
 

 

 

Analysis of damage causing hazard processes on a torrent fan - scale model 

tests of the Schnannerbach Torrent channel and its entry to the receiving 

water 
 

Bernhard GEMS
1,*

, Michael STURM
1
, Arthur VOGL

2
, Christian WEBER

2
 and 

Markus AUFLEGER
1
 

1 Unit of Hydraulic Engineering, University of Innsbruck (Technikerstrasse 13, 6020 Innsbruck, Austria) 

2 Austrian Service for Torrent and Avalanche Control, Imst regional headquarters (Langgasse 88, 6460 

Imst, Austria) 

*Corresponding author. E-mail: bernhard.gems@uibk.ac.at 

 

INTRODUCTION AND CASE STUDY OBJECT 
 

The constructional design of rigid torrent channels at the fan apex is of basic importance for 

sufficient protection of adjoining settlements and infrastructure against torrential hazards. In 

case of floods, specific sediment transport processes in the channel, such as regressive 

sedimentation starting at the entry to the receiving water and spreading upstream, have a great 

influence on the channel capacity, the hydraulic characteristics and thus on the risk of 

overbank sedimentation. According to specific literature, the main parameters for a 

sufficiently dimensioned torrent channel are the gradient and the longitudinal profile of the 

channel, its surface roughness, the intersection angle at the junction with the receiving water, 

the bed levels at the junction point and the general hydraulic/morphodynamic conditions in 

the receiving water. The impact of these parameters was observable during a couple of 

torrential flood events in recent years in the Alpine region. The work presented within this 

paper pays particular attention to this topic. An alpine torrent channel layout and its entry to 

the receiving water is analyzed and optimized using a physical scale model test. 

The Schnannerbach Torrent as a tributary of the Rosanna River is situated in the Tyrolean 

Limestone Alps. Mainly exposed to the south, the catchment covers an area of 6.3 km², 

ranging from 1,120 m.a.s.l. at the entry to the receiving water up to 2,889 m.a.s.l. The torrent 

is supplied with sediment from high yielding, steep screes in the upper catchment part. In the 

lower reach, the torrent flows through a gorge section before passing the settlement area on 

the fan apex. According Rudolf-Miklau et al. [2006], the 150-years flood peak (HQ150) of the 

Schnannerbach Torrent amounts to 30 m³/s. Furthermore, the maximum expected sediment 

load under design flood conditions is roughly estimated to 35,000 m³ or rather 5,555 m³/km². 

As a consequence of settlement development and the occurrence of some damaging flood 

events in the last couple of decades, the torrent this day passes the settlement area within a 

lined trench, which is characterized by a sequence of artificial steps and pools and gradients 

between 8 % and 13 % (Fig. 1). Towards the entry to the Rosanna River, the gradient 

decreases to 6.5 %. The confluence has an almost orthogonal shape; the junction features a 

drop in the bed levels with a height of up to 2 m, depending on the bed level in the Rosanna 

River. Further on, upstream of the gorge, a large arch dam was built in order to ensure the 

deposition of a substantial fraction of the inbounding bed-load in case of torrential floods 

(Fig. 1, right). However, it is apparent from Fig. 1, right, that the implemented torrent 

defense works cannot provide perfect protection against torrential hazards: During the 2005-

flood, roughly 13,000 m³ of sediment were detained by the arch dam, whereas 20,000 m³ -

 25,000 m³ reached the fan apex and were deposited in the channel and the adjoining 

settlement area. About 10,000 m³ entered the receiving water [Rudolf-Miklau et al., 2006]. 



The massive flooding and overbank sedimentation was thereby mainly induced by a 

regressive sedimentation process in the lined trench, starting at the entry to the Rosanna River. 

 

 
Fig. 1 Schnannerbach Torrent and Rosanna River; left: September 1970, right: August 2005, after flood event 

 

MORPHODYNAMIC EXPERIMENTAL MODEL (1:30) 

 

Aiming for a further increase in flood protection at the Schnannerbach Torrent, an 

experimental model was set up in order to analyze the process of regressive sedimentation in 

the lined trench and the onward movement of sediment in the receiving water. The scale 

model covers the lower reach of the lined trench over a length of 300 m and about 270 m of 

the Rosanna River. Using Froude’s similarity law the model scale was chosen to be 1:30. A 

set of scenarios was analyzed, assuming also a fully unsteady morphodynamic loading at the 

Schnannerbach-boundary (HQ150-conditions) and an unsteady hydraulic loading at the 

upstream Rosanna-boundary. The latter discharge ranges from HQ1 to HQ10. All experimental 

tests were conducted with mobile bed conditions. The sediment characteristics were thereby 

based on samples from the catchment analysed by Rudolf-Miklau et al. [2006] after the 

extreme flood event in August 2005. This data has already been used for the experimental 

modelling of the nearby situated Larsennbach Torrent [Gems et al., 2014]. 

Concerning the optimization strategy of the existing channel layout, mainly a change from the 

existing artificial step-pool-sequence to a smoother and in the near range of the junction 

steeper gradient was aspired. In the confluence zone, focus was primarily put on the impact of 

(a) the drop in the bed levels at the junction, (b) a shift of the junction point towards the 

middle of the receiving water and (c) specific river engineering measures as, for example, 

groins. All scale model tests were documented with fotos and videos. Erosion and aggradation 

processes were analysed with laser scan measurements. Most important of all, the sediment 

output at the downstream Rosanna-boundary was continuously logged using pressure sensors. 

The work presented within this paper contains the essential details of the experimental model 

set-up, the scenario selection, the analyzed modifications of the lined trench and in the 

confluence zone and the respective model results. Further, the proposed layout modifications 

and, consequently, general recommendations for the design of torrent channels and the 

confluence zone as to achieve best possible protection against torrential floods are pointed out. 
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