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ABSTRACT

Bedload transport monitoring is a difficult task for river researchers and has been studied by scientists around the globe for decades. In Aus-
tria, this monitoring has been carried out at six sites using both direct and indirect measurement methods for over ten years. The catchment
areas vary in size from 52 km? at Johnsbach to 2131 km? at Drau. For the measurements, we used various mobile basket samplers and slot
samplers adapted to the specific river types. We detected the highest bedload transport rates of 29.5 kg s-1 using the basket samplers in
Vent. Geophones were used for indirect and continuous monitoring of bedload transport at all stations. The average annual bedload yields
differ between the monitored sites, ranging from approximately 9 t km-2 at the Lienz/Isel location to around 336 t km-2 at the Urslau in

Maria Alm. These yields fluctuate significantly due to factors such as hydrology, geology and catchment area size.

INTRODUCTION

The balance of sediment in rivers is affected by both human activities and natural factors. Human activities such as flood control, land rec-
lamation, and hydropower, as well as natural processes like bed erosion and morphological changes, disturb the sediment budget of river
systems. Climate change also plays a role, with short-term effects like increased meltwater runoff and available sediments, and long-term
effects such as decreased meltwater runoff. It is important to generate information on sediment transport in rivers, and laboratory experi-
ments have shown that sediment availability impacts the behaviour of transported bedload. Monitoring bedload transport is challenging, but
various direct and indirect measurement methods are used. In this study, an integrative approach combining indirect and direct monitoring
methods is used, specifically using plate geophones calibrated to record bedload transport in alpine gravel-bed rivers (Habersack et al.,

2017). The study will examine bedload productivity per catchment area and analyse different bedload transport processes.

METHODS

The research used six measurement stations situated across the country to collect continuous data from 2010 to 2021.

Figure 1 Overview of the location and instrumentation of the various bedload monitoring stations in Austria
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Bedload transport was measured indirectly through the implementation of plate geophones. For direct bedload measurements it was mainly
slot and basket samplers (basket sampler VS 0.5 and LHS-sampler) that were used at the Dellach/Drau, Urslau and Johnsbach stations, while
adapted bedload samplers (TTWAG Sampler, Basket samplers VS0.5 and LHS-Sampler), were used at the other stations(Habersack et al.,
2017; Kreisler et al., 2017; Rindler et al., 2023). The study sites varied in their catchment characteristics, such as catchment area, river width,
mean discharge, and slope. Temporal variation and texture analysis were carried out using plate geophones (PGs). PGs are integral compo-
nents for measuring bedload in rivers, as they are mounted on steel plates and are distributed at regular intervals across a river cross-sec-
tion. PGs detect vibrations caused by bedload particles passing over the plate with a grain size ranging from 10-30 mm (Rickenmann and
McArdell, 2007; Rickenmann et al., 2014). Subsequently, an electrical voltage signal is translated, and it is analysed using a computer system.
The employed software processes the raw data signal, capturing the number of pulses per minute, maximum amplitude per minute, and
the integral of the squared mean values per minute. The software requires the raw data signal at a frequency of 10 kHz and records data
per second (Habersack et al., 2017). Plate geophones are crucial for monitoring and measuring sediment transport in rivers, aiding the un-
derstanding of the vulnerability of sediment balance to both human activities and natural factors. They are used to analyse both temporal
variability and texture. The Integrated Bedload Discharge Calculation Approach (IBDCA) is used, where a bedload sample is taken from a
specific location in the river using a direct measurement system to calibrate the geophones (Rickenmann et al., 2014, Habersack et al., 2017
Rindler et al., submitted). The specific bedload transport rate can be calculated by dividing the bedload sample by the sampling time and the
opening width of the sampling device (Habersack et al., 2017). In order to establish a calibration function, the geophone impulses recorded
during the bedload measurement are plotted against the specific bedload transport rate (Rindler et al., submitted). This process results in
an accurate measurement of the specific bedload transport rate. The function clearly shows the correlation between bedload transport and
recorded geophone impulses. The bedload transport is then integrated over the entire cross-section to give a total bedload transport value.

To obtain the bedload yield per catchment area (tonnes per km?), the annual bed load is then divided by the size of the catchment area.

Monitoring site Dellach Isel Falk Urslau Vent Johnsbach
Catchment area (km?) 1199 680 55 98 52
Mean bedload yield per 43.8 8.8 50.2 336.4 313.1 87.7
catchment area per year (t km™)

Table 1 Catchment area and Mean bedload yield per catchment area of the monitoring sites

RESULTS

During the study period between 2010 and 2021, six monitoring stations were subject to a total of 2236 mobile basket sampler measurements
and 52 slot sampler measurements. The direct measurements were utilised in calibrating the plate geophones for grain fractions larger than
8 mm. At Vent monitoring station, maximum specific bedload transport values of 36.6 kg m-1 s-1of bedload transport were measured, and
at Dellach Drau monitoring station, 131 kg s-1of cross-sectional bedload transport was measured. The calibration lines between geophone
impulses and specific bedload transport show a range of calibration factors from 0,7 to 5.97 and R? (0.84-0.94) values. The calibrated geo-
phones (as seen in Rindler et al. submitted) indirectly registered the highest specific bedload transport rate of 95.21 kg m-1 s-1 at Urslau
in Maria Alm and bedload transport rates of 413.8 kg s-1in Dellach/Drau. These plate geophones were used for indirect measurement and
determination of bed load per year and measuring station. Bedload yield (t km-2) is obtained by dividing the annual bedload loads by the
catchment area (refer to Figure 2). In addition, the flow load per catchment area was plotted for each gauging station except the Johnsbach
(there is no sufficient flow data available). This section presents details on the catchment area's productivity and the river's transport capac-
ity. The annual bed load yield varies significantly among the monitored sites, ranging from approximately 9 t km-2 at Lienz/Isel to roughly
336 t km-2 at Urslau in Maria Alm. Isel has the minimum recorded value at a mere 3.8 t km-2 per year, while Urslau has the maximum re-
corded value at approximately 890 t km-2 annually. These variations are primarily attributed to factors such as hydrology and the catchment
area's size. For instance, the annual level of water at the Lienz/Drau observation site was six times greater than the average rate, because of
flood event that occurred in October 2018. Table 1 and Figure 2 shows that measuring stations are arranged from left to right by catchment
area size in a descending order. It illustrates that larger catchment areas generate comparatively less bedload than smaller ones, and there

is a reduced dependency of bedload yield on flow load in smaller catchment areas.
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Figure 2 Flow load per year and catchment area (m? km-2) shown in blue and bed load yield per year and catchment area (tonnes km-2) shown in orange. The data series extends from 2010
to 2021, for the Urslau from 2011-2021 and for the Johnsbach from 2014-2021, although there is no valid flow data for the Johnsbach.

DISCUSSION

Calibration of plate geophone data with direct measurements shows the potential for continuously recording bedload transport. Different
direct measurement methods can be used for calibration, and using multiple methods yields consistent results. The use of mobile basket
samplers and slot samplers allows for measurement of high events and events with a probability of occurrence above HQ30. Indirect meas-
urements using plate geophones have limitations in recording fractions below 8 mm.

The integrative measurement data show, that bedload production capacity of smaller catchment areas is greater than for larger ones. This is
explained by the fact that the measuring stations are located in the upper reaches of the river and therefore in production zones, whereas
the measuring stations located in the larger catchment areas, such as Dellach/Drau, are already located in the redistribution sections. The
geology and the location of the measuring stations also play a decisive role. Lienz/Isel and Lienz/Drau are supposedly close to each other,
but the two catchment areas differ considerably in terms of their geology. The catchment area of the Isel is characterised by dolomite and
the catchment area of the upper Drau by limestone, which also explains why Lienz/Drau has a higher bedload production capacity than
Lienz/Isel.

The correlation of discharge and bedload transport decreases with decreasing catchment size and/or increasing anthropogenic influence
like hydropowerplants. This raises questions about determining bedload transport and adjusting rating curves. Anthropogenic influence on
sediment availability is a decisive factor for bedload transport behavior. Smaller and anthropogenically influenced catchments show higher
scatter in the annual bedload yield, suggesting that rating curves may be more challenging to apply or require more frequent adjustments
under such conditions.

CONCLUSION

The study's findings improve the knowledge of bedload transport and its processes in river research. Bedload measurements have been
conducted at six sites in Austria for more than a decade. The study demonstrates the potential of using plate geophones for bedload mon-
itoring and proves that calibrated plate geophones allow for a discharge-independent approach to bedload yield measurement. The study

reveals that bedload yields differ based on catchment size, anthropogenic influences, and geology.
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