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1. Executive Summary
This report presents the feasibility of the installation of a seawater intake located at the City
of Diomede on Little Diomede Island, Alaska. Several seawater intake installation methods
were investigated: horizontal directional drilling (HDD); a blasted trench and anchored
casing pipe; excavated trench and anchored pipeline (winter construction); excavated
trench and anchored pipeline (summer construction); and anchored pipeline without an
excavated trench. The feasibility of each installation method focused on constructability,
logistics, construction risk, operational risk, estimated longevity and cost. The preferred
installation method, HDD, was selected based upon these criteria.
Subsurface explorations, laboratory testing and geotechnical engineering studies were
conducted to obtain actual on-site conditions which were used to develop the feasibility
report. The subsurface explorations, laboratory testing and geotechnical engineering
studies were conducted by Peratrovich, Nottingham and Drage and are presented in
the Appendix of this report.

2. Introduction
Little Diomede Island is located 135 miles northwest of Nome in the middle of the
Bering Strait. The village, located on the west side of the island has 133 residents who
live a subsistence lifestyle. Access to the island is by helicopter during the ice-free
months and by small fixed wing aircraft during the period when the sea ice is stable
enough to construct a runway, usually from February into May.
The Arctic Environmental Observatory is located at the high school on the north end of the
village. A temporary seawater intake line was installed in the summer of 2000 and 2001.
The line was incased in a 4” ABS pipe through the surf zone and laid on the seafloor out to
a distance of a 130 feet from the shore in 10 feet of water. This method of installation was
not reliable, requiring maintenance after summer storms and was vulnerable to damage by
sea ice. To reduce the risk of damage to the seawater intake lines and create a long term,
low maintenance installation several options have been proposed. The proposed
permanent intake is to be located in 26± feet of water, 600± feet from shore to ensure that
it is operable through the winter.
This report addresses the feasibility of four intake structure concepts, the logistics of each
option will be described, comparisons of the risk and cost of each will be presented. From
these comparisons, one option will proposed as the recommended intake structure.

3. Site Information
General Site Conditions
Little Diomede Island is approximately two square miles in area and rises 1300’ above the
Bering Strait. The island is composed of talus and bedrock of porphyritic granite. The
shoreward end of the proposed seawater intake line is at the base of a talus slope that has
been benched for construction of the Diomede High School, the school heat plant and
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water storage tanks. The bench is 15’-20’ above and 35’ back from the shore. The slope
down to the shore consists of 2-4’ sub-angular boulders that become smaller and more
rounded toward the shore. This armor slope poses difficult access to the start of the intake
at the school.
Underwater video of the temporary intake line on the seafloor out to 150 ft off shore shows
rounded cobbles covered in seaweed. At 300 ft, sand and boulders were found at the
surface. At 500 ft offshore, a three-foot layer of sand and broken shells were found at the
surface of the seafloor. Local residents indicated that sediment from landslides into the
sea occurring on the north end of the island, is transported through the area. At 600 ft
offshore bedrock was exposed at the surface.
Geotechnical Investigation
PN&D conducted a subsurface investigation at the site from March 6 to April 5, 2002. The
investigation consisted of seven testholes to depths of 15 to 49 feet from the ice surface.
The complete Geotechnical Report is located in Appendix C.
General Subsurface Conditions
Prior to this project, no subsurface investigations near the proposed landing site of the
seawater intake line had been completed. Local residents who worked on construction of
the high school just south of the site said that sand and boulders were encountered when
excavating for the foundation. Larsen Engineering performed a site investigation for the
school foundation. Approximately 150 ft south of the site, three test holes were dug to a
depth of up to 6 ft. The hole located nearest the shore had medium-course sand cobble
and boulders up to 3 ft diameter. The two holes inshore had fewer cobbles and boulders
with sand and fines. Frozen soil was encountered 2.5 to 3 ft deep.
Bedrock is found at an average elevation of 933 ft (arbitrary datum of 1,000 feet at the high
school foundation), approximately 40 feet below the sea ice surface. The top of bedrock is
relatively flat, with elevations in most testhole locations ranging from 928 ft to 940 ft.
Material overlaying the bedrock ranged in thickness from 38 ft inshore to 0.5 ft furthest offshore. The rock cores obtained from testholes have Rock Quality Designations (RQD’s)
ranging from 23% to 70% and compressive strength of 19,000 to 21,000 psi .

4. Design Criteria
Ice Design Criteria
Based upon experience in the area and ice design criteria studies at nearby locations,
PN&D has produced statistical estimates of level ice thickness for Kotzebue station,
approximately 180 miles away. The results of the study should be directly applicable to
the Little Diomede facility. The 2, 10 and 100 year design ice thicknesses are 49, 56
and 63 inches respectively. If exposed, the structure should be designed to withstand
the ice sheet resting, grinding or crushing against it. Design sea ice strength values of
50 psi for bending strength and 280 psi for compressive strength (crushing) should be
used.
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As the level ice sheet forms during winter, it freezes around any near shore objects
such as armor stone, debris or exposed structures. When the ice sheet moves due to a
storm, currents, impacts, etc. any object encapsulated within the ice sheet will likely be
moved or along with the ice floe and plucked from its original location. Therefore any
exposed structures should be designed to be protected from or to resist these plucking
forces.
In addition to the ice conditions discussed above, single-year and multi-year rubble ice
or rafted ice will occur as moving floes of level ice collide, ride up over and freeze to
each other creating a much thicker ice mass. This process creates sails (above the
level ice thickness) and keels (below the level ice thickness). The keels of rubble ice
have been measured to be up to 35 feet deep in the general area (near Kotzebue).
Therefore, if exposed, the intake structure must be capable of withstanding ice gouging
and crushing forces along it’s entire length.

View to the north of Diomede High School and steep rock slope at the shore.
The Science Shack is underneath the building at the far end of the school.

Ocean Waves
Due to the exposed location of Diomede Island wave heights can be very high. The
size of stones on the beaches in the area are an indication of the high wave energy.
Any structure in the surf zone must be designed to resist these forces or be protected
from them.
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Environmental
The above water portions of the intake structure will be operating in temperature
extremes of +70°F to –60°F. The underwater portions will be exposed to a more limited
range of temperatures of approximately +40°F to +27°F. The Bering Sea supports a
tremendous variety of plant and animal life, especially during the summer months. The
intake structure must be designed to accommodate the bio-fouling or be easily serviced
or cleaned periodically. Methods such as hot water back-flushing have been used
successfully for similar intakes at other locations.

5. Intake Structure Concepts
Five intake structure concepts were examined to determine the feasibility, logistics,
rough order of magnitude (ROM) costs, and associated construction and operation
risks. The concepts investigated were horizontal directional drilling (HDD), excavated
trench and buried casing pipe (summer construction), excavated trench and buried
casing pipe (winter construction), blasted trench and buried casing pipe, and exposed
casing pipe anchored to the sea floor. The results of the investigation and research
indicate that the HDD concept appears to have the highest chance of installation
success with the least long-term risk, resulting in the lowest annualized cost. Therefore
HDD is the recommended intake structure, it will be discussed in more detail than the
other alternatives.
5.5 Horizontal Directional Drilling (HDD)
Description
HDD is a specialized type of drilling which can drill through most any type of material
including cobbles and high quality granite rock which are found at this site. The
direction of the drill bit is controlled at the surface by an operator on the drill rig. A
transmitter/receiver apparatus or a wireline are used to communicate with the bit. The
radius which can be drilled by HDD depends on the stiffness of the drill stem, type of
equipment and subsurface conditions. A general rule of thumb for radius of curvature is
100 ft per inch diameter of drill stem, (approximately 600 ft radius for this project).
Bentonite drilling mud is used to lubricate the drill stem, help hold the drill hole open in
soft soils, and to transport the drill cuttings out of the hole.
Based upon the geotechnical report and discussions with HDD contractors, the drilling
portion of the project is considered to be difficult but well within normal realms of risk for
the industry. Drilling through cobbles and boulders can be challenging as the drill bit
may try to wander off course and the drilled hole can collapse as cobbles shift. The
high quality bedrock (20,000 psi) found at this site is regularly drilled in the industry,
several contractors noted drilling up to 40,000 psi rock. Specialized hard rock drilling
equipment will be required but it should not pose great difficulty.
Discussions with several experienced HDD contractors have resulted in the
recommendation of recently developed equipment for this project, the JT4020 All
Terrain manufactured by Ditch Witch. This equipment is much smaller than typical
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HDD machines yet develops high thrust of 40,000 lb. This small self-propelled drill rig
is designed specifically for drilling the type of hard rock and cobbles found at this site.
The size, mobility and weight of the rig make it ideal for transportation and accessing
difficult and remote sites. Information on this equipment has been included in
Appendix B.
The Ditch Witch JT4020 and an experienced drilling crew will be used in September
2002 to drill up to three 800-ft long holes in fractured volcanic rock at Ascension Island
in the South Atlantic Ocean for the Navy. While the transportation and logistics at
Ascension Island are not as difficult as Little Diomede, it is a very remote location with
minimal on-site support. Steps are being taken to anticipate foreseeable problems and
ensure that all necessary supplies, parts and equipment are available should they be
necessary. The lessons learned during the Ascension Island installation should be
reviewed, evaluated and applied to the Little Diomede project.
The proposed drilled bore at Little Diomede will be approximately 10 inches in diameter,
allowing a 6 inch inside diameter (7 in outside diameter) HDPE pipe to be installed in
the bore. This should provide more than ample space for water sampling lines, fiber
optics, heat trace and electrical conduits as well as room for expansion in the future.
Due to the drill angle of incidence with the fairly shallow bedrock, the drill bit could skid
along the gravel / bedrock interface and have difficulty starting the penetration into
bedrock. Slow, careful drilling and an experienced crew will minimize the possibility of
this situation. However, it is conceivable that bedrock penetration may not be possible
due to bedrock slope, etc. This would make the drilling operation more difficult as the
entire bore would be through the gravel / cobble layer. Additionally, the bore may
surface at a distance or water depth less than that desired if there is exposed bedrock
on the sea floor less than 600 ft off-shore. While this scenario is unlikely, the scientific
effects of a seawater intake located closer to shore should be considered and
evaluated.
Approximately 60 tons of equipment and supplies are required (not including water for
drilling mud). The required equipment includes a self-propelled, track mounted drilling
unit; skid or trailer mounted units consisting of mud mixing tanks; a mud recycling
system; drill pipe racks; and cuttings pit.
A significant amount of set-up room is required for the drill rig and supporting
equipment. A bare minimum of 50 ft by 50 ft has been suggested by knowledgeable
contractors. This presents a major problem for drilling from the school site, as the
available set-up area is approximately 25 ft x 70 ft, with less than ideal orientation of the
space. Access up the steep armor rock slope will be very difficult in the winter, and
nearly impossible in the summer (no access at base of slope).
Proposed alternative drilling sites closer to the heliport and should be thoroughly
investigated. Discussions with FAA (for helipad clearance) and local residents are
needed to investigate the impacts of moving the drill site to an alternate location. If an
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alternate drilling location is acceptable, the intake structure could be drilled in two
sections, one from the drill site to the intake location, the other from the drill site to the
science center (at it’s existing location). This would provide more set-up area, and
possibly a better angle of incidence for bedrock penetration. Due to existing
infrastructure (i.e. power, communication links, etc.) as well as the educational benefits
for the students at the school, it is undesirable to move the location of the science
shack.
Once the hole has been initially drilled, divers will be required to remove the cutting
head from the drill-string, install the back-reamer and attach the HDPE casing pipe to
the back-reamer. A barge anchored offshore would hold the spool of casing pipe as the
drill back-reams and pulls the casing pipe back through the bore to shore. This method
is used successfully for installing pipelines and outfalls throughout the world and
eliminates the risk of the open drill hole collapsing after the drill-string has been
removed.
The use of conventional drilling mud presents a significant problem at Little Diomede.
The drill hole is expected to require about 40,000 gallons of water, much more than
what is available at the village which is supplied by natural run-off and typically has little
surplus. This requires that either 40,000 gallons of fresh water be brought from another
location or use of drilling muds designed for saltwater applications. Drilling muds
designed for salt water applications, such as Wyo-Ben SW 101(information is included
in Appendix B) is the preferred choice for logistical reasons. However, these drilling
muds are relatively new and should only be used with experienced drillers that are
comfortable with the mud performance. The seawater drilling muds cost more than
twice that of conventional muds and must be used in greater concentration, however
these cost differences are insignificant in the total cost of the project.
Equipment and portable tanks will be required to transport the drill cuttings and the
used drilling muds off the island for disposal off-site. It is expected that about 20 cubic
yards of cuttings and up 40,000 gallons of used drilling mud will be generated. The drill
cuttings and muds are not considered hazardous materials and may be able to be
disposed of near the project site.
Possible U.S. Navy Cost Sharing
In the past, the U.S. Navy has indicated interest in the project. Possible Navy
involvement consisted of training personnel during construction; using an older
prototype of water jet drilling equipment at reduced cost; and extensive logistical and air
transportation support which could be provided at reduced cost. However, recent
conversations with Wayne Tausig, director of the Ocean Engineering Division of the
Naval Facilities Engineering Service Center in Port Hueneme, California have revealed
that the Navy’s interest in the project has dwindled due to recent world events. It
appears that cost sharing of the installation, logistics or transportation is unlikely.
Logistics
The construction at Little Diomede should be approached as a fully self-sufficient
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operation. All drilling supplies, equipment, spare parts, drilling muds and additives, as
well as accommodations for room and board should be brought to the site.
From all aspects, it is advantageous to perform the drilling during the summer months.
The equipment will operate better with lower maintenance, worker efficiency will be
higher, longer daylight hours, equipment is not required to over-winter, and the school
will not be in session. For all of these reasons, this report does not address the
logistics of a winter drilling operation.
The complicating factors which must be addressed are: mobilization of men and
equipment; operation of equipment in an extremely remote site; water for drilling muds
(40,000± gallons); on-site disposal or transportation and off-site disposal of used drilling
muds (40,000± gallons); and permitting for the project (fisheries, marine mammal
concerns, etc.).
The equipment (most likely located in the lower 48 states) would travel by truck or rail to
a port site such as Seattle, Washington. Along with the drilling equipment, supplies
and fuel, a mid-size front end loader (Cat 966) and a smaller mobile forklift (Bobcat)
would be brought to the site to support the drilling equipment. A commercial barge
would transport the equipment and materials to a port in Alaska near to the project site
such as Nome, where a smaller landing craft type barge would complete the final leg of
the mobilization. A smaller tug boat will likely be required (depending on type of landing
craft) for the leg to the project site and during construction. The smaller tug boat and
landing craft could be hired locally to reduce project cost if possible.
The area around Little Diomede usually becomes ice free at the end of June or early
July. Upon arrival to the site, and pending calm weather, the landing craft barge would
be nosed into the beach and unloaded. The front-end loader would be used to build an
unloading ramp for the drilling equipment and to perform the site preparation for drilling.
The drilling, mud mixing and recycling equipment would be set-up on the prepared pad
and drilling would then begin. The Bobcat or loader would be used to load the rack with
drill pipe, move pallets of drilling mud and perform other miscellaneous tasks.
The entire drilling operation (drill and pull casing) is expected to take 4 to 8 weeks to
drill two holes (drill site to intake and drill site to science shack) depending on difficulty
of drilling. The area around Diomede usually stays ice free until November, however
fall storms are noted to be fierce.
It is very important to the success of the project to have a team of qualified people
experienced with the logistics of working in remote areas of Alaska, plan and coordinate
the details of the project.
Construction Risks
§ Drill may follow contour of bedrock – intake may be exposed at less than 600 ft
off-shore.
§ Equipment failure – no access to parts, etc.
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§
§
§
§

Complications due to seawater compatible drilling muds
Difficulty attaching back-reamer and casing pipe to drill head
Fierce storms could delay project or damage construction barge
Disposal of drilling muds and cuttings (off-site disposal eliminates this risk)

Operational Risks
§ Very low risk of damage from external forces (ice, waves, ship, etc.)
§ Risk of bio-fouling or debris clogging is same as other options
Expected Life of Structure
§ Indefinite (Estimated 25 to 50 years)
ROM Cost - HDD
Unit
Cost ($)

Total
Cost ($)

Mobilize Equipment to Dock (Seattle)
1 LS
$20,000
Commercial Tug and Barge to Mobilize Equip. to Nome 150,000 lbs.
$0.30
Purchase Supplies For Project (Muds, parts, etc)
1 LS
$100,000
Purchase Intake pipeline
28,000 lbs.
$1.50
Landing Craft (Nome to/from Diomede & Constr.)
50 days
$6,000
Small Tug Boat (Nome to/from Diomede & Constr.)
50 days
$6,000
Mobilize Drilling Crew to Site (Helicopter)
7 ea.
$4,000
Room and Board on barge (for 7 man crew)
50 days
$350
Standby for drilling and support equip. during transport
40 days
$5,000
Drilling Operation
42 shifts $18,000
Standby for drilling team during construction
8 shifts $8,000
Mobilize Dive Team and equipment
1 LS
$20,000
Dive team to connect casing pipe to drill stem
3 shifts $4,000
Dive Team Standby
7 shifts $2,000
Dive Team to install intake structure
3 shifts $3,500
Demob Dive Team
1 LS
$20,000
Demob Drilling Crew from Site (Helicopter)
7 ea.
$4,000
Off-Site disposal of drilling muds (40,000 gallons)
1 LS
$40,000
Commercial Tug and Barge Demob from Site
150,000 lbs.
$0.30

$20,000
$45,000
$100,000
$42,000
$300,000
$300,000
$28,000
$17,500
$200,000
$756,000
$64,000
$20,000
$12,000
$14,000
$10,500
$20,000
$28,000
$40,000
$45,000

Project Component
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Quantity

Total ROM Construction Cost (+/- 25%) $2,100,000
Technical Support
1 Design Engineering, Logistics, Technical Support (7%)
2 Eng. Construction Inspection & Tech Support (30 days at 12 hours/day plus travel)

$147,000
$50,000

Total with ROM Technical Support Costs $2,300,000
Contingency (25%)

$575,000

Total Project Cost $2,900,000
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5.5 Blasted Trench and Anchored Casing Pipe
Description
Many municipal and private outfall lines throughout Alaska have been constructed by
blasting. The blasted trench allows the top of casing pipe to rest below the surrounding
area. The pipe is essentially shielded from damage by the surrounding sediments.
Along the casing pipe and especially in the surf zone the pipe would be rock bolted or
otherwise anchored to large boulders and the trench would be back filled with large
cobbles and boulders as protection from wave action and ice. In the areas further offshore, the excavated trench acts as a shield from the plucking and gouging effects of
the ice. The trench prevents the pipe from being pushed or rolled as the top of the
casing pipe is below the surrounding area. Heavy weights would be bolted to the
flanges to provide additional ballast to prevent movement.
The construction would take place during the winter months when the ice can be used
as a working surface, divers can work in fairly calm seas and few marine mammals and
other animals are present. A trench approximately 4 feet deep would be excavated
from the school through the tidal zone to a water depth of about 10 feet (150 feet offshore), the excavation limit of a standard backhoe. The remaining portion of the trench
would be at least 3 feet deep and excavated using explosives. Divers trained and
licensed to performing such work would drill holes into the boulders or overburden,
place the explosives in the holes and detonate from a safe distance away. This
process would be repeated if necessary to provide adequate trench depth. Due to the
damping effects of the water, it is possible that portions of the trench would have to be
cleaned out and prepared for the pipe casing by additional blasting or with long reach
excavation equipment.
A heavy wall, high density polyethylene (HDPE) pipe (8 in diameter x 0.5 in thick or
similar) prefabricated in sections with flanged ends and bolted connections would be
assembled on the ice surface. The short sections of fairly light weight pipe would be
used to accommodate transportation in a small fixed wing aircraft. After the trench has
been successfully excavated, and the casing pipe and weights assembled, it would be
lifted and rolled into place using a backhoe with a sling starting from the shore-side.
Controlled flooding of the casing pipe with water will aid in sinking and controlling its
placement in the trench. Various types of elbows would be used to allow the pipe to
conform to shape of the trench as it travels up the steeply sloped section near the
school. The HDPE material is well suited for this environment as it is corrosion
resistant, more flexible than steel at low temperatures, does not easily fatigue, joints
and connections can be fabricated in the field, and it is readily available and fairly
inexpensive.
Logistics
The construction would take place in the winter. The crew and equipment would
mobilize to the site in February, after the ice runway has been constructed. It unlikely
that a reliable backhoe with a thumb attachment for handling armor stone and
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performing near shore excavation would be available locally. This equipment would
need to be mobilized to the site by barge the previous summer and demobilized the
following summer.
Mobilization of crew and equipment will take about one week. The near-shore
excavation is expected to take approximately two weeks to complete as work will be
slow due to the frozen soils. The off-shore blasting excavation (approximately 450 ft of
trench) is expected to take approximately 5 weeks. Casing pipe assembly can be
completed simultaneously. Installation of the pipe in to the trench will occur within a few
days. The anchoring of the casing pipe to submarine boulders and burial of the near
shore portion will likely take two weeks. Total project time is estimated to be nine
weeks.
Construction Risks
§ Blasting plan must be permitted and approved by local residents – could be
difficult to obtain approval.
§ Blasting may damage ice sheet making placement of casing pipe more difficult.
§ Winter operation of equipment carries high risk of maintenance and other
breakdowns which could cause project delays.
§ Blasting alone may not be effective in removing all debris from excavated trench.
Additional excavation equipment such as a long reach backhoe may be required.
Operational Risks
§ Significant risk of damage from external forces (ice, waves, ship, etc.)
§ Risk of bio-fouling or debris clogging is same as other options
§ If pipe anchors or ballast weights break, casing pipe can be moved around by ice
and/or wave action and damaged or destroyed.
Expected Life of Structure
§ Unknown (likely two to ten years)
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ROM Cost - Blasted Trench and Anchored Casing pipe
Project Component

Quantity

1 Purchase large backhoe to use at the site
2 Tug and Barge to Mob. Equip. and mat'ls - Seattle to Site
3 Mobilize Crew (10 man) to site (from Anchorage)
4 Blasting Consumables
5 Room and Board on site (for 7 man crew)
6 Blasting, Excavation, Installation Operation
7 Storage fee for equipment and materials
8 Intake pipeline HDPE 8 inch diameter (w/ hardware)
9 Demob Crew from Site
10 Tug and Barge Demob. Equip. and mat'ls from Site

1 ea.
20 days
10 ea.
1 LS
63 days
63 shifts
11 mo
650 ft
10 ea.
20 days

Unit
Cost ($)

Total
Cost ($)

$350,000
$12,000
$3,000
$100,000
$1,050
$15,000
$1,000
$4.00
$3,000
$12,000

$350,000
$240,000
$30,000
$100,000
$66,150
$945,000
$11,000
$2,600
$30,000
$240,000

Total

$2,000,000

Technical Support
1 Design Engineering, Logistics, Technical Support (7%)
2 Eng. Construction Inspection & Tech Support (30 days at 12 hours/day plus travel)

$140,000
$50,000

Total with ROM Technical Support Costs $2,190,000
Contingency (25%) $547,500
Total Project Cost $2,700,000

5.5 Excavated Trench and Anchored Casing pipe – Winter Construction
Description
This scenario is similar to the blasted trench and anchored casing pipe except the
trench is excavated entirely with mechanized equipment. The section of the pipe on
and near-shore would be trenched using a conventional backhoe. As the depth of the
trench exceeds the reach of the backhoe, a specialized extended reach backhoe would
complete the excavation of the remaining portion of the trench. A trenching machine
would be required to saw through the ice sheet creating a slot in the ice about 8 ft wide.
These specialized backhoes were used successfully in a similar capacity for the
installation of the 32,000 ft Northstar oil pipeline in the Beaufort Sea a few years ago.
Three of these backhoes exist on the North Slope of Alaska and are currently available
for use. They have a reach of up to 55 feet and are equipped with very large track
systems which distribute the load and allow them to float in emergency situations. Due
to the very long boom, the excavating bucket is small about 1.5 cy. A thumb
attachment would be needed to manipulate underwater boulders and cobbles, however
large boulders would have to be removed using divers and a sling system or explosives.
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The excavated material would have to be hauled in dump trucks to a temporary
stockpile area near shore where the ice is grounded. A crew of men would work
behind the backhoe assembling the flanged sections of casing pipe and attaching the
ballast weights. After the trench has been successfully excavated, the pipe would be
lowered into the trench starting from the shore-side. A team of divers would work to
assist in the final placement and anchor the casing pipe to large boulders. After
placement is complete, the stockpiled excavation spoils would be placed back in the
trench, on top of the casing pipe.
Logistics
The construction would take place in the winter. During the previous summer, a barge
would be used to mobilize the casing pipe and ballast materials, the long reach
backhoe, standard backhoe, dump trucks, ditch witch trenching machine and other
miscellaneous equipment. The equipment would then be stored on the island until the
following spring. The crew and equipment would mobilize to the site in February, after
the ice runway has been constructed.

Long reach amphibious backhoe used for the construction of the Northstar
production pipeline, Beaufort Sea, Alaska.

The near-shore excavation is expected to take approximately two weeks to complete as
work will be slow due to the frozen soils. Blasting the frozen soil will likely not be
desirable due to the close proximity of buildings. The off-shore excavation
(approximately 450 ft of trench) is expected to take approximately 3 weeks. Casing

Page 12 of 21

Little Diomede Island Seawater Intake
Feasibility Report
September 2002

pipe assembly can be performed as the trench is completed. Installation of the pipe
into the trench will occur within a few days. The anchoring of the casing pipe to
submarine boulders and burial of the near shore portion will likely take an additional two
weeks. Total project time is estimated to be six weeks. A barge would be mobilized the
following summer to retrieve the backhoe, trencher and other equipment.
Construction Risks
§ Excavation plan must obtain permit agency approval and be acceptable to local
residents
§ Equipment vulnerable to damage during long term storage on site
§ Winter operation of equipment carries high risk of maintenance and other
breakdowns which could cause project delays.
§ Excavation of large boulders will be tedious, time consuming work
§ If exposed bed rock or very large boulders are encountered, other excavation
methods such as blasting will be required.
Operational Risks
§ Moderate risk of damage from external forces (ice, waves, ship, etc.)
§ If casing pipe anchors or ballast weights break, the pipe can be moved around
by ice and/or waves and likely damaged or destroyed.
§ Risk of bio-fouling or debris clogging is same as other options.
Expected Life of Structure
§ Unknown (likely two to ten years)

Page 13 of 21

Little Diomede Island Seawater Intake
Feasibility Report
September 2002

ROM Cost - Excavated Trench and Anchored Casing Pipe – Winter Construction
Project Component
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Quantity

Mobilize Equipment to Anchorage, Alaska
1 LS
Purchase steel pipe materials
28,000 lbs.
Tug and Barge to mob materials and equipment to site
12 days
Storage fee for materials and equipment on the island
11 mo.
Assemble long reach backhoe
1 LS
Standby charge for equip. (backhoes, trenchers, etc.)
10 mo.
Mobilize crew to site
10 ea.
Diver crew standby charge (two teams)
20 days
Diver crew dive charges (two teams)
15 days
Room and Board on site (for 12 man crew)
40 days
Long reach backhoe charges (w/ operator)
35 shifts
Other equipment (std. Backhoe, trencher, etc.) w/ oper.
35 shifts
Demob Crew from site
1 LS
Tug and Barge to demob materials, equip. from site
12 days

Unit
Cost ($)

Total
Cost ($)

$20,000
$1.50
$12,000
$1,000
$50,000
$25,000
$3,000
$3,500
$7,000
$1,800
$3,500
$10,000
$30,000
$12,000

$20,000
$42,000
$144,000
$11,000
$50,000
$250,000
$30,000
$70,000
$105,000
$72,000
$122,500
$350,000
$30,000
$144,000

Total

$1,400,000

Technical Support
1 Design Engineering, Logistics, Technical Support (7%)
2 Eng. Construction Inspection & Tech Support (30 days at 12 hours/day plus travel)

$98,000
$50,000

Total with ROM Technical Support Costs $1,550,000
Contingency (25%)

$387,500

Total Project Cost $1,900,000

5.5 Excavated Trench and Anchored Casing Pipe – Summer Construction
Description
This scenario is similar to the previous excavated trench and anchored casing pipe
except the trench is excavated with mechanized equipment from a barge during the
summer months. The section of the casing pipe on and near-shore would be trenched
using a conventional backhoe on shore. The area which cannot be reached from the
barge with the long reach backhoe or from the shore with a conventional backhoe
would have to be excavated in the winter by a backhoe or by an other method such as
blasting.
A large landing craft or barge with a heavy duty four point anchoring system would be
required for the off-shore construction. The long reach backhoe would work off the
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deck of the barge allowing excavation to about forty foot depth, sufficient for this
project. According to the Coastal Pilots Association, heavy seas occur less than 5% of
the time, with high wind (40 knots plus) occurring at about the same frequency during
the summer. The average summer sea state has a 1-3 ft swell. Dense fog during the
summer months which can hinder transportation, would not impact the construction
once underway. If a storm or large swell arose the barge would have to be moved out
to deeper water and wait for calmer weather. Project weather delays could be
significant. An incomplete excavated trench could be partially filled by a storm or large
swell, however it is unlikely that all work would be lost. Portions of the trench filled in by
storms would have to be re-excavated.
The excavated material would not need to be removed from the water and could be
mounded adjacent to the trench if permitting agencies allow. After the trench has been
successfully excavated, the flanged sections of pipe would be assembled, ballast
weights attached, and lowered into the trench starting from the shore-side. A team of
divers would work to assist in the final placement and to anchor the casing pipe to large
submarine boulders. After placement is complete, the mounded excavation spoils
would be pushed back in the trench, on top of the pipe.
Logistics
The mobilization, construction and demobilization would take place over one year. The
first summer a large backhoe would be mobilized to the site to be used the following
winter for the near shore excavation. The second summer, the mobilization would
include all materials and equipment needed for the construction. The tug and
construction barge would also provide the food and lodging for the crew during the
project.
The on and near-shore excavation would be completed during the spring with the large
back hoe. The near shore work is expected to take approximately two weeks to
complete as work could be slow due to the frozen soils. During the summer the
construction barge will the work platform from which the long reach back would
excavate the off-shore portion of the trench. The off-shore excavation (approximately
450 ft of trench) is expected to take approximately four weeks. Partial casing pipe
assembly and ballast weight attachment can be completed simultaneously on the
barge. Installation of the pipe into the trench will occur within a few days of trench
completion. The anchoring of the entire casing pipe to submarine boulders and burial
of the near shore portion will likely take an additional two weeks. Total project
construction time (summer phase) is estimated to be about seven weeks.
Construction Risks
§ Summer storms could cause significant delays in excavation from barge
§ Excavation plan must obtain permit agency approval and be acceptable to local
residents
§ If exposed bed rock or very large boulders are encountered, other excavation
methods such as blasting will be required.
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Operational Risks
§ Moderate risk of damage from external forces (ice, waves, ship, etc.)
§ If casing pipe anchors or ballast weights break, the pipe may be moved around
by ice and/or wave action and likely damaged or destroyed.
§ Risk of bio-fouling or debris clogging is same as other options.
Expected Life of Structure
§ Unknown (likely two to ten years)
ROM Cost - Excavated Trench and Anchored Casing Pipe – Summer Construction
Project Component
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Quantity

Purchase backhoe for near shore excav. (winter)
Tug and Barge to mobilize backhoe to site
Winter excavation of near shore trench
Mobilize Equipment to Anchorage, Alaska
Purchase steel pipe and ballast materials
Tug and Barge to mob materials, equip. to site
Assemble long reach backhoe
Mobilize crew to site
Tug and Barge on Site for Construction
Diver crew standby charge
Diver crew dive charges
Room and Board on Tug / Barge
Long reach backhoe charges (w/ operator)
Other equipment (std. Backhoe, etc.) w/ oper.
Demob Crew from site
Standby charge for equipment
Tug and Barge to demob equipment from site

1 LS
20 days
14 shifts
1 LS
50,000 lbs.
20 days
1 LS
1 LS
42 days
14 days
14 days
42 days
21 shifts
10 shifts
1 LS
2 mo.
20 days

Unit
Cost ($)

Total
Cost ($)

$250,000
$12,000
$2,500
$20,000
$1.50
$12,000
$50,000
$30,000
$12,000
$2,000
$5,000
$1,050
$3,500
$2,500
$30,000
$20,000
$12,000

$250,000
$240,000
$35,000
$20,000
$75,000
$240,000
$50,000
$30,000
$504,000
$28,000
$70,000
$44,100
$73,500
$25,000
$30,000
$30,000
$240,000

Total

$1,500,000

Technical Support
1 Design Engineering, Logistics, Technical Support (7%)
2 Eng. Construction Inspection & Tech Support (30 days at 12 hours/day plus travel)

$105,000
$50,000

Total with ROM Technical Support Costs $1,660,000
Contingency (25%)

$415,000

Total Project Cost $2,100,000
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5.5 Anchored Casing pipe (no trench) – Summer Construction
Description
This scenario eliminates the logistics and costs of a submarine excavated trench and
uses only an anchored casing pipe, thereby reducing construction risk. However it
results in substantially increased operating risk from wave and ice damage.
The construction would take place during the summer using a barge. Heavy excavating
equipment would not be required. The casing pipe would be flanged heavy-wall steel
pipe, providing as much self weight and durability as possible. The pipe would be
assembled and ballast weights attached on the deck of the barge. The assembly would
then be placed on the ocean bottom. Divers would be used to aid in the placement of
the casing pipe, help to avoid obstacles and install pipe anchors to large boulders. The
spacing of the ballast weights and anchors would be increased in the near shore area
to help resist the large breaking wave forces.
Logistics
The mobilization, construction and demobilization would take place in the summer,
eliminating the need and cost of multiple mobilizations. The mobilization would include
all materials and equipment needed for the construction. The tug and construction
barge would also provide the food and lodging for the construction crew.
The near shore work is expected to take approximately two weeks to complete as work
could be slow due to breaking waves. Off-shore casing pipe installation and anchoring
to submarine boulders can occur simultaneously and will likely take about three weeks.
Total project construction time is estimated to be about 30-days.
Construction Risks
§ Summer storms could cause significant delays in casing pipe installation
§ Ocean bottom may not provide adequate structure to anchor casing pipe
Operational Risks
§ High risk of damage from external forces (ice, waves, ship, etc.)
§ If casing pipe anchors or ballast weights break, the pipe will be moved around
and likely damaged or destroyed.
§ Risk of bio-fouling or debris clogging is same as other options.
Expected Life of Structure
§ Unknown (likely one to five years)
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ROM Cost - Anchored Casing Pipe (no Trench)– Summer Construction
Project Component

Quantity

1 Purchase steel pipe materials
2 Tug and Barge to mob materials, equip. to site
3 Mobilize crew to site
4 Tug and Barge on Site for Construction
5 Diver crew standby charge
6 Diver crew dive charges
7 Room and Board on Tug / Barge
8 Light equipment (Dive gear, misc. equip., etc)
9 Heavy equipment (small crane to place casing, etc.)
10 Demob Crew from site
11 Tug and Barge to demob mat'ls, equip. from site

Unit
Cost ($)

50,000 lbs.
$1.50
25 days $10,000
10 ea.
$4,000.0
30 days $12,000.00
7 days $2,000.0
21 days $5,000.0
21 days
$1,000
30 days
$1,000
75 days
$1,500
1 LS
$40,000
20 days $10,000

Total

Total
Cost ($)
$75,000
$250,000
$40,000
$360,000
$14,000
$105,000
$21,000
$30,000
$112,500
$40,000
$200,000

$1,200,000

Technical Support
1 Design Engineering, Logistics, Technical Support (7%)
2 Eng. Construction Inspection & Tech Support (30 days at 12 hours/day plus travel)

$84,000
$50,000

Total with ROM Technical Support Costs $1,330,000
Contingency (25%) $332,500
Total Project Cost $1,700,000
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Risk Comparison
Possible risks during the construction and operation of the project were evaluated for
each intake structure alternative and ranked in comparison to the other structure types.
The risks listed do not all have the same probability or the same impact to the project,
therefore the risk totals should not be considered absolute, however they do provide a
good comparison relative to each other. Risk ranking: 3-high; 2- moderate; 1-low; and
0-none.
HDD
Risk Description
Construction Risks
Exposed Bedrock in shallow water
Denial of Construction Permit
Equipment Failure During Construction
Damage to Construction Barge
Delays Due to Poor Weather / Storms
Constructability Risks

Blasted
Trench

Excavated
Trench

Anchored
Pipeline

1.5
1
2
2
1
1

1
3
2
0
1
3

1
2
2
2.5
3
2

1
1
1
2.5
3
1

Construction Risk Sub-Total

8.5

10

12.5

9.5

0
0
3
1

2
1
2
2

2
1
2
2

3
3
1
3

4

7

7

10

12.5

17

19.5

19.5

Operational Risks
Damage from Large Waves / Storms
Damage from Ice Floe Attack
Difficulty of Inspecting Pipeline
Affected by Extreme Temperatures
Operational Risk Sub-Total

Total Combined Risk

4

Annualized Cost

Based upon the R.O.M. construction cost and the estimated usable life of each
alternative individual annualized costs were developed. It is important to note that the
usable life of each structure is estimated, however it does give a good idea of relative
annualized costs. The average expected useful life was used to determine the
annualized cost.
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Annualized Cost Comparison
HDD
ROM Cost ($MM)

$2.9

Blasted
Trench
$2.7

Minimum
Average
Maximum

25
37.5
50

Expected Useful Structure Life (years)
2
5
5
6
7.5
7.5
10
10
10

Annualized Cost
(Ave Exp. Life)

5

$77,000

$450,000

Excavated
Excavated
Trench
Trench
$1.9 (winter) $2.1 (summer)

$253,000

$280,000

Anchored
Pipeline
$1.7

1
3
5

$567,000

Conclusions

Based upon cost, longevity, construction and logistics, HDD is the recommended intake
structure. While it does not have the lowest initial construction cost, the annualized
cost is by far the lowest due to the expected long life of the structure. Correspondence
with numerous HDD contractors and remote operations logistical experts have instilled
confidence that this project is feasible with the right people and equipment for the job.
The following execution plan outlines the technical tasks required to complete the
project.

6

Project Execution Plan - HDD Intake

Design Phase
§ Determine if alternate HDD location shown in Figure 1 (in Appendix A) is
acceptable to all parties (including the FAA).
§ Review results of HDD operation at Ascension Island, incorporate applicable
lessons learned in to this project.
§ Design / specify all components to be installed in seawater intake casing (i.e.
fiber optics, heat trace, environmental sensors, seawater intake pump and
sample line, etc.)
§ Develop permitting documents, submit to Agencies, obtain permit approval
§ Design HDD seawater intake (exact start / end locations, size of casing pipe,
fabricated intake structure, mechanical / electrical components, etc.)
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Execution Phase
§ Establish contact and begin project planning with logistical, drilling and
engineering experts familiar with the area.
§ Select team of drilling personnel for the project
§ Complete planning and preparations
§ Compile equipment and materials for the project
§ Mobilize to project site
§ Install HDD intake structure
§ Install and test instruments, pumps and components
§ Demobilize from site
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Appendix A

Little Diomede Site Plan
And Alternate Drill Site Location
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Engineering Consultants
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Anchorage, Alaska 99503
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Appendix B

Ditch Witch JT4020
Equipment and Materials Information

SW 101
The product of choice for seawater exposure and salt contaminated environments.
Wyo-Ben’s unique SW 101 is an innovative breakthrough in drilling fluids and containment slurries.
This contamination resistant bentonite is engineered for use in slurry cutoff walls and drilling
operations where exposure to seawater is expected. It is highly recommended for use in well
drilling, caisson drilling, horizontal boring and slurry wall application where traditional bentonite
fluids will not perform.
SW 101

•
•
•
•

Hydrates easily in fresh water, brackish water, seawater or a combination
Displays excellent fluid loss control so formation sloughing is minimized
Costs less than CMC polymer systems and builds a superior wall cake
Has superior flow properties due to excellent bore hole stability

The salinity of typical seawater is such that conventional fresh water components cannot function
properly. Similarly, materials used in saturated salt muds are not able to respond properly in the
limited saline environment of seawater. The table below illustrates the properties achieved by
various mud systems mixed in seawater. SW101 demonstrates superior performance and durability
and is very cost effective.
Product

Percent Weight

Funnel Viscosity

600 Fann Rdg.

Fluid Loss

SW 101

6
7
8

34
36
38

15
19
24

13.7
11.5
9.5

API Grade
Hydrogel

6
7
8

28
28
29

5
5
6

92
87
81

Extended
Extra High
Yield

6
7
8

30
32
34

11
13
17

109
101
95

Attapulgite
Clay

6
7
8

35
38
44

24
34
48

144
129
120

In most operations, adding SW101 at a 7% rate to seawater is ideal (four 50# bags per 300 gallons of
make-up water). For best results, establish and maintain a 45 sec/quart marsh funnel viscosity.
Drilling in unconsolidated formations may require increased addition rates.
SW 101 is available in 50 pound & 100 pound bags, bulk bags and bulk.
WYO-BEN, INC. 550 S. 24th St. West P.O. Box 1979 Billings, Montana 59103 USA
406~652-6351 Fax: 406~656-0748 Toll Free: 1~800-548-7055 www.wyoben.com email@wyoben.com

UNI-DRILL®
UNI-DRILL® is a unique proprietary liquid polymer designed for use in rotary drilling and horizontal
directional drilling operations. It conditions drilling fluids to control fluid loss, prevent formation
clays from swelling, and will keep tools clean by preventing bit balling. Unlike many commonly used
polymers, UNI-DRILL® actually aids in the effective operation of solids control equipment by
dropping silts and sands from the fluid. Similarly it is tolerant of brackish and harsh water conditions
which adversely affect many other polymers. UNI-DRILL® is environmentally safe and nonfermenting.
UNI-DRILL® ADVANTAGES:
•
•
•
•
•
•
•

Safe: Non-polluting, Non-fermenting
Controls fluid loss
Coats and inhibits clays
Builds viscosity
Mixes easily
Performs in saline environments
Reduces friction — drag and torque

3 EASY STEPS FOR EFFECTIVE DRILLING FLUIDS:
1. Treat make-up water with soda ash to a pH of 8 to 9.
2. Add bentonite product―EXTRA HIGH GEL or TRU-BORE
3. Add UNI-DRILL®
In air-drilling operations, UNI-DRILL® can be added to stabilize shale and clay formations. Add
1 pint per 100 gallons of water upstream from AIR FOAM or WYO-FOAMER injection.
Below are typical application rates for UNI-DRILL® and other products for use in certain drilling
conditions.
For 500 Gallons of Make-up Water:
Add approximately ¼ pound of soda ash to bring water a pH of 8 to 9
In any fluid, always add bentonite products before adding the polymer.
Clay — 40-45 Sec./Qt.
Extra High Yield Gel & UNI-DRILL® — 1½ ± Bags & 5 Qts. UNI-DRILL®
Tru-Bore & UNI-DRILL® — 1½ ± Bags & 3 + Qts. UNI-DRILL®
Sand — 55-65 Sec/Qt.
Extra High Yield Gel & UNI-DRILL® — 2¼ - 3 ± Bags & 3 + Qts. UNI-DRILL®
Tru-Bore & UNI-DRILL® — 2¼ ± Bags & 1½ ± Qt. UNI-DRILL®
Unknown or Medium Soils — 45-55 Sec./Qt.
Extra High Yield Gel & UNI-DRILL® — 2¼ ± Bags & 6.5 Qts. UNI-DRILL®
Tru-Bore & UNI-DRILL® — 1½ ± Bags & 5 Qts. UNI-DRILL®

WYO-BEN, INC. 550 S. 24th St. West P.O. Box 1979 Billings, Montana 59103 USA
406~652-6351 Fax: 406~656-0748 Toll Free: 1~800-548-7055 www.wyoben.com email@wyoben.com

PLUGZ-IT/Max
PLUGZ-IT/Max is a lost circulation material designed to mix and pump with a drilling fluid into
cobble, gravel, or fractured zones to restore mud circulation. Based on the original Plugz-It material,
Plugz-It/Max is a coarser product engineered specifically for use in vertical drilling operations. It
readily seals off coarse gravels, fractured formations, and other profiles where mud-loss is a problem.
PLUGZ-IT/Max can be placed directly through the jets in the bit provided they are a minimum of 3
mm or 1/8” in size. PLUGZ-IT/Max is environmentally safe and non-toxic.
APPLICATIONS:
As a Pill: In a separate (“pill”) tank, mix Extra High Yield Gel to a Marsh Funnel Viscosity of 45 to
65 seconds. Add PLUGZ-IT/Max at a rate of 20 to 40 pounds per 100 gallons. Mix in small batches,
50 to 100 gallons at a time.
1. Add PLUGZ-IT/Max slowly into “Pill” tank and circulate for 1 to 2 minutes.
2. Once the appropriate quantity is added, quickly pump from the “Pill” tank into place,
pulling the drill steel back slowly as the mixture is pumped into the loss zone.
3. Pump pressure should remain elevated while pumping to insure PLUGZ-IT/Max is being
squeezed into fractured or unconsolidated zones.
4. Once all the material is in place, pullback 5 to 10 feet and continue to pump in order to
purge the drill string. Once in place the PLUGZ-IT/Max pill should set for 20 to 30
minutes, allowing for complete hydration and expansion to take place. Circulation should
be restored at this point.
5. Advance back into the hole slowly, using low pump pressure, circulating as you progress
and continue the drilling operation. If mud loss is still a problem, repeat the process.
At the first sign of mud loss, Plugz-It/Max can be added slowly at the suction to be carried by the fluid
into the loss zone.
PLUGZ-IT/Max is conveniently packaged in 30 pound multi-walled bags.
Mixing Schematic
--Valves
--Suction
--Discharge

Pill
Tank
Circ. Pump

Mud
Tank
Mud Pit
Rig Pump

WYO-BEN, INC. 550 S. 24th St. West P.O. Box 1979 Billings, MT 59103 USA
406~652-6351 Fax: 406~656-0748 Toll Free: 1-800-548-7055 www.wyoben.com email@wyoben.com

TRU-BORE
The Simplest Solution to Boring Problems
TRU-BORE is a highly concentrated bentonite based drilling fluid designed for difficult drilling
operations in both vertical and horizontal borings. It is extremely effective in horizontal drilling
applications to maintain hole integrity during pullback. It is non-toxic and environmentally safe. Its
fast-hydrating formula allows contractors to mix fast and build viscosity quickly. TRU-BORE
stabilizes formations ranging from moderate clay soils to high concentrations of sand. By forming a
thin tough filter cake, fluid loss to areas around the bore hole is reduced. These factors, coupled
with excellent gel strength values make TRU-BORE the best risk management tool available today.
TYPICAL CHARACTERISTICS:
•
•
•
•
•

Barrel Yield:
240 - 260
Fluid Loss:
12 – cc.
Mesh: 80% ± 2 passing 200 mesh
PH
8.1 ± .2
Moisture:
8% ± 1.5

MIXING RATIOS:
For 500 Gallons of Make-Up Water
For every 100 gallons of make-up water, adding 15 to 25 pounds of TRU-BORE will yield a
viscosity of approximately 45 seconds on a Marsh funnel. At a rate of 27 pounds per 100 gallons,
viscosity can climb to 60 seconds.
Clay:

1½ bags for viscosity of 32-35 seconds, then add UNI-DRILL liquid polymer to
reach a viscosity of 42-45 seconds. (The addition of UNI-DRILL keeps the
clays from thickening the mud system even more.)

Sand:

2¼ - 3 bags for viscosity of 55 ± seconds

Unknown or
Medium Soils:

1½ - 3 bags for viscosity of 45 seconds

TRU-BORE is packaged in 50 pound multi-walled paper bags, palletized 60 bags per pallet
and shrink-wrapped.

WYO-BEN, INC. 550 S. 24th St. West P.O. Box 1979 Billings, Montana 59103 USA
406~652-6351 Fax: 406~656-0748 Toll Free: 1~800-548-7055 www.wyoben.com email@wyoben.com
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1. Introduction
This report presents the results of subsurface explorations, laboratory testing and geotechnical
engineering studies conducted by Peratrovich, Nottingham & Drage, Inc (PN&D) for the Arctic
Environmental Observatory’s proposed installation of a seawater intake located at the City of
Diomede on Little Diomede Island, Alaska.
Little Diomede Island is located 135 miles northwest of Nome in the middle of the Bering
Straits. The village, located on the west side of the island (Fig. 1), has 133 residents who
live a subsistence lifestyle. Access is by helicopter during the ice-free months and by fixed
wing aircraft during the period when the sea ice is stable enough to construct a runway,
usually from February into May.
The Arctic Environmental Observatory is located at the high school on the north end of the
village. A temporary seawater intake line was installed in the summer of 2000 and 2001. The
line was incased in a pipe through the surf zone and laid on the seafloor out to a distance of
a 150 feet from the shore in 10 feet of water. This method of installation was not reliable,
requiring maintenance after summer storms and was vulnerable to damage by sea ice. To
reduce the risk of damage to the seawater intake lines and create a long term, low
maintenance installation several options have been proposed, two of which involve running the
line under the seafloor. The proposed permanent intake is to be located in 26± feet of water,
600± feet from shore to ensure that it is operable through the winter.
This geotechnical investigation was undertaken to determine subsurface conditions at the site
and to evaluate various options for installation of the seawater intake line. A total of seven test
holes were drilled as part of this study, at locations along the proposed route of seawater
intake line.

2. Equipment and Methods
2.1 Field Investigation
PN&D conducted a subsurface investigation at the site from March 6 to April 5, 2002. The
investigation consisted of seven testholes, identified as TH-1, TH-1A, TH-2, TH-04, TH-06, TH06A and TH-07 to depths of 15 to 49 feet from the ice surface. Testhole logs are presented
in Appendix A. Testhole locations and ground/seafloor elevations are shown on Figure 2.
Testhole locations and elevations were surveyed with a theodolite and electronic distancemeasuring device (EDM) to an arbitrary datum and are accurate to ± 1 foot.
Geotechnical drilling services were provided by Denali Drilling, Inc. as subcontractors to
VECO Polar Resources. All drilling was supervised by a PN&D geologist who prepared a log
of each testhole. A CME 45 sled mounted drill rig was used in conjunction with a
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Figure 2. Cross section along proposed seawater intake line route showing test hole locations and
elevations. Bottom of ice, seafloor and top of bedrock locations are approximate except at test hole
locations.
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variety of down hole drills/hammers and advancing 4”casing. After completion all casing
was removed.
Samples were collected at 10-ft intervals, where conditions permitted. Sampling methods
included split-spoon sampling of sediment, rock coring and collection of drill cuttings.
Split-spoon sampling was conducted by methods described in ASTM D 1586 using a
2.5-inch inside diameter (I.D.) by 3-inch outside diameter (O.D.) sampler. The sampler
was driven using a 300-pound safety hammer, falling 30 inches per blow. The safety
hammer was raised using a cathead. This type of sampling is noted with the abbreviation
“Sm” on the borehole logs and in this report. The split-spoon sampler was driven a
minimum of 18 inches at each sample location, with blow counts being recorded for each
6-inch interval. Unadjusted, uncorrected blow counts required to penetrate the sampling
interval from 6 to 18 inches are reported on the final borehole logs. These values give a
measure of the relative density of cohesionless soils, or the relative consistency of
cohesive soils. Rock core sampling was conducted by methods described in ASTM D
2113-99 using a 2-inch I.D. swivel type double tube core barrel.
2.2 Laboratory Testing
Selected representative sediment and rock samples were sent to a lab to confirm field
classifications and to determine index properties of the typical materials encountered at
the site. A total of 4 sediment samples were submitted for laboratory particle size
analysis. Three rock cores were submitted for compressive strength analysis. Alaska
Testlab in Anchorage, AK performed the laboratory testing. Laboratory results are
included in Table 1 and, Appendices B and C.
Field and laboratory soil and rock classification and testing was conducted in accordance
with the Unified Soil Classification System (USCS) and the following ASTM Standards:
D 422
D 1586
D 2487
D 2488
D 6032

Method for Particle-Size Analysis of Soils
Method for Penetration Test and Split-Barrel Sampling of Soils
Test Method for Classification of Soils for Engineering Purposes
Practice for Description and Identifications of Soils (Visual-Manual Procedure)
Test Method for Determining rock Quality Designation (RQD) of Rock Core

All sediment and rock samples were retained for possible further reference.
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45

44

*

*

TH-06A Sample 2

TH-07 Sample 1
Cd

Cd

Cd

Sm

Cd

3' core, granitic, RQD 62%

2' core, granitic, RQD 62%

4' rock core, granitic, RQD 70%

granitic pebbles up to 2"
BC (blow counts not reported, pebble jammed in sampler)

4.5' of coring, 2.5' recovered, granitic, RQD 23%

broken cobbles

clay with silt

silt with sand/clay

gravel (up to 0.25") with sand

gravel (up to 0.5") with sand

fine gravel with sand (up to 0.5")

white and tan sand with black fine sand/silt matrix
BC 11, 20, 11 (Blow Counts low, not undisturbed sample)

BC (blow counts not reported, went through rock)

gravel with pebbles (up to 1.5") with sand/silt matrix

Little Diomede Island
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Table 1. Description of samples taken and lab results where applicable.

46

44

*

TH-06A Sample 1

TH-07 Sample 2

40

*

TH-04 Sample 2

G

23

TH-04 Sample 1

G

G

G

G

Sm

G

18

9

42

37

31

Sm

Method Description

26

*

*

*

11

Depth

Sm - 2"ID spoon with 300lb hammer, G - cuttings, Cd - rock core

TH-02 Sample 3

TH-02 Sample 2

TH-02 Sample 1

TH-01A Sample 3

TH-01A Sample 2

TH-01A Sample 1

TH-01 Sample 1

Sample #

Sampling Methods

Lab

21,850 psi compressive strength

19,500 psi compressive strength

Poorly Graded Gravel with Sand, GP

19,290 psi compressive strength

Poorly Graded Sand with Silt, SP-SM

Well Graded Sand with Gravel, SW

Well Graded Sand with Silt, SW-SM

Lab Results
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3. Site Conditions
3.1 Surface Conditions
Little Diomede Island is approximately two square miles in area and rises 1300’ above the
Bering Strait. The island is composed of talus and bedrock of porphyritic granite. The
shoreward end of the proposed seawater intake line is at the base of a talus slope that
has been benched for construction of the Diomede High School, the school heat plant and
water storage tanks. The bench is 15’-20’ above and 35’ back from the shore. The slope
down to the shore consists of 2-4’ sub-angular boulders that become smaller and more
rounded toward the shore. Underwater video of the temporary intake line on the seafloor
out to 150’ off shore shows rounded cobbles covered in seaweed. At 300 ft boulders and
sand was found at the surface. At 500 ft offshore three feet of sand and broken shells
were found on the surface of the seafloor. The villagers indicated that sediment from
slides on the north end of the island into the sea moves through the area. It is possible
that discrete sediment waves form from the slide debris and move through the project
area. At 600 ft offshore bedrock was at the surface.

3.2 Subsurface Conditions
No subsurface investigations have been done at the proposed entrance location of the
seawater intake line. Villagers who worked on the high school just south of the site said
that sand and boulders were encountered when excavating for the foundation. Larsen
Engineering investigated the elementary school foundation soils, 150 ft south of the site,
and dug three test holes to a maximum depth of 6 ft. The hole located nearest the shore
had medium course sand to 3 ft boulders. The two holes inshore had fewer cobbles and
boulders with sand and fines. Frozen soil was encountered 2.5 to 3 ft deep.
Bedrock was reached at testholes TH-01A, TH-02, TH-04, TH-06A, and TH-07. Bedrock
was cored in testholes TH-04, TH-06A and TH-07. Bedrock is found at an average
elevation of 933 ft (arbitrary datum of 1000 feet at the high school foundation),
approximately 40 feet below the ice surface. The top of bedrock is relatively flat, with
elevations in most testhole locations ranging from 928 ft to 933 ft with bedrock at 940 ft in
TH-04.
Material overlaying the bedrock ranged in thickness from 38 ft to 0.5 ft decreasing farther
offshore. At TH-01A and TH-02 the material overlaying the bedrock, 38 ft and 36 ft thick,
respectively, consists of granite cobbles and boulders of up to 4 ft in a sand matrix, with 16 ft layers of silt and/or clay. Directly on top of the bedrock is a layer of black, sandy gravel
with coarser gravel at the top of bedrock. This gravel layer is 13 ft thick at TH-01, and 7 ft
thick at TH-02. In testholes TH-04, TH-06, TH-06A and TH-07 only the cobbles and
boulders with a sandy matrix are present.
The

•
•
•

bedrock
is
a
porphyritic
15% Quartz,
62% Potassium Feldspar,
5% Biotite,

Little Diomede Island
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granite

composed

of

approximately:
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• 3% Hornblende, and
• 15% Plagioclase.
The largest crystals (phenocrysts), up to 1.5 inches, are potassium feldspar. These are
the largest in samples from TH-07, in the sample from TH-06 they are smaller, but more
numerous. The sample from TH-04 shows the most variation in phenocryst size and
mineral composition; there is a greater amount of biotite and hornblende in some portions
of the sample, and in these areas phenocrysts may be absent.
The rock cores obtained from testholes TH-04, TH-06A and TH-07 have Rock Quality
Designations (RQD’s) of 23%, 70% and 62%, respectively, and compressive strength of
19,000 to 21,000 psi (see App. C). At the bottom of TH-04 drill cuttings were lost during
the first coring run and an attempt at a second coring run was abandoned because five
feet of sediment had filled the hole while resetting the core barrel.
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APPENDIX A:
SOIL TEST HOLE LOGS
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SOILS CLASSIFICATION

SAMPLER TYPE SYMBOLS

TYPICAL TEST HOLE LOG

DRILLING SYMBOLS
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APPENDIX B:
SOIL SIEVE ANALYSIS RESULTS
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APPENDIX C:
ROCK CORE
COMPRESSIVE STRENGTH
TEST RESULTS
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Appendix D:
SITE PHOTOGRAPHS
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View from above the village looking west. Cleared area on right side of photo is for
the drilling and goes out approximately 600 ft from shore. Drill rig can be seen
above the four rectangular water tanks of the high school.

Drilling at hole TH-07. Little Diomede Island in background.
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Drilling at hole TH-01A. Diomede High School in the background.

Drilling at hole TH-07. Big Diomede Island, Russia in the right background.
Little Diomede Island
Draft Geotechnical Report

May 2002

PERATROVICH, NOTTINGHAM & DRAGE, INC

View of slope below Diomede High School showing the existing seawater intake
line.

View to the north of Diomede High School and talus slope to the shore. The
Science Shack is underneath the far end of the school.
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