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ABSTRACT

Based on changing climatic conditions with an increase in extreme precipitation events while at the same time increasing space require-
ments in the Alpine region, a comprehensive understanding of the processes occurring is required. In fluvial and debris flow processes, the
transport and deposition of bedload is a key factor in assessing the risk and developing protective measures. In recent decades, the way
structures function has also changed and process-oriented construction chains for filtering and dosing debris have been developed. In the
course of this work, modeling of bedload transport is carried out using numerical calculations with TomSED. A variant study should show
the effects with regard to the deposition behavior of the bedload of different strategic and structural measures in the construction chain.
Due to the possible additional entry of bedload into the receiving river, a numerical calculation with FLO-2D is carried out on the alluvial

fan. The aim is to present the effects of the formulated variants and to provide assistance for the evaluation.

INTRODUCTION

With a catchment area of 57.6 km2, the Teuchlbach is the largest torrent in the community of Reifleck (Carinthia, Austria) and has a peak
discharge of 145 m3/s during a design event (Kulterer, 2020). The Teuchlbach catchment area historically served as a mining area for silver.
As part of a sediment management concept for the entire region, the background pollution of the Teuchlbach was also assessed (Petutschnig
& Frankl, 2019). The analysis of the geochemical data sets revealed that limits for the heavy metal arsenic were exceeded and increased
values for lead, cobalt and copper are given (Schidlofski, 2020). Due to the frequent aggradation during smaller events and the complex

removal of debris when clearing the dam, the aim is to optimize the bedload management concept.

METHODS

To determine the grain size distribution, several line number analyzes were carried out along the relevant stream stretch. The lower reaches
and the individual transverse structures were measured to adapt the terrain model. Longitudinal and transverse profiles were then created,
the boundary conditions were defined and the individual variants of the simulations were determined. The programs ACAD Civil-3D, Tom-

SED and FLO-2D were used to create the model.

With the help of TomSED, a zero variant was first calculated with the conditions existing in nature (variant A). The results were validated
and calibrated in certain areas to the calculations from the hazard-zone map. A variant was then calculated in which a difficult-to-clear filter
barrier remained silted up and a redeveloped underflow barrier with a new longitudinal gradient was built (variant B). The third variant
took an additional barrier structure at the beginning of the barrier chain into account (variant C). Based on the previous one-dimensional
simulations, two-dimensional modeling was built with FLO-2D to better represent the area of the alluvial fan and the confluence with the

receiving river.

RESULTS

THE AMOUNT OF BEDLOAD CAN ONLY BE COMPARED TO A LIMITED EXTENT WITH THE ACTUAL TRANSPORT CAPACITY USING NUMERICAL SIMU-
LATION

Due to the numerous widenings of the channel in the area of the transfer routes and the associated very wide profiles, the drag force of
the stream is lowered. The amount of bedload from the hazard zoning that occurs at the beginning of the simulation cannot be transported.
An approximation of the required bed load could be achieved taking into account the lateral feeders along the channel section and the

adjustment of the liquid density
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Geschiebefrachtdiagramm - Variante A
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(Figure 1): Bedload diagram (y axis — bedload) of the simulation with TomSED based on the design event at Teuchlbach (x axis — hectometer) with existing structures (colors)

THE REDEVELOPING OF THE LOWER CHANNEL IN THE FORM OF STRUCTURE WITHOUT FALL HEIGHT LEADS TO A SHIFT OF THE BEDLOAD TOWARDS
THE RECEIVING RIVER

Due to the lack of falls and the higher average longitudinal inclination, there is an increased discharge capacity towards the receiving river.
In the area of the lower channel the aggradation is reduced to one meter and at the lower alluvial fan above the receiving river the aggra-
dation increases to an average of two meters. According to the simulation results of variant B, an increased bed load of 12,400 m? must be

expected for the receiving river

Geschiebefrachtdiagramm - Variante B
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(Figure 2): Bedload diagram (y axis — bedload) of the simulation with TomSED based on the design event on the Teuchlbach (x axis — hectometer) with the dam filled (blue color) and the

lower channel structure is redeveloped (purple color)

AN ADDITIONAL BARRIER STRUCTURE IN THE AREA OF HECTOMETER 33,70 LEADS TO A RELIEF OF THE BARRIER AT HM 11.4

For the additional barrier structure, a bed load retention of 2,500 m? was assumed for an event with a probability of recurrence of 10 years.
This cubature results from the reduced transport capacity of the model compared to previous events. In terms of protection, this additional
structure would not have any additional utility factor at this annual rate, as the remaining bed load would otherwise be retained in the re-
tention area of the barrier at hectometer 11,4. In case of a design event, an additional barrier structure at hm 37.0 would generally have a

positive effect on the protective effect, but an increased overall clearance effort would also have to be expected
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Geschiebefrachtdiagramm - Variante C
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(Figure 3): Bedload diagram (y axis — bedload) of the simulation with TomSED based on a return probability of 10 years and an additional barrier at hm 37.0 on the Teuchlbach (x axis —

hectometer)

REPRESENTATION OF THE FLOOD AREA ON THE ALLUVIAL FAN

The areal distribution of the bedload on the alluvial fan beyond the mobile stream bed is shown and included in this variant study. According
to the modeling, the Teuchlbach leaves its drainage profile at a design event shortly before the federal road bridge in the left-bank outer
curve and floods the settlement area there. Also at hectometer 3.0, due to the changes in direction, bedload deposition takes place outside
the stream bed. This means a reduction in the modeled bedload supply to the receiving river. The 12,400 m3 bed load from variant B will

not be reached due to these additional deposits. Assuming an average deposit height of 0.3 meters for these bedload retention areas from

Figure 4: Possible bedload retention areas according to a 2D simulation using FLO-2D on the alluvial fan of the Teuchlbach

DISCUSSION — OUTCOMES FOR PRACTICE

Due to the frequent widening of the channel in the area of the transfer routes in the middle course and associated broad profiles, the
stream's drag force decreases. Consequently, the quantity of bedload transported reduces. The required bedload can be estimated by con-
sidering the lateral feeders along the channel section and adjusting the liquid density. Redeveloping the lower channel using structures
without a fall height results in a shift of the bedload towards the receiving river. Introducing an additional barrier structure at hectometer
33,70 relieves the barrier at hm 11.4, which is difficult to clear. The study includes a map displaying the distribution of the bedload on the
alluvial fan beyond the mobile stream bed. Also at hectometer 3.0, due to the changes in direction, bedload deposition takes place outside

the stream bed. This means a reduction in the modeled bedload supply to the receiving river.
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The upcoming redeveloping of the underflow protection measures raises the question of how the development concept on the Teuchlbach
can be adapted or improved. By redeveloping the lower reach section, the fall heights could be removed and thus greater tractive force
could be achieved through the settlement area. With the greater discharge capacity towards the receiving river, the question arises as to
whether retaining the bedload at the current level still makes sense or whether a better dosage can be achieved. In any case, an increase in
the load of bedload in the spatially relevant area must be viewed critically if at the same time no increase in the removal capacity towards
the receiving river at the alluvial fan is achieved. The results of variant B show that a design is possible without increasing the risk situation
for the settlement area. A more detailed analysis with reference to the design of the lower reach rehabilitation will be necessary before
the project is implemented. A higher accuracy of the model could be achieved by incorporating the internal boundary conditions, such as
the exact height of the lower reach and the two bridges. For the receiving river, variant B means an additional bedload of 8,800 m3 to be
removed. In this area, coordination with the federal water engineering administration will be necessary. The possibility of depositing in the
blue reservation area of the hazard-zone map should also be considered. Structural changes to the existing barrier structures and their effects

could not be depicted due to the nature of the model.
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