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SUMMARY

During March 1998, Duane Miller & Associates (DMé&A) drilled and
sampled 27 geotechnical borings in the Foggy Island Bay area of the North Slope
of Alaska for the proposed Liberty Development Project. Borings were drilled at
the island site, along the preferred pipeline route connecting the island to shore
and at the proposed material site. The location of each drill hole is shown on
Plates 2 through 5.

Laboratory testing of samples included primary testing and secondary
testing. Primary testing included moisture contents, salinity tests,
moisture/density determinations on undisturbed samples, visual classification of
samples, and classification tests (sieve analysis and /or Atterberg Limits) and
specific gravity tests. Secondary testing included triaxial shear strength and
consolidation tests. Non standardized testing included consolidation tests of
remolded samples, sedimentation tests and moisture retention tests.

The soils at the island can be divided into three primary layers: 1) the upper
Holocene non-plastic silt, a soft, compressible layer that is five to six feet thick, 2)
the intermediate Pleistocene clayey silt, a stiff, overconsolidated materijal that
extends to depths of 18 to 22 feet, and 3) the underlying granular sand and gravel
that extends to the depths explored. The only frost bonded materials observed in
the borings at the island site were thin layers of bonded sand just below the
Pleistocene clayey silt.

Soils along the pipeline vary from the conditions described above at the
island to sand and gravel near the shoreline and include intermediate deposits of
silty sand and organic material. The conditions are summarized on the cross
sections presented on Plates 3 and 4. The only permafrost found along the route
is at the shoreline crossing, below the pipe invert, and is confined to sand and
gravel deposits with a small potential for thaw settlement.

The proposed onshore material site is in the floodplain of the Kadleroshilik
River and consists of sand and gravel with varying amounts of fines content. The
material is similar to sand and gravel used on previous projects in this area.
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During island construction, the stability of the steep winter slopes will have
a factor of safety greater than 1.5 if the slopes are flatter than 0.75Hto 1 V. The
island can be constructed with the steep slopes up to sea level, but the portion of
the fill placed above sea level should be constructed behind a bench at least 30
feet wide between the toe of the higher fill and the top of the steeper below water
slope.

Settlement of the island will result from four main causes: 1) consolidation
of the fine grained soil under the weight of the island, 2) elastic compression of
the deeper granular soils, 3) thaw settlement of frozen fill, and 4) creep
settlement of frozen fill. Settlement due to consolidation under the weight of the
island will be about 12 inches from the Holocene layer and an additional 6 inches
from the Pleistocene clayey silt. The elastic settlements will occur as the fill is
placed and should not have a significant long term effect. Thaw settlement will
be 10% or more of each foot of material that thaws. The summer active layer (5 to
6 feet thick) where traffic loads will occur and further densify the gravel will
result in about one foot of settlement. In the area affected by the production
wells, the total thaw settlement will be on the order of four to six feet. Creep
settlement in the unfrozen icy gravel fill will add about one inch per year to the
island's settlement.
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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 is located southeast of the Endicott Field
and about 18 miles east of Deadhorse in Federal waters of the OCS. The general
location of the work is shown in the map below and details of the area are shown
on Plate 1. |

Vicinity Maﬁ
1"=4.5mit

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 located about 1-1/2
miles west of Tern Island. Water depths at the location are 22 to 23 feet.

The production island will have a rectangular shape with rounded comers
(see Plate 2). The island will be constructed of gravel, mined onshore and hauled
by trucks to the site over an ice road during the winter. The surface of the island
will be at elevation +15 feet, mean sea level, and the top dimensions will be 345
by 680 feet. A sheetpile retained dock will extend out from south end of the
island to the toe of the slope and add 135 feet to the overall length of the top of
the island. With side slopes at 3 horizontal to 1 vertical (3:1) and an intermediate
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30-foot wide bench just above sea level, the base dimension of the island will be
615 feet by 950 feet.

The oil will be transported from the production island to shore in a steel
pipeline. Offshore, the pipeline will be buried between depths of 7 and 10 feet
below the ocean floor; onshore, the pipeline is expected to be supported above
grade on piling. The transition from the buried offshore section to the above
ground onshore pipe will be about 180 feet inshore of the water's edge. The
pipeline will be constructed using winter ice roads. Production equipment will
be in modules and will be brought to the island on barges during the ice free
summer season. Emergency support and crew changes will be via helicopter.

The 1998 geotechnical exploration was started during the fall of 1996 when
DM&A collected existing data to allow for an assessment of expected
geotechnical conditions. Also to 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. Using the existing data a field program was developed
for exploring the offshore conditions for a tentative island location and
alternative pipeline routes for 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. The
alternatives, Routes A, B and C, are shown on Plate 1. The results of the 1997
exploration were presented in the DM&A report to BPXA dated September 10,
1997.

Watson Company of Anchorage performed a marine geophysical survey of
the island location and pipeline route during the summer of 1997. Using that
data, a geotechnical program was designed to complement the data collected last
year and to explore the conditions at the selected island location and the
preferred pipeline route. The proposed onshore material site was also explored.

The geotechnical work was performed in accordance with our contract with
BPXA dated January 15, 1997. We coordinated our work with the Liberty Project
Management Team through Mr. James C. Lewis of BPXA. Ms. Karen
Wuestenfeld and Ms. Debby Oylear of BPXA provided permitting and
environmental coordination. The Endicott Operating Unit provided field support
for housing and meals.



BPXA - Liberty Development Gectechnical Exploration Duane Miller & Associates
July 6, 1998
Page5

The object of the 1998 geotechnical investigation was to explore the soil and
permafrost conditions at the proposed production island site and along the
pipeline route and at the material site. The geotechnical work was divided into
the following tasks:

e Diilling and sampling borings,
¢ Measuring ground temperatures,
¢ Primary and secondary laboratory testing of soil samples, and
¢ Data analysis and report preparation.
An independent, water column and 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 Qil as part of their wildcat oil drilling program in the late
19705 and early 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 geoclogic 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 Quter 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, 1950).

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. As shown on Plate 1, two of the borings
drilled during the spring of 1979 were located near the Liberty area (HLA /USGS
13 and HLA/USGS 14).

Prior to building Tern Island, Shell Qil commissioned HLA to evaluate
subsea soil conditions in the vicinity of the present island remnant. 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. 2644,009.08).

Shell Qil also had HI.A explore for onshore material sources for the
construction of offshore facilities. After an initial reconnaissance study, HLA
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drilled two sites in detail (Site 2 and Site 9). Shell Site 2, which was not
developed, is located just to the east of the material source proposed for Liberty
(see Borings S 2-1, S 2-2, etc. on Plate 5). The exploration included many
gradation tests, maximum and minimum density tests and triaxial shear strength
tests of remolded samples of the sandy gravel material.

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.

DMé&A drilled many holes and tested samples for the design of the Badami
pipeline which crosses the Kadleroshilik River just south of the material site.

Selected references are cited in the bibliography at the end of this report and
copies of boring logs from the HLA/USGS and Tern Island explorations are
presented in Appendix F.

Data from the 1997 holes drilled closest to the selected pipeline alignment
are shown on the cross sections on Plates 3 and 4.

Subsurface exploration

Between March 17 and March 26, 1998, 27 holes were drilled and sampled
for the Liberty Development Project. Five holes were drilled at the island
location, seventeen holes were drilled along the pipeline route and five holes
were drilled at the proposed material site. All work was conducted in accordance
with the following permits:

North Slope Borough - Development Permit No. 98-074,
U.S. Anmy Corps of Engineers - Nationwide Permit D-980994,
Alaska Department of Fish and Game - Fish Habitat Permit No. FG98-I11-0015,

Alaska Department of Natural Resources, Division of Land - Tundra Travel Permit No.
LAS 19505,

Minerals Management Service - Notice of Preliminary Activity No. OCS-Y1650, and

Polar Bear Interaction Plan - NSB 98-0258.
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The coordinates of the proposed borings were calculated betore the field
work began and hole locations were established in the field using a Differential
Global Positioning System (GPS). The GPS system employed by Bell Associates
for Held staking gave a predision for the initial hole locations at about +/ - one
foot. The drilled locations were generally within 8 to 12 ft of the staked location
and the as-drilled locations shown on the Summary of Borings, Plates 6 and 7,
show coordinates corrected for the offset from the staked location. Boring B-27
was added after the staking and was referenced to the adjacent hole locations by

taping.

Photograph of the Drill and Support Sled
{photograph by Thomas Culkin)

The drill, a CME-75, was mounted on a sled, and the drill and work area
were protected from the weather by a canvas (Weatherport) enclosure. A canvas
shroud enclosed the tower above the Weatherport 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. One roller-driven
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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 3000-gallon fuel tank was mounted on the Rolligon. The RD-85 also
served as a crew carrier between the drill sites and the ice road. A second RD-85
with a 3000-gallon water tank was used to provide drilling water when necessary
in bottom-fast ice areas.

The crews were housed at BP’s Endicott Facility and commuted to the
project area by pick-up truck along the ice road serving the Badami project.
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
and was responsible for sample packaging and shipping.

Photograph of the Drill Sled Interior

{photograph by Thomas Culkin)




BFXA - Liberty Development Geotechnical Exploration Duane Miller & Associates
July 6, 1998
Page 10

The borings were drilled to depths of 15 to 74 feet using a CME-75 soils drill
rig equipped with hollow stem augers. Offshore depths are below the mudline.
The soils were logged as the borings were drilled by Mr. Walt Phillips, PG, and
Mr. Thomas Culkin. The locations of the borings for the island are shown on
Plate 2. The locations of the holes along the pipeline along with nearby borings
from the 1997 exploration and a cross section of the data are shown on Plates 3
and 4. The locations of the holes at the material site are shown on Plate 5. The
drilled borings are summarized on Plates 6 and 7.

Subsurface sampli

Samples of the soil were obtained by pushing thin wall 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 tube were sealed. The Shelby tubes of unfrozen soil
were protected from freezing and were transported in cushioned boxes.

For sand and gravel or for fine grained sotls that were too stiff for a Shelby
tube, the sampling methods consisted of split-barrel samplers advanced into the
sail below the tip of the auger by driving with an above ground hammer. The
CME-75 was equipped with an automatic hammer system. The hammer weighs
340 pounds and has a drop of 30 inches. The drive samples were obtained in a 3-
inch OD by 2.5-inch ID split barrel (samples designated as Sha on the boring
logs). Blow counts for each é-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.
Qccasionally the split barrel sampler was used when soft soil was present, and
the sampler was pushed into the soil by the weight of the hammer (these samples
are designated Sp on the logs).

On shore, larger bulk samples of the soils were sometimes obtained by
retrieving cuttings with the auger flights (designated on the boring logs as Ag for
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auger grab). The ice content and soil type were logged and the samples were
sealed in 5-gallon plastic buckets.

A graphic log of each boring is presented in Appendix A on Plates A-1
through A-37. The soils and ice have been classified in accordance with the
Unified Soil Classification System presented on Plate A-38. The boring logs
show the type of sampler used and the blow counts required to drive the
sampler. Blow counts have not been corrected to Standard Penetration Test
values.

All samples were maintained at their field thermal state during storage in
the field and shipment to the laboratories in Anchorage. Frozen samples were
kept frozen and unfrozen soils were kept from freezing. As discussed above,
samples sensitive to mechanical shock were stored and shipped in foam padded
boxes. Cooler boxes were used to ship other samples.

Laboratory testing

Laboratory testing in Anchorage included primary testing and secondary
testing. The samples were inventoried upon receipt at the laboratory and the
inventory was compared with the field shipping list. A testing program was
developed based on the condition and type of sample and the field boring logs.
Laboratory testing was performed by two different laboratories: R&M
Consultants, Inc., (R&M)} performed the testing of samples from the material site,
and Alaska Testlab (ATL) performed the testing of samples from the pipeline
and island locations.

Primary testing included moisture contents on most samples, salinity tests,
moisture/density determinations on undisturbed samples, visual classification of
samples, and classification tests (sieve analysis and/or Atterberg Limits) and

specific gravity tests.

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 in a
diluted sample and then adjusts the chloride to a sea water salinity on a molar
basis and corrects for dilution.
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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-13. The Summary of Samples also shows measured dry densities,
strength tests, organic contents, specific gravity and classification test results.
Results of the Atterberg Limit tests are shown on Plate B-14, and the results of
the particle size analysis are shown on Plates B-15 through B-27. The results of
the compaction curve and the maximum and minimum dry densities of the bulk
samples from the material site are shown on Plate B-28 along with the particle
size distribution for the tested samples.

Secondary testing was performed by ATL and included triaxial shear
strength and consolidation tests of unfrozen samples. Thaw consolidation tests
had been performed on frozen samples during last year's exploration, but no
suitable samples were obtained this year. Both unconsolidated, undrained
triaxial tests (TXUU) and consolidated, drained triaxial tests (TXCD) 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.

Non standardized testing included three procedures. To provide a lower
bound estimate of the backfill material's weight above the pipeline, remolded
consolidation tests were performed by ATL. Seven individual samples from the
top ten feet of the offshore borings were tested (3 samples from the 1997 borings
and 4 from this year's samples). Also four additional tests were performed on
composite samples that were mixes of materials averaging the soil types through
the depth of the trench. Each of the samples was mixed to a consistency wet of
the liquid limit and placed into a 2.87-inch inside diameter by 4-inch high moid.
The consistency of the samples was on the order of thick batter.

After letting the sample sit for at least two days with it’s top covered to
prevent moisture loss, the bottom two-inch high portion of the sample was cut
and placed in a consolidometer. The sampile was then loaded in steps to about 70
psf, 170 psf and 380 psf and then unloaded to 70 psf and then disassembled.
Time rates of deflections were measured for each load increment.
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All of the data were interpreted using the following steps. The initial height
of sample less the final measured deflection gives the final height of sample. The
total weight of solids at the end of the test and diameter and final height of
sample result in a final dry unit weight. Intermediate dry weights are calculated
for each height of sample. The final moisture content is taken as a given. The
specific gravity is adjusted so that the final saturation is near 100%. This seems
appropriate because of the wide range. of organic content in the shallow offshore
materials. Then all of the intervening moisture contents and total and buoyant
weights are calculated assuming saturation. The buoyant weights are calculated
by subtracting the unit weight of seawater (64 pcf) from the calculated totai
weights. The results of these tests are presented in Appendix E.

R&M Consultants performed two other specialized tests. Samples from the
material site were tested for moisture retention. This test estimates the moisture
content that a gravel fill will retain after it is saturated and then allowed to drain
from its base. This value is useful for the thermal analysis of gravel fills above the
water table. A sample of the sandy gravel is compacted at a moisture content
near optimum in a 1/10™ cubic foot mold to a density of about 95% of the
maximun value. The sample is soaked overnight and then is aliowed to drain
but not to dry on its surface. The sample is weighed at regular intervals over
several days until the weight becomes constant and then the moisture content is
measured. The moisture retention tests are summarized below.

Moisture Retention Test Results

Drained Moisture
Boring Depth Content
D-22 12 ft. 4.5%
D-23 12 ft. 4.4%
D-24 27 ft. 4.3%

The third non-standard test is a sedimentation test. Samples of the material
from the material site were mixed with sea water in a 500 cc graduated cylinder
and then the time for the sand and silt fractions to settle out was measured and
photographically documented. Test results are presented in Appendix E.
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Ground temperatures

A 3/4-inch diameter pipe was installed in eight borings to allow for the
later measurement of ground temperatures: two pipes at the island site and six
pipes along the shoreline crossing. Mike Hendee of DM&A returned to the sites
on April 24, about one month after the drilling was completed and obtained
ground temperature readings in six of the pipes. The pipe in Boring D-3 was
blocked by ice. He also was able to obtain a set of readings in the pipe in Boring
B-1 drilled last year on the tundra above the beachline.

Multiconductor cables with thermistor beads mounted at various intervals
were used to obtain ground temperature readings. For 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. The measured temperatures are
tabulated and graphically presented in Appendix F.
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SITE and SUBSURFACE CONDITIONS

Climate

The project area has an arctic coastal climate. The mean annuai temperature
is 9 °F. Precipitation is light with most occurring during the short summer season
and the fall. Wind is generally from the northeast (N 70° E is the average
dominant direction), but strong westerly and southwesterly winds can occur
during storms. The

——

-X

adjacent plot of mean
WE monthly temperatures for
30°F Barrow (1947 through
20°F 1987) and Barter Island
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10°F 1 that the temperatures
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higher summer
temperatures. The temperatures shown for Prudhoe Bay are warmer in the
summer than either of the two coastal villages, but the difference could also be
due to the difference in the period of record.

Geologic setting

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
leve] 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
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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 be about three meters per year
between Heald Point of the Sagavanirkiok River delta and Tigvariak Island
(Hopkins and Hartz, 1978). In the surf zone, the peat blocks are subject to further
destruction by wave and ice processes. Therefore, it is believed that 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, the "boulder
patch”. Pleistocene soils include the Flaxman formation and marine, beach and
alluvial deposits. In the borings drilled for this exploration, the offshore
Holocene sediments generally consisted of lagoonal and deltaic deposits (silt and
organic sitts) with some sandier beach and shoal deposits. In the deeper water, a
Holocene marine sediment is present. The Holocene sediments are generally
thin and are sometimes missing. The Flaxman Lag (the material that forms the
“boulder patch” environment) was not found in any of the 1997 or 1998 borings.

The uppermost layer of the Pleistocene deposits, the stiff plastic silt and
clay is present under much of the deeper offshore area and is part of the Flaxman
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
Flaxanan boulders, are characterized by mineral constituents foreign to the
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geology of Alaska. Some of the rock has been traced to bedrock in the Canadian
shield. Itis believed that the Flaxman bouiders 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 Flaxanan formation remains as a lag deposit of cobbles and
boulders and forms the “boulder patch” environments. However, unless the
location is an erosional setting, the surface boulders and cobbles associated with
the Flaxman Lag should not be present. At all of the borings drilled at the island
and along the pipeline, the Flaxman formation was blanketed by soft Holocene
soils.

Subsurface conditions at the island

The soils at the island can be divided into three primary layers: the upper
Holocene non-plastic silt, the intermediate Pleistocene clayey silt and the
underlying granular sand and gravel. As shown in the following table that
summarizes the conditions found at the island, additional layers of silty and
organic material are interbedded at some locations in the deeper sand and

gravel.

Summary of the holes drilled at the Island
Boring | Soil Conditions (depths are in feet below seafloor)

D1 | O4softSILT (ML) 4-18 stff Clayey SILT (MH), 18-52 loose to
medium dense Sandy GRAVEL (GP)

Do | 045 soft SILT (ML), 4.5-20 stiff Clayey SILT (MH), 20-23.5 Silty
SAND (SM) w/ stiff Organic SILT (OL), 23.5-57.5 medium dense
Silty Gravelly SAND (SM)

D3 | 0-6soft SILT (ML), 5-19 stiff Clayey SILT (MH), 19-53 medium
dense SAND (SP) w/ some Gravel _

0-5 soft SILT (ML), 5-21.5 stiff Clayey SILT (MH), 21.5-23 stiff

D-4 Organic SILT (OL), 23-50 medium dense SAND (SP) and Sandy
GRAVEL (GP)
ps | 0-35 soft SILT (ML), 5.5-20 stiff Clayey SILT (MH), 20-25.5 medium

dense Silty SAND (SM), 25.5-37 medium dense Sandy GRAVEL
(GP), 3742 very stiff Sandy SILT (ML), 42-74 medium dense
Gravelly SAND (SP) AND SANDY GRAVEL (GP)
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during a low sea level stand when the materials were exposed to subaerial
conditions. As the sea level rose during the end of the last ice age, the materials
were warmed by the sea water to a temperature near the freezing point of sea
water. Salt diffused into the soil and depressed the freezing point allowing much

of the ice in the soil to degrade.

Frozen ground was found in three of the borings (D-2, D4 and D-5} at the

island at depths of about 21 to 25 feet. The
frozen material consisted of ice bonded sand
immediately below the stiff clayey silt layer. No
visible ice was observed, but the consistency of
the material notably changed when the samples
were allowed to warm in the drill enclosure.
The marginally frozen layers were only a
couple of feet thick.

The adjacent plot, compares the freezing
point of the soils beneath the island location
with the temperatures measured in Boring D-1.
The freezing point is assumed to be linearly
related to the measured salinity of the pore
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fluid (0.1° F freezing point depression per 1 ppt salinity). The slightly lower
salinities with depth suggest that the ground is cold enough to be partially
frozen in the sand and gravel deposit. However, sampling blow counts in the
sand and gravel were generally low to moderate and indicate that little if any
frost bonding is actually present.

Subsurface conditions along the pipeline

Soils along the pipeline vary from the conditions described above at the
istand to sand and gravel near the shoreline. The conditions are shown on the
cross sections presented on Plates 3 and 4.

From the island (Station 0+00} to just south of Boring D-6 (Station 26+00),
the seafloor is relatively flat and appears to be underlain by conditions similar to
the island. The geophysical record suggests that the soft layer might pinch out to
the south. But at Boring D-6 we still found six feet of soft silt although the layer
contained more sand lenses than at the island and a 3-foot thick layer of silty
sand was between the base of the silt and deeper stiff clayey silt.

From Station 26+00 to Station 158+00 the seafloor rises gently from -22 feet
to -15 feet. Soil along this section consists of sand, silty sand, with some soft silt
and many pockets and layers of peaty soil. An offshore shoal is at Station 73+00
and consists of a uniform fine-grained, clean sand. The shoal is 4.5 feet thick at
Boring D-8 and, from the geophysical record, appears to extend along the
alignment for about 1400 feet.

From Station 158400 to Station 186+00 the seafloor rises from -15 feet to -7
feet, only a gradient of 0.3% but still a rather abrupt slope for the offshore setting.
This break in slope might represent an intermediate coastline when the last major
sea level rise occurred. The shoal at Station 73+00 could be a remnant from wave
action occurring when the sea level was at this lower position. Boring D-12 on
the slope shows silty sand interbedded with medium stiff silt to the pipe burial
depth of 10 feet. Stiff silt is found below that depth and then sandy gravel ata
depth of 16 feet.

From Station 186+00 to the shore transition, about Station 316+00, the sea
floor rises only 3 feet. Throughout this section the dominant material is silty sand
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Subsurface conditions at the shoreline

Soils at the shoreline transition consist of thin surface layers of sand and soft
silt with the underlying sand and gravel at shallow depths of 5 to 6 feet. Boring
B-2 was drilled in 1997 on the beach

Moisture Content
and found frozen material to the full 0% 5% 10%  15%  20%
depth of the hole (31 feet). In 1998 we of ‘ ‘ ‘ '
drilled intermediate holes starting St
halfway between Boring B-2 and 1011, - 0®® ° .
Boring D-18 (4.4 feet of water). 15 ft. o ® @0
Relatively uniform water depths of 4.5 20 ft. | P
to 4.0 feet were found up through 25 it. | 000
Boring D-21 drilled only 230 feet from a0 1. | 0 4
the beach. The soils in Boring D-21 sl
were frozen but only marginally so; w0 ] o TEHJ
considerable heave occurred up into i ] | @ Unfrozen.

the auger when sampling at several
locations. At Boring D-27 drilled where 2.7 feet of sea-ice was hard frozen to the
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bottom, the soil was well frozen. The chart on the preceding page compares the
moisture contents for the unfrozen soil and frozen soil samples from below a
depth of six feet. Except for the silty sand sample from Boring D-27 at 12.5 feet
with a moisture content of 18.7%, the frozen samples have moisture contents
essentially the same as the unfrozen materials. This suggests that the frozen
gfanular materials have little if any thaw strain potential.

The ground temperatures through the transition are shown in the following
plot.

Ground Temperaiures measured April 24, 1998
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Subsurface conditions onshore

The subsurface conditions onshore are known from the 1997 drilling at
Boring B-1 and B-1a and the drilling for the Badami pipeline about 1.5 miles to
the south of the shoreline. Upland areas between the major river channels are
underlain by fine-grained surface deposits over granular alluvial material. A
typical soil profile consists of an organic surface layer over silt that in turn
overlies sand and gravel/sand mixtures.

The organic surface layer varies from a few inches thick to many feet thick
and is made up of the tundra mat and lake sediments that have mixed to varying
degrees by frost action (cryoturbation) with the underlying mineral soil. A non-
plastic silt is commonly found beneath the organic layer. The silt is underlain by
sand and silty sand and mixtures of sand and gravel. The gravel content tends to
increase with depth.
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The upland soils are well frozen with ground temperatures considerably
colder than the permafrost at the shoreline or under the river drainages. The
near surface organic and silty soil is frequently ice rich. Thick (>1 ft.) layers of
ground ice are sometimes present. Polygonal ground is common throughout the
area so ice wedges are expected to be encountered along much of the onshore

pipeline route.
Proposed material source

The material site is in the floodplain of the Kadleroshilik River. The surface
cover is thin to nonexistent at the site. The underlying material consists of sand

Moistura Content Satt Co and ,:gravel with
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siltier materials. As shown in the summary of all the gradations of samples from
the material site, some lenses of fine-grained sand and silty sand are present.
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GEOTECHNICAL PROPERTIES

The island site

The three primary layers at the island have distinctly different
compressibilties and strengths. The upper Holocene non-plastic silt is soft and
compressible and normally consolidated (it has only experienced the weight of
the overlying sediments). The intermediate Pleistocene clayey silt is stiff to very
stiff and is overconsolidated. The underlying granular sand and gravel is Ioose to
medium dense, and the material will compress elastically, and most of the
resulting settlements will occur as the load of the island is applied.

The following table summarizes the consolidation tests performed on the
offshore fine grained materials and includes last year's data. "Cc" is the modified
compression index, and "Cr" is the modified recompression index.

____Summary of Consolidation Tests
Boring Depth Soil Type Geology  Moisture  Density "Cc" "Cr*
D-1 i0 ML Hclocene 44.8% 76 pcf 0.11 0.02
D-1 5.5 MH Pleistocene 30.6% 93 pcf 0.11 0.03
D-1 10.8' MH Pleistocene 31.2% 90 pef 0.14 0.03
D-1 155 CH Pleistocene 31.1% 90 pcf 0.14 003
D-2 1.6 ML Holocene 46.1% 74 pcf 0.12 0.m
D-2 6.5' MH Pleistocene 28.6% 94 pef 0.12 0.03
D-3 11.7 MH Pleistocene 30.9% 91 pef 0.12 0.02
D-3 16.5 MH Pleistocene 32.8% 88 pcf 0.13 0.04
D4 40 ML Holocene S1.3% 70 pcf 0.17 Q.02
D-5 30 ML Holocene 52.8% 69 0.15 0.02
D5 81 MH Pleistocene 26.9% 96 pcf 0.09 0.03
I-1 3.0 ML+OL  Holocene 50.9% 65 pcf 0.27 0.08
I-1 55 ML Pleistocene 29.6% 93 pct 0.12 0.04
1 By MH Pleistocene 35.0% 85 pcf 0.17 0.04
12 9.7 ML Pleistocene 28.6% 99 0.18 0.06
I3 2.5 ML Holocene 283% 97 pcf 0.08 0.02
I3 75 MH Pleistocene 32.4% 91 pcf 0.12 0.03
I3 125 ML Pleistocene 362% 86 pcf 0.20 0.04
I3 200 ML Pleistocene 28.2% 94 pef 0.11 0.02
I4 20 SM Holocene 32.0% 95 pof 0.04 0.01
14 22.0' MH Pleistocene 28.7% 90 pcf 0.13 0.02

Uniaxial consolidation tests were performed on 11 "undisturbed” samples
from the island site. The tested samples of Holocene material show a modified
compression index, "Cc", of (.11 to 0.17 with an average of 0.14. The
overconsolidated materials associated with the Pleistocene formation show a
modified recompression index, "Cr”, of 0.02 to 0.04 and average 0.03.
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The strength tests also show a large variation between the Holocene and
Pleistocene materials. As the chart below indicates, the shallow silt is soft with an

average shear strength
TX(UU) Shear Strength of only 350 psf. The
. ﬂ{_] pet 1000 pst 2000 pst  3009PS TYUU tests of the
3 Pleistocene clayey silt
5 ft. - oo show shear strengths as
. low of 1370 psfand an
10 ft. o average 1780 psf.
15 ft. - The TXCD data
oHolocene o« * show similar strength
20 ft. - @ Pleistocene envelopes for both

materials. The two tests
of each material each indicated an angle of intemal friction of 29° to 31° and each
had a cohesive intercept of 400 psf. TXCU tests reported by HLA in 1981 for the
soils at nearby Tern Island show that the soft to very soft silt and organic silts
have undrained shear strengths of more than 1000 psf after being consolidated

_ with pressures of 2000 to 3000 psf.
Sampling Blows per Foat
0 20 40 60 8D
ot : : . : The sampling blow counts shown in

160 | the adjacent plot are for the Sha method in
wonlo o the deeper sand and gravel (and silty sand)

O’ o below the Pleistocene clayey silt. Based on
sofy o %? the difference in sampler annulus and
0% q o © hammer weight, the biow counts probably
sof.{ % o © oo o o have to be increased by 180% to be
60 i | © o equivalent to SPT N-values. However, the

o increased efficiency of the automatic

or] o hammer compared with a hammer
sot- operated with rope and cathead also

requires another adjustment; our
experience suggests the blow counts from the automatic hammer are about 2/3s
the SPT cathead value. Therefore the N-values would be 2.5 to 3 times the values
shown on the logs or the adjacent plot. With this correction, most of the sand and
gravel is medium dense to dense. Based on the materials similarity to the sand
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and gravel found onshore, we estimate the unfrozen granular gravelly material
has an insitu dry density of 125 to 135 pcf and an angle of internal friction of at
least 37°.

The critical soil properties along the pipeline route are the stability of the
material to the depth of the trench and the density of the material when it is used
as backfill over the pipe. The stability of the soils has a direct bearing on the
quantity of soil that has to be excavated to construct the trench. The worst
condition is the fine-grained, uniform, clean sand found at the shoal at Station
73+00. These sands are expected to flow into the trench as the material is
excavated and result in very flat side slopes. However, most of the route crosses
siltier mixtures of sand, and the trench walls will stand at steeper slopes.

The material from the trench will be used to backfill the pipeline. When the
pipeline is operational, the heat of the product will cause the pipe to expand, and
the weight of the backfill will be the primary restraint to keep the pipe from
buckling upward in the trench. To evaluate the buoyant weight restraint, we
tested remolded soils from discrete samples in the top ten feet of soil.

Summary of Remolded Buoyant Weight Tests

Field Lab Buoyant @ 380
Sample Moisture | wt. @ 170 psf psf comuments
Boring -3 @7.5 - shury | 32.4% 2pcf@520% | 43pcf
Boring -3 ® 7.5 - chunks | 32.4% £2pd @51.6% | 43 pef
Boring B-3 @ 2.5 83.8% 25pcf €88.6% | 26 pef 4.3% organic content
Boring D-9 @ 6 56.6% S5pcf@62.1% |39 pcf 13 to 14% organic content
Boring D-10 @ <10’ 39pcf @46.3% | 39pcf | 5.1% organic content
Boring D-13 @ 2.5' 416% 45pcf@426% | 46pcf | 4.2% organic content
Boring D-15@& S' £3.8% 43pcf@475% | 45pci | 6.0% organic content
Boring D-7 @ (' 10 10’ combined | 53 pcf @334 % | 55pcf 3.6% organic content
Boring D-9 @ 0' to 10’ combined | 44 pcf@48.1% | 46pcf | 7.3% organic content
Borg.\gs D-10&D-14@6" | combined | 34pcf@725% | 35pcf 10.3% organic content
tol
Boring D-18@ 0055 | combined | 41 pcf@500% | 42pcf | 5.4 % organic content

The values from the tests are summarized in the preceding table for the
intermediate consolidation load of 170 psf + 10 psf, and for the highest load, 380
psf £ 20 psf. The samples from 1-3 and B-8 (last year's borings) were used to start
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the testing before this year's fieldwork was completed. All of the values reflect
the buoyancy of seawater {64 pcf).

The last four tests were on composite samples of the material from the top
ten feet of the trench section. The combined sample from D-7 consisted of 70%
silty sand from the upper portion of the hole and 30% plastic silt from the lower
3'. The combined sample from D-2 consisted of 30% silt, 10% organic siit and 60%
nonplastic silt w/ peat from the lower 6'. Samples from Borings D-10 and D-14
were combined to simulate the expected proportions from a 10' trench. The
combined sample consisted of 60% silty sand, 20% organic silt and peat and 20%
black silt (high moisture content). The combined sample from D-18 consisted of
10% fine sand, 10% nonplastic silt and 80% mix of organic silt and silt w/ some
wood fragments.

The sample from B-8 @ 2.5 represents the lowest density of the non-plastic
silt. These silts from deeper water contain a diffused, amorphous organic matter
that is different than the organic samples that contain fibrous material. This type
of soil is related to the soft, surface layer which is less than 6 feet thick. Based on
last year's data from the A and B alignments, only 5 of the 126 tested samples
from the top 12 feet had moisture contents above 60% and only 2 of those
samples were silts (found @ depths of 2.5 and 4.5 feet).

The moisture contents of this year's samples from the island and pipeline
borings are plotted by soil type on the following page. Only one of the non-
plastic silt samples has a moisture content in the 80% range (Boring D-6 @ 1) and
the sample only 1.5 feet deeper had a moisture content of 35%. A high moisture
content silt material (69% at a depth of 9 feet in Boring D-10) was included as
part of the composite sample from Borings D-10 and D-14. That sample also
included peat material. The organic samples (peats and organic silts) have high
moisture contents, but as seen from the tested samples, they do not have as low a
buoyant weight after consolidation as the high moisture content coze. The
weight of 25 pef appears to be an extreme condition and not one that would
occur throughout the depth of the trench at any given location.



BPXA-T.iberlyDevelopmentGeoteduﬁcalExploratiOn Duane Miller & Associctes
July 6, 1998
Page 27
Molsture Content Moisture Content
B 20% 40% 60% 80% 100% 120% 0% 20% 40% G6O% BO% 100% 120%
oﬂ. i ge 2 1 M . N N N
© D on [V 0] J
Q0
21 4 21ft
o % 2
41t c"cs o 41 o
Ogm
61t 61 | g
O
o
Bf . 8ft DO o
< 's] 0
10R 4 [ 101t
o Lo} [»
Non-Plastic Sii Dryanic Sails
121t el 12 1t
Moisture Content Moisture Content
0% 20% 40% 60% 80% 100% 120% %% 20% 40% 60% 80% 100% 120%
oﬁ. " i L a . Oft .H " i M
2t 24 ] o
L=
o]
4% . 41 4 a
q o
&t J aft | oo
% o
Q Q
8t 4 % Bit 4
L+
4 101t . o (o]
10 L Oag
Moistire Content
0% 20% 40% 80% 100% 120%
th____.oq_- o o L
o]
24 4 O
41t 4 Lo
61 -
=]
8t -
Q
101 Fa § i } i
Moisture contents of samples from the top 12
28 SandGravet| feet below sea floor in Borings D-1 through D-19.




BPXA - Liberty Development Geotechnical Exploration Duane Miller & Associates
July 6, 1998
Page 28

The material source

The sand and gravel from the material site

Fines (P#200) Content
nes has moderate amounts of silt fines (material

0% 10% 20% 30%

ot passing the #200 sieve), but as shown in the
: accompanying plot, some zones are silty (>12%
1 o 00 fines). The material has a thawed density
20 ft. 1 similar to other projects completed on the
3 ° o North Slope. The measured maximum dry
30 ft o densities for the Liberty material site (see Plate
w0t B-28) vary from 140 to 143 pcf. The minimum
unfrozen dry density varies from 118 to 120 pcf.
50 ft. 4 For comparison the material from the Duck
©o o Island pit used fo construct the Endicott project
60 ft. j Material Sit

had an average maximum density of 138 pcf
and a minimum dry density of 118 pcf. The
material from the Kuparuk River pit used to construct Seal Island had a
maximum dry density of 137 pcf and a minimum dry density of 116 pcf.

In 1981 HLA did a series of triaxial shear strength tests on remolded
samples of material from the proposed pit at Shell's Site 2. The plus #4 material
was removed and replaced with coarse sand and the samples were remolded at a
range of relative densities from 0% to 70%, very loose to dense. The five
consolidated-drained shear strength tests showed an angle of internal friction, &,
varying from a low of 39° to a high of 42°.
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ISLAND DESIGN AND PERFORMANCE
Construction of the island

The island will be constructed in the winter. Frozen gravel will be mined at the
onshore material source, hauled to the island site and then dozed through holes

cut in the sea ice.
Joe of siand @ -21:10 -23'

40:1 slope 40 wide bench’
3:1 slope
Topoflsland@+15
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When the sand and gravel fill is placed during cold winter conditions, much
of the material flash freezes when it is pushed into the water. This results in dry
densities lower than the minimum dry density of the unfrozen material and less
infusion of sea water than if the material were unfrozen. Because of the flash
freezing, the fill slopes can become quite steep during the winter construction.

During the first summer, the side slopes and the surface of the fill will thaw
from warmer air and seawater temperatures. As the side slopes thaw, they will
slump to an angle of repose which is strongly effected by wave action. Material
will also be reworked by the contractor so that the geometry of the island is
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created by flattening the winter slopes to the desired 3:1 inclination with the
intervening bench. Much of the reworked sand and gravel fill will also be
thawed during the reshaping of the island.

Measured Frozen Dry Density
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max.unfrozen density = 137 pcf

The preceding plot shows the measured densities of samples recovered
from Seal Island during March and April 1997. The data provides a basis for
estimating constructed densities in the island. The cores from Boring NS-1 were
obtained with a CME "Continuous Core" system. The samples from NS4 and
NS-5 were larger chunk samples obtained in test pits. The densities were
determined in the field by weighing the sample in air and then after sealing the
surface with ice, weighing the sample when submerged in chilled diesel and
using the Archmides principle to determine the volume.

Boring NS-1 was located in a location that had not been disturbed or
thawed since the island was originally constructed. The lower portion of NS-5 is
also in an undisturbed condition. N5-4 was dug in fill that had been reworked
during the decommissioning work when the erosion control gravel bags were
removed from the island during the summer.

Slope stability of the island

The steep slopes resulting from the winter construction of the island will be
the most critical slope stability condition. If the slopes were to fail, the result
would be a displacement of the five to six-foot thick soft silt and would result in
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a local area of thicker fill. Such a failure would not impair the function or
performance of the island but would require more fill material for construction
of the island. The failure would occur during construction so the need for
additional material would be obvious when material could still be hauled over
the ice road.

For an initial evaluation of the slope stability of the steep winter slopes we
have used the Janbu chart solution. This method is conservative since it assumes
the strength of the soil in the slope is the same as the material under the slope.
With an average shear strength of 350 psf
in the 5 to 6 feet of material immediately
A Y g%g‘;fsf beneath the fill and with the fill placed to

6=0 the level of the ocean, a siopeof 0.75H to 1

&' # V (B < 53°) will have a factor of safety of
TTTTITIITI7ITTT777777777  areater than 1.5.

If the fill was placed to the full height of the island at this same steep slope
the underlying soft layer would probably fail. Therefore, the island can be
constructed with the steep slopes up to sea level, but the portion of the fill placed
above sea level should be constructed behind a bench at least 30 feet wide
between the toe of the higher fill and the top of the steeper, below water slope.

After the fill has been in place and consolidated the underlying soft layer,
the base will gain strength and the factor of safety will increase. As shown by the
HLA TXCU testing at Tern in 1981, the consolidated silt and organic silt will
have an undrained shear strength of at least 1000 psf. Flattening the slopes
during the summer after winter construction will also increase the factor of
safety.

Settlement of the island

Settlement of the island will result from four main causes: 1) consolidation
of the fine grained soil under the weight of the island, 2) elastic compression of
the deeper granular soils, 3) thaw settlement of frozen fill, and 4) creep
settlement of frozen fill.

Both the Holocene and Pleistocene silts beneath the island will contribute to
the settlement from consolidation. For the Holocene sediments we have used a
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compression ratio, "Cr", of 0.14. For the overconsolidated Pleistocene clayey silt a
recompression ratio of 0.03 was used for the analysis. With the full weight of the
island, the settlement due to consolidation will be about 12 inches from the
Holocene layer and an additional 6 inches from the Pleistocene clayey silt.

Elastic compression of the underlying sand and gravel will add a few inches
to the settlement of the fill but it will not be noticed since it will occur essentially
as the fill load is applied.

Thaw settlement of frozen fill will be the most obvious of the settlements.
When the fill is placed in the winter it will have a dry density similar to the
material at Seal Island, about 105 pcf when frozen. Based on tests performed for
the design of the Endicott project, we estimate that when the material thaws it
will collapse about 10%. This would result in 6 inches of thaw settlement per 5
feet of thaw. For the surface materials that thaw during the summer, much of it
will also be subjected to wheel loads or to water pulses from wave action, both of
which will cause further compaction. Consequently, we conclude that a foot of
thaw settlement should be assumed for the first year of summer thaw.

Thaw settlement in the area effected by the line of production wells will
extend through the full thickness of the island, a total thickness of almost 40 feet
(23 feet of water + 15 feet of freeboard + 1.5 feet of consolidation). Thaw
settlement in the area of the producing wells will be on the order of 4 feet: With
vibratory loads, the total could increase to 6 feet or more.

Creep settlement of frozen fill will occur at a small rate but probably on a
continuing basis for the life of the island. At Tern Island, creep settlements of up
to 3 inches were measured in the first year after construction. Long term creep
rates are expected to be fractions of an inch per year. An evaluation of creep
settlement is currently being made for the project by Sandwell, Inc.

Geotechnical monitoring of the island

The geotechnical performance of the island should be monitored. The
monitoring program should include periodic level surveys of surface marks and
footings so that the total amount and rate of settiement can be determined. The
distribution of settlement within and under the island should be determined
using a Sondex® system or multi-position borehole extensometers (MPBX).
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Ground temperatures through the island and into the seafloor should also be
measured at representative Iocat:ons to determine the extent and rate of
warming and thaw caused by the production wells.
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Bor. Pipe Date of As-dﬂlled ASP  Ag-drilled ASP Water  Total Total l:’:::xl\:‘-l Depth to

No. Location of hole Station  Drilling Zone 3 Easting Zone 3 Northing Depth Depth* Pipe Pipe frost  Frozen

D-1 Island 3/19/98 307,231 5,953,966' 2.7 52.0' Y 75 ne ne

D-2  [sland 3/19/98 307,370° 5,954,036' 23.0' 52.5' N marginal  21'-22'

D-3 Island 3/19/98 307,508’ 5,954,494' 21.6' 53.0' Y 78 ne ne

D-4 Island 3/20/98 307,227 5,954,428’ 2.3 50.0° N marginal 21,5-23'

D5 BlndandPlpeline g,00 372098 307,360 5,953,638' 20 40 N marginal 2225

D-6 Pipeline 22421 3/20/98 306,137 5,951,973 21.5 17.00 N ne ne

D-7 Pipeline 46451 3/21/98 304,822 5,949,930 18.5' 315 N ne ne

D-8 Pipeline 72470 3/21/98 303,399 5,947,719 149 30.5' N ne ne

D9 Pipeline 103418 3/ /98 301,760 5,945,160 17.00 17.0 N ne ne

D-10 Pipeline 125+88 3/21/98 300,524 | 5,543,265' 16.5 15.00 N ne ne

D-11 Pipeline 136439 3/21/98 299,951 5,942,37¢' 15.0° 20.5' N ne ne

D-12 Pipeline 165+32 3/21/98 298,389 5,939,929’ 129 320 N ne ne

D-13 Pipeline 187476 3/22/98 297,180 5,938,050' 72 1By N ne ne

SUMMARY OF BORINGS s

Eé’; &Zﬂ:ﬂ%igssocims Liberty Development 6

July 1998 Beaufort Sea, Alaska



Bor. Pipe Date of  As-drilled ASP  As-drilled ASP  Water  Total Total ?’:::'lea(-l Depth to
No, Location of hole Statlon  Drilling Zone 3 Easting Zone 3 Northing Depth Depth* Pipe Pipe frost Frozen
D-14 Pipeline 207+87 3/22/98 296,078' 5,936,367 7.2 30.5' N ne ne |
D-15 Pipeline 237427  3/22/98 294,480' 5,933,900 6.0¢ 165 N ne ne
D-16 Pipeline 259154 3/24/98 293,273 5,932,037 5.3' 3.0 Y 37 ne ne
D-17 Pipeline 281+32 3/26/98 292,093 5,930,207" 45 16.8' N ne ne
D-18 Pipeline 302+51 3/26/98 290,954 5,928 42¢4' 44 300 Y 33 ne ne
D-19 Shore Crossing 311452 3/26/98 290,451' 5,927,664’ 45 295 Y 32 ne ne
D-20 Shore Crossing 316403 3/26/98 290,204' 5,927,286’ 42 29.5' Y 3¢ ne ne
D-21 Shore Crossing 318429  3/26/98 290,083' 5,927,097 4.0 7 Y M yes 9.5
D-22 Material Site 3/22/98 298,554 5,921,056' onshore 64.7' N yes 0.0’
D-23 Material Site 3/22/98 297 510 5,920,350' onshore 504’ N yes oo
D-24 Material Site 3/23/98 298,100 5,920,226' onshore  64.5' N yes 0.0
D-25 Material Site 3/23/98 298,680' 5,919,850' onshore 515 N yes 0.0
D-26 Material Site 3/23/98 297,671 5,919,409’ onshore 630° N yes 0.0
D-27 Shore Crossing 319+44 3/26/98 250,029 5,927,000 2.7 30.5' Y 33 yes 0.0
* Total depth is below the seafloor, ne = not encountered
SUMMARY OF BORINGS s

Duane Miller & Associates
Job No. 4119.23

July 1998

Liberty Development
Beaufort Sea, Alaska
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APPENDIX A - Logs of Borings



DUANE MILLER & ASSOCIATES Logof HOLE: D-1

Project: Liberty Date Drilled: March 19, 1998
DMBA Job No.:  4119.23 Contractor: .  Discovery Drilling/CATCO
Logged By: W, Philips, P.G. o = Rig Type: CME-75 on sled w/ hollow stem
= £ 2., Water Depth: 22.7' lca Thickness: 4.2°
£ Moisture Content % (), Salinity (A) 2 c-S% g Elevation: —
T and Biow-Counts (o) E B EEed 307231'E 5953,966N (ASP)
0 20 40 60 >80 P200  OtherTests O woJde Description
l.g | Dd=78 pet, PI=NP | Tw SILT: (ML) Dark gray o black, soft
. TXUY 340(1000)
* TXCD 1910{1000
TXCD 2000/
Con
CLAYEY SILT: (MOI;I) Dark gray, stiff,
’ oo, | Tw plastic, w/ lenses of plastic Clay {CH)
PO PI=20,
® TXUU 1 1000
TXCD 1 1000
TXCD 2590(2000
Con
! TXU!J?r:g’Uﬂ 000) ™
Dd=00 pef, LL=51,| Tw
$ Pl=25, pet
TXUU 1730(1000)
Con |
~ L SANDY GRAVEL: {GP) Gray, loose,
1 [elele gravel is subround to round to <1.5" size,
- 20 _ B, sand is medium
o® 4 7% |54 Sha i:
I 25 ||
d Aé; Sha l‘:
e
0|
| ] o] A Sha 2
Interbedded w/ 6°-12"° layers of Sand (SP)
Boring D-1 is continued on Plate A-2
Duane Miller & Associates 10G OF BORING D-1 Plate
Apctic & n Heern H
Job No: 4119.28  — oreennd Liberty Development A-1
Date: July 1998 Beautort Sea, Alaska




Date: July 1998

DUANE MILLER & ASSOCIATES :D-
Project: Liberty Date Drifled:  March 19, 1998
DM8A Job No,: 411823 Contractor: Discovery Drilling/CATCO
Logged By: W. Phillips, P.G. o = Rig Type: CME-75 on sled w/ hollow stem
ey S 3. Water Depth: 22.7  ice Thickness: 4.2'
" Moisture Content % (#), Salinity (4) 2 c-3E g Clevaton: —
and Blow-Counts {0) E § £s8 82 307,231'E 5,953,966'N (ASP)
0 20 40 60 >80 P200  OtherTests & %9 _Description
FHH SANDY GRAVEL: (GP) Gray, loose,
O gravel is subround to round to <1 5 size size,
Qhe Sha ana \sand is medium
0 ORGANIC SILT: (OL) Dark brown, stiif,
interbedded w/ fine sand {SP)
SANDY GRAVEL.: (GP) Gray, medium
dense
Fine grained Sand {SP} at 51'
oA
: 1 Installed 1* diameter closed black iron pipe
1 to 52"
_: 55 _|
60 _|
85 _|
70 _
75 .
; g0 _ |
| Duane g Miller & n@;sg:g-ates LOG OF BORING.D-1 cont. Plate
Arctic & ineering Liberty Development -
Job o A Beaufort Sea, Alaska A 2




DUANE MILLER & ASSOCIATES | Logof HOLE;: D-2

Profect: Liberty Date Driled:  March 19, 1998
DME&A Job No.: 4119.23 Contractor: Discovery Drilling/CATCO
Logged By: W. Phillips, P.G/T. Culkin, Geologist [ . Rig Type: CME-75 on sled w/ hollow stem
- g F - Water Depth: 23.0° lco Thickness: 4.8
e . . =82 « Elevation: -
+ Moistura Content % (%), Salinity (A) 2 £8% o
‘ and Blow-Counts (0) € B EEF2S 307,370E 5954,036'N (ASP)
O 20 40 60 >80P200 OtherTess & o°®9-% Description
J ' SILT: (ML) Dark gray, soft
o PI=NP, Dd=76 |Tw
| @ pef,
TXUU360(1000)
Con 260
CLAYEY SILT: {MH) Black, stifi, plastic
Dd=94 pcf, Tw
| TXULU2520(1000)
Con
LL=51, Pl=22, Tw
® Dd=93 pcf
Sha
o
- ‘| SILTY SAND: (SM) Brown, stiff, w/ trace
® 44.0% [ MA Sha i gravel, interbedded w/ Organic Silt (OL),
(o} Sl sand beds are marinally frozen
S HHE SILTY SAND: (SM) Gray, Gravelly,
25 |44 medium dense, Gravel is subround to
Ar round to <1.0" size
15.0% | MA Sha Il :l:
[ J (o) 0000
4 :
11.0% [ MA
L o) Black, interbedded w/ Sand (SP-5M) w/
trace organics @ 32"
’ Interbedded w/ layers of Silt (ML) beiow 36"
e
|
l Boring D-2 is continued on Plate A4
| Duane Miller & Asgci_ates. LOG OF RORBING D-2 P
Job Nci: 41 19.23'“::élj ngmeenng Liberty Development A_3
Date: July 1998 Beaufort Sea, Alaska
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DUANE MILLER & ASSOCIATES Logof HOLE: D-2cont.
Project: Liberty Date Orilted: ~ March 19, 1998
DMEA Job No.: 411823 Contracior: Discovery Dnling/CATCO
Logged By: W. Phitlips, P.G/T. Cukkin, Geologist | - Rig Type: CME-75 on sled w/ hollow stem
& 85 Water Depth: 23.0°  lce Thickness: 4.8'
: - e =22 c Elevation: -
3 Moisture Content % (+), Salinity (4) 2 £8% § -
and Blaw-Counts (0) E EBSEZE 307,370 5954,096N (ASP)
0 20 40 60 >80 P20 OtherTests % o~ ® <~ Description
aHy SILTY SAND: ssm Gray, medium dense,
o 2B.0% |MA Sha he trace gravef, w/ thin Sand (SP-SM) layers
o | EEE
o) :
* 31.0% | MA,Dd=110 pcf :
50 :
5.0% |MA Sha :
o® :
55 _|
Sha
bt Dd=118
¢ O 16.0% | 1o P
:
60 _|
65 _]
70 _
75 ]
80 _1 |
Duane giller & Assgciat%. LOG OF BORING D-2 cont, Plate
Arctic 1 -
Job No.: 411923 o Liberty Development A-4

Date: July 1998

Beaufort Sea, Alaska



Date: July 1998

DUANE MILLER & ASSOCIATES Logof HOLE: D-3
Project: Liberty Date Driled:  March 19 & 20, 1998
OMEA Job No 4119.23 Contractor: Discovery TCO
Logged By: T. Culkin, Geologist o = Rig Type: CME-75 on sled w/ hollow stem
g 3. o Water Depth: 21.6°  Ice Thickness: 4.3’
% Molsture Content % (+), Salinity (A) 2 - gz § FElevaton -
# and Blow-Courts (o) £ 85 Z2P 307,508 5.954,494N (ASP)
O 20 40 60 >80 P200  OtherTests @ “we- Description
SILT: (ML) Gray, w/ trace fine Sand (SP),
Tw soft
. o SES3 Plezs, (T CLAYEY SILT: (MH) Gray, stiff, plastic
f | ™¢wu 2010(1000)
: Dd=01 pef, Con | Tw
- Dd=91 pf, Tw
L TXUU 1510
{1000} Con
S SAND: (SP) Gra¥. w/ trace organics
Sl material and shelt fragments, some fine
[ Sha et subround to round Gravel, medium
26 A el dense, 12" layer of gray Sitt (ML) at 21*
42% |SA Sha S
® |A N
o SN
Sha BN
oA .
o I
as _| [0 ,
50 Inmterbedded Silty Sand (SM), 35 1o 46
Sha e
5 e
40 Tl | {Boring D-3is continued on Plate A-6
Duane Miller & Aaslsggates. LOG OF BORING D-3 Plate
Arctic nic mneen
Job No.: 4119.23 " Liberty Development A'5

Beaufori Sea, Alaska




DUANE MILLER & ASSOCIATES LogofHOLE: D-3 cont.
Project: Liberty Date Drilled: March 19 & 20, 1998

DMEA Job No.: 411923 Contractor: Discavery Drilling/CATCO
Logged By: T. Cuikin, Geologist Rig Type: CME-75 on sled w/ hollow stem
Water Depth: 21.6°  lce Thickness: 4.3’
Elevation: -

307,508°E 5,954,494'N (ASP)
Descriot

) Moisture Content % (), Salinity (A)
and Blow-Counts (o)
0 20 40 60 >80 P200 Other Tests

Graphic
Log
Frozen

Sample type
Samples

s|:>|apth (feet)

SAND: {SP} Gray, dense below 46",
interbedded w/ Silty Sand (SM)

g

®
o ;

Sha

T e
@ & & % A % m OB OB RN YRR T ESEEEEEE RS

L T T T R “ow o om o Por e s
= w % ® o m om oE E ® E ®E®=mE®=E®=2E®=S@=®=2m&3====2®8&8~8

R T T T T T

Installed 1" diameter closed black iron pipe
1 10 52

Rm"aﬂg gmﬂ\ssocw ociates LOG OF BORING D-3 cont. Plate
nee

Job No.: 4119.23 gineerng Liberty Development A_G

Date: July 1998 Beaufort Sea, Alaska




DUANE Mit LER & ASSOCIATES logof HOLE: D-dcomt. =
Project: Liberty Date Driied:  March 20, 1998
DMSA Job No.: 4119.23 Contracior: Discovery Drilling/CATCO
Logged By: W. Philips, P.G. « = Rig Type: CME-75 on sled w/ holiow stem
g 3 Water Depth: 22.3'  Ice Thickness: 5.0'
KT . = Elevation: - '
.. Moisture Content % (¢}, Salinity (A) 2 =
’ and Blow-Counts (0) E §- 307,227‘E 5,954,428‘8 (ASP)
0 20 40 680 »>B0 P200 Other Tests W 40 - Dasa'b‘lim
‘ SANDY GRAVEL: (GP} Gmy, dense,
ravel subround to round gravel to <1.5"
snze occassional 4 to 6" layers of light
gray fine Gravelly Silt (ML)
Sha
o
Sha
®
55 _|
60 _
65 _
70 _|
75 _|
i 0 |

Duane Miller & Associates
Arclic & Geotachn

Job No.: 4119.23
Date: July 1998"

Engineering

LOG OF BORING -4 Plate
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DUANE MILLER & ASSOCIATES
Project: Libesty
DM8A JobNo.: 411823

Logged By: W. Phitips, P.G.

321 Moisture Content % (¥}, Saliny (4)
and Blow-Counts (o)

Logof HOLE: D-4 cont.

Samplas
Graphic

Sample type
5 Depth (feat)

0 20 40 60 >80 P200 Other Tests

SANDY GRAVEL: (GF)Gray, dense,
Gravel subround w(m?h&ggvﬁ to <t.5"
size, occassional 4" to-6" layers of kight
gray fine Gravelly Siit (ML)
o)
*
55 _
- 60 _
65 |
70 |
75 _
80 _1|
Duane Miller & r & Assoclates LOG OF BORING D4 cont, Plate
Job No 41 19.23 gineenng Liberty Development A_ 8

Date: July 1998

Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES LogofHOLE: D-5

Project: Libarty Date Drifled: March 20, 1998
DMEA Job No.:  4119.23 Contractor: Discovery Drilling/CATCO
Logged By: W. Phillips, P.G/T. Culkin, Geologist = Rig Type: CME-75 on sled wf hollow stem
_— g 2, o Water Depth:; 22.0' ke Thickness: 4.7
" Moisture Content % (+), Salinity (4) 2 gcg& § Clevaton -
and Biow-Counts (o) E SaZP3 307,364E 5953,838'N (ASP)
0 20 40 60 >B0P200  OtherTests @ o= #©-k Description
OUI=5% Sp] SILT: (ML) Black, w/ layers of Organic Silt
s o (OL), v. soft
Pl=NP,Dd=73  |Tw
ﬁbu 360(1000)
Ceon 5 _|
. CLAYEY SILT: (MH) Dark gray, w/ some
i layers of fine Silty Sand (SM), stiff, plastic
TXUU31%6(1 000) ™
Con
10 ]
Dd=89 Sha
o] s LL=51 %ﬁzz
... I 15 _
e e sha
20 :
SILTY SAND: (SM) Dark gray, w/ some
Gravet and organics material, medium
dense
24.0% | SA Sha
®* o
SANDY GRAVEL: (GW) Gray, medium
dense, grave! is subround to roundto <
® o
® s
SANDY SILT: {ML) Black, trace organics
o® and fine sand layers, v. stiff
40 Boring D-5 is continued on Plate A-10
Duane 'é'l'«!&’cﬁ Associates LOG OF BORING D-5 Plate
n neen 5
JobNo: 411923 o Liberty Development A-9
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSQCIATES Logot HOLE; D-5 cont.

Project: Liberty Date Driled:  March 20, 1298
DME&A Job No.:  4119.23 Contractor: Discovery Driling/CATCO
Logged By: W. Phillips, P.G./T. Cukin, Geologist _ - Rig Type: CME-75 on sled w hollow stem

s 2, o Walter Depth: 22.0' fce Thickness: 4.7°

Moisture Content % (=), Salinity (a) 2 cgf § Eewtom
and Blow-Caunts {0} E §5 32 307364 5953838N msr)
0 20 40 60 >80 P00 OtherTests & ,~ ®O=F Description -
SANDY SILT: (ML) Black, v. stiff, w/ trace
A orgamc material, someﬁnesandlayers

| | | SAND: (SP-SM) Gray, medium dense, w/
fine Gravet and o ‘material,

15.0% [ SA Sha

L ]
LYy
A
I ] | | i
= e e
. oa

: interbedded w/ Iayeg rs of Sifty Sand (SM) -
45 A -
o shal g
L ]

© Dd=118 pcf

Dense below 48'

Sha

L
L T ]
ey o4 ow o

55 _|

Ao s Por oo ol
4 = om ow 4w ok ®w om OB E A T EE A S W e EEoEoEmoEmm
or R s R R R ok ka4 w P o

L
O
%

SANDY GRAVEL: {GP) Gray, v. dense,
gravel is subround to round to <1.0 size

O
o
75 _
i a0 _1 |
Duane Nhller & mgsg,%m LOG QF BORING D-5 cpnt.
Job No 411923 " Liberty Development A_-l 0

Date: Jufy 1998 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES LogofHOLE: D-6
Project: Liberty Date Drilled:  March 20, 1998
DME&A Job No.: 411923 Contractor: Discovery Drilling/CATCO
Logged By: T. Culkin, Geclogist o = Rig Type: CME-75 on sied w/ hollow stem
i-:.._ £ 2a, Water Depth: 21.5'  lce Thickness: 5.0
+ 2+ Moisture Content % (<), Salinity (4) 2 ggg § Dewaton: -
and Blow-Counts (0) E 8 € Eg8 306,137E 5951,973N (ASP)
O 20 40 60 >80P200  OtherTests & @ Description
(L l SILT: (ML) Gray, soft, w/ trace organic
: material and fine Siity Sand (SM)
e Dd=B2 pct, Tw
= TXUU 1150
(1000)
66.0% | SA, Dd=B4 pct  |Tw
®
SILTY SAND: (SM) Gray, medium dense
|
‘ CLAYEY SILT: (MH) Gray, stiff, w/ thin
» Sha Peat (P1) layer at 10, plastic
»
Sha
o
\SILTY SAND: (SM) Gray, loose
2
25 _|
|
30 _
i
35 _|
40 ||
- Duane Miller & Ascociates LOG OF BORING D& Plate
Arctic & Geotech rnee
Job No.: 411923 e Liberty Development A-11
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES Logof HOLE: D-7

Project: Libesty Date Drilled:  March 21, 1998
DM&AJobNo.: 4119.23 Contracior: Discovery Drilling/CATCO
Logged By: T. Culkin, Geologist o = Rig Type: CME-75 on sled w/ hollow stem
£ - o Water Depth: 18.5 Ice Thickness: 4.1°
* Moisture Content % (¢), Salinity (A) 2 cag § Flevatom -
and Blow-Counts (0} E § 5 Eg2 304,822 5949,930N (ASF)
O 20 40 60 >80 P200  OtherTests ® 2%~ Description
i Sha Hus SILTY SAND: (SM} Gray, loose,
o Ak interbedded w/ soft Sandy Silt (ML) w/
Ak some shell fragments
Dd=56 pcf T™w
hd 1E
.. 5 —mElE
_ D@M%&%- Tw mr ORGANIC SILT: (OH) Soft
TXUU 450{1000) n
11}
Sha| 10 CLAYEY SILT: (MH) Gray, stiff, trace
o ! organic materiai, plastic
] _ Dd=110 pef Tw |15
Sha| 20
o oe Interbedded Sandy Sitt (ML} below 20'
. SAND: (SP} Gray, medium dense, w/
N Gravet which is subround 1o round to <
: Sha|25 &+ 1. 0.7" size, sand is fine to medium
° 9 3.6% sha| M
Shalso g
® I
0 :- et
| 35 _|
40 _| |
Duang Miller & Associates LOG OF BORING D-7
Date: Ju]y 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES LogofHOLE: D-8

Project: Liberty Date Drilled: March 21, 1998
DM&A Job No.: 411923 Contractor: Discovery Driling/CATCO
Logged By: W, Phillips, P.G. o = Rig Type: CME-75 on sied w/ hollow stem
- s 8 2 o Water Depth: 14.9'  ice Thickness: 4.9
- Moisture Content % (+), Salinity {A) 2 c£dx § Fevation -
= and Blow-Counts (c) E §§ 525 203399°E 5947,719'N (ASP)
0 20 40 60 >80 P200  OtherTests @ o0 @Ot Description _
d Sha] SAND: (SP) Brown gray, loose, fine
grained, w/ scme shell iragments at
1 3.4% |sA Sp surface
[ . Sp
SILT: (ML) Gray, soft
Dd=101 pct Tw CLAY: (CL) Dark gray, stiff, imterbedded
w/ dark gray meditmn Sand (SP-SM), Silty
Sand (SM), and Silt (ML)
LL=45, Pl=19, |Tw
Dd=95 pef
Sha
: Sha
" ®
SILTY SAND: (SM) Dark gray, loose,
TEELE trace organic material and shefl
snal _ WEEE| || fraements.
MO L ) 25 AN
Tk SAND: (SP} Dark gray, medium dense,
Tl w/ some fine Gravel, subangular to
Sha 0N subround medium grained
o so _Jo:0
35 _|
40 _||
Duane Miller & Assaciates LOG OF BORING D-8 Plate
JobNo. 41928 oo Liberty Development A-13
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES Logof HOLE: D-O

Project: Liberty Date Driled:  March 21, 1998
DMBA Job No.: 411923 Contractor: Discovery Diiling/CATCO
Logged By: W. Phillips, P.G. o o= Rig Type: CME-75 on sled w/ holiow stem
. e 2. Water Depth: 17.0° lce Thickness: 5.0
X = =L o El Y
=1 Moisture Content % (s), Salinity (A) £ ggg § Flevaon: -
and Blow-Counts (o) E B 5E®S 301,750 5,945160N (ASP)
0 20 40 60 >80 P200  OtherTests » o @Ok Description '
)| PR=NP— [Sha SILT: (ML) Black, soft
|
Shal| 3 -l .
o 4c =14 PEAT: (P1) Brown, soft, w/ lenses of Silty
o 45.0% | SA, OLI=14% o Sand (SM) and Sit (ML), fibrous
b Dd=65 pef
e} .. Sp
. BioRe
Sp R SAND: (SP) Light gray, medium dense
o
_ 15 _f [
B 20 _
25 ]
30 _
35 _
L a0 L
Duani Miller & Associates LOG OF BORING D-9 Plate
Arclic eotechn neegnn
Job No: 411928 - oneennd Liberty Development A-14
Date: July 1998 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES Logof HOLE: D-10

Project: Libesty Date Drilled:  March 21, 1998
DMBA Job No.: 411923 Contractor: Discovery Drilling/CATCO
Logged By: W, Phillips, P.G. e = Rig Type: CME-75 on sled w/ hollow stem
g 8, o Water Depth: 11.2"  Ice Thickness: 5.0°
Moisture Content % (=), Salinity (A) 2 E-gzn § Elevation: -
and Blow-Counts (o) £ 8 § Egg 300,524'5 5,943,255'N cASP)
0 20 40 60 >80 P200  OtherTesls @ o ‘Description.
Sp SlLT (ML) Uarﬁgray, soﬂ, 2" layer of
P Sp at surface, lenses of
® 72.0% | REBE% %, pi= Sand (SP-SM) and Organic Sitt (OL)
| NP, Dd=85 pcf
d Dd=79 pf Sp
SILTY SAND: (SM) Gray, loose, fine
e 18.0% |SA Sp \grain od
,_ Sha PEAT: (Pt) Brown, soft, trace light gray
o e ® OL1=26% sitt, fibrous
AR E ORGANIC SILT: (OL) Black, soft, w/
Tielads wood fragments and occasional Sand
1804 {SP-5M) lenses
-1 11111
. Sha Kjsji
< ¢ 15 MK
— 20 _|
25 _|
30 |
35 |
40 L
Duane Miller & Assoclates. LOG OF BORING D-10 Plate
C MC neerin
Job No.: 4118.23 e 9 Liberty Development A_1 5
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES

Liberty

DME&A Job No.: 411323
Logged By: T. Culkin, Geologist

Depth {teet)

logof HOLE: D-11

Date Drilled: March 21, 1998
Contractor: Discovery Driling/CATCO
Rig Type: CME-75 on sled w/ hollow stem

Water Depth: 15.0°  lce Thickness: 5.2'

o
& B Q e
:Moistura Content % (=), Salinity {A) 2 5% § Elevation: -
and Blow-Counts (0) 5 E S 28 299951'E 5,942,376'N (ASP)
0 20 40 60 >80 P200  OtherTests @ O Stk Description
T e Shal T SILTY SAND: (SM) Gray, loose,
o e | . \scattered shell fragments
" 57% |SA Sha SAND: {SP-SM) Gray, medium dense,
o ® interbedded wf 1° layers of Silt (ML),
trace shell fragments
Sha
.
o 200% [,
SHLLT: (ML) Gray, soft, w/ pockets of
Sha organic material
o} '
Sha
o) ° T
: PEAT: (Pt} Brown, soft, trace gray Siit
Sha (ML), fibrous
: Sha SILT: (ML) Gray, soft, w/ trace organic
o . \material
1 SAND: (SP) Gray, loose, w/ some fibrous
j organic material and fine subround Gravei
25 _|
30 _|
5
a0 L
Duane MG ilfer & négsgciates LOG OF RORING D-11 Plate
Job No: 411928 oo Liberty Development A-16
Date: Juty 1998 Beaudort Sea, Alaska




DUANE MILLER & ASSOCIATES LE: D-

Project: Liberty Date Drilled: March 21 and 22, 1938
DMAA Job No.: 411923 Contractor: Discovery Drilling/CATCO
Logged By: T. Cukkin, Geologist o = Rig Type: CME-75 on sled w/ hollow stem
& 3 Water Depth: 12.9°  Ice Thickness: 4.1'
o 232 g Elevation: -
o aE % M 1
£ 3:3'(5?1:2. 298,389'E 5,939,929'N (ASP)
0 20 40 80 =80 P200 Other Tests D g - Description
'-. J Sha] T SILTY SAND: (SM) Gray, loose, tfrace
H \gravel, organcis, shell fragments
Dd=35 pct Tw SILT: (ML) Gray, medium stiff
¢ SILTY SAND: (SM) Gray, loose,
5 , interbedded w/ Sand (SP), trace organic
27.0% |SA, Dd=86pcf  |Tw ‘ material
. .
Sha ::
D | B
10 - - -
Dd=53 pct Tw SILT: (ML) Gray, sfiff, w/ trace organic
| material and thin layers of Sand (SP)
© ® ® Sha
o SANDY GRAVEL: {GW) & (GP) Gray,
medium dense, subangular to subround
fo «2.0" size
28% |SA Sha
®
or |
Sha
®
0
Sha
®
o}
35 _|
_ 40 _1;
Duang Miller & %:Iseociptes‘ LOG OF BORBING D-12 Plate
Arctic & Geotechni neen -
Job No: 411928 oot Liberty Development A-1 7
Date: July 1998 Beaulort Sea, Alaska




DUANE MILLER & ASSOCIATES Logof HOLE: D-13

Project: Liberty Date Drilled: March 22, 1998
DMEA Job No.: 411923 Contractor: Discovery Drilling/CATCO
Logged By: T. Culkin, Geologist e = Rig Type: CME-75 on sled w/ hoilow stem
g: _?!' ® . Water Depth: 7.2 lce Thickness: 4.7
" Moisture Content % (=), Salinity (4) g ggg § Sevaom -
and Blow-Courts (o) E 83882 297,180E 5938,050'N (ASP)
0 20 40 60 >80 P200  OtherTests @ -~ Description
® KE O R Sha SAND: (SP) Brown gray, loose, wishell
0 fragments
OLi=4% Sha SILT: (ML) Gray, soft to stiff, w/ some
P fine Sand (SP) and thin organic layers
o]
84.0% | MA Sha
e
o)
Sha
e
o |
Sha
° L 4 5" thick Peat {Pt) layer at 10’
o}
_ e Sha
o0 PEAT: (P1) Brown, w/ some Organic Silt
{OL) and Sand {SP)
Sha A\
o @ SILT: {ML) Gray, medium stiff, w/ trace
organic material
= } -
— 20 _|
25 _|
30 _j
35
40 _| |
D'-'Tﬂ'g g;ﬁte' wﬁ‘ ﬁAcglsEOncgﬂtes. LOG OF HORING D-13 Plate
Arclic ineen
Job No.: 4119.23 " Liberty Development A-18

Date: July 1998 Beautort Sea, Alaska



DUANE MILLER & ASSOCIATES Log ot HOLE ; _ Boring D-14

Project: Liberty Date Drilled: Maich 22; 1998
DM&A Job No.:  4118.23 Contractor: Discovery Driling/CATCO
Logged By: T. Culkin, GeologistW. Phillips, P.G. [ - Rig Type: CME-75 on slied w/ hollow stem
£ 3., Water Depth: 72° ke Thickness: 42"
Moisture Content % (¢), Salinity (A) @ S8 § FBevaom -
and Blow-Counts {o) £ §_E§§E 296,078'E 5,936,367'N (ASP)
Q20 _40 60 >80 P200  OtherTests @ ®» oS Description
Sha) grlg. (ML) Gray, soft, some Sand (SP)
pof Tw \ trace organic mate
¢ H SILTY SAND: (SM) Gray, loose, w/
: lenses of Sift (ML)
12.0% | SA Sha 3
* :
o :
Dd=76 pet Tw
[
SILT: (ML) Gray to biack, medium stiff,
o Sha trace organic material in scattered layers
. |
o SAND: (SP) Gray, wet, medium dense,
: fine to medium grained
h Dd=127 pct Sha
©
: \ I Sha
.._._.’" '
o
SANDY GRAVEL: {GP) Gray, medium
dense, gravel to <1.5" size
45% |sA Sha
_.
o
Sha
o
35 _
40 _1]
Duang “;'ggdf ngsé’n%ian?:ﬁ LOG OF BORING P-14 Plate
I
J‘“ obcho ooy ng Liberty Development A_'I 9

Date: July 1998 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES
Project: Liberty

DM&A JobNo.:  4119.23

Logged By: W. Philfips, P.G.

. Moisture Content % (=}, Salinity (A)

and Blow-Counts {0)
0 20 40 60 >80 P200

Other Tests

®
* 28%

2 13%

SA, OU=3.8%

%’I Sample type

¥

Sha

Sha

Dapth (feot)
Samplea

LogotHOLE: D-15

Date Driffed: March 22, 1998

Contractor: Discovery Drilling/fCATCO

Rig Type: CME-75 on slad w/ hollow stem
Water Depth: 6.0°  ice Thickness: 5.0
Elevation: -—

294 480°'E 5,933,900'N (ASP)
Description -

SILTY SAND: (SM) Brown, loose,.
?gﬁ;bedded wi soft black Organic Silt

—— Graphie
LE LR Log
Frozen

-SILT: (ML) Dark gray, mediumn stiff, trace
orgamc material

i1ilt] | | ORGANIC SILT: (OL) Black, soft

SILTY SAND: (SM) Grey, some scattered
fine gravel, mediurn dense

GRAVELLY SAND: (SP) Brown, some
gravel, medium dense

thin layer of brown Silt (ML) & Organic Sil
{OL) at 16’

Job No.: 4119.23
Date: July 1998

Duane Miller & Associates
Arctic & Geotechnical Engineering

LOG OF BORING D-15 Plate
Libe
semnoon nm -~ A-20



DUANE MILLER & ASSOCIATES LogofHOLE: D-16

Project: Liberty Date Driled:  March 24 & 26, 1996
DMBA Job No.: 411923 Contractor: Discovery Drilling/CATCO
Logged By: T. Culkin, Geologist o o Aig Type: CME-75 on sled w/ hollow stem
g 2. Water Depth: 5.3'  [ce Thicknass: 4.4
Y ] . © = L] o = * -
j Moksture Cortent % {+), Salinity (A) 2 £8% § Elevation
and Blow-Counts {0) E § 5 g g2 293,273°E 5,932,07'N (ASP)
D 20 40 60 >80P200 OtherTests ® =¥~ Description
SEO%TSA P SANDY SILT: (ML) Gray, loose, sand is
b fine grained
shal _
—@
o 12.0% | SA Ve SAND: (SP-SM) Gray, medium dense, w/
g thin interbeds of Gravelly Sand (SP) and
1f- Sandy Silt (ML)

(8]
ey
o

@
o}
- SANDY GRAVEL: (GW) Gray, medium
~ dense, sand is medium to coarse, gravel
s “’o , is subangular to subround to <2.5" size
-o—
o)
-
o
35 ]
40 _1
| D “ﬂﬂe” gi“el r &' ré:;sgci.ates' LOG OF BORING D-1f Plate
Job No.: 411823 o Liberty Development A-21

Daie: July 1998 Beaufort Sea, Alaska



DUANE MHLLER & ASSOCIATES Logof HOLE: - D-17

Project: Liberty Date Driled:  March 26, 1998
DMEA Job No.: 411823 Contractor: Discovery Driing/CATCO
Logged By: " T. Culiin, Geologist o = Rig Type: CME-75 on sled w/ holiow stem
S 2a o Water Depth: 4.5°  lce Thickness: 4.2'
Moisture Content % {=), Salinity (4) 2 cgg j FElevaton: -
and Blow-Counts (o) E 25 E8g 292003E 5930,207N (ASP)
0 20 40 60 >80 P200  OtherTests & @ @0OI% _ Description
o | Z0%[SA ] 1| TET1 [ SILTY SAND: (5M) Gray, loose
—8— 11.0% |SA GRAVELLY SAND: (SP-SM) Gray,
medium dense, w/ layers of (5P),
sand is rnedium. gravel is subangular to
subround to <0.5" size
1.6% |SA
o
=
O % -
.1
» 20 _
25 _]
30 _
35 _
|
]
40 gl
Duane Miller & Associates LOG OF BORING P-17 Plate
Geotech I
Job No.: 4119.23 gineering Liberty Development A-22
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES Logof HOLE: D-18

Project: Liberty Date Drilled: ~ March 26, 1998
DMEA JobNo.: 4119.23 Contractor: Discovery Drifing/CATCO
Logged By: W. Philips, P.G. o o Rig Type: CME-75 on sled W/ hollow stem
e : £ 2e, Water Depth: 4.4°  lce Thickness: 4.2
'+ : Moisture Content % (+), Salinity (4) 2 cgf § Flevation: -
and Blow-Counts (o) E § 5 £ 23 290,954'E 5,928,424'N (ASP)
O 20 40 60 >80 P200  OtherTests @ o= ® 9% Description
d P ] SILT: (ML) Dark gray, soft, w/ layers of
Organic Sit (OL)
Dd=78 pef, Tw
. TXUU 780(1000)
w/ interbeds of Sity Sand (SM} below 9'
¢
Sp
SANDY GRAVEL: (GP) Gray, medium
dense, sand is medium, gravel subround
8 to <1.0" size
.
T Installed 0.75" diameter closed PVC pipe to
- gl
35 _|
4p ||
Duane Miller & Associates. LOG OF BORING D-18 Plate
Job No.: 4119.23 nainesnng Liberty Development A_23
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES L : 1
Project: Liberty Date Driled:  March 26, 1968
DMEA Job No.: 411923 Contractor: Discovery Drlling/CATCO
Logged By: W. Philips, P.G. o = Rig Type: CME-75 on sled w/ hollow stem
g 3. Water Depth: 4.5  Ice Thickness: 3.8’
SRR . =22 c Eevation: —
Moisture Content % {»), Salinity (4) 2 £8% § :
atanmid » [l
and Blow-Counts (0) E 2 "'6"9 290,451'E 5,927,664'N (ASP)
0O 20 40 60 >80 P200  OtherTests @ o, @ C-% Description
o ¢ Pl=NP 5p ] __Il SILT: (ML) Dark gray, soft, trace organic
material
1 BAR SILTY SAND: (SM) Light gray, medium
» .16.0% SA Sp |5 -t dense
e
. 6.4% |SA 333 | [\ PEAT: (P1) Brown, fibrous
1633 || SANDY GRAVEL: (GP) Gray, loose, w/
S0 interbeds of Gravelly Sand (SP-SM)
LB‘ Shal 10 i;::
Reree
TeieTy
4 felsls
102221 | | thin layers of medium dense Silt (ML)
— 20 1 353
1 e
shalos s scattered small Cobbles below 24'
o s ‘:l'
w |E
. Installed 0.75" diameter closed PVC pipe 1o
] 275
35 _|
40 _| |
Duane Miller & Associates LOG OF BOBING D-19 Plate
Arctic eotechn ngmneen .
Job No.: 4119.23 e Liberty Development A-24
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES Logof HOLE; [D-20

Project: Liberty Date Dritled:  March 26, 1998
DM&A Job No.: 4119.23 Contractor: Discovery Difling/CATCO
Logged By: W. Phillips, P.G. ° = Rig Type: CME-75 on sled w/ hollaw stem
_, 3 é 2 o Water Depth: 4.2  lco Thickness: 3.6'
2 Moisture Content % {=), Salinity (4) 2 cgg § Elevaon: -~
- and Blow-Counts (o) € EEEZDS 200204 5927,286'N (ASP}
O 20 40 60 >80 P200  OtherTests & ,© P 9-% Description
® >p SAND: (SP-SM) Gray, Ioose
SILT: (ML) Dark gray, soft, w/ orgamc
material and seattered bbhs
O
L] A -
J7.8% |{sA Sha SANDY GRAVEL: Gw:e Gray brown,
loose, wf layers of Gravelly Sand (SP-
: SM)
i
o8 §-—a 7.14% |SA Sha
SANDY GRAVEL: (GP}+{GW) Gray,
loose
i 24% |{SA Sh
K 3 :
!
o Tl % Sha
Scattered cobbles below 24'
- Sha
L) &
a5 _|
40 _| |
Duam Miller & Am:jsociates LOG OF ROBING D-20 Plate
SN aT1o g 2l Engineering Liberty Development A-25
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES Log ot : D-21

Project: Liberty Date Drifed:  March 26, 1998
DM&A Job No.: 411923 Contractor: Discovery Driling/CATCO
Logged By: T. Culkin, Geoiogist = Rig Type: CME-75 on sled w/ hollow stem
% 3 o Water Depth: 4.0°  lce Thickness: 4.0°
£ S22 < Elevaton: - '
= Moisture Content % (+), Salinfty (A) 2 £BE §
and Blow-Courts (o) E §EE2S 290,083E 5927,007'N (ASP)
O 20 40 60 >80 P200 OtherTests & o=@ 9=t Description
o Sha : ﬂ SAND: (SP) Gray, marginally frozen, Nbn
1A N
n ; -
“H 1 SILTY SAND: (SM) Gray, Gravelly, gravel|
g to <1" size, Nbfa, unfnozgn below 2.59
15.0% | SA Sha
e A
0
SANDY GRAVEL: (GW-GM) Gray, W/
layers of Gravelly Sand (SP}, marginally
frozen at 10', Nbn & Nf
Sh .
—e o q .3 7
* AGA% SA sha Y
1Y
Hhy
ey
iy
Sha o 5
- ¥8.9% |SA, Dd=139 pef : ,;
Y
» 19.9% [SA Dd=135pef {Sha 2
2
--\_.- - /
; *® Q Sha Ay
S = |1
=20/
=21/
21/
Sty
Y
2l
- 08.8% [SA sha _ _—..;;,...;;; Trace scattered Cobbles below 24
':;. = ]
1 et
atetal
| 222
15z | 5% visible ice (Vx+Vc) below 28
LT ol Sh 1Dele?
) 30-‘:-5 i
35 _|
® A (ll Sha 40
Duane Miller & Associates LOG OF BORING D-21 Plate
Arctic inee .
Job No.: 4119.23 ngineenng Liberty Development A'26
Data: July 19398 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES Logoft HOLE: D-22 .

Project: Liberty Date Drilled:  March 22, 1998
DM&A Job No.:  4119.23 Contractor: Discovery Driling/CATCO
Logged By: W. Phillips, P.GJT. Culkin, Geologist , - Rig Type: CME-75 on sled w/ hollow stem
o g 8. Water Depth: — lce Thickness: -
= Mok ; o =22 c Elevation: -—
" Moisture Content % (+), Salinity {A) 2 £8%5 B
and Blow-Counts (o) £ § E ggt 298 554'E 5,921,056'N (ASP)
0 20 40 60 >80 P200 OtherTests @ wed Description

GRAVELLY SAND: {5P) Gray brown,
Nbn
SANDY GRAVEL: (GP) Gray, Gravel to <
1.0" size , 5-10% visible ice (V)
A @ Q3.3% 1SA Sha
SAND: (SP-SM) Gray, with interlayered
» Te) Sha \?Va)gdy Gravel (GP), 5-10% visible ice
SANDY GRAVEL: (GP-GM) Gragi.e
occasional Cobbles, 10-15% visibie ice
9.6% |ISA, RD Ag {Vx+Vc) w/ occasional icier lenses to 40%
@
|
Ae o) Sha
Coarser gravel below 22' w/ gccasional
lenses of Silty Sand (SM)
® o Sha
21.0% | SA Ag
ne |
* | Q Sha
e Q4.7% Sha
Boring D-22 is continued on Plate A-28
Duane Miller & Associates LOG DF RORING D-22 Plate
Arctic & Geotechnical Engineering Liberty Development
Job No.: 4119.23 -
Date: C:Juiy 1998 Beaufort Sea, Alaska A 27




DUANE MILLER & ASSOCIATES of : 22 co

Project: Liberty Date Drifed:  March 22, 1998

DM&A JobNo.:  4119.23 Contractor: Discovery Drilling/CATCO
Logged By: W. Phillips, P.GJT. Culkin, Geologist Rig Type: CME-75 on sled w/ hollow stem

FS Water Depth: — ice Thickness: —
Moisture Content % (+), Salinty (A) 2 Elevation: -
and Blow-Counts (o) E 298,554'E 5,921,056'&!(ASP)
O 20 40 60 >80 P200  OtherTests @ - Destription:
. SANDY GRAVEL: (GP-GM) Gray,

: occasional Cobbiles and lenses of Sitty
Sand {SM), 10-15% visible ice (Vx+Vc} w/
occasional icier lenses to 40%

L ) Sha
70 _]
75
80 _t |
Duane Milier & glsgcwlates LOG OF BORING D-22 cant, Plate
20 n Heenn =
Job No.: 4119.23 9 Liberty Development A_28

Date: July 1998 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES Logot HOLE:  D-23

Project: Liberty Date Drlled:  March 22 {o 23, 1998
DM&A Job No.: 411923 Contractor; Discovery Drilling/CATCO
Logged By: T. Culkin, Geologist o = Rig Type: CME-75 on sied w/ hollow stem
= é @ . Water Depih: - lce Thickness: -~
..} Moisture Content % (+), Salinity (A) 2 g’?i% g Flevation:
' and Blow-Counts (o) E 38 § £g8 297510 5,920,350'N (ASP)
0 20 40 60 =80 P200 Other Tests D 8 _

SANDY GRAVEL: GP-GM) Gray, gravel
to <3.0" size, 3-10% visible ice (Vx+Vc¢),
w/ scattered <6" thick layers of gray Sand
(SP) and Gravel (GP)

Q Sha
. 3.3%
7.1% |SA, SpGG=2.65, Ag
® RD
Occasional Cobbles below 15
-, ® Q Sha
o | d14.0% Sha Silty Gravel (GM) at 23
° Q Sha
[ Q) Sha
Boring D-23 is continued on Plate A-30

Duane Miller & Associates LOG OF RORING D23
Geotecl ni -
o Kot 1o ey 2! Engineering Liberty Development A-29

Date: July 1898 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES Logof HOLE: D-23 cont.
Project:  Liberty Date Drifled:  March 22 to 23, 1998
DM&A Job No.:  4119.23 Contractor: Discovery Drilling/CATCO
Logged By: T. Culkin, Geologist s = Hig Type: CME-75 on sled w/ hollow stem
. & é Water Depth: - ico Thickness: -
.} Moisture Content % (+), Safiniy () 2 s Elevation: - '
and Blow-Counts {0) E 2 g 297,510'E 5,920,350'N (ASP}
0 20 40 60 >80 P200 OtherTests 44 .. Description
qE SANDY GRAVEL: (GP-GM} Gtay, el
: toan:s.ze,a-m%vrsm:eroemﬂ,
: - scattered <6" thick layers gragob
[ Q Sha ) (SP), Gravel (GW), msa bles
s' 45 _|
. shal
55 _|
60 _|
65 _
70 _]
| ]
5 80 _||
Duane Miller & maés%ates 10G OF RORING D-23 cont. Plate
Arclic nesnng Liberty Development
4 -
%ﬁxuwtw Beautort Sea, Alaska A 30




DUANE MILLER & ASSOCIATES LogoftHOLE: D-24
Project: Liberty Date Drifed:  March 23, 1998
DMBA Jobh No.: 411923 Contractor: Discovery Driling/CATCO
Logged By: T. Culkin, Geologist o = Rig Type: CME-75 on sied w/ hollow stem
g 2. o Water Depth; — Ice Thickness: -
) Moisture Content % (+), Salinity (8) 2 cgg § Devalion -
and Blow-Counts (0) £ g E £33 298,100 5920,226'N (ASF)
O 20 40 60 >80 P200  OtherTests @ woI Description
39.0% | SA Sha [ SILTY SAND: (s;g Gray, trace Silt and
o L Gravel, fine 1o um, Nbn, thin Organic
layer at surface
» Q Sha
SANDY GRAVEL: (GP) Gray, grave! is
subangular to sub 10 <1.5" size,
Wsiona! obbles, 5-20% visible ice (Vx+
c
h ® J ) Sha
oL Q2.7% Sha
n» o] Sha
A . T1 4.0% Sha \ﬁ:,l;,w SAND: (SM) Gray, fine to medium,
SANDY GRAVEL: {(GP-GM) Gray, gravel
to «1.5" size, 5-25% visible ice (Vx+Vc)
10.8% | SA, SpG=2.65,
A® D157, RD A
Q Sha
Scattered <6" thick layers of gray Sand
(SP-SM) below 32'
e Q Sha
Boring D-24 is continued on Plate A-32
7| Bt e o
- 4] nheen .
: Job Now 411825 oreennd Liberty Development A-31
Date: July 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSOCIATES Lo - cont.

Projoct: Liberty Date Drilled:  March 23, 1998
DMEA Job No.: 411923 Contractor: Diiscovery Driffing/CATCO
Logged By: T. Culkin, Geologist o = Rig Type: CME-75 on sled w/ hollow stem
. g 3, o Water Depth: ~ lce Thickness: -
) Moisture Content % (<), Salinity () 2 g HE f§ Bevalom - -
: and Blow-Counts (o) E g § EPE 298,100E 5920,226'N (AS
O 20 40 60 >80 P200  OtherTests @ ,q Description -~

SANDY GRAVEL: (GP-GM) Gray,
scattered <6" thick jayers of gray Sand
(SP), gravel to <1.5" size, 5-25% visible
ice (Vx+Vc)

: s GRAVELLY SAND: {SP} Gray, 5% visible
EF 60 _| [z ice (V)

------
-----

Dl.la_l'lg g;l&e;’cg %salsgncgi_ates_ LOG OF BORING D-24 cont, Plate
Arctic n inean .
Job No.: 4119.23 " Liberty Development A-32

Date; July 1998 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES Lo : D-

Project: Liberty Date Drilled:  March 23 and 24, 1998
DM&A Job No.: 411923 Contractor: Discovery Diilling/CATCO
Logged By: T. Culkin, Geologist o = Rig Type: CME-75 on sled w/ hollow stem
> & 8 a Water Depth: — Ice Thickness: -
= :%% € Elevation: - L
2 and Blow-Counts (0) £ BSEPS 298580E §,919,850'N (ASP).
0 20 40 60 >BOP200 OtherTests @ Description*
SANDY GRAVEL: (GF) Giay, m-erto <
3{&5‘2& (Vx+Vc) w/ layer ofgé Ity
e ice (Wx+Vce rs of Grave
. 3 Sha Sand and Sand (SP)
L T Sha
L . Q Sha
i
i
Sh
° 8 2 thin Peat (Pt layers at 17.5'
® O Sha
] Q Sha
!
Boring D-25 is continued on Piate A-34
Duane Miller & Associates. 106G OF BORING D=25 Plate
MNU“CN ::Gfﬂgg‘a Engineering Liberty Development A_33
Date: July 1998 Beaufort Sea, Alaska




DUANE MELER & ASSOCIATES Logof HOLE ;  D-25 cont,

Project: Liberty Date Drifled:  March 23 and 24, 1998
DM2A Job No.: 411923 Contractor: Discovery Driling/CATCO
Logged By: T. Culkin, Geologist . = Rig Type: CME-75 on sled w/ hollow stem
. & 2., Water Depth: — ke Thickness: —
- Moisture Content % (+), Salinity {4) ] ﬁﬁg g Clevation: — \
and Blow-Counts (o) 3 k: Egg’g 298,680'E' 5;919,850'N(ASP}
0 20 40 60 >80 P200  OtherTests ® . P %~
SANDYGBAVEL(GBKGray ravelto-:
R
ice +VC} W, ra
. 9 Sha Sand and Sand (SP)
® + Sha
|
|
|
» 80 _
65 _|
70 |
75
t s0 L
Dmngg!el&egmﬁgsgclates LOG OF BORING D-25 cont.
B S B e ical Engineering Liberty Development A-34

Date : May 1998 Beaufort Sea, Alaska



DUANE MILLER & ASSOCIATES Logof HOLE; D-26

Project: Libesty Date Drilled:  Masch 24, 1998

DM&A Job No.:  4118.23 Contractor: Discovery Driling/CATCO

Logged By: W. Phillips, P.GJT. Culkin, Geologist [ .. Rig Type: CME-75 on sled w/ hollow stem

g 3., o Water Depth: — lce Thickness: -~
" 175 Moisture Content % (+), Salinity (4) 8§ ggg § Eowom -~
P and Blow-Counts () £ - ESob 29767T1'E 5,919,409'“_@55')
0 20 40 60 >80 P200  OtherTests @ O ®0J= Description -1
AD Y SAND: (SP). Bmwn, thin Sﬂt (ML) Iayerat
s \surface Nbin
SAND)(‘GRAYEL:{ _
h @ 03.7% -GM), occasionatk 0 ]
subrouind 1o <2* si e K
(Vx-a-Vc)wfowasional zones w!ur.nto
20% visible ice
X e
he Q3.8%
‘.__ # & Q
Ae Q11.0% | SA
® A Q
Boring D-26 is continued on Plate A-36

Duang Il'ller&%gsgclates LOfG OF BORING D-26
§ob Now 4t1azg  ronestng Liberty Development A-35
Date: July 1998 Beaufort Sea, Alaska




RUANE MILLER & ASSQCIATES LogofHOLE: D-26cont.

Project: Liberty Date Drilled: ~ March 24, 1998
DM&A Jobh No.: 411923 Contractor: Discovery Driling/CATCO
Logged By: W. Phillips, P.G/T. Culkin, Geologist , Rig Type: CME-75 on sled w/ hollow stem
s 3 Water Depth: -- Ice Thickness: -~
Moistu - o =22 c Eevationn -
re Content % {+}, Salinity (4} 2 £8a_ 5 ' ‘
and Blow-Counts (o) £ S‘ng’ug_ 297,67T1'E 5,919,409'N (ASP)
0 20 40 60 >80 P200 OtherTests @ 44 Description
SANDY GRAVEL: (GP) Gray,
interbedded w/ Sand (SP) and Gravel
(GP-GM), occasional Cobbles , gravel is
subround to <2° size, 5-10% visible ice
~ (Vx+Vc) w/ occasional zones w/ up to
- O Sha 20% visible ice
45 _|
50 _
ﬁ.;;m: (SP-SM) Gray, medium grained,
A L ¢8.0% Sha
55
— 60 _|
SANDY GRAVEL: (GP) Gray, 5% visible
ice (V)
65 _|
7]
75 |
80 1
Duane Miller & Associates LOG OF BORING D-26 cont. Ptate
Sob Moy aviazs - oo Liberty Development A-36
Date: Ju[y 1998 Beaufort Sea, Alaska




DUANE MILLER & ASSQCIATES

Project: Liberty
DMEA Job No.: 4119.23

Log of HOLE : D-27
Date Drilled: March 26 & 27, 1998
Contractor: Discovery Driling/CATCO

Date: July 1998

Logged By: T. Culkin, Geclogist o = Rig Type: CME-75 on sled w/ holiow stem
g é 2 o Waler_ﬁe!:m: 27 o Thickness: -
> Maisture Content % (+), Salinity (4) 2 = B% g Elm_- -
and Blow-Counts {0) E 856?3 290,029°E 5,927,000°'N (ASP)
0 2 40 60 >80 P200 QtherTests @ “ Description
¢ . T60% [SA Shal F SILTY SAND: (SM) Brown, Nb, fine
S grained
2
o © SANDY GRAVEL: (GW-GM) Grara w/ 5%
visible ice (Vx+Vc) w/ occasional layers of
Silty Sand (SM) and Gravel (GW)
or 9.7% |SA
o 15.0% | SA, Dd=108 pef
* 4 37.0% |SA
° 34.1% |SA, Dd=124 pcf
Ry 15.6% |SA
A ) Grading to Sandy Gravel (GP) below 25'
R )4.8% |SA
T Installed 0.75" diameter closed PVC pipe to
. 30.5'
a5 _|
40 _| |
ey ® Ry Lot oF Romiic a7 =
[l N
Job No.: 4119.23 9 Liberty Development A-37

Beaufort Sea, Alaska



ICE VISIBILITY

DESCRIPTION

MAJOR DIVISIONS SYMBOL | TYPICAL NAMES KEY TO TEST
T Dd = Dry Density (pof)
] Well graded gravels, ry
E Clean gravels with | GW '::‘:‘: sandy gravel LL = Liguid Li
~ fittle or no fines P Plasic Limi
e GRAVELS aawa] Poorly graded Pl = Plasfic Index
n< More than half of the GP as-w} graveis, sandy gravel NP = non Plastic
g coarsemn is e Sty Ty % = Specific Gravity
o larger sieve ] > i ve = Sieve
g = size, > 4.75 mm. ﬂG‘;aV?IZS? Wflth more |GM [slelsl}  gravel midures MA = Sieve and
Be n 127 lines ac [ Clavey graveh, day A byl
TE Simai] | Well graded sand, 1567 = modi rocior
S5 Clean sands sw [EE3] gravelly sand &5 = Thaw Gonsofidation
w e with littie or no e n = Consofidation
03 SANDS fines [%5:%] Poordy graded TXUU = Unconsolidated
e More than half of SP - [=:3:] sands, graveily sand Undrained Triaxial
g a the coarse fraction e - _ TXCU = Consolidated
Oc is smader than #4 EF]  Silty sand, siit gravel Undrained Triaxial
E | sevesize Sands with more | SM EffH]  sand mixtures TXCD = Consolidated
e than 12% fines oo L2 Clay:‘y sand, clay ral raxial
= graved sand mixtures %nﬁ(p{)' Wh)?zre
E Inorganic silt and very ={01-03
E Plasticity Chart ML ﬁrggsand rock flour YYY=03
ne y
o SILTS and CLAYS -‘ Inorganic clay, gravelly and KEY TO
o :- Liquid limit less than 50 | CL /A sandy clay, sity clay SAMPLE TYPE
a3z 40 r— = Auger grab
= t{1]1]1] Organic silts and clay of
as g CcH OL HI|| tow plasticity ﬁg gt:g:‘r!)buik
£8 |2 o V7 Sh= 2.6 1 spit
ax | £ sp
cgc |22 ~ MH Inorganic silt barrel ;mo b.
ne g w | ]| SILTS and cLAYS : Sha= 2.5° ID spil
Z8 a Liquid limit greater than { CH A Inorganic clay, fat clay barrel w340 b. -
E% 0 50 50 et automatic hammer
g Liquid Limit || ©Organic silt and clay of Sp=251D sp||1
2 OH 11 high plasticity parrel Spus
Peat and other highly E‘:I 1a ,'3' tube
HIGHLY ORGANIC SOILS Pt organic soil barrel w/ 140
manual hammer
UNIFIED SOIL CLASSIFIC N SYSTEM

SYMBOL

Segregated ice not
visible by eye

Poorly bonded or friable

Nf

Well bonded

No excess ice

Excess microscopic ice

Nb Nbn

% gated ice is
visible by eye and
is one inch or less
in thickness

Individual ice crystals or inclusions

Ice coatings on particles

Random or irreguiarly oriented ice

Stratified or distinctly oriented ice

Ice greater than one
inch in thickness

lce with soil inclusions

ICE + soil type

ice without soil inclusions

ICE

ICE CLASSIFICATION SYSTEM
Duane Miller & Associates SOIL and ICE CLASSIFICA Plate
Arctic & Geotechnical Engineering and KEY TO DATA
Job No.: 4119.23 Liberty Development A"'38
Date: May 1998 Beaufort Sea, Alaska
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Development Geotechnical Exploration Duane Miller & Associates

APPENDIX B - Primary Laboratory Data
Summary of Samples
Plasticity Charts
Particle Size Data

Fill Material Data



July 1998

Beaufort Sea, Alaska

Type Sampling| Moisture | Dry |Organic Shear Strength Tests | Passing Passing
Boring] Depth | (USCS) Frz?| Blows/ft | Content | Density] Loss | LL  PI | Salinity | Test-1/2 deviator-Sigma 3| #4 #200 (Other Tests
D-01{05ft. § ML  No | Shelby 451% | 76 pef
D01 § 1.0t ML No 448% | 76 pcf NP Consol
D-01 { 1.1 ft, ML No 41.0% 81 pcf TX(UU) 340 psf 1000 paf
D01§16ft. ] ML No 36.6% { 84 pcf TX(CD) 1910 psf 1000 psf
D01 § 2.1 ft. ML No 45.1% | 77 pef TX(CD) 2920 psf 2000 psf
D0t | 556 | MH No|Shelby | 29.2% | 93pcf 21 ppt
D01 58ft.§] MH No 30.6% | 93 pcf 50 20 Consol
Dol 60ft.] MH No 29.9% | 93 pef TX(UU) 1940 psf 1000 psf
D01} &5ft. § MH No 33.6% | 88 pcf _ TX({CD) 1800 psf 1000 psf
D01 | 70ft. ! MH No 32.8% | 86 pcf TX(CD) 2590 psf 2000 psf
D01 ;105f¢{ MH No | Shelby 343% | 87 pcf |
D-01 j108ft.] MH No 34.6% | 87 pef Consol
DO {113fttf MH No 34.3% { 87 pef TX(UU) 1370 psf 1000 psf
D-01 11556 CH  No | Shelby 31.1% | 91 pcf
D01 [159ft.i CH No 31.2% | 90 pcf 31 25 Consol
D01 1161ff CH No 311% | 90pcf | HTX(UU) 1730 psf 1000 psf
D-01 12054t.| GP No 4 al B1% 19 ppt 30% 0.7% {SA
D-01 {255ft! GP_ No 19 a| 74% 14 ppt _
D-01 {305ft.] GP No 13 a| 6.8% 22 ppt _
D-01 405ft.f GP No B ~
D-01 { 41.0ft.§ OL+SP No 9 aj 159% | 12ppt L
D-01 |505ft| SP _ No 23 a] 18.0% 29 ppt o _
D02 1.0ft. | ML  No i Shelby 375% | ?%6pef | 4 4 ]
D02 | 16ft.{ ML No 46.1% | 74 pcf NP Consol
Duane Miller & Assoclates Plate
Job No. 4119.23 Liberty Development B-1




Type Sampling | Molsture ]| Dry |Organic Bhear Strength Tests | Passing DPassmg
Boring| Depth | (USCS) Frz?{ Blows/ft{ Content | Density| Loss | LL Pl { Salinity { Test-1/2 deviator-Sigma 3| #4 #200 (Other Tests
D02{21ft{| ML No 45.6% | 71pef TX(UU) 360 psf 1000 psf
D02 | 60ft.| MH NojfSheby { | ¢ + ¢+ ¢+ ~~+ 4
D02 65/ { MH No 28.6% | 94 pcf Consol
D02 68ft. i1 MH No 284% | 95 pcf TX(UU) 2520 psf 1000 psf
D02 { 11.0ft.§ MH  No | Shelby 294% i 93 pcf 51 22
D-02 1160ft.i MH No 6 a
D-02 i210ft.; SM  No 29 aj 79% N 91% 44.0% |MA
D02 1260ft.i SM No 20 al  9.46% 69%  15.0% {MA
D-02 | 31.0ft.} SP-SM No 26 a| 24.9% 96% 11.0% |IMA
D02 1360fft.,] ML No 24 a}] 30.1%
D02 [370ft.] SM__ No 55 aj 10.7% N 87%  22.0% [MA
D02 410ft.| SM  No 18al 140% | 97%  280% IMA
D-02 1460f. | ML No MA
D-02 [475ft.f SM  No 12 aj 23.4% i 110 pcf _ 99%  31.0% {MA
D-02 | 51.0t.| SPSM_ No 14 a] 19.6% N 1 96%  5.0% {MA
_D-02 | 565 ft. 5P No 31 aj 13.0% | 118 pcf
D02 | 57.0ft.f SM No 18.6% 100%  16.0% IMA
D-03 | 1,04t ML  No | Shelby
D-03 | 60ft. i MH No | Shelby 320% | 90pcf | 53 2|1 1 o
D03 | 65ft.i MH No 32.0% | 89 pef TX(UU) 2010 psf 1000 psf
D03 | 11.0ft.| MH No|Shelby | 32.0% | 9lpcf | N
D-03 (11.7ft.| MH No 309% | 91pef | o Consol
D-03 {160ft.{ MH No|Shelby | 317% | 91pcf o
D-03 {165#] MH No 32.8% | 88 pcf Consol
Duane Miller & Assoclates SAMPLE SUMMARY Plate
Job No. 4119.23 Liberty Development B-2
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Type ampling | Moisture ] Dry ] Organic Shear Strength Tests | Passing lassing
Boring| Depth | (USCS} Frz?| Blows/ft| Content | Density| Loss | LL. P! | Salinity | Test-1/2 deviator-Sigma3| #4 #200 |[Other Tests
D03 {169f] MH No 31.7% | 90 pef TX(UU) 1510 psf 1000 psf
D-03 j21.0ft1 ML No 13 a| 12.6% ) 29 ppt
D-03 {220ft! SP No 15.4% 15 ppt
D-03 {260ft.] SP No 37 a} 10.5% 24 ppt 79%  42% [SA
D-03 | 31.0ft.] SP  No 19 a 15.0% 20 ppt
D03 i360fti SM No 20 aj 13.6% 18 ppt
D-03 {41.0ft1 SM No 20 a
D03 |415ft] SM No| 13.9%  8ppt
D03 460f] SP  No 40 a} 17.3% L B
D-03 {465ft.{ SP  No SA
D-03 {510ft.f SP  No 72 a
D-03 {515ft| SP No 18.6%
D03 |527#]{ SP  No 19.8% 17 ppt
D04} 10ft | ML No|Shelby | 464% | 78pcf NP
D-04 | 35ft. | ML  No | Shelby 504% | 71pef
D-04 § 40ft. { ML No 51.3% § 70pef B Consol
D04} 46ft | ML No 52.8% | 68pcf TX(UU) 290 psf 1000 psf N
D04 | 85ft. | MH  No | Shelby 3L2% | Npcf L - o
D04 {135f] MH No 8 a B
D-04 | 140ft.1 MH No
D-04 {145ft.] MH No 334% | 88pcf Bppt{ ) i B
‘D-043185ft] MH No 4a} 211% A PYppt i
D04 { 235ft.f SP No 14 a|] 101% 31 ppt _
D-04 | 285 ft. GP No 27 aj 6.6%
Duane Miller & Assoclates SAMPLE SUMMARY. Plate
Job No. 4119.23 Liberty Davelopment B-3
Beaulort Sea, Alaska

July 1988




July 1998

Beaufort Sea, Alaska

Type Sampling | Moisture Dry | Organic Shear Strength Tests Passing Fassing
Boring| Depth | (USCS) Frz?j Blows/ft | Content { Densityj Loss | LL  PI | Salinity | Test-1/2 deviator-Sigma 3| #4 #200 |Other Tests
D-04 {335ft.] GP No 24 a
D-04 {385f.] GP No 6 al 126%
D-04 : 39.2ft.§ ML No 11.6%
D-04 435ft.] GP No 28 a
D-04 | 485 ft. GP Ne 32 a] 81%
D05 { 00ft { ML No| Push 34.0%
D05 03ft. | OL Noj Push 51.5% 4.9%
D-05 | 2.5 ft. ML No | Shelby 47.1% | 73 pef .
D05 30ft. | ML No 52.8% | 69 pcf NP ) Consol
D-05 | 35f. | ML No 37.6% | 80 pef TX(UU) 360 psf 1000 psf o
D-05 | 75ft. | MH _ No | Shelby 293% | 93 pef
D05 i81ft.{ MH No 269% | 96 pcf Consol
D-05}83ft. | MH No 293% § 94 pcf TX(UU) 1400 psf 1000 psf L
D05 1125/t MH No 9 ai 331% | 89pcf o
D-05 [13.0ft| MH No 33.6% 51 22
D05 175/ MH No 7 al 324% 5 5
D05 12256t SM No 23 aj 10.4% ) 1. 86%  240% iSA
D05 }127.5ft | GW No 26 af 10.6% | 4% 12% {SA
D05 | 325ft.; GP No 23 aj 49% .
D-05 {375f.; ML No 14 ai 20.1%
D-05 j 425ft.; SM  No 20 af 13.0% 94%  15.0% [SA
D-05 {48.0ft.] SP-SM  No 50 aj 16.7% o
| D-05 {485 ft.§ SP-SM  No 14.4% { 118 pcf
D05 | 52.5ft.{] SM No 4 a| 11.2%
Duane Miller & Assoclates SAMPLE SUMMARY Piate
Job No, 4119.23 Liberty Development B-4



Type Sampling | Moisture | Dry ]Organic Shear Strength Tests | Passing Passing
Boring} Depth | (USCS) Frz?] Blows/ft| Content | Density{ Loss | LL PI | Salinity j Test-1/2 deviator-Sigma 3| #4 #200 {Other Tests
D-05 i 575ft.1 SP-SM No 58 a| 17.9%
D05 | 6756 GP No 63 a o
DO5725f.] GP No 49 a
D06 | 10ft | ML No|  0a| 802% N
D06 | 25f. | ML NolShelby | 346% | 82pcf
D06} 3.5 | ML No 350% | 86 pcf TX(UU) 1150 psf 1000 psf
D-06 { 50ft. {| ML  No | Shelby 371% | 84pef { | 4 100%  66.0% {SA
D-06 {1021 Pt  No 2 a| 1175%
D-06 {105f.| MH Noj_ 23.3%
D-06 {15.0ft.{ MH No 4a
D06 |165f| SM  No 15.7% )
D-07 ; 0.5 ft. SM  No 6 a
D-07 { 3.0ft. § SM  No | Shelby 29.5% | 96 pef . o
D-07! 70ft. | OH No|Shelby | 46.6% | 74pcf 62 26
D07 | 80ft. { OH Neo 46.8% { 73 pef ' TX(UUY) 450 psf 1000 psf
D07} 95ft. | MH No 5 a
D07 | 145ft.| MH No | Shelby 19.3% | 110 pcf
D07 {1951 MH No 7 a] 245%
D07 {205ft.] ML No - 20.6% ]
D-07 | 265f.{ SP  No 26 a| 10.3% . 100% _ 3.6% |SA
D-07 {2956t SP  No 12 a] 150% L ~ . .
D08} 00ft. ! SP  No 0 a o o
D-08| 05ft. | SP  No .
D-08 § 2.0 ft. SP  Noi Push 21.1% 100% 3.4% [SA

Duane Miller & Assoclates SAMPLE SUMMARY. Plate
Job No. 4118.23 LIberty Development B _5
July 1898 Beaufort Sea, Alaska




Type Sampling | Moisture ]| Dry |Organic Shear Strength Tests Passing Dassing

Boring| Depth | (USCS) Frz?| Blows/ft|{ Content | Density| Loss | LL  PI | Salinity i Test-1/2 deviator -Sigma 3| #4 #200 {Other Tests

D-08 1 4.0 ft. SP  No| Push 28.5%

D-08 t 45 H. ML No{ Push 50.2%

D08 | 65ft. | SP-SM  No | Shelby 21.6% { 101 pef

D-08 | 9.0 ft. CL  No } Shelby 281% { 95 pcf 45 19

D-08 | 14.0 ft. CL No 16 a

D-08 119.0ft.i SM No 13 a] 39.0%

D-08 {240ft.| SM No 4 al 351%

D-08 | 29.0 ft. sP No 21 a

D09 00ft | ML No al 39.1% NP _

D09} 35ft.| ML No al 585% .

D-09 | 401t Pt No 77.8% 14.0% 100% 45.0% |SA ]
D09 1 6.0t Pt No{ Push 56.6% 65 pef

D-09 | 85 ft. Pt No | Push 50.2% | 69 pef -

D09 90ft| Pt No 50.3% 13.4% -

D09 11054 SP No: Push _ N

D-101 0.1ft { SM No| Push . 4. — —
D-10 | 154t ML No{ Push 27.7% 90 pcf ) ]
D10 { 206 | OL No 41.1% | 85pcf | 43% NP 100%  73.0% [MA L
D10} 40ft. | ML No| Push | 408% | 79pcf o ) -
D10} 60ft | SM  No| Push | 239% N - 100% _ 18.0% ISA

D-10 | 851t Pt No 3aj 66.1%

D-10{90f.] Pt No 77.0% 26.0% 3

D-10 ;1354 OL No 3 al 39.9% —
‘D-11 | 001t SM No al] 29.1%

Duane Miller & Assoclates SAMPLE SUMMARY Plate
Job No. 4118.23 Liberty Development B_6
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Type Sampling | Moisture | Dry |Organic Shear Strength Tests Passing Passing
Boring! Depth | (USCS) FPrz?{ Blows/ft | Content | Density| Loss { LL PI | Salinity | Test-1/2 deviator - Sigma 3| 4 #200 |Other Tests
D11 | 10 | SP-SM_ No _ 209% |
D-11} 254t | 5P-SM  No 7 aj 162% 100%  5.7% [SA
D-11 | 6.0t SM  No 8 aj 268% 100%  20.0% iSA
D-11 [100f.] ML No 2al 643% )
D-11 {150ff ML No 3 al 43.6%
D-11 { 16.3 ft. Pt No 115.2%
D-11 {170f#.] Pt No 2a
D-11 {18.0ft.; ML No
D-11 { 19.0ft.} SP+Pt  No 10 aj 40.8%
D-12 ; 0.0t SM_ No 2 a] 387%
D-12 | 251t ML  No | Shelby 354% | 85pcf .
D-12 | 5.0it. SM  No | Shelby 31.0% | 86pcf 100% 27.0% (MA
D12 75f. | SM  No 2 al 582% |
D12 |100f.] SM  No|[Shelby | 827% | 53pcf B B o
D-12 } 150ft.f ML No 3 al 557%
D12 {160f] GP _ No 10 | 122% L i .
D-12 {200ft.] GW No 9 aj 12.7% - 45%  2.8% [SA
D12 {250ft] GP Noj 14 a] 79% 3
D-12 | 300ft.! GP  No 24 a ] 7.2% .
D-13 | 0.0 ft. SP No 4al 231% 100%  3.3% SA
D-13 | 25ft. | OL+Pt No 2aj 416% 4.2%
D13} 50ft. { ML No 5al 41% 100%  84.0% {MA
D131 75ft. | ML No 5aj 288%
D-13 | 10.2 ft. Pt No 2 al 84.0%
Duane Miller & Assoclates Plate
523 ot oo B-7



Type Sampling | Moisture | Dry rganic } Shear Strength Tests Passing Passing

Boring| Depth | (USCS) FPrz?] Blows/ft| Content { Density| Loss { LL PI j Salinity j Test - 1/2 deviator - Sigma 3] #4 #200 |[Other Tests
D-13{107ft] ML No 56.7% ) s - ~

D-13 {135ft.y ML No 5a

D-13 {1421t Pt No 56.1% o

D-13 j160ft.] ML No 2 aj 23.3%

D14 00ft. 1 ML Neo 4 aj 321%

D-14 | 1.5ft. | SM  No | Shelby 39.1% | 85pcf o o

D-14 | 40ft. { SP-SM No 5aj 249% 100%  12.0% |5A

D-14 1 65ft. 1 SM  No | Shelby 371% | 76pef

D-14 | 9.0t | ML+OL No al 69.9%

D-14 | 9.9 ft. 8P No 22.6%

D-14 1145ft.] SP  No 14 a} 11.6% { 127 pcf

D-14 | 190/} SP  No 16 a| 18.8%

D-14 1240ft.; GP No 21 af 78% 50%  4.5% i5A

D-14 {290ft.] GP No 22 a

D-151 0.0ft. | SP-SM  No{ Push 27.7% i

D-15 | 0.3ft |OL/SM No| Push 43.8% 3.8% _ 100%  28.0% [SA

D-15 | 256§ OL Noj Push

D-15 | 3.0ft. { ML No| Push o ) )

D-15! 50ft. | OL Noj Push 6.0% B o
D15} 60ft.1 OL Noj| Tush ~

D-15 10.0ft.] SM  No 14 ai 14.7% N 94%  13.0% |SA

D-15 {160ft.i OL No 11 aj 662% .

D-16 { 00ft. | ML No|{ Push 322% 100%  56.0% {SA

D-16 | 5.0ft. | SP-SM No 10 a} 11.8% 100% 12.0% iSA

Duane Miller & Assoclates Plate
Job No. 4119.23 Liberty Development B'8

July 1698

Beaufort Sea, Alaska




Type Sampling | Moisture | Dry |Organic Shear Strength Tests Passing Passing
Boring} Depth | (USC5) FPrz?} Blows/ft | Content | Density} Loss { LL Pl | Salinity | Test - 1/2 deviator - Sigma 3] #4 #200 [Other Tests
D-16 | 9.0ft. | SP-SM No 15 a
D-16 | 14.0 ft. sSP No 6 al] 12.0%
D-16 {19.0ft.f GP No 9 aj 67%
D-16 1 240ft.] GW No 19 a} 5.7%
D-16 {29.0ft.{ GW No 18 a{ 6.0%
D-17 | 0.0ft. SM No | Push 25.7% 100%  28.0% (SA
D-17 i 50ft. | SP-SM  No 9 al 114% 68% 11.0% |SA
D17 | 90ft. | SP  No 6al 159% 87%  16% ISA
D-17 | 14.0£t.{ SP-SM _ No 14 af 140%
D-18 | 0.0 ft. ML No| Push
D18 02t | OL No 70.5% - B
D18 | 50f. | ML No{Shelby | 437% | 78pct
D-18 | 55ft. | ML No 43.7% | 74pcf TX(UU) 780 psf 1000 psf
D-18 | 105ft.f ML Noj Push L
D-18 : 15.0 ft. GP No 10 a} 11.2%
D-18 | 25.0 ft. GP No 11 aj 11.5%
D-19{ 0.0ftt] ML No| Push o I
D-19 | 041t ML No 58.3% N NP ~
D-19 | 451t SM No{ Push 32.6% I B e 100% 16.0% {SA
D-19 { 53 ft. Pt No 1048% { & R R
D-1% ; 581t. | SP-SM No 14.3% o 72% 6.4% (SA
D-19 | 9.5 ft. GP  No 6 aj] 92% _ _
D-19 J145ft.! GP No 13 a| 83%
D-19 | 245 ft. GP No 18 a 6.0%
Duane Miller & Assoclates Plate
Job No. 4119.23 Liberty Development B"9
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Type Sampling | Moisture| Dry |Organic Shear Strength Tests | Passing Passing
Boring! Depth | (USCS) Frz?{ Blows/ft| Content | Density; Loss | LL Pl | Salinity | Test- 1/2 deviator - Sigma 3| #4 #200 Other Tests
D20 | 00ft | SP-SM No| Push 20.4%
 D-20 1 46t [GW-GM No 7al 77% 42 ppt 45% ' 78% [SA
D-20 { 9.5ft. | SP-SM Noi 14.2% 90% 71% |SA
D-20 | 100f.! GP  No 3al 80% 32 ppt
D-20 | 145ft.] GW No 6al 69% 73 ppt 39%  2.4% ISA
D20 {195f.] GP No 6al 71% 51 ppt
D-20 | 245ft.{ GP No 9aj 77% 66 ppt
D211 05ft. 1 SP  Yes 50 aj 169%
D211 15f. 1 SP  Yes 12.5%
D-21 { 40ft. | SM  No 17 aj 98% . 36 ppt ) 62%  15.0% {SA
D-21 i 10.0 ft. | GW-GM Yes 74m| 83%
D-21 | 110 |GW-GM Yes! 260 aj 72% 2ppt | . 45%  64% [SA
D-21 | 14.0t.{ GP-GM  Yes 9.2% _
D-21 | 145 ft. | GP-GM  Yes 173 ai 65% | 139 pcf 12 ppt ) 4%  B8I% [SA
| D-21]165#t. | GP-GM Yes| 126 a| 84% |136pcf| 8 ppt . 43%  99% |SA
D21 {19.0ft. ] GP-GM Yes 240 aj 8.0% - 10ppty
D-21 ! 24.0 ft. |GW-GM Yes 170 a] 8.6% 9 ppt 52% 8.8% iSA
D-21 | 29.0 ft. | GP-GM  Yes 230 a] 49% 9 ppt N
D-21 | 390ft| GP-GM Yes| 248 a} 7.8% lweptl
D22{40ft. ! GP  Yes| 240 al 126% _iapptt 36% _ 33% [SA
D-22 1 924t | SP-SM  Yes 130 a; 216% | | i - o
D22 | 12041 GP-GM Yes} Grab | 10.9% b2ppty 49%  9.6% ISA,RD
D-22 [19.0.| GP-GM_ Yes!| 110 a| 11.0% 3ppt |
D-22 { 24,0 ft.; GP-GM  Yes 252 a|l 7.3%
Duane Miller & Assoclates SAMPLE SUMMARY Plate
Job No. 4119.23 Liberty Development B-10
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Type Sampling | Molsture | Dry ]Organic "Shear Strength Tests | Passing Passing
Boring} Depth | (USCS) Frz?| Blows/ft | Content | Density{ Loss | LL Pl | Salinity | Test-1/2 deviator - Sigma 3| #4 #200 {Other Tests
D-22 1270ft) SM  Yes| Grab | 8.6% 2ppt | 68%  21.0% ISA
D22 1290ft.; GP  Yes 165 ai 10.6% )
D-22 {340ft.{ GP _ Yes| 222 al 72% - 3 ppt 4.7%
D-22 |440ft.] GP  Yes! 300 a| 9.8% 2 ppt
D-22 {54061 GP  Yes 240 al 82% i
D.22 | 64.0 ft.{; SP-5M Yes 285 al 13.5%
D-23 ] 40f.§ GW  Yes 240 aj 55%
D23 | 87f | GW Yes| 159a} 71% 3.3%
D-23 120 ft. | GW-GM Yes{ Grab 9.7% b 47%  7.1% {SA,SpG=2.65 RD
D-23 | 185ft.f GW  Yes 200 ai 81% B
D23 1235ft.] GM Yes 218 af 9.2% 14.0%
D-23 1285ft.] GW  Yes 192 aj 7.2% B
D-23 {335ft.; GW  Yes 300 af 63%
D-23 {425ft.] GP  Yes 300 aj 82%
D-23 |500ft{ GP Yes 200 a] 7.6%
D24 {01ft | SM  Yes| 23 a| 294% | - 1 100%  39.0% |SA .
D-24 | 40ft, | SPSM Yes| 88 a 208% | | i 4 |
D24 { 90ft.} GP Yesi 300 aj 83% ~ 1ppt _ )
D24 | 140ft.] GP  Yes 171 a] 6.6% o 1 ppt o L 2.7%
D-24 }19.0ft.i GP Yes 200 a} 10.3% - 2 ppt ) L
D24 |230ft] SM  Yes| 144 a| 27.4% 1ppt o 14.0%
D-24 {27.0ft.] GP-GM Yes| Grab | 7.0% 3 ppt 4%  108% sn%ggﬁ%ﬁ,
D-24 | 29.0ft. | GP-GM Yes 300 a
Duane Miller & Assoclates Plate
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Type Sampling| Moisture | Dry | Organic Shear Strength Tests Passing Passing
Boring| Depth { (USCS) Frz?{ Blows/ft} Content | Density} Loss | LL PI | Salinity | Test-1/2 deviator-Sigma3| #4 #200 {Other Tests

D-24 | 34.0ft.| GP-GM Yes| 200 af 55% 4ppt

D-24 | 4404t { GP-GM  Yes 300 af 67% 11 ppt

D-24 [ 540ft.] GP  Yes 216 ai 51% 11 ppt 4.6% - B
D-24 | 64.0ft.{| SP-SM  Yes 156 aj 14.1% 11 ppt

D-25 | 2.0 ft. GP  Yes 300 aj 11.1%

D-25 { 7.0ft. GP  Yes 240 al 7.1%

D-25 {12081 GP  Yes 300 aj 8.46%

D-25 {170f.] GP  Yes 200 ai 6.0%

D-25 | 17.5 ft. Pt Yes 151.1%

D25 1220ft.] GW  Yes 300 af 6.1%

D-25 | 270ft.] GW  Yes 200 a| 6.5%

D-25 { 320 . GP Yes 187 a| 8.0%

D-25 {420ft.] GP  Yes 136 ai 85%

D25 {510ft.] GP  Yes 240 af 12.8%

D-26 { 0.0t ML  Yes{ Bulk

D26 ] 40ft. | GP  Yes| 180 a| 9.5% Cpappt b 3%%

D-26 | 90ft. | GP  Yes 144 a} 83% lppt |

D-26 | 140ft.1 GP  Yes 200 af 78% 2 ppt 3.8%

D-26 | 19.0ft.{ SP  Yes 124 a}l 17.5% 1 ppt

D-26 { 29.0ft.| GP-GM Yes 164 a| 10.5% 5 ppt 52% 11.0% {SA

D-26 1340ft.] GP  Yes 180 aj 67% 16 ppt

D-26 | 44.0 ft. | GP-GM Yes 192 aj 8.6% 9ppt |

D-26 | 54.0ft.| SP-SM  Yes 88 aj 245% 5 ppt 100%  8.0% {SA

D-26 | 630t | GP-GM Yes| 300a]| 12.8% 6 ppt
Duane Miitar & Assoclates SAMPLE SUMMARY Plate
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Type Campling| Moisture | Dry |Organic " Ohear Strength 1ests | Passing Lassing
Boring| Depth | (USCS) Frz?{ Blows/ft| Content | Density! Loss | LL Pl | Salinity | Test- 1/2 deviator-Sigma 3} # #200 Other Tests
D-27 { 0.0t SM  Yes 3la| 168% 96%  16.0% [SA
D-27 i 55ft. | GP-GM Yes 26a{ 94% N pptt _
D-27 } 10.0 ft. | GW-CM  Yes 126a| B85% _ 12 ppt L 4% 9.7% ISA
D-27 11256} SM  Yes 135a | 1B.7% | 108 pef 99%  15.0% {SA
D-27 | 150 ft. | GW-GM _ Yes 214a; 80% 19 ppt 45%  7.0% [SA
D-27 {17561 GW  Yes 22a] 52% | 124pcf 41%  41% [SA
D-27 1180ft{ GW  Yes 51%
D-27 | 20.0 ft. i GW-GM Yes 260a | 7.5% 16 ppt _ 4%  56% {SA
D-27 1250ft.; GP  Yes 260a] 6.8% 16 ppt
D-27 1300ft.] GP  Yes 150 aj 7.4% 15ppt | 36%  4.8% |SA
a = automatic hammer, m = manual hammer, SA = sieve analysis, MA = hydrometer and sieve analysis, SpG = specific gravity,
Consol = consolidation test, D1557 = modified Proctor compaction density, RD = maximum and minimum densities from shaking table
Duane Miller & Associates SAMPLE SUMMARY Plate
Job No. 4119.23 Liberly Development
July 1998 Beaulort Sea, Alaska B-13
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MLorOL MH or OH
0 : ; .
0 20 40 50 80
Liquid Limit {LL}
Sample Location Plastic Limit ;| Liquid Limit index Moisture uUscs
D-01 @ 0.5 1t. NP 44 8% ML
O p-o1@sst. 30 50 20 30.6% MH
A DO01@150f1. 26 51 25 31.2% CH
D-02 @ 1.01t. NP 46.1% ML
® DO2@11.014. 29 51 22 29.4% MH
e D-03 @ 6.0t 30 53 23 32.0% MH
D-04 @ 1.0t NP 48.4% ML
D-05 @ 251t NP 47.1% ML
@} D-05 @ 13.0 . 29 51 22 33.6% MH
A D07 @7.0ft 36 62 26 46.6% OH
n D-0B @ 9.0 ft. 26 45 19 28.1% CL
D-09 @ 0.0 ft. NP 39.1% ML
D-10 @ 2.01t. NP 41.1% OL
D-19 @ 0.4 1t. NP 58.3% ML
Duane Miller & Assoc. PLASTICITY CHART Plate
Job No 4119.23 Liberty Development
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Boring = b-01 D02 D-02 D-02
Depth = 20511 2101t 2601L Jof
Location => Istand island island iIsland
3% = 100.0% 100.,0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0%
" = 100.0% 100.0% 88.0% 100.0%
an = 68.0% 96.0% a3.0% 88.0%
M = 30.0% 891.0% 69.0% 9§.0%
#10=> 15.0% a7.0% 55.0% 89.0%
#20 = 12.0% 82.0% 48.0% 87.0%
#30 = 10.0% 78.0% 41.0% 83.0%
#100 => 20% 53.0% 19.0% 28.0%
#200 => 0.7% 44.0% 15.0% 11.0%
.02 mm 30% 12% B%
(.005 mm
0.002 mm
Analysis of Data
D10 size = 0.425 mm N/A N/A N/A
DA0 size == 4.750 mm N/A 0.252 mm 0.156 mm
D50 size => 6.841 mm 6.119 mm 1.085mm 0228 mm
DE&O size => 8210 mm 0.201 mm 2.724 mm D275 mm
Coeff. of Uniformity, Cu = 19.32 N/A N/A N/A
Coeft. of Curvature, Cc = 6.47 NA N/A N/A
Gravel (+#4) parcentage = 70.0% 9.0% 31.0% 4.0%
Sand percentage = 29.3% 47.0% 54.0% 85.0%
Fines percentage = 0.7% 44.0% 15.0% 11.0%
Unified Scil Class Symbol = GP SM SM SP-SM
- 100%
- 80%
80%
T0%
60%
50% £
W
£
40% ©
[ =]
5
30% E
oo
20%
10%
FEPET T L : P PR i i o N L . M . N 0%
100 10 1 0.1 0.01 0.001
Grain Size (mm)
—lpra 03-01 @ 205 =—D=D-02 @ 21 =—tr—D-02 @ 26 —)1—0—02031]
Duane Miller & Associates PARTICLE DATA
Job No. 4119.23 Liberty Development ' Plate
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Boring = D-02 D-02 D-02 D-02 D02
Depth = 3704 4100 4751 51.01. 57.01t
Location=> Island island Istand island istand
A= 100.0% 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0% 100.0%
34" => 100.0% 100.0% 100.0% 100.0% 100.0%
3/8" =c» 98.0% 99.0% 100.0% 98.0% 100.0%
= a7.0% a7.0% 95.0% 96.0% 100.0%
M0 = T9.0% 95.0% 97.0% 86.0% 100.0%
#20 == 75.0% 94.0% 895.0% 94.0% 100.0%
40 = 69.0% 90.0% B5.0% 83.0% 99.0%
#100 => 42.0% 56.0% 45.0% 13.0% 43.0%
#200 => 22.0% 28.0% 31.0% 5.0% 16.0%
0.02 mm 12.5% 12.6% 18.1% 4.0% 12.8%
0.005 mm
0.002 mm
Analysis of Dete
010 size = N/A N/A MN/A 0.116 mm NA
D30 size => 0.099 mm 0.073 mm N/A 0.193 mm 0.407 mm
D50 size = 0.204 mm 0.129 mm 0.171 mm 0.260 mm 0.171 mm
D60 size => 0.300 mm 0.170 mm 0.222 mm 0.302 mm 0206 mm
Coeft. of Uniformity, Cu = N/A N/A N/A 2.6% NA
Coefl. of Curvature, Co = N/A N/A WA 1.07 N/A
Giravel {+#4} perceniage = 13.0% 3.0% 1.0% 4.0% 0.0%
Sand percentage = 85.0% £§9.0% 68.0% 91.0% 84.0%
Fines percentage = 22.0% 28.0% 31.0% 5.0% 16.0%
Unified Soll Class Symbol = SM SM SM SP-SM SM
100%
20%
BO%
70%
: g
’ 60% ]
'. &
—r— 50% 35
' =
[~
0% O
£
30%
T 20%
10%
0%
100 10 0.1 0.01 0.001

Grain Size (mm}
——D-02 @ 37 —{1~D-02 @ 41 ~r—D-02 @ 47.5 —6¢=D-02 @ 51 —W—D-02 & 57

Duane Miller & Associates BARTICLE DATA
Job No. 4119.23 Liberty Development Plate
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Boring => D-03 D-05 D-05 D-05 D06
Depth => 26,01t 251 2751 4251 501
Location => Igland Sta 0400 Sta 4+30 Sta 0+00 Sta 22+21
3= 100.0% 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0% 100.0%
34" = 100.0% 99.0% 90.0% 100.0% 100.0%
38 = 94.0% 84.0% 67.0% 99.0% 100.0%
i = 79.0% 88.0% 44.0% 94.0% 100.0%
#0=> 66.0% 72.0% 32.0% 88.0% 100.0%
#20 =>| 59.0% 75.0% 28.0% 82.0% 100.0%
#40 = 45.0% 68.0% 25.0% 66.0% 100.0%
#1100 => 7.0% 38.0% 3.0% 25.0% g7.0%
#200 = 4 2% 24.0°% 1.2% 15.0% 56.0%
0.02 mm|
0,005 mm
C.002 mm
Anafysizs of Daia
D10 size = 0,163 mm NA 0.209 mm N/A NA
D34 size = 0277 mm 0101 mm 1.304 mm 0.170 mm NA
DS0 size = G.526 mm 0.228 mm 5.691 mm 0.283 mm N/A
D6 sz = 0.961 mm 0.322 mm 7.693 mm 0.365 mm NA
Coetf. of Unidommity, Cu = 53 NA 36.82 N/A N/A
Coeff. of Curvature, Cc = 0.49 N/A 1.06 N/A N/A
Gravel (+#4) percentage = 21.0% 14.0% 56.0% 6.0% 0.0%
Sand percentage = 74 8% £2.0% 42.8% 79.0% 34.0%
Fines percentage x 42% 24.0% 1.2% 15.0% 66.0%
Unified Soll Class Symbol = SP S GW SM ML
315" 34 " M #10 #20 MO #100 #200
he - 100%
——— 0%
LAY - a0%
A 70%
* N o
X -160% 3
' . 0
¥ . 5
T - - 50% g,
awn §
&
30%
Ik : 20%
MR P 10%
o .
10 10 1 0.1 0.0 0.001

Grain Size (mm)

l:O—D-OS026—E—D-05622.5—&—&050275-)(—0—05042.5—*—0—02031

Duane Miller & Associates PARTICLE DATA
Job No. 411923 Liberty Development
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Boring = D07 D-08 D-09
Depth => 2651t 20n 401t 60N
Location => Sta 45451 Sta 72+70 Sta 103+18 Sta 125488 Sia 125488
2" = 100.0% 100.0% 100.0% 100.0°% 100.0%
A2 = 100.0% 100.0% 100.0% 100.0% 100.0%
4" = 100.0% 100.0% 100.0% 100.0% 100.0%
3B = 100.0% 100.0% 100.0% 100.0% 100.0%
# = 100.0% 100.0% 100.0% 100.0% - © 100.0%
#F10 == 44 0% 100.0% 100.0% 100.0% 100.0%
#20 = 34.0% 99.0% 99.0% 99.0% 100.0%
D = 23.0% 92.0% 99.0% 98.0°% 298.0%
#1060 = 7.0% 7.0% B4.0% 96.0% 40.0%
#200 => 3.6% 3.4% 45.0% 73.0% 18.0%
0.02 mm 11.5%
(.005 mm
0.002 mm
Anaiysis of Data
D10 size => 0.182 mm 0.156 mm N/A N/A N/A
D30 size = 0.661 mm 0.159 mm N/A N/A G103 mm
D50 size = 2.194.mm 0.254 mm 0.082 mm N/A 0.180 mm
D60 size => 2.561 mm 0.2B7 mm 0.098 mm N/A, 0.215mm
Coeft. of Unilormity, Cu = 14.04 1.85 N/A N/A N/A
Coeff. of Curvature, Cc = 093 0.88 N/A N/A N/A,
Grave| (+#4) percentage = 0.0% 0.0% 0.0% 0.0% 0.0%
Sand percentage = 96.4% 96.6% 55.0% 27.0% 82.0%
Fines percentage = 3.6% 3.4% 45.0% 73.0% 18.0%
Unified Soil Class Symbol = sp SpP M OL SM
4.5 34 38 M #10 #20 #40 #100 #200
} b 100%
- ot : 290%
Ty r 80%
— 70%
— : 60% ‘g
N . &
. . o
1] : 1] m g
. ; £
0% 8
: &
: 0%
20%
ot . 10%
N PO 0%
100 10 1 0.1 .01 0.001
Girain Size {mm)
[—0—D—07 Q@265 —{—D08& 2 —r—D-09@ 4 —4—D-108 2 —W—D-100 6
Duane Miller & Associates PARTICLE DATA
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D-i2 D-13 D-13
Dopth = Z5N 60 5.01t 2001t oo sS.ofit
Location=>| Sta136+39 | St 138+39 | Sm165+:32 | Sta165:32 | Sta 187478 | Sta 187478
= 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%
My | 100.0% 100.0% 100.0% 95.0% 100.0% 100.0%
M= 100.0% 100.0% 100.0% 74.0% 100.0% 100.0%
#4=)  100.0% 100.0% 100.0% 45.0% 100.0% 100.0%
0= 98.0% 100.0% 100.0% 30.0% 100.0% 100.0%
#20 == 86.0% 100.0% 100.0% 24.0% 99.0% 100.0%
#40 => 66.0% 100.0% 100.0% 18.0% 97.0% 100.0%
1100 => 10.0% 50.0% 48.0% 4.0% 13.0% 84.0%
#1200 => 57% 20.0% 27.0% 2.8% 3.3% B4.0%
0.02 mm 33.6%
0.005 mm
0.002 mim
Analyzsis of Daia
D10size=>{ 0.150 mm N/A N/A 0.234 mm 0.121 mm NA
D3Dsize =~| 0.218mm Q.084 mm 0.083 mm 2 000 mm 0.185 mm N/A
DSDsize »>| 0316 mm 0.150 mm 0.156 mm 5353 mm 0.237 mm NA
D60 siza =] 0380 M 0.185 mm 3.191 mm 6.798 mm $.269 mm N/A
Coefl, of Uniformity, Cu = 2.53 N/A N/A 29.00 222 N/A
Coefi. of Curvature, Cc = 0.53 N/A N/A 2.51 105 N/A
Gravol (+#4) percentage = 0.0% 0.0% 0.0% 55.0% 0.0% 0.0%
Sand percentage = 94.3% 80.0% 73.0% 42 2% 86.7% 16.0%
Fines percentage = 5.7% 20.0% 27.0% 2.8% 3.3% 84 .0%
Unifled Soil Class Symbol = SP-SM SM SM GwW Sp ML
345" 34" ae M #10 #20 #40 #1100 #200
— . , ¢ S S 9008 100%
o v e ORI | T SO ! t
- — :\f:::: "'::“: SN 0%
- — \::::: \ : \i : 80%
& \ \: :::\:\: — — 0%
VAR -

8
*
Parcentage Passing

; NG :::::T':\ \é : 3 40%
' ::f::::\u\::::ff : \ A 30%
R \wg\ 03 oxw 20%
. - SITE, V8 N : 10%
. ' 0%
100 10 1 o1 0.01 0.001
Grain Size (mm)
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Boring =>
Degpth =>
Location =
3 =
112" =
4" =
3/B" =
#4 =
#10 ==
#20 =
#40 =>|
#100 ==
#200 =>

D-14
40t

Sta 207+87

D-14
2401t
Sta 207+87

03t
Sta 231+27

100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
93.0%
30.07%
12.0%

100.0%
100.0%
94.0%
72.0%
50.0%
37.0%
31.0%
25.0%
8.0%
4.5%

100.0%.
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
98.0%
62.0%
28.0%

0.02 mm
0.005 mm
0.002 mm

Analysis of Data

D10 size =>

D30 size =>

D50 size =

DED size =

Coeff. of Uniformity, Cu =
Coefl. of Curvature, Co =
Gravel (+#4} percentage =
Sand percentage =

Fines percentage =

1.065 mm
0.150 mm
0203 mm
0236 mm
363
147
0.0%
BB.0%
12.0%

0,160 mm
0.757 mm
4. 750 meny
6.509 mm

NA
0.078 mm
0.117 mm
0.144 mm

N/A -

N/A

0.0%
72.0%
28.0%

N/A
0.170 mm
0.245 mm
0.295 mm

N/A

N/A

5.0%
81.0%
13.0%

Unified Soit Class Symbol =

SP-SM

SM

3.5 A

g w4

100%

#HG  #20 #40 #0G #200

90%

b 70%

£0%

50%

L AN :
' NG RN r
FHERIEINCR CE N HEL \ D VN U
BRI N SR\

Percentage Passing

10%

sl

0%

100 10

0.1
Grain Size [mm)

0.01

=14 @ 4 ==D-14 @ 24 =t=D-15 @ 0.3 —H=D-15 @ 10]

0.001

Duane Milter & Associates
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Boring = -6 16
Depth = 00ft soh oot
Location =>| S5ta 258454 Sta 250+54 snzahag Sta 201432 suza;_-rsz
= 100.0% 100.0% 100.0%. 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 96.0% 100.0%
34 = 100.0% 100.0% 100.0% 95.0% 100.0%
' = 100.0% 100.0% 100.0% 83.0% 95.0%
#4 = 100.0% 100.0% 100.0% 68.0% - B7.0%
#10 = 100.0% 83.0% 100.0% 61.0% B1.0%
#20 = 100.0% 80.0% 100.0% 58.0% T7.0%
#40 => 99.0% 72.0% 99.0% 54.0% 54.0%
#3100 => 89.0% 2B.0% 84.0% 22.0% 3.0%
#200 => 56.0% 12.0% 28.0% 11.0% 1.6%
0.02 mm
0.005 mm
€.002 mm
Analysis of Datn
D10 siza => NA 0.060 mm N/A 0.060 mm 0.173 mm
D30 size = NA 0.157 mm 0.077 mm Q.195 mm 0.260 mm
D50 size = NAA 0252 mm 0.098 mm 0.373 mm 0.292 mm
D60 size = 0.082 rm 0.320 mm 0.111 mm 1.504 mm 0.509 mm
Coeft. of Uniformity, Cu = NiA 233 NA 25.06 2.94
Coef. of Curvature, Cc = N/A 129 N/A 0.42 0.77
Gravel (+#4) percentage = 0.0% 0.0% 0.0% a2.0% 13.0%
Sand percentage = 44.0% B88.0% 72.0% 57.0% 85.4%
Fines percentage = 56.0% 12.0% 28.0% 11.0% 1.6%
Unified Soll Class Symbol = ML SP-SM SM SP-5M sp
345" a4 28 ¥4
- 100%
. VR VRN R EER S TR AN S — )
.;"E:E: ' m e e S L
N . - L R 70%
::::& \‘ ' \ R 2
- it S AL S — ; mg
. oy a
T : o 50% &
' 2
- — ~ < 40% &
v o
e z K
....\. AL e 30%
—— e ——— e ——— 20%
5;5:\,:\15555 SRS %
100 10 1 0.1 .01 0.001
Grain Size {mm)
—0—0-15ao-ﬂ—nqsas—a-—n-ﬂao-—x—n—nes—u—n—was]
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Boring =» D19 »-19 D-20 B-20 D-20
Depth = 451t 581 4810 S5 1451
Location = Sta 311+52 Sta 311462 Sta 316403 Sta 316+03 Sta 316+03
3" = 100.0% 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 1O0L0% 100.0% 0%
e = 100.0% 100.0% 29.0% 100.0% 64.0%
U8 = 100.0% 94.0% &65.0% 95.0% 54.0°%
#4 = 100.0% 72.0% 45.0% 90.0% 39.0%
#10 = 100.0% 52.0% 34.0% 84.0% 26.0%
#20 = 99.0¢% 45.0% 290% a1.0% 22.0%
#40) = 99.0% 36.0% 24.0% 70.0% 16.0%
#100 = 25.0% 10.0% 11.0% 15.0% 4.0%
#200 = 16.0% £4% 7.8% TA% 24%
0.02 mm
0.005 mm
0,002 mm:
Analysis of Data
D10 size = N/A 0.150 mm 0.121 mm Q.097 mm 0.252 mm
D30 size = 0.161 omm 0.334 mn 1.009 mm 0.199 mm 2610 mm
D50 size = 0.213 mm 1.566 mm 5.649 mm .291 mm 7.897 mm
D60 size == 0.245 mm 2.627 mm 7.989 mm 0.352 mm 14.399 mm
Coeff. of Uniformity, Cu= N/A 18.85 66.14 3.64 57.03
Cosft. of Curvature, Cc = N/A 0.26 1.05 117 1.87
Gravel (+#4) percentage = 0.0% 2B.0% 55.0% 10.0% 81.0%
Sand percentage = 84.0% 65.6% I72% 82.9% 36.6%
Fines percentage = 16.0% 6.4% 7.8% 7.1% 2.4%
Unified Soil Class Symbal < SM SP-SM GW-GM SP-5M GW
" 3B #4 #10 #1{00 #2200 100%
\ % 80%
- S '. 70%
: \:: \ : 2
N : - E0% @
. &
50% B8
. P . =
N [ [
r 1] m
——— 30%
. 10%
PP s i 0%
100 10 0.01 4.001
(Grain Size (mm)
—m-19 & 4.5 —0—D-19 @ 5.8 —v—{-20 €@ 4.6 —¥—D-20 @ 5.5 —¥—D-20 @ 14.5—1
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T Boring => b-21 D-21 D-21
LR Depth = 1101t 1451 16514 2401t
Location =»| Sta 318429 Sta 314429 Sta 318+:29 Sta 318+29 Sta 318+29
3" = 100.0% 100.0% 100.0% 100.0% 100.0%
11/2" = 100.0% 25.0% 100.0% B9.0% 100.0%
4" = 95.0% 78.0% 771.0% B1.0% 80.0%
s = 78.0% 61.0% 63.0% 81.0% 73.0%
#4 = _62.0% 45.0% 44.0% 43.0% 52.0%
#F0= 52.0% 30.0% 32.0% 31.0% 38.0%
#20 = 48.0% 24.0% 25.0% 25.0% 26.0%
#40 = 44.0% 19.0% 21.0% 21.0% 20.0%
#100 = 22.0% 9.0% 12.0% 14.0% 12.0%
#200 = 15.0% 6.4% £.9% 9.9% 8.8%
0.02 mm
0.005 mm
o.oog mim
Analysis of Dais
D10 size = N/A 0.166 mm 0.096 mm 0.076 mm 0.097 mm
D30 size = 0.219 mm 2.000 mm 1.566 mm 1.734 mm 1.197 mm
D50 size => 1,304 mm 5.899 mm 5912 mm £.220 mm 4.263 mm
D60 size => 3.895 mm 9.097 mm 8515 mm 8.141 mm 6.165 mm
Coeft. of Uniformity, Cu = N/A 54.65 83.78 119.84 63.60
Coeff, of Curvature, Ce = N/A 2.64 3.00 431 238
Gravel (+#4) percentage = 38.0% 55.0% 56.0% 57.0% 48.0%
Sand percentage = 47.0% 36.6% a5.1% 33.1% 43.2%
Fines percentage = 15.0% 6.4% B.9% 2.9% 8.8%
Unified Soll Class Symbol = SM GW-GM GP-GM GP-GM GW-GM
3P 4 3@ #;_1 #!0 #20 ‘ m . #1:00 ﬂpo . 100%
‘ ‘ - 80%
5K 80%
r 70%
: g
— 60% 3
:. : &
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: a
— 30%
20%
L 10%
100 10 3 0.1 0.01 0.001
Grain Size (mm)
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Boting =>| D22 D22 0-22 D-23
Depth = 40t 1204 27.01t 1201t
Location =» Material Site Material Site Malerial Site Malerial Site
D2z o4 D22 @ 12 D22 @ 27 D230 12
= 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 299.0%
4 = 28.0% 96.0% 97.0% 94.0%
38" = 58.0% 78.0% B7.0% .0%
24 = 35.0% 45.0% B8.0% 47.0%
#10=> 25.0% 32.0% 52.0% 32.0%
#20 => 22.0% 25.0% 420% 24.0%
240 => 17.0% 21.0% 35.0% 18.0%
#100 = 4£.0% 12.0% 25.0% 9.0%
#200 =>, 3.3% 9.6% 21.0% 71%
0.02 mm
0.005 mm
0.002 mm
Analysis of Data
D10 size = 0.243 mm 0.084 mm NA 0.168 mm
D30 size => 2.362 mm 1.566 mm 0.252 mm 1.615 mm
D50 size => 7383 mm 4.874 mm 1.685 mm 5.180 mm
Dé&D sze =» 2.940 mm £.300 mm 3.082 mm 6914 mm
Coett, of Uniformity, Cu = 41.02 74.83 NA 41.08
Coeff. of Curvature, Ce = 3.64 463 NA 224
Gravel (+#4) percentage = 64.0% 51.0% 32.0% 53.0%
Sand percentage = 32.7% 39.4% 47.0% 39.9%
Fines percentage = 3.3% 9.6% _21.0% 71%
Unified Soll Class Symbol = GP GP-GM SM GW-GM
s w4 VS M4 #10  #20 k40 #100 #200 100%
0%
BO%
- 70%
B : =]
: 60% 5
. a
~ 50% &
s
=
0% o
a
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20%
10%
100 0.01 0.001
Grain Size {mm)}
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Boring = 024 D-24 D-26 D-28
Depth = Ot 2701t 20.01. 5401t
Location => Material Site Material Site Material Site Matasial Site
D-24 @ 0.1 D240 27 D26 @ 29 D26 & 54
A= 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0%
" = 100.0% 95.0% 85.0% 100.0%
s = 100.0% 66.0% 64.0% 100.0%
= 100.0% 43.0% 52.0% 100.0%
#10 = 100.0% 31.0% 46.0% 100.0%
#20 = 100.0% 25.0% 2.0% 100.0%
#40 =~ 98.0% 22.0% 38.0% 28.0%
#100 = 63.0% 14.0% 16.0% 17.0%
#200 = 39.0% 10.8% 11.0% 8.0%
0.02 mm
0.005 mm
0.002 mm.
Analysis of Data
D10 size = N/A NA N/A 0.087 mm
D30 size = N/A 1.734 mm 0.291 mm 0.177 mm
D50 size =» 0.103 mm 5.866 mm 3.560 mm 0.229 mm
D60 size = 0.138 mm " 7.929mm 7.864 mm 0.261 mm
Coeff. of Uniformity, Cu = N/A N/A N/A 2.98
Coeff. of Curvature, Cc = N/A N/A N/A 1.38
Gravei (+#4) percentage = 0.0% 57.0% 48.0% 0.0%
Sand percentage = 61.0% 322% 41.0% 92.0%
Fines percentage = 39.0% 10.8% 11.0% B.O%
Unified Soil Class Symbol = SM GP-GM GP-GM SP-SM
341.5" W4 a@ M #10 F20 M0 #100 #200
e N . —— — 100%
—— N — Ziiiii\j ; —~ 20%
Z:IYZ\\ - \X — 80%
-~ \ — \ \ L  70%
.o P ) I o
- \ \ 5 0% B
v =
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=
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100 10 0.01 0.001
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Boring => b-27 D-27 D-27 D-27
Depth = 00f 10.01L 12.5f. 1501t
Location => Sta 319+44 Sta 319+44 Sta 319+44 Sta 319+44
DZrao 027 @ 10 027 @ 125 D27 @ 15
A= 100.0% 100.0% 100.0% 100.0%
112" = 100.0% 100.0% 100.0% 100.0%
b T2 100.0% BO.O% 100.0% 91.0%
38" = 99.0% 64.0% 88.0% 68.0%
M = 86.0% 48.0% 89.0% 45.0%
#10 => 94.0% 36.0% 87.0% 33.0%
#20 == 92.0% 30.0% 86.0% 280%
#40 => 86.0% 25.0% Bo.0% 23.0%
#100 = 34.0% 14.0% 2B.0% 1H0.0%
200 => 16.0% 8.7% 15.0% 7.0%
0.02 mm
0.005 mm
0.00:5 mm
Analysis of Data
D10 size = NA 0.079 mm NA 0.3150 mm
D30 size => 0.129 mm 0.850 mm 0.155 mm 1.187 mm
D50 size = 0.207 mm -§.541 mm 0218 mm 5.522 mm
D60 size => 0.252 mm 8144 mm 0259 mm 7.465 mm
Coefl, of Uniformity, Cu = N/A 103.46 NA 49.77
Coeff. of Curvature, Coc = N/A .13 N/A 1.28
Gravel {+#4) percentage = 4.0% 54.0% 1.0% 55.0%
Sand percentage = 80.0% 36.3% B4.0°% 38.0%
Fies percentage = 16.0% 9.7% 15.0% 7.0%
Unified Soil Class Symbol = &M GW-GM SM GW-GM
35 4 s M4
. 100%
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Boring = D27 D27 D-27
Depth = 1751 20,01t 0ot
Location = Sta 319444 553190-44 Sta 3t9+44
DT @175 D27 020 D-27 @ 30
3" = 100.0% 100.0% 100.0%
112" =] 100.0% 100.0% 100.0%
A = 84.0% 73.0% £9.0%
38" = 57.0% §7 0% £1.0%
#4 = 41.0% 44.0% 26.0%
#10 = 26.0% 32.0% 22.0%
#20 => 16.00% 24.0% 18.0%
40 =>) 11.0% 18.0% 13.0%
#100 => 7.0% 8.0% 7.0%
#200 => 4.1% 5.6% 4.8%
Q.02 mm
0.005 mm
O.Dogmn
Analysis of Data
D10 size => .328 mm - 0.185 mm 0252 mm
D30 size => 2519 mm 1.615 mm 3.279 mm
D50 sizg = 7.015 mm 6541 mm 7.003 mm
D60 size = 10.261 mm 10.663 mm 9240 mm
Coefl. of Uniformity, Cu = 332 57.72 36.60
Coefl. of Curvature, Co = 1.89 132 4.61
Gravel (+#4) perceniage = 59.0% 56.0% 64.0%
Sand percentage = 36.9% 38.4% 31.2%
Fines percentage = 41% 5.6% 4.8%
Unified Soill Class Symbol = GW GW-GM GP
35" A4t a8t #4 #10 #20  #40 #100 #200
4 et + t + : i 100%
: 90%
= B0
o 70%

100

Duane Miller & Assoclates
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Grain Size (mm)
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PARTICLE DATA

Liberty Development

Beaufort Sea, Alaska
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Compaction Test Hel?gvjzga}m
Passing | Optimum Dry Density Min Max Apparent
Boring Uscs #200 Moisture  {D1557c) : Specific Gravity
D22 @ 120t | GP-GM  9.6% - - 120 1403 -
D23 @120t | GW-GM  7.1% — — 1197 1411 265
D-24 @ 27.0ft. | GW-GM  108% | 5.00% 143.4 118.2  140.4 2.65
Laboratory testing performed by R&M Consultants
D-24 @ 27.01t.
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