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APPENDIX I 

PARAMETERS FOR AVALANCHE RUNOUT DISTANCES 
BRITISH COLUMBIA NORTH COAST 

by Peter Schaerer 

TYPES OF AVALANCHES 

Three types of avalanches must be considered when ronout distances are determined for 
avalanches at the North Coast of British Columbia: Flow Avalanches, Plunging Snow, and 
Powder Avalanches. 

Flow Avalanches 
Flow avalanches contain dense snow which moves along the ground surface similar to a fluid. 
The snow may be dry or wet. Owing to a high friction with the ground and a high friction 
between snow particles, the avalanches decelerate rapidly in the ronout zone. Large avalanche 
typically deposit 2 to 10 m deep snow in the runout zone. 

Plunging Snow 
Plunging snow develops when a flowing avalanche falls over a high and steep slope allowing air 
be mixed into the avalanche snow. The avalanches reach a high speed and have a long ronout 
distance. Owing to the high speed, a density that is considerably hig!J.er than the density pf 
powder avalanche~ and a strong turbulence, plunging snow avalanches can be highly destructive. -
Powder Avalanches 
Fine particles of dry flow avalanches and plunging snow become suspended above the avalanche 
surface to form an aerosol of rme, diffused snow. In the avalanche track the powder usually 
accompanies the flowing component, but in the ronout zone the powder often separates and 
moves a longer distance. The effect of powder avalanches on objects in their path is similar to 
wind forces. ' 

CHARACTER OF PLUNGING SNOW 

Plunging snow is associated with steep and long avalanche paths, which are often found at the 
deep U-shaped valleys of Coastal Northern British Columbia, including the valley of Bear Creek 
at Stewart. The starting zones have low inclines (25

0 

to 40°), allowing deep snow to accumulate 
prior to an avalanche release event. The avalanches then fall over steep and long slopes (typically 
1000 m) to an almost horizontal ronout zone in the valley floor. The avalanche snow, becoming 
strongly fluidized on the long, steep track, develops a high speed, a low density (a guess is 20 
to 50 kg m·3), and a very low friction with the ground. The high speed and low friction produces 
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long ronout distances and has resulted in surprisingly extensive damage to forest. The avalanche 
speed probably is close to the speed of powder avalanches falling through the free air, but 
because of a greater density, plunging snow is more destructive. 

Observations of destroyed forest at Bear Pass (Highway 37, Stewart - Meziadin), and structures 
of the electric transmission line Kemano -Kitimat, and at Highway 16 (Terrace - Price Rupert) 
suggest that very large avalanches have been more violent and have longer ronout distances than 
could be explained from experience in the Rocky, Purcell, and Selkirk Mountains. A conclusion 
is that the avalanches probably were plunging snow. 

A further problem is that very large avalanches at the North Coast seem to have longer return 
intervals than maximum avalanches of other mountain ranges. The infrequent occurrences and 
unexpected violent nature of the plunging snow often lead to an underestimate of the hazard. 

Avalanche paths on open steep, long slopes and the associated violent avalanches are common 
also in the SQuthern Alps of New Zealand, mainly at the Milford Road. There, the climate is 
similar to the coast of British Columbia, but due to a greater amount of snowfall, avalanches are 
more frequent. Blair Fitzharris and Ian Owens (1980) have named them Vlun~& snow for the 
avalanche atlas of the Milford Road. For lack of a better term, we have used this label also for 
the similar avalanches at Stewart. 

Avalanche researchers in France have mentioned and seem to be impressed by the "terrible, 
destructive powder avalanche". It is suspected that also in the French Alps, where the valleys 
are deep and the sides steep, plunging snow, rather than pure powder is responsible for the 
observed destruction. 

ANALYSIS OF PLUNGING SNOW AVALANCHES 

An analysis was made with the objective of developing guidelines that could be used for the 
prediction of the ronout distance of plunging snow. 

Parameters were fitted to observed and probably maximum ronout distances of 7 avalanche paths 
at Bear Pass, 1 path at Highway 16, and 3 paths at Kemano. The slope profiles of the avalanche 
paths at Bear Pass were plotted from air photos by Pacific International Mapping Ltd. in 1994, 
the profIles at Kemano were obtained from contour maps of scale 1:5000, and at Highway 16 
from ground observations in 1976. 

The sample of 11 avalanche paths is too small for making definite conclusions, but no additional 
evidence was readily available of destructive avalanches with a reV.lrn interval of 100 years and 
greater. The results , however, allow cautious conclusions about the avalanche runout distances 
at Stewart. It would be useful to analyze additional avalanche paths (oot necessarily at a 
highway) where the ronout distance of very large avalanches is evident. The results could be 
valuable when developments are planned at the North Coast in the future. 
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Following are given the parameters which could be fitted to the observed long avalanche ronout 
distances. 

Model McClung (Norwegian Method) 

The Model McClung, which was originally developed in Norway and there is used extensively 
for the prediction of avalanche runout distances, defines the ronout distance by the angle Ol = 
c 13. 

Ol is the sight angle along the avalanche path from the avalanche starting line to the end 
of the runout zone. 

13 is the sight angle from the avalanche starting line to the point P where the terrain 
incline decreases to 10

0

• 

Avalanche paths may be divided into two types: a) hockey-stick types which have a sharp 
transition between the steep track and the runout zone on the level valley bottom, and b) nonnal 
type paths with a gradual transition, typically on an colluvial fan, between the track and the 
runout zone. Hockey-stick avalanche paths perhaps produce a stronger mixing and fluidization 
of the snow and longer runout distances, but it was not clear from the small sample that was 
investigated (6 hockey-stick, 5 normal) whether or not the slope profile has an influence on the 
ronout distance for plunging snow. 

In the analysis, the parameter nc n had a mean value of c = 0.77 (standard deviation 0.07), but 
the observations with the highest reliability, for example Little Bear No.1 and 2 (hockey-stick 
paths), had c = 0.72 and 0.70. 

It would be reasonable and safe at this time to assume c = 0.70 for hockey-stick paths. For 
normal paths, a value c = 0.74 might be assumed with some caution. 

Following are values for c which were determined statistically for other mountain areas, which 
mayor may not include plunging snow avalanches (McClung, Mears and Schaerer, 1989). 

Canadian Rocky Mountains 0.93 
South-West Alaska 0.82 
East side Sierra Nevada 0.72 
Colorado 0.82 
Western Norway 0.90 

The differences between mountain ranges have not been explained satisfactorily. Perhaps for 
some ranges , the avalanche paths contained effects of plunging snow which might have pulled 
down the mean value for "c". 
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Ayerage Friction Coefficient in the Runout zone 

With a given avalanche speed at the begin of the runout zone, calculated either with the Swiss 
model or the model Perla, the runout distance may be determined by using an average friction 
coefficient over the length of the ronout zone. For the sample that was investigated, the average 
runout friction coefficient was 0.21 and 0.22 for the avalanches which ran out on level terrain 
on a mix of open ground and forest (for example Little Bear 1 and 2, and Dahlie). For no 
obvious reasons, the coefficient was much greater for avalanche runout zones that had an adverse 
slope (for example Little Bear 4 and Chocolate Bar). 

FLOW AVALANCHES 

Following are listed the parameters which were applied for the calculation of the runout distances 
of flow avalanches at Stewart. The values, which have been developed for other mountain areas, 
support the observed or probable location of deep avalanche deposits at the sites under 
investigation. 

Model McClung 

c = 0.82 

Swiss Model 

do = 1.8 m on a 37 a incline of slope. 

~ = 900 to 1200 m S·2 on open terrain. The value depends on the roughness of the 
terrain; high values apply to the flats of the Bear River. 

~ = 400 to 600 m S-2 in forests. 

fl = 0.15 in the track. 
fl = 0.2 in the runout zone. 

Model Perla 

MID = 700 m 
fl = 0.15 

Average Friction coefficient 

fl = 0.35 
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V POWDER AVALANCHES 

The runout distance for powder avalanches refers to the point where the speed of the avalanche 
has dropped to 20 m S·I. With this speed the avalanche would produce an impact force of about 
3 kPa which corresponds to the effect of a gale force wind. The powder would move across the 
hazard line and cover the area beyond with snow dust, but no serious structural damage is 
expected. 

The runout distance for damaging powder avalanche is approximately equal to the runout distance 
of plunging snow, therefore the models and values for plunging snow were applied. 

On terrain where plunging snow would not develop, the runout distance of powder avalanches 
was estimated by assuming that their speed in the track would be equal to the speed of flow 
avalanches (determined with the Swiss and Perla models), and the Swiss model was applied for 
calculating the runout distance with: 

~ = 250 m S·2 

p. = 0 
dp =40m 
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