ATM T-6 test method.

(Soil descriptions shown in parentheses are based on field determinations.)
USCS Soil Description Abbreviations: WG = Well-graded; PG = Poorly-graded; E = Elastic; L = Lean; F = Fat

12



Appendix

Symbols and definitions
Unified Soils Classification System
Frozen soil classification

14



Q:\Geo\SYMB\GEOLOG-USCS-Ceolog  rev 2/07

SYMBOLS AND DEFINITIONS
BASIC MATERIAL SYMBOLS

\'\ !
i
iy by

\
\c
\\

i
i

SOFT OR HARD BEDROCK BASED ON DRILLING RATE

NOTE

MAIN COMPONENT (UPPER CASE ... SOLID LINES)
MINOR COMPONENT (Title Case ... DASHED LINES
OR SPARSER PATTERN)

USCS SIZE DEFINITIONS

YEAR-HOLE NUMBER

ASPHALT LAT/LONG OR STATION, OFFSET
ELEVATION (ft)
PEAT DATE LOGGED
WATER
CLAY (C) TABLE
ICE FROZEN
. DEPTH
SILT (Si) (FEET)
POORLY GRADED SAND (Sa) POSSIBLY
FROZEN

POORLY GRADED GRAVEL (Gr)

WELL GRADED SAND

WELL GRADED GRAVEL @ "N VALUE

BEDROCK (Bx), soft(Type)

2.0" 0.D.

BEDROCK (Bx), hard(Type)

TYPICAL LOG

05-41
® Stg 210453, Lt 3
Elev 375

24® N VALUE

~25%
~3%  PERCENT VISIBLE ICE
~100%

SAMPLE INTERVAL
STRATA CONTACT

—~— (COBBLE OR BOULDER
(FROM AUGER REACTION)

REFUSAL

(D Station value may also be on centerline e.g. Sta 210+33, CL
or lat-long format e.g. N64.56789", W145.67890°
(@ W.D.= WHILE DRILLING, A.D.= AFTER DRILLING

" INDICATES STANDARD PENETRATION TEST (1.4” 1.D.,
SAMPLER DRIVEN WITH 140 LB. HAMMER, 30" FREE

FALL) AND IS SUM OF 2nd AND 3rd 6" OF PENETRATION.

PLAN VIEW SYMBOLS

POWER AUGER TEST HOLE (TH)
HAND AUGER TEST HOLE (TH)
EXPOSED MATERIAL

PROBE

HAND DUG TEST PIT (TP)

BODY OF WATER
FLOW DIRECTION

2]
©®
3]
+
O
o DOZER/BACKHOE TEST TRENCH ()
NI\
N~

XXX XX WASTE BERM

BOULDERS (Boulders) 12"+
COBBLES (Cobbles) 3" 10 12" TP BANK
GRAVEL 4470 3" ¥ ¥ SWAMP
ANGULAR FRAGMENTS — #10 + ¥ X
SAND #200 TO #4 ~~~~  TREELINE
SILT #200 TO 0.005 mm
CLAY MINUS 0.005 mm SOIL DENSITY/CONSISTENCY DESCRIPTORS
NON-COHESIVE COHESIVE
TEST RESULTS RELATVE  BLOWS/FOOT BLOWS/FOOT
__%-200 = % PASSING #200 SIEVE DENSITY  (N) VALUE CONSISTENCY (N) VALUE
gg@_._%y = NATURAL MOISTURE \L/ggYSELOOSE 5<1g \é%F:_Yr SOFT 2< 3
_._% = ORGANIC CONTENT - -
SSc _ = SODIUM SULFATE LOSS(coarse) MEDIUM DENSE ~ 11-30 FIRM 5-8
SSf _ = SODIUM SULFATE LOSS(fine) DENSE 31-50 STIFF 9-15
A _ = LOS ANGELES ABRASION VERY DENSE > 50 VERY STIFF 16-30
DEG _ = DEGRADATION HARD > 30
W _ = LIQUID LIMIT (NV = no value)
Pl _ = PLASTIC INDEX (NP = non-plastic) 0 = B ((,‘:OLO(.SRAY _
k = y = n = TAN
ISC. Bl = BLUE Or = ORANGE ~ Wh = WHITE
Ir — TRACE Bn = BROWN Rd = RED Yw = YELLOW
N = SLIGHTLY Gn = GREEN
hi = HIGHLY MOISTURE
" N oy ECIFIED AMOUNT gy = < OPTMUM®*  DUSTY, DRY TO THE TOUCH
™ — TEST HOLE moist  ~  OPTIMUM*  DAMP, NO VISIBLE WATER
i - TEST TRENCH wet = > OPTIMUM*  VISIBLE FREE WATER
P = TEST PIT + OPTIMUM MOISTURE FOR MAXIMUM DENSITY

1>
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