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GUIDEBOOK TO PERMAFROST AND ENGINEERING
PROBLEMS ALONG THE ALASKA RAILROAD
BETWEEN ANCHORAGE AND FAIRBANKS

By T.C. Fuglestad?®

INTRODUCTION

The Alaska Railroad extends from Seward, a year-
round ice-free seaport, lo Falrbanks in interior Alaska
(sheet 1), a distance of 470 mi (756 kim). The railroad
crosses two major mountain ranges and traverses various
terrains. This guidebook focuses on the route between
Anchorage, the largest city in Alaska, and Fairbanks, the
second largest city and transportation hub of interior
Alaska. Over half of this segment of the railroad is
wlthin the discontinuous permafrost zone (fig. 1).

The Alaska Railroad was constructed by the same
methods used to build the transcontinental railroads in
the western United States. Men dug their way through
hillsides with picks and shovels; solid rock was drilled
and shot with primitive tools and powder; wheetbarrows
were used to build the fills; and teams of horses pulled
small dump carts and plows to widen shoulders and
shape ¢the subgrade.

Excavated material was never wasted; it was placed
in an adjoining fill section along a center line selected to
balance the cut.and-fill sections. When the centerline
crossed a level valley, fill material for an embankment
section was usually borrowed from adjacent ground,
with little regard to the type of material present or its
susceptibility to frost. This indiscriminate use and
placement of unclassified materials resulted in a track
subgrade that required constant mainitenance because it
heaved in wintet and settled in summey. The roadbed has
been substantially improved, but operating and main-
tenance costs continue (o be influenced by these early
construction technigues.

Although it is easy to criticize the original railroad
construction techniques, limitations weye imposed on
the locating engineer by the primitive construction
equipment and the uncharted Alaskan wilderness. That
many of the bridges erected during construction are still
used is a tribute to the capability of these engineers.

1, .
Chief Engineer (retired), Alaska Railroad, Anchorage, Alaska
89610.
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HISTORY OF THE ALASKA
RAILROAD

Construction of the Alaska Railroad began in
1904 as a private venture founded by John E. Ballaine.
Ballaine envisioned the Alaska Central as a utilitarian
railroad that would aid the general development of
central Alaska, help develop agriculture and ¢imber, and
give Fairbanks year-round access to the ‘Outside.’
Additionally, lhe extensive Matanuska Valley coal
deposits could easily be transported to tidewater for the
U.S. Navy and export to world markets.

Ice-free Resurrection Bay was selected as the
terminus of the railroad, and the cily of Seward and a
port facility (sheet 1, Mile 0.0) were developed. Recon-
naissance surveys extended as far norlh as Lthe Tanana
River in interior Alaska, and by 1909, track was laid
across the Kenai Peninsula to Kem Creek (Mile 70.5).
The 2.2-percent grade from Mile 49 to 54 past the
foot of Bartleit Gilacier required the construction of
seven tunnels, a horseshoe tyestle that curved 235°, and
roadbed and (restles Lhat looped through 394° of total
curvature.

The heavy construction cosis severely strained the
limited financial resources of the Alaska Central, which
was already subject to a federal levy of $100/mi of
track/yr. The railroad also faced a complelion deadline
of 6 yr from filing for a complete right-of-way to the
Tanana River. Bickering and speculation among the
stockholders did not help. Any hope for the tonnages
required for a financially successful railroad vanished in
1906 when the federal governmen! withdrew all Alaska
coalfields from private entry. By this decree, even the
coal that fueled the locomotives had {o be imported!
Bankruptcy for the Alaska Central occurred in 1809.
After reorganization, railroad conslruction (as the
Alaska Northern) continued before shutting down
completely in 1912,

An engineering report published in 1916 com-
mented favorably on the location of the 71 mi {114 km)
of track constructed by the Alaska Central. However,
the quality of construction was heavily criticized: ‘“The
roadbed is in very bad physical condition - the rail is too
light - embankments along the rivers are too low ang too
narrow and many of the bridges were not carefully
constructed, spikes instead of bolts being used and the
{former having shaken out, the trestles are now unsafe”
(Alaska Engineering Commission, 1916).

The conservation policies of President Theodore
Roosevelt, particularly the withdrawal of public langs

from private vse, made it apparent that private capital
could not build adeguate transporlation facilities to
interior Alaska. If interior Alaska was to be developed,
the government would need to construct and operate the
necessary transportation facilities, In 1812, a presi-
dential commission visited Alaska and reported to
President Taft that they were in favor of such construc-
tion.

In 1914, passage of the Enabling Act empowered
newly elected President Woodrow Wilson to locate and
construct a railroad (or rajlroads) Lthat would connect at
least one Pacific Ocean port with a navigable river in
interior Alaska and with one or more coalfields [aggre-
gale mileage not to exceed 1,000 mi (1,609 km)]. To ac-
complish this, the three-member Alaska Engineering
Commission was created. Wilson appointed William C.
Edes as chairman. Edes was unfamiliar with Alaska, but
had an excellent reputation as a locating engineer with
several western railroads. The second member of (he
Commission was Lt. Frederick Mears of the U.S. Army
Corps of Engineers. Mears had considerabte experience
with the Great Northern Railroad and the Panama Canal
Railroad, but no experience in Alaska. The third mem-
ber was Thomas Riggs, who had considerable experience
in Alaska as a mining engineer and surveyor on the
International Boundary Commission.

Under the direction of these men, preliminary
location surveys were conducted in 1914 to select
potential corridors for the construction of a railroad to
interior Alaska. Results were formally presented to
Wilson on February 11, 1915. The gentle terrain of the
Goldstream valley was selected for the corridor between
Nenana and Fairbanks rather than a route along the
north side of the Tanana River. Today, with our knowl-
edge of permafrost, we would probably opt for hillside
construction on a south-facing slope rather than con-
struction on the ice-rich soils of Goldstream valley.

An evaluation of existing railroads was also included
in the report to Wilson. One such railroad was the
44.7-mi-long (72 km} narrow-gauge (3 ft; 32 cm) Tanana
Valley Railroad built by private capital in 1905 to
connect various gold-mining camps in the Fairbanks area
with the community of Chena on the Tanana River.
During construction, grading was minimized, and valleys
weyre crossed on wooden trestles because of insufficient
suitable embankment material and the presence of
permafrost. Despile  heavy maintenance costs, the
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Tanana Valley Railroad was a success until 1916, when
the grade of the rich placer deposits began Lo decline.
The Tanana Valley roadbed from Fairbanks to Happy
(Mile 460 to 463) became part of the Alaska Railroad
standard-gauge maijn line. The remainder, designated as
the Chatanika Branch, continued to operate as a narrow-
gauge branch line until 1330, when il was abandoned.

After President Wilson selected and approved the
Susitna route, which included purchase of the Alaska
Noxthern and the Tanana Valley Railroads, the Commis-
sion quickly surveyed the final route and began con-
struction in 1916. Edes established headquarters in
Seward and oversaw construction of the Alaska Rail-
road. Mears moved to Ship Creek and laid out the
lownsite of Anchorage, prepared facilities for receiving
construction materjals and supplies, and began con-
structing the line to the Matanuska coalficlds. Riggs,
the surveying member of the Commission, traveled Lo
Fairbanks to walk every foot of the location surveys
before he proposed a final right-of-way between Broad
Pass and Fairbanks. The first rolling stock and construc-
tion equipment came frorn the Panama Canal Railvoad as
surplus.

The roadbed was constructed by station contracl in
which *‘a number of men associate themselves together
as partners, taking shorl pleces of work at a certain price
per cubic yard for grading, ot per acre for clearing and
grubbing. Each man signs the contract for doing the
work and becomes equally interesied in it as a co-partner
or small contractor. Scarcely any capital is necessary to
make a station contract, as the Commission furnishes the
necessary equipment at a moderale rental” (Alaska
Engineering Commission, 1916). Such an arrangement
effectively limited the type of embankment material to
that at hand. Commission {orces handled al} bridge work
and any trestle work required for high fills and laid the
track.

Specifications for construction contracts predict-
ably stated, “All materials taken from cuts shall be
deposited in the embankment within the distance
prescribed by the Engineer.” Ounly three classifications
for excavated materials were listed: loose rock, solid
rock, and common excavation. Although no classifica-
tion was originally listed for excavation of frozen
material, its presence in the upper Chulitna - Broad Pass
area was acknowledged in the 1915 report. Native
timber was used for ties and timber trestles, In laying the
main line with 70-1b (32 kg) rail, only the curves had tie
plates.

The construction years (1915 tc 1923) saw an
outstanding engineering achievement marred by }abor
unrest, inflationary costs caused by participation of the
United States in World War I, the failure of Congress to
appropriate construction funds in a timely manner to
meet limited construction seasons, and intense personal
and political bickering. The initial $35 million appro-
priated for railroad construction was $22.9 million
short of actual construction costs,

Commissioner Ripgs resigned in 1918 (o become
Govemor of the Territory of Alaska after admitting that
expediency sometimes governed construction on the
north end of the line. Chairman Edes resigned in 1919
because of ill health. Mears returned from France to
become Chairman, but was relieved of that post on
March 26, 1923, just 3 mo before the railroad was
completed,

Erection of the 702-ft-long (214 m) fruss span
across the Tanana River al Nenana marked completion
of construction of the Alaska Railtoad. On July 15,
1923, President Warren G. Harding drove the golden
spike at the north end of the bridge, officially marking
the opening of the Alaska Railroad.

Although the completed railroad offered such
immediate benefils as bringing coal from the Suntrana
fields near Healy (Mile 368) to the fuel-starved goid-
mining industry at Fairbanks, the expected resource
development in central Alaska did not materialize. Until
1940, the total population of Alaska was less than
65,000. From 1923 to 1940, revenues for the railroad
fell below operating expenses in all but 1 yr. Mainte-
nance was either deferred or severely modified; this
included improvements slated for miles of substandard
roadbed and bridges constructed by the Commission
under the constralnts of fixed federal appropriations and
inflationary costs. Funds Lhat remained after meeting
operating expenses were used to replace large timber
bridges with permanent steel structures.

With the onset of World Wax I, the military arrived
in Alaska in strength. Supplying the military increased
yearly tonnages dramatically, with a corresponding
effect on track and bridges. Increased revenues provided
funding for desperately necded maintenance, bui a
war-time manpower shortage made il impossible to stop
further deteriovation of railroad property.

Once again Congress was asked to consider the fate
of the railroad, which either had to be completely
rebuilt or abandoned because il could no longer function
as a (ransportation system in its ‘1946’ condilion.
Fairbanks was totally dependent on Suntrana coal for its
power and heat, and no other energy alternatives were in
sight. Anchorage, with its two military bases, relied
almost as heavily on coal from the Matanuska f{ields.
There were slighily more than a thousand miles of roads
in the entire territory, mostly substandard. The Alaska
Railroad had to be rebuilt.

Under an ambitious rehabilitation program, the
main Jine from Portage (Mile 64.2) to Fairbanks (Mile
470.3) was to be rebuilt to modern standards. (A de-
cision to rehabilitate the line from Portage to Seward
was made in 1954.) Heavy (115 Ib; 52 kg) rail would
replace the wom 70-1b (32 kg) vail, and treated-fir
crossties would replace untreated native-spruce ties. Sags
would be eliminated by raising the track as much as 5 ft
(1.5 m), and shoulders would be widened to a standard
20 ft (6 m). The new track structure was placed ob
12 in. (30 cm) of select pit-run gravel to permit speeds as
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Figure 2. Car-barge slip al Whittier Much [reighl destined for Alashka arrives by rail ai Scallle. where freight cars are
loaded directly nnlo huge ratl barges thal hold up to 64 cars cach. A tandem tow of lwo barges usually makes Lhe
1,590 nautical-mile (2,945 lon) lrip up the Inside Passuge and ucross the Gulf of Alaska tlo Whuttier, where the cars
are unloaded al the car-barge stip and hauled (o their destinalions along the railrood roule, This service has been

offered since 1963. Pholograph by Bill Coghill, 1850.

igh as 60 mph {96 kmph). Surplus war material would
be used to build new steel bridges and shops and supply
new rolling stock and heavy construction equipmeni.

This effort outspent the money available. bul not
before many improvements were made. However, lhe
raises were reduced and the shoulder-widening program
cut back. The tie-replacement program was stretched out
because the railroad was mandaled to maintain ang
rebuild wilh revenues rather than wilh Congressional
approprialions. Later, as new track-maintenance equip-
ment became available, manpower was reduced.

The Great Alaska Earthquake on March 27, 1964,
caused heavy damage, bul subsequenl repair work
improved the line. Today’s railroad, particutarly ils
equipment (figs. 2 and 3), is modern in many respecls.

High-produection surfacing equipment js used during the
short construction season to offset the legacy of poor
subgrade conditions and prepare the track for the long
wintey,

The 140 to 160 mi (225 to 290 km) of track Lhat
are raised, lined, and dressed each summer equal a 3-yr
ballasting cycle; the average figure for other railroads
in the United Stales is 5 yr.

Filteen years ago, three track gangs of 10 men each
were required to augment the 25 section crews of two or
three men each that maintained the track through the
winter. Togday, only the repular seclion crews, each
patrolling an average of 20 mi (32 km) of irack, are
needed for necessary winter maintenance,

PHYSIOGRAPHIC SETTING OF
THE RAILBELT?

The area iraversed by the Alaska Railroad is a
north-south strip (sheet 1) that crosses several distincl

physiographic divisions of southcentral Alaska. The

2Modified from Capps, 1840.

Pacific coast margin of North America is bordered
by a broad belt of mountainous country that comprises
many closely connected ranges known as the Pacific
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(53

Figure 3. Extra 3009 northbound along Turnagain Arm loward Anchoruge. A four-engine ‘consist lolaling 12,000 h.p.
heads this 80-car train, which hus a gross tonnege of 5,600 lons (5,080 t). Photograph by Bill Coghill, 1380,

mountain system. Where this northwest-trending moun-
tain system crosses the eastern boundary of Alaska at
the 141st meridian, ils trend becomes nearly east-wesl,
and the mounlain system divides into two rather distinct
ranges: the Chugach Mountains, along the coast, ang the
Alaska Range, inland. Swinging farther to the wesl, both
ranges merge into and join Lhe intermediale 1nass of Lhe
Wrangell Mountains. Wesl of the Wrangell Mountains,
the two ranges are sharply separated by the Copper
River basin, bul at the 148th merigian, the intervening
space is occupied by the Talkeetna Mounlains and Lheir
northern exiension. The western axis of each range is
deflected in a greal crescentic arc to the southwest; the
Kenai Mounlains and the mountains of Kodiak Islanad
extend from the Chugach Range; and the Alaska Range
curves southwest past Mount McKinley and merges inlo
the Aleutian Range. The Kenai, Chugach, and Talkeetna
Mountains are separated on the west from the Aleutian
and Alaska Ranges by the Cook lulel depression and
the Susitna and Chulitna River basins. North ol the
Alaska Range, Lhe broad lowland of the Tanana basin
intervenes belween Lhat range and the Yukon-Tanana

Upland. Geographically, the region traversed by the
railroad comprises six natural subdivisions that are
described below (Wahrhaftig, 1965).

CHUGACH-KENAI MOUNTAINS

The north shore of the Pacific Ocean from the 151st
meridian to Cook Inlet is bordered by a broad bell of
rugged mountains Lhal rises abrupily or is separated
from (he shore by a narrow coastal plain. From Mount
St. Elias west to 'Curnagain Arm, this range is called the
Chugach Mountains. South of the depression formed by
Turnagain Arm and Passage Canal, the term ‘Kenai
Mountains’ is used. The Lwo ranges are geologically and
struclurally alike; they are named separately because of
their erasional history. Two glacial fiords ang a relatively
low pass have formed a depression across the mountain
range. Easl ol the Copper River, the Chugach Moun-
tains trend slightly northwest and are about 100 mi
(160 km) wide. The western portion of Prince William
Sound and its long fiords cut deeply inlo the mountains,
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so that the head of College Fiord is only 40 mij (64 km)
across the range from the Matanuska River. The moun-
tainous islands that form the outer border of the Sound
belong to the Chugach Mountains. Prince William Sound
lies in the convex area formed by Lhe range as its trend
changes in & crescent-shaped curve from notthwest to
west to southwest. The Kenai Mouniains thal trend
southwest and across the mouth of Cook Inlet are
connected by the mountains of Afognak and Kodiak
Islands.

The Chugach-Kenai Mountalns consist of rugged
peaks that rise to elevations of 4,000 Lo 7,000 ft (1,200
to 2,300 m) above sea level; al the head of College
Fiovd, severat peaks rise above 10,000 ft (3,100 m), and
the highest, Mount Marcus Baker, reaches 13,250 ft
(4,000 m). These mountains are composed dominantly
of folded, deformed sedimentary rocks. Their surface
has been consplcuously modified by gtacial erosion.
Higher parts of these mountlains nourish glacieys, many
of which are large. Distributary valley glaciers radiate
from several large centers of ice accumulation, notably
on the south and east sides of the Kenal Peninsula and in
the area north of Prince William Sound. In Prince
William Sound and along the south coast of the Kenal
Peninsula, the region’s scenic beauty is enhanced by
glaciers that reach the sea In fiords whose steep walls
and bordering ridges rise abruptly from the water. The
mountains are pecullar in that they have few large,
systematically developed rivers. The coast line Is deeply
embayed and sinuous, and Prince William Sound Is
dotted with scattered wmountalnous islands whose
Lopography resembles that of the mainland. The railroad
route from Seward staris at the head of Resuyrection
Bay, a beautiful fiord, and runs north through mountain
valleys that follow the trend of the Kenal Mountains. At
Turnagain Arm, another greal fiord, the route turns west
along the flank of the Chugach Mountains, which it
follows Lo the Matanuska River. The Eska branch of the
railroad lies along the boundary between the Chugach
and Talkeetna Mountains.

TALKEETNA MOUNTAINS

The Talkeetna Mountains form a large, crudely
circular mountain mass Lhat is bordered on the west by
the lower Susitna valley, on the south by the Mata-
nuska River, angd on the east by the Copper River basin.
The Talkeetna Mountains differ markedly in topo-
graphy, structure, and rock type from the Chugach
Range to (he south and the Alaska Range to the north.
The Talkeetna Mountains are dominantly composed of
igneous rocks, including granitic materials and lava flows
of several ages. The eastern half of the mountaing are
composed primaxily of sediments of Mesozoic age. The
presenl relief of the range is the result of a large domal

uplift; many formations are only slightly deformed. A
radial drainage pattern is comion, and most streams are
tributary to the Susitna River. A small area drains east to
the Copper River, and most water from the south slope
finds its way to the Matanuska River. The mountain
mass is divided almost in half along a north-south line by
the notth-facing headwaters of the Talkeetna River ang
the Chickaloon River, a fributary of the Matanuska
River. These stream valleys form the first available route
across the range east of the Susitna valley.

The Talkectna Mountains are rugged and consist of
sharp, saw-toothed ridges and peaks. Streams and
glaciers have dissected the range angd produced deep
valleys and high interstream ridges. Only a few larger
stream valleys offer feasible approach routes to the
eenter of Lhe range, and passes across the ridges are few.
Mountain crests generally average belween 5,000 and
7,000 ft (1,500 and 2,300 m) in elevation. Near the
heads of the Sheep and Talkeetna Rivers, many peaks
exceed 8,000 ft (2,450 m), and one approaches 9,000 {1
(2,750 m). These high parts of the range nourish many
valley pglaciers. Most streams are glacier-fed, and their
silty walers flow over wide gravel bars of glacial out-
wash. The glacier at the head of the Sheep River is
about 12 mi (19 km) long.

COOX INLET - SUSITNA LOWLAND

Cook Inlet is a long, narrow embayment that is
bordered on the east by the Kenai Peninsula and on the
west by the south end of the Alaska Range. Near its
mouth, high mountains rise from the water’s edge. North
of Kachemak Bay, the Inlet is bordered by cliffs several
hundred feel high; these clif(s form the wave-cut edge of
a rolling lowland that extends 30 to 40 mi (50 to 80 km)
east to the base of the Kenai Mountains. This lowland is
partially underlain by coalbearing Tertiary beds that
form conspicuous exposures along the shore. The surface
is covered by glacial deposits and stream and terrace
gravel. Across Cook Inlet, similar lowlands extend west
co the base of the Alaska Range and to the north: they
also occur east and north of Point Campbell (between
Turnagain and Knik Arms), north of Knik Arm, and at
the head of Cook Inlet, where they merge into the
Susitna lowland.

These lowlands have a common origin. They are
partially floored by Tertiary sedimentary rocks and have
been overridden by large glaciers from the Susitna valley
and Cook Inlet. The lowland topography is due to the
erosive action of glaciers that also deposited till, sand,
and gravel. Upper Cook Inlet is shallow, and deltas
of the Susitna, Matanuska, and Knik Rivers and the head
of Turnagain Arm are rapidly encroaching on the tide-
water area. The wide expanses of mud flats that are
visible at low tide in upper Cook Inlet testify to the
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volume of detritus deposited by glacial streams in
Cook inlet.

The broad Susitna lowland, which is the landward
extension of the Cook Inlet depression, is a styuctural
basin that comprises the lowland basins of the Susitna
River, its tributaries, and several other rivers that flow
directly into the head of Cook Inlet. The basin is borx-
dered on the south by Cook Inlet, on lhe east by the
Chugach and Talkeetna Mountains, and on the north-
west and north by the Alaska Range, The main basin is
about 100 mi (160 km) long; it is more than 50 mi
(80 km) wide near the Kashwitna River and narrows to
the north. The entire Cook Inlet - Susitha Lowland,
which exlends from the mouth of Kachemak Bay into
the Chulitna Valley, is over 200 mi (320 km) {ong and
averages about 60 mi (100 km) wide. Branching arms of
the lowland project up the larger tributary valleys into
the surrounding mountains. The Susitna Rivey lies about
8 mi (18 km) west of the Talkeetna Mountains angd
occupies a 1- to 8-mi-wide (2 to 13 km) flood plain. The
surface of the bordering lowlangd is covered with a
veneer of glacial deposits and stream gravel and doited
with numerous lakes. From Che river to the bordering
mountains, the tributary streams are mare deeply en-
trenched, and the rolling lowlands pive way to the
steeper slopes of the foothills and mountains.

ALASKA RANGE

The Alaska Range comprises a great crescenlic beit
of rugged mountains that sweeps north from the base of
the Alaska Peninsula to Mount McKinley, extends
northeast and east to the Delta River, and conlinues
southeast to the Nutzotin Mountains. As thus defined,
the range is nearly 600 mi (970 km) long and averages
50 to 80 mi (80 to 130 km) wide. Its southwestern
end partially merges with the Aleulian Range to form a
continuous mountain belt that reaches east and south-
east to the Canada-Alaska border. This range forms
the divide between streams that flow south inlo the
Susitna and Copper Rivers and the Cributaries of several
north-fiowing streams. Near the south end of the range
at the head of the Skwentna River, the peaks of the
divide range from 5,000 to 9,000 {t (1,500 to 2,800 m)
high; the crest is broken by several passes that average
about 3,000 ft (900 m) In elevalion. To the north,
the mountain range is higher, more rugged, and cul-
minates in two great peaks, Mouni McKinley and Mount
Foraker, 20,320 and 17,400 ft (6,194 and 5,304 m)
high, respectively. East of these mountains, peaks
generally reach elevations of 7,000 to 9,000 ft (2,300
angd 2,800 m). This portion of the range contains Noxth
America’s highest mountain; only two other peaks,
Mount Foraker and Mount Hunter, exceed 14,500 ft
(4,420 m) in elevation, and few others reach 12,000 ft
(3,700 m).

From passes at the head of the Skwentna River to
Mount McKinley, the inland front of the range rises
abruptly from the piedmont plain. East of Mount
McKinley, the main range is separated from the lowland
by one or two minor chains of mountains or foothills as
far east as the Delta River. The Kantishna Hills are the
most conspicuous and massive of these minor ranges.
The foothill belts are separated from the summit ridges
of the range and from one another by a series of depres-
sions or broad basins {floored with Tertlary sedimentary
rocks and recent gravel that represent remnants of an
ancient drainage system. Currently, these low basins and
passes are occupied by minor streams; the trunk streams
flow north from the crest of the range and cross the
basins to plunge into deep rock canyons that cross the
foothills. For example, the Teklanika River, the first
north-flowing stream west of the Nenana River, leaves
the high range and crosses three broad basins Lhat are
separated (rom one another by ridges through which the
stream has cut canyons from 1,200 to 2,000 ft (330 to
600 m) deep. The present courses of these north-flowing
streams were established beforc the transverse ridges
were uplifted or, more likely, when the streams eroded
the Tertiary deposils without displacing the drainage.

The Nenana River crosses the range north of Broad
Pass through the first low pass across the mountains
north of the Yentna basin, Easi of Broad Pass, the
mouniains are rugged, with elevations that reach 5,000
to 9,000 ft (1,500 to 2,800 m) and increase to nearly
14,000 ft (4,300 m) at Mount Hayes. Beyond Mount
Hayes, the Delta River flows through a low pass beyond
which the range terminates in the Nutzotin Mountains.

Between the head of the Skwenina River and Mount
McKinley, most of the mountain range lies on the
Susitna River side of the divide. The asymmetric posi-
tion of the divide has substantially affected the de-
velopmenl of the large glaciers that fill the mountain
velleys on the southeast slope. Moist Pacific winds are
chilled when they pass over the surrounding mountains
and drop their moisture as snow jn the Cook Inlet -
Susitna depression. Glaciers in this area are generally
much larger than those on the northwest slope, where
the basins are smaller and the snowfall lighter. East of
Broad Pass in the high mountains that surround Mount
Hayes, the glaciers on the coastal side of the mountains
are larger than those on the north because the coastal
side receives more snow.

TANANA-KUSKOKWIM LOWLAND

The Alaska Range is bordered on the west and notth
by a broad structural basin that extends from the Bering
Sea across the Kuskokwim valley northeast to the
Tanapa Valley and east across the Alaska-Canada boxder
to the upper Yukon basin. This Jowland ranges from 30
to 60 mi (48 to 97 km) wide, gently slopes away from
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the range, and has only a few isolated hills that rise
above its general level. The lowland is floored by un-
consolidated materials, mostly gravel, eroded from
the Alaska Range. Extensive Tertiary deposits underlie
the gravel.

In the upper Kuskokwim basin, the edge of the
lowland rises in a piedmont plateau to elevations of
2,500 ft to 3,000 ft (670 to 930 m), where it abuts
the steep mountain front. This plateau slopes toward
the Kuskokwim basin at a grade that locally exceeds
100 ft/mi {19 m/km). In the Tanana basin, the piedmont
plateau is less evident. Here, the gravel plain slopes north
from the base of the foothills at an clevation of about
1,000 ft (310 m) to the Tanana River. Only the larger
streams maintain well-defined channels across the
lowtand; water from smaller tributaries percolates into
the pravel and emerges at a lower elevation to form
meandering creeks that drain the basin.

Open marshes, iakes, and patches of timber occur
on the lowland surface and make the area difficult to
cross in summer, In this area, the Tanana River flows
along the northern border of the lowland. The north-
flowing streams, many of which are glacier-fed, carry
large quantities of gravel and silt that they deposit in the
lowland. The less vigorous streams that flow south from
the Yukon-Tanana Upland are generally clear.

YUKON-TANANA UPLAND

That part of the Yukon-Tanana Upland that lies
within the study area consists of rounded, nottheast-
trending ridges that rise above the surrounding upland.
The Tanana River and its surrounding upland are at ele-
vations that range from 300 to 600 ft (90 and 180 m).
Ridges with crests 1,000 to 3,000 ft (300 to 1,000 m)
high project as islands or peninsulas above the uplangs.
Farther north, a2 few peaks and domes rise above the up-
land surface to elevations of nearly 5,000 ft (1,500 m);
this northern area is part of the Yukon plateau. The
Yukon-Tanana Upland is comprised of highly folded,
metamorphosed rocks. The topography of the upland
north of (he Tanana River contrasts sharply to that
south of the Tanana River, where extensive glaciers have
modified the topography. North of the Tanana River,
fluvial erosion has developed maturely dissected ridges
and broad valleys that parallel the prevailing trend
of the bedrock. The surface is generally mantled by a
thick layer of muck, soll, humus, and detrital rock
material; rock outcrops below the ridge crests are
uncommon. Major stream valleys have wide floors and
gentte gradients; thick alluvial fill is common.

GENERAL PROPERTIES OF
PERMAFROST?

Permafrost s any soil, subsoll, or other surficial
deposit that has a temperature lower than 32°F (0°C)
for at least 2 yr. This definition is based exclusively on
temperature. Part or all of the deposit’s moisture may be
unfrozen, depending on the chemical composition of the
water and capillary action. However, mosl permafrost is
cemented by ice; permafrost without ice is called dry
permafrost. The upper limit of permafrost is called the
permafrost table.

When the mean annual air temperature drops below
329F (0°C), ground frozen during the winter may not
completely thaw in summer, and a layer of permafrost
may form. This layer may coutinue to thicken below
ground that thaws seasonally. The thickness of the
permafrost layer is controlled by the balance between
the mean annual air temperature and heat from the
earth’s interior. The temperature of permafrost at the
depth of minimum annual seasonal change, usually 30 to
60 ft (9 to 18 m) below the surface, varies from 32°0F
(0°C) at the southern limit of permafrost to 129F
(-21°C) in northern Alaska (fig. 1) and 8°F (-13°C) in
northeastern Siberia. Where permafrost is widespread, its
temperature is colder than 23°F (-59C). Although some
permafrost is the result of the present climate, many
permafrost areas are not in equilibrium with the present

3Absl.racl.ed from Péwe/‘ 1982.

climate because they are the product of a colder pastl
climate.

Permafrost is essentially a phenomenon of polar,
subpolar, and alpine regions. About 20 percent of the
world’s land is underlain by permafrost. Perennially
frozen ground is most widespread and thickest in north-
ern regions of the northern hemisphere. Fifty percent of
the Soviet Union and Canada, 20 percent of China
(mainly the high-plateau country}), 82 percent of Alaska,
and probably all of Antarctica are undertain by perma-
frost. Perennially frozen ground is 2,000 ft (610 m)
thick in northern Alaska and thins progressively to the
south,

In the northern hemispbere, perennially frozen
ground is differentiated into two broad zones: 1) the
continuous-permafrost zone in which permafrost is
present in all surficial deposits except under lakes and
rivers that do not freeze to the bottom; and 2) the
discontinuous-permafrost zone, which includes many
permafrost-free areas that increase progressively in size
and number from north to south. Permafrost also occurs
on the submerged continental shelves in polar areas.

In the Goldstream valtey near Fairbanks, permafrost
occurs nearly everywhere except beneath hilltops and
moderale fo steep south-facing slopes. The perma-
frost table in the silty lowlands is 1 to 3 ft (0.3 m to
1 m) below the ground surface.
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Permafrost In fans, stopes, and lowlands contains
Jarge horizontal or vertical sheets, wedges, lenses, and
irregular masses of ice. These ice masses are up to 15 ft
(4.6 m) thick by 50 ft (15 m) long. Water often freezes
in ice-wedge polygons up to 40 ft (3 to 12 m) diam,
Although the polygons are covered by silt and vegeta-
tion, they produce a polygonal surface pattern that is
visible from the air.

If undisturbed, permafrost cen form a stable foun-
dation for a rajlroad embankment and other engineering
structures. Unfortunately, when the Alaska Railvoad was
constructed, the protective vegetation cover was re-
moved, which disturbed much of the near-surface
permafrost. Also, over the years, thousands of cubic
yards of gravel have been used along the railroad to filt
sags and replenish shoulders. Dry gravel generally coa-
ducts heat better than silt or vegetation. Consequently,
during summer, the added gravel conducts heal to the

permafrost, and thawing occurs. Thawing of the relative-
ly cold permafrost in northern Alaska can be minimized
by placing a gravel pad on roadbeds. However, to pre-
vent thawing of the relatively warm permafrost in the
Fairbanks-Goldstreamn area would require a very thick
protective pad of gravel that would be prohibifively
expensive, Thus, other means must be used f{o protect
the permafrost along the Alaska Railroad in these areas.

Although permafrost is the predominart and most
serious cause of engineering problems that affect the
Alaska Railroad in interior Alaska, many problems
described in this guidebook are associated with seasonal
frost, even within the discontinuous-permafrost zone.
These seasonal problems, such as icings or the heaving
and settlement of the subgrade, are shared to a lesser
extent by rallroads that operate under severe winbtey
conditions in Canada and the Yower 48.°

GLACIAL HISTORY OF THE
UPPER COOK INLET REGION*

The upper Cook Inlet region has been repeatedly
glaciated. Lowland areas are all underlain by thick
glacial deposits and are generally characterized by an
irregular, hummocky topography typical of glaciated
areas. The chronology of the late Quaternary glacia-
tions is shown in table 1 and figure 4.

Of the five recognized Pleistocene glaciations
that occurred in the area (sheet 2), the two oldest, the
Mount Susitna and (later) Caribou Hills, filled the
upper Cook Inlet depression with ice at least to eleva-
tions of more than 3,000 ft (900 m). Most vaileys
in the bordering mountains contained tributary glaciets
that joined the major glaciers. For example. the Susitna
and Matanuska Glaciers formed a continuous ice field
that extended down Cook Inlet, beyond Shekilof Strait
and Kodiak Island, and generated an ice shelf that
fronted along the north Pacific Coast.

The third glaciation, the Eklutna, again buried the
upper Cook Inlet area under a massive ice field. After
each glaciatjon, the tributary glacjers retreated, and the
entire Cook Inlet - Susitna Lowland was probably ice
free for extensive periods of time.

During the Knik Glaciation, which included one or
possibly two veadvances, ice apparently covered the
floor of the Cook Intet - Susitna Lowland for the last
time. Broad lobes of tributary glaciers merged in the
Anchorage area Lo elevations that ranged from 700 to
2,400 ft (212 m to 727 m).

The final major glaciation, the Naptowne, included
several advances and was responsible for the complex
deposits that now cover most of the Matanuska Valley

AModitied from Pewe and Reger, 1983.

floor and the upper Cook Inlet region. Glacial moraines,
such as the Elmendorf Moraine that was built by a late
resurgence of the Knik lobe, are conspicuous and well
preserved. Kettle takes, kames, eskers, and well-defined
northeast-trending drumlins are visible along the Alaska
Railroad from Mile 167 to 171,

The absence of a terminal moraine of early Nap-
towne age in south Anchorage suggests that the trunk
glaciers may have terminated in an ice shelf that floated
in moderately deep water. Clays of the Bootlegger Cove
Formation, which underties most of Anchorage, wexe
deposited under predominantly glaciomarine conditions.
Glaciomarine waters inundated the southern Susitna
lowland as far north as Caswell, Mile 202.3 on the
rajlroad.

In the Anchorage area (under static conditions),
most of the Bootlegger Cove Formation forms moderate-
ly reliable foundation material comprised of seven
distinctive facies that range from finely laminated silt
and clay to thin-bedded, fine- to medium-grained sand to
massive clayey siit with random gravel. However, several
facies are highly sensitive to dynamic loading;if enough
moisture js present at appropriate depths, these sensitive
layers are potential liquefaction hazards. Most majox
fallures thalt occurred in Anchorage during the 1964
earthgquake, including the landdlide at Government Hiil
School, were directly caused by seismic loading, over-
steepened slopes, undercutting of the toe of slopes,
ground-water piping, induced loading at the heagds of
former slides, and lateral spreading due to removal of
support.
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RAILROAD LOG AND LOCALITY
DESCRIPTIONS, ANCHORAGE TO
SUMMIT STATION

MILE 114.3. ANCHORAGE STATION.

The Anchorage station is the headquarters for the
Alaska Railroad and includes shops and a classification
yard. In 1914, when the first survey ctews landed at the
creek mouth that lies just north of the passenger depot,
only three families lived along lower Ship Creek. By the
end of the construclion season, a railroad youte was
selected thalt passed east of Anchorage (then called
Ship Creek landing). Anchorage was supposed to con-
nect to the main line at Whitney Station by a 4.2-mi-
long (6.7 km) branch line that would also recejve coal
from the Matanuska Valley. When the decision was made
to move the railrosd headquarters and shops from
Seward Lo Anchorage, the main line was relocated to its
present location. The elaborate dock facilities thal were
planned for Knik Arm never materialized.

Ship Creek valley is incised 60 to 80 ft (18 to 24 m)
in the Anchorage outwash plain. The plain was de-
posited by meltwater streams that originated from a
glacial froni associated with the Elmendor{ end moraine,

Most railroad facilities in the valley were constructed on
low terraces covered by a veneer of glacial outwash and
younger deposits of the meandering Ship Creek. The
largest building, the heavy equipment shop, is con-
structed on outwash gravel that is underlain by clay
of the Bootlegger Cove Formation.

Mosl shops and offices in the Anchorage railroad
yard were built when the railroad was rehabilitated
(1947-55). Many structures were damaged by seismic
shaking, compaction, and displacement of underlying
materials during the 1964 earthquake (app. A). Some
buildings were displaced, and one railroad structure was
overrun and buried by debris from the landslide at
Government Hill School.

Few structures received foundation damage during
the earthquake because pile-supported, poured-in-place
concrete footings were generally used. Most damage
caused by the shaking motion occurred in buildings that
had heavy masses supported above the ground floor,
such as concrete second floors or large overhead cranes.
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Other severe damage was attributed to structural defects,
such as lack of adequate connections or sway braces.

MILE 114.8 to 116.5. ANCHORAGE RAILROAD
YARD (Anchorage A-8 Quadrangle).

An explanation for track charts is shown In fig-
ure b; figures 6 through 11 are track charis that cover
Miles 115 through 145.

MILE 116.8. The train departs from the north end
of the Anchorage Railroad Yard ang Ship Creek valley
and ascends a 1.0-percent ‘ruling grade’® north. Elmen-
dorf Air Force Base is on the left; the Chugach Moun-
tains are visible to the right.

MILE 119.1. WHITNEY STATION (enter Anchor-
age B-8 Quadrangle).

The runways at Elmendorf Air Force Base, on the
left, are constructed on the Anchorage gravel plain.

MILE 120.5. ELMENDORF END MORAINE.

The winding alignment was selected by the original
locating engineer to avoid heavy earthwork. The densely
compacted glacial till was difficult to excavate with the
old surplus equipment from the Panama Canal Railroad.
Several series of sharp curves in the next 45 mi (72 km)
restrict the train to 25 mph (40 kmph), resulting in
one of the slowest subdistricts on the railroad. The
running time from Anchorage (Mile 114.3) to Wasilla
(Mile 159.8) iz 1 bx 22 min for 46 wi (74 km), compared
with 50 min by automobile at 65 mph (88 kmph).

Up to four gravel trains that weigh 8,800 gross tons
(8,000 1) each bring pit-run and processed gravel from
the Palmer Branch Lo Anchorage each day. Track main-
tenance costs are high because of cutve wear on rails and
‘spike kill’ of ties due to repeated spiking when the track
is vegaged and shimmed on poor subgrade. The track
needs to be surfaced and lined frequently.

MILE 126.6. EAGLE RIVER STATION (enter
Anchorage B-7 Quadrangie).

MILE 127. GROUND MORAINE.

A restrictive 10° curve was eliminated in a minor
line change in 19566.

MILE 127.5. CROSSING OF EAGLE RIVER.

Downstream, to the left, 2 coal seam is exposed in
the Tyonek Formation of Tertiary age.

MILE 128.6. Grave] was gumped by the railroad to
widen shoulders and reduce frost heaving in the narrow
roadbed.

MILE 131. FIRE CREEK VALLEY.

The railroad gravel pit and powder-storage spur are
located here. Coarse gravel next to the main line grades
to fine-grained sand east toward the mountains.

MILE 136.3. BIRCHWOOD.

The railroad storage yard and indostrial area are
buitt on an alluvial fan that was deposited by Peters
Creek. Test holes indicate that the gravel is underiain by
clays that may have a glaciomarine origin. The outwash
gravel ranges from 10 to 15 ft (3 to 5 m) thick.

6‘[‘he maximum existing grade between two points in a district
or subdistrict determines the tonnage rating and therefore ihe
maximum number of cars in a train.

MILE 137.1. Severe icings occasionally occur here
in the winter.

MILE 137.5 to 139. The railroad parallels the south
shore of Knik Arm (fig. 12), which is a long estuary
of Cook Inlet that has a tidal range of more than 39 fi
(11 m) (measured at Anchorage).

MILE 138.4. A small creek that drains Mirror Lake
has cut a wide reentrant into the edge of the bluff on the
right. This area is subject to severe winter icings. The
track must be shimmed constantly because excessive
ground water combined with poor subgrade materials
cause severe frost heaving of the roadbed. In 1958, the
track was ‘lined over’ to a temporary alignment, and the
exjsting subgrade material was removed to a depth of 6
to 8t {1.7 to 2.5 m) and replaced with gravel. Aftex the
frost-susceptible material was removed, the need for
shimming the track was almost eliminated. However,
icings continue to be a problem.

A landslide caused by the 1964 earthquake formed
a pressure ridge of frozen vegetation 3 to 8 ft (1 to 2.5
km) high by about 500 ft (150 m) long on the west side
of the track. The landslide also laterally displaced the
track subgrade and lowered it as much as 5 ft (1.5 m).
Excessive ground water undoubtedly contributed to the
shallow slide.

MILE 139. PANORAMIC VIEW OF UPPER KNIK
ARM.

Due wesl, Mount Susitna rises above the Susitna
River lowland to an elevation of 4,379 ft (1,326 m). The
rugged Alaska Range is visible in the distance. The old
town of Kaik is located on the north shore of Knik Arm.
Before the Alaska Railroad was constructed, Knik was
located at the limit of navigation for shallow-draft
vessels on Knik Arm and was the supply center for
the Willow Creek mining district. To the north, the
tong southwest shoulder of the Talkeetna Mountains
rises above the lowland and merges with the rounded,
glaciated peaks that rise to an elevation of 4,000 ft
(1,200 m). The sharp, sawtoothed ridges and peaks
visible along the northerm boundary of the Matanuska
Valley are more typical of the rugged Talkeetna Moun-
tains.

In the foreground to the northeast, an actively
eroding face along the south shore of Knik Arm is
visible. The face first became noticeable in early 19850,
when the shoreline was 0.5 mi (800 m) north of its
present location. By 1968, tidal currents were eroding
the toe of the railroad embankment at Mile 138 and
138.9, and the rajlroad was relocated to the south onto a
mortaine., Excessive ground water from the moraine
erodes the exposed fine-grained glaciomarine silts, which
makes it difficult to maintain a uniform back stope, and
repeated mudfiows {ill the ditchline and foul the ballast.
In summer, continual ditching is required; in winter,
icing is a severe problem.

The alluvial delta of the Eklutna River lies 1 mi
(1.8 km) to the east and was active until 1929, when a
smatl hydroelectric dam was constructed across the



THE ALASKA RAILROAD

54

Mile 51 52 53
: Seward M 0.0 | @
3 g
8 o
i i . 148
o . 'y g
: e 2t 1 355 2|
=2 Slding car capacity 5 & O [= 1080’ § fik & :
A ! ; in B0’ car length : .
Track diagram BA -~ - 3 Z =
' Ramp | — 88/ !
_/\ B2 v
3 % 2°L Curve left
Alsgnmentv ) \_/
10°R Curve right
e | Designated slide zone 63 ‘A 20 mph Freight
1aiin 26 mph
Speed limits 43 mph [ 28moh [\ vod by board 30irmyih; Pecnnger
Line change 1982
L Y
| g
§ 100/ ‘
| i 0.0
NEALA LALLM A ST
ballast-1969 (Daliast record)
Grade line | :
T 00
m
i
€2
e
; A
Rail o ~— 115 Ib RE 1961
EXPLANATION
® Telephone '-' Tunnal
®  Telegraph 66— Poléeline
- ®  Radio Y  Yardlimit
o Water M. Passenger depot
®  Fuel L1 Freight depot
(81  Section house . Designated slide Zone
WA Microwsave

Figure 5. Semple track chart that depicls railroad information, such as alignment, grade, track, and facilities,
in a condensed form for easy reference. Figures 6 through 11 are track charls for Mile 115 lo 145.




14 GUIDEBOOK 6

116  Anchorage 116 117 118 o 19 Whitney 120
.0 o 13 - g.
esy o § 3% ©
a0 s ¢ u© © ° k-]
=% > 06 € c e £ 2 gU’gEg 2355.2
228 ® T =8 2= S e s ¢ 2z =
XL6) LK g 3| LdgdE sle &8 ¢
A g g 2 B 3 3 2 9 o 3 2la 2
b o o o 0 5 o ] o - 9 p[3 © 9 &
oo o o a D rdaa ala DD a
=0 9 P xp e, *lPi'\Q® o T P L
< N b 5 x _g VA d“l B;az n
$s T&T T&T 0 5; l ]To Ft. Richardson
EE 10 mph Fraight | 20mph Fraight Trackage
20 mph Passpnger { 30mph Passenger
1158
'\ 4oL 10 mph
116 Ereight main 17 161°BL “230“ ‘013,3 m_
&R 118 1158 #—Q /‘\‘\/ AT :
tade N H 20 men SN i
115A fagsanger msin
2°R
X
$
(&) Anchovagea to Cucry
o0 Q 0.70 | i\
ﬁ M -0
0.74 Anchorage yard gcading & >
. pit-run ballast -1952,63,54 2 ¢z 6" Ccushad ballast -1957
Pagsenger main 6»: : E
pit-run batlest -1950 | A
116ib RE 195253 FM [ PN 1161b RE 1951

Figure 6. Track chart, Mile 115 (north end of Anchorage Yard) to 120.

126 121 122 123 124 125
& L]
°
g gce|ge
- oex2 32
(] = e o
3 338 |:d
. cad|ad
et
> 6
@ -
¥
122A [a 128A
~ 6°L ( 8°30°L
122 124\ /
8°R 8°R
35mph | 25mph
1
- . . ;
Io =3 z
Q T o
.9-?-2(:1n—°'1f— B == 02 -~ o
YIS R R NN - 0.0 e { - -
200 §3 TR T $F o4 _C 2 200
o e € o 2 R 00654
. - o . - 6 Crushed ballast-1967 T BT R T
Ie I o I 8 T % - Io T % 4" Crushed ballast-1968 I & o 2 8 .
) r T e © 0 .0 I
9o g2 |gece 92 2o g 2” Crushed bellast-1980 £ & Iz g2
[ 3} ) cace T o E» C o c w c e @
- = - = [P e S - 2 = I W Y [« Y
100 3 @ 3« S 3% 9 e 3® 3@ 3n J'n € 100
— r FE~—4~C +~C €0 - @ - o (= frCc— za
A " LA o~ | N N ) .
P~ N AH PN 118 Re 19871; ™ Y RN

Figure 7. Track chart, Mile 120 to 125.




THE ALASKA RAILROAD

15

125 126 127 " w 128 128 130
585
Pee
. R o
e
Eagle River 5% % §
n’ AR
.a0Q >
N L = o
Tee8 =
ZoN - =
Ar m
T T
125 126 126C 1274 128 129
. ~ 5" 1°- a°L @m_/
125A 126B \_/ 129A
10°R  8°R 6%3°R
25 mph | 36 mph

Line
change
200 1968
04 00 O. 0.4
N e S N e T R N e o MR
6’ Crushed batlast ~1957
4’ Crushed ballast-1968 .
20 2o 2 Crushed bailast- 1980 I =0
T
e 8 I8 o & I3 100
B N - ve
af a2 €= a2
[ ] ] 3 8 o o
cr @da (4 roc
/' ) A I
N '~ 11sib RE [1951 PN
Figure 8. Track chart, Mile 125 to 130.
130 131 o : 132 133 o 134 135
o~ 3 £ _
3
3 § 2 & 8 E 2
'Ea - Q a 5 3 =
@ a3 - -
Eg 9 9 £ g o
sfir 33 :
we oo O o E?u.
1 i
o
> 7 !
~N
\ 13t o 1318 132A 1334 134 1348
6°L 2oL 6oL ~ /\,_5"\35'-_f\ S°L 8oL
130 \/'1/3'\1;\ e 1’3\2\1 1328 132C \.J 1338 U 1:{4\;\\1/
3°R 6°R 6°R 2°A 4R 4°R 4°R
3% mph
ZLir\e chaage 1957 lLina change 1982 Z Line change 1980
200 200
8
100 < @ 4" Crushed baltast-1968
8 2" Crushed bsllast-1980
s ®
cr1 g
N 11616 RE 1951

Figure 9. Track chart, Mile 130 lo 135.




16 GUIDEBOOK 6

Fas e 136 : | 197 "7 e Tl | YD 130 140
4 3 - . m‘ @ m| a
. N £ & £
Birchwood g , 3 | 4 4 8.0 30
o Sw9 £ ol R hoGiNg
F it B N 59
2 ;_..,3 ] -y 2 w0
0 -4 o = 5 ER
Ee2ZeS 2o 08 US :
X bl S A I
TS R LTI I IC T T
- Yard capacity- 288 Cars &) i
138 s 1374 | rasa 138 . 138 ;
e N v UL TS T Bt s O\
- 138A " 138 a7 ) 138 138¢C 139A 1898
L eoR 3R | -1°-8°R 3°R e 1 | 4°R 1°R
35 mph 0 45 mph.

Line chenge 1988 :

ST TV v
lagt ~1957.,
o b - 4" Crushed ballast -1968 |-
e = : . "2"" Crushed balfast -1980

116lb RE 1961

Figure 10. Track chart, Mile 1365 to 140.

140 4 142 3 143 144 O L
3
$ | Eklutna 2 2
B2 TR
H o - s i
T3 P RS ST i
8w i T2 e U
fisilgn 81§ gl oo E B e
§i-2n G20 § 3L 8 L 22 B
E o C? D i oe'?SO, : im 2 ‘g I 5 & 3 u.”
el o _z,..‘ @ ---aeo. Ot VI . .0' QN i 7
?H I 105 % ik ikt ' : '
i s R | . . 6][ " . T3 6.1?1 :
a0 ' - TAaA T : 144 144A
I.T r:\ ﬂ\ 2:\_ f‘\{}_{!}_ﬂ\_\
Nl 141 S B ivag LU T gl
Al : 2°R: 4°R : et t] b L e L S
: i ._Designated'stide.zane 14501 -

100

]
Mo Eklutng River

3 U3 YRR Loy AR R U

:47" Crushed ballas -1968
2’ Crushed bsllast-1980

| 115# RE. 1951,

Figure 1). Track chart, Mile 140 to 145.



THE ALASKA RAILROAD 17

upper part of the river. The interruption of the normal
flow of the Eklutna River and a diversion of its normal
discharge through another hydroelectric facility may
partly account for the change in tidal currents that
subsequently led to the bank erosion discussed in the
previous paragraph.

MILE 140. FORMER RAILROAD BALLAST PIT
ON THE LEFT.

Processed gravel ballast (1.5 in. minus, that is,
ballast passing a L1.b-in. screen) was prepared from
ouiwash gravel that overlies the thick estuarian silts of
upper Knik Arm. The outwash gravel ranges from 18 ft
{5.5 m) thick near the track to 6 ft (2 m) thick near the
shoreline,

MILE 140.8. CROSSING OF THE EKLUTNA
RIVER.

Early construction drawings show extensive up-
stream wing walls and other evidence of a very actlve
alluvial fan, When the underlying sediments were lateral-
ly displaced during the 1964 earthquake, they pushed
the 80-ft-long (24 m) steel girders of the bridge toward
each other.

MILE 141.8. EKLUTNA STATION.

First active section gang north of Anchorage. The
railroad quarry on the left furnishes granite riprap that is
used Lo protect railroad embankments from tidal erosion
along Turnagain Arm and from river erosion al other
locations along the line, The quarry site is an exposed
granitic intrusion of Jurassic age that rises to an eteva-
tion of 150 ft (46 m) above the gravel plain. The nearby
village of Eklutna is one of the largest Native villages in
upper Cook Inlet; its history predates Russian settle-
ment.

MILE 142.5 to 144. ELEVATED TIDAL FLAT
UNDERLAIN BY ESTUARIAN SILT AND SAND,

The track surface and line are difficult to maintain
because the embankmenl malerials and underlying silt
are continually subject to differential heaving and
setttement. Early construction records and rectanguliar
ponds on the right indicate that side-borrow techniques
were used to obtain silty fill material. The track surface
and line were badly damaged by the 1964 earthquake.
When the railroad was repaired, the railbed was raised
substantially to compensate for local subsidence and
to protect it against extreme bhigh tides. During the
1964 earthguake, a 112-ft-Jong (34 m) wood trestle at
Mile 142.9, now replaced with a culvert, was compressed
and arched 8.5in., (21.6 cm) by lateral spreading of
surficial materials. This part of the railbed is constantly
sbimmed, particularly at the north end of this segment
(figs. 13 and 14). The Glenn Highway is on the left.

MILE 145.7. ENTER ANCHORAGE B-5 QUAD-
RANGLE.

A bedrock knob of greenstone is visible on the left.

MILE 148. The railroad turns abruptly away from
the north front of the Chugach Mountains and crosses
the Knik and Matanuska Rivers. Relatively flat-topped
islands rise 8 to 12 {t (2.5 to 3.8 m) above the braided

river channels. Borings from the area indicate that 50 to
80 ft (15 to 25m) of outwash gravel ovetlies fine-
grained sediments of indeterminate thickness.

MILE 146.4. CROSSING OF THE KNIK RIVER.

The Knik River bridge has 10 through-girdey spans
(each 80 ft long (24 mi)] with a four-span wood trestle
on the north end. Normal stream discharge is about
5,000 to 6,000 ft3/s (140 to 170 m3/s). Until 1965, the
Knik River flooded every summer when water from
Lake George overtopped the ice impounded at the head
of the valley by the Knik River Glacier. This dramatic
lake dumping began as early as June 26 (1962) and as
late as August 13 (1949). The dumping increased stream
discharge to 200,000 to 300,000 ¢t3/s (5,700 to
8,500 m3/s) and lasted from 8 to 18 days. In 1968,
this discharge reached 358,000 €t3/s (10,200 m?/s) ana
caused severe scouring that exposed piling around
piers 1, 8,and 9; the bridge had to be closed untit
emetgency repairs could be made. Final repairs included
replacing wood pilings with concrete piers poured on
steel pilings. Since 1966, the Knik Glacier has been
retreating and has not dammed Lake George. In 1914,
when the lake dumping was first recorded, local resi-
dents reported that flooding occurred once every 156
to 20 yr.

MILE 147.1 to 147.5. THREE CROSSINGS OF
SUBSIDIARY CHANNELS OF THE KNIK RIVER.

The bridges are through-truss spans {total opening
of 1,270 €t (392m)] that were constructed when
the railroad was rehabilitated. The original timber
trestles falled to provide sufficient opening during flood
stages and collected debris that raised the flood stage
upstream. The water flooded the rallrosd grade on the
north edge of the flood plain and washed oul track
between Mile 148.8 and 150.

MILE 148.3. CROSSING OF THE MATANUSKA
RIVER.

The Matanuska River bridge has through-truss spans
with an 880-ft-long (270 m) timber approach trestle on
the south with a total opening of 1,272 ft (393 m). All
five bridges that cross the fats were darnaged by the
earthquake in 1964, Because of land spreading, piers
were moved toward the river, abutments were jammed
against the bridge steel, and the horizontal alignment
of the bridge was displaced by up to 1 ft (30 cm). Pier 3
(Mile 147.1) sheared near the base at a pour joint that
was moved about 1 ft (30 cm) toward the center of the
river. Twelve spans (168 {t; 51 m) of the timber ap-
proach trestle to the bridge al Mile 148.3 were destroyed
when the ground cracked. The trestle was temporarily
repaired by dozing in an embankment section to permit
traffic across the damaged section.

MILE 148.5 to 160. CROSSING OF THE NORTH
EDGE OF MATANUSKA RIVER FLOOD PLAIN.

This area is underiain by estuarian silt and clay.
Muskeg and marsh vegetation reflect the poor sur-
face drainage. Since originally constructed, 120 spans
(1,680 ft; 510 m) of timber trestle have been eliminated
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frigure 12, View (lo the north) from Mile 138.0. The southern shoreline of upper Ktk Arm, visible in the dislance, waos
once far north of s present localwn al the loe of the railroad grade Photograph BL 79.).15. Aluska Railroud
Collection, Anchoruge Historical and Fine Arts Museum, Qctober 12, 1916.

in Lhis area. Because the area has hecen classified as
‘wetllands,” all construction must be approved by the
U.S. Army Corps of Engineers, which acls [or various
federal and state Tish-and-game agencies. In 1947, a
3,000-ft-long (1,000 m) sheet-pile giversion dike was
constructed 2 mi (3.2 km) Lo the east on the north bank
of the Matanuska River Lo protect the railroad and the
old town of Malanuska from flooding. Since then, the
dike has required constani maintenance because (he
sheet-pile wall is ¢ontinuously undercul. The wall was
damaged extensively by the earthquake in 1964 and
by erosion in 1974. In 1981, the railroad was allowed to
repair the dike to profect the wetlands from natural
overbank deposition by the Matanuska River during
flood slage. The repair immediately benefited the
railroad, but the contlinual diversion of an aggrading river
could lead Lo a higher “perch’ for the riverbed with
potential for a breakout.

MILE 150.7. MATANUSKA STATION.

Junction with the Palmer Branch line that serves Lhe
Matanuska Valley, which is also known as Alaska’s
‘breadbasket.” In 1983, {arming in the ares accounted
for nearly 70 percent of the slale's total farm income.
Dairy and truck farming were the most important farm
enlerprises, with more Lthan 12,000 cultivated acres
(4.980 heclares). Although the Matanuska Valley has
been [armed since 1900, the greatest impact on farming
came during the Great Depression, when the Matanuska

Colony was developed and federally sponsored. The
Colony also supported Lthe Alaska Railroad. In the sprng
of 1935, 202 families (mostly from northcentral states)
were moved Lo the valley. ‘Ihey began intensive farming
near Palmer snd (ormed the nucleus of Lhe current
farming communily.

During original construction. the Palmer Branch
extended to lhe Matlanuska coalfields, whieli included
the U.S. Navy coal reserves at Chickaloon, a major
objective of Lhe Alaskan Engineering Commission.
Development of the coalfield included construction of
permanenl crushing (acilities; however, these facilities
were abandoned before complelion when the Nuavy
converted its ships from coal to oil. Consequently, the
Chickaloon Branch was abandoncd, and the track was
removed in 1938, The Glenn Highway occupies parl of
the old right-of-way along the [loor of the Matanuska
Valley.

The old Palmer-Sutton Branch was severely dam-
aged between Mile A-0.5 and A-1.0 by the 1964 carth-
quake. During original construction, a timber trestle
was driven as a relief opening {or the Malanuska River
flood plain. Later, the trestle was filled with train-haul
material (a common railroad practice), which lelt the olad
structure buried in fill. The intense seismic shaking
created by the 1964 earthquake caused the uncon-
solidaled fill material Lo compacl and settle 2 to 3 ft (60
to 90 cm). Consequenily, the old Limber trestle was
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Figure 13. A ‘spike-lilled’ tie. When (rack is shimmed in
o [rosl-heave area or shim spot, lrack spikes are
pulled oul, a wooden shim is ingerted under the (e
plale, and lrack spikes are driwen in. If frost heaving
continues, additional shims ore added. When the
ground thaws. shims are removed. and the (rachk

is respiked. The location of shim spols seldom
changes, bwl lhe heoving intensily may vary [rom
yeur lo year. Repealed spiking in a shim spol soon
‘Rills' the crosstie. The life of o treated crosstie thot
is repeatedly respihed may be as low as 6 vr, com-
pared 1o 35 yr under ideal conditions. Photograph
by Dave Alwood, 1982,

exposed beneath a frozen crusl of rail, ties, and ballast
that could not support rail traffic. The roadbed was
repaired by removing the rail and tie plates and using a
crawler tractor to rip the frozen crust and Lies away. The
underlying bed of frozen ballast was smoothed with the
tractor blade. The track was realigned on a lower grade,
and (raffic to the coalfield was restored by April 6, 10
days after the earlhquake.

Most of the Matanuska Valley is mantled wilh loess
derived from Lhe barren flood plains ol glacier-fed
streams. Large amounts of windblown material are still
being deposited by strong seasonal winds thal originale
in the canyons of the Knik and Matanuska River valleys,
primarily during Februury and March. Chil-head dunes
form along the biulls of these rivers. This wind-de-
posited material, mainly sand, is up to 50 L thick
(15 m). The mantle of wind-blown material thins rapidly
and becomes more silty to Lhe west; 1 or 2 mi [rom the
souree, the manltle is only aboul 30 in. (80 cm) thick.
Near Wasilla, the mantle is aboul 10 in. (25 cm) thick.

MILE 151.2. TEST SECTION OF CONCRETE
TIES (fig. 15).

When the original embankment malerial, which con-
sisted ol [rost-susceptible soils, was removed from under

Figure 4. A short, heavy shim areq, where shims remamn
in the {rack in July. long after spring breakup. The
differential heoaving that occurred here is culled a
sag. The least amount of heaving occurs under lies
tha! have been shimmed, the grealest umounl of
leoving occurs on eilher side of the shimmed
ties. When this heaved aree has fully subsided, the
lost shims will be removed, and the trach will revert
lo its summer profile. Photograph by Dave Atwood,
1982, See Mile 181.5 and 209 for further dis
cussions on shimming.

an old road crossing and replaced with selecl gravel,
almost 5 in. (13 em) of differential heaving ol the track
occurred. The wide ditch in the wmarsh vegelalion on Lhe
right indicates the source of borrow materials used in Lhe
original embankmenl,

MILE 152. ENTER ANCHORAGE C-7 QUAD-
RANGLE.

MILE 152 lo 160. ASCEND "MATANUSKA HILL.’

The roadbed crosses Lhis glacial moraine on a
1.0-percent ruling grade. Lt was built by sidehill con-
struction along alternaling deposits of gravelly till and
oulwash sand and gravel. Many reslrictive curves could
be reduced by line changes, but the nel effecl would be
a shorter track with a higher ruling grade. Construction
records for 1915 show Lhe following unil prices:

.Common excavalion . . . ... &50.35/5/d3
.Cemented excavation . . ... $0.65/yd® (tih?)
.Frozen excavation . ... ... $0.75/yd3

MILE 155.6. Note the spur track Lo a newly de-
veloped commercial gravel pil on the lefl. Excepl for a
few sand pils, gravel sources no longer exist in the
Anchorage area. Pit-run gravel for road consiruction and
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Figure 15. A shorl, very abrupl shim spot caused by
severe differential heaving, Mile 151.2. Concrele lies
were Installed (o test adjustable fasleners under
exireme conditions. Shims up to 5in. (127 ¢cm)
thich are reguired during the winter. See Mile 209
for further discussion of concrete ties. Photograph
by Dave Atwood, 1982,

processed gravel for paving and concrete are now hauled
to Anchorage by train from the Palmer-Wasilla area.
Pioneer Peak and the Chugach Mountains are visible on
the left.

MILE 159.8. WASILLA.

Formerly a vitlage of a few hundred people and
the supply center for the Willow Creek gold-mining area
in the Talkeetna Mountains. Today, Wasilla is a thriving
communily of several thousand people. Lake Lucille is
on the Jeft. At Wasilla, the 53-mph (95 kmph) track for
passenger Lrains and 49 mph (79 kmph) track for freight
trains begins., The route traverses gently volling to flat
terrain floored by ground moraine and marked by
numerous lakes. Vegetation is typical of a lowland
spruce-hardwood forest interspersed with a low-brush
bog-muskeg plant commumty.'S The forest of evergreen
and deciduous trees is dense to open and includes pure
stands of black spruce. Black spruce usually occur in
areas ol shallow peat, glacial deposits, or on north-facing
slopes. Willows and other brush species furnish sheller
and browse for moose. The bog-muskeg community
consisls mostly of dwarf shrubs over a mat of sedges,
mosses, and lichens. This type of vegetation occurs in
wet, (lal basins that are frequently too moist for tree
growlh. Ponds often occur in aress underlain by peat.

MILE 166.0. ENTER ANCHORAGE C-8 QUAD-
RANGLE.

GcheLaLion of Alaska is described in appendix B (p. 76).

Norihern limit of embankment failure during the
1964 earthquake.

MILE 166.5. PITTMAN.

MILE 167. For the next 4 mi (6.5 km), the railroad
cats through a series of low eskers composed of fine
gravel, The eskers are aligned in the same northeast
direction as Meadow and Beaver Lakes, which lie on
opposite sides of the track. In 1950, a gravel pit thal was
developed by the railroad on a fairly large esker proved
to be a disappointment when silty morainal material
was excavaled just below the level of the railroad’s main
line.

MILE 169, A small line change was made in 1269 to
reduce a 62 curve to 32 and eliminate a severe shim spolL.
When the original roadbed was excavated, an old beaver
dam was found beneath Che ties.

MILE 170.5. In 1951, a similar line change was
made here to permit an unrestricted speed of 59 mph
(95 kmph). Such line changes are extremely beneficial to
the railroad; running time is shortened by eliminating
the time it takes to decelerate and accelerate an 80-car
freighi train through restricting curves.

MILE 173.3. Side-borrow excavation is visible on
the gravel terrace. The borrow was hauled by train to fill
the approaches to the Little Susitna River Bridge at
Mile 174.3. The proposed site for a new slate capital is
5 mi (8 km) north on Deceplion Creek in the [oothills of
the Talkeetna Mountains,

MILE 173.4. CASTLE MOUNTAIN FAULT (IN-
FERRED LOCATION).

This actlve fawt trends east-northeast along the
Little Susilna River valley and the southern front of the
Talkeetna Mountains. It is aboul 125 mi long (200 km)
and is one of many large, linear faults in Alaska. East of
the railroad, the fault’s surface trace has been mapped as
a single break along ihe front of the Talkeetna Moun-
tains as far as Castle Mountain. To the wesl, the fault
crosses the Susitna lowland and probably joins either (or
bolh) the Lake Clark or Bruin Bay faull syslems that are
located to the southwest.

MILE 174.3. CROSSING OF THE LITTLE SUSIT-
NA RIVER.

This 80-fi-long (25 m) through-girder bridge buill in
1927 eliminated 1,652 ft (504 m) of approach trestle
on the south end of the former bridge and 1,358 fi
(1414 m) on the north end. Despite its meandering
course, the river has a sleep gradient for several miles
upstream from the railroad bridge. When flash floods
occur, the water is guickly impounded behind the
railroad embankment. In 1971, the weakened roadbed
collapsed under a northbound freight train and caused a
serious derailment.

MILE 175.3. HOUSTON.

MILE 175 to 177. This marks the western limit for
the Matanuska coalfields in the Little Susitna mining
district. [n 1917, several attempts were made to develop
the thin coal beds located in the benches on the right.
When open-pit mining was atlempted in the early 1950s,
coal was loaded into railroad cars on a spur track atl
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Mile 176.3. However, the beds were too thin and the
coal of such poor quality that all operations ceased in
1954, Construction records for May 20 Lo August 24,
1817, noted that frozen borrow material was used to
bulld the main line.

MILE 177 to 180. The roadbed is constructed on
the edge of an old flood plain of the Susitna River.
Culverts angd short timber trestles are required al fre-
guent intervals because of the numerous springs and
small streams that issue from the moraine on the right.
Mount Susitna is visible to the west on a clear day.

MILE 181.4. NANCY LAKE.

During original construction, sidehill excavation of
the glacial till on the right created an unstable slope.
Because excessive ground water caused slumping and
mudflows, the track was lined away from the hill causing
restrictive curvature. In 1962, stide malerjal was re-
moved so that the track could be lined back to its
original position, The area was revegetated, and the slope
is now stable. Although adequate ditch sections are a
desirable fealure of a good roadbed, particularly in snow
country, this feature must be balanced agaiasl the
danger of creating a constant maintenance problem by
cutting into the toe of unstable slope materiat, especially
if ground water is present.

MILE 181.5. Here, the toadbed ascends an upper
bench that is cut through morainal debris. Because ex-
cessive ground water and poor embankment material
cause severe frost heaving, the track must be heavily
shimmed during winter. The amount of heaving de-
pends on such factors as soil and drainage conditions,
embankment width, conditions in sidehill cuts and
throughcuts, and deplh of clean ballast. Differential
heaving is more common in fill embankments than in cul
socctions. This is particularly true on the Alaska Railroad,
where a great variety of materials were used for fil).
Many shim areas are irregular, and those that affect the
cross-level of the track axe the most dangerous. When the
track-surface distortion becomes (oo extensive and
irregular to be remedied by shimming, ‘Stow Orders’
are placed on the track, and traln speeds are reduced
(fig. 16). Figures 17 through 19 show how modern
equipment can raise and line track on crushed-gravel
ballast.

Numerous methods have been used on the Alaska
Railroad to eliminate or reduce frost heaving in the
roadbed; all are expensive. The most effective method is
to excavate the frost-susceptible materials down to the
frostline and replace them with clean pit-run gravel.
Howevey, the active layer along the railroad right-of-way
in the Sugitna lowland Is generally more than 8ft
(2.5 m) thick, and the maximum depth attainable by the
‘dig-down’ method is usually 6 ft (1.8 m). Further, this
method can only be used in areas where the track can be
realigned on a temporary subgrade. The old roadbed is
excavated by using crawler tractors; the track is then
lined back to its original position on a new subgrade of
pit-run gravel hauled by work traln.

Other methods tested include using a vapor barrier
(Mile 401.3), rigid insulation (Mite 439), or digging deep
ditches to intercept ground water. However, the most
practical method—one that can reduce shimming as
much as 50 percent—is to widen shoulders and raise the
track with select materials. As revenues permit, the
Alaska Railroad will use the latter meihod to alleviate
the problem of frost heaving.

MILE 184. Beaver houses arc visible in the small
lake on the left; an end moraine is visible in the back-
ground,

MILE 185.7. WILLOW.

Third active section gang north of Anchorage. The
west front of the Talkeetna Mountains is visible to the
right.

MILE 186. ENTER TYONEK D-1 QUADRANGLE.

Willow auxiliary airfield, on the left, was con-
structed during World War I on a gravel terrace of the
Susitna River. For the next 40 mi (64 km), the railroad
is aligned almost due north, The undulating grade line
matches the gently rolling to flat terrain created by a
succession of active and inactlve river channels that
incised the low gravel terraces of the Susitna Rivey.
Although gravel occurs at a shallow depth in the ter-
races, the original construction crews failed to remove all
material down to the gravel. Consequently, the roadbed
has severe differentlal heaving. Aslate 85 1972, a 10-man
extra gang was stationed at Kashwitna (Mile 193.9) to
do the extensive shimming required to maintain the
track through late winter and into the breakup period of
late April and early May.

The 1917 valley alignment of the railroad with long
tangents and light curvature forms an interesting con-
trast with the fairly winding alignmeni of the Parks
Highway Lo the west. Unlike the railroad, the highway
roadbed generally avoids muskeg swamps and is built on
gravel terraces. The highway alignment was gelecled in
1958 by using aerial-photograph interpretation to
locate favorable soil conditions,

The gravel terraces support a vegetation typical of
an upland spruce-hardwood forest. The fairly dense,
mixed forest is composed of white spruce, Alaska paper
birch, quaking aspen, black cottonwood, and balsam
poplar. These trees generally grow on deeply thawed,
well-drained southern slopes and gravel terraces, parti-
cularly in areas that were extensively buyned during
the past 100 yr. The burning of a climax forest and
subsequent understory growth of aspen, cottonwood,
and poplar furnish browse for the moose population that
peaked in the 1950s and 1860s,

The Alaska moose (Alces alces) is a large animal that
weighs as much as 1,200 b (572 kg). Its natural trucu-
lence in winter increases in direct proportion to snow
depth, winter duration, and harassment by his naturat
enemy, the wolf (Canis {upus). While making his daily
search for browse, a moose will frequently find the
snow-cleared railroad track. Once there, he may be
reluctant to leave the weli-packed trail, where he can
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Slow Order Report
Asof 8/7/88

FHJ, FCW, JLC, HLR, RUS, DDL, JAH, DWJ,
PS, KAS, TH, GV, SL, HLW, RC

‘Milepost Slow Normal
From To order P P Reason
35 36 Frost heaves
46 40 Construction damage

19.0 20.9 26
89.0 96.8 356

AB.85 - MEA industry track Water-line failure

148.3 148.5 25 45 45 Bridge 148.3 stringer replacement

164.2 164.3 30 48 49 Crossing out of line

168.0 172.0 40 48 49 Frost heaves

214.0 Hwy Xg 10 48 49 Broken rail

223.8 - Pit and log txack out of service - snow & ice
236.6 241.8 30 49 49 Frost-heaves

267.7 262.3 25 3b 35 Frost heaves

284.6 316.0 40 49 49 Frost heaves

303.6 306.0 30 45 45 TFrost heaves

815.0 320.0 80 46 46 Profile and aligrmment
327,8 330.4 32b 36 80 Frost heaves

373.7 374.0 40 49 49 Frost heaves

Nenana - walerfront track out of service 100 {t north of Standard

01

425.0 427.2 40" 49 49 Frost heaves

Date Expected
order date for

placed removal Work plan
1/21/83 6/16/88 Note A
4/8/82 6/83 Track to be surfaced
83 season
10/22/82 7/88 City of Palmer responsible
for repairs

6/7/82 3/31/83
1/8/82 7/83

B&B 6 working on bridge
Crossing to be sutfaced
and Jined
1/31/83 7/83 Note A
3/9/83 3/15 Rail being replaced
11/22/82 5/83 Uppgrade angd inspect
2/1/88 6/83 Note A
1/10/83 7/88 Note A
12/14/82 7183 Note A
12/14/82  7/83  Note A (orig 40 mph)
10/15/82  7/83  Note A
1/26/83 6/83 Note A
1/22/83 6/31/83  Note A (orig 35 mph; in-
cludes Br 373.9
Flange rail; remove ice
and snow
Note A

11/2/82 5/83

12/8/82  17/83

Note A: Section adjusting shims when neceszary to maintain speed of slow ordsr. Slow order to be remaoved after

shims are removed angd track surface corrected.

Figure 16. Exomple of a ‘Slow Order’ report, March 7, 1 983.

outrun thc wolf or have a better chance of fighting him
off than in the deep snow. However, when a train
approaches, the moose may bott down the track and run
for miles until exhausted oy slopped by an open-decked
bridge. The moose will then turn and challenge the
engine—provided, of course, thal the engineer has
reduced speed in time. Unfortunately, the challenger
loses. During severe winters, as many as 300 moose are
killed. Attempts to solve this problem have been futile.
Open-decked bridges were surfaced with aluminum
sheets, turnouts were bulldozed into adjacent snow
banks, various systems of flashing lights and audio
signals were mounfed on the engines to frighten the
rmoose, but to no avail. Moose often refuse to leave the
track (fig. 20). In the winter of 1953, a moose was hit at
Houston by a south-bound passenger train. The impact
threw the moose against a switch stand that was pulled
loose from its fasteners. The switch points under the
leading engine opened up, and the lead set of engine
wheels continued on the main line, while the trailing
wheels entered the spur track. The frain was derailed,
fortunately with no injuries—except to the moose, of
course. In the Susitna valley, the only thing that has
effectively reduced the railroad moose kill is the nearby
Parks Highway and its tributary roads.

MILE 192 to 193.4. Original construction records
show that the grade line barely skimmed the existing

ground surface. The following quantities of material
were excavaled:

BXeavaLion . ... u 500 yd3
.Excavation {or borrow (loose rock) .. 3,459 yd3
.Excavation for borrow ({rozen). . . .. 3,002 yd3
.Excavation for borrow (common) . .. 6,946 ya?

Total 13,907 ya®

(10,640 m*)
(or 2.2 yd3/linear ft; 0.5 m>/m).

This type of light grade work plus the failure to remove
frost-susceptible materials are responsible for many shim
spots in the Kashwitna area.

MILE 192 to 196. Here, the roadbed crosses the
remnants of end moraines.

MILE 193.9. KASHWITNA STATION.

MILE 198. CROSSING OF THE KASHWITNA
RIVER.

This is a fairly large meandering glacial stream that
originates from a glacially modified valley in the Tal-
keetna Mountains.

MILE 199.6. Riprap from the Eklutna pit was
dumped from the main line and bulldozed to the north
bank of the Kashwitna River {(on the right) to conirol
bank erosion caused by lateral migration of a large
meander of the river.
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Figure 17. A third-generalion aulomali¢ laptping machine used by the railroad (o rawise and tine trach on crushed-gravel
ballaxt. The machme jacks the track up untd the shadow boards mountied on the front of the cab intercep! a
sharply defined light beam that is lransmitled from a forward buggy to receivers mounted on the rear of the cab.
When the maehine inlercepts the light beam, the jacking movement stops, the lamping tools complete their cycle,
and the machine automaticully mouvvs ahead (o the next tie. The operutor walks beside the machine and uses a
remote control 1o mlerrupt, increase, or decrease any cycle He can control the machine as it inereases the ‘super-
clevation’ through the spiral curve to the full superelevalion required for the main body of the curve. A fully
aulomaled tamper gang with 10 men and ballast regulators can raise line and dress as much as 13,000 to 15,000 f!
(3,960 lo 4.570 m) of track each day. compored o 40 yr ago when @ maximum of 5,300 ft (1,615 m) of (rack was
lined and dressed by a 5U- Lo 6U-mun exiro gang. Pholograph by Bill Coghill, 1980,

MILE 202.3. CASWELL STATION.

Reginning of a 46-mi-long (74 kmj (rack section
thal received the design amount of gravel when shoul-
ders were widened and sags were raised as parl of the
rehabilitation program in 1948 and 1950.

MILE 203.3. SHEEP CREEK.

MILE 207.8. GOOSE CREEK.

Goose Creek is a nonglacial slream (that recently
caplured most of Lhe discharge from the larger Sheep
Creek, which is the oulwash stream of Sheep Creek
glacier located in the Talkeetna Mountains. Previous
altempls to maintain a dike (hat separates the lwo
streams 5 mi (8 km) east of Lhe Lrack have failed. The
combined discharge of the two streams was ¢xcessive for
the old 13-span timber trestle. In 1981, the wood Lrestle
was replaced by a clear-span bridge with steel girders
thalt were salvaged [rom another bndge. All bridgework
on the Alaska Railroad is performed by special railroad

crews that are equipped to handle all Lypes of construc-
tion and make year-round emergency repairs.

MILE 208.5. Note the view of Lhe west [ront of Lhe
Talkeetna Mountains. The smoolh contours are un-
mistakable evidence of glaciation at 4,000-ft (1,220-m)
clevalion.

MILE 209. A Lesl section of concrele crossties with
special fasteners was installed in a shim area in 1973
(fig. 21). Because of severe differential heaving caused
by frost aclion, the track line musl be adjusted to
maintain normal operating speegds. I the ties are frozen
in the ballast, conventional methods of tamping and
lining lhe track cannot be used. When this occurs (Octo-
ber Lhrough May), wood shims are used to adjust any
vertical displacement, and spikes are driven in new wood
surfaces to adjusl any horizontal displacement. As
heaving increases, new agdjustments are made. When Lhe
temperature warms, shims are removed in stages unlil
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Figure 18. View of power head of aulomatic tamper
with lamping tools inserled into ballast. Ballast is
compacted under the tie by squeezing and high-
frequency vibraling of the tamping lools. This
funclion wag formerly handled by o ‘gandy dancer'
with a No. 2 shovel. Usually only lwo insertions are
necessary to fully lamp the tie. Photograph by Dave
Atwood, {982,

Figure 19. The project buggy transmits light beams back
to the automatic tamper wilh its shadow boards
fully extended to raise and line irack. Photograph
by Dave Atwood, 1982,

Figure 20. Moose oflen frustrate (rain operalors by
refusing lo leave the track. Sheich by Gerrit Hjellen.

the track has returned to ils original position. However,
the repeated spiking leads to eanly failure of the spike
(‘spike-killing’),

The test section was installed to determine if
a concrete tie could withstand the stresses caused by
deformation of Lhe ballast and subgrade section. How-
ever, a concrefe lie could only be used if the fasiener
had a considerable degree of vertical and lateral adjust-
ment compatible with the ties. Criteria established by
the Alaska Railroad for the test required a fastener
thal was capable of handling vertical deformations of 5
to 6in. (102 to 152 mm) and lateral deformations
up to *2in. (51 mm) to maintain operating speeds
of 49 mph (79 kmph). Such deformations required that
the holddown elemenils and associated tie anchorages
accept stresses greater Lhan normal. Moreover, the
(asteners had to be simple so that they could be ad-
justed with hand tools under adverse climatic conditions.

The test section is 10 rail-lengths long, or 390 ft
(119 m), and consists of 18] prestressed concrele ties
that are uniformly spaced 26 in. (66 ¢m) apart. The ties
are Gerwick RT-7S ties (fig. 22) that weigh 800 Ib
(363 kg) each and are produced by the Sanla Fe -
Pomeroy Company in California. A new uncanted
fastening system (fig. 23) had to be designed for the test.
The fastening system consisls of a plate with two welded
Pandrol-type shoulders for positioning the rail an the
plate. Heavy-duty Pandrol spring clips are used to secure
the rail to the plate, which has two slofted serraled
holes. The plate is fastened to the tie with 10-in.-long
(25.4 cm) coil bolts and adjustment blocks thal have
matching serrations to provide a positive lateral adjust-
ment. A l-in.-long (2.5 em) coil bolt is threaded into
a special coil anchor embedded in the tie.
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Figure 21. Concrete-tie lesi section, Mile 209. Concrele
ties have been used for many years by the railroad
Industry, particularly in counirics where limber is
scarce. They are used here because (hey have
adjuslable fasteners thal permil shimming to correct
differential heuving in a known shim spol. The
center of the track recewed o light dump of ballast
before il was raised by a surfacing gang. Photograph
by Dave Alwood, 1982,

The test results clearly show that the concrete tie
and special fasteners performed satisfactorily under
frost-heave conditions and cold-weather working condi-
Lions.

MILE 209.3. MONTANA.

On the right is an Alaskan homestead.

MILE 211. CROSSING OF MONTANA CREEK.

This is a favorite fishing stream noted for ils rain-
how (lrout, grayling, and salmon. Vegetation along the
Susilna River (to the left) is typical of a bollomland
spruce-poplar forest, 'I'he tall, relatively dense foresi
contains white spruce locally mixed with large cotlon-
wood and balsam poplar that are usually found on level
flood plains and low river lerraces. In some areas, a thick
layer of active permafrost overlies perennial permafrosl
beneath this type of forest.

MILE 212. Over the next 4.5 mi (7 km), the rail-
road ascends a relalively high gravel terrace formed by
the Susilna River as il meanders Lo the west. The rather
abrupt north face of the bench (crossed by Lhe railroad
at Mile 216.2) lies almost perpendicular Lo the generally
north-south trend of the river, The Parks Highway
crosses the Susitna River 3 mi (5 km) to the west.

MILE 215.3. SUNSHINE STATION.

MILE 216.5. The roadbed Lraverses a low terrace of
the Susitna River at water-level grade fox the next 5.5 mi

25

(8 km). An older, higher terrace is visible on the right.
Although drainage in the area is poor and some ponds
occur (fig. 24), the embankment section, which received
a heavy raise of gravel during the rehabilitation period,
has been relatively stable. Consequently, the railroad can
maintain 59 mph’ (95 kmph) with normal majnlenance.

MILE 220.6. ENTER TALKEETNA B-1 QUAD-
RANGLE.

MILE 222. The roadbed traverses another lerrace of
the Susitna River in the next 3mi on a maximum
1.0-percent grade.

MILE 223, One of the oldest and most productive
gravel pits along the railroad is on the left. Fluvial
deposits along the Susitna River range from coarse to
very fine gravel with some sand and very litlle colloidal
material. Because of the Lhickness and quality of Lhe
materials, the Alaska Railroad has developed a high
shovel face and cao load directly inlo railroad cars.
Here, the uptand spruce-hardwood forest is well de-
veloped and extiensive. Efforts to log the birch com-
mercially have failed because of the generally over-
malure condition of the virgin forest.

MILE 224.5 Note the dramatic view of Mount
McKinley with Mounl Hunter and Mount Foraker to the
left; the heavily braided Susitna River is in the fore-
ground. At 20,320 i (6,194 m), Mount McKinley is the
highest mountain on the North American continent. The
elevations of Mount Hunter and Mount Foraker are
14,573 (1 (4,442 m) and 17,400 ft {5,304 m), respective-
ly.

MILE 226.7. TALKEETNA.

Talkeetna is a small village that lies at lhe con-
Nuence of the Talkeeina, Chulitna, and Susitna Rivers.
Historically, the village has been the supply cenler (or
the Dutch Hills - Peters Creek gold-mining arca located
to Lhe wesl in the (oothills of the Alaska Range. Tal-
keetna is known as the jumping-off spot for many
climbing parties thal come from all over the world each
year to atlempt Lo scale Mount McKinley. Climbers are
usually flown to the 10,000-fL (3,000 m) level to begin
thejr ascent.

MILE 227.1. CROSSING OF THE TALKEETNA
RIVER.

Two mi (3.2 km) above the bridge. the Talkeelna
River emerges {rom a well-defined channel and braids
inlo a myriad of channels that merge before passing
ungder the railroad bridge. The river shifls between Lhe
various channels depending on the debris accumulalion
that blocks one channel, then another. Occasionally. Lhe
westernmost channel will carry most of the water,
thereby increasing the flow and the amount of debris in
Billion Slough, which the railroad crosses on a timber

7lndustr,v regulations permit & maximum speed of 59 mph
(95 Xmph) [or passenger tyamms on rallroads that opvrate wilh-
out an aulomalic block signaling system: freight Lrains are
restricted Lo 49 mph {79 kmph).
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Figure 22. The Gerwick RT-7S concrete ties weigh 800 b each.

trestie at Mile 227.9. There is a dislinct possibility that
the Talkeetnz River could make a major shift and girect
most of its discharge against the railroad at this point.

MILE 228. Beginning of a 4-milong (6.5 km)
tangent or straight-line track on a stable embankment
thal crosses an old flood plain of Lthe Susitna River. At
Mile 229, the linear patierns in the vegetation suggest an
carlier, more northern confluence of the Talkeetna and
Susitpa Rivers. Recent aerial photographs ingicate
that the yailroad embankment has blocked surface
water that originates on the east side of the track. As a
result, a mature spruce-hardwood forest has developed
on the west side of the track and contrasts sharply wilh
the low-brush, bog-muskeg vegetation typical of pootly
drained areas.

MILE 232. Note the railroad gravet pit on the right
in high-terrace gravels. The gravels contain more colloi-
dal material than the cleaner gravels at Mile 223 and
serve as one of several stockpiles of crushed-gravel ballast
along the main line.

MILE 233.5. CROSSING AN OLD FLOOD PLAIN
OF THE SUSITNA RIVER.

This crossing required several bridges and a fairly
high {ill section. The wide ditch angd rectangular ponds
on the right indicate thai unsuitable side-borrow mate-
rials were used.

MILE 234.3. The pond on the right was formed
when beavers buill their dam across the railroad drainage
structure. Beaver gdams are another perennial problem
faced by railroagd-maintenance crews. If a beaver dam is
not removed from a culvert, the track could be washed
out during a flood.

MILE 236.7. CHASE.

Here, the railroad enters the Susitna River canyon, a
glacially modified structural basin in the Talkeetna
Formation. In this area, the formation consists primarily
of slate, argillite, and graywacke, with occasional schist
and phyllite that is overlain by glacial till and terrace
gravels. The uniform backslope, which is mantled by
thick vegetation, suggests that the bench on the east
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Figure 24. Side borrow, Mile 215. The source of the sily, organic maiterial i the embankment seclion i1s the shallow,
waler-filled pil on the righl. Photogruph AEC G657, Alasha Ruilroad Collection, Anchorage Historice! and Fine
Arts Museum, 1918.

has a stable angle of repose. However, ground water
constantly carries [line-grained silt from the overlying
moraine downslope. The silt fills Lhe ditch along Lhe
track and the voids in the crushed-gravel ballast. 1 the
ditch seclion is cleared, the mantle of soil and vegeta-
lion may be undercut. When the mantle is lubricated by
ground water, it slides downhill in wide swaths, ex-
posing the ungderlying bedrock and ofilen covering the
track with mud and trees. When (he roadbed belween
Mile 236 and 239.7 was constructed during Lhe winter
of 1919 Lo 1920 by the Alaska Engineering Commission,
a sleam shovel was used to make the necessary sidehil!
excavation. However, the roadbed on either side of
Lhis section was built earlier by station contract in 1916,
There appears to be no economical way Lo stabilize the
slope (fig. 25).

MILE 237.4. Very thin layers ol low-grade coal are
visible in the bedrock exposure on the right. During
original conslruction, specially designed riverboals
brought supplies this far and would ‘bunker-up’ on the
coal for the return trip to Susitna Station on the Jower
Susitna River (fig. 26). Before the railroad was rehabili-
taled, itrack maintenance was extremely difficult angd
expensive. Culverls were useless, and open track boxes
were spaced 100 fi (31 m) apart Lo carry off water
and sill. During rebabilitation, the roadbed between
Mile 236.5 and 241.5 was raised Ly al least 3 L (1 m)
with gravel. During spring breakup, ice jams on the
Susitna River are a problem ([ig. 27). In 1981, the track
at this location was under water {or 2 days before the ice
jam broke downstream and flood walers subsided.

MILE 239.3. ENTER TALKEETNA C-1 QUAD-
RANGLE.

MILE 241. Glacial erralics of granile are visible on
the right.

MILE 241.5. A good bedrock exposure capped wilh
outwash gravel is visible on the right.

MILE 244.5 'The clearly defined lerraces on the
right indicate that the Susitna River once carried a heavy
load of glaciofluvial sedimenis. At its head, the river is
still fed by Lwo large glaciers, the Susitha and the Ma-
claren. 'I'he river flows soulh in a braided patiern over a
broad flood plain. Below the great bend where it begins
lo flow west, the Susitna River deposits mosl of its
coarse debris and flows in a single, deeply incised chan-
nel that extends almost to its confluence with the
Chulitna and Talkeelna Rivers. These rivers transport
large quantities of outwash gravels, and below the village
of Talkeetna, the main Susitna River has developed
another broad, braided flood plain.

MILE 246.7. The former Curry rock quarry on the
right is a large granilic intrusion (hat rises 1,200 f1
(364 m) above Lhe valley (loor. The wmaterial is of
excellent quality; however, the existing quarry face is
too high to work safely, and extensive site preparation
would be required to reopen the quarry. All riprap
used by the railroad is produced al the Eklutna pil.

MILE 248.5. CURRY.

Once this was a division point, complete wilh
houses, shops, an enginehouse, a waler tower, and a
beautiful hotel. Travelers would arrive Irom Seward,
spend the night at Curry, and deparl Lo Fairbanks Lhe
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following day. Tourists could cross the Susitna River on
a foolbridge and climb Lthe west ridge Lo a lookoul point
that provides a speclacular view of Mount McKinley.
The hotel burned down in 1963, and mosl other build-
ings have since been removed; only Lhe unoccupied
barracks building remains. Curry is localed within
a federal wildlife preserve Lhat was established in 1933.

MILE 248.7. Deadhorse Creek is Lhe source of an
active alluvial fan Lhal has [orced the Susitna River
against the canyon’s wesl wall.

MILE 249, ENTER TALKLEETNA MOUNTAINS
C-6 QUADRANGLE.

The Nal-floored, U-shaped, glacin) canyon is up to
I mi (1.6 km) wide, which allows ample room for a
generally favorable alignment on the gravel Llerraces.
However, in a few restricled areas, Lhe river lies againsi
the canyon’s east wall,

MILE 256.9. Note the Beaver dam on the right.

MILE 257.7. SHERMAN.

The track is located on an alluvia) fan that has
clearly defined Llerraces on Lhe right. The smooth,
rounded contours of the ridge Lo the wesl thal divides
the Susitna and Chulitna Rivers clearly indicate that the
ridge was completely overridden by ice during Pleisto-
cene time.

MILE 259. Here, the roadbed is conslrucled in a
bedrock cul seclion (fig. 28). Excessive ground water
seeps into the shallow subgrade and ballast seclion and
causes severe differentlial heaving, In addition, hydro-
static pressure forces the water Lo low [rom Lhe verlical
rock face above the track level. The water causes a
wall icing, which can resull in side-clearance problems.
[eings are common in winter and potentlially hazardous
to safe winler operations (fig. 29). Even during exireme
cold spells, ground water continues to flow from Lhe
ground. [f nol checked, the icing will continue to build,
fill the ditch, and reach the track, where an accumula-
Lion of only 1 or 2 in. can derail the heaviest locomotive.
Because nearly all icings are remote from electrical
power, standard thawing equipmenl on the Alaska
Railroad has become the ubiquitous ‘Alaska daisy,’
which is a 55-gal (210 1) [uel-oil barrel that is cut in hail
and filled wilh charcoal briquets that are kept burning
continuously. Rock salt is also used Lo encourage melt-
water {o flow into ditches and cuiverts. The severity of
the icings varies, bul is al ils worst during a winter of
light snowfall and extended stretches of cold weather.
Thick snow, if undisturbed, will insulate the ground
and allow ground water Lo flow through culverts under
the track. During a bad year, the railroad may burn as
many as 24,000 10-1h bags (240 tons oy 220 mt) of
charcoal. Under cerlain condilions, prima-cord explo-
sives and a dilcher (an on-track power shovel) are used
Lo break up ice in Lhe dilches.

MILLE 262.5. ENTER TALKEETNA MOUNTAINS
D-6 QUADRANGLE.

Note the well-defined lerraces on the nght.

MILE 263.2. GOLD CREEK.

Figure 25, Heovy dilching is required to prolect (he
roadbed and ballast seclion from the sill and debris
in mudflows thal originale on the high face above
the track belween Chase (Mile 236.7) and Mile
241.5. Pholograph by Dove Alwood, | 982.

This station could become the railhead for trans.
porlalion lo the proposed dam site at Devils Canyon,
located 17 mi (27 km) up the Susitna River,

[f adopled, the Lwo-dam hydroelectric projecl
would be an arched struclure 645 (t (196 m) high by
about 1,500 (L (457 m) long at the crest, wilh an in-
stalled capacity of 600 MW. The reserve behind the dam
would be about 26 mi (412 km) long. Localed farther
upriver, Lhe second proposed dam, Walana, would
be an earth-filled struclure with a maximum heighl
of 885fiL (270m), a length of 4100 (t (1,250 m)
at the crest, and a tolal volume of 62 million yd?
(47,740,000 m?3). Installed capacily would be 1,020
MW, and Lhe reservoir would be 48 mi (72 km) long.

Within the Talkeetna Mountaing Quadrangle,
large-scale geologic slructures, such as the Susitha and
Chulitna River valleys Lo the west, have the same soulh-
wesl orienlation as the Depali fault system. This parallel
paltern was probably caused by a massive collision when
the Pacific plate was subducted beneath the North
American plate.

MILE 264.1. CROSSING OF THE SUSITNA
RIVER.

The roller pests and expansion on this 504-fL-
long (153.5) Lhrough-Lress span were affected by Lhe
1964 carthquake and had Lo be reset. This structore was
the first sleel bridge constructed on the railroad norlh of
Anchorage and is listed in the National Historical Regis-
ier,

MILE 286. The ascent of Lhe Indian River can-
yon begins here. The beautiful clear-waler stream
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Figure 26, A viverboal “taking on coul” opposite Mde 231, Numerous lgnite veins are localed hereo The vessel had u
special stern tunnel design Lo operate on the Sustine Ricer. Photograph ARC 1194, Naska Rallroad Collection,

Anchorage Historical end Fove Arts Museunm, August 31

originates in the northwesl corper ol Lthe ‘lalkeetna
Mountains, When the Susitna River canyon was selected
as the railroad corridor north of Talkeeina, @ north-
bound ruling grade ol 1.75 percenl was needed Lo reach
the upfands of appey Chulitna valley and cross the
Alaska Range through Broad IPass. The ruling grade’s
effect on drain operations is shown in the following
conmparison of tonnage ratings tor the 3,000 hp engines
now being used to haul freight:

Jorlage Lo Polier

Level grade; 1,060 tons (1.135 1)
~Anchorage Lo Gold Creek

1.0 percent grade; 2.100 tons (1,910 1)
Lold Creck to Colorado

175 percent grade; 1,255 tons (1,136 4)

Locating a railroad route through mounlainous (er-
rain required greal skill on the part of the localing
engineer. Northbound and southhound ruling prades
vary  within the same district, Here, numerous sharp
curves had Lo be made to follow the general course of

OIS

the narrow Indian River valley and develop a line long
enough to meel a vertical rise of 1.75 11 (53 em) for
every 100t (30 m) on langent track. Resistance Lo a
train moving through a ¢urve further reduces the engine-
tonnage rating. To maintain the Lonnage raling, the
prade line through the curves was reduced by 0.04 per-
cent for cach degree ol curvature, Thus, the grade line
through the compound 119 curve al Mile 269.6 s
1.19 percent, less than the average grade of the Indian
River,

MILE 268.1. CANYON.

MILIS 269.1 to 270, Three crossings of the Indian
River show Lightly folded and jointed bedrock of gray-
wacke, slate, and argillite. With its steep pradient, the
Indian River occasionally overfiows its banks of loose,
unconsolidated gravel porth of Mile 270.2 and causes
serious erosion problems along the roadbed.

MILE 2721, Severe differential  heaving oceurs
along this curve becanse of excessive ground water in the
underlying soils. Ditches were recently dug here to
intercept ground waley that flows from the base of the
stream-deposited gravel on the [eft
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Figture 27, Resulls of an ice jum during hreakap of the Susitna River, Mile 237.5. Nale the high water formed by ice
flocs on the aglund Lo the left Photograph AC G175, Musha Ratfroad Caolleclion, Anchoriape Historical and Fing
Arts Museuny, May 17, 1021

MILE 273.6. OLD RAILROAD GRAVEL PI'T

Outwash gravel in this area is very coarse and of

limited nse; (he pit was last used in (907,

MILE 273.8. CIHTULI'TNA.

MILJ 276.3. CROSSING OFF PASS CREEK.

This creel draing into the Chuhina River An old
trapper's ¢abin is on the righi. ‘The aseent of Chulitna
hill begins on a 1.75-percent compensated pracde with
restrictive carves. 'The south Tace of (he Alaska Ranue
{to the lelt) shows Lhe extreme relief from the HOQ-fL
(150 m} elevatlion ol the Chulitnit RRiver to the 20,320-t1.
high (6,194 m) summit of Mount McKinley, a nere
35 mi away (56 k).

MILE 2798 On the left. the south and north
peaks of Mount McKinley are visible, Viewed from a
distance, the mountain system is an abrupt and chaolw
mass ol peaks that dilfer substantially in elevation.
Sculptured by erasion, sheer eranite walls rise to eleva-
Lions of 2,000 to 8000 it (600 to 1,200 m) and are
surmounted by inpumerable  pinnacles, Peaks with

BAbslruNu(l from Cupps, 1933,

elevations of 53,000 o 11,000 1t (1,500 1o 3,300 m)
commanly rise 1,000 to 8,000t (1,200 Lo 2,800 m)
above {heir bases, Within this range of mountains,
glacicrs wind downward (rom  the fanks of Mount
McKinley. ‘T'he Lopography of a large part of the area has
been glacially modihed, and cirques, areles, truncated
spurs, and U-shaped valleys with oversteepened slopes
are common. Only a small part of Eldridge Glacier, one
of Mount McKinley's largest ice fields, is visible above
the shoulder of a high ridge. The lower L0 mi (16 km) of
the glacier are covered with an abjation moraine, and the
e is exposed only on Lhe madrging or in tissures thatl
extend through the moraine. A lack ol vegetalion on the
maraine suggests recent aclivity at the front. No terini-
nal maoraine exists beyond the glacier (ront; the volume
ol mellwater that nises i a great vpwelling or fountain
al the glacier fronl 1s apparently large cnough Lo remove
Lhe inorainal material as quickly as it accumulates.

MILLE 280. Although the grade is nearly level, poor
subgrade conditions restrict Lrain speeds lo 35 mph
(66 kimph). Exposurcs indicate that the upper Chulitna
valley is floored with morainal material, Surface drainage
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Figure 28. The station conltractor had workers use picks, shovels, and wheelbarrows to excavate a sidehill cut, Mile 259,
Photogruph AEC G 11806, Aluska Railroud Cullection, Anchorage {listoricat and Fine Aris Museum. March 6. 1919.

is poor, and Lhere are indications of disconlinuous
permafrost al shallow depth. Vegelation is Lypical of a
lowland spruce-hardwood forest wilh pure stands of
black spruce (ligs. 30 and 31).

MILE 282.7. Frost jacking has exposed several poles
ol a two-pole light trestle used by stalion men when the
original embankment seclion was constructed.

MILE 283.2. ENTER HEALY A-6 QUADRANGLE.

MILLE 283.7. The grade descending toward Hurri-
cane Gulch required a throughcul Lhat exposed ground
moraine underlain by a peal layer more than 10 fl thick
(3 m).

MILE 284.2. HURRICANE GULCH BRIDGE.

This structure is a 384-fldong (117 m) deck-arch
that is 290 ft (88 m) above Lhe floor of the gulch. On
the right, a bedrock landslide is wvisible on the north
bank. On the lefl, the Chulitna River alternately (lows
belween rock walls of canyons and more open sirelches;
il emerges as a braided river on a wide flood plain.
Becavse many tribulary streams issue from glaciers, the
river carries lorge quantities ol sedimenl and is con-
stantly shilting its course, culting into ils banks, and

forming bars in its (lood plain, The gravel and rock walls
ihat extend several hundred feel above the Chulitha
River form benches on which the railroad is located. The
benches represent the floor of a broager, older valley
thal was larger and more mature than the old Susitha
River valley. The benches suggest thal although the
Susitna River now carrics more waler, the Chulitna River
may have once been the main stream.

MILE 285.5. Begin descent on a 1.5-percent,
southbound ruling grade Lo cross Honolulu Creek on a
150-[t-long (45 m) through-truss span near the floor of
the Chulitna valley (fig. 32). This alignment avoided
crossing scveral deep gotrges on the higher bench of Lhe
original localion. The original drawings show that several
allernale locatjons were investigaled, one of which
involved building six tunnels, thrce on each side of the
approaches to the guleh. IThe construction of the Parks
Highway m (his area involved a sumilar excreise in
selecting a final alignment.

MILE 286. The old footbridge across the Chulitna
River afforded early miners and prospectors access Lo
the south end of the Chulitna mining district This
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Fgure 29, Anicing at Mile 260 Photogruph ALEC G1189, Alasho Ruilroad Collection, Anchoroge Historwul and Fiie
Arls Museum, March G, 1919,

district, roughly 30 mi (48 kin) long by 10 mj (16 km)
wide, extends northeast from Bldridge Glacier along the
soulhwest flank of the Alaska Range. Records indicate
that gold, silver, and copper were produced Irom the
Golden Zone Mine. Coal was produced at the Dunkie
Mine and brought to Lhe railroad aL Colorado Station
(Mile 297.1). Development of (he Chulitna inining
district was actively promoted by the railroad in the
1930s.

MILLE 288.7. [For the next 3 mi (5 kmj, the railroad
follows the Chulitna River flood plain ¢n a ¢ood sub-
grade. Several small bridges deemed necessary during
original construclion have been replaced with culverls as
drainage condilions changed.

When the railroad was constructed. wood trestles
were driven across mosl drainage ways. [or the next
several years, stream runoff was obscrved under peak
conditions. On the basis of these on-going observa-
Lions, the original structures were either redriven or
replaced with a culvert.

MILE 292.1. In 1921, a 15-person work crew cx-
cavaled a throughcul and found almost all of the ground

was [rozen; Uhis may have been the railroad’s first
larpe-scale excavalion in permafrost.

MILE 292.2. Beaver dams and pands are visible on
both sides of Lhe track.

MILE 292.3. CROSSING OF TIE BEAST FORK
CHULITNA RIVER.

Al the wesl valley wall| the ascent to the Broad Pass
area begins on a 1.75-percent compensated grade. Tan
stream gravel overlain by blue-gray glacial till and
oulwash gravel is visible in both walls of the Bast Fork
valley. The gravel pil on the left al Mile 293 has oc-
casionallv been used to widen shoulders, Soil borings
and the skeep, natural slope indicate a high content of
colloidal material that makes this pit an undesirable
source ol crushed-gravel ballast.

MILL 293.7. ENTER HEALY A-5 QUADRANGLE.

MILE 294.1. The broad, flat-floored valley and
gentle terrain through Broad Pass arc more typical of Lhe
lower Susitna valley than ol a pass through a maujor
mountain system. Here, Lhe railroad aligntnent has long
tangents and shallow curves. Train speeds of 49 mph
(79 kmph) are maintained (or 9 mi (14.5 km) and ithen



34 GUIDEBOOK &

.\
e By
~ T

~ b

P

Pipure 30. Station workers excavate a (hrougheut in glaciel HH, Mile 282 ta 283, The malerial was loaded info horse-
drown carts and hguled south to hudd the fill shown in figure 3, Photlograph AEC G1o67. Aaska Radroad Collee-
tion, Anchorape Historical and Fine Arts Museum, May 25, 1920,

reduced to 45 mph (72 kmph) for the following 15 mi
(24 km). Short, abrupt (rosl heaves develop quickly in
Lhis area ang require prompl attention.

MILE 295.L. This 1s the first in a series of rock
glaciers that are visible in the high valleys of the Tal-
keetna Mounlains Lo the eist ((ig. 33). In Lhis area,
stands ol timber in which black spruce is Lhe predomi-
nate species have heen referred (o as ‘liaga,” the Russian
word for a typical horeal forest.

MILE 287.1. COLORADO STATION.

An access Lrail to Lhe Chulilna mining district starts
here.

MILE 30J. To the east, the Middle Fork Chulina
River valley has the typical U-shaped cross section of a
glacialed valley. The old railroad gravel pit on the lefi is
one of the lew gravel deposils in the Broad Pass area
clean cenough to producce crushed-gravel ballast. The
entire deposit of stream gravel wesl of the track wax
used Lo produce 135,000 yd® (105000 m?) of batlast.

Although the undulating grade line bebween Mile 299.7
and 303.2 is on langent track, it is sbill undesirable. On
long freight trains, couplers accumulate considerable
slack and cars tend Lo ‘run in’ and “run out,’ depending
on Lheir distance from the engines and whether the grade
ascends or deseends. This makes il difficult for the (rain
engineer Lo gel the proper throltle setting required Lo
maintain a uniform speed, particularly with the olg
steamn engines. In 1946, shoulders were widened as much
as 301t (9m) Lo support a (il section that would
climinate the sags. However. the program was never
completed because of insulficient funds and the advent
of modern diesel etectric locomotives. A solar-powered
highway warning system used ual remote crossings is
shown in figure 34,

MILE 304.3. BROAD PASS STATION.

Eighth active seclion crew north of Anchorage. The
roadbed and buildings arc located on the flood plain of
the Middle Fork Chulitna River, which has a high waler



THI ALASKA RAILROAD 35

Figure 31, Statton workers al Mile 282, Photugraph AEC G15068, Alusha Raitroad Collection, Anchorage Historical and
Fute Arvls Museum, May 25, 1920,

lable. A heavy <bim area exists al the north end of the
yard hecause of Lthe poor subgrade conditions and the
high water table.

MILLE 305.5. ENTER HEALY B-5 QUADRANGLIE.

MILE 305.7. CROSSING OF THE MIDDLE FORK
CHULITNA RIVER,

The steep slopes in the cutbank on the right are
typical of ithe Broad Pags gravel, which is cemented by
colloidal material. Squaw Creek, on the right, carries an
annual yun of king salmon as far as beaver gams permit.
Isolated stands of black spruce merge into alpine tundra
Lhat is composed mostly ol Jow, herbaceous and shrubby
planis. Atpine tundra Lypically oceurs on mounlaing
above 2,500 (L {800 m) elevation. Small, white alpme
flowers (avens) dre common on ridges and stopes iy the
Alaska Range. Plant regencration is often extremely slow
aller fire, mechanical damage, or overgrazing. Lichens
may require more than 60yr Lo fully recover. Oc-
casionally, small bands of caribou (probably stragglers

from the main herd in Denali National Park, Lo Lhe wesl)
move into the area.

MILE 310.2. SUMMIT OF BROAD PASS.

This pass is 2,363 L (713.5 m) above sea level.
Summit Lake (on the rightj drains norih Lo inlerior
Alaska and then to Lhe Bering Sea. Topographic and
olther surface fealures ol Lhe area, such as elongated
lakes, vegelation sirands, streams. and smooth. linear
ridges, all trend southwest. This orientation was cansed
when the soulh branch of the Nenana Glacier moved
southwest and jowmed the large ice sheel thal occupied
Lthe Susitna basin during the last glaciation. Broad Pass
dlso serves as a spillway for weather. Large low-pressure
systems moving into Lthe Gulf of Alaska bring heavy
precipilation and develop strong winds north of the pass.
During long periods of intense cold in the Tanana
Valley, a pressure gradienl develops, and cold winds
spill through the pass from the norlh. These winds
can last for 6 wk and exceed 40 mph (64 kmph).
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Pigure 32 Sidehill excovation m glacial drift vn "Honolulu Hill," Mile 287. Photograph AEC G1807, Aluska Katlroad
Collection, Anchorage Historicol and Fine Arts Museum, June 20, [92/.

A Jordan spreader, pushed by an engine, is the
standard equipment used {or snow removal on Lhe imain
line. The spreader has « high-nose plow and adjustable
wings thal can push snow as much as 20 It (6 m) from
the frack. However, in the Broad Pass area, strong north
winds can creale snow drifts up Lo 15 ft (5 m) deep.
Then, a rotary snowplow and two or lhree crawler-
tractors (‘cats’) musl be used to remove the snow. The
rotary snowplow cuts a trench through the drifted area;
on its nexl pass, the cals work ahead and doze the
drifted snow into the trench. The rolary snowplow picks
up the snow and blows il aside in a long plume, 40 to
50 It (12 Lo 15 m) from the track. This process opens

the track and permits the snow to blow by. In these
condiiions, it is desirable (o have the ilrack on a Till
section, and brush should be removed. Snow {ences are
no longer used on the Alaska Railroad. The line change
al Mile 308 was constructed in 1952 Lo avoid a cul
seclion along Squaw Creek (on the left).

MILE 312.5. SUMMIT STATION.

The former Federal Aviation Agency facilily on ihe
fefl includes a 5,000t (8,045 m) landing sirip built on a
gravel lerrace in 1943. During breakup, the strip is sofl
and much of il cannol be used. Panorama Mountain
is visible to Lhe north.

GLACIAL HISTORY OF THE
NENANA RIVER VALLEY?

Four glaciations have been recognized in the Nenana
River Valley. They are named afler Alaska Railroad
place names according to Lheir advance northward down
the Nenana River canyon. The most extensive (and

9Modificd from Wahrhaftig and Black, 1958,

oldesl) major glacial advance is the Browne Glacialion,
which formed an ice lobe 16 mi (26 km) wide |near
Lignite (Mile 363)] that terminated a {ew miles north of
Browne (Mile 381.2). AL Lhat Lime, the Alaska Range
consisled of low ridges and broad valleys dominaled by
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the Mount McKinley group of mountains to the west
and the Mount Hayes group east of the Nenana River.

An uplift and northward inclination of the Alaska
Range that began before the Browne Glaciation con-
tlinued, raising the Healy area 700 ft (215 m) and Lilting
the Nenana River 25 fl/mi (4.4 m/km) Lo the north.

The next oldest glacial advance is the Dry Creck
Glaciation, during which ice moved as far as Mile 361
(near Dry Creek), just 3 mi (5 km) north of Hecaly.
During Lhis glaciation, the coastal mountains Lhat border
the Gulf ol Alaska were uplifted, as was the Alaska
Range. Al this time, the Alaska Range probably received
less snow because the coastal mountains intercepled
more moisture from the Pacific Ocean. Thus, laler
glaciationy were less exlensive. During a period of uplifl,
the northern (oothill belt of the Alaska Range was
inclined northward about 17 ft/mi (2.8 m/km), and
Healy was elevated another 500 ft (150 m).

The ihird oldest glacialion is the Healy Glacialion,
during which the topography of the Alaska Range was
similar Lo that of loday. Most ice of the Nenana Glacier
probably moved southwest down Broad Pass and joined
the ice sheet that occupied the Susitna basin. However, a
branch that {lowed north down the Nenana canyon was
joined by ice (rom Yanert Fork and Riley Crecek. 'This
ice issued from the narrow gorge belween the Denali
National Park and Preserve and Healy (known as 'Healy
Canyon’ by the railroad) and formed a large pedmont
lobe. Although most malerial deposited during the Healy
Glaciation was removed by erosion, some deposils re-
main on gently sloping areas near Healy. Afier the ice
retrealed, Lake Moody occupied ‘Healy canyon.’

The youngest and leasl extensive glavial advance
is the Riley Creck Glaciation, during which the glacier
built. its terminal moraine at the moulh of Riley Creek
(Mile 347.4) almost 30,600 yr ago (hased on a radio-
carbon age daling). Duxing iis retreat, the glacier staged
a readvance north from Windy (Mile 326.7) (o a point
4mi (6 km) north of Carlo (Mile 334.4). Afler the
glacier retrealed, a glacial lake Lhat extended as far south
as Windy lormed.

MILE 312.5. SUMMIT STATION.

MILE 313. The roeck glacier on e right overrode 2
small glacial moraine midway up the east wall of Broad
Pass.

MILE 314. Beginning of descent through morainal
material.

MILE 316.4. CROSSING OF THE CANTWELL
RIVER.

This glacial outwash river flows from Denali Nalion-
al Park and Preserve.

MILE 317.7. ENTER HEALY B-4 QUADRANGLE.

MILE 319.5. CANTWELL STATION.

Cantwell is a small village that lies just off the
junction of the Parks Highway and the Denali Highway.
Survey crews traveled to Chilina on the Copper River
and Northwestern Railroad. From Chitina, they traveled
to the Broad Pass region where they located a section of
the Alaska Railroad in 1914. The Alhapascan Indians,

Figure 33. Mile 295.1, the first of a series of roch
glaciers vigible in the high valleys and cirques along
the west fronl of the Talkee(nu Mountams. Rock
glociers wsually form below lalus cones and aprons
ul the head of valleys or cirques and ¢long lower
valley wealls Their sloww downslope flow. external
shape, and longue or lobale form ulso cheraclerize
glaciers. Photograph by Dave Alwood, 1982.

who now live in Canlwell, are descended from Lhe
Copper River Indians who followed Lhis same trail Lo
help construct Lhe Alaska Railroad and work in Lhe
Valdez Creek mining area to the casl. Thawing perma-
frost affects the main line and siding and has caused for-
mation of a ‘sinkhole’ 200 L (61 m) north of the south
switch to the siding.

MILE 319.7. This small, shallow stream ices heavily
in the winter, and the ice [requently Lops Lhe bridge
caps. Firepols are used above and below Lhe bridge to
keep a narrow thaw-channel open. The old section house
on Lhe lefl is abandoned and will be removed unless it
is classified as a Nalional Historical Landmark. The Jack
River emerges from ils canyon mouth in the narthwest
corner of the Talkeetna Mountains, which are visible
6 mi (9.7 km) Lo the soulheast.

MILLE 321. Redrock exposures on the lefl are
undifferentiated sedimentary, melamorphic, and voi-
canic rocks of the Alaska Range.

MILE 323. CROSSING OF WINDY CREEK.

This creek formerly marked the southeaslern
boundary of Mount McKinley Nalional Park, now
known as Denali Naiional Park and Preserve. Recent ad-
ditions have increased the park by 5,800 mi?
(15,000 km?), an area equal Lo the size of Massachu-
setts.

MILE 324. Several limestone ledges are visible Lo
the wesl on ridges 600 Lo 1,200 L (180 Lo 365 m) above
the Lrack. The limestone, which occurs as lenses in the
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Figure 34. Solar panels (al lefi) on the Alasho Ruailroed provide year-round power for awfomalic highway-crossing
signels ol remote locations, Despite the wintey's low sun ungle, the solor panels, augmented by o hank o] storage
batleries, operale the signals in winter as well os summer Pholograph by Bill Coghill. ] 982,

nearly vertical slate bedrock, was once evaluated (or
possible commercial development, Other  himestone
deposits occur farther up Windy Creek, norihwest of
Caniwell.

MILE 325, Here, the railroad crosses the McKinley
strand of Lhe Denali fault, a large, active (ault that can
be traced east alinost conlinuousty through the crest of
the Alaska Range into Canada. West of the railvoad, the
faull abruptlly swings southwest and continues lthrough
Foggy Pass and down Lhe Alaska Range loward Bristol
Bay. The railroad crosses the faull (al a slight angle} near
a shorl slide area off the righl shoulder of the roadbed.
Inilially the slide was atiribuled Lo river erosion at the
Loe of the slope; however, the shide could be related Lo
activity along the fault. The shoulder was rebuill wilh
ripvap (rom Eklutna. Schist Creek (Lo Lthe east) and the
Loe of the dividing ridge belween Bain Creck and the
railtoad on the left define the trace of the McKinley
strand.

MILE 326.7. WINDY."®

The railroad enters the Nenana River canyon at
Windy siding, which is located on alluvial-lTan deposils of
Bain Creck. Panorama Mountain is on the immediale
vight. The Nenana River originales al the Nenana Glacier
on the south sige of the Alaska Range. 47 mi (76 km) Lo
the easl. The Nenana River is joined by Lthe Jack River ai
Windy and then lurns abruptly north. For the next
10 mi (16 kin), the river Nows through a Usshaped

0 . . -
Fngineering problemis and peologic descriptions  discussid
avey the next 65 mi relv extensively on Wahrhaftip and Black,
1958,

glaciated valley. The valley floor i nearly at and almost
1 mi (3.6 kim) wide; ils walls rise 2,000 Lo 3.500 i1 {600
lo 1,100 m) above the river. Here, Lhe river gradient is
slight and few rapids occur. Maximum tram speed (or
Lthe mext 20 mi (6 k) is 35 mph (06 kmph) hecause of
generally  poor subgrade conditions and & winding
alignment with many sharp curves. Permalrost is dis-
conlintons throughout Lhis region.

MILE 329.5. The railroad crosses a dark-brown-
wealhering  greenstone  intrusion for the next 2mi
(3 km). The southern haltf' of the intrusion contains a
coarse-grained massive rock Lhat is suilable for riprap.
The northern half, which neludes the badlands.” is
composed of a finc-grained greenstone with veing of
quartz and calcite thal have decomposed and weakened
the rock. Because alluvial material in the badlands is very
susceptible Lo [rost heaving, the track must be exten-
sively shimmed where it crosses Lhese malerials,

MILE 329.5. ENTER JIEALY C-1 QUADRANGLE.

The Cantwell lormation, 60 percent of which is
compaosed of massively bedded sandstone and con-
glomerale, is exposed in this area. The {ormation also
containg shale, coaly shale, and coal.

MILE 330. A pronounced sinkhole and shim spot
caused by degragding permafrost are marked by thaw
ponds on both sides of the track.

MILE 330.5. An old gravel borrow pil with a high
shovel [ace is visible on Lhe teft,

MILE 331. On the left, an old rock quarry is visible
in the lalus slope thal consisls of Cantwell Formation
rock. Material from this quarry was used by Uhe railroad
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for riprap during early construction. Lichens thal grow
on the upper face of the talus apron give it a dark color.
The lighter color of the old quarry face is due to the
absence ol lichens, even though ihe guarry has been
abandoned since 1925; this indicates thal it takes more
than 50 yx for lichens to reestablish themselves oy that
condilions for their growth have changed.

MILE 831.5. Uake-deposited silt and sand are
exposed in the terrace on the left. The roadbed align-
meni, which includes a series of sharp curves, is compli-
caled by Lhe presence of permafrost.

MILE 333.7. CARLO SECTION FACILITY.

The high terrace of ouiwash gravel jusi north of the
section house contains fine-grained sand and gravel, The
same (errace is exposed north of Carlo Creek on Lhe easl
side of Lhe river opposite Mile 334.0, Bedrock is the
Cantwell conglomerate (Cantwell Formalion).

MILE 334.4. CARLO STATION.

MILE 336. A high bank of ouiwash gravel in the
same terrace is visible on the left. Excessive ground
water made this location one of the most active icing
sites on the railroad. In winter, prevailing winds down
the Nenana River and fairly low precipitation keep snow
cover al a minimum, and icings frequently occur. in
addition to (irepots, porlable ‘prospecior’s boilers’ are
used 1o thaw oul cwlverls. In 1353, lhe track was re-
aligned away from the hill to solve the icing problem.

MILE 336.8. The severe icings thai occur in the
outwash gravel extend into this area. Because of the
mare favovable lerrain, a deep ditch was dug above the
track Lo intercepl and collect waler; castovers were
plaiced on a levee belween the dilch and the track.
During winter, ice nearly cresls the levee.

MILE 338.2. A large bedrock slide occurred around
1960 on a high ridge west of the track. The talus in-
cludes a large block ol Caniwell Formation and intru-
sive andesite. The cause of the slide and the extent of
further movement is unknown.

MILE 388.6. A 15-fi-thick (5 m) gravel ierrace
overlies 50 fi {12 m) of lake-bed clay. The Yanert Fork
valley (Lo the right) extends 30 mi due east to ils source
al Lhe fool of the Yanerl Glacier. The Yanext Fork is the
largest tribulary of the Nenana River.

MILE 340.9. On the leltL are remnants of an old coal
tipple that was used during early atlempts to develop a
seam of Yow-grade coal.

MILE 341.3. The silt-mantled tatus slope on the left
made an excellenl borrow pit for the fill required to
make the 1953 line change al Mile 336.

MILE 341.5. To the right, the Parks Highway
crosses the Nenana River. Degrading permafrost has
caused {he slumping and mud flows that are visible
south of the bridge in the Lthroughcut approach and on
the old abandoned grade to the north.

MILE 342.7. OLIVER.

When this siding was recently constructed, the
underlying glacial til was excavated and permafrost was
found. Degrading permafyost has caused the track to

settle. In this area, permafrost is frequently preserved by
sphagnum moss to within 1 ft (30 cm) of Lhe surface.
Counsequently, the area is characterized by low hum-
mocks and depressions typical of ground moraine;
numerous ketile lakes or ponds are also present. Peat
deposits are encountered alL Mile 345.0 and 346.0.
Numerous sinkholes oceur in the main line and must be
raised frequently. A former melt pond that occurs at
Mile 344.8 indicates thal local permafrost under the
track may have completely thawed.

MILE 346.3. The old landslide on the right is
typical of slides that are triggered when the Nenzna
River undercuts the high face of a glacial moraine
(fig. 35).

MILE 347.1. The railroad enters a throughcut in an
end moraine that was deposiled behind an irregular ridge
of Birch Creek Schist during the Riley Creek Glaciation,
The contact belween the moraine and schist is visible to
the east, on the south bank of Riley Creek at Mile 347 4.

MILE 347.4. North of the ihroughcut, the railroad
emerges onto a ridge of Birch Creek Schist and the
south-approach fill to the Riley Creek bridge. For the
pasi several years, the outside shoulder of the approach
has continued moving, even after sieel piling was driven
into the underlying bedrock in an attempt to retain the
shoulder. In 1982, borrow material from the throughcut
in Lhe end moraines was used for a buttress fill along the
west side of the approach. Discontinuous permafrost was
encounlered during excavation.

The railroad crosses the Hines Creek strand of the
Denali fauit system along the contact between the Birel
Creck Schist and the Cantwell Formation. Deformation
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Figure 35. Geologic cross secltion of a landslide, Mile
346.3. From Wahrhaoftig and Black, 1958.
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of alluvial gravels in the area indicates that the fault has
been active since deposition of the Carlo outwash angd
subsequent retreat of the glaciers. The Precambrian
Birch Creek Schist is the oldest formation traversed by
the Alaska Railroad. The schist is composed predomi-
nately of quartz and fine-grained mica and breaks up
rapidly when exposed to air and frost action. The schist
is inherently weak and easily separates along its foliation
planes, which are formed by pronounced cross joints and
the orientation of mica flakes. The mica is green when
fresh, but weathers brown or ved and stains the schist.
Where pyrite occuys, the schist forms unstable debris
that will flow when saturated.

The railroad crosses Riley Creek on a viaduct that
consists of 12 deck girders 30 to 60 £t (9 to 18 m) long.
The girders rest on steel lowers that are supported by
four concrete piers. The exposed piers conduct the heat
away from the silty gravels beneath (hem, causing
seasonal differential heaving. As a result, the towers have

tilted from their vertical axes and caused horizontal
movement in the bridge spans and Ltrack. The track
alignment can vary as much as 3 in. (8 ¢cm); the varia-
tions can be quite sharp when one tower tilts to the east
and the next one tilts to the west. The towers also
tip north or south along the bridge’s center axis, thereby
jamming the bridge steel together. The bridge has been
shimmed to correct excessive variations. Heavy jacks are
used to raise the tower legs above the piers while metal
shims of varying thicknesses ave inserted or removed. In
19583, adjustments were required every year; however,
since 1980, shimming has not been required. Tower 2
was raiged 4 in. (10 em) in 1960 to correct for settling of
the underlying schist. In 1966, stream-bed gravel was
dozed up around the plers to insulate them, but flood
waters removed the gravel the following year.

MILE 347.7. DENALI PARK STATION.

Location of park headquarters and road access to
the Denali National Park and Preserve.

DENALI NATIONAL PARK
AND PRESERVE

In the late 1800s, a prospector named William A.
Dickey traveled north from Cook Inlet and saw what he
thought must be the highest mountain in North Ameri-
cd; it rises about 16,000 {t (4,800 m) above the sur-
rounding terrain and 20,320 ft (6,194 m) above sea
level. He named the mountain after Witliam McKinley,
who had just been nominated for the presidency. On
January 24, 1897, a New York newspaper published an
account of Dickey’s findings. The article received wide
notoriety, and several expeditions to Alaska followed.
Chatles Sheldon, a noted naturalist who visited the area
in 1906, 1907, and 1908 to study Dall sheep and other
wildlife, was the principal figure in advocating thai the
area be made into a national park. On February 26,
1917, just 20 yr after the newspaper article was pub-
lished, President Wilson signed into law the bill cyeating

the Mount McKinley National Park, at that time one of
the nation's largest parks.

Mount McKinley has been known to Alaskan
Indians by the name ‘Denali,” which means “The Great
One’ or ‘The High One.” Consequently, a debate took
place about whether the name ‘McKinley’ should be
dropped in favor of ‘Denali.’ However, ‘McKinley’ is
accepted in most areas of the world, and there was a
reluctance to change it. in 1980, as part of the Alaska
National Interest Land Conservation Act, the name of
the park—pot the mountain—was officially changed to
‘Denali National Park and Preserve.’

The park, which includes 5,696,000 acres
(2,305,000 hectares), is blessed with an abundance of
wildlife, including bear, moose, wolf, fox, caribou, Dall
sheep, and about 150 species of birds.

HEALY CANYON (NENANA
RIVER GORGE)

From Denati Park Station (Mile 347.7) Lo Healy
{Mile 358.7), the Nenana River flows in a two-story
canyon known to railroad workers as ‘Healy Canyon.’
The outer canyon is a glacier-carved U-shaped valley
with broadly flaring walls and truncated spurs thal rise
2,500 £t (770 m) above the 0.6- to 0.75-mi-wide (0.8 to
1.2 km) canyvon floor. At the beginning of the canyon
and again in its last 5 mi (8 km), the river flows in a
500-ft-wide (150 m) inner gorge that has walls 200 to
300 ft (60 to 90 m) high. In other paris of the two-story

canyon, the inner gorge broadens to nearly the full
width of the outer gorge. The rivey gradjent through the
canyon averages 37 ft/mj (6.8 m/km).

A variety of geologi¢c processes and landforms that
are of great interest to the geologist are represented in
the canyon. Howeveyr, the canyon has been a continual
problem to the rajlroad because of the landslides,
sinkholes that develop overnight, tunnel cave-ins, wash-
outs, and icings. In addition, there are long-term prob-
lems: deep-sealed landslides triggered by heavy rainfalt,
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bridge piers and abutmentis that move downslope be-
cause of degrading permafrosi, unstable bedrock, and a
constantly downcutting and eroding river that upsets the
often delicate equilibrium that exists in landslide areas.
Lven the track’s alignment is threatened as the river
forces the railroad to move away from the active slide
areas into progressively more restrictive curvature. As a
single-track railroad without the alternate rail network
usually found in the ‘Lower 48,' the Alaska Railroagd is
exceedingly vulnerable to events that occur in the ‘Healy
Canyon.’

Train service has frequently been delaved in the
canyon for several days at a time. Shortly after the grade
at Mile 353.0 was constructed, it gave way, and 420 fl
(128 m) of timber trestle was required to bridge the slide
area. Until the depression was filled in 1943, engineers
were advised to cross the bridge at speeds of 5 mph
(8 kmpl1) due to poor alignment and a long, deep sag
caused by settlement of the underlying clays, The
locomotive engineer of a southbound train had to
exceed this speced considerably to pull bis train out of
the sag and up a 0.9-percent grade., Because of rough
track and the mud and clay that reached the Lop of the
rail on the bridge approaches, the engineer was never
sure whelher he was still on the rail or on the ground.

Recenlly, a slide area al Moody (Mile 353.2) was
reactivated afler heavy rains during the summer of
1967. The only way service could be maintained was to
‘bunch up’ trains to move through the canyon afler
track crews restored the track to a temporary line
and grade. Within a few hours, the lrack would deterio-
rate, Temporary resloralion conlinued into fall freeze-
up. Rockfalls al the north portal of Garner 'I'unnel
(Mile 356.3) have caused similar delays. On August 20,
1950, 150 ft (47 m) of lrack was buried under 30 ft
(9 m) of debris.

The undesirable aspects of a railroad roule through
the canyon were apparent Lo the localing engineers in
1914, One survey party spent several wecks lrying to
find a roule from Broad Pass directty to Fairbanks by
way of the Woog River. Their efforts proved (utile.

As the ice retreated alter the Healy Glaciation,
‘Healy Canyon’ was occupied by Lake Moody. The lake,
0.3 mi (0.5 km) wide by at least 9 mi (14 m}) long,
extended (rom Riley Creek north beyond Garney
{Mile 355.7) and closely coincided with the Nenana
River canyon. Norlh of Moody, the lake was located
0.1 to 0.5 mi (0.2 to 0.8 km) west of the present Nenana
River. The lake’s surface was at an elevation of 1,750 ft
(535 m). Before the river began to cut down Lhe take’s
outlet, the lake was completely filled with clay and
gravel. After the lake fitled with sediment, alluvial
fans built by tributaries from the west forced the river to
cut into the Birch Creek Schist againsl the east wall of
the canyon (fig, 36). The slumps and earthflows en-
countered by the railroad in ‘Healy Canyon’ are located
primarily in the lakebed clay deposiled in Lake Moody.

Almost all active slides and slumps in this area
existed when the railroad was built, In slump areas, trees
are tilted and overthrown, and vegetation mats that
overlie the surface are torn and disrupted. Most spruce
trees thal grow in active stump areas in the canyon are
inclined upslope. On some ola landslides, Lrunks of
spruce irees are bent downslope and then abruptly up,
which indicates fairly rapid movement when the irees
weye young.

The slump and earthflows along the Nenana River
range from a few feet to 1 mi (1.6 km) wide and from
400 to 2,000 ft (120 to 610 m) in length. Movement in
an active slide area ranges from a few feet per year to a
few feect per hour. The effect of earth movements on the
railroad depends on the track’s localion as it crosses the
unstable area. Generally, the railroad crosses the middle
or upper part of a landslide. In this case, the crack’s
movemenl is downward with only a slight, lateral
movement, which results in a sinkhole that musl be
raised repealedly.

Where the railroad crosses the lower part of a large
slide, such as at Moody (Mile 353.5), the track is moved
downward and laterally loward the river. Consequent.
ly, the track has a dogleg and a sinkhole. The most
rapid movement occurs in lale summer and fall, after
cyclonic storms, or during an early freezeup. One of the
mosi active periods of slumping occurred after several
severe earthguakes on October 19, 1947. Subsidence at
Mile 351.4 was as much as 4 ft/day (1.2 m). An 80-per-
son extra gang was needed to raise and line the track to
maintain service. The primary causes ol slumps and
earthflows along the railroad are lateral erosion and
downcutting by the Nenana River. Both processes
undermine and stecpen Lhe canyon walls, The un-
consolidated glacial deposits and poorly consolidated
maierial from the Birch Creek Schist are incapable of
maintaining stable, relatively gentle slopes, particularly
when the underlying material is saluraled. Most land-
slides occur on the convex side of sharp river meanders.
Figure 35 shows a cross section of a Lypical landslide
(Mile 346.3) in which a large meander of the Nenana
River undermined a bank of clay-rich till overlain with
outwash gravel. The weight of the gravel caused a typical
slip-circle slide along ptanes within the till. Because
permafrost exposures have been recorded al scallered
locations in the canyon, permafrost was thought to be
prevalent throughout the clay and till. When undis-
turbed, permafrost contributes to slope stability; how-
ever, when permafrost is disturbed, melting ice lubricates
the slip planes and increases poye-water pressure, which
results in instabilily. When a railroad consultant drilled a
series of deep lest holesin 1867, he encountered far less
permafrost than he expected. This may be attributed to
general degradation of permafrost during the 20 yr that
followed Lhe first detailed geologic mapping of the
canyon.
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RAILROAD LOG AND LOCALITY
DESCRIPTIONS: DENALI PARK
STATION TO FAIRBANKS

MILE 347.7. DENALI PARK STATION.

MIULE 348.7. The Horseslhioe Lakes are visible Lo the
vight, The lakes are ‘oxbow’ remnanis uf old meanders
of the Nenana River. To the north, the ciulvoad Lraverses
4 redarively high beneh a2 long semicirenlar loop
belween Mile 349 and 3560.3. A cross section of fhe
ancient, cltay-filled gorge of the Nenani River (fig 367 is
visible. Afong Lhe cast side of the bench is a segment of
Birch Creek Senist that is about 300 fL (30 m) long al
the Lop and fess than 200 1 (60 m) wide ab the base. (Che
clay is capped wilth outwash  gravel. Overlying the
oulwish gravel is a layer ol vellowish-brown gravel that
was deposited on an alfuvial fan by a Lributary stream
from  the wesh (Mile 350.3). The Nunana River flows
from the southeash and impinges the wesl canyon wall au
Mile 348.7; 1he rviver then meanders slurply Lo the vasl
and follows Llie Loe of Lthe beneh in an active cunbank (o
the canyon's east wall, From (here, it flows north
through the narrow gorge cut i the Birch Creek Schist.

MILE 349.1 to 349.6 ‘I'has ix an aclive slide area
where  numerous spruce  rees helow (the track have
abruptly bent trunks, indicating thal slope movement
occurred long before the rvailroad was buill. After the
railroad was constructed, @ sinkhole developed that
required [illing and raising. By 1815, the subsidence
rale had imcreased, and & new grade was cui north
inlo the bench. Before the railroad could be realigned Lo
the new grade, large cracks opened and further realign-
menl was hecessary; however, subsidence contlinued. By
the summer of 1948, the track was 156 Lo 200t (5 Lo
6 m) below the grade and had Lo be realigned 74 ft
(23 m) north on a new bench beyond the area of sub-
sidence (0g. 37). Further realignmenl was required in
1947 and 1950. A sinkhole still persists in Lhis arca,
bui il subsides al a very slow rate. [n the 1940s, the
diversion of surface wuler on Lop of the bhench towards
the track probably contributed Lo the rapid subsidence
caused by melting permalrost within the slide area. The

Yigure 37 Vaew of un ancienl clox-filled poree of the Nenana Kiver. The amoun! of subsidence ts appurent al the
cextreme right, wheve the present Lrocl: is wsible aboee the 14-fi-high (1.3 m) owlfit cors that sit on the abandoned

Aupust 26, 19-15,
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slide cannot be retained by piling, aud the cosl of
protecting the toe of the slide from further river erosion
is ptohibitive. Moreover, any further appreciable retreal
inlo the hillside would result in very restriclive track
curvature.

MILE 349.7 to 349.8. The railroad is built on a
nartow portion of Birch Creek Schislt that has become
narrower as large blocks of schist separate and slide
downslope along bedding planes. On Lhe east side of Lhe
river, the high backslopes cut into the schist in 1971 ave
the source of continual rocklalls on the Parks Highway.
The layers of dark rock in the schist are basalt dikes.

MILE 349.9. A short slide area where a wall of
schisl was breached, which allowed lakebed sediments
under the track to slide north into Lhe river. Steel
X-piling |30 It long (9 m)] was driven an 3-{t (1 m)
centexs on both sides of the track in (972, The pilings
on lhe outside of the track are cabled to those on the
inside, which serve as anchor piling or ‘deadmen.” If
curvature permits, realigning the (rack may be the only
solution Lo the longterm problem.

MILE 350 to 350.8. The active slump area here is
similar Lo Lhat belween Mile 3438.1 and 349.6, where (rce
Lill and abruptly bent trunks ol spruce irecs indicate
creep, slump, and caribflow that occurred before Lhe
railroad was conslructed. Rapid aclivily occurred after
construction and again in 1948. The lrack seibled up Lo
2 ftiyr (0.6 m) rom 1850 to 1952. During the same
period, excavated malerial thal was placed on Lhe east
side of the approach Lo the bridge at Mile 350.3 settled
15 £, (b m).

MILE 350.7. A typical ‘mud bridge’ constructed
with 30-ft-long (9 m} treated-timber piling was driven on
both sides of the track across an active slump area and
was then tied back with steel cables. No attempl was
made to drive through the slip plane of the slide; the
pilings merely anchor the maore active surface material to
the slower moving, deep-seated slump.

MILE 350.9. Several sinkholes became more aclive
in 1972 afler the Parks Highway was constructed.
Large quantities ol waste material have been stockpiled
on the aclive Mood plain of the Nenana River. This
stockpile, which is being replenished yearly from rock-
falls on the highway opposite Mile 349.8, deflects the

372' - 101/2"

Nenana River against Lhe west wall of Lthe canyon during
flood stage.

MILE 351.3. Here, severe slumping reached a rale of
3 fi/hr (1 m) after the earthquake on October 19, 1947,
By October 30, most slumping had ceased, but on
September 20, 1948, railroad service was interrupted
again when the same area rapidly slumped over a 5-day
period. In this area, Birch Creck Schist is generally
overain with up to 200 ft (60 m) of gravel and lake
sediments. The bedrock surface slopes 25 Lo 35 toward
the river.

MILE 351.4. When the three-span steel bridge was
constructed here in 1948, the track had to be realigned
30 ft (9m) west of its original location. Permafrost
lenses [ 15 to 20 fi (5 to 6 m) thick] were encountered
at depths that ranged from 6 to 15 (t (2 to 5 m) below
the level of the track. One test hole north of the hridge
was churn drilled through 100 ft (30 m) of permafrost
belore unfrozen gravel ang ground waler were reached.
The north pier and north abulment of the presenl bridge
are built on clay. Figures 38 and 39 show construction
details of Lhe bridge. The north pier (No. 3) has been
moving slowly downslope since the bridge was con-
strucled in 1949, The steel tower has been repeatedly
shifted Lo inaintain a true line through the bridge.
Periodically, small slumps cause malerial to (all againsi
the north pier, and the material musl be removed.
Running water, an indicalion of degrading permalrost,
has been observed near the pier. In 1969, three thermal
tubes were installed next to the norlh pier Lo reestablish
a permafrost regime. This efforl failed, and in 1976, Lthe
concrete pedesials were increased in area to permit the
greater lateral adjustments needed to offset the down-
slope movement of the pier, After this work, pier 3 was
shifted 12in. (30 cm) wesl to ollsei previous downhill
movement. Small adjustments are made periodically in
the south pier angd the north and south abutments.

MILE 352.7 1o 353.6. MOODY SLIDE AREA.

The railroad crosses the face of a glacial gorge from
the wesi side of the canyon to the narrow,
steep-walled gorge on the east. The gorge is now filled
with lake sediments similar to those between Mile 349.2
and 350.3 and between Mile 351.2 and 351.5. The
sediments, which are 150 fi (48 m) above the river level,
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are capped by a thick layer of outwash gravel and talus
that is overlain with alluvium from the tributary stream
on the west. The stream [orced the Nenana River east
into the narrow gorge that it cui into the Birch Creek
Schist along Lhe east canyon wall. The topography in the
Moody slide area exhibits lhe irregular hummocky
surface and crescent-shaped headwall scarps typical of an
ancient landslide. Low ridges on the slide surface are
parts of rotated landslide blocks thal parallel the railroad
alignmenl (fig. 40). Abandoned roadbeds, now over-
grown with vegetation, also account for the irregular
‘terraces’ localed immediately east of the track. The
original roadbed was constructed on a steep bank of
clay that slid into the river in 1923 ((ig. 41). The long
wooden Llrestle al Mile 353 was driven to replace the
missing grade, bul was buill on clay and required con-
tinual maintenance until it was abandoned in 1943.
Currently, the most active part of ithe Moody slide
area is belween Mile 353.3 and 353.5. In 1967, 35-ft-
long (11 m) piling was driven into the outside shoulder
of the roadbed where il was anchored to piling driven
into the inside shoulder (fig. 42). Since then, the pilings
have subsided and moved laterally. Efforts to keep the
track in service during the wet summer of 1967 were
concentrated in this area. Saturated clay flowed from
beneath the roadbed, and the ground next to Lhe piling
sank as much as 8 ft (2.5 m). In 1938, (his Lrack segment
sank 30 fi (9 m) in 15 days. [n 1974, more piling ol the
same tength was driven into the inside shoulder on 6-f1
(1.8 m) centers. Much of the activity within the slide
area is attributed to ground water and decaying perma-
frost. Surface water drains from the vpper slopes and
runs into the scarps at the heads of many slump blocks.
Water also collects in sag ponds on the slides, and several
springs emerge at irxregular intervals. Aitempts have heen
made to divert the water across the track with flumes.
However, the flumes separate when the ground settles or
when the springs shifl locations or dry up. Vertical,
20-ft-long (6 m) drains were inslalled at intervals on the
inside ditch to coliect ground water. Of the 34 vertical
drains instatled, only 10 collecl enough watler to be
pumped peviodically.

In November 1967, a series of test hales up to
100 ft (30 m) deep were drilled in the Moody slide area
(fig. 43). The borings confirmed eatlier geologic inter-
pretations, namely, thal this atea has beevb an active
landslide area for hundreds of years, as demonstrated by
the considerable amounl of peat thal has accumulaled in
one area. [figures 44, 45, and 46 are borehole logs of the
Moody landslide area, which is shown in figures 47 and
48. Boring 1, al river level, revealed that bedrock of the
ancestyal Nenana River valley is more than 110 £t (34 m)
below the present valley floor. The shear planes along
which slide fraciures move are deep seated. The probable
shear zone found in boring 2 was 190 ft (59 m) below
the ground surface, or about 65 €t (20 m) below the
valley floor. Due (o the extreme depths of the active
shear planes and the tremendous mass of material within
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Figure 39. Pile plan for lower 2 on the Alaska Railroad
Bridge, Mile 3571 .4.

the active slide area, there is no feasible way Lo solve the

landslide problem in the rilroad’s present location.

Because far less permafrost was encountered Lhan

expected, refreezing Lhis sltide remains hypolhetical.

MILE 353.3 to 353.5 This was once the arvea of a
very active earlhflow, but is now relatively stable, prob-
ably due to the retreat of the wesl bank ol the Nenana
River. A small archaeoclogical site was excavated in the
sill, mantle that overties the bench to the left of the track
(fig. 49).

MILE 353.5. HIGHWAY BRIDGE CROSSING.

MILE 353.6. The Moody tunnel is lined wilh
timber.

MILE 353.8 to 355.2. Cribbing or piling (or both)
are required to retain the yoadbed fill across several
‘chutes’ in the underlying bedrock.

MILE 355.7, GARNER.

MILE 356.2 10 356.6. GARNER TUNNEL SLIDE.

The railroad passes through a timber-lined tunnel in
a hill of Birch Creek Schist that rises 500 ft (1.50 m)
above the frack. Much of the southeast side of this hill is
an active landslide (hat involves 1,000,000 to
3,000,000 y(33 {800,000 to 1,600,000 m3) ol vock. The
slide debris consists of large schist blocks that part [rom
the cliff at the head of the slide and slowly Lopple inlo a
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Future 40, Diauranuinalic skeleh of landshides along the
Nluska Roilroad in pevennivlly frozen lake clay
Afler the vegelation s removed, lhe heal thual
is ubsorbed f[rom the channeled surface-droinape
waler thows the lukce clay As the clay thaies, large
blochks of sediment slip loward the Nenana Rieer
canyon, and the railroad lrack must be realigned.

greal mass of talus that the railroad crosses 500 [t
(150 m) north of the tunnel. The weight of these hige
blocks forces the Lalus Lo move down and out Loward
the swiftlly moving river. Consequently, the loe of the
slide erodes as quickly as it advances. Al times, river
erosion exceeds the slide’s advance rale and under
cuts part of Lhe roadbed: thus, the railroad is (orced
deeper ito (he talus slide. A permanent sinkhole thatl

exists across Lhe talus slide requires periodic Lrack
raises. Rocktalls from Lhe vertical face above the north
portal have caused numerous (rain delays. At times,
rockfalls have buried the track Lo deplhs of 30 ft (3 m)
and crushed the limber crash sels thal were erecled Lo
deflect falling rock. In 1971, a railroad conlractior
trimmed the rock face above the portal 1o a 1/8-lo-
L backslope and left 3 lower bench to cateh falling rocks
(figs. 50 and 51).

MILE 357 Lo 358. Fourleen lerrace levels have heen
identified in the immediale area. llere, Lhe river ang
railroad complele their convex curves to Lhe north and
east and finally emerge {rom the narrow rock gorge Lhal
they have been [ollowing for the last 5 mi (8 k). The
series of terraces Lo the righl above Lhe south bank of
the river indicates thal Lhe river migraled Lo the north as
it cut the narrow gorge. The bench on the north bank of
the river is a slump block of alandslide that the railroad
crosses at Mile 357.5. The highly weathered schist Lhat
hes mnexlL to the Tertiury coal-bearing formation was
exposed Lo erosion when the river migrated northward.
‘I'he schisl slumped and flowed under the greal weight of
the overlying outwash gravel and sand dunes. Since
1967, the slide area has become relatively stable, and
furlher track realignment has nol been required. How-
ever, 3 moderale sinkhole must occasionally be brought
up Lo grade,

MILE 358. OLD HEALY YARD.

The old posl office originally located here was
called FHealy Forks. The Tertiary coal-bearing lformation

Pugure 11, "Daylighl lruck’ woes erealed m 1923 when the roadbed suddenly fatled al Mite 353 The roadbed was built
on lukebed cluys and was oversteepened by eroswon. A J20-ft-long (128 m}wood trestle that was built to bridge the
ravine remained in service until the ravine was filled in 1943 Pholograph from the Alaska Railroad Collection,
Anchorage Hisloricol and Fine Arts Museum, June 16, 1923,
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along the north side ol Ilealy valley is visible Lo the
northeast.

MILE 3587 HEALY (figs. 52 and 33).

This is a major railroad division point with a classifi-
calion vard that was buill Lo handle coal cars Lhal
originale {rom the Suntrana Branch line (Mile D<.8). a
4.5-mi-long (7 km) spur Lhal was originally constructed
on Lthe Healy River in 1923. By Lhen, the vxpensive
thawing and drifting methods used in the Fairbanks
mining distyict had exhausted the high-grade gold
depusits, and mining sharply declined. However, coal
from Suntrana made it possible to generate Lhe power Lo
mine the extensive low-grade placer deposils with six
large dredges that were freighled to the Faivbanks area
where they were assembled. Belween 1928 and 1918,
over $100 million worth of gold (at $33/0z) was re-
covered, and IPFairbanks was rescued from becoming 9
ghosl Lown.

MILE 339. A verlical face of Nenana Gravel is
visible on the lelt. The gravel was recenlly excavated
when the tracks al Healy yard were rebuilt. The Nenana
Gravel, the majov bedrock formation along the Nenana
River north of Healy, consists of poorly consoliduted,
moderately well-sorled conglomerale und sandstone
pebbles from the Cantwell Formation and quart.. schist,
and pebbles of igneous rocks from other sources. Clay-
sloie heds are abundani and supporl steep cliffs 50 Lo
JOO Ll (15 to 30 nj high. The Nenhana Gravel ix char-
acteristically yellow or buff because the iron-bearing
minerals in ils pebbles and sandy malrix are oxidized.
Although Lhis gravel is casily excavated and ean be used
as embankmenl malerial, it is unsuitable f{or load-
ing and hauling by railroad car. The vibration caused by
rail movementl compacts Lhe malerial in the hopper cars
and makes it extremely gifficult to dump throuph the
botlont doors, particularly if the gravel is wet.

MILE 359. JUNCTION, SUNTRANA BRANCH.

MILE 360. From here, the Nenana River follows an
almost straight course of N. 259 W. Tor 23 mi (37 km)
across Lhe northern foothill belt of the Alaska Ranpe.
Within this foolhill bell, the river occupies a broad valley
wilh gentle, terraced walls that rise from a few hundred
to 2,500t (770 m) above the nver. The valley. in-
cluding its lerraces, ranges from 6 Lo L0 wmi (10 to
L6 km) wide. Some terraces are more Lhan I mi (1.6 km)
wide.

MILE 360.1. HIGIHIWAY OVERPASS.

The high, almost vertical blufl opposite Mile 360.1
is an indicalion of the recent large-scale erosion ol the
Nenana Gravel. The Nenana River has extensively
undercut the east bank duving the last 10 to 15 yr. 'U'he
truncated alluvial (an ol Poker Creek has also becen
heavily eroded, and the bed of Poker Creek hangs above
the valley foor.

MILE 360.9. CROSSING OF DRY CREEK.

This creek 1s aplly named excepl when it runs
bankfull aller a period ol heavy rain. 'The railroad
descends into the valley on a generally shallow grade

amod

S

Figure 42, Pilings (35 [t long; 11 m) were driven on the
oulside shoulder of the leack and tied back lo
deadien’ drwen on the inside shoulder The
irregular aligmnent of the piling is due to furiher
mouvemenl within the slide area. Phologreph by
Dave Atwood, 1982,

that varies wilth the Lopography of the underlying
oulwash Llerraces. However, the grade never excceds
1.0 percent, which is the ruling grade (or northbound
and southbound tra(fic.

MILE 361.7. ENTER HEALY D-5 QUADRANGLE.

MILE 362.3. Oun the right is the track for the
Usibelli Coal Mine tipple, a recently constructed installa-
tion for loading coal from Lignite Creek (formerly
Hoscanna Creek) direclly inlo railroad cars. A conveyvor
belt across the Nenana River is used Lo Lransport Lhe coal
Lo the Lipple.

MILE 364. Exposures of Lhe 'l'ertiary coal-bearing
formation are visible iy the bench along the east bank of
the Nenana River. Except for an occasional restriclive
curve, alignment and grade permil a speed of 49 mph
{79 kmiph) for the next 46 mi (74 km).

MILE 366.2 to 387. The railroad ascends Lo an
upper lerrace of lrozen oulwash gravel Lo avoid a long
westward dellection of Lhe Nenanua River. Despite
repeated measures by the railroad to control erosion, the
river contlinues to undercul the unfrozen coal-bearing
formation beneath it and threaten the main line. The
elevation of the track above Lhe river makes it difficult
to work f(rom the track with traditional methods,
such as side dumping riprap from air-dump cars. One of
the most effective ‘river-Lraining’ devices is dumping
scrapped railroad cars over the side with a crane and
then cabling them together in the desired location using
the heavy sels of wheels as liebacks. However, recent
state regulations prohibit this practice.
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MILE 368.7. Note the interceptor ditch on the
left, A common form of icing occurs in muskeg areas on
open hillsides on the north siope ol the Alaska Range.
During winter, water trickles downslope through the
vegebation mal without forming distinet channels and is
kept from freezing by the insulating effect of tue satu-
rated vegetation. When the water is intercepted by a
ditch line or embankment, the water pools and freezes.
As the water continues to flow from the muskeg, laycrs
of ice form an icing. If not controlled, the icing will
block culverts and bridges and cover the track. Here, a
long diteh was excavated above the track to intercept
the water so that it will freeze hehind the levee. The
dilch slopes north at a 1-percent grade. Two construc-
tion seasons were required to excavale the ditch in the
perennially frozen outwash gravel.

MILE 369.7. An old wooden-bulkhead wall along
the former west bank of the river is now overgrown with
vegetation, The inilial problem of bank erosion in this
aren appears to be solved.

MILE 369.9. ENTER FAIRBANKS A-5 QUAD-
RANGLE.

The new Ferry section house (on the lef() is con-
structed on a gravel terrace.

MILE 370.6. CROSSING OF THE NENANA
RIVER.

This is the third bridge constructed at this site;
il consists of Lwo 200-fl-long (61 m) through-truss spans.
Scour and bank crosion of upstream lerrace gravel on
the west bank are hazardous to the south approach as
the river crodes Lo a lower skew angle al the crossing.
The notth abutment, which rests on Nenana Gravel, has
also been scoured.

MILE 371.2. FERRY,

Railhead for roads to gold fields in the Bonnifield
mining district to the east.

MILE 372. The beginning of a long, gentle descent
on a low outwash terrace of alluvial gravel,

MILY, 373.2 Lo 374.2. During severc winters,
opon-field icing will develop in the flat area to the right
of the track.

MILE 374.4. A peat bog with a well-defined terrace
of Nenana Gravel on the right. To the west, the north-
sloping (oothills of the Alaska Range rise 800 to 900 ft
(245 to 275 m) above the valley [loor.

MILE 376 to 377. This js the localion of one o[ the
most severe examples of open-field icing along the
railroad. Under extreme conditions, ice fills the small
stream channel crossed by the railroad at Mile 376.5.
The overflow seeps through the vegetation toward the
track and forms a sheet of ice that extends from
Mile 376 to 377. A sieel culvert carries the water
through the roadbed at Mile 376.5. Because firepols are
inadequate, a portable generator is used Lo keep a thaw
channel open through the culvert.

MILE 377.5. Sinkholes have developed here on
degrading permafrost.

MILE 379.5. Here, the railroad has been exposed to
severe bank erosion. A wood-pile jetty filled with rock
was originally constructed upstream to deflect the river
away from the underlying gravel texrace. Now, however,
the main channel of the Nenana River has migrated
north and flows directly against the railroad embank-
ment at Mile 379.7. To combat the erosion, several train-
loads of Eklutna riprap were dumped here to protect the
bank. A permanent solution is lLo divert the yiver inlo an
older channel to the wesl. 'This work should be done in
Jate fall, when freezeup in the higher elevations lowers
the water level in the streams. Heavy permaflrost would
be encountered if a line change were constructed east of
the river.

MILE 381.2. BROWNE.

This station is named afler Fredrick D, Browne, the
engineer who supervised construction at the north end
of the railroad after Riggs left to become Terrilorial
Governor. The oldesl glaciation in the Nenana River
valley is named after Lhis station.

MILE 382. The large, granitic glacial erralic on the
right probably slid down to the track from the upper
terrace. These large granite blocks, which range up Lo
40 ft diam (12 m), occur at widely scattered localities on
both sides of the Nenana River valley from Healy notth
lo the north edge of the foothills. They are usually
associated with the Browne Glaciation and oceur as high
as 2,000 ft (610 m) above the present valley floor.

MILE 383. Shallow permafrost was encounlered
when the hillside on the right was excavated to reduce
alignment curvature. After the permafrost was exposed
during the summey, it thawed, and the material was
excavated.

The upper northeast-trending tervace on the right is
composed of Nenana Gravel capped by a terminal
moraine of the Browne Glaciation. 'The railvoad con-
tinues on a lower terrace of (rozen Nenana Gravel and
outwash gravel, where local sinkholes in the track are
caused by degrading permafrost.

MILE 385.5. The railroad leaves the foothills of the
Alaska Range and enters the Tanana lowlands on an
extensive plain of outwash gravel.

The following description is from Wahrhaflig angd
Black, 1958.

“The north slope of the Alaska Range is typical of
unglaciated lowlands. Many of the streams have their
source in a glacier. They brought and are still carrying
large quantities of sand and gravel and finely ground
rock flour {from the glaciers. Where the river enters the
lowland and encounters a change in gradienl, the coarse
material is deposited in the form of broad, low fan-
shaped deposits (outwash fans) that are c¢rossed by the
bare flood plains of the braided rivers. The gravel de-
posits raise the beds ol the rivers, causing them to
overspill theiy banks and change their courses to flow
through adjacent lower areas. Such a shift of the Nenana
River in tale 1917 destroyed 21 mi (34 m) of the newly
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Figure 43. Map of Moody lendslide area
showing the focation of the rajlroad
alignment end boreholes.
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Figure 44. Logs of boreholes B-I, B-2,
B-3, and B-4, Moody landslide area.
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Figure 45. Logs of boreholes B-5, B-8,
B-7, and B-8, Moody fandslide area.
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Figure 46. Logs of boreholes B-13 and
B-14, Moody landslide area.
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Figure 47 View of the Moody landslide area, beginning on Lhe left at Sheep Creek (Mile 352.8) and ending in the mudflow af Mile 353.4, on the ex-
treme righi. The irregular exposed benches thot lie below the track and the high terrace of outwash gravel, talus. end alluvium are g series of aban-
doned rocdbeds and old castovers of thowed material the! traveled down from the near-verficol face of the terrace. The near-vertical foce was
developed when the reiirnnd mode a substantial line change into the frozen terrace in 1849, When diteh lines are cleaned out with an-trach power
shouels, the raiiroad commeoniy casts material into spoil plles on the oulside shoulder of the track and then dozes the materiol farther out. This
added weight on the culside shoulder, combined with lateral erosion of the river, overioads the unsiable slope ahove the river and causes o series of
ivpical stumps and slides in the elay rich glacial deposits. Photograph by T.L. Pewe, June 25, 1981,
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Figuie 18, View of the most critical seetion of the Moody lundslide orea. The railroud leaves the west canyon wall gl
Mile 353.0 on « long curve Lo the ripht and traverses thick lake-clay deposits before il reaches the schist hedrock in
the immediote foreground, formerly the east wall of the.ancient river gorge. In uddition lo lulere! erosion of lhe
Nenana Rwer, much activity within the slide orea is ottribuled to pround water that originutes as surface waler on
the upper stopes, The railroed has tried (o divert this water into flumes or vertical standpipes dritled next to the
track on the inside ditch line. To prevent the tract from shiding downhidl in 1987, limber pilings were driven on the
oulside shouwlder vf the track and then lied buck with cable o a row of pilings (‘desdmen’) driven on the inzide
showlder. Furiher stiding occurred and addilional 'deadmen’ were added in 1974 Many ‘deadmen’ driven in 1467
hove rolatled downhill and are now beneath the lrack. Photograph by T. L. Pérwe, June 92, 1951.
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Figure 49. View (lo the south [rom Mde 3.3.5.:4) up the
Nenana Kiver, the Moody landslide area is on the
righi. ‘The stumps and earthflows along the railroad
through Heuly Canyon are primarily caused by
luteral eroswon and downculling by the \raana
River, which undermines the unconsvlidaled glacial
deposits  ‘These clay-rich deposils are incapable of
mainteining stable, relatively genlle slopes, parti-
cularly when saluraled. The gravel bur (foreground)
is an abandoned river mcander and represenls a
relreal of the river away from the toe of the Moody
londslide, o posilion It occupied in the 19508 and
1Y6Us. Coinciding willh (his retreat and afler the lost
period of intense sliding in 1967, landslide oclivily
has declmed in the Moody landshde area. Photo-
graph by Dave Alwood, 1952,

buiit Alaska Railroad. This shifting of the streams builds
the outwash fan. Most of the fans were bwlt dunng the
Pleistocene ice advances, when the rivers were much
more heavily laden than they are now. Because they
have less malerial to carry from the glacier, the streams
have removed some of Lhe malerial and now flow
through the upper parls of the oulwash fan in lerraced
valleys a few (eel Lo a few hundred leel deep and 0.25 Lo
4 mi (0.4 Lo 6 km) wide.

“Downstream from the fans, the rivers ciarry sill and
clay. Banks of these compacl materials are nol as easily
eroded as the banks ol loose gravel and sand. Con-
sequently, the rivers cannol spread frecly over thoir
Mlood plains in networks of small channels bul imstead
colicentrate in one or {wo large channels which meander
across the sili-covereg plain.”

MILE 386.7. The abandoned ‘Lost Slough™ align-
ment conlinues on a north langenl, and the present
track curves Lo the right. The tangent is now used
as a winter trail,

MILE 387.2. REX STATION.

MILE 388. The large, well-drained railroad gravel pii
on the right is in oulwash gravel that is mantled with up
lo a few feet of wind-blown silt and sand. The outwash
gravel consists of interbedded coarse sand and sandy
gravel. The pebbles are angular Lo well rounded; some
pebbles are greater than 10 in. (26 ¢m) long. The out-
wash gravel crushes well and produces good, durable
ballast.

MILE 388.5. ENTER FAIRBANKS B.-5 QUAD-
RANGLE,

MILE 388.8. tere, the railroad leaves the 1918
alignment and begins an 8-mi-long (13 km) line change
around the Ballistic Missile Early Warning Site al Clear.
The rallroad site was built in 1859 on level terrain with
ideal embankment material. All vegetation and fine-
grained soils were removed down (o the undisturbed
gravel, and the railroad embankment malerial was
then placed in a series of compacted lifls, MainLlenance
since 1959 has been minimal, and the track is good for
59-mph (95-kmph) operation.

MILE 392.9. CLEAR SITE.

MILE 395. OLD CLEAR.

This site is localed on the 1918 alignment. Heavy
shim spols exisl because Lhe original station workers
were not selective when they added side-borrow material

Figure 50. View (Lo the norih feom Mile 355.5) of the
Gurner Tunne! rock stide, Huge blocks of chiff-
forming schist topple (o the heod of the siide
(right), where the railroud crosses al Mile 356.2 Lo
356.6. At cenler ripht, the hgh rock fuce was
trimmed hach o prevent rock from falling directly
onto the north portal of the Garner Tunnel. For-
merly, rockfalls at the north porlal burted the irack
hy us much as 30U ft (9 m) and delayed lruffic [or
severu! davs. Pholograph by Dave Alwood, | 982.
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Figwe 51 Stalion workers used light pole trestles 1o construct high [ill sections, Mile 357 5 The il of sehist bedrocih:
has been considerably allered by slides and slumps since this picture was laken Phologreph AEC G683, Alaska
Ruilroad Coltection, Anchorage Hisloricul and Fine Arls Museum, Oc¢tober ], 1920,

lo the embankment. Shallow organic silts underlie the
ballast material.

travel pits Lo the right were used until 1959 when
they were abandoned by Lhe railroad. The pit material is
similar to the outwash gravel at Mile 388, but is not as
coarse because it has been transported farther from
its source. The (loor of the pil is near the waler Lable,
and railroad workers reporied shallow permatrost in the
1950s.

MILE 397. JFor the next 10 mi (16 km), the railroad
traverses a low:-lying avea floored with fine-grained
channel sand and interchannel silt that was transported
beyond the tan of oulwash gravel. Permafrost is pre-
valenl. within 3 to 41t (1 to 1.2in) of lhe surface.
Drainage 15 sluggish, and water eollects in the low-brush

hog and muskeg. ‘The stand of towland sprucc and hard-
wood includes stunted tamarack. The track musi be
constantly maintained to permil the Lrain Lo operale alL
the posted speed of 49 mph (79 kmiph). Shoulgders of Lhe
railroad embankmenlt must be replenished wilh gravel
(requently because of local subsidence caused by thaw-
ing permafrost. The subsidence c¢an continue Jong
after (reezeup. In 1977, slow orders were placed on
more Lthan 9 mi (15 km) of track that had lost ‘cross-
level' because Lhe subgrade had dilferentially settled; the
slow orders were nol lifted until after breakup. The
Tortella Hills of the Tanana apland axe visible (o the
north.

Until 1976, only pit-run ballast was used Lo main-
tain the Lrack surface north of Clear (Mile 395). Railroad
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Figure 52. Aloska Radroad possengee bam 6. northbound oul of the Healy yard for Fairbanks. Healy Canyon (Nenano
River porge) hes divectly o the south. Photograph by Bill Coghiil, 1980.

oflicials Vell that expensive crushed gravel should not be
uscd on Lrack affected by permafrost, especially through
subsiding areas lhal required [rcquent raises. How-
ever, it was increasingly difficull Lo give the track the
low, 2- Lo 3-in. (5 Lo B cm) running raises thal the new
surfucing equipment was designed lo make when the
coarse malerial from the pil al Mile 388 was used.
Equipment mainlenance was high, and the line and
surface of the Lrack did not hold up under the posted
speeds because Lhe Lrack ‘skaled’ or shilted on Lhe coarse
gravel, Therelore, since 1976, crushed-gravel ballast has
been used north ol Clear as parl of the normal track-
mainlenance program.

MILE 401.3. JULIUS.

Julius is the former site of a siding and the localion
of a ‘dig down’ thal was made to eliminale differential

heaving caused by saturated malerials al shallow depth
m the roadbed. Trains were rerouled through the siding
while the main line wag excavated and the unsatis(aclory
malerial was removed. A plaslic membrane was installed
to reduce waler migration loward the active frostiine,
and the area was backfilled with select gravel. Although
shimming was reduced, the membrane did nol work as
well as expeciled.

MILE 406.8. ENTER [IPAIRBANKS C-5 QUAD-
RANGLE.

MILE 408.5. From 1969 (o 1970, a preliminary
survey was made Lo locate a proposed 580-mi (933 kin)
exiension of the Alaska Railroad lo Prudhoe Bay on
the Beaufort Sea. The proposed route left the main line
al this localion and headed almost due west across the
Nenana River Lo the Yukon River near the village of
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Figure 53. A four-engine ‘consist’ comprised of 3.000-
hAp dresel electric locomolives is ready lo make up
a train in the Heoly yard. Pholograph by Rill Coy-
hill, 1980.

Tanana. From there, Lhe route headed north to the
Koyukuk River, then along the Middle Fork Koyukuk
River to Atigun Pass through the Bruoks Range, and
Lthence almost parallel Lo the route used by the Trans-
Alaska Pipeline lo Prudhoe Bay. A 140-mi (225 km)
branch-line extension was also surveyed Irom near lhe

village of Alatna across a low divide to the rich copper
deposils at Bornite on the upper Kobuk River.

MILE 409. The heavy bank erosion on the left is
caused by a generally northward migration ol a wide
meander of the Nenana River. Here, the river has an
average gradient of 5 fi/mi (0.9 m/km).

MILE 411.7. NENANA.,

The town of Nenana, like Anchorage. was eslab-
lished by Lhe Alaska Engineering Commission and is the
second largest Lownsile along Lhe railroad. Nenana served
as headquarters for much of Lthe construction on the
north end of the railroad. Comstruction equipmentd,
bridge materials, supplies, and rolling stock came north
by steam ship from Seattle Lo St. Michacl. 'The materials
were then moved by river boat up the Yukon and
Tanana Rivers and off-loaded on docks construcled by
the Commission. Today, Nenana is the transshipment
point for cargo destined (or villages and installations
along ihe lower Yukon River as far as Marshall, about
640 mi (1,030 km) downriver ([ig. 54).

Riverboal lraffic on the Tanana River begins shortly
aller the river ice goes oul in latec April or early May and
lasts until carly Seplember. Guessing the day, hour. ang
minute of breakup on the Tanana River has been a
popular annual event since 1923. This event is known as

Figure 54. A lug and barge leave the Nenuna docks loaded with freight destined for villages on the lower Tanana and
Yulon Rivers. Photograph by Bill Coghill, 1980.
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the Nenana Ice Pool, ang the lucky winners usually share
over $100,000 in pyrize money garnered from the sale of
tickets all over Alaska.

MILE 412.5. At 25 mph (40 kmph), the train as-
cends the approach Lo the Tanana River bridge Lthrough a
180° curve. The approach was first constructed as a
trestle, but was later filled in. The railroad is genevally
laig with jointed 115-b (562 kg) rail that comes in
standard 39-ft (11.9 m) lengths. This tenglh is very close
to the standard 40-fi (12.2m) length belween truck
centers on present-day railroad cars. The joints are the
weakesl part in the track and tend to develop flat or low
spots under impact loads from the wheels. At speeds
between 12 and 22 mph (19 and 35 kmph), the direct
relationship of rail length to truck cenlers becomes
critical because a harmonic oscillaling motion develops
in the cars due Lo the low staggered joints. Unless
disrupted, this motion, particularly in the jumbo 20,000-
gal (21,000 1) tank cars, increases unti) the teading wheel
on the supetelevatled side of the track can be lifted high
enough so thal the wheel flange clears the rail, drops
over Lo the other side, and causes a costly derailment. To
combal this common problem, the rallroad has begun to
use 78-ft (23.8B m) rail lenglhs in areas of critical speeds,
such as this bridge approach.

MILE 413. OPPOSITE MISSION SLOUGH.

Because ol a series of shifts in the braided channels
farther up the river, this small slough captured the main
stream ol the Tanana River in the late 1950s and caused
a dramalic increase in siream velocities along the wesl
bank of the river north to the railroad bridge. The heavy
erosion, which continued below frostline during the
winter, moved Lhe west bank farther weslt so that the
buildings ai St. Marks Mission had to be vacaled and
moved. Shotlly before breakup mn 1965, the railroad
excavaled several trenches just inland from the west
riverbank and installed a series of river-training struc-
tures with Kelner jacks. The jacks are spider-like av-
rangements of scrap steel, wire, and cable designed to
cause sediment deposition (by slowing the rate at which
the water moves) and catch debris. Unfortunately, a
parallel field of )acks fatled (o hall the erosion, and the
tield was destroyed. In addition, two fields of jacks that
were intended to act as jetties were never exposed
because the river exiended its meander to the south ang
then rebounded to the east bank opposite the Old
Mission grounds. A new bar is beginning to [orm where
the Old Mission grounds were located, and the vertical
east bank shows an active erosional face.

MILE 413.7. CROSSING OF THE TANANA
RIVER ON MULTIPLE SPANS.

The main span, a 702-ft-long (214 m) through-
truss, is the second longest single-span railroad bridge in
the United States, The steel was erected duying the
winter of 1922-23 by using lalsework built on the river
ice. To celebrate the completion of the Alaska Railroad,
President Harding drove a golden spike just north of the
bridge on July 15, 1923. The site is marked by a sign on

the left. A fishwheel used by local Indians to cateh fish
is visible just upstream from the bridge on the north
bank.

During the 1914 route studies, location surveys
wete made up the north bank of the Tanana River along
the Tortella Hills Lo Fairbanks and also along part of the
south bank as an allernative to the preseni route through
Goldstream valley. Because very heavy sidehill construc-
tion would be needed here and at other similar locations
upriver, the route through Goldstream valley was fa-
vored, despite the difficulties encounlered by the
Tanana Valley Railroad in constructing a roadbed out of
‘muck.’

MILE 413.9. Here, a throughcut in Birch Creek
Schist exposes a mantle of Fairbanks loess, a massive
homogeneous silt that occurs on upper slopes and
hilltops in the Fairbanks area. The thickness of the
loess and retransported sill north of the Tanana River
ranges from 3 ft (1 m) on the upper hillsides to 200 (i
{60 m) on the lower hillslopes.

MILE 414.3. This is the beginning of a line change
that was constructed in 1987 Lo accommodate the
approach to the highway bridge on the left. Because of
the adverse dip and instability of the schist bedrock
(visible in the old railroad pil on the right), the back-
slope of the sidehill excavation was laid to a relatively
low angle that is ;more common Lo earlhwork than rock
excavatlon.

MILE 415.4. NORTH NENANA,

Track construction south from Happy (Mile 463)
reached this point in late 1919. Standard 8-fi-long
(2.4 m) crossties were used, but Lhe rail was laid to the
3-ft (1 m) gaupge needed Lo accommodate the Tanana
Valley Railroad equipment that was used until the
Tanana River bridge was completed in 1923 (fig. 55).
Before the bridge was completed, passengers and freight
(including coal from the Suntrana Mines) were hauled
across the river on a temporary lrack laid over the ice
during the winter months,

In April 1923, all traffic was suspended north of
this point until June 15, when the rails were regauged (o
the standard width. ‘Track with a maximum speed limit
of 43 mph (79 kimph) begins here,

MILE 417.8. The track crosses the Parks Highway,
which ascends to the crest of the Tortella Hills Lo the
east, and then follows the crest in a sinuous alignment
until it descends into Fairbanks through the old dredge
tailings of Ester Creek.

MILE 420. For the next 12 mi (19 km), the railroad
skirls the edge of Minio Flats on a stable roadbed built
on silt retransported from nearby hillsides. The silt
seems to be free of ice-rich permafrost except in the flat,
poorly drained area (Mile 425 to 426.8) that is char-
acterized by small thaw ponds, usually on the east side
of the track.

MILE 421.1. ENTER FAIRBANKS C-4 QUAD-
RANGLE.

The Tortella Hills ave to the right,
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Figure 550 View (to the south) toward the Nenona lownsite and shoulder construction at Mile 413 Phutograph AEC
C2024, Alusha Railroad Collection, Anchoroge Historical and Fine Arts Maseum, August 27, 1922.

MLILE 425.5. Thaw ponds m permafrost are on the
right.

MILE 426.5. Iy this shorl shim area. thu rafroad
crosses a well-defined bnear thaw pond Lhat probably
originates from a Lhawing wce wedge in the forest on Lhe
left.

MILLE 4304, ENTER FAIRBANKS D-1 QUAD-
RANGLE.

MILE 131.6. DUNBAR.

Beginning of Goldstream valley and 10-mph (65
kmph) rrack,

MILE 432.1, CROSSING OF GOLDSTREAM
CREEK.

MILE 432.6. DUNBAR SECTION HOUSE,

Enler Goldstream valtey. 'This is the beginning of
the ‘permafrost track' that s built on the iee-rich,
undifferentiated silts typical of the valley (fig. 56) 'The
rolling grade line re(lecls the sags caused by thawing
permairost; mellwater stands at the Loe of Lhe rondbed
in many locations, Differential selilcinent of the track
continues after freezeup, and the track needs Lo be
shimmed frequenlly. Surface drainage is poor.

Because (his is ‘warm’ permafrost. thermal equilib-
rim  cannol be economicully achieved. However, (he
thawing rate can be retarded if the shoulders are ex-
lended well beyond the standard roadbed prism to

encourage revegetalion. Greal care must be exercised Lo
prevent differential heaving that may alfecl the cross
level of he track. In 1919, the roadbed was constructed
primarily on an embankmenl section along Lhe north
edge of Goldsiream valley al the base of a low range of
hills Lo the north. An occasional low throughcul or
sidehill cxcavation furnished some material for the
embankment; however, lhe rest was ‘borrowed’ from Lhe
ground next to the track., Other than the permafrost
found in the throughcuts and sidehill excavation, the
original construction records listed all borrow materials
between Mile 432 and 452 as either ‘common’ horrow or
‘wel’ borrow (Ltaken from salurated materials on the
valley (loor). From Mile 452 Lo 463, all borrow material
is lisled as wet horrow; there was no waste material.
From these records and Irom looking at Goldstreamn
valley, one can appreciate the very poor malerials used
by the station workers when (he onginal roadbed was
built,

MILE 439, INSULATED-‘TRACK TEST SECTION
{fig. 57).

On May 25, 1976, the Alaska Ruailroad, in collabora-
tion with Dow Chemical Company, insulated a lesl
section of roadbed with rigid slyrofoam at a location
where Lhe roadbed emerges from a throughcul onto fill.
The severe differential hecaving al thix location required
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Fipure 56. Diugrammalic sketch that shows the permy-
frost disteibution in the Goldstream valley neor
Fajrbunks Modificd [rom Pewe, 1963.

at least 5in. (13 em) of shimmmng because of sessonal
trost feaving and permafrost degradation. Frozen
ground was cncountered when the instruments were
installed. The instruments consist of three sels of 16
thermistars each that were installed under the styroloam
and lwo control strings ol 13 thermistors each that were
installed heyond the insulated areas. The Lhermisiors
measure Lhe heat flow in the roadbed and around and
under Lhe styroloan Lo a depth of 10 ft (3 m). Weekly
rcadings are taken, and air temperatures are continuous-
ly recorded on 4 Lhermograph. Quarterly surveys are
made Lo record any settlement.

The styrofoam was installed in varying thicknesses
and pallerns and with side slopes in some areas to

Figure 57. View of test section of insuwleled track with u
recording lhermograph on the right, Mile 139. The
lest sectisn ts not gubject Lo the severe differential
heaving wvisible in figure 63. Pholograph by Dauve
Nwood, 1982,

determine (he best design {figs. 58 through 61). Once
the disruplion caused by the construclion of the test
sections has dissipaled, heal-llow data {rom the Lhermis-
lor strings will be analyzed. Ultimatlely, a sel ol new
design criteria will probably be developed for con-
struction of railvoad roadbeds in permaflrost areas.

MILE 4358.5. STANDARD.

The continuing subsidence that affecls the railrocad
in Goldstream valley is illustrated by lhe side lrack on
the lefl, which receives considerably less maintenance
than the main line,

MILE 4404. ENTER FAIRBANKS D-3 QUAD-
RANGLE.

Here, much of the valley was burned over by a large
fire in 1966. Mudllows from melling permalrosl were
observed in fire trails that were dozed by crawler trac:
tors Lo contain Lhe fire away from the track.

MILE 445, In addilion to meltwater from thawing
permafrost, surface runoll ol normal precipitation from
the hills on the left colleets along the low railroad
embankimenl. The natural gradienl through Goldstream
valley is very slight. Because of differential setllement
caused by thawing permafrosl, lateral drainage is poor,
and water collecls in ponds. Dilches originally excavaled
Lo carry runoff from the drainage structures through the
roadbed Lo Goldstream Creek have [illed in with vegeta-
tion and now block Lhe drainage.

MILLE 448. The difference between the track’s low
profile and the surrounding terrain ingicales the exient
of subsidence by Lhe roadbed.

MILE 449, Figurc 62 shows borrow operations
during Lhe origina) construclion.

MILE 450.8. SAULICH.

Poor track conditions caused by thawing permalrost
are readily apparent. (Nole ihe “lilting' coflee in your
cup, il you have one.) The side track on the right shows
poor track conditions thaL would resull il Lthe main line
were nol maintained (fig. 63).

MILE 452.2. In 1971, a short section of the oulside
shoulder (on the right) caved in suddenly and lefl a
20-It-deep {6 m) hole by the Lrack. Because no evidence
of lateral displacemenl of malerial below the aflected
arca is visible, the cave-in probably occurred when a
large ice mass under Lhe roadbed Lhawed.

MILE 456,2. DOME.

Speed most be reduced Lo 30 mph (48 kmph) for
the next 7 mi (11 km) becavse of the severe dil(erential
settlement of the roadbed. Birch Creek Schist was
exposed at a shallow depth when a water line to Lhe
section house was buill.

MILE 456.7. To the righl are bridge pilings und the
embankment of a proposed line change that was con-
structed Lo final grade from 1948 to 1950 and was Lhen
abandoned because ol insufficient funds. No special
construchion methods were used in building the roadbed.
The wregular profile ceflects more than 30 vr of differen-
lial settlement caused by thawing of the disturbed
permafrost.
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MILE 457.3.11 Another maintenance problem that
results from constructing the railroad on the fine-grained
silts in Goldstream valley is (rost heaving of bridge
pilings. When the ground freezes, il is displaced upward.
This displacement is catled ‘frost heaving® and is partly
due to moisture freezing in the soil. The fine-grained silts
of Goldstream valley offer ideal conditions for the
growth of ice segregations and subsequent [rost heaving.

Y poditied from Pewe, 1963.

Sec appendix C (p. 80) for description of frost heaving of
bridge pllings at Milepost 458.4.

Ice segrepaitions {orm in sediments when water is
drawn from adjacent unfrozen ground and migrates to a
point where freezing occurs. The water can migrate over
30 ft (9 m) and al temperatures below 329F (0°C). The
three most impottant factors for the formation of ice
segregalions are air femperalure, soil texture, and
moisture content of the soil,

Engineering structures, such as the railroad’s stan-
dard wood-pile trestle, can be displaced upward by frost
heaving.'? The amount of upward force that affects the
piling in the seasonally frozen ground depends on the
volume of cleay-ice segregations, the adfreezing strength
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(bond) between the surface of the pile and the ground,
and the surface area of the piling within the ground,
Normally, the upward force is opposed by the bond
developed by the piling in the unfrozen ground below
the seasonal (rost line. Where piling has been driven into
the permafrost, the upward force caused by seasonal
frost heaving can be reduced or overcome by the tangen-
tial bond between the perennially frozen ground and the
piting’s surface. The greater the surface area of the piling
within the permafrost, the greater the bond.

Continued frost heaving (or frosl jacking) of the
piling can rvaise the bridge deck above the desired grade
line. Also, the amount of heaving varies with each bent
(row of five piles with cap), which further distorts the
line and grade across the bridge. When the distortion
becomes Loo great, the tops of the pilings must be cut
off to reestablish 2 uniform grade across the bridge and
its approaches. Eventually, the pilings lose their bearing
and throw the bridge out of line; conseguently, new
piles musl be installed. Steam is still used to thaw and
penetrate (he permafrosl so that pites can be driven
vertically, butt-end down for greater surface area.

Steam was also used to thaw the undertying perma-
frosl when Limber pilings were driven io supporl the
many small bridges installed during original construc-
tion. Most of these bridges have been replaced with
culverts. Of those that remain, several continue to be
affecled by frost heaving, although to a lesser degree
than 30 yr ago, when more than 12 in. (31 cm) of
heaving in a single year would be reported. The bridge at
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Mile 457.3 requires the most maintenance. The piles
were redriven in 19564, but the tops of the piling must be
cut off from 4 to 6 in. (10 to 15 ¢m) every 3 yr. These
culoffs are limited to bents 2 and 3; bents 1 and 4 (the
south and north abutments, respectively) heave only
slightly, il at all. The bridge piling at Mile 460.1 needs
about 4 in. {10 ecm) cut off every 4 yr; piles for this
bridge were redriven jn 1976. The bridge pilings at Mile
460.4 show very little movement; they were redriven in
1976 after the bridge was severely burned.

Three wood-pite bridges (al Mile 456.7, 458.4, and
460.4) were systematically observed by T.L. Pewe
(app. A) for three winleys in the mid-1950s to see what
effect frost heaving had on the pilings. Of the three
bridges, only the one at Mile 460.4 remains. Culverts,
whijch are 6-ft-diam (1.B3 m) steel caissons, were placed
al the other two locations, and the bridged gaps were
(liled with gravel to eliminate expensive bridge main-
tenance,

MILE 459.2. ENTER FAIRBANKS D-2 QUAD-
RANGLE,

MILE 461 to 462.5. Words are no! necessary (o
describe this stretch of ‘permafrost’ track. In 1970, a
railroad consultant studied the roadbed at Mile 462.3 to
gain basic information on the degradation of permafrost
sols under granular or gravel embankments and deter-
mine the existing gravel distribution after about 40 yr of
setllement, annual shoulder dumping, and sag raising.
Three borings were made through the shallow railroad
embankment, one on each shoulder and the third
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Figure 62. Borrow-pit operalions a«l Miule 449, Dynamile was used (o breuk up frozen sitl in the low hillside to Lthe lefl
so that the sill could be loaded into the narrow-gauge equipment of the Tunang Valley Railroad. Part of the main
line was first consiructed on the light timber (restle visible in the backyround, tt was then filled by work-train. o
the right, natwe timber lripods thal adjust readily o differential settling carry communication hines Photograph
from Alaska Railroad Collection. Anchorage Historicel aned Fine Avis Muscum, July 26, 1919,
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through the center of the track. A fourth boring was
made 85 ft (26 m) east of the track in an undisturbed
area.

The firsl. two borings on the shoulders of the
embankment encountered 15 1t (5 m) of unlrozen, loase
sand, gravel, and cobble material that overlie 1.5 Lo 3 fL
(0.5 to 1m) ol sand with some fine gravel {probably
Tanana River gravel hauled in by a work train (rom Lhe
Fairbanks area). Below this layer, the underlying sills
were nhol [rozen; permafrost was encountered 21.5 to
24 L (6 Lo 7 m) below Lhe roadbed surface. The upper
10 It {3 mi of coarse gravel dircelly under the Lrack
was more dense because of repeated compaction by rail
traffic over the vears. However, the remzining malerial
down {6 21.5ftL (6 m) below the roadbed surface was
loosely compacled and rested essentially on pure ice.

The boring made Lo the east ol the track encoun-
lered permafrost in the silt al 18 (L {6 m) below ihe
ground surface, 7 to 10 (L (2 Lo 3 m) higher Lhan the
permafrost level under the track. As suspectied, horings
1, 2, and 3 indicate thal an unfrozen ‘bulb’ of gravel
(16 to 21 {L (5 Lo 6.6 m) deep| prohably underhes the
Lrack Lhrough much of Goldstream valley.

MILE 463.0. HAPPY,

Formerly the junction of the old Chatanika Branch
Line (earlier the Tanana Valley Railroad) that served the

gold-mining Lowns of Fox and Gilmore, Lo the ¢ast. The
branch line, which continued operating on narrow-gauge
track until 1930, required a special three-rail track into
the Fawrbanks yard. Turnouts to handle hoth standard-
and narrow-gauge equipmenl were included. The track
gradually descends ‘Bappy Hil)’ at 40 mph (64 kmph)
into the Tanana River basin and the city of Fairbanks.
Figure 64 is a generalized permafrost map of Lhe Fair-
banks arca.

MILE 466. This station point was formerly known
as Esler, where students atlending the University of Fair-
banks would debark. To encourage cnrollment. students
were granted special fares on the railroagd. The university
now operates ils experimental farm in this area. The
Geophysical [nstitule building complex is visible to Lhe
left on the crest of Lhe hill.

MILE 467. The Fairbanks cainpus of the Universily
ol Alaska is on the left.

MILE 467.1. COLLEGE.

MILE 467.9. BEGINNING OF FAIRBANKS
YARD.

Figure 65 shows borrow-pit operalions in fhis ares
in October 1917.

MILE 470.3. FAIRBANKS.

End of the line. Thanks for riding with us.

Figure 63, Example of track deformation al Saulich (Mile 450 8) that was caused by differeniie! settlement due to
degrading permafrost. Photograph BL 79 2.3053, Aleska Rodroad Collection, Anchorage Historicol and Fine Arls
Museum, Mav 1949
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Figure 65. Karly borrow-pit operution m flood-plain deposits of sill, sond, und gravel neor Fairbanks, Norrow-gauge
cquupment from ihe Tunanw Valley Roilroad s used. Pholograph from Alaska Reilroed Collection. Anchoroge

Historical and Fine Arts Museum. Oclober 13, 1917,
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APPENDIX A: EFFECTS OF THE
GREAT ALASKA EARTHQUAKE,
MARCH 27, 196432

“In the 1964 Alaska earthquake, the federally
owned Alaska Railroad sustained damage of more than
$35 million: 54 percent of the cost for port facilities;
25 percent, roadbed and track; 9 percent, buildings and
utilities; 7 percent, bridges and culverts; and 5 percent,
landslide removal. Principal causes of damage were:
(1) landslides, landslide-generated waves, and seismic sea
waves that destroyed costly port facilities bujlt on
deltas; (2) regional teclonic subsidence that necessitated
raising and armoring 22 mi of roadbed made susceptibie
to marine erosion; and (3) of greatest importance in
terms of potential damage in sejsmically active areas, a
general loss of strength experienced by wet watertaid
unconsolldated granular sediments (silt to coarse gravel)
that altowed embankments to settle and enabled sedi-
ments to undergo flowlike displacement toward topo-
graphic depressions, even in flat-lying areas. The term
‘land-spreading’ is proposed for the lateral displacement
and distension of mobilized sediments; landspreading ap-
pears to have resultted largely from liquefaction. Because
mobilization is time dependent and lts effects cumula-
tive, the long duration of strong ground motion (timed
as 3 to 4 minutes) along the southern 150 mi of the rail
line made landspreading an important cause of damage.

“Sediments moved toward natural and manmade
topographic depressions (stream valleys, gullles, drainage
ditches, borrow pits, and lakes). Stream widths de-
creased, often about 20 in. but at some places by as
much as 8.5 ft, and sediments moved upward beneath
stream channels, Landspreading toward streams and even
small drainage ditches crushed concrete and metal
culverts. Bridge superstructures were compressed and
faited by lateral buckiing, or more commonly were
driven into, through, or over bulkheads. Piles and piers
were torn free of superstructures by moving sediments,
crowded toward stream channels, and liffed in the
cenler. The lifted piles arched the superstructures,
Vertical pile displacement was independent of the depth
of the pile penetration in the sediment and thus was due
to vertical movement of the sediments, rather than to
differential compaction. The fact that bridge piles
were carried laterally without notable tilfing suggests
that mobilization exceeded pile depths, which averaged
about 20 ft. Field observations, )argely duplicated by
vibrated sandbox models of stream channels, suggestl
that movement was distributed throughout the sedi-
ments, rather than restricted to finite (ailure surfaces.

“Landspreading generated stress that produced
cracks in the ground surface adjacent to depressions. The
distribution of this stress controtled the crack patterns;
tension cracks parallel to straight or concave stream-
banks, shear cracks intersecting at 45° to 70° on convex
banks where thexe was some component of radial

130 om McCullough and Bonilla, 1967,

spreading, and orthogonal cracks on the jnsides of tight
meander bends or istands where spreading was omni-
directional.

“Ground cracks of these kinds commonly extended
500 ft, and occasionally about 1,000 ft, back from
streams, which indicates that landspreading occurred
over large areas. In areas of landspreading, highway and
railroad embankments, pavements, and rails were pulled
apart endways and were displaced laterally if they lay al
an angle to the direction of sediment displacement.
Sediment movement commonly skewed bridges that
crossed streams obliquely, The maximum horizontal
skew was 10 ft,

“Embankment settlement, nearly universal in areas
of landspreading, also occurred in areas where there was
no evidence for widespread loss of strength in the uncon-
solidated sediments, In the latter areas embankments
themselves clearly caused the loss of bearing strength in
the underlying sediment. In both areas, settlement was
accompaniled by the formation of ground cracks ap-
proximately parallel to the embankment in the adjacent
sediments. Sediment-laden ground water was discharged
from the cracks, and extreme local settlements (as much

as 6 ft) were associated with large discharges.

“Landspreading was accompanied by transient
horizontal displacement of the ground that pounded
bridge ends with slight or considerable force. The
deck of a 10b6-{t bridge was repealedly arched up off its
piles by transient compression. Bridges may also have
developed high horizontal accelerations. One bridge
deck, driven through its bulkhead, appears to have had
an acceleration of at least 1.1 to 1.7 g; however, most
evidence for high accelerations is ambiguous.

“Limited standard penetration data show that
landspreading damage was not restricted to soft sedi-
ments. Some bridges were severely damaged by dis-
placement of piles driven in sediments classified as
compact angd dense.

“Total thickness of unconsolidated sediments
strongly coatrolled the deprse of damage. In areas
underlain by wet water-faid sediments the degree of
damage to uniformly designed and built wooden railroad
bridges shows a closer correlation with total sediment
thickness at the bridge site than with the grain size of
the material in which the piles were driven.

“Local geology and physiography largely controlled
the kind, distribution, and severity of damage to the
railroad. This relationship is so clear that maps of
surficlal geology and physiography of damaged areas of
the rail belt show that only a few geologic-physiographic
units serve to identify these areas.

1. Bedrock and glacial till on bedrock, no founda-
tion displacements, but ground vibration in-
creased toward the area of maxjmum strain-
energy release.
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2. Glacial outwash terraces. Landspreading and
damage ranged from none where the water table
was low and the terrace undissected to severe
where the waley table was near the surface and
the terrace dissected by streams.

3. Inactive flood plains. Landspreading, ground
cracking, flooding by ejected ground water, and
damage were generally slight but increased to
severe Loward lower, wetter active flood plains or
river channels.

4. Active flood plains. Landspreading, ground
cracking, and flooding were nearly universal and
were preatex than on adjacent inaclive flood
plains.

5. Fan deltas. Radial downhil} spreading and ground
cracking were considerable near the lower edges
of the fan deltas and were accompanied by
ground-water discharge. Landslides were com-
mon from edges of deltas.

“Damage, landspreading, ground cracking, vibration,
and flooding by ground water penerally increased with
(1) increasing thickness of unconsolidated sediments,
(2) decreasing depth to the water iable, (3) proximity
to topographic depressions, and (4) proximity to the
area of maximum strain-energy velease,”

APPENDIX B: VEGETATION OF ALASKA'#

Alaska is a land of contrasts—contrasts in climate,
physical geography, and vegetation. Containing 365.5
million acres (146 million hectares), Alaska has lhe
highest mountain in North America, as well as hundreds
of square miles of boggy lowlands. The climate varies
from mild and wet to cold and dry. In the interior, the
temperature range may exceed 150°F (88°C) in 1 yr
and precipitation may be tess than 10 in. (250 mm)
annually In contrast, temperatures in the southeastern
coasta} area may vary 70°F (38°C) with 150 in.
(3,800 mm) annual precipitation. Spanning nearly
1,300 mi (2,100 km) of latitude and 2,200 mi (3,500
km) of Jongitude, Alaska's vegetation varies from the
towering fast-growing forests of the southeastern coast
through the low, slow-growing boreal forests of the
interior to the {reeless tundra of the north and west.

Approximately 119 wmillion acres (48 million
hectares) in the state are forested. Of these, 28 wmillion
acres (11.2 million hectares) are classified as ‘commercial
forests.” These great {imber reserves provide the basis for
one of the State’s largest industries, one that will con-
tinue to expand in size and importance as the timber
demands of the heavily populated areas of the world
increase.

ALASKA TREES

Thirty-three of the 133 species of woody plants in
Alaska described here reach tree size, although several
are commonly shrubby and a few are rare. Only 12 tyee
species in Alaska are classified as large, that is more than
70 {t (21 m) high. However, two conifers of the south-
eastern coastal forests become very large: 1) Sitka spruce
reach heights of 225 £t (69 m) with trunk diameters of
8 ft (2.4 m) or more; 2) western hemlock reach heights
of 190 ft (68 m) with trunk diameters of 5§ ft (1.5 m) or
more. Near Haines, a giant, black cottonwood with a
broken top is 101 ft (30.8 m) high and has a trunk
with a circumference of 32'% £t (9.9 m),

Sixteen tree species are less than 30 ft (9 m) high.
All eight species of tree willows, as well as eight others,

14Modiﬁed from Viereck and Little, 1972.

are classified as shrubs and trees. Three other specles
sometimes reach tree size. In favorable sites, Grayleaf
willow may form asmall, shrubby tree up Lo 20 ft (6 m)
high with a 5 in. (12.6 ¢m) trunk diameter. Some Pacific
red alder and Greene mountain-ash have reached the
same height in southeast Alaska.

The 33 speeies of Alaska trees belong to 17 genera
in eight plant families. However, the pine family con-
tains nine species, and the willow family 11 species. The
largest genera are the willow with eight tree species,
and the spruce, poplar, and alder with three species each.

Nearly all commercial timber in Alaska is produced
by 10 tree species; six are conifers and four are hard-
woods. The coastal spruce-hemiock forests of south-
eastern Alaska consist of five important conifers: Sitka
spruce, western hemlock, mountain hemiock, western
red cedar, and Alaska-cedar. The lone commercial
hardwood in southeast Alaska is black poplar. In the
interior spruce-hardwood forests, the commercially
important species are white spruce, balsam poplar,
quaking aspen, and papet birch.

The number of tree species native in any area of
Alaska is relatively small. Many localities have fewer
than 10 tree species; greal expanses of tundra above tree
line have none.

The extensive spruce-hardwood forests of inlerior
Alaska are composed of three coniferous tree species
(white spruce, black spruce, and tamarack), three
hardwoods (balsam poplar, quaking aspen, and paper
birch), up to five species of willow, and two species of
alder.

GEOGRAPHIC DISTRIBUTION

Many species of Alaska’s arctic shrubs and herbs are
widely distributed in the far northern regions of the
world. Other Alaskan species extend only to northern
Europe, while several extend west into Siberia. The
arctic-alpine species occur in the alpine zone of the
Rocky Mountains and high peaks of New Enpland.
Hulten (1268) published 2 small map that shows the
entire natural distribution of each Alaska species around
the North Pole.
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The only Alaska trce species native in the Old World
is Sitka alder, which ranges into northeastern Asia. Some
authors classify thinleaf alder with the Ol] World species
of European speckled alder. Pacific red alder has also
been classified as a variety of LCuropean ved alder in
[Eurasia.

Six tree species of the inlerioy spruce-hardwood
forest are widely distributed in northern coniferous
forests (‘norih woods’ or boreal! forest) from Alaska
across Canada casl to Labrador and Newfoundland and
south into the northeastern states. Bebh willow arc small
trees Lhat have a similar distribution.

Three tree species have a large north-south distribu-
tion. Lodgepole pine and black coltonwood range south
in coaslal forests from Alaska to Culifornia and beyond
into the mountains of northern Baja California. Quaking
aspen, the tree species with Llhe greatest geographic
exlenl in North America, has a north-souih yange of
about 48° from Alaska and northwesiern Canada souih
Lo the mountains of Mexico. Sandbar willow, a species
of shrub thal grows along the banks of the Yukon River
in ceniral Alaska, seems cqually adapled as a small tree
along the Mississippl River in Mississippi and Louisiana
and rangcs also into norlhern Mexico.

Woody-plant species of Alaska can gencrally be
separated into iwo groups that correspond lo forest
tegions within the State, Many are conlined to Lhe
coasla) spruce-hemlock forests of soulheast Alaska.
Others are characteristic of the spruce-hardwood [oresls
of the interior or the tundra of northern and western
Alaska. However, some species pceur in lwo tepions or
extend a short distance into the other. Of the 33 species
of trees native to Alaska, 20 are confined Lo the coasial
region; the other 13 occur In the inlerior, bul 11 of
these also extend at leasl a shor( distance soath to the
Pacific coast.

All tree species of Alaska range soulh across Canada
Lo other states with the exception of five species: three
species ol willow thal are usually shrubby and two
varieties of paper birch. Nineleen species grow wild in
California,

LOCAL AND RARE SPECIES

Few species of native trees and shrubs in Alaska are
restricted in distribution or endangered. Nearly all
woody species range beyond the State’s boundaries and
are not endangered. Mosl occur in Canada, bul a few
oceur in Asia. Aboul 25 species of Lrees and shrubs have
local ranges in Alaska.

OTHER USES

In addilion to the timber values, the forest and
tundra areas of Alaska have many other important uses.
Much of Alaska is still wilderness, and the value of
vndisturbed areas may someday far oulweigh the poten-
tial value of lumber and pulp production. An increasing
nuamber of people took to Alaska for wilderness areas

that are no longer present in the more developed areas of
the world. Thas, it is important Lo retain some natural
forest land in Ataska. Tourism in Alaska is an important
and growing industry thal is primarily based on scenic,
wilderness, and wildlife resources.

Once of the mosl imporlanl resources of Alaska
forests is the wildlife thal inhabils them, Forests provide
homes for numerous hirds and mammals thal are direct-
ly or indirectly dependent on woody plants for food or
shelter. Bven big rame auimals, such as mountain sheep.
mountain goat, and musk ox, oflen use low woody
plantis for food even though they spend nch of their
hves above (reeline.

The moose is probably the most abundanl and
wideranging large mammal in the interior forests; occa-
sionally its range extends into the coastal areas. During
winter, moose browse primarily on willows and other
shrubs, especially in areas where shrubs grow thickly
after a forest fire and in willow thickels along the rivers.
In coastal areas, blacktail deer feed primarily on blue-
berry and olher shrubs when snow covers the low
vegetation. In summer, deer feed mainly on herbaccous
plants Lhat grow in the open areas in coastal forests.
liven carlbou, oflen considered tundra animals, spend
winter in the open forested areas next Lo treeline,
especially where lichen growth is abundant. In summer,
caribou may eal several woody shrubs, especially resin
and dwarf arctic birch and willows, as well as herbaceous
tundra. Throughoul winter, small red squirrels, which
are also ua source of food for Jarger furbearers, are
dependent on seeds [rom spruce cones sltored bencath
the ground.

Scveral bird species survive throuph the Aliskan
winters primarily by eating woody planis. Ptarmigan
feed on willow and shrub-birch buds; ruffed and sharp-
lailed grouse forage for berties from the pasl summer
and feed on the buds of shrubs and (rees. ‘The spruce
grouse ol the interior and the blue grouse of the coastal
areas [eed largely on needles and buds of the spruce
trees and berrics and buds of many shrubby species.

In summer, insects abound in Lhe forests and serve
as [ood for many small birds Lhal nest and rear their
young before they migrate souih in the (all. [v addilion,
the Alaskan forests and Lundra are dotled with lakes that
serve as nesting places where waterfow! rear Lheir young
during the short slunmer season.

FORESTS

This section lists the wmain vegetation types of
Alaska and the most important trees and shrubs in each
area.

COASTAL FORESTS

The dense forests of western hemlock ang Siika
spruce are a continuation ol similar forests along the
coast of British Columbia, Washington, and Oregon.
These forests extend about 900 mi (1,440 ki) along the
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coast from the southeystern tip of Alaska to Cook Inlet
and Kodiak Island. Commercial stands occur from sea
level to about 1,500 fi (4860 m) elevation, but scattered
trees occur up to timberline at 2,000 to 3,000 ft (460 to
915 m).

The coastal forests are characterized by steep,
rugged topography. In many areas, only a narrow band
of trees exists between the ocean and the snowclad
mountains above. The scenic grandeur of the region is
unsurpassed. Narrow walerways with steep forested
slopes, rugged high mountains, numerous glaciers that
extend through forested valleys Lo the coast, and abun-
dant strcams and lakes offer a wealth of recreational
opportunities to Alaskans and tourists.

The climate is cool and cloudy in summer, and
winters are mijld. Snowfall may be heavy in some for-
ested areas in the northern part of Alaska, bul much of
the precipitation is rain. Annual precipitalion varies
from as much as 222 in. (5,640 mm) on the seaward
coast of Lhe southeasternmost islands to 25 in. (630
mwm) at Homer, which is on the boundary between
coastal and inlerior forests. The mean annual lempera-
ture in lhe coastal forests ranges from 46°F (89C) al
Ketchikan to 379F (39C) at Cordova. Summer tempera-
tures range [rom 55 to 60°F (L3 to 16°C), and winter
lemperatures for the coldest month range from 20 to
359F (-7 to 2°C).

In the southern parl of Alaska, coaslal [orests are
primarlly composed of western hemlock and Sitka
spruce wilh a scattering of mountain hemlock, western
red cedayr, and Alaska-cedar. Red alder is common zalong
streams, beach fringes, and on soils recently disturbed by
logging and landslides. Black cotlonwood grows on the
flood plains of major rivers and recently deglaciated
areas on Lhe mainland. Subalpine fir angd Pacific silver fir
occur occasionally at treeline and near sea level, bul are
not abundant enough to be of commercial value. Blue-
berry, huckleberry, copperbush, devilsclub, and salal
are the most Important shrubs. Because of the high
rainfall and resultant high humidily, mosses grow in
great profusion on the ground, f{allen logs, lower
branches of trees, angd open areas in the fovest.

In poorly drgined areas at low elevations, open
muskegs with low shrubs, sedges, grasses, and mosses are
common. These areas arc Llreeless or may have a few
scattered shrubby trees of shore pine (lodgepole pine),
western hemlock, mountain hemlock, Alaska-cedar, and
Sitka spruce.

In the northern and western sections of the coastal
Corests, the tree species change. Western red cedar does
not occur north of Frederick Sound, and Alaska-cedar
does not occur at Prince William Sound. Cottonwood,
which is extensive near glacial outwash along rivers, is
commercially important in the Haines area and on the
alluvial lerraces to the west. Western hemlock is less
exiensive Lo the west, but occurs as far as Cook Inlet.
Only Sitka spruce remains abundant in the coastal

forests west of Cook Inlet; it is the lone conifer on
Afognak and Kodiak Islands. Douglas-fir, which is
characteristic of the coastal forests of Oregon, Washing-
ton, and southern British Columbia, does not grow in
Alaska.

INTERIOR FORESTS

The white spruce - paper bhirch forest that extends
from the Kenai Peninsula to Lthe southern slopes of the
Brooks Range and west alinost to the Bering Sea is called
the boreal forest or taiga, the Russian equivalent. These
forests cover aboul 32 percent of the area or about 106
million acres (42.4 million hectares). However, only
one-fifth of the area is classified as commercial-forest
land.

Characteristic forest stands occur in the Tanana and
Yukon valleys. Here, ctimatic conditions are extreme.
The mean annual temperature is 20 to 30°F (-7°C to
-10C), but winter temperatures below -40°F (-10°C) are
commoan; the coldest monlh averages -10 to -20°F (-23°
Lo -29°C). In contrast, summer temperatures may reach
into the 90s (above 30°C), and the warmesi month of
the year averages 60CF (16°C). Permafrost is discon-
tinuous in Lhe southern part of the interior forests and
nearly continuous in the northern sections. Although
precipitation is light, 6 to 12 in. (150 to 300 mm) per
year, evapovation is low, and permafrost forms an
impervious layer. Consequently, bogs and wet arcas are
common. In Fairbanks, the average snowfall is 55 in.
(140 cm) per year, but the snow cover usually persists
from mig-October unti) mid- to late-April. In the boreal
forest regions, nearly 24 hr of daylight are available
for plant growth in June, bul only a few hours of
suntight are available during the winter months,

Forest fires are also an importanl aspect of the
intexior-forest environment in Alaska. Even with modern
fire-detecting and fighting techniques, more than 4 mil-
lion acres may burn in a single summer,

Because some areas have been extensively burned
during the past 100 yr, large areas of the interior are in
various stages of foresl succession. The succession that
follows a fire is varied and depends on topography,
previous vegetation, severity of burn, and available seed
source at the time of burn. In general, fires ave fotlowed
by a shrubby stage that consists primarily of light-seeded
willows.

Vegetalion types in interior Alaska form a mosaic
that is related to past fire history, slope and aspect, and
the presence or absence of permafrost. Mosl forest
stands are mixtures of al least Lwo tree species, but are
usually classified by the dominant species.

Closed spruce-hardwood {orests

White spruce In general, the besl commercial stands
of while spruce occur on warm, dry, south-facing
hillsides and next to rivers where draipage is good and



THE ALASKA RAILROAD 79

permafrost is absent. These stands are generally open
under the canopy, but may contain rose, alder, and
witlow shrubs. The forest Rootr is usually carpeled with a
thick moss mat. In some areas, 100- to 200-yr-old spruce
with trunks 10 to 24 in. (25 to 60 cm) diam may average
10,000 board feet/acre (58 m? /hectare). Stands in which
commercial white spruce is dominant occupy 12.8
million acres (5.1 million hectares) in interioy Alaska.

Quaking aspen After a fire and initial willow stage,
fasi-growing aspen stands develop in upland aveas on
south-facing slopes. The aspen mature in 60 to 80 yr and
are eventually replaced by white spruce, except in
excessively dry sites where the aspen may persisi.
Occasionally, aspen stands also follow fire on well-
drained lowland river terraces and are usually replaced
by black spruce in the successional sequence. Stands
in which aspen is dominant occupy about 2.4 million
acres (960,000 hectares) in central Alaska.

Paper birch After a fire, paper birch is the common
invading lree on east- and west-facing slopes and oc-
casionally on north slopes and ftal areas. This species
may occur in pure stands, but is generally mixed with
white spruce, aspen, or black spruce. Shrubs may be
similar to those under an aspen canopy, but usually
Labrador-lea and mountain~cranberry are more com-
mon. Paper birch trees may be 60 to 80 ft (18 to 24 m)
tall and have diameters up to 18 in. (46 ¢m), but an
average diameter of 8 to 9 in. (20 to 22 cm) is genevally
more common in interior birch stands. Stands domi-
nated by paper birch occupy aboui 5 million acres
{2 million hectares) of intevior forests and are especially
widespread in the Susitna River valley.

Balsam poplar Balsam poplar is also an important
species in closed spruce-hardwaod forests in interior
Alaska. This species reaches its grealest size and abun-
dance on the flood plain of meandering glacial rivers.
The balsam poplar invades sandbars and grows rapidly to
a height of 80 to 100 ft {24 to 40 m). Trunks may reach
24 in. diam (60 cm) before the species is replaced
by white spruce. Balsam poplar also occurs in small
clumps near the altitudinal and latitudinal limit of trees
in the Alaska Range and north of the Brooks Range.
Commaereial stands occupy 2,1 million acres (840,000
hectares), primarity along the Yukon, Tanana, Susitna,
and Kuskokwim Rivers. In the Susilna River valley,
balsam poplar is often replaced by black coltonwood or
a hybrid ol the two.

Open, fow-growing spruce forests

On north-facinyg slopes and poorly drained lowlands,
forest succession leads to open stands of black spruce
and bogs, usually underlain by permafrost. Black spruce
grows slowly and seldom exceeds 8 in. (20 cm) diam; a
tree that is 2 in. (b em) diam is often 100 yr old. Black
spruce grows abundanily after fire because its peysistent
cones open and spread seed over the burned areas. A
thick moss mat, often composed of sphagnum mosses,

sedges, grasses, and heath or ericaceous shrubs, is usually
the subordinate vegelation of open black-spruce stands,
Slow-growing tamarack is associated with black spruce in
wet bottom lands. As with black spruce, tamarack trees
are of little commercial value because they seldon reach
more than 6 in. (15 em) diam.

TREELESS BOGS

Coastal areas

Within the coasta] forests, treeless areas occuy in
depressions, flat areas, and on some gentle slopes where
drainage is pooy. The vegetation is varviable, but generally
consists of a thick sphagnum-moss mat with sedges,
rushes, low shrubs, and fruticose lichens; this vegetation
i3 locally called ‘wuskeg.” Often, a few slow-growing,
poorly formed shore pine, western hemiock, or Alaska-
cedar grow on the drier sites. fn more exposed areas and
in the driest areas, shrubs may be dominant over the
sedge and herbaceous mat. Ponds often occur in the
pealy substrate.

interior areas

Within the boreal forest, extensive bogs occur where
conditions are too wet for tree growih. In unglaciated
areas north of the Alaska Range, bogs oceur oh old river
terraces and outwash {in-filling ponds and old stoughs)
and occasionally on genile north-facing slopes. They are
also common south of the Alaska Range, on the fine-
clay soils formed in former glacial lake basins, on mo-
rainal soils in glaciated areas, and on exlensive flat areas
along the lower Yukon and Kuskokwim Rivers,

Bog vegetation consists of various grasses, sedges,
and mosses, especially sphagnum. Often the surface is
made uneven by stringlike vidges. Much of the bog
surface is too wet for shrubs, but numerous heath or
ericaceous shrubs, willows, and dwarf birches grow
oun drier peat ridges.

SHRUB THICKETS

COASTAL ALDER THICKETS

Dense thickets of shrubs occur in many siles in all
major vegetation zones in Alaska. In the coastal areas of
Alaska, extensive alder thickets grow between the beach
and forest and between treeline and alpine-tundra
meadows; they often exlend from treeline down through
the forest in avalanche shoots and along streams. Shrub
thickets commanly occur in many open areas in south-
eastern Alaska. The alder thickel is almosl impenetrable
because boles of shrubs lend to grow horizontally and
vertically. Travel lhrough the thickel is difficult because
spiny devilsclub and salmonberry frequently occur.
Beneath the alder canopy, a well-developed grass and
moss layer often occurs, as well as numerous herbs and
shrubs.
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FLOOD-PLAIN THICKETS

Flood-plain thickets are anolher major shrub type
that occurs on river flood plains. Floog-plain thickets are
similar from the river flood plains of the southern
coastal areas to the broad, braided river flood plains
north of Lhe Brooks Range. They oflen form on newly
exposed alluvium that is periodically flooded. The
thickets develop quickly and may reach heighis of 15 to
20 ft (4.6 to 6 m) in southern and central Alaska and
heights of 5 lo 10 ft (1.5 to 3 m) along rivers north of
the Brooks Range. The dominant shrubs are willows and
occasionally alders with numerous kinds of lower shrubs
under the canopy.

BIRCH, ALDER, AND WILLOW THICKETS

Birch, alder, and willow thickels occur near treeline
in interior Alaska and beyond treeline in extensive areas
ol the Alaska and Seward Peninsulas. They consist of
resin birch, alder, and severat willow species, and usually
form thickels that range from 3 to 10 ft (1 to 3 m} tall.
The thickels may be extremely dense or open and are
interspersed with reingdeer lichens, low-heath shrubs, or
patches of alpine tundra. The alders tend Lo accupy the
wetter sites, the birech the somewhal moist sites, and the
tundra the drier or wind-exposed areas. The thickels
exlend below Lreeline where they are oflen associated
with widely spaced whitc spruce.

TUNDRA

Three types of low lundra include moist tundra,
wet tundra, and alpine tundra. Within each major type
are sublypes that are velated to differences in topog-
raphy, slope, aspect, and substrate.

MOIST TUNDRA

Moist tundra occurs in foolhills and lower elevations
of the Alaska Range as well as extensive areas on the
Seward and Alaska Peninsulas, Lhe Aleutian Isjands, and
islands in the Bering Sea. The tundra varies from almost
continuous, uniformly developed cottongrass {Eriopho-
rum) tussocks with sparse sedges and dwarf shrubs to

stands where dwarf shrubs are dominanl and tussocks
are scarce or lacking. Cotlongrass tussocks are the most
widespread of all vegetation types and occur over wide
areas in arctic Alaska. In northern areas, the tundra is
oflen dissected by polygonal patierns that are created by
underlying ice wedges. On the Aleutian Islands, the
tundra consists of tall-grass meadows interspersed with
dense, low heath.

WET TUNDRA

Wet tundra includes the tow coastal marshes of
southern Alaska and is most extensive along the coastal
plain north of the Brooks Range, the northern part of
the Seward Peninsula, and on the broad Yukon delta.
Wet tundra usually occurs in areas that have shallow
lakes and little topographic relief. Standing water is
generally present in summer, and in northern areas,
permafrost is close Lo the surface. Peat ridges and
polygonal features relaled to frost action and ice wedges
provide microrchief. The vegetation is primarily a sedge
and cottongrass mal. The few woody plants occur on the
driest sites where the microrelief raises them above the
standing water lable,

ALPINE TUNDRA

Alpine tundra occurs in all mountain ranges of
Alaska and on exposed ridges in the aretic and south-
western coastal areas, Much of these areas consist ol
barren rocks with herbaceous and shrubby low-mat
plants interspersed between bare rocks and rubble.
Low mats of while mountain-avens (a8 small white
flower) are dominant in northemn areas and the Alaska
Range. They may cover entire ridges and slopes along
with many mat-forming herbs, grasses, and sedges.
In the southeaslern coaslal mountains and Lthe Aleutian
Islands, the most dominant plants are the low-heath
shrubs, especially cassiopes and mountain-heaths. The
shrubs are most abundant where snow accumulates in
the winter and lingers into late spring. On the Aleutian
Islands, the shyubs consist primarily of crowberry, bog
blueberry, mountain-cranberyy, alpine-azalea, and several
kinds of dwarf willow.

APPENDIX C: FROST HEAVING OF BRIDGE
PILINGS AT MILEPOST 458.4 NEAR
FAIRBANKS, ALASKA'®

DESCRIPTION

GEOLOGY OF THE SITE

“The bridge at milepost 458.4 is 71 ft long and is
supported by 6 bents of wooden piles. It spans a small
creek that drains the hills to the north and empties into
Goldstream Creek. This unnamed creek lies in a flat-
floored valley 11 ft below track level and flows south-
ward between two gently sloping alluvial fans of siit.

“A gold prospect drill hole 600 ft wesl of the bridge
shows that there is 28 ft of organic silt overlying 14 ft of
creek gravel, which, in turn, lies on bedrock.

1) '
15From Pewe ang Paige, 1963.
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PERMAFROST

“Permafrost extends from within 2 [t of the surface
down to motre than 52 ft, the total depth of the prospect
hole. The base of the permafrost was nol reached.
Permafrost is near the surface, except in the drainage-
way. On September 29, 1954, the permafrost table
was about 11 or 12 fi below ground surface at the ends
of the bridge, but was 13 [t deep under the creek.
Permafrost determinalions on September 27, 1955,
indicaled the permafrost table to be within 4 in. of that
measured in 1954.

“The temperature and moisture-content conditions
of the perennially frozen ground at this locality are
similar to the conditions given for lhe bridge al milepost
456.7.

AUFEIS

“Aufeis, or overflow ice, is a common feature on
many streams in Alaska. Because of the long duration of
intense cold, streams freeze Lo the bottom forcing water
to overflow and form ice on top of the original ice. This
process continues throughout the winter with the
development ol several layers of ice, some of which are
separated by moving water. Little ox late snowfall favors
the formation of aufeis. It is not unusual for great
thicknesses of aufeis to form on streams, and such ice
may cover structures or objects built or left near the
river.

“Aufeis was 5 ft thick in the drainageway in March
1954. Duying the winter of 1955 only about 3 €t form-
ed. On February 21, 1956, the amount of aufeis pene-
trated in auger holes A, B,and Cwas 2 ft 9in., 3t 3 in.,
and 3 fL, respectively.

SEASONAL FROST

“The moisture conlent and thickness of the seasonal
frost in this drainageway under the bridge was deter-
mined on February 21, 1956. No temperature measure-
ments were taken.

“Hole A was drilted between bents 11 and I1I on the
west side of the little valley. The hole penetrated 2 ft
9 in. of aufeis and 2 ft 11 in. of seasonal frost. The
seasonally frozen ground is organic silt, except for the
upper 6 in. which contains some gravel from the road-
bed. A silt sample taken 2 ft below the surface contained
64.9 percent moisture.

“Hole B was drilled between bents 11l and 1V in the
center of the valley. Aufeis, 3 fi 3 in. thick, overlies 3 ft
of seasonally frozen organic sill coutaining a few twigs
and wood fragments. The upper 6 in. of the ground
contains a few pebbles. A sediment sample taken 10 in.
below the surface contained 42.3 percent moisture.

“Hole C was drilled between bents IV and V on the
east side of the valley. The hole penetrated 3 € of aufeis

and 3 {t 6 in. of seasonally frozen silt. As in the pre-
viously drilted holes, the upper 6 in. of the ground
contajined a small amount of gravel, The moisture
content of a sediment sample taken a foot beneath the
surface was 51.6 percend.

UNFROZEN GROUND

“About 10%4 ft of unfrozen ground is present
between the seasonally frozen ground and the perennial-
ly frozen ground at hole A. A sample of ground taken 6
in. below the base of the seasonal frost contained 57
percent moisture. At hote B, 11 ft of unfrozen silt
occurs between the seasonal frost and the permafrost.
This hole is in the middle of the drainageway and the
unfrozen ground is very wet. Five in. below the base of
the seasonal frost, the ground contained 60.9 percent
moisture, ang a silt sampie taken 20 in. below the base
of the seasonal frost contained 70.7 percent moisture,
Near hole C Llhere is 9 ft of unfrozen silt between the
seasonally and perennially frozen ground. The moisture
content of the ground at a point B in. below the base of
the seasonal frost was 61.1 percent.

HISTORY OF BRIDGE

“This wooden-pile bridge, which was built originalty
in 1917, is affected more by frost heaving than any
other pile bridge of The Alaska Railroad. Serious frost
heaving of the bridge has occurred for many ycars and
has caused expensive maintenance. The earliest record of
plle replacement is in 1923 when new piles were driven
for all bents. These piles were emplaced to depths
ranging from about 12 to 23 ft. The greatest penetration
was under the end benls. These piles were installed by
the same method as those on bridge 456.7; some of
them penetrated 6 or 8 ft of permafrost, bul others,
especially in the middle of the bridge, did not penetrate
permafrost at all. It is assumed that the permafrost level
was approximalely the same in 1923 as it was in 1955
because there were no great changes in the vegetative
cover, drainage, or climate between 1923 and 1955.

“The piles installed in 1923 were greatly a(fected by
frosl heaving. During the winler of 1952-53, for ex-
ample, the center of the bridge was frost heaved 14 in.
This displacement produced a sharp hump in the track,
sharp enough to uncouple train cars. It was necessary to
saw off 14 In, from the top of the piles to restore the
track Lo grade. This action, plus the stresses on the
bridge over the preceding years, must have considerably
weakened the structure, During the winter of 1953-54
the piles began to be pushed up in December. This is a
little unusual because in most years the elevating of
piles by frost heaving is not evident until January.
However, during October 1953 the air tempevature was
colder than usual and the snowfall was lighter. This
colder weather coupled with the reduced insulation of



82 GUIDEBOOK 6

the ground by snow may have permitted more groungd
freezing and ice aecumulation than in normal years.
By February 1954, the center of the hridge was pushed
up 9 in. In the lalter part of February new piles were
installed and Lhe bridge lowered. These piles were
installed in the manner described [or bridge 456.7;
they penetrate the ground lo depths ranging from 18 to
30 ft. None of the piles in the center of the bridge
penetrale permafrost very far, and some do not pene-
trate the permafrost at all. Most of the piles in the

end bents are placed deeply in permafrosl. The piles of
this bridge were nol frost heaved during the winter of
1954.55.

“During the second winter (1955-56) after pile
installation, Lhe effect of frost heaving on the bridge was
very evident. By February 3, 1956, the bridge haad been
elevated 3 in. at bent [11, and by the end of the winter it
was elevated 5 in.”



