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INTRODUCTION
A localized heavy rainfall event on 18. June 2013 
caused flooding in the Hallstätter Mühlbach tor-
rent, with fluviatile sediment transport. The lower 
reaches of the Mühlbach passes through the village 
center of Hallstatt (a UNESCO World Heritage Site) 
in Upper Austria‘s Salzkammergut. In the course of 
the very elaborate event documentation and 
analysis, the attempt was made to retrace the 
process development and to reconstruct and simu-
late the event one- and two-dimensionally. The 
results of these efforts served as the basis upon 
which the needed technical protection measures in 
the village were planned and optimized.

GENERAL DESCRIPTION
A flood event with fluviatile sediment transport 
occurred in the Mühlbach torrent on the 18th of 
June 2013, which caused great damage to buildings 
and infrastructural facilities in the village center of 
Hallstatt. The village center is situated on the 
massive alluvial fan of the Mühlbach torrent on the 
shore of Lake Hallstatt. The catchment area of the 
Mühlbach is 3.44 km² in size, is situated in the 
northern Limestone Alps and is fed by numerous 
source streams. To the left of the alluvial fan‘s axis, 
the torrent passes through the village center and 
into the lake in a stone trench, the cross-sectional 
profile of which is much too small.
Very detailed mapping has revealed that the cur-
rent debris potential within the catchment area 
amounts to roughly 14,000 m³. A sediment dis-
charge of at least 7,000 m³ must therefore be 
planned with during the occurrence of a design 
event discharge.
As a result of severe natural hazard events in the 
Mühlbach in 1884, extensive constructions of 
technical protection infrastructure were made.  
The check dam that was built at the time to retain 
transported sediment and bedload constitutes one 

of the earliest technical protection measures of the 
Austrian Service for Torrent and Avalanche Con-
trol. The constructions, now 130 years old, have in 
part been heavily damaged and are in urgent need 
of refurbishment. Due to the now insufficient 
protective function of these old constructions, the 
village and the salt deposits in Hochtal are strongly 
endangered.

EVENT HALLTÄTTER MÜHLBACH 2013
The measured precipitation event of 60 mm in  
2 hours and a peak discharge of 23 m³/s only 
constitute an event with a 30 year return period. 
The measured sediment discharge of 700 m³ with a 
particle size d90 = 35 cm led to a retrogressive 
deposition along the much too small channel 
through the village. The channel‘s overflowing, 
deposition of gravel-sized particles and larger as 
well as the formation of large erosion gullies in the 
village center followed as a consequence, causing 
substantial damage.

EVENT ANALYSIS
Because of the very detailed event documentation 
and analysis, the fluviatile process development 
could be very well reconstructed. A precipitation-
discharge time series was reconstructed two-dimen-
sionally with FLO-2D (SCS method), using avail-
able areal precipitation radar data (INCA). The 
temporal development of the hydrograph (rising 
limb, peak, falling limb) has a very good fit to the 
documented event (Janu, 2014). Inundation lines 
could be measured and recorded along a total of  
7 wetted perimeters. The calculation of discharge 
peaks and transport capacity was carried out using 
the engineering profile-wise method as elaborated 
in ETAlp (2004). The sediment transport capacity 
was calculated using the formula of Rickenmann 
(2001), while the initiation of sediment transport 
was calculated after Palt (2001). The peak discharg-
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es calculated using the profile method correspond-
ed extremely well with the results from the two-
dimensional precipitation-discharge model 
(FLO-2D). The theoretical sediment discharge and 
hydrograph was determined on the basis of the 
calculated transport capacity for each discharge rate 
and the modelled flood wave hydrograph. Accord-
ing to these calculations, the peak sediment dis-
charge rate of the event was 0.44 m³/s, with a 
discharge of 800 m³, which is in good agreement 
with the sediment volume of 700 m³ registered in 
the event documentation.

HYDRAULIC SIMULATIONS
1D- and 2D- bedload simulations were undertaken 
for this event on the basis of reconstructed dis-
charge and sediment hydrographs. The one-dimen-
sional modelling along the channel in the village 
center was done using TomSed and the two-dimen-
sional simulation in the village with two programs, 
Flo-2D and HYDRO_GS-2D, which also allowed for 
the results to be compared. A plausibility test of the 
models‘ results could be undertaken on the basis of 
the available event process documentation. Making 
use of all of these results, a contemporary hazard 
situation could be simulated for the village center, 
for the eventuality of a design event‘s occurrence. 
The results thereof were in turn used to plan and 
optimize the necessary technical protection meas-
ures in the village of Hallstatt. The Figure 1 shows 
the simulated flow depths of the event. The flood-
ing heights are very well displayed by the simula-
tion. During the event an outbreak was possible 
towards the right alluvial cone (Point of view). 
Because of a gully formed here, the outflow was 
just directed east and not north.

SUMMARY AND OUTLOOK
Protection of the UNESCO World Heritage Site  
of Hallstatt village is of great importance to the 
Austrian state and the province of Upper Austria. 
The Austrian Service for Torrent and Avalanche 
Control has therefore made the expedient imple-

mentation of the already planned technical protec-
tion measures a matter of the highest priority.  
In essence, these measures comprise a bedload or 
sediment retention function in the upper reaches  
of the torrent and the enlargement of the lower 
reaches of the channel along with the construction 
of additional bypasses in the village itself.
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Figure 1. Simulated flow depths of the event with FLO-2D sediment transport
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