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THE GOAT LICK BRIDGE AVALANCHES OF 1979 AND 1982

2
M. Martinelli, Jr.

Abstract.--The avalanche of February 13, 1979, that
destroyed a bridge on U.S. Highway 2 in Montana is
described; then, the avalanches of February 15 and 20, 1982,
that threatened the new bridge at this site are discussed.
These demonstrate the erratic flow pattern of wet avalanches
and the cumulative effect of a series of avalanches down the
same path.

INTRODUCTION

Many engineering structures in mountainous
areas are subject to avalanche damage, usually
from infrequent, large events. This is an account
of several recent avalanche cycles in western
Montana that seriously disrupted rail and highway
traffic, damaged a microwave tower and building,
and demolished a 30-year old highway bridge.

The Goat Lick Bridge avalanche path starts in
a large basin northwest of Running Rabbit Mountain
in the southern part of Glacier National Park,
Montana. It runs down a drainage called Snowslide
Gulch and terminates in the Middle Fork Flathead
River two airline miles upstream from Essex,
Montana (fig. 1). U.S. Highway 2 crosses the
deeply channelized Snowslide Gulch on what is
locally called the Goat Lick Bridge. The name
derives from a nearby natural salt lick frequented
by mountain goats.

This impressive avalanche path had received
little attention until the summer of 1978. At
that time Federal highway engineers, planning a
new road alignment and a new bridge to replace the
old pony truss bridge that had been in place since
1930, became concerned about avalanche flow depths
and lateral pressures. The author and a colleague
were asked to inspect the site and evaluate
avalanche conditions.

This paper gives a summary of that early
field investigation and describes two major
avalanches that took place shortly after the
initial investigation. The first destroyed the
old bridge; the second put a large volume of snow
on the new bridge and on the southern approach to
the bridge.
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FIELD AND MAP STUDIES

Field and map studies conducted in August
1978 showed the avalanche path to be large and to
have multiple starting zones (fig. 2). Starting
zone aspects vary from west through southwest to
south; the upper portions extend to well over
7,000 feet elevation; total area (above 5,600 feet
elevation) is about 200 acres. Most of the
starting zone is rocky with grass and very low
shrubs, although there are a few islands of mature
timber. Gradients are typically 30° to 35° with a
few areas as steep as 40° to 45°.

The track follows the deeply channelized
Snowslide Gulch, which is moderately crooked.
Side wall slopes are 35° to 50°. In the upper
track, the distinct trimline in the coniferous
trees on the south side of the track is 75 to
80 feet (slope distance) from the streambed.
Grass and low brush cover the slope north of the
track. The track gradient is 19° to 22° for
2,600 feet (horizontal distance), flattens to 17°
for 700 feet, flattens still more to 11° for the
2,100 feet above the bridge, then steepens abruptly
under the bridge to 30° for 350 feet to the river
flood plain (fig. 3). Clearance between the
bridge and the streambed was about 55 feet under
summer conditions.

No local records could be found of the size,
frequency, or type of avalanche at this site.
Local residents recalled in the heavy snow winters
of 1956-57 or 1957-58, avalanches had passed under
the bridge leaving debris on the deck and partly
blocking the river. They also had vague
recollections of seeing avalanche debris in the
gulch upstream of the bridge at different times,
but could not remember the dates or the frequency.

ESTIMATES OF FORCES

The height of the trimline suggested that the
largest avalanches down this path were probably
dry avalanches of new snow. Based on this
assumption, Voellmy's equations (Voellmy, 1955;
Leaf and Martinelli, 1977) were used with the
modification suggested by Mears for channelized
flow (Mears, 1976) and Lang's computer program of
avalanche motion (Lang and others, 1979) to
estimate flow depths, runout distances, and forces
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of avalanches running down this path. Final
estimates were that lateral pressures of 200 pounds
per square foot (psf) could be expected at the
bridge site once in 50 years; 400 psf once in
100 years; and pressures as high as 600 psf were
possible. The return intervals were very rough
guesses since long term records were not available.
It was also estimated that a simultaneous release
of 5 feet or more of new snow from one-half or
more of the starting zone would produce a dry snow
avalanche that would hit the bridge. No
calculations were made for wet snow avalanches.

THE AVALANCHE OF FEBRUARY 13, 1979

Time of Occurrence

On February 13, 1979, a series of wet snow
avalanches swept down the path and carried the old
bridge away. The accident was not observed, but
it is well established that the bridge went out
between 0715 and 0917 hours.

Avalanche Debris

Considerable avalanche debris was left in the
gulch upstream and downstream of the bridge site.
The majority of the debris, however, was in five
large fingers spread out in a typical crow's-foot
pattern in the river valley below. Three of the
debris fingers extended upriver and two downriver.
One of the latter crossed the river. Avalanche
debris on the surface was composed almost entirely
of round and very hard snow balls that varied in
size from a few inches to a foot or more in
diameter (fig. 4). There were also large angular
blocks of snow that appeared to have been formed by

Figure 4.--Debris·from the February 13, 1979,
avalanche in the road south of the bridge
location.
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pressure within the avalanche. Distinct shear
walls were clearly visible on both sides of the
gulch upstream and downstream from the bridge
site. These walls were 20 to 30 feet tall, near
vertical in most cases, and so hard that ice axes
were needed to cut steps in them (fig. 5).
Avalanche debris south of the bridge site had
piled up on the bridge deck and then extruded
southward down the road. A perfect cast of the
w-beam guardrail ,on the bridge and along the road
was very obvious in the icy wall of the debris in
the road south of the bridge site (fig. 6). The
debris was very wet and was soaked by the rain
that continued to fall for several hours after the
avalanche.

Field evidence strongly suggests the snow
released piecemeal and came down the path in
several surges. Although there is no direct
evidence, the following is a likely seq~ence of
events. Some of the early surges probably slowed
down and were dammed by the south end of the
bridge. Later surges rode on top of this debris
and flowed onto the bridge, turned sharply, and
flowed down the road. Other surges lifted the
bridge from its supports and carried it away.
There is no way of knowing the number of surges or
thetimelag between them.

Aerial Reconnaissance

Aerial reconnaissance of the path two days
after the event showed that snow in only part of
the starting zone had released. Major volumes of
snow came from starting zone areas 2, 3, 6, and 7.
An unknown amount came from 4, and small amounts
from 1A and 8 (fig. 2). It was estimated that
snow in less than half of the 200 acres above
5,600 feet elevation released during this event.

From the helicopter it was obvious the Goat
Lick Bridge avalanche was only one of many produced
by the storm of February 10-13. Eighteen avalanches
crossed a 4.3-mile section of the Burlington
Northern Railroad west of Snowslip, Montana. Five
of these ran at or near sites where snowsheds had
been built to protect the railroad. At all these
sites the snow either missed the sheds (two sites)
or spilled over one or both ends of the shed and
blocked the tracks. At two of the sites avalanches
crossed the sheds and continued to the valley
floor, crossed Bear Creek, and blocked the highway
on the other side of the creek (fig. 7). Another
avalanche ran down a stream channel on the northwest
flank of Mount Furlong and stopped only a few feet
from a telephone microwave relay tower and building.
Many other avalanches ran, but caused no problems
to structures or people. The most spectacular of
these came down three avalanche paths on the east
face of Java Mountain. The crown fracture was
5,700 feet long and the vertical drop was 2,600 feet.

Debris Measurements

Three profiles were run across the avalanche
debris on February 14 and 1~ after cold weather
had stabilized the snowpack. By this time the
debris had become very hard and icy, and .sizable
bonds had developed between adjacent pieces of
debris.
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Figure 6.--Avalanche debris south of the bridge
site showing a cast of the highway w-beam
guardrail that confined the lateral expansion
of the debris that flowed down the road.

Figure S.--Shear walls left by the avalanche of
February 13, 1979. Striations on the wall
probably were made by hard pieces of debris
in the moving snow.
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Figure 7.--Avalanche debris crossing Burlington Northern
Railroad at Snowshed No.9. Debris flowed around the
east end of the shed and hlocked the railroad. It also
crossed Bear Creek and U.S. Highway 2 in the
foreground.
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Debris conditions are tabulated below and
shown in figures 8 and 9.

levels often build cornices and deposit much
drifting snow on westerly slopes like those at the
head of Snowslide Gulch.

3

38

Change in
snow depth

3.36

unknown

Water
equivalent

12

41

Accumulated
new snow

RECOMMENDATIONS FOR NEW BRIDGE

Walton R.S.

Marias Pass

Location

As a result of the February 13, 1979, avalanche,
it was recommended that Snowslide Gulch be steepened
under the bridge and for at least 200 feet upstream
to double the clearance under the new bridge.
This would keep the debris from piling up near the
bridge. An alternative was to realign the road so
the bridge could be curved to the west, out over
the existing steep drop in Snowslide Gulch ;ust
west of the existing bridge site. It was also
recommended that the bridge be designed for the
lateral forces mentioned earlier and that an
avalanche warning program and traffic control
gates be established to facilitate closing the
road during hazardous periods.

INSTALLATION OF NEW BRIDGE

A summary of snowpack conditions at Walton
Ranger Station and Marias Pass for the period
0700 hours February 9 to 0700 hours February 13 is
given below in inches:

The s.tream channel under the bridge was
modified to increase the gradient slightly.
Modification of the path to the extent recommended
in the 1978 report proved to be impractical.
Clearance was increased to 62 feet at the deepest

A cold front entered the Walton area on
February 13 and by the 15th the maximum daily
temperatures had dropped to 14° F. Precipitation
diminished to light snow and then stopped.

A new cast-in-place, post-tension, concrete
box-girder bridge 225 feet long and 38 feet wide
was built with its centerline 17 feet upstream
(east) of the old bridge centerline. It was
designed· for 400 psf lateral load (the estimated
100-year event) and 200 psf uplift from avalanches
(Lawrie 1982).

On February 9 (4 days prior to the avalanche)
the weather turned warm and rain was recorded at
Marias Pass (5,250 feet elevation) at 1300 hours.
Maximum temperature at Walton (3,760 feet elevation)
was 44° F on February 10 and daily maximums
remained 34° F or greater through February 14.
Rain fell in the lower valley on February 10 and
continued through the 13th with occasional periods
of mixed rain and snow. It is very likely that
rain or a mixture of rain and snow fell even in
the avalanche starting zones since the freezing
level exceeded 6,000 feet for 40 hours and 7,000
feet for 15 to 18 hours prior to the avalanche.

Avalanche Shear
debris walls

Maximum
depth Volume Height Slope

ft fts/ft ft deg

52 3,487 26 80-90

58 6,734 18 45-50

62 7,666 --none--

Location

The bridge had been firmly anchored at the
south end, but was free to move on a concrete step
that formed an expansion joint on the north end.
Highway engineers speculated that avalanche debris
flowed under the north end of the bridge, lifted
it off its support, and pushed it downstream with
enough torque to pull it loose from its south
abutment anchorage. There was no damage to the
north abutment nor to the north end of the bridge.
The south end of the bridge, however, was badly
deformed, with major steel members severely
twisted and torn.

Weather Prior to the Avalanche

Damage to the Bridge

The loss of the Goat Lick Bridge closed U.S.
Highway 2 for 30 days and required all east-west
traffic in northern Montana to make a 350-mile
detour that required 6 to 7 hours. Other avalanches
blocked the Burlington Northern Railroad for
2-1/2 days. This main railroad line between
Chicago and Seattle-Spokane carries 20 to 22
freight trains per 24 hours on weekends and
4 scheduled passenger trains per week.

3. 600 feet downstream
of bridge, just
above eastern
flood plain of
river

The snowpack in this part of Montana had been
a bit below to near normal through January 1979.
Temperatures for the two months prior to the
avalanche were very cold even at valley locations.
For the 9 days prior to the avalanche, new snowfall
near the bridge totaled 29 inches. More undoubtedly
fell in the avalanche starting zones. During such
cold air outbreaks, easterly winds at ridge crest

2. A few feet upstream
of bridge

1. 500 feet upstream
of bridge

No.

Consequences of the Avalanche

The bridge, a 110-foot, steel, pony truss that
weighed 220 tons, was located at the end of one of
the debris fingers 375 feet upriver from the
centerline of the path (fig. 10). Marks in the
avalanche debris showed the bridge had dammed the
avalanche flow before it pivoted about its south
abutment and was rafted down the avalanche path.
It came to rest in an upright position parallel to
the road, but rotated 180°.

Profile
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A badly mangled bull elk was found near the
southern end of this debris tongue. The debris
here and in the gulch was composed of snow clods
and balls that were found to be wet all the way
through. Although there were some trees and brush
in the debris, there was much less than in the
1979 avalanche.

This avalanche, like the one three years
previous, seems to have run in surges. The shear
walls and debris deposits give some interesting
but inconclusive evidence of the flow (fig. 12).
One theory is that the first surge was deflected
toward the south end of the bridge by either a
rocky buttress on the north wall of the gulch or
by old debris in the path. The debris from this
surge plugged the gap under the south end of the
bridge, then piled up on the bridge and flowed
down the road. A second surge, probably traveling
faster than the first since it was moving over a
surface smoothed by the previous surge, bumped
into the debris piled against the south end of the
bridge and flowed through the gap under the middle
and north part of the bridge enlarging the gap.
The curved debris tongue that crossed the river
was very likely deposited by this second surge.

Debris Location, Flow Pattern,
Dimensions, and Density

The 5.8-foot gap under the south end of the
bridge was filled with snow. The debris under the
middle and north part of the bridge left by the
avalanche of February 15 was scoured out, increasing
the clearRnce to 22 and 14 feet, respectively. A
large tongue of debris crossed the middle fork of
the Flathead River and curved downstream (north)
on the gravel bar formed by Sheep Creek.

The debris tongue that flowed down the road
deviated 50° from its initial flow direction,
apparently to follow the path of lower resistance
offered by the hard, smooth road surface that was
well lubricated by melt water. There was a
130-foot gap or discontinuity in the debris where
the road surface was clearly visible. A 7-foot
tall shear wall extended along the east side of
this gap and one 8-foot tall along the west side.
The highway guardrail was twisted into a horizontal
position and the 6 x 6 inch wood supports were
broken in this area. The debris appears to have
moved down the 7 percent road grade as a block or
slug flow.

Another slightly more complex idea of the
flow pattern involves three surges. In this
scenario, the first relatively slow-moving surge
was flowing down the path and under the center and
northern part of the bridge when a second and
faster moving surge bumped into its trailing end.
The second surge was deflected to the south and
down the road. Then a third relatively fast-moving
surge encountered the end of the debris from the
second surge and was deflected under the bridge,
eroding much of the debris left by previous
avalanches and forming the conspicuous curved
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Timing and Size

THE AVAlANCHE CYCLE OF LATE JANUARY
AND EARLY FEBRUARY 1982

A third wet avalanche ran down Snowslide
Gulch at about 1900 hours February 20, 1982. Part
of it flowed around and over the south end of the
new bridge, leaving 24.2 feet of debris on the
south end of the bridge (fig. 11). Debris also
filled both lanes of the highway 20-25 feet deep
for 1,000 feet south of the bridge. There was no
debris on the north part of the bridge. The
bridge was undamaged. The concrete Jersey barrier
on the east side of the bridge near the southern
abutment was cracked and pushed slightly out of
alignment. However, since this barrier is not a
structural part of the bridge, the cracks and
displacement were not considered important.

place--only a slight increase over the 55 feet
beneath the old bridge. The bridge deck and the
new road south of the bridge sloped downhill
7 percent. This new bridge was fully open to
traffic in August 1981.

THE AVALANCHE OF FEBRUARY 20, 1982

On February 15, a moderate-size wet avalanche
passed under the new bridge at 1715 hours. It
appeared to have started in area 2 of the starting
zone. Additional snow came from area 6. The snow
remaining in the starting zone was too unstable to
permit taking any detailed measurements in the
avalanche path. Photographs and a few quick
measurements, however, show considerable debris
above and below the bridge, with the terminus
extending 20 feet into the river. Clearance was
measured at 5.8, 11, and 20 feet under the south,
middle, and north part of the bridge. Rain had
started the day before and was still falling at
the time of the avalanche.

On January 23, a very small wet avalanche ran
down Snowslide Gulch and stopped about 150 yards
upstream of the new bridge. Visibility was too
poor to see where it had started. Other avalanches
crossed U.S. Highway 2 and the railroad, stopping
traffic on both. At 0100 hours January 24, 1982,
the microwave tower and building south of U.S.
Highway 2 near Mount Furlong were hit. The tower
was damaged and the building was moved 90 feet and
tipped on end.

This avalanche started at an elevation of
7,200-7,300 feet in area 1. The fracture face was
estimated to be 4 feet tall except for a short
distance in the southeast corner of the starting
zone where it was 10-12 feet tall in a snow
deposition area. Only about 40 acres of the
starting zone contributed to the avalanche (fig. 2).
Although fresh debris was present in starting
zones 3, 7, and 9, none of this entered the main
channel.
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debris tongue. Either of these sequences of
events would have produced the combinations of
shear walls and debris patterns so noticeable at
the south end of the bridge.

On February 22 profiles were run over two of
the three transects measured in February 1979.
Construction activity obliterated the traverse
benchmarks near the bridge so a new transect had
to be established in this area.

after the February 20, 1982, avalanche give
information from which velocity estimates can be
made.

One velocity estimate was made assuming the
debris that went down the road was moving as a
sliding block. In this case:

1/2 m (V 2 - V1 2 ) = s (~mg cos S - mg sin S)
o

where:

Another velocity estimate can be made if it
is assumed the difference in the height of the
shear walls on opposite sides of the track in th_
vicinity of the bridge is due to the deflection of
the flow. Velocity in such a curved section is
given by

2
(V sin ~)

2gh
c

m = mass of
V

o
and VI =

snow
velocity at the start and end of
the section in question

s = travel distance
~ coefficient of sliding friction
g acceleration due to gravity
S slope of the road

using s = 1,000 feet (305 m); S = 7% or 4°;
g = 9.8 m/s 2 and VI = 0, we find velocity to be
13.4 m/s or 30 mph.

At transect 1, 500 feet upstream of the
bridge, there was 787 ft S of debris per foot of
path length and maximum depth was 18 feet. This
is about 25 percent of the volume and about
30 percent of the depth of the 1979 debris at this
spot (fig. 8).

Debris density was sampled with a Federal
snow sampler 4 days after the avalanche. The
debris still had many large air spaces and was
full of ice balls. Densities varied from 250 to
520 and averaged 414 ± 37 kg/ms (41 percent
specific weight) for eight samples.

At transect 3, near the eastern side of the
river, there was 5,436 ft S of debris per foot of
path and maximum depth was 57 feet. This is about
70 percent of the volume and about 90 percent of
the depth of the 1979 debris at this place
(fig. 9).

Velocity Estimates where:

From field measurements h = 27 - 18 = 9 feet
or 2.74 meters; the deflectionCangle, ~, was
measured at 40°. This gives a velocity of 11.4 m/s
or 25.5 mph. Aerial photographs show the deflection
angle to be closer to 30°. In this case the
velocity would be 14.7 m/s or about 33 mph.

No data on the velocity of the avalanches at
this site are available because none of the
avalanches have been observed. However, because
of the threat to the bridge and the traffic it
carries, there is considerable interest in the
velocity of these highly confined, wet avalanches
that run over old debris. Field data collected

......

h
c

V

~
g

= climbing height (difference
of the two shear walls)

velocity
deflection angle
acceleration due to gravity

in the height

Thirty miles per hour would, therefore, seem
to be a reasonable estimate of the avalanche
velocity near the bridge.

Figure 11.--Debris piled against south end of new
bridge by the avalanches of February 15
and 20, 1982. The cracks in the Jersey
barrier mentioned in the text were above and
to the right of the person.

A similar "climbing height" velocity estimate
was made for a location about 250 feet upstream of
the bridge. Here climbing height, h , was 24.5 
17.3 = 7.2 feet or 2.2 meters. The 3eflection
angle, ~, was 20°. Velocity was calculated to be
19.2 m/s or about 43 mph. The gradient in this
portion of the main track was 8°. Hence, the
avalanche was slowing at the rate of
(43 - 30)/250 = 0.05 mph per foot of travel as it
approached the bridge.
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Figure l2.-~Debris left by the Goat
Lick Bridge avlanches of
February 15 and 20, 1982. The
debris that extended 1,000 feet
doWn the road (to the right)
from the bridge has been
cleared. Debris across the
river caused it to cut the new
channels in the lower right
corner of the picture. Photo
by Scott Crandell, Hungry Horse
News, Columbia Falls, Montana,
2/21/82.

WEATHER PRECEDING THE 1982 AVALANCHES

During the week prior to the January 23
avalanche, 20 to 33 inches of new snow fell in
this area. Winds were strong but variable in
direction. Most of the avalanches of the
January 23-24 cycle ran before the freezing rain
started at 2330 hours January 23. They ran on an
old snow surface 1 to 2 feet below the new snow
surface. For January 1982 maximum snow depth was
50 inches compared to a 16-year average of 42.5,
and accumulated new snowfall was 99 inches compared
to a 16-year average of 55.1 inches.

The period February 14-20, 1982, was relatively
warm, with the freezing level at Great Falls,
Montana, 120 air miles southeast of the bridge
site, varying from 6,600 to 8,100 feet. Seasonal
snowfall until the middle of February 1982 was
about normal. Snow depth on the ground at Walton

~anger Station was mostly below the average
maximum February depth of 50.8 inches.

It was raining on February 15 and 20 at the
time of the avalanches. It rained at the valley
stations on the 14th and on the 17th, 18th, and
19th.

An avalanche warning was in effect starting
February 5. There had also been a warning for
high hazard above 6,000 feet and for moderate
hazard below 6,000 feet during the January 23-24
avalanche cycle when the microwave tower was hit.

CONCLUSIONS

The wet avalanches described here emphasize
the erratic flow pattern often associated with wet
avalanches, even those in heavily channelized
paths. For example, tbe location of the displaced
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bridge 375 feet from the centerline of the path in
1979 was completely unexpected as was the heavy
debris flow down the road in 1979 and 1982. These
avalanches also vividly demonstrate the cumulative
effect of a series of avalanches down the same
path. This effect permits relatively small
avalanches to cause heavy damage because, when
they run down a track already full of debris, they
often impact objects they would normally miss.
The presence of debris in the lower track and
runout zone is also a major cause of erratic flow
patterns in later avalanches that are deflected by
the old debris.

Dead elk and goats are found in the debris of
many of the avalanches in Glacier National Park
(personal communication; Robert Frauson, retired
park ranger). It is unknown if they are the cause
or merely innocent victims of the avalanches.

Although recent avalanche activity places
heavy emphasis on wet avalanches at the Goat Lick
Bridge site, there is still considerable field
evidence to suggest that large dry avalanches also
run down this path. Records are too short to
establish return intervals for either type avalanche
with any degree of confidence.

REFERENCES

Lang, T. E., K. L. Dawson, and M. Martinelli, Jr.
1979. Numerical simulation of snow avalanche
flow. USDA Forest Service Research Paper
RM-205, 51 p. Rocky Mountain Forest and
Range Experiment Station, Fort Collins, Colo.

Lawrie, Richard A. 1982. Design of the Snowslide
Gulch Bridge. Civil Engineering for
Practicing and Design Engineers (1):105-115.

Leaf, C. F., and M. Martinelli, Jr. 1977.
Avalanche dynamics: Engineering applications
for land use planning. USDA Forest Service
Research Paper RM-183, 51 p. Rocky Mountain
Forest and Range Experiment Station, Fort
Collins, Colo.

Mears, A. I. 1976. Guidelines and methods for
detailed snow avalanche hazard investigation
in Colorado. Colorado Geological Survey
Bulletin 38, Denver, Colo.

Voellmy, A., 1955. Uber die Zerstorungskraft
von Lawinen, Schweizerische Bauzeitung,
Jahrg. 73, Ht. 12:159-162; Ht. 15:212-217;
Ht. 17:246-249; Ht. 19:280-285. [English
translation: On the destructive force of
avalanches. 1964. USDA Forest Service, Alta
Avalanche Study Center Translation No.2.]


	issw-1984-198
	issw-1984-199
	issw-1984-200
	issw-1984-201
	issw-1984-202
	issw-1984-203
	issw-1984-204
	issw-1984-205
	issw-1984-206
	issw-1984-207

