AN EXCEPTIONAL DEBRIS FLOW IN A STEEP TALUS SLOPE
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ABSTRACT

In June 2022 a large debris flow occurred in a steep talus slope in the ‘Schartenberg Riepen’ in Tyrol, Austria. The triggering event was water
runoff from a small catchment of about 0.3 km? in size in course of a short heavy rainstorm.

In the upper reach of the talus, a big gully formed and in total, a sediment volume of about 80,000 m3 was mobilised. The mean erosion
rate in the upper slope is -140 m3/m. The main deposition area is located on the lower slope just before the valley floor. The debris flow
was probably a type of granular flow with a very less water content of about 20 %. The existing forest was destroyed and it is now covered

by several meters of sediment.

INTRODUCTION
The documentation of natural extreme events is important for natural hazards assessment and mitigation. Nowadays, many data are available

within very short time to reconstruct the trigger of the event or its magnitude.

This paper documents an exceptional debris flow event that originated in a steep talus of the ‘Schartenberg Riepen’ in Tyrol, Austria. The
‘Schartenberg Riepen’ comprises the northern side of a mountain ridge. It is located in the Northern Limestone Alps and the bedrock consists

of ‘Hauptdolomit’.

The upper part is characterized by a rugged summit area with several small hydrological catchment areas. In the lower part, the north-facing
slope has an even terrain and talus deposits cover the bedrock. Next to the recent, uncovered scree slopes, the historical talus is mainly
covered by forests. The small catchment areas in the upper part drain into the underlying scree slopes. In some places, there are continuous
erosion gullies, and in some cases the gullies end in the middle of the scree slope. The gullies have no receiving water course, instead the
surface water seeps into the underground.

On June 5, 2022, a large debris flow occurred in one of these scree slopes. Deep linear erosion occurred in the upper half of the scree
slope and deposition in the lower half; the process area is outside of the settlement area and thus, the event caused only minor damage.
However, the trigger and magnitude are reconstructed within an event documentation in order to draw conclusions for other, comparable

sides with a higher damage potential.

METHODS

Shortly after the debris flow event, the process area was inspected and visual surveys were carried out on site. The very large magnitude of
the event prompted further surveys and the implementation of an event reconstruction.

A drone flight was carried out within a few weeks and the data were processed to an orthophoto and a digital terrain model (DEM). The
reference terrain before the debris flow event is obtained from the DEM of the province of Tyrol from the year 2019. The erosion and dep-
osition areas are identified and quantified with the difference between the two terrain models (DEM of Difference, DOD).

The trigger of the extraordinary debris flow event was water runoff due to a short but heavy rainfall. The temporal and spatial course of
the precipitation is assessed with the INCA data of the GeoSphere Austria. The runoff generation within the small head water catchment is
reconstructed with the precipitation/runoff model ZEMOKOST. The spatial input parameters and the model setup are based on Kammer-
lander et al. (2021) and for the precipitation, the INCA data are used. The main results are the total runoff, the discharge coefficient, which
is defined by the relationship of the total runoff and the total precipitation, and the water peak flow.

RESULTS AND DISCUSSION

The exceptional debris flow event in the talus slope of the ‘Schartenberg Riepen’ caused severe erosion and deposition. In total, 80.447 m3
of sediment eroded predominantly in the upper half of the talus slope, while 83.229 m3 deposited in the lower half.

The exceptional magnitude of erosion and deposition was already recognized during the site inspection. Using the difference model, this

magnitude is quantified and three process reaches are identified along the scree slope (Table 1, Figure 1).
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Erosion (-) / Deposition (+)
Reach Lengthin m Slope in m/m
-/+inm?3 net in m*/m
Upper reach 440 0.62 -62,470/ +1,018 -140
Middle reach 670 0.48 -17,861 / +32,717 +22
Lower reach 210 0.21 -116 / +49,494 +235
Sum / mean 1,320 0.48 -80,447 [/ +83,229

Table 1: Summary of the main characteristics of the three process reaches within the talus slope

Strong linear erosion with erosion rates up to -275 m3/m took place in the upper reach, which is on average 0.62 m/m steep. The incision

started in an existing trench (XS 4 in Figure 1) and is aligned in the direction of fall.

Along the middle reach, the slope decreases to 0.38 m/m, and the linear erosion gradually decreased to almost zero, while lateral deposition

in the levees took place at both sides. The lateral boundary towards the non-impacted area is abrupt on both sides. Although the relief of the

levees is longitudinal, it is variable with several ups and downs in cross-sectional direction (XS 2 in Figure 1). An inverse grain size sorting

in the levees is not observed. Instead, numerous large boulders are irregularly distributed and the surface of the new terrain is very rough

(photos a) and b) in Figure 2). Probably, the levees in the middle reach are the result of several surges.

In the lower reach, extensive deposition finally occurred with an average of 235 m3/m. A thick body of debris several meters high and sev-

eral tens of meters wide formed (XS 1 in Figure 1). The curvature of the deposition is convex in longitudinal and cross-sectional direction.

The surface of the deposition is smooth and consists of cobble- and gravel-sized sediment, while boulders are very rare (photo ¢) in Figure

2). This is in contrast to the relief in the middle reach.
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Figure 1: The erosion and deposition of the debris flow is determined by a digital Elevation Model of Difference (DOD). The magnitude of erosion and deposition is illustrated in four

Cross-sections.
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The debris flow stopped just before the valley floor (photo d) in Figure 2). At the front of the deposition and on the meadows below, traces
of weak water leakage was detected. Superficial water accumulation between horizontal compression bulges area indicated impermeability
to water. In this respect, a very high bulk density was also found in localized outcrops in the deposition area, where the pore volume was

compactly filled with fine sediment.

Figure 2: a+ b) middle reach with a wide main channel and huge levees on both sides, c) deposition area, the forest is fully buried by the sediment, and d) steep front at the at the valley

floor with traces of weak water leakage (Photos: Austrian Service for Torrent and Avalanche Control)

The triggering event of the debris flow was the runoff that originated in course of a short heavy rainfall, probably accompanied by hail.
According to the radar data INCA of GeoSphere Austria, the rainfall was of short duration and small-scaled. The rainfall centre was located
in the upper part of the catchment. The rainfall event lasted about three hours with a one-hour peak in the middle. The precipitation height
and the precipitation intensity determined is subject to inaccuracies. The total precipitation height was likely between 60 mm to 100 mm

with a maximum intensity of about 11 mm/5min (Figure 3).
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Figure 3: a) 5 minute INCA data of the GeoSphere Austria, with iT, the precipitation intensity, hN, the precipitation height, r5mean, the catchment mean, and r5max, the catchment maximum

precipitation, b) water runoff hydrographs of both precipitation scenarios
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The runoff generation in course of the heavy rainfall is dominated by overland flow in the upper part of the catchment, while it is the subsur-
face flow in the talus slope in the lower part. The catchment area is about 0.3 km?2. Depending on the rainfall scenario, the back-calculated
water peak flow is between 2,5 m3/s and 4,7 m3/s (Figure 3). The discharge coefficient is about 70 % and the effective water volume is in
the range of 13.000 m3 and 21.000 m3.

CONCLUSIONS

The exceptional debris flow event in the ‘Schartenberg Riepen’ mobilized about 80,000 m? sediment along the steep talus slope. In compar-
ison, the total runoff is very small and the debris flow was probably a type of granular flow with a very less water content of about 20 %.
The duration of the debris flow is not known and thus, its hydrograph could not be determined. The spatial patterns of deposition suggest
several debris flow surges. However, the wide channel in the middle reach with its huge levees indicate a peak flow of several tens or
hundreds of m3/s (Figure 2).

The steep deposit front shortly before the flat valley floor and the bulges on the surface of the deposit body indicate low flow velocities in
the deposition area. The trees were knocked down and completely buried under sediment along the main gully. At the lateral boundary of
the debris flow, the trees were either partly buried by sediment or crooked; signs of high impact forces are rare. In the middle and upper

part, however, no conclusions can be drawn about the flow velocity.
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