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SUMMARY

During March 1997, Duane Miller & Associates (DM&A) drilled and sampled 30
geotechnical borings in Foggy Island Bay for the proposed Liberty Development
Project. Borings were drilled at the site of a proposed production island and along three
alternative marine pipeline routes. Two routes run south to connect onshore with the
proposed Badami Pipeline and one route goes to the west to the existing Endicott
facilities. The location of each drill hole is shown on Plate 1.

The geotechnical borings were drilled to depths of 11.0 to 112.5 feet below
mudline, using a CME-75 drill rig equipped with hollow stem augers. Samples of the
soil were obtained by pushing thin wall samplers and by driving split barrel samplers.
The samples were tested in the laboratory for engineering properties. Closed pipe was
left in four borings, and ground temperatures were measurements were attempted in
March and April. In March, temperature measurements were recorded at two
boreholes before weather prohibited further data collection. In April, temperature
measurements were taken in all recoverable borings, however a malfunction of the
thermistor string resulted in unusable data.

In Foggy Island Bay the offshore borings show Holocene soil to as deep as 18 feet
below mudline but generally less than 9 feet deep and commonly missing. The
Holocene soils include materials deposited in beach, delta, lagoon and shoal
environments. The underlying Pleistocene soils inciude the marine Flaxman formation
and deeper beach and alluvial sand and gravel.

Hard ice-bonded permafrost is present onshore and under the near shore, shallow
waters. Ice-bonded permafrost is also found offshore where the stiff, overconsolidated
Flaxman formation is present. Bonded permafrost was found at the island location and
in one boring on the pipeline route to Endicott.

The soils are generally fine grained in the top ten feet and are commonly medium
stiff to stiff except for occasional pockets of soft material where Holocene soils are
present. The Holocene fine grained soils are compressible. The Pleistocene soils are
heavily overconsolidated so they have small to moderate compressibility.
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INTRODUCTION

This report presents the results of the geotechnical investigation conducted for the
proposed Liberty Development Project, an offshore petroleum project in Foggy Island
Bay. The proposed project will be located southeast of the Endicott Field and about 18
miles east of Deadhorse. The general location of the work is shown in the map below
and details of the area are shown on Plate 1.
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BP Exploration (Alaska), Inc., (BPXA) is evaluating the feasibility of developing the
Liberty field. The potential petroleum field was explored in early 1997 by drilling a
slant well from a spray ice island constructed at the remnant of Tern Island. Based on
the findings from that exploration well and concurrent geophysical surveys, the
proposed production island was relocated about 1/2 mile east of where we had done
our drilling.

The oil will be transported from the production island in a steel pipeline.
Offshore, the pipeline will be buried in the ocean floor; onshore, the pipeline is expected
to be supported above grade on piling. The island and pipeline will be constructed
using winter ice roads. Modules will be brought to the island during the ice free
summer season. Emergency support and crew changes will be via helicopter.

The geotechnical exploration was started during the fall of 1996 when existing data
were collected to allow for an assessment of expected geotechnical conditions. Also to
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provide data for the design of the spray ice island, DM&A drilled one boring through
the remnant of Tern Island, an abandoned gravel island about two miles to the east of
the proposed Liberty Island. Using the existing data a field program was developed for
exploring the offshore conditions at the Liberty project. The originally proposed island
site and three alternative, offshore pipeline routes were explored in the spring of 1997
by drilling and sampling 30 borings and performing laboratory testing.

This winter’s geotechnical work was performed in accordance with our contract
with BP Exploration dated January 15, 1997. We coordinated our work with the Liberty
Project Management Team through Mr. James C. Lewis of BPXA and Mr. José Gonzilez
Jauregui of INTEC Engineering, Inc. Ms. Karen Wuestenfeld of BPXA provided _
permitting and environmental coordination. Field support and housing were provided
by the Endicott Operating Unit.

The object of the geotechnical investigation was to explore the soil and permafrost
conditions at the proposed production island site and along the three potential pipeline
routes. This work was to include testing of the materials for pertinent engineering
properties and to provide data for a conceptual design. The geotechnical work was
divided into the following tasks:

¥  Drilling and sampling borings,

Measuring ground temperatures,

Primary and secondary laboratory testing in Anchorage, and
Data analysis and report preparation.

*

* *

An independent, shallow sea floor evaluation of environmental conditions was
performed by Montgomery Watson in conjunction with the startup of the field
program.
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EXPLORATION

Existing data

The geotechnical evaluation of the project area started with the collection and
review of existing data. The surficial geology in Foggy Island Bay has been studied for
many years by numerous agencies and at least one subsurface study was conducted by
Shell Oil as part of their wildcat oil drilling program in the 1970s and 1980s.

The United States Geological Survey (USGS) has been involved in regional studies
in the area since Schraeder first descended the Colville River right after the turn of the
century. Leffingwell, who spent at least nine summers on the arctic coastal plain,
produced the first definitive geologic study of the region and was the first to identify
the geologic and ecological significance of the Flaxman boulder deposits. Surficial
studies in the area have been conducted off and on since that time including detailed
studies resulting from the Outer Continental Shelf Environmental Assessment Program
{OCSEAP) of the 1970s. A complete narrative summary of government work in the area
is presented in Public Data File 90-27 by the Alaska Division of Geological and
Geophysical Surveys (Rawlinson, 1990).

In 1979 the USGS contracted with Harding Lawson Associates (HLA) to explore
the geotechnical conditions in the proposed offshore lease sale area from the Kuparuk
River to Flaxman Island. Two of the borings drilled during the spring of 1979 were
located near the Liberty area (USGS/HLA 13 and USGS/HLA 14). The locations of
those holes is indicated on the Vicinity Map in the Introduction.

Prior to building Tern Island, Shell Gil commissioned HLA to evaluate subsea soil
conditions in the vicinity of the present island remmant. The results of the geotechnical
investigation for the Tract 42 Well Site are in the HLA report dated February 1981 (HLA
Job No. 9644,004.08). The island was instrumented by HLA after its construction and
that data is presented in their report dated September 2, 1982 (HLA Job No.
9644,009.08).

A detailed geotechnical exploration was performed by HLA for the Endicott
project in 1981 and 1982 and provides information to the west of the Liberty area and at
the end of the Route C pipeline alignment.
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Extensive sea floor studies also have been conducted to determine the extent of the
"boulder patch" areas immediately northwest and northeast of the project site. These
seafloor boulders are unique in the arctic and support an unusual abundance of sea life.
In addition to the ecological significance of the boulder patch material, the boulders are
an indicator of subsurface geology.

Selected references are cited at the end of this report.

Drilling

Between February 16 and 25, 1997, we drilled and sampled 30 borings. All work
was conducted in accordance with the following permits:

Alaska Department of Natural Resources, Division of Land, Land Use Permit LAS 19505 (Tundm
Travel) and LAS 19628,

Alaska Department of Fish and Game, Division of Habitat and Restoration FG96-111-0031 , and

North Slope Borough Administrative Approval NSB 96-052.

Four holes (Hole I-1 through I-4) were placed in the vicinity of the proposed
production island, about two miles west of Tern Island. Ten holes (Hole A-1 through
A-10) were placed along pipeline alternative "A" which runs SSE from the proposed
production facility to tie in with the Badami Pipeline east of the Kadleroshilik (Kad)
River Delta. Twelve holes (Hole B-1A and B-1 through B-11) were drilled along
pipeline alternative "B" which runs SSW to join the Badami line on the west side of the
Kad River Delta. An additional four holes were placed along pipeline alternative "C"
which extends for about eight miles to the WNW to connect the Liberty production
facility directly with the existing Endicott Complex. The location of each boring is
shown on Plate 1 and a summary of locations, drilling information and conditions
encountered at each boring are listed on Plate 2 and 3.

The coordinates of the proposed borings were calculated before the field work
began and the hole location was established in the field using a Differential Global
Positioning System (GPS). The GPS system employed by LCMF for field staking gave a
precision for the initial hole locations at about +/-3 ft. The drilled locations with the
exception of Hole A-2, were generally within 5 to 7 ft of the staked location. Hole A-2,
near the beach line was moved 35 feet to the north to avoid a large snow drift. Hole B-
1A was drilled about 50 feet southwest of Hole B-1.
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The heavy equipment was mobilized along the Tern Island and Badami ice roads.
Within the project area the existing ice roads and sea ice were used as much as possible
so overland transport was minimized to the short access required to Holes A-1, B-1 and
B-1A.

The drill was mounted on a sled, and the drill and operating area were protected
from the weather by a framed enclosure. A second sled carried a survival shed and a
generator. The drill equipment was supplied and operated by Discovery Drilling of
Anchorage. Logistical support was provided by CATCO from their base of operations
at Prudhoe Bay. A roller-driven Rolligon (CATCO RD-85) with 8 supporting air bags
was used for transport. The drill rig and emergency shelter sleds were moved from site
to site by the Rolligon. A 500-gallon fuel tank for day use was mounted on the Rolligon.
When needed the RD-85 also served as crew carrier. Fuel supplies were replenished as
needed by BP Liberty field contractors.

The crews were housed at BP's Endicott Facility and commuted to the project area
by pick-up truck. Meals and office support were obtained at Endicott Operations
Center. No on-site camp facilities were utilized except for the small sled-mounted
emergency shelter that was kept with the drill rig at all times.

The work was performed on a double shift basis with crews working 12 hours at
the drill rig. Each shift had a 4 person crew consisting of a DM&A geologist or
engineer, a Discovery Drilling driller and a drill helper, and a CATCO operator. A
DM&A technician provided expediting support as needed to both shifts and was
responsible for sample packaging and shipping.

The borings were drilled to depths of 11.0 to 105 feet below the mudline using a
CME-75 soils drill rig equipped with hollow stem augers. The soils were logged by Mr.
Walt Phillips, PG, Ms. Erin Bashaw, EIT, and Mr. Mikal Hendee, EIT, as the borings
were drilled. Samples of the soil were obtained by pushing thin wail samplers, by
driving split barrel samplers and by grab sampling off the augers. Sampling was
generally attempted at five-foot intervals.

In fine grained soils (silts and clays), thin-walled {Shelby) tubes were used where
practical (this method is designated as Tw on the boring logs). The Shelby tubes are 3-
inch OD (2.87-inch ID) and were pushed into the soil using the hydraulic down
pressure of the drill rig. The sample was generally left in the tube, and the ends of the
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tube were sealed. The Shelby tubes of unfrozen soil were protected from freezing and
were fransported in cushioned boxes. For sand and gravel or for fine grained soils that
were too stiff for a Shelby tube, the sampling methods consisted of split-barrel samplers
advanced into the soil below the tip of the auger by driving with an above ground
hammer. The CME-75 was equipped with an automatic hammer system {samples
designated as Sha on the boring logs). The hammer weighed 340 pounds and had a
drop of 30 inches. The drive samples were obtained in a 3-inch OD by 2.5-inch ID split
barrel. Blow counts for each 6-inch increment of the drive were recorded. Six-inch long
brass tubes were commonly used in the 3-inch OD sampler, and the tubes were logged
and capped for subsequent examination and testing.

On shore, soils were sometimes sampled by grabbing cuttings off the auger flights
(designated on the boring logs as Ag for auger grab). The ice content and soil type were
logged and the samples were sealed in doubled plastic bags.

If the boring was in frozen soil that did not cave when the auger was pulled, the
annulus between the PVC pipe and hole was backfilled with free flowing sand. The
tube extends about 4-feet above the ground or ice surface and was marked by a plastic
snow pole. The six-foot snow poles are bright orange and fitted with reflecting tape. Of
the total of 30 test holes drilled, temperature monitoring pipe was left at 4 locations.

A graphic log of each borings drilled is presented in Appendix A on Plates A-1
through A-38. The soils and ice have been classified in accordance with the Unified Soil
Classification System presented on Plate A-39. The boring logs show the type of
sampler used and the blow counts required to drive the sampler the last 12 inches.

Laboratory testing

Laboratory testing in Anchorage included primary testing and secondary testing.
Primary testing included moisture contents on most samples, salinity tests,
moisture/density determinations on undisturbed samples, visual classification with
torvane or pocket penetrometer strengths on undisturbed samples, and classification
tests (sieve analysis and/or Atterberg Limits) and specific gravity tests. To provide
information for corrosion design, samples were also tested for resistivity in accordance
with the ASTM G-57 method. Laboratory testing was performed by two different
laboratories: R&M Consultant, Inc., (R&M) and Alaska Testlab {ATL).
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Salinities were determined using two different methods. R&M determines salinity
by measuring the electrical conductivity of diluted pore fluid and correlates the
conductivity to salinity using published values for sea water. ATL measures salinity
using a titration paper that shows the amount of chloride and then adjusts the chloride
to a sea water salinity on a molar basis.

The results of the salinity and moisture contents are graphically shown on the
boring logs and are tabulated on the Summary of Samples on Plates B-1 through B-11.
The Summary of Samples also shows strength tests, thaw strain values, organic
contents, specific gravity and classification test results. Results of the Atterberg Limit
tests are shown graphically on Plate B-12, and the results of the particle size
determinations are shown on Plates B-13 through B-21. The results of the Resistivity
Tests are shown on Plate B-22.

Secondary testing was performed by ATL and included triaxial shear strength and
consolidation tests of unfrozen samples and thaw consolidation tests of frozen samples.
Both unconsolidated, undrained tests and consolidated, drained triaxial tests were
performed. The results of the strength testing are summarized in the Summary of
Samples in Appendix B. Laboratory data for the triaxial strength testing are presented
in Appendix C. One dimensional consolidation tests were performed on unfrozen fine
grain soils; the laboratory data sheets are presented in Appendix D.

Thaw strain tests were performed on 14 frozen samples; the laboratory data sheets
are in Appendix E. The thaw strain samples were not extruded from the 2.47-inch
diameter tubes but were tested in the tubes. In most cases the samples were close to six
inches high. Working in a chest freezer, the end of the samples were hand trimmed to
conform to the flat loading platens. Then the samples were loaded with a surcharge
and allowed to thaw at room temperature. All but two of the tests were performed as
single load tests. Step loads were applied to the other two samples after the thaw was
completed so that a full consolidation curve could be developed. The data is discussed
later in the report.

rou temperatures

A 3/4-inch diameter pipe was installed in four borings to allow for the later
measurement of ground temperatures. Multiconductor cables with thermistor beads
mounted at various intervals were used to obtain ground temperature readings. For
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each set of readings the thermistor cable was inserted in the pipe and left to stabilize for
at least 45 minutes before the readings were obtained. A 4-1/2 digit multimeter was
used to obtain the resistance of each thermistor.

In mid-March temperature readings were obtained at two onshore borings on Line
"A" before weather prohibitéd further data collection. In April, temperature
measurements were taken in all four pipes, however a malfunction of the thermistor
string resulted in unusable data. We suspect that saltwater had gotten into the cable
during the first set of readings in April. The measured temperatures obtained in March
are tabulated and graphkélly presented in Appendix G.



Liberty Geotechnical Exploration Dugne Miller & Associates
September 10, 1997
Page 10

REGIONAL SETTING
Geology

Foggy Island Bay is located on the northern edge of the physiographic province
known as the Arctic Coastal Plain (Wharhaftig, 1965). The Arctic Coastal Plain is
typified by gentle topography, ice bonded permafrost soils, wet tundra, wind-oriented
thaw lakes, and braided and beaded stream channels. The coastal plain slopes gently
northward to elevations of only a few feet above sea level at the shore of the Beaufort
Sea.

The Foggy Island Bay shoreline is formed by a series of river deltas separated by
an eroding coastline. The active delta of the east fork of the Sagavanirktok River forms
the western edge of Foggy Island Bay. The Kadleroshilik and Shaviovik Rivers cross
the coastal plain and discharge into the bay from the south. Tigvariak Island, an
erosional remnant of onshore tundra, forms the eastern limits of Foggy Island Bay.

The ice-rich sediments beneath the onshore coastal plain subside significantly if
they thaw (thermokarst collapse). Thermal erosion of the coastline occurs as wave
action undercuts the ice-rich organic and silt deposits and blocks of tundra topped peat
and icy silt collapse onto the beach (thermo-erosional niching). Thermal erosion is
reported to about three feet per year between the Sagavanirktok River delta and
Tigvariak Island (Hopkins et al., 1977). At a rate of three feet per year, archaeological
sites which may have existed on an ancient coastline would have long ago fallen into
the sea. In the surf zone, such remains would be subject to further destruction by wave
and ice processes. Therefore, it is believed that even under ideal conditions, offshore
archaeological remains would be totally or partially destroyed and difficult or
impossible to recognize.

The offshore Holocene soils in Foggy Island Bay include beach, delta, lagoon,
marine and shoal deposits, along with the Flaxman Lag. Pleistocene soils include the
Flaxman Formation and marine, beach and alluvium. In the borings drilled for this
exploration, the offshore Holocene sediments generally consisted of lagoonal and
deltaic deposits (silt and organic silts) with some sandier beach and shoal deposits. The
Holocene sediments are generally thin and are sometimes missing. The Flaxman Lag
(the material that forms the “boulder patch” environments) was not found in the
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barings, but this surface cobble and boulder material is best found using geophysical
methods or by direct observation by divers.

The uppermost layer of the Pleistocene deposits is part of the Flaxman formation
(part of the Gubic formation?), a marine unit probably deposited about 70,000 years
ago. A beach deposit of sand and gravelly sand is found at the base of the marine unit
and is in turn underlain by alluvial sand and gravel deposited as glacial outwash.

Where the Pleistocene marine deposits outcrop on the sea floor, they are often
composed of overconsolidated, stiff to very stiff silt or clay. At Tigvariak Island and
along other parts of the coast, scattered gravel, cobbles and boulders are incorporated
within the marine deposits. The boulders, commonly called Flaxman boulders, are
characterized by mineral constituents foreign to the geology of Alaska. Some of the
rock has been traced to bedrock in the Canadian shield. It is believed that the Flaxman
boulders represent glacial dropstones which were ice rafted to their present locations
during an interglacial period of elevated sea level. As the grounded ice bergs rotted in
place, the cobbles and boulders dropped to the seafloor and were then buried in fine
grained marine deposits. When the fine-grained marine sediments are eroded away, the
coarse material of the Flaxman formation remains as a lag deposit of cobbles and
boulders and forms the “boulder patch” environments.

Climate

Foggy Island Bay is within the Arctic Climatic Zone and has an arctic maritime
climate. At Prudhoe Bay temperatures range from a mean of 7°C in July to a mean of -
30°C in February. The mean annual temperature is about -13°C.

Total annual precipitation ranges from about 10 and 22 cm. Of this, as much as
half is rainfall which occurs between June and September. Snowfall is generally
greatest in October.

Winds on the coastal plain are generally from the east and northeast in summer
and from the west and northwest in Winter. Westerly summer winds, generally
associated with storms, are sometimes responsible for surge water that may inundate
low-lying areas.
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SOIL AND PERMAFROST CONDITIONS
il Conditi

The borings show soil conditions that fit with the previously discussed geologic
depositions. The conditions at the island site and along the three pipeline alternatives
are shown on Plates 4 through 7. Away from the beach line, most of the near sea floor
soils consist of silts and clays and silty sand. As expected for lagoonal soils, the near
surface deposits frequently contain a considerable amount of organic matter. Pieces of
peat and organic silt layers are also encountered.

The Atterberg Limit tests generally show the fine grained materials vary widely in
plasticity, from non plastic silt (ML) to plastic clays (CH) and plastic silt (MH). The
more plastic material is generally associated with the Flaxman formation. Three other
fine-grained samples that tested non-plastic were all from the Holocene sediments.
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Uniaxial consolidation tests were performed on 10 samples from the island site.
The tested samples of Holocene material show a modified compression index of 0.04 to
0.27, with the lower value associated with a silty sand. The overconsolidated materials
associated with the Pleistocene Flaxman formation show a modified recompression
index of 0.01 to 0.04. The results of the consolidation tests are summarized in the
following table.
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Summary of Consolidation Tests
Boring Depth Soil Type Geology Moisture " Density Cc Cr
I1 30" ML+OL Holocene 509% 65 pcf 0.27 0.08
I-1 5.5 ML Pleistocene  29.6% 93 pcf 0.12 0.04
I-1 15.5° MH  Pleistocene  35.0% 85 pcf 0.17 0.04
I-2 9.7 ML Pleistocene  28.6% 99 pcf 0.18 0.06
I-3 2.5 ML Holocene  28.3% 97 pcf 0.08 0.02
I3 7.5 MH  Pleistocene 32.4% 91 pef 0.12 0.03
I-3 12.5' ML Pleistocene  36.2% 86 pcf 0.20 0.04
I-3 20.0° ML Pleistocene  282% 94 pcf 0.11 0.02
I4 20 SM Holocene  32.0% 95 pcf 0.04 0.01
I-4 2.0 MH  Pleistocene 287% 90 pcf 0.13 0.02

If a gravel island with 20 feet of freeboard is constructed over a Holocene layer that
is six feet thick with an underlying Pleistocene layer that extends to a depth of 25 feet,
and using the higher values for virgin compression ratio (Cc = 0.25) in Holocene layer
and the rebound value (Cr = 0.04) for the stiffer underlying material, a total settlement
due to consolidation of the sediments would be about three feet. Depending on the
internal drainage conditions (presence of sand lenses), the settlement would take six
months to two years to be essentially complete.

Much of the fine grained soil is overconsolidated with shear strengths greater than
1000 psf. The weakest materials are in the top five feet and found along the north-south -
pipeline routes (Routes A and B). The soils at the island site are stiff to very stiff.

Triaxial Shear Strength (1/2 deviator stress)
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Bonded Permafrost

Permafrost is defined as a material that remains below 32° F for two or more years.
Except for a thin layer near the sea floor, all of the offshore soils remain below 32°F.
However, for engineering purposes, the critical issue is whether the material is bonded
with ice. Because of variations in salt content and the associated freezing point
depression, temperature alone does not define the engineering characteristics of the
material. As expected, ice bonded permafrost was observed in the onshore borings and
- beach borings (A-1, A-2, B-1, B-1A and B-2). The onshore area contains massive ice as
polygonal wedges.

Offshore, the surface of the bonded permafrost appears to drop away steeply. No
bonded material was observed either Boring A-3 or B-3 drilled just inside the 6-foot
isobath. Both borings were drilled to depths greater than 30 feet below mudline.

Bonded permafrost was found offshore in deeper waters in Boring C-3 (11 feet of
water) and at the island, Borings I-1 and I-4 (about 20 feet of water). This permafrost
under deeper water is believed to be related to the presence of the Flaxman formation
silt and clay. The silt and clay are heavily overconsolidated and have a low
permeability. Consequently, the diffusion of seawater salts into the material is slower
than for silty sand or sand materials. The intrusion of salt is what depresses the thaw
point of the material and leads to a loss of ice bonding. Similar ice bonded conditions
were found in the HLA /USGS Boring 13 and at many locations at the Endicott site.

aw ins

All of the samples tested for thaw strain were also tested for density, moisture
content and pore water salinity, and typical samples were tested for classification. The
following table shows the pertinent data from the laboratory testing. Many hammer
blows (N-value) were needed during the drive sampling of the tested samples from the
onshore and near shore borings (B-1, B-1A and B-2). The measured dry density and
moisture contents indicate that the samples are under-saturated. This is not reasonable.
Therefore, we have corrected the dry densities to values corresponding to ice saturation
for the measured moisture content, and we have also adjusted the measured thaw strain
to correct for the internal fracturing present before testing. Values of thaw strain were
not reduced below 1%. The sample from Boring I-1 at 46 feet appears to have an
incorrect moisture content so we have not included it in the plot of data.
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[ Uncorrected Lab Values | Adjusted Values I
Bor. D?t Salt  USCS N- Moist LabDry Lab  Thaw IceSat. Sat. Dry Thaw  5=100% |
No. value Cont Dens. Porosity Strain Dens.  Strain  Porosity

B1 110" 3ppt SM
~B1 145 2ppt SP-SM
B-1A 14.0° 3ppt SM
B-2 10.1' 56ppt SM
C3 200 2lppt ML
.C3 205 3ppt ML
C-3 255 Oppt SM

Z70% 7lpcdk 0571 1440% 59% 93pc | 100%  0.439
230% B3pct 0499 1130% 67% 99pct | 100%  0.400
207% BSpcf 0486 2550% 63% 103pcf ) 3.97% 0375
90% 124pcf 0250 430% 78% 131pcf; 100%  0.207
386% 77pd | 0534 1310% ;| 97% 78pcf T 1159% 0528
35.9% B2pcf | 0504 1530% ! 102% 8lpcf 1632% 0510
257% 90 pef 8% 95pdf  057% 0427
C3 260 Oppt SM 27.7% 87 pef B9% 92pcf  193% 0445
C3 308 S5ppt SM 7% 89pc | 0462 670% | 94% 2pcf  351% 0445
11 455 2ppt SP-SM 110 251% 9%0pcf | 0456 9.30% | 87% 96pcf 281%  0.421

Gomwa g8l L8

1 460 1ppt SP-SM 347% 94pd 0432  810%  133% :
1 655 10ppt SM 160 165% 1llpcf] 0329 530% | 98% 112Zpd 503% 0323
It 660 éppt SM 173% 109pcf? 0341 670% ! 97% 110pcof 5.56%  0.334

4 525 2ppt SM 93 41% Bpd : 0424  630% : - 95%  97pod  4.02% 0.411
Bold values in dashed boxes are plotted in the following chart

These adjustments were not applied to the offshore samples where the measured
densities and moisture contents are closer to total saturation. The potential corrections
are shown in the preceding table and range between the uncorrected and adjusted
values probably reflects the range of error in the testing. The following chart shows the
thaw strain data versus the porosity of the sample and compares the data with the
relationship developed by Hanna for silts and fine sands.

0% | [ 1 [T
©  QOifshore Liberty values - unadjusted
@  Onshore Liberty values - adjusted /
30% {{ ™ =Hanna refationship
£ /
[
7
2 /
E 20% /
g | 4
O
8 10% ‘/
(o]
/o
& /-’ @
L L
0% Il / . J o
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Porosity
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mary ot...berty Bo
AsDrilled  As Drilled Ice Bonded Base of Top of

Bor. ASPZone3 ASP Zone3 Date/Time Water Thick- Boring Perma- PVC Holocene Baseof Sand/ Comments

No. Northing Easting  Elev.* Finished Depth ness Depth* frost Pipe Lagoon Silt  Gravel

A-1 5925145f 313256ft 7.0'° 2/1618:30 ne ne 30.0¢ yes 30 ne 9 9" onshore tundra

A-2 59253851t 313,200ft -3.¢€ 2/18 0:00 ne 3.6 Ly yes  none 3 5 5'

A-3 5926564t 312842ft 5.9 2/191830 59 3.5 315 no 30 ne ne 177 shoal sand to 17

A-4 5927743 ft 312496ft -6.2 2/201:45 6.2' 4.0 328 no  none 35 3.5 5

A-5 5931558 311,346ft -10.8' 2/206:30 108 3.5 282 no  none 10 10 10" interbedded silt and sand to 10/
A-6 5935382ft 310204ft -17.77 2/2013:30 17.77 39 29.5' no none 7 7' 16"  Silty sand from 7 to 16'
A-7 5939201 ft 309070ft -193 2/17100 193 42 30.0 no none 115 9.5 14°

A-8 5943,021ft 307941f -193° 2/1811:00 193 43 37.5' no none 10 10 27'  Silty sand from 10' to 27'
A-9 5946839f 306,798ft -19.8'° 2/1816:30 198 42 33.5 no  none 10 19 225"  Silty sand from 19' to 22.5'
A-10 5950,658ft 305654ft -190° 2/2122:05 19.0° 40 34.5 no none 11 23 23

B1 5026747ft 289876ft 70  2/19500 ne ne 300  yes none  ne ne 12 fv“e‘;dg’eab‘;g"‘;‘i“ to &', Ice
B-1A 5,926,712 ft 289,841 ft 7.0 2/25 6:30 ne ne 30.0¢ yes  none ne ne 15 Peat to 0.5' over Silty sand
B-2 5926908 289,968 ft 0.0 2/191:15 ne 1.3 312 yes  none ne ne 1.5

B-3 5928987 ft 291,067f -56° 2/1821:45 56 @ 43 @ 362 no none 115 9.5' 115" Siltlayer from 7' t0 9.5'
B-4 5931,094ft 2921754 -5.77 2/1818:00 5.7 3.8 20 no  none 7' 7 10

B-5 5933,178ft 293273ft -6.77 2/201B:00 &7 4.0 26.5' noe  none 7.5 7.5 10.5°

Duane Miller & Associates

Job No. 4118.22

Sept. 1897

Plate




Summary of ..berty Borings

As Drilled  As Drilled Ice Bonded Base of Top of

Bor. ASPZone3 ASP Zone3 Date/Time Water Thick- Boring Perma- PVC Holocene Baseof Sand/ Comments

No.  Northing Easting  Elev.* Finished Depth ness Depth* frost Pipe Lagoon Silt  Gravel

B-6 5935285ft 294379# -65  2/200:10 65 3.8 365 no  none 12 12 12

B-7 5939,157ft 296424ft 71" 2/215:30 7.1 42" 416 no  none 18 30 30"  Peat layer from 16.5 to 17.5’
B8 5942,084ft 297978ft -155' 2/182:00 185 38 270 no  none 6 i8N 11

B-9 5945758ft 299909f -17.3° 2/18400 173 40° 49.¢ ne none 95 36’ 36’
B-10 5948920ft 301,578ft -13.0° 2/2114:30 13.0° 40 490 no none 7.5 28’ 28"  Sand from mudline to 7.5'
B-11 5930040ft 2916218t -50° 2/19930 50 40 100 no  none 8 ne 8  between B-3 and B-4

C-1 55952264f 298091ft -14.8 2/251:30 148 43 295 no none 3.5 BOH ne  Sand from mudline to 3.5'
C-2 5956813t 291,280ft -152' 2/2422:30 152 42° 290 no  none o BOH ne

C-3 5961,067ft 284970ft -11.3° 2/241750 11.3° 45 315 some 32 o 30 30

C-4 5965516f 278327#f -108' 2/2411:30 108 44 270 no none 35 20 20" Sand and Sandy Silt below 3.5'
I-1 5954484ft 304526ft -21.5° 2/235:30 21.5° 35 1050° some 105 5.5 22.5' 22,5

I-2 5954304 ft 304821ft -21.77 2/22530 217 48 50.5° no none 7.5 24' 24

I-3 59548461t 304516ft -21.1' 2/2318:30 211' 40 515 no none 35 23 23

I-4 5954317t 304216ft 197 2/240:30 197 42 535 yes no 7 23 23" Bonded below 44.5'

* Boring depths are from mudline. Elevations assume water level = MSL
ne = none encountered, BOH is Bottorn of Hole

Duane Miller & Associates

Job No, 4119.22

Sept. 1997

Plate
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Soil Classification System and Key to Data Plate A-39
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DUANE MILLER & ASSOCIATES

Project; Liberty
DM&A Job No.:  4119.22
Logged By: W. Phillips, P.G.
. g
Moisture Content % (+), Salinity {A) a
and Blow-Counts {0} 5
o 20 44 60 >80 P200 Other Tests n
P 7 Sh
(@]
T Sh
O
Sh
@]
] 07.6% SA Sh
e ajr Sh
® Q7.7% Sh

L.og of HOLE ; A-1

Date Drilled: February 16, 1997
Contractor: Catco/Discovery Drilling

3
%o
S8k
B.E%m
O o g
Owaa
o
5
T I-:::.
10_.. .-

=
&
L]
o
(I

Rig Typ#: CME 75 on sled w/hollow stem

Water Depth: NJA  Ice Thickness: N/A
Eievation: 7 Ft

N70°12° 1.47" W147° 30' 18.88"
Description '

 PEAT: (PY) Organic Mat B
RARL?AN IC SILT: {OL) Brown, w/ gray silt

SILT: (ML) Gray, coarse w/ 2 to 4° sand
lenses at random spacing, visible ice as
lenses; 20-25% @1 ft. increasing to 40-
75% @7 ., <5% visible ice In sand layers

" SAND: (SP) Dark gray, uniform W/ <5%
visible ice

GRAVELLY SAND: {SP-SM) Brown w/ 5-
10% visible ice (Vr+V¢)

Placed 0.75" diameter PVC pipe 10 30.0°

Duane Miller & Associates
Arctic & Gaotechnical Engineering

Job No: 4119.22
Date: June 1997

35
1
s |
Liberty Development plate
e elopme
Beaufort Sea, Alaska A" 1



DUANE MILLER & ASSOCIATES

Project: Liberty
DMEA Job No.: 411922
Logged By: W. Phifips, P.G.
g
Moisture Content % (=), Salinity (A) 2
and Blow-Counts (o} E
0 20 40 50 >80 P200 Other Tests w
Ag
L
® A ©3.5% Sh
& J Dd=8 pcf Sh
* 4 $3.9% |[PI=NP Sh
] A O Sh

Logoft HOLE:  A-2

Date Drilled: February 18, 1997

Contractor: Catco/Discovery Drilling
N Rig Type: CME-75 on sled w/ hollow stem
T o Water Depih: ice Thickness: 3.6 FL
=02
£8€ § N70° 12' 3.82" W147° 30 20.69"
A

gL PUJuw Description
SANDY SILT: {ML) Dark gray, zones w/

trace organics, <6% visible ica {Vx)

SANDY GRAVEL: (GP) Gray w/ <5%
visible fce, max. particle size 3/4",
interbedded fine Sand (SP-SM}

Gravelly Sand (SP) from 11 to 21 ft.

40 j_

Duane Miller & Associates
Arctic & Geotechnical Engineering

Job No.: 411922
Date: June 1997

LOG of BORING A-2
Liberty Development
Beaufort Sea, Alaska

Plate

A-2



DUANE MILLER & ASSOCIATES
Project: Liberty
DMZA Job No.: 411922
Logged By: W..Phillips, P.G. ©
=
Moisture Content % (+), Salinity {A) 2
and Blow-Counts (o) E
0 20 40 60 >80 P200 Other Tests 0
1 Tw
Pl
3.2% [SA Sh
® A
— sh
o®
_______ - Sh
O
'''''' T 1.9% [SA Sh
.o -
' ] Sh
o)
° Sh

togof HOLE: A-3
Date Driiled: February 19, 1997

Duane Miller & Associates
Arctic & Geolechnical Engineering

Job No.: 4113.22
Date: June 1997

Contractor: Catco/Discovery Drilling
- Rig Type: CME-75 on sied w/ hollow stem
§ - Water Depthr. 58Ft Ice Thickness: 3.5Ft.
a0
£ 5 £ 8§ N70°12' 1532" W147° 30° 31.91"
25828
p B PUIu Description
GRAVELLY SAND: (SP) Dark gray w/
interbedded Sandy Gravel (GP), loose to
medium dense, maximum gravei size 1"
5
10
15
Very laose, no recovery
SANDY GRAVEL: {GW} Gray, medium
dense, gravel Is sub-round, chert rich,
maximum size 1*
20
25
30
. Placed 0.75" diameter PVC pipe to 30' (36
from top of ice)
35 _|
40 _| |
LLQG_QLBQBJMG_A.a.b Laraon - Plate
ibe velopmen
Beaufort Sea, Alaska A'3




OUANE MILLER & ASSOCIATES Log of i A

Project: Liberty Date Drilled: February 20, 1997
DM2A Job No.: 411822 Contractor: Catco/Discovery Drilling
) Logged By: E. Bashaw ® . Rig Type: CME-75 on sted W/ hollow stem
iy $ & = WaterDepth: 62Ft Ice Thickness: 40FtL
Moisture Cortlent % (s}, Salinity (4) 2 82 s N70° 12° 26.83" W147° 30' 42.62"
and Blow-Counts (o) E B§Eggg
0 20 40 60 >80 P200 Other Tests I e Description
o —‘ v SAND: (SP) Brown, fine grained, loosa
Sh
.
14.3% SILTY SAND: (SM) Dark gray, fine
grained, loose
o ® ' 2.2% 18A, Dd=112pcf |Sh SAND: (SP) Gray, fine grained, medium
5 dense
0.7% 1SA Sh SANDY GRAVEL: {GP) Gray, coarse to
* fine sand, round 1o subround, loase o
medium dense, maximum size 1*
Sh
o 10
Sh [
0
Sh
Y _ | 15
Sh
C
o 20
Sh
o)
o Sh
d i 25 _|
30
Sh
le)
as B Placed 0.75" diameter PVC pipe to 32.8'
L 40 _L
Buane Miller & Associates LOG of BORING A4 Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beauiort Sea, Alaska A"4
Date: June 1957
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DUANE MILLER & ASSOCIATES f ;A5
Project; Liberty Date Drilled: February 20, 1997
DMBA JobNo.: 411922 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw © " Rig Type: CME-75 on sled w/ hollow stem
£ 32 o Water Depth: 10.8 Ft. {ce Thickness: 3.5FL.
Moisture Conlent % (+), Salinity {4) 2 T2 ¢ °13' 4.06" W147° 31" 18.93"
and Biow-Counts (0) g_ -g g 8 2 g N70°13'4.06" W 31" 18.93
020 40 60 >80 P200 Other Tests @ oLR®BIIw Description
o | Sh SAND: (SP-SM) Gray, fine, loose
sh
o ® o Dd=107 pet
. Sh SILT: (ML) Dark gray, w/ fine sand, soft
o _f 19% |SA 5 F
: ; SAND: (SP} Gray, fine, very loose
B ° Dd=102 pcf Sh
Dd=67 pet ™™ SILT: (ML) Dark gray, soft to medium stiff
®
- 10
P SANDY GRAVEL: (GP-GM) Gray, loose,
Sh round to subround, max, size 3/4", w/
o) layers of Silty Sand {SM) and Silty Gravel
(GM) w/ sand
Sh
O .
I S S 15 | .
: 13.0% | SA Medium dense w/ gravel to 1 1/4" diametar
Sh below 15 fi.
O
- 20
_________ R DR S 25
Sh
© Sh
O
30 _|
|
35 _|
40 _1] L
Duane Miller & Associates LOG af ROBING A5 Plate
Arctic & Geotechnical Enginearing Liberty Development

Jobh No.; 4119.22
Date: June 1957

Beaufort Sea, Alaska

A-5



DUANE MILLER & ASSQCIATES LlogofHOLE; A6 =~~~

Project; Liberty Date Drilled: Fabruary 20, 1997
OM&A Job No.: 411922 Contractor; Catco/Discovery Diilling
Logged By: W. Phillips, P.G. " Rig Type: CME-75 on sted w/ hollow stern
) & §_  WalerDepth:  17.7FL loo Thickness: 39FL
and Blow-Counts (o) E' SES gg oo WA 31’54
0 20 40 60 >80 P200 OtherTests @ Q0T In Description
: Tw SILT: (ML) Dark gray w/ fraca sand, very
soft
® Dd=55 pct
A . LL=42, Pl=6 Tw
! TXUU 30(1000) 5 SILT: (ML) Black w/ organic fragments
(Pt}, soft
0'.'.—.45'0, Bd=71 Tw
® | pt}:f 'I;XUU
2% | A gt pct.  {Tw SILTY SAND: (SM) Gray, fine to medium
. Pi=NP ! grained w/ zones of coarse sand and
small pebbies, loose to medium dense
Dd=B4 pef Tw | 1°
°
Tw
SN YRS N R M |1s
GRAVELLY SAND: (SP) Gray, medium
dense, grading to Sandy Gravel (GF)
Sh :
~ %
I - 20 _]
..... 25 _|
L Sh
o _|
35 _|
40 1] L.
. Duane Miller & Associates LOG of BORING A-6 Plate
: RS Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-B
Daje: June 1997




QUANE MILLER & ASSOCIATES LogoftHOLE: A-7

Project: Liberty Date Driled:  February 17, 1997
DMEA Job No,:  4119.22 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw o Rig Type: CME-75 on sled wf hollow stem
o E Water Depth: 19.3 Ft. e Thickness: 4.2FL
Moisture Content % (‘), sa.lll'l[ty (AJ . o __-BQ [ = N70° 14' 18.64" 147° [
and Blow-Counts {0} g g- E & gg 1 w 32'30.64
0 20 40 60 >30P200  OtherTests @ Q@ dau Description
SILT: (ML) Tan, very soft
°© e ' sh SILT: (ML) Gray w/ trace sand, soft
: © 191.0% [ SA, Dd=65 pcf Tw
° TXUU 420(1000)
5
Tw
¢ LN |} grained
e SAND: (SP) Fine, loose to medium dense
sh e
o° [
------------ —|1.4% |SA 15 el SANDY GRAVEL: (GP) Gray, medium
1 Balals dense, round to subround, gravel is
telar generally <1™ w/ occasional pieces to 2°
O
®
® C
..... 35 _
40 _| |
_ Duane Miller & Associates LOG of BORING A-7 Plate
Arctic & Geolechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-7
Date: June 1397




DUANE MILLER & ASSOCIATES Logof HOLE: A-8

Project: Liberty Dale Dritled:  February 18, 1997
DMEA Job No. : 4119.22 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw/W. Phillips, P.G. © . Rig Type: CME-75 on sled w/ hollow stem
o & § _ WaterDepth: 193Ft Ico Thickness: 43 Ft.
¥ Molsture Content % (+), Salinity (4) s T2 s N70° 14' 55.93° W147° 33' §
and Blow-Counts (o) E' BEg gng ) wi 27
0 20 40 60 =B0 P200 Other Fesis 0 e noJu Description
: w 3
. PI=NP, Dd=70 pcl SILT: (ML) Tan-gray, soft
TXUU 380{1000)
: Dd=72 pef Tw
I Y TXUU 590(1000)
5 SILT: {ML) Gray, soft w/ trace 1o some
BO.0% | SA, Dd=78 pcf Tw sand
A @
Dd=70 pef Tw
L T TXUU 540(1000) 10
SILTY SAND: (SM) w/ Interbedded Silt
(ML), silt is soft, sand is medium dense
Tw 15
SILTY SAND: (SM) Gray w/ scatiered
™y pebbles and shell fragments, loose
2 - 20
22.0% | SA Sh
o .
- ] 25 _{t|:f:
) L
Dd=94 -
o ® pet Sh A
o SAND: {SP} Gray with trace gravel, loose
0 _{ |
T SAND: (SP-SM) Gray w/ soms gravel,
1 sand is uniform medium grained, loose to
Q[ medium dense
35 [
Sh e
o -
.
40 _;
Duane Miller & Associates LOG of BORING A-8 Plate
Arctic & Geotechnical Engineeting Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-B
Date: June 1897




DUANE MILLER % ASSOCIATES Logot HOLE: A-9

Project: Liberty Date Drilled: February 18, 1997
DM&A Job No.;  4119.22 Conlractor: Catco/Discovery Drilling
- Logged By: W. Phillips, P.G. o Rig Type: CME-75 on sled w/ hollow stem
et & § _  WatrDeph: 19.BFL Ice Thickness: 42Ft.
Mpoisture Content % ['}. Sa.llﬂﬁ'y {A) %‘ i' % “:i 5 N70° 15'33.17" W147° 33' 42.36"
and Blow-Counts {0} E §Egop
0 20 40 60 >80P200  OtherTests o ,0®WCJu Description
] s TDd=68 pct ] SILT: (ML) Dark gray, soft, w/ thin n
‘ ‘ stringers of pebbly sand and thin beds of
Dg=46 pef Tw gray-brown fine Sand (SP-SM)
+ TXUL 250{1000}
Dd=48 pet Tw
' 5
' B7.G% | MA, Dd=68 pci Tw |
] TXUL 850(1000)
Tw
10
Sh e \SAND: (SP-SM) Gray, loose
o e
SILT: {(ML+OL) Dark gray to black w/
. SA,Dd=87pcf  [Tw scattered pieces of wood {Pt)
U S I 15 ] SILT: (OL} w/ Interbedded stiff gray Silt
J gvu_) and medium dense fine Sand (SP-
M)
Dd=107 pct Tw
L
D e | 20 | SILTY SAND: (SM) w/ trace to some
T - ilk gravel, medium dense, sticky
38.0% [SA Sh
L GRAVELLY SAND: {SP-SM) Gray-brown
grading to Gravelly Sand (SP), medium
dense
Sh
® o
]
4
40 |
-~ Duane Miller & Associates 106G of BORING A-9 Plate
0% RP s Arctic & Geolechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-9
Date: June 1897
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DUANE MILLER & ASSQCIATES Log of HOLE : A-10
Project: Liberty Date Driiled: February 21, 1997
DM8A Job No.:  4119.22 Contractor: Catco/Discovary Drilling
Logged By: W. Phillips, P.G./E. Bashaw @ _ Rig Type: CME-75 on sled w/ hollow stem
& ;-: - Water Depth: 19.0 Ft. Ice Thickness: 4.0Ft
Moisture Contant % (II' Saﬁnity (A} % z ‘g_% % N70° 16" 10.44" W147° 34’ 18.48"
and Blow-Counts (o) E S Egop
0 20 40 60 >BOP200  OtherTests @ ,Q @ 3Ji Description
SILT: (ML) Dark gray w/ interbedded gray
Silty Sand (SM), silt is soft, sand is loose
Dd=83 pct Tw
5
Sh
) Dd=86 pcf
98.0% |MA, Dd=72pct  |Tw
®
Dd=77 pc! Tw |'°
» —
SILT: (ML) Dark gray, medium stiff w/
Jayers of gray, icose Sand (SP)
Dd=64 pcf Tw
.
S WU SO S 15 _]
e SAND: (SP-SM) Gray, loose
o Sh SILT: (ML) Dark gray w/ interbedded Silt
. {MH}, medium stitf
20 _|
0y Sh A
0 N SAND: (SP} Gray, fine, wf some gravel 1-
T¢.-0-0 1/2" subround
25 — [ 1 " [ ] * -
sh e
.D X " " : L]
a0 L0
Sh . : :: .
‘ ; L} * 1 b "
A 35
40 1]

Duane Miller & Associates
Arctic & Geotechnical Enginearing

Job No.: 4119.22
Date: June 1997

LQﬁ.nI-BﬂBIN-G-A-ID.Ube v — Plate
Bea::tfyctt S::,o mia A'1 0



DUANE MILLER & ASSOCIATES Logof HOLE:  B-1

Project: Liberty Date Drilled: Fabruary 19, 1997
DMZA Job No.:  4119.22 Contractor: Catco/Discovery Driliing
Logged By: E. Bashaw ® . Rig Type: CME-75 on slad w/ holiow stem
& ‘g’ Water Depth: lce Thickness:
— 0 -
= Moisture Content % (=), Salinity (A) g T g2 o Eevaton: 70FL+-
3 and Blow-Counts (0) E gk & od N70° 12" 11.18* W1i47° 41* 38.26"
0 20 40 60 >BOP200 OtherTests ® Q0O Description
o ‘ 5h PEAT: {P1) Brown, hard frozen
OLI=35.1% 10 ™~ :
4k CRGANIC SILT: (OL) Brown, visible ice »|
Sh HHE 30% {(Vx+Vo)
o ? : 1y
5 Iz SILTY SAND: (SM) Coarse sand w/f trace
"""""" ] ]| gravel, visible ice (Vx+Vc) >30% @ B* -
A . 18.0% [ SA, Dd=5.7pcf [ Sh :f
N . Q Sh |10
A . Sh Hqq:
o 18.0% | SA, Dd=93 pef, AdH J
TS 4 {0 GRAVELLY SAND: (ICE+SP-SM) Gray,
visible ice {(Vx+Vc)
A e | ol 11.0% ?g Dd=99 pcf 8h >50% visible ice (ice wedge?)
[ 7Y Q Sh
SANDY GRAVEL: (GP-GM) Gray, visible
ice <20%
SpG=2.65 Ag .
Large cobbles to 6° diameter at 21
e A
Ag
L a
1 No insitu samples below 18' due to binding
. auger. See Boring B-1A
DU IR I S s _
40 _ 1]
Duane Miller & Associates LOG of RORING B-1 Plate
Arctic & Geotechnical Engineering Libe Develorment
Job No.. 4119.22 Beaufort Sea, Alask A-1 1
Date; September 1997
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N LER & E Logoft HOLE : B-1A
Project: Liberty Date Drilted: February 25, 1887
DM&A JobNo.: 411922 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw o . Rig Type: CME-75 on sled w/ hoilow stem
& 2 Water Depth: - tce Thickness: -~
Z:Moisture Content % (+), Salinity (A} % i" Elevation: 5.0 Ft.
' and Blow-Counts (o) E B +/- 50' SW of B1
G 20 40 60 >BOP200 OtherTests & ,0C Description
: N PEAT: (Pt} Brown, (Vx+V¢)
SILTY SAND: {SM) Brown w/ some
gravei, round to subround 1-1/4"
diameter, 15 to 30% visible ice (Vx+Vc)
B i A 5 _
Ab
10
[ ]
- d Sh
a0 Q13.0% SA. Dd=104 pef, Sh s
I B GRAVELLY SAND: (SP-SM) Brown
o J Sh grading to Sandy Gravel (GW-GM),
; visibie lce (Vx+Vc+Vs) from 15 1o 20%.
Gravel round to subround 1" diameter,
scattered cobbles.
e d Sh
20 4|
e ﬁa
N o5 _J:
e Q Sh -
o/ | Q8.6% |SA sh |30 M
. _ i} 35 _
wll 1L

Duane Miller & Assoclates
Arctic & Geotechnical Engineering
Job No.. 4119.22

Date: September 1997

Plate

Bea ort S:‘::Io ?Sekr;t A-1 2



W

DUANE MIL LER IATES
Project: Liberty
DMEA Job No.: 411922
Logged By E. Bashaw °
=
Molsture Content % (+}, Salinity (4) 2
and Blow-Counts (o) E
O 20 40 60 >80 P200  OtherTests @
* o Dd=113 pet =n
Sh
e Dd=114 pct
Sh
__._._Q..._. s ] 7.7% [S)&‘!S ;2{-67, .
3
Sh
o
s e Dd=115 pcf
. i Sh
i & 124.0% | TS, SA, Dd=131
pef
/e 46.9% {SA Sh
. | sn

=
[+
o
L=
=
=
o
b
a

3 ©
=
Eg
@G

0

Log of HOLE ;
Date Drilled:
Contractor:

Rig Type:

Log
Frozen

B-2

February 19, 1997

Calco/Discovery Drilling

CME-75 on sled wf hollow stem

Water Depth: N/A lce Thickness: 1.3 Ft.

Elavation:

N70° 12' 12.79" W147° 41'35. 72"
Dascription -

ﬁtl;{AVELLY SAND: (SP) Light gray, Vc to

SANDY GRAVEL: (GP-GM) Light gray, -
h :

Little silt (GP) below 6.0'

10

SILTY SAND: (SM)
™.

SANDY GRAVEL: (GW-GM) Gray w/
coarse sand, 3" to 4" cobbles, round to
subround, Nbn

4" to 6" Cobbles

Placed 0.75" diameter PVC pipe to 31.5

Duane Miller & Associates

Arctic & Geotechnical Engingering
Joby No.: 4119.22
Date: September 1997

Libe
Be

ort Sea,

e Plate
Sy A-13



DUANE MILLER & ASSOCIATES logoftHOLE: B3 = =

Project: Liberty Date Orilled: February 18, 1997
DOMZA JobNo.: 411922 Contractor: Catco/Discovrery Drilling
Logged By: E. Bashaw © _ Aig Type: CME-75 on sled w/ hollow stem
g B - Water Depth:  5.6FL.  lca Thickness: 43 FL
and Blow-Counts (o) E SESoH Wi 4y 5.2
0 20 40 60 >B0 P200 OtherTests @ 0030—“1- Descripticn
- Sh A SILTY SAND: (SM) Gray, fine
: grained , loose
Tw
5 :
40.0% | SA Tw |:
e SILT: (ML) Dark gray w/ trace to some
i sand
Sh
O . & 10 .
O A T e e - SILTY SAND: {SM) Dark gray wf some
. NN gravel, ioose
Sh
0 SANDY GRAVEL: (GP-GM) Gray w/
L A i coarse sand, medium dense, gravei round
1 1o subround 1/2" to 1 1/2" in diameter
______ 15 _|
L 20 _
Sh 1
. 0 & k
- 25 _| £33
30 _| B
| Placed 0.75" diameter PVC pipe to 36.0
a0 ]
Duane Miller & Associates LOG ot BORING B-3 Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-1 4
Date: June 1997




DUANE MILLER & ASSOCIATES

logof HOLE: B-4

Project: Liberty Date Drifled: February 18, 1997
DM&A Job No.:  4119.22 Contractor: Catco/Discovery Drilling
Logged By: W. Phillips, P.G. o - Rig Type: CME-75 on slad w/ hollow stem
g 3 » _ Water Depth: 57Ft lco Thickness: 3.8Ft
Moisture Content % (*), Saiinity (4) e T£2 ¢ N70° 12° 54.54" .
and Blow-Counts (o) E §§§g§ 12‘ .. 54" WH47° 40 35.06
0 20 40 60 >80 P200 Other Tests w 00‘0‘9-—‘“- Description .
!. Dd=83 pct Tw SILT: (ML) Dark gray, soft.
Dd=88 pcf Tw SILT: {ML) G ray w/ interbedded gray-
30(1000) | (pebblesy, Soft
Tw 5
o Sh ST SAND: (SP-SM) Gray, medium coarse,
o 74% [BA T medium dense
.............. - Ay 19 isA sp |10 g —
* : .0, SANDY GHAVEL: (GP)} Gray, medium
dense, gravel is subround, <1", coarser
below 19'
o
- - 25
..... 30 _|
]
35 _|
40 _1|
Duane Miller & Associates LOG of RORING B4 Plate
Arctic & Geotechnical Engineearing Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A"'1 5

Date: June 1997




DUANE MILLER & ASSOCIATES

Project: Liberty
DMEA Job No.: 411922
Logged By: W. Philips, P.G.

Moisture Content % (), Salinity (A)
and Blow-Counts (0)
0 20 40 §0 >80 P200

Log of HOLE ; B-5

Sample type
Q

Deapth (feet)

Samples

Graphic

Frozen

Date Drilled: February 20, 1997

Contractor: Catco/Discovery Drilling

Rig Type: CME-75 on sled w/ holiow stem
Water Depth: 6.7 Ft.  Ice Thickness: 4.0 Ft

N70° 13' 15.34" W147° 40" 4.86"
Description

TXUU 131 01000}

MA, Dd=82 pct
TXUU 1200{1000}

85.0%

SILT: (ML) Dark gray, stiff —|

SAND: (SP-SM) Gray, fine grained w/
scattered pebbles, loose

SANDY GRAVEL: (GP) Gray, layered w/
Gravelly Sand (SP} and (SP-5M}, loose to
medium dense

Job No.: 411822
Date: June 1997

Duane Miller & Associates
Arctic & Geotechnical Engingering

LOG of RORING B-5 Plate
Liberty Development
Beaufort Sea, Alaska A'1 6
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DUANE MILLER & ASSQCIATES

Log of HOLE & B-6

Project: Liberty Date Drilled: February 20, 1997
DMEA Job No.: 411922 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw o Rig Type: CME-75 on sled w/ hollow stem
g B o  Water Depth: 65FL.  {ce Thickness: 3.BFt
Maisture Content % {+), Salinity (4) & T 28 ‘ . . .
and Bl t5 (o) E. % g g‘gg N70° 13' 36.35" W147° 39’ 34.40
0 20 40 60 >80 P200  OtherTests ¢ ,0®OJC Description
- Sh : SILTY SAND: (SM) Gray, fine grained,
loose
A e 97.0% [MA, Dd=85pcf  |Tw SILT: (ML) Dark gray, medium stiff
Tw |°
Dd=82 pcf Tw
° TXUU 1010(1000)
SILT: (ML) Gray w/ trace coarse sand,
......... _. PR T —— - 92'0% SA' Dd=73 pc' Tw 10 medlm‘ Stlﬁ
Sh RN SAND: (SP-SM} Gray, fine w/ trace
Coq gravel, gravel round to subround 3/4"
[v7ee diameter, medium dense. 6" stiff Silt (ML)
______________ B sk |18 el fayer at 16’
Q ® _ a . '
. sh o
° Dd=117 pct SILTY SAND: (SM) Gray, loose to
medium dense
_ sh [20
S
Dd=106 pef _
GRAVELLY SAND: (SP) Gray, gravel
O round to subround 3/4" 10 1 3/4" diameter.
Interbedded w/ Sand (SP} and Sandy :
_ o Gravel (GP), medium dense
0
®
Q
80
40 1|
Duane Miller & Associates LOG of HORING B-6. Plate
Arctic & Gaotechnlcal Enginearing Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-1 7

Date: June 1997




.

: {ATE
Project: Liberty

Logof HOLE: B-7

Date Drilled: February 21, 1997

Contractor: Catco/Discovery Drilling

Rig Type: CME-75 on sled w/ hollow stem

=

by

=3
£ETBt &
Q@ ERol
DQEOE
oncotﬂ_m.

& sample type

g

Tw

Tw

Sh

Sh

Water Depth: 7.1 Ft. ice Thickness: 4.2 FL
Elevation:

N70° 14' 14.96" W147° 38' 38.06"
Description

SILTY SAND: (SM) Brown, fine

SILT: (ML) Dark gray, soft to medium
stiff, w/ some sand

stifa@ 7

PEAT: {Pt) Brown, scft

SANDY SILT: (ML) Gray brown, w/ some
fine and coarse sand and gravel, medium
stiff, gradin%;o medium dense. Silty
Sand {SM) oelow 24 fi.

Grading to medium dense Sandy Gravel
{GP)} below 35 ft.

GRAVELLY SAND: (SP) Gray, w/ some
angular gravel 1o 1-3/4" diameter

Boring B-7 is continued on Plate 19

DMBA Job No.:  4119.22
Logged By: E. Bashaw
TMoisture Content % (=), Salinity (A)
et and Blow-Counts (o)
0 20 40 .60 >80 P200 Other Tests
's)
[ ] 37.5%
92.0% | SA, Dd=80 pct
A®
P . 77.0% | SA, Dd=87 pet
Dd=89 rd
® A TXUU 1910{1000)
(o) _
hd Dd=55 pcf
o . Dd=52 pef
© 1 Dd=112 pef
—— ———— S e, [ N S 67.5%
O
- —_
o 3.2%
Duane Miller & Assaciates
Arctic & Geotechnical Enginesring
Job No.: 4119.22
Date: June 1997

2 Plate

LEiiea or?esg? laselv:;t ' A-18




_ DUANE MILLER & ASSOCIATES ;. B-

Project: Liberty Date Drifled: February 21, 1997
DMBA Job No.: 411922 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw ° - Rig Type: CME-75 on sled w/ hollow stem
g § - Water Depth: 7.1 Ft.  lce Thickness: = 4.2 Ft.
Moisturs Conttent % (=), Safinity (4) 2 =8% § N70° 14' 14.96" W147° 38" 38.06"
and Blow-Counts (o) E gEapp
Q 20 40 60 >80P200  OtherTests @ ,P @ OJL Description
o | | I GRAVELLY SAND: (SF)
:
45 _]
50 _
|
_____ 55 _
A i 60 _|
85 _|
70 _]
1
]
75 |
i
_ 4 i 8D _I|
Duane Miller & Assoclates LOG of BORING B-7 cont. Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaulort Sea, Alaska A-1 9
Dats: June 1997




DUANE MILLER & ASSOCIATES Log of HOLE ; B-8

Project: Liberty Date Drilled: February 18, 1997
DMBA JobNo. : 411922 Contractar: Cateo/Discovery Drilling
N Logged By: W. Phillips, P.G. © Rig Type: CME-75 on sied w/ hollow stem
S £ § _  WaterDepth: 155FL lIce Thickness: 38FL
and Blow-Counts (o). E’ = E‘g—gg 4. 55.18
0 20 40 60 >80 P200 Other Tests 0 O Nno0Ju Dascription
; Tw SILT: (ML} Dark gray, soft
96.0% |MA, PI=NP
Dd=49 pcf
TXUU 370{1000)
SILT: (ML% Ggagrﬁ éw(f émertéedded fine
grained Silty M), brown Siit (OL}
: €1.0% [ SA, Dd=75 pct and Organics (P1), medium stiff (
SAND: (SP} Gray, medium to fine grained,
loose
o
B G ] GRAVELLY SAND: (SP-SM) Gray w/
interbedded Sandy Gravel (GP), medium
dense
o
;".‘-_.1
—y .
)
:
30 _|
40 _1J
Duane Miller & Associates LOG of BORING B-8 Plate
Arctic & Geotechnical Engineering Liberty Development
Job Na.: 4119.22 Beaufort Sea, Alaska A-20
Date: June 1997




o,

B

DUANE MILLER & ASSQCIATES
Project:
DM&A Job No. - 411922

Liberty

o
Depth {feat)
Samples

- Eraphic

10

16

25

OLE: B-

Date Drilled: February 18, 1997

Contractor: Catco/Discavery Drilling

Rig Type: CME-75 on sled wf hollow stem
Water Depth: 17.3 FL. ice Thickness: 4.0 Ft.
Elevation:

N70° 15' 20.78" Wi47° 37 1.90"
- Description

Frozen

SILTY SAND: (SM) Gray, fine, Iayer of

\ black organic material on top

SILT (ML} Gray, soft to medium stiff - -

~siT: (ML) Gray, w/ organic fragments,
soft to medium stiff w/ interbedded loose
fine Sand o

Medium stiff Sitt (MH) below 20 ft.

6" Layer hght gray Orgamc Silt (OL) w/
wood fragments at 30 f,

SAND: (EP-SM) Fine, loose

SANDY GRAVEL: {(GP) Gray, gravel is
round to subround 1/2° to 3/4" diameter,
foose to medium dense.

Logged By: W. Phillips, P.G./E. Bashaw ®
(=%
=

~=aMoisture Content % (), Salinity (A) a
and Blow-Counts (o) E
0 20 40 60 >80 P20C Other Tests w
o |*® 16.0% 1 SA S
Sh
o .
Dd=100 pcf
I R 99.0% | SA, Dd=<86 pcf [ Tw
*
Dd=90 pctf Tw
*
IV S S R - Sh
| Dd=83 pcf
Tw
___________ I Dd=80 pef Tw
- Sh
0 .
Dd=83 pef
— LL=51, Pl=15 Tw
LA . Dd=75 pcf
Sh
° o
Dd=82 pef
___________ Sh
o o
Dd=100 pctf
Sh
Duane Miller & Associates
Arctic & Geotechnical Engineering
Job No.: 4119.22
Date: Juno 1997

g e a Pt
e velopmen
Beaufort Sea, Alaska A'21



DUANE MILLER & ASSOCIATES Logot HOLE;: B-9 Cont.

Project: tiberty Date Drilled: February 18, 1997
DM&A JobNo.: 411922 Coniracior: Cateo/Discovery Drifling
Logged By: W. Phillips, P.G/E. Bashaw o Rig Type: CME-75 on sled w/ hollow stem
& & = WaterDepth: 17.3FL lce Thickness: 4.0F1
Moisture Content % (s), Satinity () -g_ ey %% S N70° 15' 20.78" Wi47° 37" 1.90%
and Blow-Counis (o) E SE®E@S
0 20 40 60 >80 P200 OtherTests @ 4P @0Jn Description
H ] L]
o | | L 2% | | SANDY GRAVEL: (GP)
Ag
Ag
WU SO S N J 85 _
1
) )
N — 60
1
.
. N 65 _|
4
0
4
75 _
i
ao _1J
Duane Miller & Associates LOG of BORING B-9 cont. Plate
Arctic & Geotechnical Engineering Liberty Development A 2
Joh No.: 4119.22 Beaufort Sea, Alaska "2
Date: June 1997




Job No.: 4119.22
_Data: June 1997

Beaufort Sea, Alaska

DUANE MILLER & ASSOCIATES Logof HOLE: B-10
Project: Liberty Date Drilled: February 21, 1997
DM&A Job No.: 411922 Contracior: Catco/Discovery Drilling
Logged By: W. Phillips, P.G. & - Rig Type: CME-75 on sled w/ hollow stem
: £ 8 - Water Depth: 13.0 Ft. Ice Thickness: 4.0 Ft.
=Moistura Confent % (), Salinity () 2 T22 ¢ Elevalion:
“=' and Blow-Counts {0) E &S EEopS N7O°15'52.31" W147°36'15.77°
0 20 40 60 >80 P200  OtherTests @ o0 @0Ju Description
I SAND: (SP) Gray w/ thin layers of S
e Sand (SM) and black QOrganic Silt {OL),
L loose to soft
l 20% |SA Dd=102pcf |59 R
A S
b ] 5 M-
PI=NP, Dd=93 pcf | Tw R
e*A TXUU 450(1000) S -
Sh SILT: (ML) Dark gray, medium stiff w/
layers of soft to medium stiff Silt (MH)
......... 10
Dd=84 pcf Tw
¢
Dd=82 pcf Tw
1 _____ S 15
J Dd=83 pcf Tw
Tw SILTY SAND: (SM} Dark gray, medium
7 . Sh {20
o
G%AVEL{#Y SILT: (ML) Gray, medium
Dd=100 pcf Sh stiftto st
o |®
S i — S - 25 _|
® A Sh LA SAND: (SP) Gray, fine grained, loose to
o =86 pet L medium dense
30 __1 e
............ . a5 | [
0 1 -*.".] | | Boring B-10 is continued on Plate A-24
Duane Miller & Associates LOG of BORING H-10 Plate
Arctic & Geotechnical Engineering Liberty Developme

A-23




DUANE MILLER & ASSQCIATES Logof HOLE: B-10Cont. =~

Project: Liberty Date Drilled: Februaty 21,1897

DM8A Job No.: 411922 Contractor: Catco/Discovery Driliing

Logged By: W. Phillips, P.G. o Rig Type: CME-75 on sled w/ hollow stem

S % Water Depth: 13.0Fl. Jce Thickness: 4.0FtL
Maisture Content % {+}, Salinity (4) 2 =28 o. . . .
and s (o) E % & 3’% N70°15' 5?.31 w147~ 36' 15.77
0 20 40 60 >80 P200 Other Tests 9 4P Taw Description
T 3; . SAND: (SP)

i)

- ®osowow
P
“« = 8 m = o

a4 a ke ow s
s o= o=

LA S e e e e Samples

SANDY GRAVEL: {GP-GM) Dense,
graved particles to 1" in dameter

Duane Miller & Associates
Arctic & Geotechnical Enginearing

Job No.: 4119.22
Date: June 1997

Piate
Liberty Development
Beautort Sea, Alaska A"24



DUANE MILLER & ASSQCIATES Logof HOLE: B-11

Projset: Liberty Date Drifled: February 29, 1997
DMZA Job No.: 411522 Contractor: Catco/Discovery Drilling
Logged By: W. Phillips, P.G. o Rig Type: CME-75 an sled w/ holiow stem
= B Water Depth:  5.0Ft.  lce Thickness:  4.0Ft.
"
Moisture Conlent % {+), Salinity (A) -g_ ? %_% 3 N70° 12' 12.73* wi 47° 40' 40.84"
and Blow-Counts (o) : E LEwpg . L
o 20 40 60 >80 P200 Other Tests N Q0 odu Descriptionr .~
T [ 7SILT: (ML) Dark gray to black, w/
] interbedded layers of brown Qrganic Silt
111 (OL), soft
Dd=51 pcf
®
.
GRAVELLY SAND: {(SP-SM) loose,
sand is medium grained
S 15
1
o ]
A . 20 _
1
! . 25 _
_____ 30 |
1
35 _|
40 ||
- Duane Miller & Associates LOG of BORING B-11 Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A"25
Date: June 1997




DUANE MILLER & ASSOQCIATES Log of HOLE : C-1

Project: Liberty Date Driled:  February 25, 1997
DM&A Job No.: 411922 Contractor: Catca/Discovery Drilling
Logged By: E, Bashaw ® _ Rig Type: CME-75 on sled w/ hoilow stem
g; E - Water Depth: 148 Ft. Ice Thickness: 4.3Ft
Moisture Caatent % (1), Salinity (4) 2 :=8% § N70° 16' 24.27° W147° 37 59.53"
and Blow-Counts (o} E I3 § E‘ 8’% =
O 20 40 60 >80P200  OtorTests & B 08Ik Description
? [1{ SAND: (SP) Gray-brown w/ frace gravei,
loose
Tw
A @
' SILT: TAL} Dark gray w/ some Clayey Sit
Dd=86 pof Tw {5 CL-ML), medium strff to stiff, 6" layer of
. TXUU 1110(1000) and (SP) at 9'
Dd=91 pcf Tw
. TXUU 1010{1000)
S N Dd=86 pet Tw |10
. .
Dd=84 pet Tw
°
RN SRS PR S sh |15
o b _ Dd=86 pct
Trace to some sand and frace organic
_ Sh material in layers below 17
c e ' Dd=10 pef
- _— 20
o ® Dd=101 pet
R LI 25
Sh
o he
aa _|
35 |
]
40 _| ] l_

Duane Miller & Associates LOG of BORING C-1. Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-26

Date: June 1997




-

J

RQUANE MILLER & ASSQCIATES

Log of HOLE ; C-2

Project: Liberty Date Drillad: February 24, 1997
DMEA Job No.: 411922 Caontractor: Catco/Discovery Dritling
L.ogged By: E. Bashaw > Rig Type: CME-75 on sled w/ hoilow stem
g-' § - Waler Depth: 152 Fl. ice Thickness: 4.2FL.
Moisture Content % {'), Salmlty {A) % i':-' 2 g c N-’bn 17717 W147° 41"
and Blow-Counts (0) E SEgod - i
0 20 40 60 >80 P20D Cther Tests o DQWG—“‘- Description
SANDY SILT: (ML) Dark gray, medium
Dd=77 pef Tw stiff to stiff
- TXUU 1160(1000)
o 57.0% MA[ LOLF')'-;’:?% Tw . th ghg?fmlc SILT: {OL) Dark gray, medium
. EN L
=40, P au
LL=4G, Pl=14 Tw B . :
° D03 pet SILT: (ML) Gray, stiff
Sh
O . Dd=99 pef 10
o bt Dd=88 pcf sh
................... e o Tw |15
SILTY SAND: (SM) Gray, medium dense |
Sh
© e
Dd=101 pef [ SANDY SILT: (ML) Gray, inteflayered
20 Silty Sand (SM) and Sift (ML)
o Sh
o Dd=75 pef
25
f
. Sh
0 i
30 _
..... 35 |
ag ||
Duane Miller & Associates L0 of BOBING C-2. Plate
Arctic & Geotechnical Enginearing Liberty Development
Job No.; 4119.22 Beaufort Sea, Alaska A-27

Date: June 1597




PRUANE MILLER & ASSQCIATES of : €

Project: Liberty Date Drilled: February 24, 1997
DMEA JobNo.: 411922 Contractor: Catco/Discavery Diilling
Logged By: M. Hendea © Rig Type: CME-75 on sled w/ hallow stem
g § o Water Depth:  11.3FL.  Ica Thickness: 4.5 FL
Moisture Content % (2, Salinity (4) 2 3% § N70° 17°47.24" W147° 44' 20.07*
and Blow-Counts (o) g BEg gg )
0 20 40 60 >BOP200  OtherJesis @ ,0®0O0JL Description
A e Tw SILT: (ML) Dark gray, medium stiff to stiff
Tw
99.0% | MA, LL=49, PI<17 [Tw |°
. Dd=g89 ‘Pcl
: : TXUL 790(1000)
’ Tw
. Dd=82 pef 1w [1°
A ]
; Sh
@ ® _ 20 SILTY SAND: (SM) Dark gray, loose to
Dd= 1| Y,
d=97 pet .« THEE medium dense
oe Sh
-~ SILT: (ML) Dark gray, 10 to 15% visible
i 20 ice, hard frost bond
S T T Dd=97 pef, TS Sh 1" thick ice lens at 20'
‘QG A bod 98.0% SA, Dd=B2 pef, TS
B : 25 )
I3 Dd=00 pcf, TS |Sh Silty Sand (SM) layers below 25'
t 0 34.0% | SA, Dd=87 pct, TS
. _ L o |3
ety L D:
L * o 42.0% | SA, Dd=89 pcf, TS It e \&ng?(‘uz)w (SP} Gray, wel
i SILTY SAND: (SM) Gray, well bonded
{Nb)
as _|
_ Piaced 0.75" diameter PVC pipe to 31.5'
40 ||
Duane Miller & Assoclates LOG of BORING C-3 Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-28
Date: June 1997




DUANE MILLER & ASSQCIATES

Log of HOLE : c4

Project: Liberty Date Driled: February 24, 1997
DMEA Job No.:  4119.22 : Contractor: Catco/Discovery Drilling
Logged By: W. Phillips, P.G. ° . Rig Type: CME-75 on sled wf hollow stem
£ ® ” Water Depth: 10.8 Ft. Ice Thickness: 4.4 Ft.
“Moisture Contant % (s}, Salinity (4) 2 T22 ¢ Ekvatom
taEE and Blow-Counts (o} € =3 E 3 >3 N70° 18 29.08" W147° 47 46.45"
0 20 40 60 >80 P200  OtherTests «@ 0 @0JL Description
A J w SILT: (ML) Gray, medium stiff, some |
iayers w/ trace to some fine sand
Dd=83 pcf Tw
« TXUU 750(1000) .
: SILTY SAND: (SM) Gray, loose to
b S SR S _.J12.0%|8A Tw |5 p medium dense
) .
Tw :
]
— _ _ sSh [10
D
SANDY SILT: (ML) Gray w/ ienses of
Silty Sand (SM), Organic Sik (OL) and
Sh Peat {Pt)
o )
_ _— N 15
A ° Sh
Ty
i 20
o SAND: (SP-SM) Gray, loose to medium
e dense
o | s RS
{t
b 25 |
1
30 _
AU IR SN WA as _|
40 _[J
Duane Miller & Associates Plate
Asctic & Geotechnical Engineering Liberty Development
Job No.: 4119.22 Bearu%n Sea, Alaska A-29
Date: September 1997




DUANE MILLER & ASSOCIATES LogofHOLE ;  [-1
Project: Liberty Date Drilled: February 23, 1997
DM3A JobNo.:  4119.22 Contractor: Catco/Discovery Drilling
Logyed By: W. Phillips, P.G/E. Bashaw ® . Rig Type: CME-75 on sled w/ hollow stem
& B Water Depth: 21.5 Ft. lce Thickness: 3.5 Ft.
- =39 Elevation:
ZMoisture Content % (+), Salinity {4) 2 S8 §
ot and Biow-Counts {0} E 3 E & =y N70° 16 47.76" W14 34' 5421
0 20 40 60 >80 P200 OtherTests © 0 ®0Jw Description_
. PI=NP SILT: (ML+OL} Dark gray to black, soft to]
medium stiff
D4=65 pci
SpG=2.53 Tw
A o TXUU 1730(1000)
TXCD
........ - - 2810(3300). Con 5
Dd=93 pef, Con - | Tw . : :
» l TXUU 2480(1000) SILT: (ML) Gray, medium stiff
SI\LLLT: {Ml;_) Gras%f\;d Ien?fes of Sandy Siit
, medium stiff to sti
o . LL=48, Pzt | ML)
S R R Da=99 pct 10
"""" N TXUU 1370{1000) sh
o | *® 5pG=2.73
Dd=88 pci
T™XUY
1150{1000} Sh
SV S S _ 15
LL=52, PI=22 Tw
A e Dd=85 pef, Con
SANDY SILT: (ML) w/ trace gravelto 1®
i diameter, medium stiff ’
".‘-'3‘ .
S S 20 _|
a Dd=102 Sh
Stiff Silt (ML} layer at 21 t0 22 ft.
e SAND: (SW) Gray, fine grained, medium
{0 dense
25 4 |-
30 . ::
Tl
ke
S5 GRAVELLY SAND: (SP-SM) Gray,
medium dense, grading to Sand w/ trace
—— S R— to some gravel below 50'

Sh

Boring I-1 is continued on Plate 31

Duane Miller & Associates
Arctic & Geotechnical Engineering

Job No.: 4119.22

Date: Septernber 1997

LOG of BORING 1.1
Libea:}ly Development
Beaufort Sea, Alaska

Plate

A-30



DUANE MILLER & ASSQCIATES Log of H HI -

Project: Liberty Date Drilled:; February 23, 1997
DM&A Job No.: 411822 Contractor: Caico/Discavery Drilling
Logged By: W. Phiilips, P.G./E. Bashaw > - Rig Type: CME-75 on sled w/ hollow stem
£ 8 ” Water Depth: 21.5 FL. ice Thickness: 3.5 Ft,
ExMoisture Content % (¢}, Salinity (4) 2 = 82 ¢ Elevation:
Y and Blow-Counts (0} E oE g 28 N70°16'47.76" W147" 34' 54.21*
O 20 40 60 >80 P200  OtherTests 0, ®Oau Description
: 'f'i-fizj GRAVELLY SAND: (SP-SM)
45 Iliztrt'iozen below Jli’_wf hﬁrd frost bond but
_________ SR ST N e 2 '
R . ocf, TS s or no visible ice, Nbe
T?.?% SA, SpG=2.68
..................... B S S 50 _|
15 L J? Sh
-I-F W | SILTY SAND: {SM) Gray, hard frozen, no
. U — 55 _t g1 visible ice (Nbe)
Q Sh s
“_\-‘
g ] - 60
A ® A Sh
S - 65
Dd=111, TS
b @ 423.0% | SA, Dd=108 pet, |"
TS
. 70
Ae Q49% [SA SANDY GRAVEL: (GP) Interbedded w/
P Sh Gravelly Sand (SP). Fost bond is weak
w/ no visible ice, medium dense to dense
N e e, 75 _
A @ 1'1} Sh
80 Boring i-1 is continued on Plate A-32
Duane Miller & Associates LOG of BOBRING 1-1 Plate
Arctic 8 Geotechnical Engineering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-3 1
Date: Seplember 19597
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RUANE MILLER & ASSOCIATES : )1 Con

Project: Liberty Date Driled:  February 23, 1997
DM&A Job No.: 411922 Contractor; Catco/Discovery Drilling
Logged By: W. Phillips, P.G/E. Bashaw °o Rig Type: CME-75 on sled w/ hollow stem
s 3 - Water Depth: 215 Ft  lce Thickness: 3.5FL
Moisture Content % (-), Sallity (4) 2 g% N70° 16! 47.76" W147°34'54.21"
and Blaw-Counts (o) E g§e® '
0 20 40 50 >B0P200  OtherTests @ g 0O Description
® ] ssu |sa sn SANDY GRAVEL: (GP)
o) i Gravel mound to subround, 1-1/4" diameter
Trace siit (GW-SM) between 80° and 95'
®A Sh '
@
L i Sh
5.4% |SA Sh
®© o
J Placed 0.75" diameter lron pipe to 105.0"
.
110 ]
118
12017 —
Duane Miller & Associates LOG of BORING +-3 cont | Plate
Arctic & Geotechnical Enginearing Liberty Development
Job No.: 4118.22 Beaufort Sea, Alaska A-32
Date: June 1997




DUANE MILLER & ASSOCIATES Logof HOLE : |-2

Project: Libarty Date Drilled: February 22, 1997
DMEA Job No.: 411922 Contractor: CatcoDiscovery Driling
Logged By: E. Bashaw © Rig Type: CME-75 on sled w/ holfow stem
& 3 o Water Depth: 21.7 FL lee Thickness: 4.8 Ft.
_Moisture Content % (¥), Salinity (4) 2 T &2 c Elevalon:
s and Blow-Counts (0} E o2& ggg N70° 16' 46,08 W147° 34' 45.49"
O 20 40 60 >B0P200 OtherTests @ ,O0@daw Description
R Sh SILT: (ML) Dark gray, w/ some fine Sand
(SP-SM), black Organic Silt (OL} and
trace organic material (Pt} in layers,
medium stiff
WSS (VRO ST S Tw |5
Dd=104 pct Tw
e TXCD 9350(6800) SILT: (ML) Light gray, stiff to very stiff, w/
layers of dark gray medium stiff to stiff Siit
® LL=47,PI=17  {Tw |10 (MH)
Dd=99, Con
Tw
________________ AU NN N Dd=90 pef Tw {15
[ TXUU 1640(1000)
Sh
o e LL=50, Pl=21
- Dd=87 pcf N
S B sh |20 M- SAND: (SP)} Gray, fine, loose
s e .
/7 CLAY: {CL) Gray, medium stiff
o5 ] Feieie GRAVEL: (GP-GM) Gray, loose w/ some
- sh l6%s sand grading to Sandy Gravel (GP-GM)
OQ 12.0% | sA ::,:: and Gravelly Sand (SP-SMj), loase
F 3]
|‘.;.
i
totet
KR
-1 Sh o
o 3 3 Medium dense to dense below 3¢
KR
F ¥
K]
3
KR
L 3
I _ 35 | G
Sh ooty
®* o
KK
Ay
BRI
i
10 %79 | |Boring 12 is continued on Plate 34
Duane Miller & Assoclates L0G of BORING J-2 Plate
Arctic & Geotechnical Enginaering Liberty Development
Job No.: 4119.22 Beaufort Sea, Alaska A-33
Date: June 1997 ;
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DUANE MILLER & ASSOCIATES
Project: Liberty

DMEA Job No.: 411922

Logged By: E. Bashaw

Moisture Content % (s), Salinity (A)
and Btow-Counts (0}

a 20 40

&0 >80 P200 Other Tests

B Sampla typa

Sh

Sh

Date Drilled:; February 22, 1997

Contractor: Catco/Discovery Drilling

= Rig Typa: CME-75 on:sled w/ hollow stem
& - Water Depth:  21.7 FL ke Thickness: 4.4 FL
£2% § N70° 16'46.08 W147° 34' 45.49"
408 d.; g £ Desc“p[b % n
TS | [ GRAVEL: (GPGM) B
"l
| e
LEX,
1 [Gegs.
- ..". -
45 SILT: (ML) Gray, stitf
it GRAVELLY SAND: (SP-SM) Medium
50 _Jis
.I
55 _|
]
]
60 _
;
|
85 _
]
70 _|
75 | .
80 _|

Duane Miller & Associates
Arctic & Geotechnical Engineering

Job No_: 4119.22
Date: June 1997

Liberty Development
Beaulort Sea, Alaska

Plate

A-34



'f1|

byl

()

DUANE MILLER & ASSOCIATES

Log of HOLE : -3

Date: June 1997

Project: Liberty Date Drilled:  February 23, 1997
DMB&A Job No.: 411922 Contractor: Catco/Discovery Driliing
Logged By: W. Phillips, P.G/M. Hendee ® - Rig Type: CME-75 on sled w/ hollow stem
£ 3. Water Depth: 21.1 FL ice Thickness: 4.0 Ft.
_:z-Molsture Content % (+}, Salinity (A) s T &2  Bevation -
and Blow-Courts (o) € G ESoN N70°16'51.33° W147°34'54.77"
O 20 40 60 >80 P200  OtherTests © ,0@0au Description
SILT: (ML} Black, soft
L1=46, PI=19 Tw
L Dd=97 pcf, Con
TXCD 4540(3300) %_T: b(ng) Dark gray, stiff, grading Sift
10
| Pl=25 Tw 5 (ML) below
. Dd=91 pcf
TXUU 1510{1000}
Dd=91 pcf, Con  |Tw
° TXCD 2770{1600}
.......... Tw 1¢
LL=48, PI=17 Tw
® Dd=88 pct, Con
TXUU 1270{1000}
- _ ™ 15
Tw
20 SILT is sandy below 19.5'
o - Dd=94 pcf, Con | Tw
° TXUU 1870(1000)
SAND: (SP-SM) Gray w/ trace gravel
e (pebbles), w/ interbedded Sandy Gravel
10.0% | sA s |25 o0 {(GP), Sand (SP) and Siity Sand (SM),
o® . : O medium dense
. T 1
*b 11% |sA S R
40 *-+.:.1 | | Boring -3 is continued on Plate 36
Duane Miller & Associates LOG of BORING 1-3 Plate
Arctic & Geotechnical Engineering Li Develo nt
Job No.: 411922 Beaufort Sea, Alaska A'35




DUANE MILLER & ASSOCIATES Logof HOLE: 1-3 Cont.

Project: Liberty Oate Drilled:  February 23, 199
DM8AJob No,:  4119.22 Contractor: Catco/Discovery Drifing
Logged By: W, Phillips, P.G./M. Hendee = Rig Type: CME-75 on sled w/ holfow stem
& §_ WaterDept: 21.1FL loeThickness: 40Ft
Moisture Content % (=), Salinity (4) e TEE 5 N70° 16' 51.33° W147°34' 54.77
and Blow-Counts (0) E' BES g wsr
G 20 40 60 >80 P200  OtherTests 0 L0 ®OOJWL Description
b | 27.0% TSA Sh _{.;.:: SAND: (SP-SM)
a5 |ph
sh [0 g
Q VT
R I N _ 55 |
]
‘—‘-\-‘ |
Wi
= ] 60 ]
]
. 70 |
75 _|
80 _i}
Duane Miller & Associates 106G of BOBING I3 cont.. Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 411922 Beaufort Sea, H:Iska A-36
Date: June 1997




DUANE MILLER & ASSOCIATES Logof HOLE: 14

Project: Liberty Date Drilled: February 24, 1997
DMBA Job No.:  4119.22 Contractor: Catco/Discovery Drilling
Logged By: E. Bashaw o Rig Typer CME-75 on sfed w/ hollow stem
s 3. Water Depth: 19.7 Ft. Ice Thickness: 4.2 Ft.
. Moisture Content % (+), Salinity (A) 2 Tog ¢ FElevation |
75 and Blow-Couns (o) E B E8o8 N70o16'46057 WiaTas o
"0 20 40 60 >80P200 _ OtherTests & 0@ 83w  Description
SANDY SILF; (ME) Gray, fine grained,
soft to medium stitf
Dd=95pcf, Con | Tw
° TXUL 4030(1000)
TXCD 6510(3300)
5 e Sh |5
=97 pci Sh ; ——"r
% D SILT: (MH) Dark gray, medium stiff to
o TXUU 2200(1000) stiff, w/ layers of stiff Silt (ML), some w/
trace sand
r S Tw |10
Dd=80 pct Tw
® TXUU 1940(1000)
"""" ' LL=52, Pl=21 sn|™®
o p @ Dd=81 pef
Sh
© Bbhe Dd=A9 pet
Ty L . 20
Dd=90 pcf, Con  |Tw
e
PR SRS P 25
® Sh
o [|b e SAND: (SP-SM) Gray w/ some gravel,
I round to subround 3/4" to 1" in diameler,
30 el medium dense
i - R
- — A 35 _ :_:: ::
°A o Sh e
w0 1L 2.1 | {Boring I-4 is continued on Plate 38
Duane Miller & Associates LOG of BORING 34 Plate
Arctic & Geaotechnical Engineering Liberty Develo nt 37
Job No.: 4119,22 Beaufort Sea, Alaska A-
Date: June 1957




DUANE MILLER & ASSOCIATES Logof HOLE: 14 Cont,

Project: Liborty Date Drilled: Fabruary 24, 1997
DM3A Jeb No.: 411922 Coentractor: Catco/Discovery Driting
t ogged By: E. Bashaw . Rig Type: CME-75 on sled w/ hoBiow stem
§ ] Water Depth: 19.7 FL.  lce Thickness: 4.2 FL.
- W
Molsture Content % (s}, Salinity {(A) o T22 1 - wi “
na B o 3 é?%gwé N70° 16’ 46.05% W147°35' 3.11
O 20 40 60 >80 P200  OtherTests ® P ®O3ic Pescription
f R SAND: (SP-SM)
as _| | :-:::l | Frozen w/ hard frost bond bedow 44.5 t, no
.« [l |visible ice (Nbn to Nbe)
L e lo7s [sa sh
_____ s0 | fio
Sh :.:.* [l | Sitty Sand (SM) beiow 50", well bonded,
A ® & SA, TS -.-. . {Nbnto Nbe
______________ : . 55 _|
— 1
_} 4 60 _|
]
- _ — 65 _|
j
70
4 75 _|
80 _|| —
Duane Miller & Associates LOG of BORING 14 cont_ Piate
Arctic & Geotachnical Engingering Liberty Development
Job Ne.: 4119.22 Beautort Sea, Alaska A-38
Date: June 1997




CJ

e MAJOR DIVISIONS SYMBOL | TYPICAL NAMES
E ) Well graded gravels,
5 Fllean gra\;g!s with sandy gravel
< GRAVELS ittle or no fines
A Poo raded
> More than half of the g'avrgs.gsandy gravel
oa coarse fraction is -
nE larger than #4 sieve . Silty gravels, silt sand
0g size, > 4.75 mm. Gravels with more gravel mixtures
W&y than 12% fines
Zz= Clayey gravels, clay
<5 sand gravel mixtures
[« o=
G5 Well graded sand,
W o Clean sands gravelly sand
1 ‘_: SANDS fﬁl@s' itle or no Poorly graded
3 More than half of sands, graveily sand
i g _t;le coarse fraction i . I
& smaller than #4 Silty sand, silt grave
£ sieve size Sands with more sand mixtures
@
z than 12% fines A Clayey sand, dlay
i sc /7] grave sand midures
E Inorganic siit and very
" 5 Plasticity Chart ML ﬁnergs:nd. rock flour
A SILTS and CLAYS Tnorganic clay, gravelly and
8 g Liquid limit less than 50 | CL A sandy clay, silty clay -
ow 40 CH t|ii{] Organic sits and clay of
u § % OL [iis{1]] tow plasticity
a* |3 cL vd
L5 (o2 3/ MH Inorganic silt
wy |& we | SILTS and CLAYS
= iquid limit greater than H V Inorganic clay, fat cla
2 Liquid Limit OH '[i1;1 Organic sitt and clay of
A 1§ high plasticity
HIGHLY ORGANIC SOILS Pt Fooo] Doaande e Moy
|t

ICE VISIBILITY

KEY TO
SAMPLE TYPE
Ag = Auger grab
Ab = Auger bulk
Sh = 2.5" ID split barret
w340 Ib. manual
hammer
Sha= 2.5" ID spiit barrel
wi344 Ib. automatic
hammaer
Sxa = 1.4" |D spH barrel
w/340 b automatic ham-

mer
Tw = Sheby tube
Wc = Rotary wash cut-
tings
KEY TO TEST
DATA
Dd = Dry Density {pcf
Deg = ryegl’BrCI’Sla?On )
LL = Liquid Lim#t
P! = Plasticity index
NP = Non Plastic
SpG = Specific Gravity
SA = Sieve Analysis
MA = Sleve and
rometer Analysis

Oll = anic Loss on
Ignition (%)

S = Thaw Strain
TG = Thaw Consolidation
TCf = Thaw Consolidation

oy
U = Unconsclidated
Undrained Triaxial (psf)
TXCD = Consciidated
Drained Triaxial (psf)

XXX (YYY)

XXX=(61 - 3)Q
WY=0'3

DESCRIPTION SYMBOL -
. Segregated ice not Poorly bonded or friable . Nf
visiblo by eye Well bonded oSxoess e Nb
Excess microscopic ice
Segregated ice is Individual ice crystals or inclusions Vx
v visible by eye and ice coatings on particles Ve
. :ﬁ ?&ﬁ,{,‘}g‘s‘f less Random or irregulary oriented kce Vr
Stratified or distinctly oriented ice Vs
CE fﬁghg;f ?’t]%r ’ggggsme lce with soil inclusions ICE + soil type
f ice without soil inclusions ICE

Job No.:

4119.22

Date: June 1997

Duane Miller & Associates
Arctic & Geolechnical Enginearing

SOll_and ICE Cl ASSIFICATION

and KEY TO DATA
Liberty Development
Beaufort Sea, Alaska

Plate

A-39



Liberty Geotechnical Exploration, Duane Miller & Associates
September 1997

APPENDIX B
PRIMARY LAB TESTING
Summary of Samples (by Boring No.) Plates B-1 through B-11
Atterberg LimitS Plate B-12
Sieve Data Plates B-13 through B-21

Soil Resistivity Plate B-22



L

Soil Type Sampling; Moisture Dry Gravel Sand Fines i Atterberg Limits | Organic| Thaw Shear Strength Tests  {Other

Borng Depth (USCS) Frz? blows/t i Coptent Denslty Salfinity! >#4 #4-#200 <#2001 LL Pl PL ; Content; Strain ; Test 1/2 deviator Sigma 3 iTests
A1 00 Pt Yes 56
A1 03 OL  Yes
A1 0.5 ML  Yes 26.9%
A1 B2 ML Yes 54 131.9%
A1 658 ML Yes 48
A1 110 5P Yes 180 16.3% 32% 60% 7.6% SA
A1 160 GP Yes 170 12.8%
A1 26.0 GP Yes 220 11.3% 7.7%
A2 D0 ML Yes grab | 28.9%
A2 &0 GP Yes 130 8.6% 49 ppt 3.5%
A2 1.0 SP Yes 144 14.2%
A2 210 SP  Yes 255 7.2% 56 ppt 3.9% NP
A2 3.0 GP Yes 300 | 8.1% 47 ppt
A3 00 SP No shelby
A3 50 GP No 17 7.0% 65 ppti 1% 36% 3.2% SA
A3 100" SP No 7 10.7%
A3 150 sSP No 4
A3 200 GW No 12 8.5% 62% 36% 1.9% SA
A3 250 GP No 16 10.3%
A-3 300 GP No 17 9.0%
A4 0.0 8p No 3
A4 1.8 SM  No 23.6% 14.3%
A4 3.8 sp No 8 17.7% 112 pet 5% 93% 22% SA
A4 B0 GP No 8 6.7% 76% 23% 0.7% SA
A4 8.5 GP No 4 8.4%
A4 1058 GP No 8
A-4 148 GP No 10 11.3%

Duane Miller & Assoclates SUMMARY OF SAMPLES Plate

Sept 1897

Liberty Development
Beaufort Sea, Alaska

B-1




[ </"

ttmat

Soil Type Samplingi Moisture  Dry Gravel Sand Fines | Atterberg Limits { Organic] Thaw Shear Strength Tests  jOther
Boring Depth (USCS) Fr2? blowsfi : Content Density Salinity; »#4 #4-#200 <#200: LL Pl _PL {Contenti Strain | Test 1/2 deviator Sigma 3 {Tests

A4 165 GP No 12
A4 207 GP No

A4 223 GP No

A4 308 GP No 14
A5 00 S8P-SM No 4
A8 27 SP-SM No 8 22.4% 107 pef
A5 a2 ML No 3 35.9%

A5 42 SpP No 21.9% 0% 98% 1.9% : SA
A5 8% 5P No 2 24.9% 102 pef
A5 78 ML  No shelby | 52.8% 67 pcf
A5 1058 GP-GM No 10 13.2%

AS 133 GP No
A5 158 SM No & 14.4% 13.0% SA
A5 258 GP No 64
A5 287 GP No 14
A6 00 ML No shelby
A8 28 ML No grab

A6 30 ML+Pt No shelby | 73.4% 5E5pcf 24 ppt 42 6 36 TXUU sopsf 1000 psf
A6 55 ML+Pt No shelby | 47.9% 71 pef 4.0% TXUU 410psf 1000 psf
A6 75 SM No shelby | 38.5% B8dpct 38ppt] 0%  68% 32.2% NP SA

A6 100 SM  No sheby | 33.8% 84 pct
A8 12.0 sM No  shelby
A6 140 sM No 3 21.3%
A€ 18.0 GP No 13 9.4%
A6 280 GP No 13 8.1%
A7 20 ML Neo 4 28.5%

A7 30 ML No shelby | 67.2% 6Spct 0% 9% 91.0% TXUU 420 pst 1000 psf {SA
Duane Miller & Assoclates SUMMARY OF SAMPLES Plate
Liberty Development B_2

Sept 1897 . Beaufort Sea, Alaska



)

Solf Type Sampling;Moisture  Dry Gravel Sand Fines § Atterberg Limits | Orgapic! Thaw Shear Strength Tests  {Other
Boring Depth (USCS) Frz? blows/t | Content Density Salinityi >#4 #4-#200 <#200: LL P! PL i Content! Strain | Test 1/2 deviator Sigma 3 {Tests
A7 758 ML No shelby
A7 95 SM No sheby | 52.3% 67 pef
A7 140 GP No 13 8.0% 65% 34% 1.4% SA
A7 230 GP No 17 8.9%
A7 280 GP No 19 7.4%
A8 00 ML No shelby | 50.0% 70 pof NP TXULY 380 psf 1000 psf
A8 25 ML No sheby! 46.2% 72pcf 19ppt TXUU 590pst 1000 psf
A€ 55 ML No shelby | 40.4% 78pef 30ppt] 0%  20%  80.0% | SA
A-8 8.5 ML Ne shelby { 50.0% 70 pef TXUU 540 psf 1000 pst
A8 150 SM No shelby
A8 210 SM No 4 27.6% 0% 78% 22.0% SA
A-8 255 &M No shelby | 26.9% 94 pef
A-8 260 M No 6 33.0%
A-8 360 SP-SM No 4
A9 0.0 ML No shelby | 41.2% 68 pcf
A9 20 oL No shelby ! 94.8% 46 pof TXUU 250psf 1000 psf
A3 40 oL No shelby | 99.0% 48 pcf
A 60 ML No shelpy i 50.2% €8 pef 0% 13% 87.0% TXUU 850 psf 1000 psfiMA
A9 8.0 ML  No shelby
A9 105 ML+Pt No 8 49.1%
A-g 120 ML, No shelby | 25.8% 87 pef SA
A9 170 SM Ne shelby | 20.1% 107 pef
A9 220 SM No 13 13.7% 12% 50% 38.0% SA
A9 32.0° SP-SM No 30 11.8%
A-10 25 ML No shelby | 32.3% 83pct
A-10 55 ML No 2 32.5% 86 pet
A-10 7.5 ML Noe shelby 1 §0.1% 72 pcf 0% 2%  §8.0% MA
Duane Miller & Assoclates S LES Plate

Sapt 1887

Liberty Development
Beaufort Sea, Alaska
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Soll Type Samplingi Moisture  Dry Gravel Sand Fines | Atterberg Limits | Organic; Thaw Shear Strength Tests  !Other
Boring Depth (USCS) Frz? biows#t | Content Density Safinity! >#4 #4-#200 <#200i LL Pl PL iContenti Strain | Test 1/2 deviater Sigma 3 {Tests
A10 100 ML No shelby ; 41.3% 77 pof
A10 125 ML No shelby | 59.6% 64 pef
A10 178 ML No 5 28.6%
A10 225 ML No 3 26.5%
A-10 230 SP No 224%
A-10 278 SP  No 21 17.0%
A-10 3258 SP No 33
B-1 0.0 Pt Yes 34 174.9%
8-1 1.0 OL Yes 214.4% 351%
B-1 28 OL Yes 33 238.4%
B-t+ 75 SM  Yes 57 49,8% Eppti 8% 74% 18.0% SA
B1 85 SM  Yes a8 52.3%
B-1 11.0° S5M  Yes 48. 27.0% 93pef 3ppt)| 18% 6B4% 18.0% 1.0% SA
B-1 145 SP-SM Yes 54 23.0% 99pef 2ppti 3% 86% 11.0% 1.0% SA
B-1 165 SP.SM Yes 130 | 11.3% 16 ppt
81 210 GP.GM Yes grab | 10.2% 19 ppt 5pG=2.65
B-1 26.00 GP-GM Yes ograb 3.9% 42 ppt
B2 08 SP  Yess 32 15.3% 113 pet
B-2 24' GP-GM Yes 18 15.8% 114 pof
B-2 48 GP-GM Yes 11 12,0% 113pcf 13ppti 49% 43% 7.7% SA, SpG=2.67
B2 8% GP  Yes 42 13.7% 115pef 6 ppt
B2 10.1* SM Yes 90 9.0% 104pcf 58ppt] 0%  76% 24.0% 3.8% SA
B2 182 GW-GM Yes 180 | 10.2% 8ppt | 59% 34%  6.9% SA
B2 2862 GP Yes 600 | 7.9% 8 ppt
B3 00 SM No 3
B3 37 SM  No sheiby
B3 62 EM No shalby | 38.4% 4% 56% 40.0% SA
Duane Miller & Associates suU S Plate

Sept 1997

Liberty Development
Beaufort Sea, Alaska
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Soil Type SamplingiMoisture  Dry Gravel Sand Fines } Atterberg Limits i Organici Thaw Shear Strength Tests | Other
Boring Depth (USCS) Frz? blows/t | Content Density Salinityi >#4 #4-#200 <#2003 LL P{ PL !Content; Strain | Test 1/2 deviator Slgma 3 iTests

B3 95 ML No 5 | 234% 55 ppt

B3 100 SM No 24.2% 34 ppt

B-3 11.0' GP-GM No 8 9.7% 80 ppt

B-3 220 GP-GM No 19 8.9% 85 ppt

B4 0.0 ML No shelby | 40.0% 83pcf

B4 25 ML No shelby { 33.8% 88pcf - TXUU 430 psf 1000 psf

B-4 50 ML No sheby _

B4 80 SP-SM No 5 17.0% 4% 89% 74% SA
B4 100 GP No 7 9.1% 58% 41% 1.1% SA
B4 128 GP No 12

B-5 25 ML No shelby } 29.5% 91pef 32 ppt TXUU 1310 psf 1000 psf

B-5 5.0 ML No shelby | 34.1% 82 pct 0% 15% 85.0% TXUU 1200 psf 1000 psf iMA

B-5 75 SP-5M Ne 7
B-5 100" SP-SM No 9
8-5 150 GP-GM No 13
8-5 250" SP-SM No 14
B-6§ 00 SP-SM No 3

B-6 28 ML No shelby ; 368,3% 85pcf 23ppti 0% % 97.0% MA
B-& 48 ML  No shelby

B& 7.3 ML No shelby | 30.4% 92 pcf : TXUU 1010pst 1000 psf

B8 9.8 sP Mo shelby | 30.4% 73 pof 0% 8%  92,0% SA

B-& 1300 S8P-8M No 13 17.7%
B-& 16.0' ML No 5 24.0%
B-6 180° SM No g 18.7% 117 pct
B-6 206 SM No 1 21.2% 106 pot
B-& 22.3 GPF Npo LA
B-§ 248 sP Na 9 11.9%

Duane Miller & Assoclates SUMMARY OF SAMPLES Plate

Liberty Development B_ 5
Sept 1997 ) Beaufort Sea, Alaska



Soil Type Samplingi Moisture  Dry Gravel Sand Fines { Afterberg Limits i Organici Thaw Shear Strength Tests  {Other
Boring Depth {(USCS) Frz? blows/t { Content Density Sallnityi >#4 #4-#200 <#200¢ LL Pl  PL i Contenti Strain ! Test 1/2 deviator Sigma 3 iTests

B-6 208 §p No 20
B-5 355 sp No 18 8.8%

B7 190 SM  No 10 24.6% 37.5%

B-7 21 ML No shelby | 38.0% 80pcf 31ppti 0% 8% 92.0% SA
B-7 &5 ML No 2 33.0% 87 pef 0% 23% 77.0% MA
B-7 7.1 ML No shelby | 24.3% 99pcf 35ppt TXUU 1910 psf 1000 psf

B-7 09.¢' SMm No shalby
B-7 13,0 ML No 4 71.7% 55 pef
B-7 160 ML No 3 76.2% 52 pof
B-7 185 Pt No
B-7 1.7 ML  No § 19.2% 112 pef
B-7 198 ML No 5 20.9% 67.5%
B-7 248 SM No 10
B-7 208 SP Ne 1"
B-7 310 @GP No 8 11.9% 3.2%
B-7 '40.0' GP No 7 7.7%
B8 00 ML  No shalby

B8 258 ML No shelby | 838% 49 pctf 0% 4%  96.0% NP TXUU 370 psf 1000 psf iMA
B8 5.0 ML No  shelby
B 7.5 ML No shelby | 41.0% 75 pct 0% 3%% 61.0% SA

B8 120 sP No 4
B8 17.0 GP No 12 15.0%
B8 250 GP Ne grab 8.8%

B8 0p SM  No 7 24.1% 1% 83% 18.0% SA
B9 38 ML  Ne 3 24.8% 100 pet
B9 &1 ML No sheby | 33.8% 88 pef 0% 1% 98.0% SA

B9 76 ML No shelby | 30.7% 90 pet

Duane Miller & Associates SUMMARY OF SAMPLES Plate

Liberty Developmant B_6
Sept 1997 . Beaufort Sea, Alaska
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Soil Type SamplingiMoistura  Dry Gravel Sand  Fines | Afterberg Limlis | Organle: Thaw Shear Strength Tests  ;Other
Boring Depth {USCS) Frz? blows/t | Content Density Salinftyl >#4 #4-#200 <#200i LL Pl PL i Content! Strain : Test 1/2 deviator Sigma 3 ;Tests

B2 10.00 ML, Nao 1 38.2% 83pct
B-g 121 ML No shelby
B8 14¢ ML No shelby : 37.6% 80 pef
B-9 20.1 ML, No 3 37.8% 83pct
B9 248 MH No shelby | 44.4% 75pef 23ppt 51 15 36
B-9 305 OL No 5 37.6% 82 pet
B-9 355 SM No 4 24.8% 100 pof
B-9 395 GP No 10
B-5 42.0' GP No grab
B9 480 GP No  grab
B-10 a0 SP No shelby § 19.7% 102 pef 33ppt! 0% 98%  2.0% SA
B-ic 55 SM No shelby { 28.1% S3pcf 34ppt NP TXUU 450 psf 1000 psf
B-10 80 ML No |
B-10 108 ML No shelby | 35.5% 84 pcf
B-t0¢ 130 ML No shelby | 385% 82 pet
B-10 1558 ML No shelby | 37.8% 83 pef
B-10 180 SM  No shatby
B-10 195 SM No 7
B-10 230 ML No 8 24.8% 100 pef
B-10 28,5 SP Mo -4 274% Bepef 46 ppt
B-10 480 SP No 58 8.7% 61 ppt
B411 4.5 ML No shelby i 75.7% 51 pcf

B-11 858 OL No grab | 27.1%

B-11 80 SP-SM No grab
B-1A 9.4 SM Yes grab 19.0%
B-1A 11.00 SM  Yes g8 13.2%

B-1A 140 SM Yos 100 20.7% 85pcef 3ppti 19% BB%  13.0% 258.5% SA
Duane Miller & Asaoclates SUMMARY OF SAMPLES Plate
Liberty Development B _7

Sapt 1997 . Beaufort Sea, Alaska



Soil Type Samplingi Moisture  Dry Gravel Sand Flnes | Atterberg Limlts | Organici Thaw Shear Strength Tasts  {Other
Boring Depth (USCS) Frz? blows/ti i Content Denslty Sallnity! >#4 #4-#200 <#200i LL__PI__PL ; Content! Strain | Test 1/2 deviator Sigma 3 iTests
B-1A 16.0' sSp Yes 1186 13.6%
B-1A 185 SP-SM Yes 252 8.2%
B-1tA 21.00 GP-GM Yes 180 12.8%
B-1A 23.00 GP-GM Yes grab
B-1A 26.0' GP-GM Yes 200 10.6%
B-tA 295 GW-GM Yes 200 14.4% 57% 34% 8.8% S5A
c1 20 SP  No shelby i 35.5% 21 ppt
C1 45 ML No shelby } 46.4% 88 pcf TXUU 1110 pst 1000 psf
c1 70 ML No shelby { 29.1% 91 pcf TXUU 1010pst 1000 psf
c1 95 ML No shelby | 33.1% 86 pct
C1 120 ML No shelby { 34.1% B4 pcf
C-1 1683 ML No 8 35.6% 86 pof
c-1 igg ML No 6 19.6% 108 pof
C1 229 ML No 8 23.8% 101 pef 24 ppt
c1 278 ML No g 28.5% 22 ppt
¢z 1.0 ML No shelby | 42.2% 77 pct TXUU 1160 psf 1000 paf
¢c2 as OL No shelby | 32.4% 84 pot 0% 3%  97.0% B.7% MA
C2 60 CL-ML No shelby { 26.2% 93 pct 40 14 26
c2 95 CLML No 8 26.2% 99 pct
c2 128 CL-ML No 8 33.8% 88pct
C2 145 CL-ML No shelby
G2 180 ML No 9 24.5% 101 pet
Cz 228 ML  No ] 41.2% 75pcf
cC2 2r¢0 SM  No 7 16.4%
ca oo ML No shelby | 404% 79pcf 30ppt TXUU 440 psf 1000 psf
C-3 2% ML No shelby
C3 5.0 ML No shalby | 31.6% 89pct 31 ppti 0% 1% 99.0%! 49 17 32 TXUU 780 pst 1000 pst iMA
Duane Miller & Associates SUMMARY OF SAMPLES Plate

Sept 1997

Liberty Development
Beaufort Sea, Alaska
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Soll Type Sampling; Moisture  Dry Gravel Sand Flnes | Atterberg Limits { Organic] Thaw Shear Strength Tests  {Other

Boring Depth (USCS} Frz? blows/t i Content Denslty Salinity: >#4 #4-#200 <#200! LL Pt PL {Content; Strain : Test 1/2 devialor Sigma 3 Tests
c3 75 ML No shelby

C3 100 ML No shelby | 38.6% 82pcf 11 ppt

c-3 138 S8M No 6 271% 97pef Bppt

C3 180 SM No 12 19.8% 14 ppt

C3 200 ML Yes 38.6% 77pet 21 ppt 18.1%

c3 205 ML  Yes 8 35.9% 82pef 3ppt| 0% 2% 98.0% 15.3% SA

C-3 255 SM  Yes 25.7% 90pcf Oppt 6.0%

ca 250 SM  Yes a4 27T7% 687pef Oppt! 0%  66% 34.0% 7.6% S5A

c-3 308 SM  Yes £5 27.7% 89pef Sppti 0%  58% 42.0% 6.7% SA

Cc4 00 ML No shelby | 37.6% 13 ppt

C4 20 ML No shelby | 39.0% 863 pct TXUU 750 psf 1000 pst

C4 45 SP-SM No shelby ; 26.6% 27ppt; 0% 88% 12.0% SA

C-4 70 SM No shelby | 26.9%

c4 105 ML 5 23.7%

c+4 130 ML No 2 35.7%

c4 17.00 SM No 2 32.5%

C-4 220 SM No 7 25.6%

-1 05 ML+OL No shelby | 45.5% NP

-1 35 ML+OL No sheiby | 50.9% 65pcf 23ppt TXUU 1730 psf 1000 psf

k-1 40" ML+OL No  shelby i 50.8% 65pef 23 ppt TXCD 2810psf 3300 psf {Consol, SpG=2.53
-1 &5 ML No shelby | 20.6% 93pcf 27 ppt TXUU 2480 pst 1000 psf {Consol
1 85 ML No 9 20.0% 99 pef 48 19 29 TXUU 1370 pst 1000 psf

1 1.0 MH No 10 | 335% 88pef 31ppt TXUU 1150 pst 1000 pst {SpG=2.73
1 1358 MH No 85 pef

-1 155 MH No shelby { 35.0% 8&pcf 22ppt 52 22 3 Consol
1 208 SM  No 13 21.4% 102 pef 13 ppt

-1 355 SP-SM No 17 16.2% 18 ppt

Duane Miller & Associates SUMMARY OF SAMPLES Plate

Sept 1997

Liberty Developmaent
Beaufort Sea, Alaska
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Soil Type Sampling: Moisture  Dry Gravel Sand Finas | Atterberg Limits { Organfc} Thaw Shear Strength Tests | Other

Boring Depth (USCS) Frz? blowsM | Content Density Salinityl >#4 #4-#200 <#200: LL Pl PL { Content; Strain | Test 1/2 deviator Sigma 3 jTests

-1 455 SP-SM Yes 110 | 25.1% 96pct 2ppt 9.3%

-4 4600 SP-SM Yas 1ppt| 8% B4% 7.7% SA

-1 5058 8P-8M Yes 84 26.3% 1 ppt

-1 5558 SM  Yes 300

-1 605 SM  Yes 84 26.6% 7 ppt

-1 855 SM Yes 160  16.5% 111 pcf 10 ppt 5.9%

-1 66,0 SM  Yeas 17.3% 109pet 6ppt | 3% 74% 23.0% 6.7% SA

-1 708 SP  Yes 267 14.5% Sppt: 45% 650% 4.9% SA

-1 7558 SP Yas 400 11.7% 2 ppt

-1 80.7 GP-GM 39 10.6% 18ppti 51% 44% 55% SA

1 865 GP-GM 49 8.1% 16 ppt

-1 90.58 GP-GM 18 5.9% 13 ppt _

I 100.5' GP-GM 84 75% 10ppt] 563% d42%  5.4% SA

-2 0.0 ML No 3

12 45 OL No sheby

2 70' SM No shelby | 26.2% 104 pct TXCD 9360 psf 6800 psf

-2 97 ML No shelby | 28.8% 99 pef 47 17 3o Consol

k2 120 ML No shelby

2 4.8 MH No shelby | 32,1% 90 pcf TXUD 1640 pst 1000 pst

-2 178 MH No 9 35.1% B7 pef 50 24 2¢9

-2 19.% SP No 7

-2 26,0 GP-GM No 7 11,3% 1appti 77% 11% 12.0% SA

-2 295 GP-GM No 28

-2 355 SP-SM No 28 18.6%

-2 448 ML No 18 14.1%

-2 48.0' SP-8M No 2]

-3 25 ML No shelby | 28.3% 57 pol 443 19 27 TXCD 4540 psf 3300 psf {Consol

Duane Miller & Assoclates SUMMARY OF SAMPLES Plate

Sept 1897

Liberty Development
Baaufort Sea, Alaska
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Soil Type Sampling} Molsture  Dry Gravel Sand Fines | Alterberg Limits | Organic; Thaw Shear Strength Tests  {Other
Boring Depth (USCS) Frz? blows/it | Content Density Salinity; >#4 #4-#200 <#200i LL Pl PL i Contanti Strain ; Test 1/2 deviator Sigma 3 {Tests
3 5.0 MH  No sheiby | 31.1% 91 pof 54 25 29 TXUU 151G psf 1000 psf
3 7.5 MH No shelby | 32.4% 91 pof TXCD 2770 psf 1600 psf jConsel
-3 100 MH No shelby
3 128 ML No shelby | 36.2% 86 pef 46 17 29 TXUU 1270 psf 1000 psf:Consol
-3 150 ML  No shelby
-3 17.8 ML No sheby
-3 200 ML No shelby i 282% 94 pct TXULU 1870 psf 1000 pet | Consol
k3 25.0° SP-SM No g 17.2% 2% 88% 10.0% SA
-3 305 Sp No 22 14,3% 21%  78% 1.1% SA
-3 400 SM  No 14 22.2% 4% B9% 27.0% SA
-3 50,0 5P No 28
-4 20 SM  No shelby | 32.0% 85 pct TXUU 4030 pst 1000 pst iConsol
-4 20 EM  No shelby | 32.0% 95 pcf TXCD 6810 psf 3300 psf{Consol
4 457 ML No 4 36.8%
4 7.0 MH No 28.2% 97 pcf TXUU 2200 psf 1000 pst
-4 75 MH No 8 26.4% 97 pet
-4 9.5 MH  No shelby
-4 120 MH No shelby | 32.3% 90pct TXUU 1940 psf 1000 pst
<4 150 MH No 7 35.8% B1pef 20ppt 62 21 M
-4 180" MH No 5 33.6% B9pof 22ppt
-4 220 MH No shalby { 28.7% 90pcf Conasol
4 27.00 MH No 3 33.1% 24 ppt
-4 37.0' SP-SM No 52 8.7% 15 ppt
-4 47,00 SP-SM Yes 142 22.8% 3ppt | 5% 88% B8.7% SA
-4 526 SM  Yss 83 24.1% OSpct 2ppti 0% 87% 13.0% 8.3% 8A

SA = sieve analysis, MA = hydromster and sleve analysis, SpG = spacific gravity, Consol = consolldation test

Duane Miller & Associates

Sept 1997

SUMMARY OF SAMPLES

Liberty Development

Beaufort Sea, Alaska

Plate
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Plasticity Index (PI)

Liquid Limit (L.L)

Natural
_ Liquid Plastic Plasticity  Moisture
Sample Location Limit Limlt Index Content USCs
Boring A-2 @ 21.0' NP 71.2% &P
Bering A6 @ 3.0 42 36 6 66.2% ML + Pt
Boring A-6 @ 7.5 NP 36.5% sM
Boring A-8 @ 0.0 NP 50.0% ML
Boring B-8 @2.5 NP 83.8% ML
Boring B-3 @ 24.8' 51 36 15 22.6% MH
Boring B-10 @ 5.5 NP 28.1% SM
Boring C-2 @ 6.0 40 26 14 26.2% CL-ML
BoringC-3 @ 5.0' 49 3z i7 31.6% ML
Bering -1 @ 0.5 NP 45.5% ML +0OL
Boring -1 @ 8.5' 48 29 19 20.0% - ML
Boring I-1 @ 15.5' 52 30 22 35.0% MH
Boring -2 @ 9.7" 47 30 17 2B.6% ML
Boring I-2 @ 17.8' 50 29 21 a5 1% MH
Boringl-3 @ 2.5' 46 27 19 28.3% ML
Baring -3 @ 5.0’ 54 29 25 311% MH
Boring -3 @ 12.5' 46 29 17 36.2% ML
Bon’ng -4 @ 15.0' 52 31 21 35.6% MH
Duane Miller & Associates PLASTICITY CHART Plate
Job No. 411922 Liberty Development

June 1997 Beaufort Sea, Alaska B'1 2



Job No. 4119.22
May 1997

Liberty Development
Beaulort Sea, Alaska

Boring => A-1 A-3 A3 A-4 A-4 A5
Depth=>{ 110f. 501 200 . 35t 8.0t 421t
3"=»| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
11/2°=>| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
¥4 =s| 100.0% 86.0% 83.0% 100.0% 73.0% 100.0%
3 =»] B5.0% 56.0% 58.0% 99.0% 46.0% 100.0%
#4=> 68.0% 39.0% 38.0% 95,0% 24.0% 100.0%
¥0=>] 55.0% 31.0% 23.0% 93.0% 15.0% 100.0%
#20=>] 47.0% 27.0% 17.0% 91.0% 12.0% 100.0%
#40=>] 36.0% 20.0% 12.0% 76.0% 9.0% 100.0%
#00=>] 11.0% 5.0% 3.0% 4.0% 1.5% 5.0%
#200=>| 7.6% 3.2% 1.9% 2.2% 0.7% 1.9%
Q.02 mm
0.005 min
0.002 mm
Analysis of Data
Diosize =>] 0.122mm | 0.070mm | 0337mm | 0.164mm | 0535mm | 0.158 mm
D30size=>{ 0.331mm | 1615mm | 2995mm { 0218Bmm | 5738mm | 0.197 mm
D&aQ size =»] 1.172 mm 7.438 mm 7.200 mm 0.292 mm 10527 mm | 0.246 mm
D60 size=>| 2.789 mm { 10420 mm | 10.042mm | 0.337mm | 13.609 mm | 0.274 mm
Coeff. of Uniformity, Cu=}  22.80 148.85 29.78 2.06 25.41 1.73
Coeff. of Curvature, Cc = 0.32 3.58 2.865 0.87 452 0.90
Grave! (+#4) percentage =l  32.0% 610% 62.0% 5.0% 76.0% 0.0%
AASHTO Gravel (+#10) =|  45.0% 69.0% 77.0% 7.0% 85.0% 0.0%
Sand percentage =[  60.4% 35.8% 36.1% 92 8% 23.3% 98.1%
Fines percentage = 7.6% 32% 1.9% 2.2% 0.7% 1.9%
Unified Soft Class Symbol ={ SP-SM GP W SP GP SP
— 315" 34" 3m" M4 #10 #2¢ #4Q #00 #200
F o 2 , : .TT —fropr : 100.0%
TR\ 1 90.0%
e . 80.0%
————— : e ———— 70.0%
S e £
e ‘ R ER—. 60.0% B
SR S a
AR I : R 50.0% &
SRR S S £
AT : RIS 400% &
A . 2
Jesamanans T 30.0%
P s — 1 20.0%
E : . ﬂw: : T 10.0%
- : : L 0.0%
100 10 1 D.1 Q.01
Grain Size {mm)
——aA1 @ 17 ~E-azev —A—aA-3 @ 20
—H—Ad4 @25 “—H¥—A4 @6 —0—A5 @ 4.2
Duans Miller & Associates SIEVE DATA

B-13



Boring => A5 A-6 A-7 A-7 AB A-8
Depth =) 15.8 1t 7.5 . 3.01t 14.5 it 5.5 . 21.0ft
F=>] 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
34" =] 100.0% 100.0% 100.0% 92.0% 100.0% 100.0%
38" => 85.0% 100,0% 100.0% 62.0% 100.0% 100.0%
#4 => 85.0% 100.0% 100.0% 35.0% 100.0% 100.0%
#10=>]| 80.0% 99.0% 100.0% 17.0% 100.0% 100.0%
#20=y 76.0% 99.0% 99.0% 13.0% 100.0% 100.0%
#40 => 68.0% 98.0% 99.0% 10.0% 99.0% 99.0%
#100 => 24.0% 67.0% 96.0% 2.0% 96.0% 33.0%
#200 => 13.0% 32.2% 91.0% 1.4% 80.0% 22.0%
0.02 mm
0.005 mm
0.002 mm
Analysis of Data
010 size => 0.425 mim
D30 size =»>| 0173 mm 3.735 mm 0.124 mm
D50 size =>] 0278 mm 0.107 mm 6.981 mm 0.196 mm
D&g size =>| 0.352 mm 0.130 mm 9.025 mm 0.230 mm
Goeff. of Uniformity, Cu = 21.23
Coeff. of Curvature, Cc = : 364
Gravei (+#4) percentage =}  15.0% 0.0% 0.0% 65.0% 0.0% 0.0%
AASHTQ Gravel (+#10) = 20.0% 1.0% 0.0% 83.0% 0.0% 0.0%
Sand percentage =| 72.0% 67.8% 9.0% 33.6% 20.0% 78.0%
Fines percentage = 13.0% 32.2% 91.0% 1.4% 80.0% 22 0%
Unified Soil Class Symbol=] SM 5M ML GP ML SM
315" 34" 3/8B" #4 K10 ¥20 #40 #100 #200
. 100.0%
1 90.0%
80.0%
— 70.0%
o 2
——— 60.0% 8
N -
— 50.0% &
o s
- N =
1 40.0% 8
e a
—_ 30.0%
— 20.0%
. 10.0%
: 0.0%
0.01
Grala Slze (mm)
——AS5 @ 158 —B—-A6 @ 75 —A—A7 @3
—H—pAT7 @ 14.5 —¥—A-8 @ 55 —8—AB @ 21
Duane Milfer & Associates SIEVE DATA Ptate
Job No. 4119.22 Liberty Development B_1 4
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Duane Miller & Associates
Job No. 4119.22
May 1997

SIEVE DATA

Liberty Development
Beaufort Sea, Alaska

Boring => A-O A-9 A-10 B-1 B-t B-1
Depth = 6.0 it 22.0 ft. 751t 75 H. 11.0ft. 14.5 ft.
3= 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
34 =>1 100.0% 160.0% 100.0% 100.0% 100.0% 100.0%
e =>f 100.0% 97.0% 100.0% 97.0% 894.7% 89.0%
#4=>1 100.0% 88.0% 100.0% 02.0% 82.0% 55.0%
#10=>1 100.0% 84.0% 100.0% 88.0% 72.0% 27.0%
#¥20=>] 100.0% 81.0% 100.0% 86.0% 67.0% 18.0%
#40 =>| 100.0% 77.0% 99.0% 79.0% 60.0% 13.0%
#100=>] 99.0% 52.0% 99.0% 44.0% 29.0% 9.0%
#200=>{ 87.0% 38.0% 98.0% 18.0% 18.0% 7.2%
002 mm 45% 71%
0.005 mm
0.002 mm 16% 22%
Analysis of Data
D10 size => 0.195 mm
D3g size => 0.103 mm 0.155 mm 2.194 mm
D50 size => 0.136 mm 0.179 mm 0.304 mm 4.070 mm
D60 size => 0.209 mm 0241 mm 0.425 mm 5.260 mm
Coeff. of Uniformify, Cu = 27.03
Coeff. of Curvature, Cc =i 470
Gravel (+#4) percentage = 0.0% 12.0% 0.0% B.0% 18.0% 45.0%
AASHTO Gravel (+#10) = 0.0% 16.0% 0.0% 12.0% 28.0% 73.0%
Sand perceniage = 13.0% 50.0% 2.0% 74.0% 64.0% 47 8%
Fines percentage = 87.0% 38.0% 98.0% 18.0% 18.0% 72%
Unified Seil Class Symbol = ML SM ML SM M SP-SM
315~ 34 38 M #10 #20  #40 #100 #200
i £
PP -4
SN a
CEEEEEE g
rer s o 8
RN ] ' =
e §
IR d
100
Grain Size (mm)
——A9 Q@6 —B—a19 @ 22 —A—A-10 @ 7.5
—¥—B-1 @ 7.5' —H—A4 @6 —6—B.1 @ 14.5

Plate
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Boring = B-1A B-1A B-2 B-2 B-2 B-3
Depth=>] 14.0H. 29.5 fi. 481t 10.1 ft. 16.2 tt. 6.21t.
3"=| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
142" == 100.0% 100.0% 100.0% 100.0% 92.0% 100.0%
34" =] 100.0% 82.0% 92.0% 100.0% 76.0% 96.0%
38" =] 92.0% 61.0% 75.0% 100.0% 58.0% 96.0%
#4 => 81.0% 43.0% 51.0% 100.0% 41.0% 96.0%
#o0=>] 74.0% 32.0% 38.0% 100.0% 28.0% 96.0%
20 => 69.0% 25.0% 34.0% 100.0% 21.0% 96.0%
#40 => 61.0% 19.0% 30.0% 99.0% 17.0% 95.0%
#100 => 23.0% 12.0% 10.0% 33.0% 9.0% 73.0%
#200 => 13.0% 8.6% 7.7% 24.0% 6.9% 40.0%
0.02 min
0.005 mm
0.002 mm
Analysis of Data
D10 size => 0.100 mm 0.150 mm 0.171 mm
D30 size =>1 0.182 mm 1.566 mm 0.425 mm 0.119 mm 2.285 mm
D50 size =»] 0.314 mm 6.220 mm 4.444 mm 0.196 mm 6.856 mm 0.093 mm
D60 size =>] 0.414 mm 9.141 mm 6.160 mm 0.230 mm 10261 mm | 0.114 mm
Coeft. of Uniformity, Cu = 91.62 " 41.07 60.05
Coefi. of Curvature, Cc = 2.69 0.20 2.98
Gravel (+#4) percentage =}  19.0% 57.0% 49.0% 0.0% 59.0% 4.0%
AASHTO Gravel (+#1C) = 26.0% 68.0% 62.0% 0.0% 72.0% 4.0%
Sand percentage =|  68.0% 34 4% 433% 76.0% 34.1% 56.0%
Fines percentage =]  13.0% 8.6% 1.7% 24.0% 6.9% 40.0%
Unified Soil Class Symbol = sM GW-GM GP-GM SM GW-GM SM
3"15" 34" ag" #M  H0 #20 0 #100 #200
i - b 100.0%
G . e
SN [ 900%
AN e
i o 170.0%
e g
e 60.0% @
SOOI a
T seon &
'8 —— 400% 8
TSR 4
s 30.0%
b S P
0 ow
L S 0.0%
100 10 1 0.1 0.01
Graln Size {mm)
—6—B-1A @ 14' —5—B-1A @ 29.5' —A—pB.2 @ 4.8

—)—g.2 & 10.7'

—¥—B-2 @ 16.2 —6—B-3 @ 8.2 {

Plate
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Boring =>|
Depth =>
3=
11/2" =
V4" =
3/8" =>
#4 =>
#10 =
#20 =
#40 =>
#100 =>
#200 =>
0.02 mm
0.005 mm
0.002 mm

B-4
8.0f,

B-4
10.0 ft.

B-5
501

B8-6
231

8-6
9.8 fl.

B-7
2.1 fi.

100.0%
100.0%
100.0%
99.0%
96.0%
94.0%
92 0%
81.0%
16.0%
7.4%

100.0%
100.0%
87.0%
66.0%
42.0%
32.0%
28.0%
23.0%
2.0%
1.1%

160.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
99.0%
- 85.0%
20%

8%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
99.0%
97.0%
48%

9%

100.0%
106.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
97.0%
92.0%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
98.0%
92.0%

Analysis of Data
D10 size =»
D30 size =>
D&OD size =»
D60 size =>
Coeff. of Uniformity, Cu =
Coeff. of Curvature, Cc =
Gravel (+#4) percentage =
AASHTO Gravel (+#10) =
Sand percentage =
Finas percentage =

0.092 mm
0.188 mm
0.259 mm
0.304 mmm
3.28
1.26
4.0%
6.0%
88.6%
7.4%

0.002 mm
0.005 mm
0.022 mm
0.029 mm
14.50
.43
0.0%
0.0%
3.0%
97.0%

0.0%
0.0%
8.0%
92.0%

Unified Soil Class Symbol =

SP-SM

ML

—¥—B-6 @ 2.3

—¥—B- @ 9.8'

315" 34" s
bl o :\:::: - :::':E\X': \\\ L1 60.0%
IEEERISS :::\1: CRN IR :\: ::':.\: \i 50.0%
o TE I erue. S “4*\ fff:ff'\i 40.0%
RN SN TR - N TSI W [TFUSIL WS Y
S I E ‘Tﬁ\"\\\ SEL G P
S USRI TR\ V. S I e
T T TN
LA | [] (] ' » b LI | 1 ] "El' [ L] 0.0%
100 10 0.1 .01

Grain Size {mm)
—~—g-—B-4 @ B -B—-54a 10 —A—g.5 § §'

Duane Miller & Assoclates

Job No. 4119.22
May 1997

SIEVE DATA
Liberty Development
Beaufort Sea, Alaska
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Baring =>
Depth =

B-7
551t

B-8
2.5 1.

B-8
7.5

B-8
0.5ft

B-9
5.1 ft.

B-t0
30f.

=
112" =
3/4" =>»
3)'8' =>
#4 =
#10 =
#20 =>
#40 =
#1100 =
#200 =»
.02 mm
0.005 mm
0.002 mm

100.0%
100.0%
100.0%
100.00%
100.0%
100.0%
100.0%
99.0%
81.0%
77.0%
25%
1%
8%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
99.0%
99.0%
97.0%
96.0%
50%

14%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
97.0%
81.0%
61.0%

100.0%
100.0%
100.0%
100.0%
99.0%
896.0%
92.0%
84.0%
26.0%
16.0%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
89.0%
99.0%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
97.0%
5.0%
2.0%

Analysls of Data

D10 size =>

D30 siza =

D50 size =>

. D60 size =>

Coetf. of Uniformity, Cu =
Coeff. of Curvature, Cc =
Gravel {+#4) percentage =
AASHTO Gravel (+#10) =
Sand perceniage =

Fines percentage =

0.003 mm
0.023 mm
0.029 mm
0.040 mm
13.33
4.41
0.0%
0.0%
23.0%
77.0%

0.0%
0.0%
4.0%
896.0%

0.0%
0.0%

39.0%
61.0%

G161 mm
0.231 mm
0.276 mm

1.0%
4.0%
83.0%
16.0%

0.0%

0.0%

1.0%
59.0%

0.159 mm
0.199 mm
0.250 mm
0.280 mm
1.76
0.89
0.0%
0.0%
98.0%
2.0%

Unified Soil Class Symbol =

315"

ML

ML

ML

M

ML

sP

'S T

#10

#40

#100 #200

100.0%

T B T - 90.0%
SRENTE S S (TR ERRIN | BRI #i::: 80.0%
R T B kL
R i ] LU T R T B | » [ L . Il\ll ] m
[ Y . ] Froa p 0 [ [ LN [ L ] LI | 3 =
e e D TTEIL LS FEE R HVEEISS 1L RORU S 60.0% @
IR I R ::.:k: : &
IAERNE AERNUNINESNS OIURNES TR (TEEE W 50.0% &
SRS SEERI SRR |\ :::::\ : 8
T & ' 4 0 ¥ 1 LI B DO I B B ) ::Iil : LI IO T I B ] L :
I r N TN arar I | W T 40.0% 3
SIS (RS ::::.::\\ e ::‘: 2
TRERTI SR YT R S S (TR \ :::::::\:» 30.0%
L I I B R ] 1] Ll LU I R B ) 1 » Taila 1] 1] l\ L} l'l:_: 20.0%
et et s :! ey 10.0%

() 4 (RN [ [ ' mx 0‘0%

100

10

Grain Slze {mm)

o
-

0.0t

—6—B.7 @ 5.5
—¥—B-9.@ 0.5

—=-—g-2 @ 2.5
—¥—B-g @ 5.1’

—A—B8§ @ 7.5 l

—&—pB-10 4 3
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Boring => Cc-2 C-3 C-a C-3 C3 C-4
Depth=>{ 35 501t 20.5 ft. 26.0 ft. 3081t A5
3"=>| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
112" =] 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
_ 34" =>| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
2 B =>) 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
E #=>{ 100.0% 100.0% 100.0% 100.0% 106.0% 100.0%
#10=| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
#20=>{ 100.0% 100.0% 100.0% 100.0% 99.0% 100.0%
#40=>] 99.0% 100.0% 100.0% 99.0% 98.0% 100.0%
#100=>| 98.0% 100.0% 98.0% 79.0% 52.0% 68.0%
#200=>] 97.0% 99.0% 98.0% 34.0% 42.0% 12.0%
0.02 mm 92% 95%
0.005 mm
0.002 mm 45% 38%
Analysls of Data
D10 size =>
D30 size => 0.084 mm
D50 size => 0.006mm | 0.131mm | 0.3120mm
D60 size => 0.t112mm | 0.180mm | 0.136mm
Coeff. of Uniformity, Cu =
Ceetl. of Curvature, Ce =
Grave! (+#4) percentage =|  0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
AASHTO Gravel (+#10)=]  0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Sand percentage =}  3.0% 1.0% 2.0% 56.0% 58.0% 88.0%
Fines percentage =|  97.0% 99.0% 98.0% 34.0% 42.0% 12.0%
Unified Soil Class Symbof = OL. ML ML SM SM SP
3"1.5° 34" 38" M #o #20  #40 #100 #200
) ~—— ' 100.0%
Ry e ST 1Y VS BV R HY : s 90.0%
AR N e — ::':::\.\\\ 1 B0.0%
B SEIE —— — \\\ — 70.0%
IR (SRR | g
R RIS R — 60.0% ®
HOSEIE Nienio a
e —— et L 50.0% &
TR . R ' o
PRI S 5
e R T rwarrir 40.0%
R L4
e CAREIE : - 30.0%
T i you - 20.0%
TP 1Y Y R 10.0%
100 10 1 0.1 Q.01

Grain Size {mm)

——C-2 @ 3.5
—¥*—C-3 @ 26'

~E—-c305

—¥--C-3 € 30.8

—A—C-3 @ 20.5
—O—C-4@ 45

Duans Miller & Assoclates
Job No. 4119.22
May 1597

SIEVE DATA
Liberty Development
Beaufort Sea, Alaska
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{

Boring => i1 -1 i-1 1 I-1 -2
Depth => 46.0 i, 86.0 ft. 70.5 1t 80.7 ft. 100.5 fi. 26.0 ft.
3= 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
112 =>] 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
a4t =>] 100.0% 100.0% 93.0% 100.0% 80.0% 92.0%
g = 100.0% 949.0% 79.0% 85.0% 65.0% 57.0%
#4 => 92.0% 97.0% 55.0% 49.0% 47.0% 23.0%
#10 => 87.0% 94.0% 37.0% 32.0% 32.0% 17.0%
#20 => 83.0% 92.0% 31.0% 20.0% 23.0% 16.0%
#40 => 79.0% 85.0% 25.0% 14.0% 17.0% 16.0%
#100 => 16.0% 31.0% 11.0% 8.0% 8.0% 13.0%
#200 => 7.7% 23.0% 4.9% 5.5% 5.4% 12.0%
0.02 mm
0.005 mm
£2.002 mm
Analysis of Dala
D10 size =>f 0.091 mm 0.134 mm 0.212 mm 0.189 mm
D30 size =>f 0.189 mm 0.138 mm 0.757 mm 1.734 mm 1.654 mm 5.479 min
D50 size =>} 0.263 mm 0.216 mm 3.735 mm 4,842 mm 5.332 mm 8.237 mm
D60 size =>{ 0.310 mm 0.262 mm £.488 mm 5.870 mm 7.836 mm ‘1 0.082 mm
Coeff. of Uniformity, Cu = 3.42 40.99 27.68 4145
Coeff. of Curvature, Cc = 1.27 0.78 241 1.85
Gravel {+#4) percentage =]  B.0% 3.0% 45.0% 51.0% 53.0% 77.0%
AASHTO Gravel (+#10) = 13.0% 6.0% 63.0% 68.0% 68.0% B3.0%
Sand percentage = 84.3% 74.0% 50.1% 43.5% 41.6% 11.0%
Fines percentage = 7.7% 23.0% 4.9% 5.5% 5.4% 12.0%
Unified Soil Class Symbol = SP-SM SM sSp GW-GM GW-GM GP-GM
3"1.5" 34" 38" #4 #0  #20 M0 #100 #200
i o T et 100.0%
AN NS N 0o
NSRRI e : R 80.0%
SRS e 700w
S SR g
I N 60.0% @
AN SRS a
L 1 500%
Irr a1 ' TR i -]
S SHEEE g
e . 40.0% @
I o . 2
TR st 30.0%
e }!::: — 20.0%
iy NG 100%
s NN 0.0%
100 10 1 0.1 0.01
Grain Size {mm)
—0—I1¢ 46  —B—10Q 66 —A—11 @ 70.5 1
—H—)-1 @ 80.7" =11 @ 1005 —5—|2 @ 26
Flate

Duane Miller & Associates
Job No. 411922
May 1597

SIEVE DATA
Liberty Development
Beaulort Sea, Alagka
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Boring =>
Depth =>
3" =
112" =
34" =
38" =>
#4 =>
#10 =>
#20 =
#40 =>
#100 =>
#200 =>
0.02 mm
0.005 mm
0.002 mm
Analysis of Data
D10 size =
D30 size =>
- D30 size =>
. D60 size ==
Coeff. of Uniformity, Cu =
Coeff. of Curvature, Cc =
Gravel (+#4) percentage =
AASHTO Gravel (+#10) =
Sand percentage =
Fines percentage =
Unified Soil Class Symbol =

315"

I-3
25.0 ft.

1-3
30.5 ft.

I-3
40.0 ft.

-4
47.0 1.

-4
5254

100.0%
100.0%
100.0%
100.0%
98.0%
93.0%
89.0%
79.0%
17.0%
10.0%

100.0%
100.0%
100.0%
97.0%
79.0%
33.0%
31.0%
29.0%
2.0%
1.1%

100.0%
100.0%
100.0%
99.0%
96.0%
92.0%
90.0%
79.0%
35.0%
27.0%

100.0%
100.0%
98.0%
87.0%
85.0%
94.0%
93.0%
88.0%
14.0%
6.7%

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
33.0%
13.0%

0.187 mm
0.261 mm
0.309 mm

2.0%
7.0%
88.0%
10.0%

0.204 mm
0.601 mm
2753 mm
3.323 mm
16.27
0.53
21.0%
67.0%
77.9%
1.1%

0.097 mm
0.214 mm
0.271 mm

4.0%
8.0%
69.0%
27.0%

0.103 mm
0.188 mm
02493 mm
0.287 mm
2.79
1.20
5.0%
6.0%
88.3%
6.7%

0.135 mm
0185 mm
0.228 mm

0.0%
0.0%
B87.0%
13.0%

SP.SM

SP

SM

SP-SM

5M

3/4"

3/8° #4

#10

¥20 #40

#100 #200

. L) e '
e v p NITENEE 90.0%
e . e N
i . T : R 80.0%
SPPIINE s ; T
s : - 70.0%
[N I R [ [ ERN] () L B 1 on
LR NI B [ 11 (] LRI B B 1 E
I o o TR 60.0%
R ) ] [ER [ LRI I I ] 1 ]
L I ] [ [ avr o ' o
T L e e 50.0% &
(LR ' L] LEN I 1\1 [ B R | LIS I I ] [ 5
LN ' ] [ER Y ' ' [ I B | [ ' =
LI T T ] NELL e b ' [E B ] 'R | '
i — N P daa " L 40_0% §
LTI I I ] L BT ] ' [T I R ] IE S ' o
v N R e o
A AN 1 30.0%
ety O — ‘ o 20.0%
o Ty TR 10.0%
(LR + ] nraaa | ' 0.0%

¢.01

100.0%

Grain Size {mm}

—6—|-3 @ 25'
-4 & 47
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LABORATORY TEST REPORT

i _SIEM
= RN CONLULTANTY, . M VANGUARD DR mmim
Resistivity ASTM G-57
CLENTPROVECT: Duane Miller & Associates REM PROJECT: ES1017
TEST on: Field Samples LAB NO: 7125
SOURCE: Liberly Develogment DATE REPORTED:  4/16/97
SAMPLED FROM: Test Holes DATERECEVED: 12097
Test Hole Depth ohm-centimeter % Moisture
1 A-6 5 81 285
2 c-4 45 140 £6.6
y B-10 ag 130 19.7
& B-7 21 I8 38
o c1 20 85 3.5
6/ C-4 0.0 85 T
7 A3 50 200 10
& B-10 55 130 18
o E EX] 81 584
10/ X 55 120 353
11/ B-§ 25 i3 32
1 B-7 fAl 85 28.2

Nates: Tests were conducted with a Geotest (Nilsson) Model 400, 4-Pin Soil Resistance Meter

Teated Hy:

Sigred By

Duane Miller & Associates ESISTIV AT
l Asctic & Geotechrical Engineering : Liberty Development

Job No.: 4119.22 Foggy Island Bay, Alaska

i Date : September 1997

Plate
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Liberty Geotechnical Exploration, Duane Miller & Associates
September 1997 .

APPENDIX C

STRENGTH TESTING

Triaxial Data
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PROJECT : LIBERTY
CLIENT : DURNE MILLER
W.0., % A271(53
BORING # R-&
SAMPLE #
DEPTH: 3~

LAB % T97@@7; § = 7.8 psi;

DATE : 17 Mar 1996 B7:52:45

&

= 55.1 pef

(PSI)

SHEAR STRESS

Mohr Diagram - W Tests

WO # A27153 |
FIGURE
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PROJECT : LIBERTY
CLIENT : DUANE MILLER
HO & R27153
BORING # A-§
SAMPLE &
INITIAL DRY DENSITY: 71.8 pcf
TOTAL CONFINING PRESSURE :

DEPTH 1 5.5°

7.9 psi

LABCRATORY & T97888
DATE: 1? Mar 1996 12:55:85

Ak ke b ol W

P,P° (PSI)

@ ALASKA TESTLAB

WO # 427153

FIGURE

Unconsolidated harained Triaxial Lompression




PROJECT : LIBERTY LAB # T97g@8; O = 7.8 psi; &, = 71.8 pot
CLIENT : DUANE MILLER
W.0. # R27153
BORING # A-6
SAMPLE #
DEPTH: 5.5°

DRTE : 17 Mar 18986 12:55:85
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PROJECT :
CLIENT : DURNE MILLER
WH.0., % A27153
BORING % R-7?
SAMPLE #
DEPTH: 3°

LIBERTY

DATE : 17 Mar 1986 16:13:02

18
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7.8 psi; 2& = B64.7 pef
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PROJECT : LIBERTY

RO % R27153
BORING # A-8
SAMPLE &

INITTAL DRY DENSITY:

CLIENT : DURNE MILLER

DEPTH : B.6°
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Unconsolidated Unarained Triaxial Lompression
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PROJECT :
CLIENT : DUANE MILLER
W.0. % R27153
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SAMPLE #
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