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Engineering geology studies in the National Petroleum Reserve, Alaska

By Reuben Kachadoorian and Frederick E. Crory

Abstract

Engineering geology studies were conducted in direct support of the exploration
program in the National Petroleum Reserve, Alaska. The studies included laboratory and
field tests and observations to address design and construction problems of airfields,
roads, drill pads and foundations, and to evaluate their actual performance. Permafrost
containing large amounts of near surface ground ice as wedges, masses, and intergranular
ice, required that all construction activity not disturb the thermal regime of the ground
surface, which could lead to thaw of permafrost and ground subsidence. Summer
activity, therefore was not allowable, yet the winter climate was so harsh that winter
work was slow and inefficient. To allow summer operations at well sites planned for all
year activity, it was necessary to adapt existing techniques for arctic construction and to
devise new ones.

The design and construction of facilities at the deep exploration wells at Inigok,
Tunalik, and Lisburne posed the greatest challenge. These sites, requiring a year or more
to drill, could only be attempted if continuous access to drilling and logistic supplies
could be assured throughout the year, including the possibility of bringing in another drill
rig, in the event of a blowout. Thus all-seasons airstrips were required at these wells.
Sufficient quantities of local gravel were not readily available at the Inigok and Tunalik
sites to construct the airstrips with the required 6 feet or more of gravel to prevent the
underlying permafrost from thawing. Therefore, insulation was used to maintain the sub-
base of local sands in a continuously frozen state, which in turn was overlain by 18 inches
of gravel or sandy gravel. Tests at the U.S. Army Waterways Experimental Station
defined the minimum thickness of gravel required above the insulation to provide the
desired bearing capacity for the C-130 type aircraft without crushing the insulation.

Field testing also included the evaluation of another design option, using military
landing mat underlain by insulation. Temperature recording devices were installed
beneath the landing mat test sections, insulated runways, roads, drill pads, and reserve
pits, to monitor the actual conditions and confirm the design assumptions. Investigations
of thaw-settlement, erosion, and revegetation of all areas affected by construction were
also conducted in anticipation of abandoning the sites, or, upgrading the facilities in the
event the design life was extended.

Introduction
Purpose and scope

The Geological Survey has been charged with the responsibility of evaluating the
petroleum potential of the National Petroleum Reserve in Alaska (NPRA). This work had
already been initiated by the U.S. Navy, from whom NPRA was transferred to the
Department of the Interior. To help fulfill its responsibility, the Geological Survey
started an engineering geology program in February 1977, to provide the geotechnical
support necessary for the exploration program. As part of the program, the Geological
Survey requested the U.S. Army Waterways Experiment Station (WES) at Vicksburg,
Mississippi, and the U.S. Army Cold Regions Research and Engineering Laboratory
(CRREL) at Hanover, N.H., to conduct studies to obtain the physical parameters required
to evaluate and solve some of the geotechnical and engineering problems associated with
the program.



All of the NPRA is underlain by permafrost, and thus virtually all of the
engineering and geotechnical problems encountered during the construction of the well
sites and subsequent drilling were associated with permafrost. The widespread
occurrence of permafrost containing large amounts of near surface ground ice in the
form of wedges, masses, and intergranular ice, required that construction activity not
disturb the thermal regime of the ground surface which, in turn, could lead to thaw of
permafrost. Once the permafrost was thawed, ground subsidence, sediment flow, and
impassable conditions would result. Construction problems were compounded by the
constraint that all construction in the NPRA be done during the winter months to meet
the environmental requirements. Therefore, the engineering geology program
consistently addressed the impact of the environment on the facilities, and the effect of
the facilities on the environment.

Location

The Natlonal Petroleum Reserve, Alaska, lies in the North Slope of Alaska north
of the latitude 68° N. (fig. 1). The northern boundary extends from the mouth of the
Colville River on the northeast edge of the reserve along the Arctic Coast west to Icy
Cape, at about long. 161 ©52'32"W. on the west edge of the reserve. The boundary then
extends south to the crest of the DeLong Mountains, then eastward followmg the crest of
the DeLong and Endicott Mountains of the Brooks Range to about long 155 022'30"W. The
boundary then goes north and intercepts the Colville River in the vicinity of Killik
Bend. It then follows the Colville River east to Umiat and then north to the Arctic
Ocean.

Geography

The northern half of the NPRA lies in the low, poorly drained, lake-dotted Arctic
Coastal Plain physiographic province (Wahrhaftig, 1965). The Arctic Coastal Plain rises
imperceptibly from the Arctic Ocean to an altitude less than 500 feet. The southern half
of the reserve lies in the rolling plateaus and low linear mountains of the Arctic Foothills
and in the rugged glaciated mountains of the DeLong Mountains and Central and Eastern
Brooks Range physiographic provinces. With the exceptions of Seabee, Lisburne, and
Awuna (fig. 1), all of the wells drilled in the reserve between 1975 and 1981 are in the
Arctic Coastal Plain physiographic province.

Geologic setting

The National Petroleum Reserve, Alaska, is underlain by unconsolidated sediments
of Quaternary age, which are in turn underlain by bedrock ranging from Devonian to
Cretaceous in age. The unconsolidated sediments consist of marine silt, sand, and beach
deposits, upland silt, eolian sand, alluvium, and glacial debris (fig. 2 and Williams and
others, 1977). The marine beach deposits, consisting chiefly of fine-grained gravel, occur
north of Barrow, on barrier islands, and along the coast as isolated patches west of
Barrow to the edge of the reserve. The marine silt occurs along the coast from Barrow
to about the eastern edge of the reserve. Marine sand occurs chiefly in the western part
of the reserve with isolated patches in the eastern part. The most widespread
unconsolidated sediments are aeolian silt and sand that occur mainly in the flat-lying
lake-dotted central and eastern part of the reserve. Much of the aeolian silt and fine-
grained sand have been reworked by stream and lake action. A band of upland siit
extends from the eastern to the western boundary of the reserve and marks the geologic
boundary between the unconsolidated sediments in the north and the bedrock area in the
south. Alluvium occurs in all the streams and rivers and consists of fine-grained sand and
silt in the low-lying area of the reserve and as gravel in the larger rivers, such as the
Colville, that drain the mountainous terrain of the reserve. The glacial debris occurs

only in the southern part of the reserve and consists chiefly of till and minor amounts of
outwash.
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The bedrock underlying the unconsolidated sediments in the northern part of the
reserve consists chiefly of sedimentary rocks. Igneous and metamorphic rocks occur in

the southern part of the reserve, but locally are mantled by colluvium and glacial debris.
Investigations

The engineering geology program in the NPRA consisted of engineering studies by
the Cold Region Research and Engineering Laboratory (CRREL) and the Waterways
Experiment Station (WES) under contract to ONPRA, and geologic studies by the
Geological Survey. The engineering and geologic studies consisted of cooperative and
interrelated investigations between CRREL, WES, and the Survey and were designed to
help solve or minimize the effects of permafrost related geotechnical problems.
CRREL's studies included both field and laboratory investigations. Laboratory studies
included thermal analysis of insulation, gradation of available soils in relation to
compaction and bearing capacity, and thaw settlement. The field studies concentrated
on the installation of thermocouples and monitoring of ground temperatures at the
facilities and special test sections.

The Waterways Experiment Station conducted several large-scale tests at
Vicksburg, Miss., to evaluate different concepts for runway construction. These included
five separate test sections trafficked by a test cart simulating the wheel loading of the
C-130 Hercules aircraft.

The authors conducted geological and engineering field investigations of 29
proposed well sites during the field seasons of 1977 to 1980, inclusive (fig. 1 and table
1). The investigations included a determination of the geological setting, a search for
sources of construction material, and determination and evaluation of possible
geotechnical and construction problems. All of the sites selected were drilled during the
winter months with the exception of Tunalik, Inigok, and Lisburne which were drilled the
year around. The Awuna well required two winters of drilling because the operations
ceased during the summer months. The field studies concentrated on evaluating the
geotechnical problems at the deep all-year well sites at Inigok, Tunalik, and Lisburne (the
airstrip at the Lisburne well site is called Ivotuk). Such studies were necessary because
these facilities required the construction of all-seasons airstrips and associated facilities
to support the long and continuous drilling effort.

The major purpose of this paper is to discuss the all-seasons well sites of Tunalik,
Inigok, and Lisburne (Ivotuk). We have also included a discussion of the winter-only
drilling site at Seabee because special engineering studies were made at that site.

The Engineering Geology Investigations Program of NPRA, which included all
work done under contract by CRREL and WES, was funded by the Office of the National
Petroleum Reserve, Alaska (ONPRA), of the U.S. Geological Survey. Fieldwork was
greatly facilitated by the cooperation and support, of John Ireton and Tom Brooks of
Husky Oil NPRA Operations, and the Husky Oil personnel at Camp Lonely. Arthur
Gidney, David Atwood, Mark Connolly, and Richard Berg of CRREL provided office and
field support. Ronald Hutchinson, Alfred Joseph, and Cecil Burns of WES furnished
advice and counsel on many of the engineering problems.

Winter well sites
General statement

Investigations of the winter well sites included geologic and engineering
evaluations of the proposed sites, drilling pads, and ice airstrips, and searches for sources
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of construction materials. The location, geologic setting, sources of construction, and
pertinent remarks regarding each site are described in table 1. Special studies were
made at the winter Seabee site and are discussed in more detail in the following
section. The wells at the winter sites, with the exception of Awuna, were drilled in a
single winter and thus were not subjected to the effects of thaw during the summer
months. The Awuna well required two winters to drill and was shut down during the
intermediate summer. The Awuna drill pad and reserve pit had some subsidence because
the frozen material in the pad and reserve pit thawed during the summer. This
subsidence required some maintenance before starting up for the second winter of
drilling,

Seabee well site

The Seabee well was located about one mile northwest of the existing State-owned
airport at Umiat. The well site was at lat 69°22'8.12" N. and long 152710'31.29" W.,
Umiat Meridian. During the summer of 1978 the airfield was closed to all large aircraft,
because a C-130 blew a tire on landing. Large surface cobbles and boulders were
considered the cause of the blow out. The Umiat airfield, accordingly, was overlain with
a new gravel surfacing in the spring of 1979, permitting drill-rig movements and year
round access for supplies and crew changes. To avoid congestion at the existing parking
apron near the south-central portion of the airfield, a new parking apron with a short
taxiway was constructed just north of the west end of the runway. From this new
parking apron an uninsulated gravel road was constructed to the well site. Gravel borrow
pits, on both sides of this road, provided the gravel for the parking apron, road, drill pad,
and runway resurfacing.

Previously constructed gravel roads on a thin pad at Umiat, especially to the north
of the airfield, had suffered serious damage from permafrost degradation (Ferrians and
others, 1969). The uninsulated access road to the Seabee well was designed on the basis
of a gravel-fill section from & to 6 ft thick. The drill pad was also constructed as a thick
gravel-fill section like the road; only the areas beneath and adjacent to the drill rig and
camp were underlain with insulation.

A view of the Seabee drill pad is shown in figure 3. All construction took place
between January and April 1979. Personnel were based at a temporary construction
camp located just east of the new parking apron.

Only minor maintenance was required on the new access road to the Seabee well.
To evaluate the effectiveness of this thicker gravel roadway, thermocouples were placed
at two locations, several hundred yards apart. One assembly was installed in a new
section of the road, while the other assembly was in a section where the new road was
built over an old road. Although little road damage was anticipated in the first year or
two, these initial temperature observations will be important in assessing the long term
changes. Both assemblies were left in place for future monitoring. The greatest problem
experienced was on the Seabee access road where several culverts were washed out
during the sudden spring breakup of 1980.

Selected pilings around the Seabee well were instrumented with thermocouples to
define the radial heat flow. Attempts to monitor the temperatures on the outside of the
conductor pipe failed when the thermocouple temperature assembly was ruined during
the initial cement grouting operations. The thermocouples on the rig piling however,
provided the desired information throughout the drilling period. @ Two additional
temperature assemblies were used to determine the effectiveness of the reserve pit slope
insulation, in the area where the drill cuttings were deposited and beneath the bottorn of






the reserve pit. Another assembly in the north dike, in an active erosion area, will be
used to measure the long term thermal changes at this location.

Two attempts were made to install temperature assemblies beneath the
uninsulated Umiat runway for direct comparison with the insulated runways installed at
Inigok, Tunalik, and Lisburne (Ivotuk). Both attempts failed, however, when large cobbles
and caving holes stopped the drilling efforts below 6 or 8 ft.

All-season well sites
General statement

The Tunalik, Inigok, and Lisburne wells had target depths greater than 17,000 feet
and required more than 360 days of continuous drilling to complete. In support of these
all-season wells, geologic and engineering studies were made to evaluate the
geotechnical problems of the proposed well sites, airstrips, parking aprons, and roads, and
to determine sources of construction materials. These all-season wells required all-year
airstrips to ensure a means of getting continuous supplies to the well sites, including the
bringing in of another drill rig in the event of a blowout. This required an airstrip 150
feet wide and 5,200 feet long to handle the C-130 aircraft necessary to support the
drilling programs.

A thorough search was made during the summer of 1977 to find a source of gravel
necessary to construct the all-year airstrips, parking aprons, roads, and construction pads
for the Tunalik and Inigok wells. However, an ample, readily available local source of
gravel was not found and therefore a serious design problem for the Tunalik and Inigok
wells arose. The lack of readily available gravel to construct an all-gravel airstrip, at
least 5 feet thick, led us to consider other design concepts such as the use of a landing
mat or insulation. Such insulation had been recently used for several roads, portions of
the work pad for he Trans-Alaskan Pipeline and the Kotzebue airport (Penner, 1976; Esch
and Rhode, 1977; and Wellman, and others, 1977).

Tests of design concepts

Local frozen material, overlain by insulation, and covered by a limited thickness
of gravel had not been used to construct an airstrip where heavy aircraft were to land.
Consequently, the Waterways Experiment Station at Vicksburg, Miss., was requested to
undertake large-scale tests to obtain the physical parameters necessary to design and
construct such airstrips. The results of these tests were published by WES (Burns, 1979).

WES constructed five separate test sections and traffic-tested them with a load
cart, simulating a C-130 aircraft, to evaluate the following desigr}s:

(1) Prefabricated aluminum landing mat over Styrofoam” insulation overlying a
high-strength subgrade representing frozen material,

(2) Gravel base course overlying Styrofoam insulation, overlying a high-strength
subgrade representing frozen material,

(3) Gravel base overlying a loosely placed saturated sand fill,

ZThe use of trade names in this report does not constitute endorsement of the product by
the U.S. Geological Survey, the U.S. Army Cold Regions Research and Engineering

Laboratory or the U.S. Army Engineer Waterways Experiment Station.
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(4) Sand-grid confinement in loosely placed saturated sand fill, and
(5) Sand-grid confinement in highly compacted sand fill.

Small-scale runway test sections were constructed for each of the designs and
were evaluated on their performance under simulated C-130 aircraft traffic conditions.
Select materials for the construction of the sections simulated as closely as possible the
materials that would be available for the construction of the airstrips at the Inigok and
Tunalik well sites. CRREL conducted laboratory analyses of the sand from selected
borrow sites in the vicinity of the airstrips, gravel from a borrow pit about 6 miles from
the Tunalik site, and gravel from the confluence of the Colville and Kikiakrorak Rivers
about 36 miles from the Inigok site. WES used the data to simulate as closely as possible
the type of sand and gravel that would be actually used in the construction of the Tunalik
and Inigok airstrips.

Landing mat and gravel over insulation.--The objective of this test section was to
evaluate the performance of a runway using Styrofoam insulation over frozen material,
with a prefabricated landing mat or gravel surfacing over the insulation. The test
section was 80 ft long by 25 ft wide and consisted of two test items, each 40 ft long and
25 ft wide. The subgrade of both test items consisted of a lean clay, well compacted to
produce a relatively high-strength soil representing frozen material. The subgrades of
each item were overlain by 2 layers of 1 1/2-in-thick HI-60 (60 psi compressive strength)
Styrofoam insulation material. One of the test items was surfaced by an XM 19
aluminum landing mat and the other by 20 in. of gravelly sand.

The test items were then subjected to 1,250 passes, representing about 850 C-130
operations, with a 35-kip (35,000 lbs) single-wheel C-130 load. No damage to the
insulation was evident at the conclusion of the testing. Since there had been no damage
to the insulation under the 20 in. of gravel, it was decided to remove the top 10 in. to
determine if the lesser thickness of gravel would still protect the insulation. About 240
passes of the 35-kip single-wheel load were then made on the gravel-covered test
section. An examination of the insulation at the conclusion of this test indicated that
the Styrofoam boards had been compressed.

As a result of these tests, it was concluded that (1) an XM 19 aluminum mat
placed over HI-60 Styrofoam insulation would provide a satisfactory runway for C-130
aircraft, provided the insulation kept the sub-base frozen, (2) a 20-in. thick, good quality,
gravel base course over HI-60 Styrofoam insulation would protect the insulation from
compressing under the C-130 aircraft loading, but it might require some surface
maintenance during repeated aircraft operations, especially during the spring thaw, and
(3) a 10-in.-thick gravel base course over the insulation was insufficient to protect the
HI-60 Styrofoam. If the insulation were crushed or cracked it was assumed that the
insulating value would degrade and that the sub-base would thaw and subside, rendering
the airfield inoperable.

Gravel over saturated sand.—The objective of this investigation was to determine
if a fill initially consisting of frozen sand and overlain by 20 in. of gravel would sustain
C-130 aircraft traffic after the sand thawed and was in a saturated condition.

The section in which gravel overlying saturated sand was tested was 140 ft long by
25 ft wide and consisted of 3 test items, each 40 ft long, with a 10-ft transition between
them. Item 1 consisted of 20 in. of gravel overlying 6 in. of saturated sand; item 2
consisted of 20 in. of gravel overying.36 in. of saturated sand; item 3 was the same as
item 2 except that filter-cloth fabric> was used to line the walls of the excavation and
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was placed horizontally at 1-ft intervals in the sand fill. The filter fabric was used to
reinforce the sand and improve the drainage of the sand, thereby increasing its load-

carrying capacity.

All the items in this test section were subjected to 35-kip, single-wheel C-130
loads and a 70-kip, single-tandem, gear assembly representing one main landing gear of
the C-130 aircraft. The results from this test indicated that 20 in. of gravel placed over
a frozen sand similar to that at Inigok, without insulation, would be marginal at best for
C-130 aircraft operations after the sand thawed, depending on how well the sand
drained. If the sand were saturated, an unstable condition would probably exist. If the
sands at Inigok could be completely drained and consolidated as thawing progressed,
stability could be maintained by surface compaction and maintenance. However, this
might render the runway unserviceable during the first spring breakup following
construction.

Sand-grid confinement.--The lack of readily available gravel for airfields, roads,
and drill pads in the NPRA prompted an investigation of ways to confine the wide spread
sands in a flexible grid, so that perhaps only limited gravel would be required. This
concept yas studied at WES by placing a paper-grid material in the upper portions of
sand fills”.

This test section was constructed in a trench, 25 ft wide by 160 ft long, and
consisted of five test items, each 30 ft long and 25 ft wide. The sand in items 1 through
4 was 48 in. deep, overlain with 6 in. of washed gravel. Initem 1 a single layer of 6-by-
6-by-6-in. grids was placed in the top 6 in. of the sand underlying the gravel. In item 2,
two layers of the same grids were constructed in the top 12 in. of sand fill. In item 3,
three layers of the grids were placed in the top 18 in. of the sand fill underlying the
gravel. These items were designed to determine the depth of sand confinement needed
to support the C-130 aircraft loading. Item & consisted of two layers of sand-filled grids
overlying a variable-strength subgrade. This item was designed to determine the
performance of the sand-grid system when differential thawing and settlement
occurred. Item 5 consisted of two layers of the sand-filled grids, placed on insulation
lying on a firm foundation simulating a frozen material.

In addition to the test section described above, WES also made studies to
determine the feasibility of placing frozen sand in the grid confinement system.

The test section was evaluated by using a load cart equipped with a 70-kip single-
tandem gear load simulating one main gear of a C-130 aircraft. Results of the test
indicated that (1) a single 6-by-6-by-6-in. paper grid would not confine saturated loose
sand adequately to sustain traffic of C-130 aircraft or vehicular traffic, (2) two or three
layers of grids (6-by-6-by-6-inch grids at 12 to 18 in. depths) filled with highly compacted
sand will adequately confine the sand and prevent shear and displacement of the sand

3The filter fabric was a span bonded, needle-punched, polyester, nonwoven material
called "Bidim", with a unit weight of 12 oz per sq yd manufactured by Monsanto Textiles
Co.

4 The paper-grid was manufactured by the Hexcell Corporation and employed linerboard
treated with a phenolic resin.
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below the grid layers under C-130 aircraft traffic, (3) the paper grid overlying a variable-
strength foundation conformed to the settlement in the foundation, but was still
effective in confining the sand, (4) the concept of using grids filled with saturated frozen
sand was not considered feasible because of the difficulties in placing the frozen sand in
the grids, the low density and high water content of the sand after thawing, and the
probability of very slow drainage after the sand thawed, and (5) after drainage and drying
to about optimum water content, the sand can be compacted in the grids to high densities
with standard techniques without damaging the grid.

Gravel thickness required to protect the insulation.--WES's earlier tests indicated
that 20 in. of gravel over HI-60 Styrofoam would protect the board insulation from
compression under the C-130 aircraft loading, but, a 10-in. thickness of gravel overlying
the insulation was inadequate to protect the insulation. Once the decision to use gravel
over insulation for the runway construction at the Inigok and Tunalik well sites was
made, it became imperative to determine the lower limit of gravel thickness required to
protect the insulation. The high costs of mining and hauling the gravel, especially at
Inigok during limited winter construction period, made a clear definition of the minimum
thickness of gravel required extremely important.

Accordingly, a new test section 75 ft long and 25 ft wide consisting of three test
items, each 25 ft long and 25 ft ft wide, was constructed. The thicknesses of gravel,
overlying a lean, compact, clay soil representing a frozen soil, were 15, 17.5 and 20 in.

Fourteen patterns of C-130 traffic, in 480 passes, were applied to the test section
resulting in 280 coverages of a loaded tire in the center 45 in. of the traffic lane or an
equivalent of 1,134 C-130 aircraft operations. Based on these tests it was determined
that a minimum thickness of good quality well-compacted gravel of 15 in. would protect
the HI-60 Styrofoam insulation material from detrimental crushing under C-130 aircraft.

Inigok well site

The exploration well at Inigok was to be deeper than 19,000 ft. Such a well would
require about 380 days to drill. For such a prolonged drilling period an all-seasons
airstrip was requn'ed In the summer of 1977, immediately following the siting of the
well at lat 70°00'17.48" N. and long 153 ©05'56.92" W. Umiat Meridian (fig. 1), the search
for a suitable location for the all-seasons airstrip was initiated. The most promising
location was a long ridge, about 0.5 mile east of the well, approximately paralleling the
direction of the prevailing winds (northeast). This location required the shortest
connecting road and avoided crossing any streams between the well site and airfield.

The Inigok site is surrounded by numerous lakes which are common in the Arctic
Coastal Plain province. The well and airstrip were just south and north of two large ones
(fig. 4). The site is underlain by fine reworked eolian sand and silty sand which are
permanently frozen, except in the active layer which annually thaws and refreezes to a
depth of 1 to 3 ft. Polygonal ice wedges are found on the ridges' gentle slopes, and low-
lying terrain throughout the area, although in some areas there is little or no surface
indication of such features. The ground surface is mantled with low grass tussocks and
dwarf willows except on the hill tops, where the exposed sand supports isolated grass
tussocks, mosses, lichens, and wild flowers. The organic layer or "A" horizon at the
Inigok airfield seldom exceeds 1 ft thick along the ridge, and no peat or other organic
material is found at depth.

Although many low-level helicopter flights were made to locate gravel along
nearby streams, the closest sources were found to be on the Kikiakrorak River, 35 miles
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