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FOREWORD

Alaska's environment is complex and, in many ways, very hostile. Many
unfamiliar geologic processes may adversely affect us, our activities, and our
property and cause considerable loss of life, time, and money. As we learn about
these processes, we become better prepared to overcome or avoid their
consequences. Educating the public and various decision-making organizations
about Alaska's geologic environment is a primary responsibility of the Alaska
Division of Geological and Geophysical Surveys (DGGS).

This is the first in a series of reports designed to provide specific
information about geologic constraints in various communities in Alaska. The
choice of Fairbanks as the subject of the initial report was based on several
considerations.  First, numerous geologic processes potentially threaten
residents of the Fairbanks area. Second, the degree of risk from geologic
hazards increases as local populations expand and prime locations become
occupied. Attempts to build on marginal or hazardous locations in the Fairbanks
area have increases markedly in the past decade. Third, although a wealth of
technical information on geologic conditions in the Fairbanks area exists, much
of it is not readily available or is scattered through various agencies and
publications. Collection of these data is useful to scientists and the public.
Finally, in Dr. Troy L. Péwé we recognized an outstanding authority who is
uniquely qualified to establish the standards for subsequent reports in this
series. As a geologist with the U.S. Geological Survey (USGS), and a faculty
member and Chairman of the Department of Geology, University of Alaska,
Fairbanks from 1953 to 1965, Dr. Péwé extensively studied the environmental
problems of the Interior. His expertise is evident in the dozens of publications on
permafrost and related problems of frozen ground he has prepared during the
past 30 years. He is a member and chairman of several national and
international commissions on frozen-ground phenomena. Further, his role as an
educator properly prepared him to provide the educational emphasis necessary
for this series.

Because of the widespread popularity of Special Report 15, DGGS stocks
have been depleted in the past 10 years. Numerous requests continue to be
received, so we have decided to reprint the 1982 report.

Thomas E. Smith
State Geologist
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INTRODUCTION

One spring day Jack Smith* closed the front door
of his new $250,000, full-basement house near Farmers
Loop Road and wondered why the door had been
sticking lately. His wife also complained that when the
kitchen floor was mopped all the water ran to a corner
of the room. By the following fall, cracks had appeared
in the foundation and walls, and the water line ruptured
as the house settled 5 inches during the first year. This
house is a typical example of many structures in the
Fairbanks area that require expensive, long-term main-
tenance, or are eventually abandoned, as ice-rich perma-
frost thaws and the ground subsides under the house.

One winter day Kitty Jackson* called her husband
at the office to explain that water was bubbling from
their basement floor and running outside into the -400F
weather. She couldn’t stop the water flow and soon
most of the basement was filled. Outside, as the running
water froze, a sheet of ice-—-locally called a ‘glacier’--
accumulated. Little did the residents realize that during
the next few days artesian water would continue flowing
and eventually partially bury their automobiles and
houses, forcing them to relocate.

Numerous similar events have occurred in the
Fairbanks area when people build improperly or in the
wrong location. Unfavorable geologic conditions have
required costly maintenance on bridges on the Alaska
Railroad and caused abandonment of parts of highways,
destruction of property through gullying of loess, and
loss of lives and property by flooding.

Although these experiences may be viewed as horror
stories, they have helped identify some natural hazards
that occur in the Fairbanks area. A geologic hazard is a
perfectly normal geologic event, process, or condition
that becomes a problem only when it affects man, his
property, or his pocketbook. FEarly recognition of
geologic conditions, along with careful planning and
engineering can, in many cases, reduce or eliminate the
loss of time, money, and lives resulting from the natural
activities of geologic processes.

The flooding, landslides, earthquakes, and slope
erosion common in the Fairbanks area also occur else-
where. However, hazards such as ground subsidence due
to thawing of ice-rich permafrost; frost heaving of roads,
airfields, and other structures; and formation of icings
on roads and private property are characteristic of
northern regions.

SOURCES OF INFORMATION

The most effective use of private and public land
requires detailed site-specific geologic information.

*Names changed to protect the innocent—but ill advised—on
geologic hazards.

Broad training and an intensive study of the Earth
prepare the geologist to inform city and borough plan-
ners, developers, engineers, state and local policy for-
mulators, and the general public about geologic condi-
tions on an areal and site-specific scale. To protect the
public from geologic and hydrologic disasters, guard
against loss of life and property damage, and conserve
resources, geologists and planners must work together to
develop practical and constructive solutions to geologic-
hazard-related problems.

Providing information to the scientist, planner, and
man on the street in the Fairbanks area is one of the pri-
mary functions of the DGGS, the USGS, and the U.S.
Soil Conservation Service (SCS). These agencies have
published a wealth of information on land-use-related
geologic hazards.

The public has become increasingly aware of the
extensive test holes drilled by the State of Alaska
Department of Transportation and Public Facilities
during highway foundation investigations, and numerous
individuals have used this information in making deci-
sions about land acquisition. Test holes along the road-
way may yield information on depth to water table,
thickness of silt over gravel, amount of moisture in
permafrost, presence of loess, and character of bedrock.
Because new test holes are drilled each year, consider-
able information is now available for the road network
in the Fairbanks area.

Where can individuals go to find information on
flooding in the Fairbanks area? For historic data, the
University of Alaska Museum and libraries should be
consulted. Detailed records and publications are avail-
able at the U.S. Army Corps of Engineers and the USGS
in Anchorage and Fairbanks. Flood-insurance informa-
tion is available at the Fairbanks offices of the City
Engineer, the North Star Borough, and the U.S. Depart-
ment of Housing and Urban Development.

In addition to the numerous publications on earth-
quakes in central Alaska, information can be obtained
from scientists at the University of Alaska Geophysical
[nstitute, as well as from seismologists and geologists
with the USGS and DGGS.

This report lists pertinent references, by chapter,
concerning geology, frozen ground, ground water,
flooding, landslides, hillside erosion, and earthquakes in
the Fairbanks area.
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PHYSICAL SETTING OF THE FAIRBANKS AREA

TOPOGRAPHY AND GEOLOGY

Fairbanks is located about 100 miles south of the
Arctic Circle on the north side of the broad Tanana
River Valley near the base of the hills of the southern
Yukon-Tanana Upland. This east-trending upland
between the Yukon and Tanana Rivers is an area of
rounded ridges 2,000 to 3,000 feet in elevation (fig. 1).
Scattered groups of higher mountains project above
ridges to altitudes of 5,000 to 6,000 feet. Summits in
the Fairbanks area reach elevations of 1,250 to 1,800
feet and local relief ranges from 600 to 1,300 feet.

South of the Yukon-Tanana Upland is the wide
Tanana River lowland, a sediment-filled trough between
the uplands to the north and the towering, glaciated
Alaska Range to the south. Huge alluvial fans extend
northward from the Alaska Range to the vicinity of
Fairbanks.

The Fairbanks area is subdivided by physiography
and geology into loess-covered bedrock hills, lower
hillslopes and creek-valley bottoms, organic-silt lowlands
at the base of hills, and the Chena and Tanana River
flood plains (fig. 2). Bedrock hills consist mainly of
schist, slate, and gneiss, which are intruded by quartz
veins ranging in thickness from less than 1 inch to 2 feet.
Some hills are composed of granitic rock, and dark
basalt crops out locally. Less than 3 feet of loess covers
bedrock on hilltops and steep slopes. Loess thickness
increases on middle and lower hillslopes.

Loess is a homogeneous deposit of silt-size particles
transported by strong winds from the Tanana River
flood plain. It is from 1 to 200 feet thick and is com-
posed of the same material that covers the landscape in
Illinois, Iowa, and Indiana, where it forms excellent
agricultural soils. Many farms in the Fairbanks area are
located on these sediments.

Stream-deposited silt fans and small areas of organic
silt and peat occur in the valley bottoms. Lower slopes
and organicsilt lowlands are perennially frozen and
contain large masses of ice (figs. 3, 4).

A 1- to 15-foot-thick layer of mica-rich, sandy silt
covers the surface of the flood plains of the Chena and
Tanana Rivers. Sandy gravel (40 percent sand and 60
percent gravel) of variable thickness lies beneath this silt
mantle., Cobbles up to about 3 inches in diameter are
common, Alternating lenses or beds of silt, sand, and
gravel extend to a depth of about 700 feet. Permafrost is
present in the flood-plain sediments, but is generally
absent under rivers and lakes (figs. 3, 4). Frozen flood-
plain sediments contain ice in the form of intergranular
fillings rather than the large ice masses common in
retransported silt of the lower slopes and lowlands.

CLIMATE

Fairbanks has the most rigorous climate of any city
in the United States. Weather records from 1904 to the
present indicate that the region has a continental climate
characterized by an extreme range of temperatures (fig.
5). The minimum recorded temperature is -66°F and the
maximum is 999F. The mean annual number of days
with freezing temperatures is 233, but freezing tempera-
tures have been reported during every month except
July.

Mean annual air temperature is not the best measure
of duration and intensity of cold. A more accurate
method uses the freezing index, which is the number of
degree days during a freezing season. The degree days for
any one day equal the difference between the average
daily air temperature and 320F. An average daily air
temperature of -300F yields 62 degree days when
calculating the mean annual freezing index. The mean
annual freezing index for Fairbanks---based on a 45-year
air-temperature record---is 5,220 degree days. In contrast
is Anchorage with 3,000 degree days, Barrow with 8,500
degree days, Minneapolis, Minnesota with 1,560 degree
days, and Burlington, Vermont, with 1,260 degree days.

Although summers in central Alaska are the warm-
est in the state, the mean temperature for June, duly,
and August is only 57.80F, The mean annual air temper-
ature is 26.19F. The mean date for the last killing spring
frost is May 22, and August 31 is the mean date for the
first autumn killing frost. The longest recorded period of
frost-free days is 137. Of major importance to develop-
ment in the area are the warm summers and many
possible hours of summer sunshine.

Even though swampy conditions exist on lower
slopes and in valley bottoms during the summer, the
Fairbanks area has scant precipitation and is classed as
semi-arid (fig. 6). Most of the 11.7 inches of annual
precipitation falls as light summer showers, although
thunderstorms do occur. In fact, 63 percent of the
annual precipitation falls from May through September.
Although more than half the summer days are cloudy,
there are many hours of sunshine because the summer
days are very long. Mean annual snowfall is 66.6 inches
(fig. 6).
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FROZEN GROUND

The most widespread geologic hazard in the Fair-
banks area---and perhaps the most costly overall---is
frozen ground. Floods and earthquakes are spectacular
but relatively rare, and problems with seasonally and
perennially frozen ground are constant. They range from
irksome frozen wells and frost-heaved porches to the
enormous engineering obstacles involved in construction
of the Trans-Alaska Pipeline System.

Perennially frozen ground, or permafrost, is cer-
tainly a costly phenomenon in polar and subpolar
regions, but seasonally frozen ground is an equally
important geologic hazard. Surprisingly, seasonally
frozen ground is not limited to northern climes but is
common (and destructive) in Minnesota, Iowa, and
Arizona.

SEASONALLY FROZEN GROUND
DEFINITION

Frost action refers to the seasonal freezing and
thawing of moisture in ground materials and its effect on
these materials and related structures. During the winter,
ice formation causes an upward displacement of the
ground called frost heaving. When the ground ice thaws
in the spring, there is a resultant loss of bearing strength
and ability to support structures,

THE PROBLEM

In cold regions, especially in areas of fine-grained
sediments such as silt and clay, frost heaving and loss of
bearing strength are major problems that should be
considered in land-use planning. Frost action affects the
works of man by distorting structures during heaving;
structural damage occurs when the ground loses bearing
strength during seasonal thaw.

Differential movement is the critical problem that
causes extensive damage to above-ground structures and
to foundations and basements. Frost heaving may
disturb bridges, buildings, railroads, highways, airfields,
pipelines, and other structures.

CAUSE OF FROST HEAVING

The growth of seasonal ice in pore spaces between
coarse-grained sediments causes limited volume expan-
sion and therefore slight ground distortion. This volume
change is generally due to the expansion of interstitial
water when it changes from a liquid to a solid, and
amounts to a volume increase of about 9 percent.

Volume expansions of up to 140 percent have been

recorded during seasonal freezing of fine-grained mate-
rials when excess water is drawn into the freezing soil.
Such activity is common in silt and clay, whose physical
properties allow migration of moisture to the ice crystal,
or freezing front. The result is extensive ground heaving
caused by the formation of ice lenses and other types of
clear-ice segregations. The intensity of this activity varies
according to temperature, soil texture, and soil moisture.

FROST ACTION IN THE FAIRBANKS AREA

The extensive blanket of silt, long periods of freez-
ing, and poor drainage in the Fairbanks area provide
ideal conditions for intense seasonal frost action. Four
broad zones of frost-action intensity are present: a)
loess-covered hills, b) lower hillslopes and creek-valley
bottoms, c) organic-silt lowlands, and d) flood plains of
the Chena and Tanana Rivers (fig. 7). These zones
coincide with the area’s permafrost zones.

Hilltops and steep or moderate south-facing hill-
slopes are not underlain by permafrost and, except for
flat summits and saddles, are well drained. Frost action
in these areas is absent to mild, and damage to engi-
neering structures is rare. Where drainage is poor, frost
action is locally intense.

The impermeable substratum of permafrost in silt
deposits on lower hillslopes and in creek-valley bottoms
results in poor drainage, As a result, frost action is
intense in near-surface silts, and many structures on
these slopes and in valley bottoms (except near the
contact with the permafrost-free loess) have been
damaged.

Areas most intensely affected by frost action are the
organic-silt lowlands between Farmers Loop Road and
College Road and two small lowland areas in Goldstream
Valley (fig. 7). These poorly drained areas of organic silt
and peat are underlain by continuous permafrost and
support few structures. College Road previously crossed
the lowland, but was rerouted because of damage caused
by seasonal frost and the thawing of ice-rich permafrost.

The Chena and Tanana River flood plains (fig. 7)
support most engineering structures in the Fairbanks
area, including the city, international airport, and Fort
Wainwright. Flood-plain silt is poorly to fairly well
drained. Many meander scars, swales, and intermittent
drainage channels filled with 1 to 30 feet of organic silt
trend sinuously across the flood plain (fig. 8). Highways
and buildings on these poorly drained deposits have been
seriously damaged by alternate freezing and thawing of
soil moisture. Drainage improves when the vegetation is
removed, because the permafrost table is subsequently
lowered,

11






SPECIAL REPORT 15

FROST ACTION ON PILE CONSTRUCTION

A major problem in the subarctic is the frost heav-
ing of structures supported by piles. Although pile
construction is as widespread in cold regions as in
warmer regions, the problems related to pile engineering
are quite different. In warm climates, the chief reason
for using piles is to obtain an adequate bearing capacity.
In cold regions, where piles are used to prevent melting
of permafrost, it is often difficult to keep piles in place
because of seasonal freezing of the ground. If they are
heaved by frost action, displacement may cause damage
or destruction of the structures they support.

In winter, seasonally freezing ground firmly grips
the pile and forces it upward as ice grows in fine-grained,
poorly drained sediments. The forces holding the pile in
place are the load on the pile, the weight of the pile, and
the grip of the soil on the lower unfrozen part of the
pile, also called the skin friction bond (fig. 9). The
upward forces increase as the seasonal-frost layer thick-
ens. Consequently, most heaving occurs during late
winter, If the pile penetrates the underlying permafrost,
however, the strong grip of the permafrost acts to hold it
in place, Probably the most widespread effects of frost
action involve structures built on piles, such as bridges,
buildings, and pipelines.

HIGHWAY BRIDGES

Many highway bridges in Alaska, especially smaller
ones, are distorted and even destroyed by seasonal frost
heaving of piles. Wood, steel, and concrete piles, as well
as concrete piers, are affected. Piles supporting a high-
way bridge at the outlet of Clearwater Lake, 6 miles
northeast of Delta Junction and 80 miles southeast of
Fairbanks (fig. 10), were heaved 11 feet in one year.
Piles supporting a bridge in Siberia were heaved 24
inches in a single year.

THE ALASKA RAILROAD

The Alaska Railroad roadbed and bridges have been
significantly affected by frost action. The rigorous
climate and fine-grained, poorly drained sediments in
Goldstream Valley--from Fairbanks west 35 miles to
Dunbar---have promoted annual frost heaving of the
track and of many wood-pile railroad bridges. This frost
-action has resulted in misalignment and track elevation
disturbances that necessitate speed reductions to avoid
uncoupling or shifting of cargo.

To maintain a uniform track elevation during the
winter and early spring, wedges are inserted under the
rails near the ends of bridges. Up to 8 inches of cumula-
tive shimming have been sometimes necessary to main-
tain a uniform height between the ends of the bridges
and the elevated portion, which often rests on frost-
heaved piles (figs. 11a,b). During the summer, several

inches are trimmed from bridge beams or the tops of the
supporting frost-heaved piles and shims are removed to
lower the disturbed rails; eventually new piles become
necessary, During the 1950’s, the per-pile-replacement
cost was $125; it is considerably higher now.

The Alaska Railroad estimated the cost of shimming
and rail and tie replacement at $200,000 per year
(during the 1960s) for the 31 miles of track between
Dunbar and Happy, about 7 miles west of Fairbanks.
The cost of reduced train speeds over frost-heaved track
must also be considered. In the 1950s, it cost $10 to
reduce the speed of a 70-car freight train from 40 to 20
mph and then regain the original speed. These costs
have, of course, increased significantly.

TRANS-ALASKA PIPELINE SYSTEM

One of America’s engineering marvels is the Trans-
Alaska Pipeline System, which transports crude oil from
Prudhoe Bay to Valdez. A large percentage of the
$8-billion-project budget was devoted to overcoming
permafrost- and seasonal-frost-related problems. Because
the crude oil is warmer than 320F, frozen ground will
thaw in areas of pipeline burial. To prevent thawing of
ice-rich zones---and its disastrous effects---382 miles of
the 798-mile-long pipeline were elevated. These portions
of the pipeline are supported on 123,000 piles---termed
vertical-support members (VSMs)---which are 18-inch-
diameter steel pipes installed in pairs to support the
48.inch-diameter oil pipe on a cross beam (fig. 12). To
avoid frost effects, the VSMs were filled with hydrous
gas to ensure freezing into the permafrost.

OTHER FROST-HEAVE PROBLEMS

Highways are subject to intense seasonal frost action
in the Fairbanks area, particularly on the flood plain
where they cross meander scars, swales, and intermittent
drainage channels filled with organic silt (figs. 4, 7).

Unheated buildings are affected by seasonal frost
action, especially those with basements that permit
water to move along the outside (or even inside) of the
building. Buildings from the smallest outhouse (fig. 13)
to the largest apartment complex may be damaged. If
buildings are heated, no seasonally frozen ground will
form beneath them.

An interesting example of extensive frost-induced
damage in the Fairbanks area occurred along Airport
Way, when a series of steel-reinforced, 6-inch-thick,
poured concrete foundations were constructed on
flood-plain silt in the fall of 1953. These apartment
foundations were temporarily abandoned until the next
construction season. Cold winter temperatures and
abundant moisture that accumulated in depressions
excavated for basements resulted in extensive ice forma-
tion, and the concrete structures were destroyed by
heaving (figs. 14a-c¢). The fractured foundations were
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EXPLANATION

DESCRIPTION OF MAP UNITS

Permafrost-free areas

FLOOD-PLAIN SILT, SAND, AND GRAVEL
Permafrost with low ice content

Permafrost is discontinuous beneath lakes, rivers, and
creeks, If frozen, 1-15 feet of silt overlying sand and
gravel may have low to moderate ice content in the
form of thin seams; underlying sand and gravel have
low ice content, which is primarily restricted to pore
spaces. Depth to permafrost 2-4 feet in older parts of
flood plain and more than 4 feet on inside of
meander curves near river. Depth to permafrost
25-40 feet in clear areas; permafrost 5-275 feet
thick. Seasonal-frost layer 2-9 feet thick; silt may
undergo intense seasonal-frost action, but sand and
gravel will undergo none. Silt will show some sub-
sidence upon thawing; sand and gravel will show

none,

FLOOD-PLAIN SLOUGH AND SWALE DEPOSITS
Permafrost with moderate to high ice content

Broad, basinlike areas and elongate, sinuous meander
scars may be perennially frozen. Permafrost is dis-
continuous; young sloughs and swales, especially
those with intermittent streams, generally contain
no permafrost. If frozen, thickness of permafrost
5-30 feet with moderate to high ice content as thin
seams and small lenses; depth to permafrost 1%-4

feet. Depth to seasonal{frost layer 1}4-4 feet; seasonal-

frost action intense. Moderate to great subsidence
upon thawing.

VALLEY-BOTTOM MUCK
Permafrost with high ice content

Silt on lower slopes and in valley bottoms is peren-
nially frozen. Top layer (3-30 feet thick) has moder-
ate to high ice content in form of seams and lenses;
lower layer contains abundant ice as seams, hori-
zontal and vertical sheets, wedges, and saucer-shaped
and irregular masses 1-50 feet in diameter. Near up-
slope contact with unfrozen silt zone, ice content
may be low and permafrost intermittent. Depth to
permafrost 1%-3 feet on lower slopes and valley
bottoms, 5-20 feet near contact with unfrozen silt
zone, 10-25 feet under cleared areas; thickness of
permafrost 3-175 feet; average temperature of perma-
frost 31-32°F. Seasonal-frost layer 1%-3 feet thick;
seasonal-frost action intense. Great subsidence upon
thawing.

VALLEY-BOTTOM PEAT MUCK
+ __*| Permafrost with high ice content

Organic silt containing peat in valley bottoms and
low, flat areas is perennially frozen. Ground ice is
abundant as seams, horizontal and vertical sheets,
wedges, and saucer-shaped and irregular masses 1-50
feet in diameter., Massive ice near ground surface
results in large (25-100 feet in diameter) polygonal
ground pattern. Depth to permafrost 1%-3 feet;
thickness of permafrost 1-140 feet. Seasonal-frost
layer 114-3 feet thick; seasonal-frost action intense.
Great subsidence upon thawing.

DEFINITION OF ICE CONTENT

Low—Ice generally restricted to pore spaces between
particles and to thin seams less than 1/16 inch thick
in silt and clay.

Moderate—Ice generally restricted to pore spaces
between particles and to thin seams greater than
1/16 inch and less than 1/4 inch thick in silt and
clay.

High—Ice generally in seams greater than 1/4 inch
thick and large ice masses. As much as 50 percent of
ground may be ice (confined to upper 30 feet).

MAP SYMBOLS

«== Contact. Generally indefinite or gradational.

21-64 Borehole location. First number indicates
depth to top of permafrost; second number
indicates depth to bottom of permafrost or to
bottom of hole, if bottomed in permafrost.
«“# indicates hole bottomed in permafrost.

Modified from Pewe, T.L., and Bell, J.W., 1975,
Map showing foundation conditions in the Fairbanks
D-2 SE Quadrangle, Alaska: U.S. Geological Survey,
Miscellaneous Field Studies Map MF-669D, scale
1:24,000, 2 sheets.
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where the mean annual air temperature is colder than
320F, Patches of permafrost are reported in the Rocky
Mountains of the United States, in Canada, in the
European Alps, and even at the tops of Mt. Fujiyama in
Japan and Mauna Kea in Hawaii.

In addition to the two permafrost zones delineated
on land, permafrost also exists on the submerged con-
tinental shelves in polar areas. The Arctic Ocean just
north of Siberia is underlain by thousands of square
miles of permafrost, and detailed studies are underway
to delineate the distribution and thickness of subsea
permafrost in the Beaufort and Chukchi Seas. Twenty-
two-hundred-foot-thick layers of permafrost have been
measured off the mouth of the Mackenzie River in
Canada.

PERMAFROST IN THE FAIRBANKS AREA

Permafrost is present nearly everywhere in the
Fairbanks area except beneath hilltops and moderate to
steep south-facing slopes (fig. 22). The Tanana River
flood plain is underlain by perennially frozen ground
interspersed and interstratified with zones of unfrozen
sediments; large ice masses are absent. Gently sloping
alluvial fans and colluvial slopes extend from the upland
to the flood plain and creek-valley bottoms and are
underlain by continuous permafrost with abundant,
large ground-ice masses.

PERMAFROST OF THE FLOOD PLAIN

Flood-plain sediments are perennially frozen, often
in more than one layer, to depths of at least 265 feet.
The thickness of these frozen layers varies considerably.
Permafrost is absent beneath existing or recently aban-
doned river channels, sloughs, and lakes (fig. 4), and
elsewhere layers of frozen sand and silt are intercalated
with unfrozen layers of gravel. Because gravel layers are
commonly lenticular in shape, no single unfrozen layer
of broad lateral extent exists. Unfrozen areas are often
connected by irregular unfrozen passages throughout the
flood-plain permafrost.

Depth to permafrost in undisturbed areas ranges
from 2 or 3 feet in the older parts of the flood plain to
more than 4 feet on the inside of river meanders. As
river meanders migrate, permafrost progrades into
recently deposited materials on the inside of meander
curves. Since 1903, fires, clearings, and construction
have increased the depth to permafrost by 25 to 40 feet
in some areas.

Ice commonly occurs as granules and cement
between mineral grains in perennially frozen sediments
of the flood plain. The large ice masses common beneath
lower hillslopes are not found in flood-plain deposits.

PERMAFROST OF ALLUVIAL FANS,
COLLUVIAL SLOPES, AND SILT LOWLANDS

Permafrost in alluvial fans, colluvial slopes, and silt
lowlands (termed lower-hillslope silt and creek-valley
silt, fig. 22) probably extends from the flood plain to
the hills and is absent only under larger lakes. The
apices of the broad, gently sloping, coalescing alluvial
fans extend into the upland valleys, in some places
almost reaching the hillcrests. Low-angle silt aprons on
lower hillslopes and between alluvial fans contain
continuous permafrost (fig. 4), and small lowlands of
organic-rich silt and peat that extend from the toe of the
fans to the flood plain just north of College Road and in
Goldstream Valley are also underlain by continuous
permafrost. Permafrost may also occur in isolated,
small bodies near the contact with permafrost-free
slopes.

Perennially frozen ground in silt fans and beneath
slopes is at least 175 feet thick near the flood plain,
thins toward the hills, and pinches out at the base of
steep, south-facing slopes. On north-facing slopes, it may
extend to the summits. The thickest known permafrost
in the Fairbanks area occurs in upper Isabella Creek
valley near the junction of McGrath and Farmers Loop
Road, where a 360-foot-deep well did not penetrate
through perennially frozen ground.

Permafrost is encountered 3 to 4 feet below the
ground surface on lower slopes and in creek-valley
bottoms and 5 to 20 feet below the ground surface near
the contact with permafrost-free slopes. Depth to
permafrost is 1 to 3 feet in the silt lowland north of
College Road.

Permafrost in fans, slopes, and lowlands contains
large horizontal or vertical sheets, wedges, and saucer-
shaped and irregular masses of ice (fig. 23). These ice
bodies range up to 15 feet in thickness and from 1 to 50
feet in length. Although some ice is clear, some contains
silt particles that impart a gray color. The ice is often
arranged in a honeycomb network that encloses silt
polygons 10 to 40 feet in diameter, and subsurface
polygons produce a polygonal surface pattern in some
areas (figs. 24, 25). Ice masses occur at depths of 5 to 25
feet in fans and on colluvial slopes and 1-1/2 to 5 feet in
silt lowlands.

BOUNDARIES BETWEEN PERMAFROST
AND NONPERMAFROST AREAS

The boundary between permafrost and permafrost-
free areas (fig. 22) is determined by plotting ground tem-
perature measurements, well-log data, distribution of
thermokarst features in cleared fields, presence of
surface ice-wedge patterns, and changes in vegetation.
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Pore ice forms when the water filling small voids
between soil grains freezes; there is no addition of water.
Segregated, or Taber ice, forms films, seams, lenses,
pods, or layers that grow by drawing water from adja-
cent areas as the ground freezes. Although these small
ice segregations---which may vary from 1/2 to 12 inches--
are not spectacular, they are one of the most extensive
types of ground ice. Foliated ground ice, or wedge ice,
refers to large masses of ice that grow in thermal con-
traction cracks in permafrost (figs. 23, 26). Pingo ice is
clear or relatively clear and originates from ground water
under hydrostatic pressure. Buried ice in permafrost
includes buried glacier, sea, lake, and river ice and
recrystallized snow,

World estimates of the amount of ice in permafrost
range from 48,000 to 120,000 mi3, or less than 1
percent of the total volume of the Earth. Information
was extrapolated from borehole data taken near Barrow,
Alaska, and used in conjunction with aerial photographs
and geologic maps to estimate that 10 percent of the
upper 10 feet of permafrost on the North Slope is
composed of ice wedges. Taber ice is the most extensive
type of ground ice on the North Slope; in some places it
represents 75 percent of the ground volume. The pore-
and Taber-ice content between depths of 2 and 6 feet is
61 percent, and between 10 and 30 feet, 41 percent by
volume, The upper 2 feet of the ground thaws seasonal-
ly. The total amount of perennial ice on the North Slope
is estimated at 360 mi3; most of the ice below 25
feet is pore ice. Similar concentrations of ground ice
occur in silt lowlands and creek-valley bottoms in the
Fairbanks area.

The most conspicuous type of ground ice is the
large ice wedges or masses characterized by parallel or
subparallel foliation structures (fig. 26). Most foliated
ice masses occur as wedge-shaped, vertical or inclined
sheets or dikes, 1/4 inch to 10 feet wide and 10 to 30
feet high in transverse cross section. On the face of
frozen cliffs, these ice masses may appear as horizontal
bodies (fig. 27).

The generally accepted theory for the origin of ice
wedges is the thermal contraction theory, which states
that during winter polygonal thermal contraction cracks
about 1/2 inch wide and 6 to 10 feet deep form in the
frozen ground (fig. 28). In early spring, water from
melting snow enters the open tension cracks; when it
freezes, it produces a vertical vein of ice that penetrates
the permafrost. The following summer the permafrost
warms and expands, and horizontal compression bends
the adjacent frozen sediments upward by plastic de-
formation. During subsequent winters, renewed thermal
tension reopens the vertical ice-filled crack because it is a
zone of relative weakness. Another increment of ice is
added in the spring when meltwater enters and freezes.
Over the years, this cycle produces a wedge-shaped mass
of ice.

Ice-wedge formation requires a rigorous climate,
because the ground at the level of the permafrost table

must be chilled to -400F to -500F for contraction cracks
to form. Ice wedges are common in a climate where the
mean annual air temperature is colder than 299F.
Although they actively grow in the continuous perma-
frost of northern Alaska (fig. 29), ice wedges are gen-
erally inactive in the discontinuous-permafrost zone of
central Alaska. South of the zone of inactive ice wedges,
ice wedges are generaily absent.

PRINCIPLES OF LAND USE IN
PERMAFROST AREAS

A thorough study of frozen ground should be
included in the planning of any project in the North.
Except in cases of very thin permafrost where thawing is
a possibility, it is generally best to disturb frozen ground
as little as possible to maintain a stable foundation for
engineering structures. Construction techniques which
preserve permafrost are referred to as the passive meth-
od; those which destroy permafrost are termed the
active method.

As stated by Simon W. Muller, who coined the
word permafrost, “Once the frozen ground problems are
understood and correctly evaluated, a successful solution
is, for the most part, a matter of common sense, where-
by the frost forces are utilized to play the hand of the
engineer and not against it.”” With few exceptions, ali
building, railroad, and highway construction in Alaska
has involved installation of a pad or gravel fill before
construction. Dry gravel is generally a better conductor
of heat than the underlying silt or vegetation. In the
cooler parts of northern Alaska, it is possible to install a
layer of gravel thick enough (about 5 feet) to contain
seasonal freezing and thawing of the ground. In these
instances, there is no thawing of the underlying perma-
frost, and in some cases the permafrost table moves into
the pad. However, the deep active layer in the Fairbanks
area precludes containment of seasonal freezing and
thawing in a gravel fill. Alternate procedures are neces-
sary, including placement of insulating materials under
fill.

Four fundamental types of permafrost-related,
land-use problems are: a) thawing of ice-rich permafrost
with subsequent surface subsidence under unheated
structures such as roads, airfields, agricultural fields, and
parks; b) ground subsidence under heated structures; c)
frost action, generally intensified by poor drainage
caused by permafrost; and d) freezing of buried sewer,
water, and oil lines,

GROUND SUBSIDENCE CAUSED BY
THAWING OF ICE-RICH PERMAFROST

PRELIMINARY STATEMENT
The most ubiquitous and unique geologic hazard of

arctic and subarctic regions results from the thawing of
ice-rich permafrost. This thawing promotes a loss of
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EFFECTS ON AGRICULTURAL DEVELOPMENT

Permafrost has adversely affected agricultural
development in many parts of Alaska by influencing
water supply, soil drainage, the stability of roads and
buildings, and especially the topography of cultivated
land. The destructive effects of permafrost on cultivated
fields result primarily from the thawing of large ground-
ice masses. Care must be used in selecting areas for
cultivation, because thawing permafrost may force
abandonment or modification to pasturage only a few
years after clearing. Fields containing thermokarst
mounds and pits can be utilized with repeated grading,
but excess time, money, and soil are expended in the
struggle,

Agriculture in the Fairbanks area is seriously af-
fected by permafrost, and several fields have been
abandoned or used for pasture because they were
affected by the thawing of large ice masses. R.D. Ray-
burn of the SCS (written commun., December 15, 1977)
estimated that resmoothing bumpy fields in the Fair-
banks area cost $175 per acre in 1977. In 1948, 32 of 37
fields that were cleared on alluvial fans, colluvial slopes,
and silt lowlands in the Fairbanks area showed evidence
of thermokarst modification. Thermokarst pits are still
forming in fields cleared more than 50 years ago, as
shown by the 1977 appearance of another large pit in
the hayfield north of the University of Alaska.

The influence of permafrost on agricultural devel-
opment varies according to permafrost zone in the
Fairbanks area (fig. 22). Most agricultural development
is unaffected on south-facing middle and upper hillslopes
where permafrost is nonexistent. Unfortunately, much
land has been cleared on the gently sloping alluvial fans
and colluvial slopes (lower hillslope silt and creek-valley
silts in fig. 22) extending from the hills to the flood
plain. Permafrost containing large ground-ice masses
underlies 40 percent of the area in figure 22; fields
located in these areas are likely to develop thermokarst
mounds and pits. Although mounds develop less dra-
matically and suddenly than pits, they constitute a more
ubiquitous obstacle to cultivation.

Farms have existed for many years near Fairbanks,
and areas of the Chena and Tanana River flood plains
are being cleared for agricultural use. Drainage is poor
on large parts of the uncleared flood plain, but after
the insulating vegetation cover is removed the perma-
frost table will drop, and in most places, drainage will
improve so that farming may be successful. Because
large ground-ice masses are absent, cultivated fields
will not become pitted or bumpy due to thermokarst
development.

EFFECTS ON RAILROADS

Serious construction and maintenance problems
created by thawing of ice-rich permafrost affect railroads

in the USSR, Canada, China, and Alaska. From Dunbar
(40 miles west of Fairbanks) to near Happy (7 miles
west of Fairbanks), the Alaska Railroad is underlain by
perennially frozen silt containing large masses of ground-
ice (fig. 22). Differential settlement of the roadbed is
extreme when the sensitive permafrost thaws (fig. 40).
In the 1960’s the annual maintenance cost of railroad
grade in this section averaged about $200,000. Because
of permafrost thawing, an exceptionally wide roadbed
constructed on a thick layer of gravel over frozen silt has
not prevented track settlement of up to 2 feet per year,
even 50 years after construction, according to R.M.
Moore of the Alaska Railroad.

Moore also estimated the 1970 annual maintenance
cost for each length of rail at $87. Gravel backfill must
be used to raise the track about 2 feet each year and
widen the shoulders as the fill sloughs. Raising the grade
4 feet and widening it 8 feet costs $40 per rail and lasts
10 years. A 2-inch thickness of rigid or foam insulation
placed under the gravel roadbed and shoulders costs $53
per rail and has a 10-year life. If track settling is not
corrected annually, the track will continue to deform
and soon become unserviceable.

EFFECTS ON ROADS AND HIGHWAYS

Roads and highways in the Fairbanks area are
especially susceptible to deterioration and eventual
destruction by thawing of ice-rich permafrost. This is
particularly true of those sections of roadway that lie on
the silt-covered lower hillslopes and organic-rich silt
lowlands (fig. 22), where the soils contain 30 to 500
percent (dry weight) ice and large ice wedges (fig. 23).
Thawing of such ground, which may be 50 to 300 feet
thick, results in noticeable differential subsidence. In
fact, subsidence is still occurring in areas that were
cleared 50 to 60 years ago.

Almost all of Farmers Loop Road lies on ice-rich
permafrost (fig. 22), and constant upkeep is necessary
to maintain grade. In 1974 Farmers Loop Road was
rerouted across ice-rich peat and organic silt between
College Road and the east entrance to the Univer-
sity of Alaska (fig. 22). This one-third mile reroute
cost $170,000 (Woodrow Johanson, Alaska Department
of Transportation and Public Facilities, written com-
mun., October 3, 1977). Shortly after the subgrade was
paved, differential settlement 300 feet south of the
entrance to the University resulted in rebuilding and
refinishing the surface (fig. 41). In 1977 leveling of the
road shoulders cost $5,000, and similar annual main-
tenance, including leveling with asphalt, has been neces-
sary since 1974.

One of the most interesting and persistent highway
problems occurred in the vicinity of the peat bog where
College Road paralleled the north bank of Noyes Slough.
The underlying ice-rich silt and peat thawed dramatically
after establishment of the road, necessitating expensive
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of the pipe into lateral movement. In these sections, the
pipe is mounted on a sliding shoe (fig. 56¢). As the line
expands or contracts, the pipe slides back and forth
across the horizontal-support member. To stabilize the
pipe on the crossbeams along the line, it is anchored by
special platforms at the end of each zigzag configuration
(every 800 to 1,800 feet) (fig. 56d). The elevated pipe is
insulated with a 4-inch-thick layer of resin-impregnated
fiberglass jacketed with galvanized steel. This insulation
keeps the oil warm and in a pumpable state for the
period of time necessary to complete any unexpected
maintenance, should oil flow cease.

Operation of the pipeline began in the summer of
1977, and to date no.serious engineering problems have
developed as a result of permafrost or frost action. The
basic question that must be asked is what part of the $8
billion spent to construct the TAPS facility was spent to
learn about, combat, accommodate, and otherwise work
with the perennially and seasonally frozen ground?
According to the Alyeska Pipeline Service Company, the
elevated mode cost three times more than the buried
mode. Although this value is not accepted by all con-
struction and federal officials, all admit that the hazard
of frozen ground was an extremely costly aspect of the
project. M.J. Turner, acting Authorized Officer of the
Trans-Alaska Pipeline Office of the Department of
Interior, conservatively ventured (written commun.,
October 5, 1977) that 10 percent of the $8 billion cost
of the TAPS project, or $800 million, was spent to
accommodate frozen-ground conditions. [ suggest a
figure of $1 billion for the cost of combating the frozen-
ground hazard in construction of the Trans-Alaska
Pipeline System.

EFFECTS ON BURIED UTILITY LINES

Water, steam, gas, sewer, and utility lines are com-
monly buried in the Fairbanks area. To prevent freezing,
water, sewer, and other lines are usually placed in
underground boxes, called utilidors, which may be from
1 foot to more than 5 feet across (figs. 57, 58). In areas
where permafrost is absent or ice-poor, such as the flood
plain of the Chena and Tanana Rivers (fig. 3) on which
Fairbanks and Fort Wainwright are located, there is little
problem with distortion and destruction of utility lines.
However, construction of buried utilidors in ice-rich
permafrost generally creates problems similar to those of
a heated building---thawing of permafrost and subsidence
of the utilidor causing pipe breakage and the eventual
destruction of the system (fig. 59).

INDICATORS OF PERMAFROST
RECOGNITION OF THE PROBLEM

From the above discussion, it is readily apparent
that it is absolutely necessary to recognize areas of
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Figure 55. Route of the Trans-Alaska Pipeline System
through three permafrost zones.

ice-rich permafrost. As mentioned earlier, there are
several ways to infer the presence of permafrost. The
most accurate methods of detection, even at depths of
20 to 25 feet below a thawed layer, are ground-tempera-
ture measurements and well-log data. So what can an
individual do to avoid the hazards of permafrost?

The best method is to study a geologic hazards or
permafrost map of the area, either independently or
with an experienced consulting geologist or engineer.
Unfortunately, few geologists and engineers have exten-
sive experience in permafrost detection. However, with a
geologic map as a guide, a preliminary examination can
be made.

If a map showing ground temperatures and well
information is not available (and many are available for
the Fairbanks area), experienced geologists and geo-
botanists can still make fairly reliable inferences con-
cerning permafrost in the area, especially if they have
local experience. What do they look for? One of the
guides is the distribution and type of natural vegetation.

VEGETATION

The distribution of trees and tall shrubs may con-
tribute indirectly to the interpretation of permafrost
conditions when the age of the land surface, the climate,
and the character of the underlying material are taken
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into consideration. Observations of the kinds of trees
and shrubs and their growth forms also permit inferences
concerning local depth to permafrost. The exact signifi-
cance of these vegetation phenomena varies from region
to region and must be used with caution. Distribution
of trees and shrubs is a function of many variables, and
permafrost is an influencing factor only where it occurs
at a depth shallow enough to influence subsurface
drainage, soil stability, and soil temperatures in the root
zone,

When permafrost is close to the ground surface on
gently sloping or flat areas, drainage is poor and soil
temperatures are cold. This situation generally results in

boggy conditions. Some trees, such as larch and black
spruce, have shallow root systems and manage to grow in
wet areas where permafrost is shallow. In the Fairbanks
area, open uniform stands of black spruce growing on
flat or gently sloping, moss-covered ground occur in silty
or peaty soils with shallow permafrost (fig. 24). How-
ever, it is very important to note that elsewhere, as in
the Anchorage area, permafrost is generally absent
beneath similar forests, even though seasonal frost
frequently persists through most of the summer.
South-facing, permafrost-free slopes in the Fair-
banks area are generally covered with white spruce -
birch forests containing interspersed aspen. Such forests
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GROUND WATER

PRELIMINARY STATEMENT

Hazards associated with ground-water movement are
complicated by the presence of permafrost and by the
severe northern climate. Such complications include the
creation of pingos, ice or frost blisters, seasonal icings
(aufeis), and the uncontrolled flow of artesian wells.
Ground-water movement may also affect permafrost
near structural foundations.

Because permaftrost acts as an impermeable barrier
to ground-water movement, recharge and discharge in
permafrost areas are limited to unfrozen zones that
perforate the frozen ground. In areas of thick perma-
frost, few shallow wells exist. Ground-water tempera-
tures range from 329 to 359F, and as a result, ground
water is slightly more viscous and moves more slowly
than in temperatle regions.

GROUND WATER IN THE FAIRBANKS AREA
PRELIMINARY STATEMENT

Most commercial and domestic wells in the Fair-
banks area are less than 100 feet deep but some extend
to a depth of 400 to 500 feet. Until 1953, no extensive,
central, year-round water-distribution system existed,
and water was entirely supplied by individual wells.
Since 1953, parts of Fairbanks have been supplied by a
circulating water supply. Outside of Fairbanks and Fort
Wainwright, individual wells are still the prime source of
water, although College Utilities now supplies sewer and
water service to much of the College area west of Fair-
banks.

In small-diameter wells that penetrate thick perma-
frost, water tends to freeze as easily in July as in Janu-
ary, especially if the wells are not used for several weeks.
Because the temperature of the steel pipe in these wells
is at or below the freezing point of water, ideal condi-
tions exist for the freezing of stationary or stow-moving
water. The more often the well is used, the less likely the
water is to freeze. Wells that become frozen, or begin to
freeze, were previously thawed with steam (fig. 62), but
today many wells are kept open with electrical heating
tapes.

General areas of uniform ground-water conditions
are the flood plains of the Tanana and Chena Rivers, the
bedrock hills, and the lower hillslopes and creek-valley
bottoms. The latter include organic-rich silt lowlands at
the base of the hills (fig. 63). Topographic position,
water-bearing properties of the rocks and sediments, and
distribution of permafrost are prime factors controlling
ground-water distribution.

TANANA AND CHENA RIVER FLOOD PLAINS

The alluvial fill of the Tanana and Chena River
valleys is a tremendously large ground-water reservoir
that has been extensively exploited in the Fairbanks
area. Alluvial deposits consist of several hundred feet of
interbedded layers of silt, sand, and gravel. Although the
aquifer is generally very permeable, ground-water
distribution is controlled by the discontinuous occur-
rence of permafrost (fig. 3), which, when coupled with
the lenticular nature of the alluvium, accounts for dif-
ferences in water quantity and quality in proximate
wells. Perennially frozen alluvium is generally absent
beneath younger sloughs and modern rivers and on the
inside of river meanders. The water table is normally 10
to 15 feet below the surface in unfrozen alluvium.

Water is supplied to many residents in the Fairbanks
area by hundreds of small-diameter (2-inch) privale wells
(fig. 64). Some 2-inch wells yield as much as 40 gallons
per minute and records indicate that yields as high as
3,000 to 3,400 gallons per minute with a drawdown of
10 to 15 feet are available through large-diameter wells
less than 100 feet deep. Many wells are only 15 to 30
feet deep and draw water from above permafrost or
from unfrozen zones within permafrost. OQther 100- to
250-foot-deep wells draw water from unfrozen sedi-
ments below the frozen layer. Large yields are available
in gravel layers above and below permafrost.

The quality of water from wells on the flood plain
ranges from very good to very poor. Most wells yield a
rather hard water rich in caicium bicarbonate and high in
iron content. The iron may be detected by laste; it also
stains plumbing fixtures, utensils, and clothing.

UPLAND HILLS

Bedrock hills adjacent to the flood plains of the
Tanana and Chena Rivers are covered by 3 to 200 feet of
loess. As a result of topographic relief and its fair to
good vertical permeability, the unfrozen loess is well
drained; thus no productive wells have been reported in
this sediment. Most hillside wells tap water from the
underlying bedrock, where the reservoirs are primarily
controlled by fractures, joints, and fractured quartz
veins whose location and frequency are very poorly
known.

In general, the water table in the upland hills is deep
because of the great relief relative to the valley bottoms.
In most places the water table is generally 100 to 200
feet above the adjacent valley floor and wells are 300 to
500 feet deep. In some hill locations, more shallow
perched water zones occur along fracture zones or above
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organic taste.

Ground water in areas of lower hillslopes and
creek-valley bottoms is primarily controlled by perma-
frost distribution. Nearly all valley-bottom silt is con-
tinuously frozen to a maximum known depth of more
than 360 feet; depth to permafrost is generally 1 1/2 to
3 feet below ground surface but may be as much as 25
feet under cleared areas. Ground water can be found
above, below, and occasionally within the permafrost.

In many of the large upland creek valleys, the
valley-bottom muck (silt washed down from the hill-
slopes) is underlain by as much as 100 feet of creek
gravel, This gravel, which usually lies beneath 30 to 300
feet of valley-bottom silt, can provide abundant quan-
tities of water if not perennially frozen (fig. 65). How-
ever, permafrost commonly extends through the gravel
into bedrock, and thus prevents the gravel from serving
as an aquifer.

Whether the gravel is frozen or unfrozen is of great
importance to miners interested in underground work-
ings. If frozen, the ground may be excavated without
fear of mine flooding. Figure 66 illustrates how the
geologist may indicate the distribution and thickness of
permafrost and shows, in detail, information about
ground water and sediment type. Scientists and engi-
neers use this type of map when advising individual
homeowners, highway and pipeline planners, and con-
tractors, miners, and farmers.

GEOLOGIC HAZARDS ASSOCIATED WITH
GROUND-WATER MOVEMENT IN
PERMAFROST REGIONS

PRELIMINARY STATEMENT

Alexander Alexandervitch Tihonrovov was shower-
ing in a heated bathhouse one winter day in a northern
valley in Siberia. As he washed, he noted cold water
welling up between the floor boards and covering the
floor. He rushed outside into the subzero weather and
watched as water poured from the windows. The water
quickly froze, and soon the building was filled with ice;
ice ‘waterfails’ draped from the windows to the ground
(fig. 67). This is not an unusual story, and examples are
known from Siberia and North America.

But what destroyed the house? As illustrated in
figure 67, this type of icing results from ground-water
movement in a permafrost terrain. In this instance, as
winter progressed, shallow ground water under hydro-
static head percolated downhill above the permafrost
table, and was trapped between the underlying perma-
frost and the ever-thickening seasonal-frost layer. The
only place the pressurized water could escape was
beneath the heated house.

Other hazards from moving ground water include
the uncontrolled flow of artesian water, the formation
of ice sheets (icings) on roads, under bridges, and on

rivers, and the development of ice blisters and pingos.
The Fairbanks area, unfortunately, is well situated for
the formation of these geologic hazards, and if careful
geologic and engineering investigation and maintenance
are not undertaken, hundreds of thousands of dollars
can be lost.

ARTESIAN WELLS

In hilly areas precipitation is absorbed and per-
colates downslope as ground water. In areas of dis-
continuous permafrost, ground water on lower slopes
flows beneath and is confined by the frozen layer.
Several borings through permafrost in the Fairbanks area
have produced artesian-water flow.

Artesian wells occur on lower slopes just a short
distance below the boundary between permafrost and
nonpermafrost areas (fig. 68). At least a dozen such
artesian wells are known north of Fairbanks and in
outlying creek valleys; eight artesian wells have been
reported in the upper Isabella Creek area near Steese,
McGrath, and Farmers Loop Roads (fig. 65). Artesian
water occurs in sandy gravel, bedrock, or less often, in
silty sand.

Several artesian wells that flowed without control
for some time created serious problems. The most
well-documented artesian well in the Fairbanks area was
drilled in May 1946 to a depth of 108 feet at the U.S.
Army Cold Regions Research and Engineering Labo-
ratory Experimental Station on Farmers Loop Road (fig.
65). Two dry wells, each 165 feet deep, were drilled
that year. The third hole encountered water under such
high hydrostatic pressure that it gushed about 4 feet
above the ground surface, carrying gravel particles as
large as 2 inches in diameter. Later measurements
indicated that the water pressure was equivalent to a
ground level 28 feet above the existing ground surface
(fig. 69). The hole was immediately cased, but water
flow outside the casing thawed the surrounding perma-
frost.

After a slurry of 40 bags of cement was pumped
down the casing to seal the well, a 40,000-gallons-per-
hour pump was used to remove the water, and a 10-foot-
square, 12-inch-thick, concrete slab was placed around
the main casing (fig. 69). By mid-June 1946 the well was
sealed. Later, it froze shut, was reopened, and again
froze a number of times. In 1947 the well was thawed
and was used that summer and during part of 1948. In
August 1948 the final loss of control occurred. Water
began escaping from beneath the 10-foot-square, con-
crete slab, and during the summer of 1949 the slab
collapsed into an enormous, water-filled thermokarst
cavity. Eventually the slab sank as much as 25 to 50 feet
below the surface. Much of the unrestrained artesian
water flowed downhill, underneath the surface, but
above the permafrost table. Subsequent thawing of
permafrost caused the overlying ground to subside
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EARTHQUAKES

INTRODUCTION

As the earthquake shook the city and the chandelier
in the dining room swung from side to side, my wife said
to herself, “when it hits the ceiling I will put snowsuits
on the children and go out into the road before the
shaking gets any worse.” Soon they were out on the
street, This was only one family’s reaction in Fairbanks
to the 1964 Alaska earthquake--the largest ever re-
corded on the North American continent---whose
epicenter was located 250 miles to the south in Prince
William Sound.

Earthquakes are one of our most damaging geologic
hazards and, as a result, they account for great loss of
life and property. Only a small percentage of the esti-
mated one million earthquakes per year is felt or cause
any damage, and on the average only one or two cause
catastrophic damage somewhere in the world.

CAUSES AND LOCATIONS OF EARTHQUAKES

The crust of the earth consists of several large and
small sections, or plates, that move horizontally at rates
of up to several inches per year. As these plates move
past each other, tremendous stresses build in the rock.
When the stress exceeds the strength of the rocks, they
break and an earthquake results.

Most earthquakes are produced by frictional sliding
along preexisting breaks. This condition is comparable to
two rough-surfaced boards being pressed together while
they are pushed past each other. The rough surfaces
prevent movement until the shear stresses overcome this
resistance and a sudden slip occurs. The sudden slip of
rocks along these breaks, called faults, releases energy in
the form of seismic waves that are recorded as earth-
quakes. Some earthquakes are associated with volcanic
activity.

Alaska is part of the Circum-Pacific seismic belt, one
of three worldwide seismic belts (fig. 78). More than 7
percent of the annual seismic-energy release in the world
occurs in the Alaska seismic zone. Approximately 6
percent of the world’s large, shallow earthquakes (depth
less than 50 miles) occur in continental Alaska and the
Aleutian Islands. Parts of Alaska situated within the
Circum-Pacific belt are probably more earthquake prone
than California with its well-known San Andreas fault.
Although interior Alaska is not regarded as particularly
earthquake prone, it is in a region that has been period-
ically shaken by severe shocks; these seismic events will
reoccur in the future.

CLASSIFICATION AND TERMINOLOGY
OF EARTHQUAKES

I stated that nonvolcanic earthquakes are caused by
movements along faults, which are breaks in the earth’s
crust, or by the initial formation of these faults. Numer-
ous faults are mapped in various parts of the world, and
many have not moved or produced earthquakes for
millions of years. Therefore, we need only concern
ourselves with active faults, which are those faults that
have moved in the geologically recent past and are
known or suspected to produce earthquakes. Any
planning effort in areas of active faults requires special
consideration of these features because of their potential
threat,

What is an active fault? The former Atomic Energy
Commission defined an active fault as one that has
moved during the last 10,000 years (Holocene time).
Their definition was modified by the Nuclear Regulatory
Commission so that an active fault is now defined as a
fault along which there has been at least one movement
in the last 35,000 years, or more than one movement in
the last 500,000 years.

The Denali fault, located in the Alaska Range 80
miles south of Fairbanks, is the longest fault in Alaska;
because it has moved in the last 10,000 years, it is
generally considered active. Several smaller faults near
Fairbanks show evidence of displacement and are also
considered active (fig. 79), including a fault near Don-
nelly Dome south of Delta Junction, two near Blair
Lakes in the Tanana Valley, and a small fault near
Champion Creek, 52 miles northeast of Fairbanks.

The point or area within the earth where the initial
motion along a fault occurs is called the focus of the
earthquake and its location is termed the hypocenter.
The epicenter is the point on the surface of the earth
directly above the hypocenter. When the news media
report the location of an earthquake, they usually report
the location of the epicenter.

Of paramount importance is how we describe the
size of an earthquake. How do we measure the number
of people killed, the damage to structures, the amount
of energy released, the size of mountains built, or other
phenomena? For many years, a qualitative intensity
scale was used to measure earthquakes. Intensity is a
measure of the amount of damage to manmade struc-
tures, of the effects on population, and of related
phenomena such as landsliding and ground cracking. The
most popular measure of intensity is the Modified
Mercalli Scale, which is graduated in Roman numerals
from I to XII (table 1).
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Figure 78. Epicenters of earthquakes with Richter magnitudes 6.0 and larger in Alaska from 1899 to 1967. Shaded
area represents the Circum-Pacific seismic belt in Alaska. The dashed rectangle encloses area shown in figure 81

(modified from Jordan and others, 1968).

The most common measure of energy released by an
earthquake is the Richter magnitude scale, which is
based on the amplitude of seismic waves recorded by a
seismograph. The magnitude of an earthquake is given as
an Arabic numeral and, commonly, a decimal fraction.
Because of the logarithmic character of the scale, an
increase of one whole unit, for instance, from 5.5 to 6.5,
means that the amplitude has increased 10 times (fig.
80); at the same time, the energy associated with this
greater amplitude has increased approximately 31 times.
Moderate earthquakes---Richter magnitude 5.5 to
6.0---are on the threshold of causing damage to nearby
structures. A seismic event of Richter magnitude 6.1 to
7.8 is a major earthquake and is generally quite destruc-
tive. A great earthquake has a magnitude of 7.9 or
larger. On this scale, the 1964 Alaska earthquake mea-
sured 8.6, the San Francisco earthquake of 1906
measured 8.3, and the 1971 earthquake at San Fer-
nando, California, measured 6.5. According to George
Plafker of the USGS (written commun., June 21, 1978),
the Richter scale may be an inadequate measure of

energy released by earthquakes greater than magnitude
7.9 because such earthquakes commonly involve rup-
tures longer than 200 miles that cannot be adequately
sampled with most seismographs. Dr. Kiro Kanamori of
the California Institute of Technology recently extended
the Richter scale to sample the energy release of the
entire focal region. According to his modification, the
1964 Alaska earthquake was 9.2, the San Francisco
earthquake of 1906 was 7.9, and the largest recorded
earthquake was the 1960 Chile event at 9.5,

EARTHQUAKE HAZARDS IN THE
FAIRBANKS AREA

Large earthquakes with magnitudes up to 7.8 have
been recorded in the Fairbanks area since 1904 (fig. 81).
The most well-documented large event, magnitude 7.3,
occurred near Fairbanks on July 22, 1937. The epicenter
of the earthquake was near Salcha Bluff, about 25 miles
southeast of the city along the Richardson Highway. A
landslide several hundred feet long completely blocked
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the main highway in that vicinity, and mud boils and
cracks up to 15 inches wide formed in the highway. A
well-built, two-story log structure belonging to the
Alaska Road Commission was knocked askew and
several windows were broken. Fairbanksans experienced
severe shaking and considerable minor damage, and the
earthquake was felt over most of central Alaska.

On October 14, 1947, a major earthquake (magni-
tude 7.0) shook the Fairbanks area. The epicenter was
located a few miles south of Nenana near the Alaska
Railroad, about 55 miles west of the 1937-event epi-
center. Intense cracking of lake ice and frozen ground
occurred along the flood plain from Fairbanks to Ne-
nana, and landslides were common aiong the Richardson
Highway. As in 1937, seismic shaking in the Fairbanks
area was more intense on flood-plain alluvium than on
bedrock hills, and there was heavy damage to shelf-goods
at downtown drug, grocery, and liquor establishments.
No lives were lost, but almost everyone ran outside.
Earthquake experts subsequently recommended that
future construction in the Fairbanks area be designed to
withstand violent earthquakes, and that whenever pos-
sible, construction on alluvium be avoided.

In 1967, one of the most thoroughly documented
historic earthquakes occurred in the Fairbanks area.
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Table 1. Modified Mercalli Intensity scale of 1931 (California Geology, 1979)

Damage to man-made structures

III

v

VI

VIL

VIII

IX

XI

X

Not felt except by a very few under especially favorable circumstances,

Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended ob-
jects may swing.

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not recognize
it as an earthquake. Standing motor cars may rock slightly. Vibration like passing of truck. Duration
estimated.

During the day felt indoors by many, outdoors by few. At night some awakened. Dishes, windows,
doors disturbed; walls make cracking sound. Sensation like heavy truck striking buildings. Standing
motor cars rocked noticeably.

Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken; a few instances of crack-
ed plaster; unstable objects overturned. Disturbances of trees, poles and other tall objects sometimes
noticed. Pendulum clocks may stop.

Felt by all, many frightened and run outdoors. Some heavy furniture moved, a few instances of fallen
plaster or damaged chimneys. Damage slight.

Everyone runs outdoors. Damage negligible in building of good design and construction; slight to moder-
ate in well-built grdinary structures; considerable in poorly built or badly designed structures; some
chimneys broken. Noticed by persons driving motor cars.

Damage slight in specially designed structures; considerable in ordinary substantial buildings, with partial
collapse; great in poorly built structures. Panel walls thrown out of frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand and mud ejected in small
amounts. Changes in well water. Persons driving motor cars disturbed.

Damage considerable in specially designed structures; well-designed frame structures thrown out of
plumb; great in substantial buildings, with partial collapse. Buildings shifted off foundations. Ground
cracked conspicuously. Underground pipes broken,

Some well-built wooden structures destroyed; most masonry and frame structures destroyed with
foundations; ground badly cracked. Rails bent. Landslides considerable from river banks and steep
slopes. Shifted sand and mud. Water splashed (slopped) over banks.

Few, if any, masonry structures remain standing. Bridges destroyed. Broad fissures in ground. Under-
ground pipelines completely out of service. Earth slumps and land slips in soft ground. Rails bent great-
ly.

Damage total. Practically all works of construction are greatly damaged or destroyed. Waves seen on
ground surface. Lines of sight and level are distorted. Objects are thrown upward into the air,

On the morning of June 21, four moderately severe
shocks shook Fairbanks for about 21 minutes. The
largest event measured 6.0 to 6.1 on the Richter scale.
The epicenter was located about 9 miles southeast of
Fairbanks and, as in the 1937 and 1947 events, there
were no visible movements along known surface faults.
Considerable damage occurred in downtown Fairbanks,
which is built on water-soaked flood-plain sand and
gravel. The State Court Building on Barnett Street
between Fifth and Sixth Streets reportedly suffered the
most extensive damage. Cracks formed on interior and
exterior walls, parts of the hanging ceiling and some
fixtures fell, cabinets and shelves were overturned, and
broken waterlines caused extensive flooding so that the
structure was temporarily closed to the public. Damage
to merchandise in several stores resulted in losses of
thousands of dollars; one store reported at least $5,000
in damage. Some large buildings swayed, and alarmed
occupants fled into the streets. As shown on the Modi-
fied Mercalli Intensity distribution map of the earth-
quake (fig. 82), an intensity of VII was assigned to the
immediate Fairbanks area.

I was having breakfast at 1114 Galena Street in
Fairbanks during the earthquakes and recorded the
following notes in my field book.

Three sharp earthquakes between about 8:04

and 8:20 AM occurred. The jolts were sharp
and short. The house shook and some dishes
slid toward the edge of the shelves. The quake
woke my son, Rick, and the rest of the
family. Rick said, “Sure are neat earth-
quakes.” There was no damage to the houses

nearby. A good seiche developed in a 19-

foot-diameter swimming pool in the rear of

the yard at 1114 Galena Street. The swim-

ming pool is above ground and is held in by a

metal frame with a plastic liner. It is round

and 4 feet deep. The water sloshed back and
forth and went up 4 1/2 inches. The ampli-
tude of the waves was 9 inches. The slosh was
in a southwest-northeast direction. All three
earthquakes caused the seiche to go in the
same direction. At Lindy’s and other grocery
stores, considerable liquor spilled to the floor
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Figure 81. Distribution of earthquakes with Richter magnitudes greater than 6.0 from 1904 to 1968 in central interior
Alaska. The center of the 1977 earthquake swarm in the Fairbanks area was in the same locality as the June 21,
1967 earthquakes with Richter magnitudes 6.0 (compiled by J.B. Townshend, USGS).

along with groceries.

Most, if not all, earthquake-induced damage was
sustained by buildings located on unconsolidated sedi-
ments, that is, on the valley floor or the flood plains of
the Tanana and Chena Rivers (fig. 2). Buildings on the
bedrock ridge at the University of Alaska sustained no
damage. It is well known that damage caused by shaking
of structures built on alluvium, especially if it is water
saturated, is greater than damage to structures built on
bedrock or silt-covered bedrock hills. Differential
subsidence caused by liquefaction is also more prevalent
on alluvium. For this reason, buildings on natural or
artificial fills in the San Francisco area were most
severely damaged in the 1906 earthquake.

In the Fairbanks area, serious earthquakes have
occurred about every 10 years during the 20th century
(fig. 83). Many residents wonder why there was no
major earthquake in 1977, and the following explana-
tion is offered. In February and March 1977, there was
an anomalous resurgence of seismic activity 9 miles
southeast of Fairbanks in the vicinity of the epicenter
of the 1967 earthquake. Thousands of small earth-
quakes---as many as 200 a day---were recorded. Two or
three events per day are more characteristic of the area.
At least 20 quakes were felt. This earthquake swarm was
unusual because it began and ended abruptly. This 1977
swarm may have taken the place of the expected single
large earthquake. Although the date of the next large
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Figure 82. Modified Mercalli intensity distribution of
June 21, 1967 Fairbanks earthquake. See Table 1
for definitions of intensity levels. This map was
prepared from the results of a questionnaire canvas
conducted by J.B. Townshend of the USGS Obser-
vatory at College and from press reports (modified
from Cloud and Knudson, 1968).

earthquake is questionable, the pattern of activity during
the last 40 years leaves little doubt that the Fairbanks
area will again be affected by large earthquakes. Prudent
planning and construction are the best ways to mitigate
consequent damage.

SUMMARY OF THE EARTHQUAKE HAZARD

The earthquake history of the Fairbanks area
indicates the existence of a genuine seismic hazard. The
U.S. Department of Commerce assigned Fairbanks to
seismic risk zone 3, the most earthquake-prone zone in
this risk classification used by engineers and architects.

Continued growth of population and industry in the
Fairbanks area will result in more construction and
larger buildings. Because of rising costs, many new
buildings may be less earthquake resistant. Planners,
builders, and the city government must be aware of the
serious earthquake hazard in the Fairbanks area, espe-
cially as it relates to foundation conditions. Structures
built on bedrock or loess-covered bedrock hills are less
susceptible to damage caused by shaking than structures
built on alluvium of the Chena and Tanana Rivers flood
plains.
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LANDSLIDES

LANDSLIDES IN THE FAIRBANKS AREA

Failure and displacement of near-surface materials
are common geologic processes that are often ac-
companied by sounds of shattering glass panels, snapping
lumber, and cries of the homeowner, as masses of rock
or loose surface material suddenly move downslope.
Landslides are the most widespread geologic hazard in
the United States, annually causing hundreds of millions
of dollars of damage, with some loss of life. Landslides
occur when slope instability leads to gravity-induced
downslope movement. Rates of movement vary between
less than a few inches per year for soil or rock creep to
250 miles per hour for avalanches. Rock falls, rock
slides, mud flows, and earth flows move at rates between
these extremes.

All types of landslides and related phenomena occur
in Alaska. For example, land and submarine slides and
crushing avalanches triggered by the 1964 Alaska earth-
quake accounted for most of the damage and loss of life
during that event. Landslides in the Bootlegger Cove
Formation in Anchorage were catastrophic and are now
cited in most elementary geology texthooks.

In the Fairbanks area landslides are an uncommon
hazard under natural circumstances. Debris flows and
slides did occur in the upper Chena River drainage
during the intense rains of August 1967. Undercutting of
bedrock cliffs by the Tanana River has produced rock
falls. As man begins to build on steep hillsides, more
landslides will occur.

The most logical places for landslides to develop are
on steep bedrock slopes, such as the south side of Birch
Hill, and on steep slopes along the Tanana River from
just south of Eielson Air Force Base to Shaw Creek
Bluff. Landslides are particularly favored where the dip
of bedrock is steep and parallels the slope. Most rocks
exposed along these steep slopes are schists, which are
layered, minutely foliated rocks that can slip along
bedding and foliation planes. The schist in these areas
contains considerable mica, a mineral with good cleavage
planes; thus the rock can slide easily, especially when
clay minerals develop along slip surfaces as a result of
weathering. If slip planes are undercut or excessively
lubricated by precipitation or other sources of water

(fig. 84), gliding or slipping are facilitated. This type of
movement is called a rockslide.

Several rockslides developed along the Richardson
Highway between Miles 298 and 302 southeast of
Fairbanks when the road was realigned in 1972 (figs. 85,
86). Large cracks formed at the top of the cut and many
tons of rock slid down onto the highway. In addition,
large failures were produced by reactivation of ancient,
stabilized slides that were masked by thick loess and
vegetation. Renewed movement began when the toes of
the stabilized slides were removed for the new roadcuts.

Tilted bedrock

Figure 84. Diagrammatic representation of steeply
dipping, bedded rocks that are susceptible to
landsliding. As undercutting by road construction
steepens the bluff, rocks may easily slide along the
well-developed bedding planes, especially if lubri-
cated by excessive precipitation. As a result, the
house at the top of the cut could be destroyed.
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HILLSIDE EROSION IN LOESS

PRELIMINARY STATEMENT

It is rumored that if one parks a car with a leaky
radiator on a hillside underlain by loess, the dribbling
water will soon erode a large gully and the car will fall
into it. Although this story does illustrate the ready
erodibility of loess, it probably should be taken with a
grain of salt. Nevertheless, because loess is so easily
eroded, it does constitute a considerabie geologic hazard.
Additionally, it is a factor contributing to damage from
other geologic hazards such as landslides and earth-
quakes. For example, the greatest recorded loss of life in
a single earthquake occurred in 1556 when 830,000
persons were crushed and suffocated by the collapse of
subterranean homes cut in loess in Shenshi, China. A
disasterous 1976 landslide in China killed half a million
people in an area underlain by loess. Although the loess,
terrain, and earthquake conditions in the Fairbanks area
differ from those in China, loess is thick and wide-
spread in central Alaska (fig. 2).

Loess is a fine-grained, wind-deposited sediment,
commonly uniayered, unconsolidated, and composed
predominantly of silt-sized particles with very few
clay-sized constituents. Most particles are about 0.02
millimeter (0.001 inch) in diameter. Fairbanks is the site
of the thickest reported loess deposits in the United
States. Loess ranges in thickness from less than a foot
atop bedrock hills in the northern part of the Fairbanks
area to as much as 200 feet atop Gold Hill near Ester.
Because the sediment is unbonded and fine grained, it is
easily eroded and transported by running water, unless
protected by a vegetative cover.

EXAMPLES OF LOESS EROSION

Breaks often developed in the banks of the open
ditches---located high on hillsides---that carried water to
local placer gold mines. When escaping water rushed
downhill from the 6- to 10-foot-wide ditches, the loess
cover was immediated trenched, and steepsided gullies
10 to 20 feet deep and up to 1/4 mile long were formed.
Scars of these breaks are still visible today.

Breakage of water lines located on the steep, loess-
covered slopes is not uncommon today. In 1967, a major

water pipeline to the top of the northeast end of Chena
Ridge burst, and a 20-foot-deep gully was formed within
a day’s time.

Loess gullying of roads by ditch water may create a
dangerous traffic hazard in the Fairbanks area (fig. 87).
Water in ruts of an unimproved road or entryway will
quickly cut slashes up to 2 feet wide and 10 feet deep.
Water draining away from roads will quickly erode a
gully in the loess (fig. 88). In fact, drainage in steep,
loess-covered areas must be carefully channeled into
vegetated or otherwise erosion-protected drainageways.

Although it is not common for sewage effluent to
be discharged on loess-covered slopes, such drainage has
and will trench the soft sediment. Even the discharge of
water draining from a house roof may gully frozen or
unfrozen loess and create a condition hazardous to the
house foundation.

Although loess is easily eroded, it has the remark-
able ability to stand in vertical cliffs. Most vertical cliffs
cut in loess during road building or quarrying have stood
for more than 100 years. In 1935, when it was necessary
to make a huge excavation for placer gold mining in
unfrozen loess at Ester Island 10 miles west of Fair-
banks, the mining company artifically froze the loess to
impede collapse of the walls. After the gold was dredged,
the loess thawed and has been standing in a moderately
steep cliff---which in some places is 180 feet high---for
the last 33 years. In Mississippi, New Zealand, and
Usbekistan, as well as Fairbanks, road cuts in loess are
stepped rather than cut to the 2:1 slopes common in
other unconsolidated sediments.
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FLOODING

INTRODUCTION

A river is in flood when the water level reaches a
person’s pocketbook. Flooding is the most universal
geologic hazard and accounts for more annual loss of life
than any single hazard. Floods are natural and recurrent
events, during which streams periodically overflow their
banks to inundate their natural flood plains. Floods
become a problem when man competes with rivers for
the use of flood plains; this competition has been long
and costly.

Flood plains are occupied by man because they are
generally accessible and profitable to develop. However,
use of the flood plain is limited by man’s ability to
sustain flood losses or provide flood-control facilities.
Full flood control often is not possible or feasible, yet
abandonment of the flood plain may not be reasonable
because the flood plain is a valuable resource.

Fairbanks is the largest city in Alaska built entirely
on a modern flood plain---the compound flood plain of
the Tanana and Chena Rivers (figs. 2, 3). Fort Wain-
wright, North Pole, and Eielson Air Force Base are
located on the same surface, which has been flooded
periodically for thousands of years. These floods,
coupled with normal stream activity, have deposited
hundreds of feet of alluvium in the Tanana valley.
Innumerable sloughs, swales, and lakes on the modern
flood plain are evidence of the constant shifting of the
rivers across this surface. The Chena River bisects the
City of Fairbanks and Fort Wainwright, and expensive
commercial and residential buildings crowd its banks.

HISTORY OF FLOODING IN THE
FAIRBANKS AREA

The City of Fairbanks was founded in 1901 on the
south bank of the Chena River when Captain E.T.
Barnette constructed his trading post. Since then,
Fairbanksans have fought spring and summer flooding
by the Chena and Tanana Rivers.

Flooding occurs when the volume of water entering
the stream channel exceeds the channel’s carrying
capacity. Hydrologists state that a typical stream will
overflow its normal channel and flood low areas of its
flood plain about once every 2 or 3 years. Although
greater floods occur at less frequent intervals, they
generally affect more extensive areas. A flood that
submerges all the alluvial deposits in a stream valley
occurs once or less per century.

In the early days of Fairbanks, spring-breakup
floods were accompanied by the crashing and smashing
of huge blocks of river ice that caved in the sides of
buildings and destroyed small structures located near the

river (fig. 89). Records indicate that in 1905, one of the
worst floods of the early part of the century carried
swirling water around log cabins and commercial build-
ings in the city. Floodwaters extended to beyond Sixth
Street and it was estimated that bulldozing by large
blocks of ice did more than a half a million dollars (1905
value) in damage.

To understand the causes of some of the floods in
early Fairbanks, it is necessary to review the geography
of the Chena River and Chena Slough (fig. 63). A slough
is the distributary of a river and forms where part of the
river water is channeled into a smaller passageway that
later joins the major channel. In the early days the
Chena Slough was used by large boats to circumvent
Bate’s Rapids on the Tanana River. Because the Chena
River formerly emptied into the Chena Slough, Fair-
banks was subject to high water from the Chena River,
the Little Chena River (which also emptied into the
stough), and the Tanana River.

In the mid-1940’s, a dike was constructed along the
north side of the Tanana River from Moose Creek Bluff
downstream for many miles, and that part of the former
Chena Slough below the Chena River became an exten-
sion of the Chena River. There has been no serious
hazard caused by water or ice passing from the Tanana
River through the slough since the dike was constructed.

In 1948 flooding of the Chena River submerged
much of downtown Fairbanks, and lowlands on the
inside of meandering stream channels were inundated.
Hundreds of thousands of dollars in losses occurred in
the city and at Ladd Field, now Fort Wainwright (fig.
90).

In 1967 the flood of the century submerged all
alluvial deposits in the lower Chena River valley. Most
damage and threats to survival occurred in Fairbanks.
Unique meteorological conditions in early and middie
August brought tremendous amounts of moisture to
central Alaska from the Bering Sea. Rains began on
August 8 and continued until August 20. Northwest of
Fairbanks as much as 10 inches of precipitation fell.
Fairbanks received 6.15 inches of rain from August 8 to
15. More than half of the average annual precipitation
fell in one week and discharge of the Yukon and Tanana
Rivers increased about 72 percent; the result was wide-
spread flooding. Southeast of Fairbanks the Little
Salcha and Salcha Rivers washed away parts of the
Richardson Highway. Runoff in the Chena River was
catastrophic; the stream gauge 40 miles upstream from
Fairbanks was complete destroyed. Peak discharge
measured at the Steese Highway Bridge was 74,400
cubic feet per second (cfs) on August 15, 1967, more
than three times the previous maximum discharge of
24,200 cfs recorded on May 21, 1948. Discharge of the
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SOLUTION TO THE PROBLEM OF FLOODING
INTRODUCTION

People have always lived on flood plains and will
continue to utilize these attractive, level, fertile lands. As
flood-plain development becomes more extensive and
intensive, the natural flood zones of streams are pre-
empted, often without regard to periodic floods that
endanger property, health, and life. The result is a
continual increase in flood losses. Despite a nationwide
federal investment of more than $9 billion in flood
protection and preventive measures since 1936, the
annual flood loss was estimated at more than $1.7
billion in 1966 and $2 biilion in 1972.

To begin reducing the flood-loss potential in Fair-
banks, local residents must first appreciate the problem.
As incredible as it may sound, many people in Fairbanks
are not aware that they live on a flood plain, in spite of
the 1967 flood, nor do they understand that the Chena
River will flood again. Many believe that because the
100-year flood occurred in 1967, there is little chance of
such a flood in the near future.

After the population understands the reality of
future flooding in Fairbanks, flooding areas and depth of
floodwaters must be delineated. Flood-hazard maps,
which show the extent of potential hazards, are prepared
as a result of thorough technical studies and are com-
monly sufficiently detailed to help in developing plans
and programs of flood-plain management. These maps
generally outline the 100-year-flood level because this
flood has been accepted as the reference for flood-
hazard evaluation, flood insurance, and flood-plain
planning. A flood-inundation map for the Fairbanks area
was prepared and published by the U.S. Geological
Survey immediately after the 1967 flood.

Structural and nonstructural measures may be taken
to reduce potential losses within areas susceptible to
flooding. Structural solutions include construction of
dams, levees, and other protective structures. Non-
structural solutions include economic and social actions
such as flood-plain zoning, regulation, and insurance.

STRUCTURAL MEASURES

Structurai methods to reduce flooding include
reservoir and levee construction and channel improve-
ments. Except for the dike built along the Tanana River
in mid-1940s to prevent Tanana River water from
entering Chena Slough, no major structural methods
were seriously considered until after the 1967 flood,
when the U.S. Army Crops of Engineers outlined an
impressive flood-control project (fig. 93). This plan,
called the Chena River Lakes Project, includes construc-
tion of a levee system along the Tanana River as well as
reservoir storage in the Chena River and its tributaries
behind an earth-filled dam. This $165-million plan
provides protection for Fairbanks and adjacent Fort

Wainwright from a 250,000-cfs flood in the Tanana
River and an 85,000-cfs flood in the Chena River.

A major feature of the Chena River Lakes Project
is the extensive cleared floodway upstream of the
7-mile-long dam. In the event of flooding in the Chena
River drainage, this outlet will divert excess water
through the floodway south into the Tanana River.
Construction of the floodway necessitated relocating
sections of the Alaska Railroad and the Richardson
Highway onto overpasses under which the floodwaters
will flow.

Flood-control and flood-management measures such
as reservoirs, levees, and channel improvements may
provide flood protection for many years, but flood
protection is seldom complete. There is always a prob-
ability of an even greater flood than previously re-
corded.

NONSTRUCTURAL MEASURES

Many nonstructural prevention and reduction
measures involve protection, removal, or conversion of
existing development, discouragement of developmerit,
and regulation of flood-plain use. In areas where a small
part of the city is located on the flood plain, flood
reduction is possible by applying the latter three meth-
ods. There are several methods of removing people from
flood-prone areas and for discouraging development, and
often these are the only effective solutions. If a re-
sidential or commercial area is replaced by parks, the
flood hazard is essentially solved. However, this tech-
nique is impractical in certain areas and illogical in
Fairbanks, because the entire city would have to move.

Other nonstructural techniques that may be taken
by individuals or city, state, and federal agencies to
reduce flood loss include flood proofing, flood warning
and evacuation, and flood insurance.

FLOOD PROOFING

Flood proofing prevents or reduces flood loss to
structures that cannot be economically moved, or
structures---such as certain public utilities---that must be
maintained on the flood plain. In Fairbanks this includes
most buildings. Flood proofing is most effective where
floods are of short duration with low water levels and
velocities.

The feasibility of modifying or installing protective
equipment depends on the age, design, and economic
value of the feature. Structural modifications include
reinforcement of basement walls and floor under-
pinnings to withstand hydrostatic pressures of flood
waters. In the Fairbanks area, reinforcement is especially
important because hydrostatic pressures build rapidly in
underlying permeable sands and gravel as the water table
rises to and above the surface. Other potential modifica-
tions include the permanent sealing of exterior openings
to the basement, use of masonry construction through-
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out, construction of low flood walls, and use of water-
tight bulkheads on windows and doors. In addition
to modifications of individual buildings, it is necessary
to ensure that water, sewage, and other public utilities
are adequately protected to operate in times of flooding.

Special materials and provisions used in flood
proofing include special cements for flooring, adequate
electric-fuse protection, anchoring of buoyant tanks,
sealing of outside basement walls, and installation of
automatic sump pumps. In all cases, care must be ex-
ercised to avoid hydrostatic pressures that could collapse
basement walls.

One of the most common methods of modification
is elevation of the lowest floor and access roads to at
least 2 feet above the 100-year-flood level. In the Fair-
banks area this height is from 4 to 7 feet above the flood
plain, depending on the depth of water during the 1967
flood. This method has been used in the older part of
Sacramento, California, where roads have been elevated
and basements and first floors in buildings abandoned.
Most operations and traffic are now at the level of the
second story.

FLOOD WARNING AND EVACUATION

An essential element in flood-plain-loss prevention is
reliable and timely flood warnings that permit tempo-
rary evacuation of people and some personal belongings.
Although Fairbanks has a long history of floods, very
few people were adequately prepared in 1967. Knowl-
edge of flood inundation was lacking, and immediate
flood forecasting was very primitive. Fairbanks residents
have expressed concern because they were not warned of
the 1967 flood, but the real problem was that sufficient
data simply did not exist to make this warning possible.

Immediately after the 1967 flood, U.S. Weather
Bureau, U.S. Army Corps of Engineers, and U.S. Geolog-
ical Survey personnel undertook construction and
operation of a flood-warning system in the Fairbanks
and Nenana areas. Six river-gauging stations were con-
structed prior to the 1968 flood season to provide
instantaneous information to a flood-forecast center.
Data from these river stations and from an expanding
network of precipitation gauges are instantly tele-
metered to the Anchorage office of the National Weath-
er Service Alaskan River Forecast Center, which closely
monitors the situation and advises the public of any
potential floods through its Fairbanks office.

FLOOD INSURANCE

In the not too distant past, it was completely
illogical for private insurance companies to write flood
insurance because their total assets would be quickly
wiped out by a series of million- and billion-dollar-flood
losses. Flood-insurance protection for property owners
in flood-prone areas has since become available because

of participation by the federal government.

Every president from Harry S. Truman on fought
vigorously for some sort of flood-insurance program, but
in spite of huge floods in various parts of the United
States, progress was slow. A flood-insurance program
initiated in 1956 did not become a reality because of
lack of funding. Finally, on August 1, 1968, the Na-
tional Flood Insurance Act was enacted to provide
previously unavailable flood-insurance protection to
property owners in flood-prone areas.

To participate and obtain insurance under this act,
communities agreed to adopt and enforce land-use-
control measures established by the Federal Insurance
Administration (FIA) of the U.S. Department of Hous-
ing and Urban Development (HUD), which administers
the program. Initially, premium rates were high and it
was necessary for HUD to complete time-consuming
mapping studies to determine special hazard areas below
the level of the 100-year flood in participating com-
munities. The program moved along slowly until 1972,
when Hurricane Agnes gave the program a boost. At that
time the Flood Disaster Protection Act was introduced
to Congress and passed in December 1973. The number
of insurance policies sold yearly since 1973 has risen
dramatically.

Today an individual may buy flood insurance only
after his community joins the FIA program. The sim-
plest way for a community to join is to inform FIA of
its intention, submit an application, which includes the
adoption of a building-permit system, and express its
willingness to comply with flood-plain-management
requirements and standards set up by the federal govern-
ment. The adoption of a building-permit system is vital
because the National Flood Insurance Program was
designed to protect those in danger of being flooded and
to prevent an increase in damage by restricting construc-
tion in flood-prone areas.

Because the City of Fairbanks is in a flood-prone
area, it is eligible for flood insurance provided by the
FIA program. In addition, there are official FIA flood-
hazard maps of the city. The area west of Fort Wain-
wright is covered by FIA Official Flood Hazard Map
H02039077001, effective June 24, 1969, and by FIA
Official Flood Insurance Map 102039077001, effective
June 25, 1969. These maps were last revised December
9, 1977 (P.E. Berrian, written commun., July 10, 1978).
Although typical FIA maps illustrate the approximate
location of the 100-year flood level, they do not provide
information on floodwater depths. Fortunately, the
Fairbanks maps are derived from the 1967 USGS flood
map, and thus are much more detailed than standard
FIA flood-hazard maps.

Flood-insurance protection is offered by private in-
surance institutions. The program was established to
promote public interest by providing appropriate pro-
tection against flood losses through the availability of
flood-insurance coverage with the requirement of
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sound flood-plain management regulation to minimize
flood risk to lives and property. The economic justifi-
cation for the program, which initially required large
public subsidies to produce affordable rates, is reduc-
tion of the dependence on flood-disaster-relief ap-
propriations through safer construction practices in
flood-hazard areas. To be eligible for federal financial
assistance for acquisition or construction purposes
within identified special flood-hazard areas, flood-
insurance coverage must be available and subscribed.
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