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were also destroyed. In the runout area, the ava-
lanche piled up to 300m on the opposite counter-
slope. An area of y1 km? of the pasture was buried
under an ice layer 3-5m thick. In the back analysis
above, we used the detailed map and altitudinal
profile compiled by Heim (1895) delineating the
avalanche dense deposit.

A series of preliminary numerical tests using a 1D
model (1DSV) were conducted in the first step and
2D simulations (2DSV) were carried out in the sec-
ond step. In order to reproduce reasonably well the
high mobility of the Altels ice avalanche and the
mass spreading in the run-out zone, it was neces-
sary to use relatively unusual values of the rheolog-
ical parameter in the Voellmy friction law: u=0.1 and
£=5000 m s?. In the following we propose to con-
sider a wide spectrum of avalanche scenarios
through the values chosen for p and &, including an
extreme yet plausible scenario based on that back-
analysis of the Altels ice avalanche. Note that such
a small value of effective friction u was also report-
ed in a recent back-analysis of two major ice ava-
lanches which occurred in Tibet (Kaab et al., 2018).

Figure 2: Profiles for elevation, velocity (red) and flow
height deposit (blue) along the main track for Altels ava-
lanche. The runout from Heim (1895) is d=5000 m on the
X-axis.

4. RESULTS FOR TACONNAZ CASE

4.1 Main assumptions made for calculations

The digital terrain model (DTM) used in the present
study does not account for the existing protection
structures currently built at Taconnaz avalanche
path. A virtual case without any structures in the
run-out zone is considered instead (see Figure 2).
Such a choice is partly justified by a number of
questions raised regarding the resistance of the
currently-built structures to the impact of ice ava-
lanches. Those flows are made of ice blocks with a
density (917 kg m™) that is much higher than the
density of snow aggregates in snow avalanches
(250-500 kg m?, typically). Also, it is worthy to note
that we use here the 1D depth-averaged model.
The overarching aim of the present study was to
conduct many preliminary simulations using the
1DSV model, as already done for the back-

68

calculation of the Altels ice-avalanche. This is much
less time-consuming and thus allows investigating a
larger number of scenarios in terms of rheological
properties of the flowing material. Simulations with
the 2DSV model are under preparation and will be
the topic of a future paper.

Figure 3: DTM used and main altitudinal profiles consid-
ered for the 1DSV simulations. Z2 and Z3 are the 2 de-
parture zones where the glacier bedrock is expected to
reach the melting point around 2080 under RCP6.0. Ele-
vation contour lines have 25 m interval.

4.2 Examples of 1D SV simulations

This section presents some examples of simulation
results. The profiles along the slope of maximum
flow height and maximum velocity for two scenarios
in terms of the rheological parameters of the
Voellmy law are considered. The dynamics of a
large ice avalanche (x=0.1; £&5000m s'z) is com-
pared to the dynamics of a more common snow
avalanche (1=0.3; &1000m s?), as depicted in
Figure 4. While both the maximum height and veloc-
ity are very similar in the upper part of the ava-
lanche track (the dynamics being controlled by the
dam-break release mechanics), the velocity starts to
be largely influenced by the values of x and £ once
the flow has developed. The extreme values of u
and ¢ for the large ice avalanche scenario produce
much higher velocities all along the track. The large
ice avalanche is able to reach a maximum velocity
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of 120m s and its velocity is still 100m s” at the
location of the current catching dam (we remind
here that these 1D simulations were performed
without any defense structures). This is in strong
contrast with the more common snow avalanche
scenario (4=0.3; £&1000 m 3'2), leading to a maxi-
mum velocity of about 60 m s™. Note that for this
snow avalanche scenario the 1DSV model predicts
that such an avalanche would stop before the loca-
tion of the currently-built catching dam. A number of
other scenarios were simulated and a brief sum-
mary of the results is provided in Sec. 4.3.
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Figure 4: profiles along the slope (example for the profile
Z2p3) of maximum flow height (top) and velocity (bottom)
for two scenarios: a large ice avalanche (blue) versus a
common snow avalanche (magenta).

4.3 Expected scenarios for ice avalanches

In this section, we present the predictions of the
1DSV simulations made considering the maximum
velocity reached at the location of the currently-built
snow avalanche protection dam, without consider-
ing any defense structures in the run-out zone (see
Sec. 4.1 for the DTM used for the calculations).

The results are presented in Figure 5 for one single
profile (Z2p3) considering a relatively wide spectrum
of the rheological parameters 4 (from 0.1 to 0.5) and
£ (from 1000 to 5000 m s'2). This approach allows
us to highlight the major differences between three
scenarios: (i) large ice avalanches based on the ice-
volume scenario described in Sec. 2 and back-
calculated x and ¢& values for the Altels glacier-
collapse, (ii) very large snow avalanches and (iii)
more common snow avalanches. The 1DSV calcu-
lations done in the present study show that the max-
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imum velocity of ice avalanches, at the location of
the currently-build avalanche dam, can reach 100 m
s, Note that those calculations are consistent with
the back-calculations recently made by Kaab et al.
(2018) on maijor ice avalanches observed in West-
ern Tibet.
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Figure 5: maximum velocity reached at the currently-built
snow avalanche dam as a function of x for three values of
£ Results are shown for the profile Z2p3.

4.4 Dam-break versus snow avalanche-like
release

Depending on the initial geometrical conditions of
the glacier, and on the ice and substratum proper-
ties in the release area, the collapse of the glacier
and its transformation into a granular avalanche
made of ice blocks is expected to be more or less
rapid over time. The physics of such a process is
complicated and still remains far from being mod-
eled in detail. Using the present approach based on
a depth-averaged continuum model with constant
rheological parameters during the solid-to-fluid tran-
sition may be questionable. In order to partly deci-
pher that complicated question, the ratio of the typi-
cal height H of the volume initially released to its
typical length L was varied over a wide range from
the high values measured at the Taconnaz glacier
(H/L about 0.5-1) to much lower values that are
more typical of avalanche-like release conditions
(H/L equal to 102 -10). Note that the depth-
averaged numerical code used in the present study
fully resolves the pair of oppositely propagating
rarefaction wave and dispersive shock wave occur-
ring during a dam-break release, so that initial re-
lease conditions with a H/L close to unity can be
modelled.

Figure 6 depicts two examples of maximum velocity
and height profiles along the slope for H/L=9.10"
and H/L=0.46. The latter corresponds to the typical
ratio measured at Taconnaz glacier (on profile
Z2p3): H=71 m and L=155 m. The former corre-
sponds to the same volume of ice but distributed on
a much larger distance considering a typical height
of 10 m. The maximum velocity profile along the
slope is weakly influenced by H/L. In contrast, the
maximum height is sensitive to varying H/L. The
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simulated ice avalanche with a snow-avalanche
release condition (small H/L) is much thicker in the
run-out zone whereas the ice avalanche with a
dam-break release (H/L~1) produces a much more
rapid and thinner flows in the run-out zone thus
capable of propagating further downstream.
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Figure 6: profiles along the slope (profile Z2p3) of maxi-
mum flow height (continuous line) and velocity (dashed
lines) of large ice avalanches for two scenarios of H/L.

5. DISCUSSION AND CONCLUSION

In the present study, simulations were performed
with a depth-averaged model supplemented with
Voellmy’s rheology. The back-analysis of Altels
avalanche provides Voellmy’s friction coefficients
revealing very low friction processes for this ice-
avalanche. Studying Taconnaz avalanche scenarios
with these extreme coefficients results in finding
very high velocities for ice-avalanches (100m s™) at
the location of the current defense structure (note
that we used a terrain model without the currently-
built defense structure). Analyzing release condi-
tions, the glacier thickness in the departure zone
does not affect too much the velocity along the ava-
lanche track, but rather controls the flow thickness.
Thick glaciers collapse in much more rapid and
thinner flows in the run-out zone, thus capable of
propagating further downstream. Our preliminary
findings show that the risk induced by this glacier
hazard is high for the populated region below and
makes the understanding of such avalanches a
priority. The present series of preliminary simula-
tions will help in preparing further 2DSV simulations
and investigating in more details the mass spread-
ing in the run-out zone considering the most appro-
priate scenario in terms of closure relations and
input conditions (2D effects such as location and
shape of the initial ice volume, the friction law and
the associated rheological parameters).
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