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INTRODUCTION

An examination of the map of the northern hemisphere will show
that the two great population areas of opposing ideoclogies are located
across the Arctic regions from each other. This fact has been recog-
nized by the U. S. military authoritiesc since the early 1940's, and
an effort has been made to locate military forees in these regions to
act as a possible deterrent to any aggressive actionsg The nature
and geography of this region generally preclude any military forces
except a combat airfield, The most outstanding and possible only
example of a major military airfield located entirely on permafrost
material in these regions is the U. S. Alrbase at Thule, Oreenland.

A discussion of the Thule Airbase may be found later in this thesis.

The economics of construction do not play a very important part
in locating and constructing an airfield on permafrost, An argument
could be initiated that the necessity of location of the airfield for
the defence of the country far out-weighs any considerations of eco-
nomics, This thesis, however, will consider the required economics
commensurate with the construction and establishment of a major air-
field on permafrost. A somewhat related economic factor involved in
the airfield construction would be the emergency service available to
the cormercial airlines which are at present {lying polar routes. This
service could be weather information, landing strip for emergencies,

and air rescue services.
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The discussion of the many problems that would be encountered
during the design and construction of the permafrost airfield could be
broached with the statement that as in the case of most heavy construc
tion projects, man must realige that rather than fight the natural laws,
he should learn to cooperate and use them to his advantage. Construc-
tion of the airfield in the Arctic and sub-Arctic regions requires designs
and methods that vary quite a bit from those used in the temperate
regions. The construction of the airfield is especially difficult when
the region is underlain with permafrost as in this design. The active
zone located over the permafrost suffers more from the seasonal effects
of freezing and thawing than areas underlain by material that is not
permanently frozen, The U, S. Army, Corps of Engineers in experiments
have found that stresses developed in freezing ground may reach
30,000 psi, and it is difficult to handle these stresses with structural
design alone. GStated in another way, the peculiarities of the region must
be recognized and accepted with conventional designs, construction
methods, and materials modified accordingly.

Permafrost or permanently frozen subsurface material may be
found in northern Noerth Amerieca, Antarctica, and northern Asia, The
northern half of Russia from the e¢old Arctic wastes to the northern
Vongolian steppes plus considerable areas in Alaska and northern Canada
are all locations where permafrost is found. The area within Russia
is much larger than the entire United States, while altogether approxi-
mately 20% of the world's land area is underlain with various depths of

permafrost, See Figure I for the global locations of the permafrost
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regions.
The following are definitions of terms which are used throughout
this thesis:

Active Zone--That layer of surface material which is located
above the permafrost table. The active part of this term is associ-
ated with the fact that almost all of this zone freesmes and thaws
every year,

adation of Permafrost-~Crowth of permafrost as a result of
natural or artificial means--opposite of degradation.

Arctic--The area on the globe where the mean temperature for the
warnest summer month is below 35°F., or the mean temperature of the
warmest four momths is below 50°F. This is the area of varying width
located immediately south of the Arctic Area and there may be a
forest in this area.

Degradation of Permafrost--Deterioration of the permafrost as a
result of natural or artificial means.

Permafrost Province-~The entire Arctic and Antarctic regions where
permafrost is likely to be present.

Frost Susceptible Soil--Seil in which a significant ice segre-
gation occurs when the required amount of moisture and freezing condi-
tions are present.

Tce Sepregation--The buildeup of ice as definite lenses, layers,
patches, veins, axdmasses in the soils, Some have advanced a theory
that these bodies of ice are oriented normal to the direction of heat
loss.

Frost Heave--The elevation or raising of a surface material be-
cause of the displacement due to the formation of ice in the under-
g soil,

Tce Content-~The ratio of the weight of the ice to the dry
weight of the soil. This is expressed as a percentage.

Per Cent Heave--The ratio, expressed as a percemtage, of the
amount of heave to the depth of the frozen soil prior to the freezing
which caused the heaving.

Pemxafrosb—-(pennanenﬂ% frogzen ground)--The subsurface layer of
earth, other surficial deposit, or even bedrock located at varying







depths which has been in a contimuously frozen state for a long period
of time. The term 'long period of time! means at least 100 years.

Frost Zone--The topmost layer of the active zone which thaws in
the sumser and freezes in the winter. Frost zones occur in the tem-
perate regions as well as in the Aretic amd sub-Arctic,

Water Content--The ratio, expressed as a percentage, of the
weight of the water to the weight of dry soil in the sarple analyzed,
The weight of the water in frogen ground includes the weight of ice and
unfrogen water.

Other pertinent terms used in this thesis will be defined as
they are encountered in the discussion,

Permafrost, depending upon the weather and local conditions can
exist in the following forms or a combination of the forms:

(a) A monolithic layer or strata,

(b) A broken layer with unfrozen spots or islands and strips.
This permafrost layer that contains strips or tawaths! of unfrozen
material is known as 'layered permafrost,’!

(¢) Spots or islands within unfrozen material.

Notes Spots or islands of ice that are eliptical in cross

section are known as ice lenses and there are a great number of them
throughout the permafrost province.

Permafyrost should be expected in areas where the mean amual
temperature stays below freezing and the following weather character-
istics are present:

(a) Dry, short, and fairly cool summers.

(b) Long, cold winters.

(¢) Very little precipitation during all the seasons.

Figure 5 shows typleal sections through permafrost.

The thickmess of contimious permafrost varies from a thickness of

two or three feet to nearly 1000 feet. Naturally, the thickness
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generally increases as you get farther from the boundaries of the
permafrost province. The town of Amderma, Russia, is the location of
the maximum known thickness of permafrost; with a depth of over

1300 feet.

The upper surface of the permafrost layer which is ealled the
permafrost table and is separated from the gmwund surface by the
active zone is irregular in shape and position. The irregularity in
pogition and shape is due to the differences in heat transmission
qualities of the active zone. The active zone may also be affected
by any one or a combination of the following: soil density, moisture
content of the soil, type of soil, or any movement of ground water.
The conditions at the ground surface play an important part in the
distance to the permafrost table., Trees and underbrush usually serve
as one of the best insulators while smaller vegetation and snow serve
as the next best insulators against thawing and freezing. If the
surface of the ground is exposed to direet sunlight and winds, it will
have the effect of increasing the thickness of the active zone or the
depth to the permafrost table., The smaller depth of the active zone,
the more stahle the ground surface will be and consequently the easier
construction will be in such a case. Table I gives the average active
zone depth at certain global locations,

Construction activities will usvally affect the distance to the
permafrost table by the process of removing sﬁov, vegetation, tundra,
or other insulating material from the surface of the ground which causes

the active zone to freege deeper and attain lower temperatures in the
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winter. This removal of the insulating material will also cause the
active zone to be deeper by thawing faster and increasing the tempera-
tures of the soil, Heated buildings used for personnel or equipment
may prevent the active sone from freezing in the winter if the strue~
tures sre built direetly upon the ground. Any structure or item of
construction which is built upon the ground will cause the depth to the
permafrost to be changed if the heat transmission qualities are differ-
ent from those furnished by the original natural ground cover,

Thermal Regime ~~ An equilibrium established by natural forces
where ground surfaces underlain by permafrost tend to remain undisturbed
by surface changes or seasonal temperature variations is known as the
thermal regime. The natural law that causes this balance to remain in
existence is that the heat will be atitracted from a warm body to a
colder body and thereby equalize the temperatures. The soll beneath
the permafrost is warm and unfrozen and it is always trying %o melt
the permafrost. In the winter months the frozen ground of the active
zone is eolder than the permafrost which has acquired heat from the
warmer ground below., Heat then mées from the permafrost to the
active zone. The warning of the active gone in the summer stops the
heat from leaving the permafrost, which completes the cycle and thus
the permafrost's dimensions remain in balance with no degrading or
agrrading. Cutting and removal of vegetation, excavating and filling
of dirt, and changing of the flow of ground weter by subdrainage will
all disturb the thermal regime. The mean anmal temperature at the
ground surface will be raised by any installation placed upon the
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ground which destroys the thermal regime beneath the constructed item.
Removal of vegetation and other surface matter has the effect of
lowering the active gone temperatures in late winter and 2llowing
thawing to start early in the sumner and %o penstrate deeper into the
permafrost table, The lowering of the permafrost table usually in«
creases the thickness of the permafrost layer as shown in Piﬂmo 3
and b , These changes disturb the balance esteblished by the natural
forces which results in sdjusting forces occurring in ambliuhing a
new equilibrium. Such adjustments are usually accomplished within
three to five years, and during this time, reactions may appear at
the ground surface as frost heaving, caving, frost boﬁs, frost mounds,
and surface icing. MNeturally, any construction should be such that
the equilibrium is kept or if & new balance is established, the
potentially destructive reactlons are controlled, Unusually mild
winters will cause the frost zone depth to be less than the depth of
the active zone, lsaving a layer of unfrozen ground above the perma-
frost which alzo disturbs the equilibrium,

Ground water must also be comgidered in construction desiw in
permafrost regions, This is water found within the earth and relative
4o the permafrost layer, it mey exist above, within, or below the layer
depending upen such variables as geographic configuration, seasonal
weather changes, climate, or geological features. The most important
influence that might be exerted by the water is its ability to thaw the
permafrost, Cround water is supplied from such gourees as melted snow

and ice, water, or water that travels upwerd from subsurface sources
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that are above, within, or below the permafres t. The water found under
permafrost usually occurs as 2 result of seepage from higher elevations,
This water is generally under hydrostatic pressure when it is found at
its normal location, which is under large valleys in water bearing
soils such as sand, gravel, and water-carrying silt, The water under
hydrostatic pressure is an excellent source of year-round water supply
for an installation such as the airfield.

If the surface of the ground is saturated with ground water at
the start of freezing wea\thar, the top layer immediately freezes and
acts as an impervious layer which puts the remaining water in the
active zone under pressure. This pressure tuilds up as the depth of
the frozen ground increases until finally a weakened area is found
and the water is forced out where surface ice is formed, Normally the
surface ice keeps building uwp until enough pressure existe to prevent
more water from coming up through the ground, Iee lenses are formed
when & plane of horizontal weakness appears and the water forces out a
pocket in the soil vhere tha water freezes an? forms the eliptical-
shaped ice lenses, Ground water in the active zone during the wamm
season behaves like any water in the ground above an impervious layer.
Tf the water is in coarse soil, it moves faster in the direction of
gravitational pull than the water would if contained in fine \poaty
goil such as that found in some areas of Alaska,

Ground water has an important effect upon any construction with
which it might come into contact. If the objeet of construction such

as pilings and foundations are not down in the permafrost, the water
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will get around amdunder it, and while freezing it raises the object.
The soil after thawing will allow the construction to settle to a depth
lower than it originally was. This settlement is usually prevalent in
fine-grain soils, Because water is an excellent medium for earrying
heat, the ground water when it comes into contact with a piling or
foundation that has been built into permafrost, may by moving dowmward,
thaw and loosen the support furnished by the frogen ground and allow
settlement teo occur.

The second type of water that must be considered is surface
water which includes lakes, streams, and any other water found in the
upper portion of the active zone. The melting smow and ice add to the
surface water and during the early thawing season, much water is found
at the surface in the form of lakes amd rivers. WNaturally, the air-
field should not be built where it will be endangered by any excessive
amounts of surface water, Water flowing in rivers may freeze on the
bottom of the stream as anchbr ice and force water up through the
surface ice to cause ice jams or builchups which cause trouble for nearby
installations or may even damage structures when the ice moves out in
the thawing season., This factor is further discussed in section II
of this thesis.

An understanding of the actions that soils undergo during the
freeze and thawing cyecle is necessary in order to design an efficient
airfield. Some of the actions which soils go through during the
freezing and thawing cycles are cracking, settling, swelling, creeping,
and sliding which are influenced by thie following:
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(1) Type of soil.

(2) Density or compaction of soil

(3) Change in the air temperature and rate of change.

(L) 'ater content of soil,

(5) Thermal conductivity of moil.

(6) Slope of ground and slepe of water table,

(7) Porosity of permafrost.

(8) Depth to permafrost table and slope of table.

(9) sSurfase cover of ground,

Pigure § shows an aerial view of different soils, e shrinking
and eracking occurs in all wet solls when the temperaturs drops below
freezing., In any soile that might be impervious to water movements,
the eracks will allow the water to move through the cracks where
freezing will cause frost boils, ice lenses, heaves, ice crystalliza-
tion, and surface icing. Settling or caving usnally happens in soils
that are in a2 e¢apillary saturated condition when freezing occurs. The
freezing separates the soil grains and thereby changes the density and
the bearing capacities of the soil., After thawing starts, the seil
changes to a goft micky or mddy variety. Where an ice lense melts,
the resmlting cavity allows the soil to fall into the void which causes
caving, Ice lenses and heaving will cause the soil to slide and creep
when the thawing season starte, The soil will slide and creep toward
the dovmhill ddrection of the slope at the ground surface. The hills

or slepes that face the direct sunlfight are the cnes which will suffer
the most =liding and creeping. Sliéing and ereeping of soils are
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practical demonstrations of horizontal movements within the surface
material. When the hydrostatic water pressure in areas of sloping
sround builds up between the frozen permafrost table and the frozen
active zone's erust, a frost heave or swelling occurs. Swelling is
the greatest where ground water collects in one iocation and builds
up into ice lenses when it freezes. Soils such as the loose silty
variety and the fine sands where capillary watei' is pronounced, are
likely to have quite a large amount of ice freezing in the soil.

The fine~-grain and layered soils will also have water freezing in
large voids, and this freezing or crystallization of ice will attract
other capillary water until the source of water is exhausted, The -
result is generzlly a large swelling at the ground surface, Figure ;
shows how swelling occurs and affects the ground surface,

Underground pockets of water in the active zone will 2lso cause
swelling when the water's volume exponds by approximately 9% during
the freezing process. Iece that builds up into 2 large ice lense
ceuses frost heaving which is usually the largest example of swelling
in the ground surface., These larger pockets of ice are usually found
in soils such as the loose silty variety and fine sands, Coarse
sravels and sands plus consolidated clay soils are normally not affected
by this condition. Ice c¢rystallization, another cause of swelling,
cenerally occurs in fine-grain layered soils and happens when water
freezing in large pockets attracts water from capillaries. ’fheac
ice pockets will contimue building up until the supply of capillary

water is exhausted.
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Another force produced by freezing water that must be considered
in construction on permafrost is that known as the adfreezing force.
This foree comes into existence when the moisture within the soil
freezes and fastens onto any construction installation such as a piling
or a foundation wall. If the installation does not penetrate the
permafrost table, the adfreezing force will usually get beneath and
force upward to c¢suse the structure to be pushed out of the ground.
When the installation has penetrated the permafrost, the force holding
the structure down in the ground is greater than the foree which 15
trying to push it out when the active zone is freezing., Stated simply,
the adfreezing force in the permafrost layer is greater than the
adfreezing force il the active zone.

One of the most important facets to be considered in designing
the airfield ies the bearing capacity of the frogen ground, The bearing
capacity varies with the moisture content of the soil, and in the case
of dry-frozen soil, the value is at least equal to the eapacity of the
s0il when thawed, The freezing and thawing cycles will reduce the
load-carrying capacity of fine-grained soils by separating the grains
as previously explained., Soils with high moisture content have a
bearing capacity that is equal to and often exceeds that furnished by
ice. Just as the strength of ice decreases at a fast rate when the

temperature rises to the melting point, so does the strength of wet-

fromen soil when it is subjected to the same temperatures,
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A. Make Up of Airfield

The airfield due to its loeiation in a remote section of the
world, will be a multipurpose military type. That is, it can be used
as a refueling field, a base for airwrescue units, an emergency field
for commercial and military airplanes, a combat field for tactical or
strategic bombers, a field for dispersing planes during times of an
emergency, or a service field from which surveys and studies may be
made, This multipurpose qﬁalitw of the airfield will require that the
site include the runways and their emvirons, drainage facilities, plus
various types of service facilities,

The dimensions of the main runway will include a length of
10,000 feet and a width of 300 feet. The length of the rumway will
be supplemented by a 2000 feet addition at each end while 150 feet
shoulders will be constructed on eawh side for the entire length., An
emergency rumway, 3000 feet long and 150 feet wide, will be constructed
parallel to the main runway and on one of the shoulders. The shoulders
will be constructed from excavated permafrost while the runway extension,
like the runway, will be of the flexible pavement t;pe, however the
quality of the extension pavement will not be equal to that of the
runway. The dimensions of the runway were chosen so as to be large
enough to accomodate the largest transports such as the C-12k, C-131,
C~130, and the largest jet bombers such as the B-L7, B«52, and the

B-58, HMilitary information is not available as to whether the rurway







length will be sufficient under maximum gross weight take-offs, but

it may be agsumed that if the length was marginal during such a take-
off, ATO units (assist take-off--rocket propellants) would be utilized
to help perform the operation.

The airfield site will require a minimum land area of four
square miles plus any additional land that may be required for water,
sewerage, and radar facilities. Right-of-way for an all-weather road
to the harbor faeility, twenty-five miles away, will be still another
requirement for land near the site.

The actual make-up of the airfield site will ineclude besides
the main rumvay and emergency airstrip, the necessary taxiways, revet-
ments, hardstands, aprons, wbu.ﬁ.dings s and service facilities., Each end
of the rumway will be comnected by taxiways to the revetments, aprons,
and hangars, Provisions for a large bulb-shaped warm-up apron will be
made at each end of the rumway, Quite naturally the runway centerline
will be parallel with the direction of the prevailing winds,

The buildings will include two large size hangars, four barracks,
a power building for heating and generating, a mess hall or personnel
building, a vehicle maintenance building, a building for housing service
equipment, a fire station, and other buildings required for an airbase
of this size and mature. The buildings will be positioned on the site
so as to add to the efficiency of the location as much as possible.

The service faecilities will include among other installations
a wvater system; a complete drainage system for the runways, taxiways,
and other like areas; a sewerage system; service tunnels for water,
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electric, and fuel lines; a lightiimg system; a wind direction indicating
system; a small weather forecasting unit; and other required service
equipment.

The map, Figure 1ll, at the end of this thesis shows the relative

position of all components of the airfield to each other.







B. Selection of Alrfield Site

All potential areas with their particular topography, drainage,
type of soil, materials for the fill and surfacing, wind direction,
and other local conditions, present a different problem in the con-
sideration for the final site for the airfield. The most important
basic consideration for this airfield site, howevery will be the
location of it so as not to impair the prime mission of the base--that
is its combat and service effectiveness.

Just as in locating an equalivalent airfield in temperate zones,
the terrain of any potential site and surrounding land in the Arctie
and sub-Arctic should undergo careful consideration. The area should
lend itself readily to development without an excessive amount of
excavation being required. COuts should definitely be avoided if
possible, and any side slopes in fill composed of fine—grtimd materials
should be kept to a L to 1 ratio or less,l This material would be
found only on the shoulders. The suitability of the site could be
said to be dependent upon two somewhat opposing facets. That is, the
terrain features should be such that the land sloped enough to provide
a natural drainage system, but this sloping should not be so excessive
as to require very much grading and consequently cause a lot of erosive
action., A site that may lie in a deep river valley should be thoroughly
checked to ascertain how much and how often flooding will occur.
Flooding which occurs along such a stream location in the permafrost

1y, s. Army, Construction Marmual, Part XV, October 195L, Pp 2.







25

regions will generally be more pronounced and more destruction will
result than on the same terrain conditions in the warmer regions.

If it is not possible to remove the choice of the airfield site from
the areas of possible flooding, dikes can be congtructed to divert the
water and ice flow., A cross section of the materials used in the dike
should show the active zone plus two feet of the permafrost excavated
and replaced with sand and gravel, The interior of the dike should be
constructed from sand and gravel while the outer material should be
impervious material previously removed from an excavation.

The landing area is the most important element of the airfield,
and in general, the field should have a fairly smooth and well-drained
landing area that is sufficiently strong enough to permit combat and
service operations during normal and some abnormal weather conditions.
The landing area should be nearly level with no dips, depressions, or
other obstacles that would cause the flying operations to be of a
hazardous nature,

The location should have adequate natural drainage channels, or
in topographical terms, a near perfect area would be a level area of
the proper length with the terrain gently sloping away in several
directions. Another location that might be suitable would be one which
was on the side of a very gentle slope in a wvalley. A location with
the appropriate slope would have the advantage of having rapid enough

dispersal of surface water which would reduce the danger of any standing
water softening the ground., The appropriate sloping at the airfield

site would also assist in planning the drainage system and it might
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even remove the necessity of any subsurface drainage.

There should be no obstruction over fifty feet tall within one
half mile of each end of the runway extension and for one hundred yards
on each side of a line extended through the centerline of the runway.
An attempt should be made to locate the strips so they parallel any
range of nearby mountains and the landing or takeoff leg of the approach
f1ight should not be directly into or over mountains because of the
obstructions and the up and downdraft wind conditions found over
mountaing, Mountains tend also to have moisture-laden air pile up on
their upper reaches and cause clouds to form which usually bring storms
and definitely limit wisibility at any nearby airfield.

Another major consideration for the selection of an airfield
site is the availability of construction materials. Previous heavy
- construction projects performed by the U, S, military foreces in the
permafrost have shown that mch sand and gravel can be found along
stream locations which is suitable as a base course or foundation
material for the runway and other airplane service-ways. The sand and
gravel can be supplemented by local rocks of maximm size of up to two
feet. All rocks that might be too large for the fill requirements may
be crushed at the pit location. Good engineering dictates that any
large amount of smooth and rounded rocks should be run through the
crusher to give the rocks angular surfaces and thereby better bearing
qualities for the fill materials, It ecan be stated that the avail-

ability of good engineering materials ﬁghin a reasonable hauling dis-
tance of the construction site is a factor which must be weighed







carefully with the other aforementionsd factors, Figure 7 shows a
typlcal crogs section of the material in the rumway and other airplane
handling surfaces.

The accessability of the site is a factor that exerts a fairly
definite influence upon the cholce of one among many potential sites.
Amrﬁmhraiﬁmbemmllmtlbaﬁmwbmcomidmm
weather, topography, and other factors, but the site would not prove
to be suitable if it could mot be reached from the docking facility or
if the supply of construction material was located in such a fashion as
to be practically out of reach of the airfisld location., The docking
facilities should not be over twenty-five miles from the airfield and
the construction materials' locale should be within three niles of the
construction site,

Aerial photographs and maps should be checked to determine the
potential locations when considering all the influencing factors dis-
cussed in this section, The following section will discuss further
mummdmuamnmmmmwuwwmm,m
making a decigion as to the final loecation,

Lastly, a very important factor not to be overlooked is the
availability of a water supply for an airbase not only during the
construction but during the operation of the base. Not only should
the supply of water be within a close proximity of the airbase, but
it should be capable of an efficient development, This development
may involve a gysten of retention such as a dam or dike which would
increase the capacity of the water basin, Another aspect of the
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development will be a means of transporting the water from the source
to the airbase - such transportation may be in the form of heated (for
freezing weather) tank trucks or conduits., The airbase, as in the
case of habitated places, cammot exist with a water supply that is

mon-existent,
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C. Exploration of Site

It naturally follows that after preliminary exploration and
analysis have assisted in locating a site, a more thorough exploration
will be required to utilize and ascertain the potentialities of the
site. An axiom could be that a site 1s only as good as the thoroughness
with which it is explored and investigated during the early construction
stages.

The permafrost layer, because it is the foundation on which all
heavy construction in this region rests, should be investigated first
and with the utmost care. The permafrost should be investigated and
obgserved not only during the exploratory stage of construction but even
during the operation of the field,

Generally, the character of the permafrost depends upon the
goil texture. Permafrost that is made up of fine-grained soils such
as silts and elays, will often contain several types of ice formations
such as lenses, wedges, layers, bulbs, mounds, and other forms., If
the permafrost contains gravels and clear sands with very little
moisture in the soil, there will be 2 minimum of ice formations in
in the ground, Some of the permafrost that contains ground ice may
cause certain physical configurations to appear on the surface of the
ground, making the explorations simpler. The two, more common of
these disturbances are frost mounds and fissure polygons. The

description of frost mounds may be found in the first section of this
thesis,

--Note: A condition where trees are tilted at odd angles due to the







31

upheaval of the ground is known as a "drunken forest® and is a sure
indicator of a frost mound, GCenerally the fissure polygons cause two
types of surface reactions, (2) dome-shaped with a depressed perimeter,
and (b) dish-sghaped with a raised perimeter or dike. Disturbances do
not always occur at the surface over ground ice, making the ice harder
te locate.

After the entire ground surface of the site has been thoroughly
examined for any adverse permafrost conditions, the rumway location and
other airplane handling locations should be explored to the permafrost
layer., The best method of exploring beneath the surface is to make
suitable test borings. The mumber of borings to be made varies with
the type of soil found at the locations - the fine-grained or frost-
susceptible materials will require more borings than the non-frost-
susceptible cohesionless materials such as crushed rocks, gravels,
sands, cinders, and other like-materials.

First borings will be made along the nmf'n centerline at a
spacing of 100 feet. If any core samples indicate a questionable area,
additionsl borings should be made in the immediate viecinity in order
that a more complete log may be made of the cross-section along the
centerline, All borings should penetrate to at least ten feet into
the permafrost. Borings should be made along each edge of the rumway
on a staggered location with the centerline borings for the entire
length. '

In addition, borings should be made to determine the depth of
the permafrost and its quality at each end of the runway and at each
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edge near the midway point. The emergency strip and other airplane
handling locations sho’aid be checked along thelr centerlines amd edges
at every 100 feet in a mamer similar to that performed along the run-
woy. An aceurate log should be made of all the surface material in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>