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ABSTRACT

A rock-avalanche with a solid rock-volume of approximately 1 million cubic meters took place in the Silvretta range in the community of
Galtur, Tyrol, Austria, on June 11th 2023. The rock-avalanche was witnessed and filmed by persons near the Jamtal hut. A high-resolution
survey using airborne laser scanning was executed by the local government in the week after the event and provides high resolution data
regarding detached mass, position, thickness of deposits and reach of the rock-avalanche.

Using the AvaFrame module com1DFA, first simulations of the event were executed after the event within a few days (Noel 2023).

A significant congruence of the model results and the surveyed processes of the rock-avalanche in the field is achieved. With the parameter
sets derived from the back-calculation it is possible to conduct preliminary assessments of potentially endangered areas of similar processes
in the future. An adaption and extension of the model for a more detailed and better forecasting of similar failures and the affected area is

intended.

INTRODUCTION

In the afternoon of June 11th 2023, a rock-avalanche at the southern peak of Fluchthorn in the Silvretta range in Tyrol, Austria took place.
Approximately 100 m of the original height of the peak with an altitude of about 3.400 m detached and slid down the slope in a highly dy-
namic rock-avalanche. A significant amount of snow and water from a lake was incorporated in the rock-mass with a primary solid volume
of around 1 Million cubic meters. Fortunately, no persons or infrastructure except hiking trails were affected by the rock-avalanche. Initial
surveys by the local government revealed significant ice-surfaces on the failure plane of the slope pointing to an involvement of permafrost
processes.

One day after the event, the first model calculations were presented by F. Noél (NGU.no) on 12.6.2023 using AvaFrame-com1DFA (terrain
model resolution of 10 m) with a preliminary estimated volume of 2 million cubic metres.

On June 13th 2023, just two days after the event the Tyrolean regional government (Amt der Tiroler Landesregierung, Abteilung Geoinfor-
mation 2023) organised a high-resolution survey using airborne laser-scanning and on June 23rd 2023.provided the digital terrain models
before and after the event.

The Centre for Geology and Avalanches (Torrent and Avalanche Control Austria) carried out parameter studies and model calculations of
the rock-avalanche with the simulation module AvaFrame-com1DFA (terrain model resolution: 3 m). Among other things, the parameter-sets
were based on findings from research conducted by the Austrian Torrent and Avalanche Control, Centre for Geology in cooperation with

the Vienna University of Technology during the course of ex-post-modelling of rock-avalanches on existing snow cover (Preh et al. 2016).

METHODS

Estimation of cubature

Based on the two high-resolution digital terrain models from 2018 and 2023 (before and immediately after the rock-avalanche), the cuba-
ture of the detached rock-mass, erosion in the trajectory (entrainment), deposits along the rock-avalanche-path, eroded snow thicknesses,

surface dimensions of alpine lakes etc. were quantified using the respective digital elevation models (DEM).

Cubature [m3] %
Demolition (compact rock) 1.000.000 100
Entrainment of soft rock along fall trajectory 625.000

Dilatation factor (rock-mass = 1.875.000 - 625.000 = 1.250.000) 25
Total mobilised volume (dilated detachment + entrainment) 1.875.000

Table 1: cubature derived from analyses of digital elevation models 2018 and 2023
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Figure 1: Visualisation of the detached mass of the southern Fluchthorn summit © Land Tirol

The analyses of the two digital elevation models with two different determination methods consistently shows a degree of loosening of the
demolition mass of solid rock to the extent of approx. 25 %. In the course of the rock-avalanche. Approximately 625.000 m3 of loose material

was eroded from the bed of the rock-avalanche, thus increasing the total volume of the flow mass to approx. 1.875.000 m3.

Geometric analysis

The travel angle describes the ratio of the vertical displacement (from the uppermost detachment point to the endpoint of the rock ava-
lanche) to the horizontal projection of the actually travelled distance. The determination of the travel angle of the rock avalanche at the
Fluchthorn failure from the uppermost detachment point to the maximum run-out length of the rock-avalanche results in a value of 19°. The
deposits of secondary torrential processes show an elongated runout of additional 600 m thus leading to a travel angle of 17,6° - see figure 2.
An analysis of historic data shows a consistent correlation of the volume of the rock-mass and the travel angle (Brand 1981). The application
of this correlation formulae leads to a theoretical travel angle at the Fluchthorn rock-avalanche with a dilated volume of 1,875 million m3 of

20,5° to 35,8° with a mean angle of 27,4° - see figure 2.
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Figure 2: statistical analysis of travel angle and volume of historical data compared to Fluchthorn © D. Engl
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Snow and water incorporation in the pathway

In the area of the pathway of the flow, there was an almost closed snow cover above about 1.650 m MSL with s snow thickness of 1-2 m.
The snow-covered slope section swept by the rock-avalanche covered an area of about 60 ha. Assuming 200 to 400 kg/m? as-density of dry
old snow, approximately 500.000 m3 of snow or around 100.000 to 200.000 m3 of “pure water” from lakes were available with a thickness
of the snow cover of approximately 1 m (around 10-20 % of the total volume of the detached rock-mass).

The lake situated on the upper basin had an area of about 1,3 ha and was presumably largely ice-covered. Assuming an average water

depth of 1 m, this would result in approx. 13.000 m3 of “pure water”, which were also incorporated into the rock-avalanche during the event.

Parameter study and parameters used for Voellmy rheology

Limitations: Within the scope of the modelling, no uptake of material in the pathway of the rock-avalanche was considered as entrainment

apart from an increased detachment volume. Identical friction and turbulence coefficients were applied at the entire bed of the rock-ava-

lanche along the flow-path. Currently, the simulation model used does not allow for a separate consideration of the break-off mechanics

(“slide”, “topple” or “fall”) of the solid rock mass and the subsequent rock-avalanche.

Friction and turbulence coefficients: In the relevant literature, comparable rock-avalanches have been modelled with the Voellmy rheology

used here. Table 2 lists the parameter sets quoted in literature. Table 3 shows the range of parameters used for the parameter studies of the

Fluchthorn- rock-avalanche in AvaFrame.

The angles and coefficients quoted in table 2 are defined according to Preh&Sausgruber as follows:

e  Frictional angle (internal rheology):= angle describing the kinetic friction between two solid surfaces

e  Bulk friction angle (frictional rheology):= back-calculated friction angle of the base layer of the rock avalanche derived from the appli-
cation of a frictional-rheology

e  Frictional coefficient (Voellmy rheology):= Coefficient describing the friction angle of the basal contact zone of the rock-avalanche thus
including the minimising effects of water, snow or ice being involved there

e Turbulent coefficient (Voellmy rheology):= describes the effects of the undrained plastic lateral dilatancy (shear thickening) as well as

the turbulence of the water in the pore-space of the rock-avalanche

Internal  Frictional Voellmy

rheology rheology rheology

Friction  Bulk friction Frictional Turbulent

angle, ¢; angle, ¢y, coefficient, u  coefficient, §

1 [l (-] [ms™?]
Rock avalanches 35-40 10-30 01-0.25 450-1000
Debris avalanches 35 23-30 0.07-0.1 200-250
Rockslide-debris avalanches 35 8-31 0.05-0.2 200-400
lce-rock avalanches 20-35 10-20 0.03-0.1 1000
Debris flows 35 22-29 0.05-0.2 200-500
Volcanic-rock 30-35 9-13 0.05-0.1 100-140

avalanches

Table 2: Internal” friction and turbulence coefficients (according to Voellmy rheology in table above) used in literature (Preh, A. & Sausgruber, T. 2016)

Relatively low values for friction coefficients (ice-rock avalanches according to Table 2) were considered due to the high available water
content for the process at the Fluchthorn.
Table 3: Range of friction and turbulence coefficients used in AvaFrame

The best match resulted with parameters p= 0,035 and §=700.

Other parameters

The density of the rock-avalanche was estimated with ¢= 2.500 kg/m3, this considers the loosening of the rock-mass consisting of garnet-am-
phibolite, gneiss and mica-schists, the solid rock itself has a significantly higher density of > 3000 kg/m3.

The volume of the rock-avalanche used in the model AvaFrame was 1,56 million m? (dilated rock mass plus 50% of the calculated total

entrainment).
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Discussion of the results

The relatively far reaching runout of the rock-avalanche with a low travel angle of approximately 19° is most probably caused by the high

water-content of the rock avalanche. The extraordinary long runout compared to historical data (Brandt 1981), which represents a statistical
outlier as shown in figure 2, points toward a rather low viscosity of the rock-mass compared to other rock-avalanches.

With a comparatively very low friction coefficient of p = 0.035 and a turbulence coefficient of § = 700, a good agreement between the ob-
served process areas (lateral extension of the rock-avalanche) and deposits is achieved.

The observed superelevation of the rock-avalanche at topographically driven changes of the direction along the path of the rock-avalanche

could also be modelled remarkably well — see figure 3.

-

Figure 3: Superelevation of the path of the rock-avalanche at a topographically driven change of the direction (red: path of rock-avalanche with deposits, yellow: straight path without

superelevation)
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Figure 4: Avaframe com1DFA simulation: Flow-depth during the rock-avalanche (max values) © WLV
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Figure 5: Measurement results from laser scan survey compared to model results. Left: Actual deposition-depth derived from differential laser scan, right: deposition-depth in the lower
basin modelled by AvaFrame © WLV

These results are obtained despite numerous strong simplifications such as the neglect of erosional work for the mobilisation of the entrain-

ment and thus a significant underestimation of the total volume. The constant friction and turbulence coefficients over the entire trajectory

of the rock-avalanche also represent a significant simplification. The available water supply in the form of incorporated snow and water

from the lake in the upper basin was considered by the use of a low to very low friction coefficient compared to Preh&Sausgruber 2016.

The aforementioned limitations of the simulation using AvaFrame com1DFA (or any other model) especially for prognostic purposes clearly

point toward a very cautious and conservative use of such models. But a better physical description of the processes taking place might

also enable experts to show conservative worst-case scenarios (e. g. masses with a rich snow and water-content) and give the authorities

reproducible, sufficiently reliable and sustainable advice.

Consideration is currently being given to adapting and amending the AvaFrame model com1DFA for the simulation of large-scale rock-ava-

lanches with regard to the following aspects:

e Improvement of the description and transfer of the detachment mass to the model by intersection of a potential failure surface with the
terrain model before the failure.

e Possibility of changing the parameters p and & over the course of the trajectory of the rock-avalanche.

e Possibility of considering erosion along the trajectory (Note: the Voellmy approach cannot represent entrainment. O. Hungt’s approach
is very simple and only suitable to a limited extent - see also Preh & Sausgruber 2016) as a function of the maximum depth of the
rock-avalanche. The AvaFrame code is capable of considering entrainment along the bed of the rock-avalanche

e Separate modelling of rock mass sliding/toppling/falling and flow-process itself, if necessary.

These amendments aim at a better prognosis of a realistic behaviour of such a rock-avalanche according to changing parameters along the
pathway. This model enables the elaboration of quickly available “ex ante” expertise. This expertise allows a determination of areas that are

potentially endangered by a large-scale rock failure and which have to be protected or evacuated in time.

CONCLUSIONS
It is shown, that AvaFrame com1DFA can model large scale rock-avalanches with a high water-content, and thus a low friction coefficient, at
least in retrospect conditions. For similar and probably more frequent events in the future, it is beneficial for the expert community to have

a tool at hand which allows for quick estimations of potentially endangered areas in the pathway of similar failures.
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