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ABSTRACT

Natural disasters worldwide and in Austria are becoming more frequent and intense. Floods are one of these events. They alter sediment
conditions in a river system both in the short and long term, through sediment processes such as the redistribution of sediment in the river-
bed, sediment inputs from river bank failures and torrents, and sediment outputs from sediment deposition in the surrounding area. These
flood-related parameters have been documented and analysed in the following paper. Due to the limitations in measuring all parameters

during or after a flood event, additional formulas, photo documentation and admissible estimates are utilized.

INTRODUCTION

The frequency and intensity of natural disasters have escalated in recent years. Examples of natural hazards are avalanches, debris flows,
earthquakes, forest fires, storms, volcanic eruptions, and floods. Among these hazards, floods are the most frequently occurring natural
disasters in Austria (Leitner et al., 2020). Floods take place with varying frequencies and intensities and have significant environmental and
human impacts. Floods trigger multiple sediment processes. The effects of a flood wave result in changes in morphology, including modifi-
cations in bed levels, bank erosion, and soil erosion, which consequently affect the water levels and lead to variations in river width (Hauer
and Habersack, 2009). During bank overflows or dike failures in flood events, sediments are carried from the river and deposited onto the
floodplains. In this paper, the sediment transport processes are documented and analysed on the basis of a flood event and the respective

loads are determined.

METHODS

The study area is in southern Austria, in the Gail Valley of Carinthia. The Gail River originates from East Tyrol at 1,525 meters above sea
level, stretches for 122 kilometers, and drains an area of approximately 1,400 km2 In October 2018, in some river reaches there was a
100-year flood event that resulted in significant sediment transport. Figure 1 illustrates the sediment processes that transpired during the
flooding event, including sediment transport (input and output), abrasion-induced bedload reduction, sediment inputs resulting from river
bank sediments, changes in bed levels, floodplain aggradation due to sedimentation in the surrounding areas, and sediment inputs from

the tributary rivers.
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Figure 1. Sediment parameters for analysing the sediment processes

Sediment transport is measured or calculated according to formulas and estimations from literature as well as determined according a sus-
pended sediment/bedload ratio of a neighbouring catchment. Using aerial images and surveyed bed levels before and after a flood event,
the input caused by the flood through the banks was determined. Aerial images were also used to visually determine the deposited sedi-
ments in retention areas. The heights were estimated with photo documentation, measured heights and volumes of dredged sediments in the
floodplains. (Schwarz et al., submitted) The changes in the river bed were analysed between 2016 and 2018. The calculation of the changes
in bed level and volume was carried out using a cross-section-based method (Klasz et al., 2016). The change in volume is calculated for
the respective area between two cross-sections from the mean value of the vertical difference areas multiplied by the distance between the

cross-sections. This interpolation offers the possibility of calculating volume changes for different spatial and time scales.
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RESULTS AND DISCUSSION

Figure 2 shows the sediment loads which were calculated for the sediment processes caused by the flood event.
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Figure 2. Sediment loads of the sediment processes caused by the flood event in m3

Figure 3 shows the river with suspended sediment transport on the left and deposited bedload in the surrounding area, that was transported

during the flood, on the right.

Figure 3. River with suspended sediment transport (left), bedload in the surroundings (right)

The Rickenmann (1990, 2001) formula is best suited for calculating the potential bedload input due to the gradient and grain size distri-
bution. A ratio of suspended sediment to bedload from the Drau catchment was used to determine the bedload, as both were measured
continuously at this monitoring station. According to Turowski et al. (2010), the input of suspended sediments was determined. A multipoint
measurement was carried out at the end of the study section on the falling limb of the flood wave. This was used to determine the distribu-
tion of the suspended sediment concentration and to calculate the suspended sediment output. The resulting loads yield a sediment input

of 986,400 m? and 380,400 m3 and an output of 608,300 m3. The abrasion was calculated according to Sternberg (1875) and resulted in 9,450

m3. Figure 4 shows an example of the sediment input of a tributary.

Figure 4. Sediment input of a tributary
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Due to the sediment input from the river banks (subdivided into lateral erosion, soil erosion and dike failures), there was a sediment input

of 68,600 m3. A total of 27 areas were mapped that contributed to the sediment input. Figure 5 displays two examples of river bank inputs.

Figure 5. Examples of destroyed river banks caused by the flood event

By summing up the volume changes along the longitudinal course of the investigation section, accumulated changes in the sediment storage
can be displayed and analysed. This results in an accumulated cubic volume of 250,000 m3 and an average change in bed elevation of 14.5
cm.

As described in the methodology, the floodplains were surveyed using the aerial photographs provided after the flood. This enabled a
total of 23 areas with a total area of around 5 km? to be mapped. The height of the sedimentation was estimated at 5 - 10 cm on average,
depending on the area. This results in an estimated foreshore sedimentation of 603,000 m3. Figure 6 displays an example of one of the

floodplain aggradations.

Figure 6. Example for floodplain aggradation caused by the flood event

CONCLUSIONS

Numerous sediment transport processes occur during a flood event. This study has shown that although it is difficult to measure the en-
tirety of flood-related sediment transport processes, these loads of processes can be determined using empirical values from literature,
comparisons of similar catchment areas with a bedload to suspended sediment ratio, sediment transport formulas, orthophotos and photo
documentation for floodplains, dike and river bank failures, for example, and in the best case with measurement results. These results have

increased the understanding and consequences of the different sediment processes during a flood event.
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