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ABSTRACT

Since 2014, the bedload gauging station at the Johnsbach has been measuring several important aspects of bedload transport. Although the
Johnsbach is a small stream with a catchment area of 65 km2, it has a large bedload supply in the middle and lower reaches of the stream
with large amounts of brittle dolomite bedrock. Summer events are characterised by a short lead time to peak discharge. This paper con-
siders an intense bedload event in June 2023, where discharge increased rapidly and a total of 91 tonnes of bedload material larger than 8
mm was transported in 7.5 hours. Over the course of 7 days, a bedload layer containing finer bedload material up to 0.3 metres thick was
deposited and washed out under low flow conditions. This process was visually recorded for the first time at the Johnsbach bedload meas-

uring station using a time-lapse camera, providing a good visualisation of the process.

INTRODUCTION

Accurate bedload measurements are crucial for understanding bedload transport characteristics and for various riverine applications, from
engineering tasks to morphodynamic models (Tritthart et al. 2011). Currently, we monitor bedload transport at eight gravel bed rivers located
in Austria. This long-term monitoring (Kreisler et al. 2017, Aigner et al. 2017, Rindler et al. 2023) helps us to better understand the bedload
transport behavior. These locations vary from mountainous streams, such as the Johnsbach stream, to lowland rivers like the Danube, with
catchment areas ranging from 55 to 104,177 km? (Liedermann et al. 2020, Rindler et al. submitted). The Johnsbach stream in Gesduse National
Park has the second smallest catchment area with a bedload monitoring station, covering approximately 65 km2. The station was established
in 2014 in collaboration with the Austrian Torrent and Avalanche Control (WLV) as part of the Sedyn-X project, which investigates sediment
flows and is funded by the Austrian Science Fund (FWF). The monitoring station at Johnsbach stream uses direct and indirect measurement
techniques to gather data on bedload activity. Direct techniques include the net sampler and slot sampler, while the geophone system is an
indirect technique (Habersack et al. (2017) and Rindler et al. (submitted)). The geophone system is calibrated using the net sampler and slot
sampler, and continuously records bedload activity. The input of side catchments has a significant impact on the quantity and availability of
bedload in the Johnsbach stream, up until just before the measuring station (Rascher et al. 2017). The geology of brittle dolomite bedrock
causes these side catchments to supply bedload material to the stream. The bedload flux range can be observed in extended time series.
Annual bedload yields range from 2,900 t for D>8mm (2018) to 14,300 t (2016), with grain size distributions ranging from d50 15-72 mm
(D>8mm net sampler, period 2016-2020). The Johnsbach demonstrates notable bedload transport dynamics, as evidenced by profile alter-
ations in the measuring station area. Since 2017, profiles have been taken near the measuring station to gather data on fluctuations in bed
level and profile geometry. The plate geophones can also measure the occurrence of temporary bed load layers, although their impact may
be obstructed by such layers or temporary deposits. These layers can be measured during major events and their subsidence. Over a longer
period of time, the bed load layer is gradually washed away even during low flow conditions. This paper analyses an event that occurred
in June 2023. Two profile measurements were conducted seven days after the event, showing a maximum bed level increase of 0.3m com-
pared to the profile measurement taken on 19th October 2023. The time of sedimentation was precisely determined using geophone data.

Additionally, a time-lapse camera was used to visually evaluate the flow condition and bedload layer, which confirmed the geophone data.

METHODS

Integrative bedload monitoring

The bedload monitoring facility at Johnsbach stream is an integrated measuring station that uses a combination of direct and indirect meas-
urement methods. Bedload discharge, represented by gb, is the amount of bedload transported within one meter of river width per unit
time. Summing up gb over the entire river width gives the bedload discharge, which is used to determine the bedload yield over time. The
distribution of sediment grain size is determined by directly measuring bedload samples that are sieved. It is important to measure both
temporal and spatial variability, as bedload discharge varies significantly over time and across the cross-section. To complement each other,
multiple measuring devices are used, as no single device can quantify all parameters of bedload transport (Habersack et al. 2017, Kreisler

et al. 2017). Figure 1 displays all the measuring devices used at the Johnsbach stream.
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Figure 1 Integrative bedload monitoring at the Johnsbach stream: a) plate geophones and slot sampler (top few), b) net sampler attached to crane with sediment sample.

This paper will only present data from the geophone. Information on other measuring devices of the integrative bedload monitoring station

can be found in Habersack et al. 2017 and Rindler et al. submitted.

Indirect bedload measuring: Plate geophones

Geophones are sensors that use seismic technology to detect vibrations (Habersack et al. 2017). To detect bedload transport, these sensors
are placed on the underside of steel plates, which are then placed on polymer mats. The mats are protected by a steel frame that covers
the entire stream cross-section (see Figure 1a). Bedload particles are transported over steel plates, generating vibrations that are recorded
once they surpass a certain amplitude. The impulses per minute/second, maximum amplitude per minute/second, and integral of geophone
signals are continuously recorded year-round. The plate geophone records impacts of particles larger than 10mm, despite other vibrations
such as waves and cars (Rickenmann and McArdell, 2007). Geophone plates facilitate consistent recording of bedload transport activity in
both time and space (laterally) (Rickenmann et al., 2014). Calibration of geophone impulses with direct bedload measurements allows for

the conversion of impulse sums into bedload discharge.

Profile measurements at the Johnshach stream
The Johnsbach streambed is highly dynamic and is monitored multiple times a year. The distance between the bridge and the riverbed, as
well as the water level, are measured beneath the two bridges downstream from the measuring station. A laser rangefinder and a wooden

peg placed in the water column are used to measure the profiles. Profile 2 is located 25 meters downstream of profile 1, while profile 2.39

o I

metres is located 15 meters downstream of the geophone.

profile 1 hm 2.39

slot sampler

plate geophones

Figure 2 Plane few of the bedload measuring station and the two profiles at hm 2.16 and 2.39 using the bridge as a reference
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Time lapse camera

A time-lapse camera is aimed at the geophone plates and the slot sampler at Johnsbach stream. The camera takes continuous pictures every
10 minutes, 24 hours a day. In low light conditions, the camera switches to night mode, capturing black and white images using infrared
LED lighting. This camera allows for constant visual monitoring of flow conditions and, during low turbidity periods, the measuring devices

at Johnsbach stream.

RESULTS AND DISCUSSION

On 21.06.2023, one of the largest events of the year took place, with the maximum water level increasing by 0.7m within just 30 minutes.
This event resulted in the highest transport rates of 2023, with a maximum of 9627 geophone impulses per minute. Over the course of the
7.5-hour event, a total of 91 tonnes of bedload material with a diameter larger than 8mm was transported. After the event ended, a layer of
finer bedload sediment settled in the lower section of the Johnsbach. The deposit remained for approximately seven days after the event and
was washed away during low flow conditions. The mean slope of the riverbed in the section where the measuring devices (30m) are located
is 1%. The plate geophones are considered to be horizontal with no slope. The layer of bed load material completely covered the geophone
system, resulting in no further impulses being recorded (see Figure 3a). Two profiles of the Johnsbach cross section were measured before

performing a slot sampler maintenance (see Figure 3b).
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Figure 3 Geophone impuses and waterlevel at measuring station . a) time of bedload layer covering the geophone plates with no geophone impuses, b) time of slot sampler maintenance

resulting in water level fluctuations

The time-lapse camera photos provide a clear visual record of the period. Figure 4 shows images from the pre-event period (Figure 4a), the
peak (Figure 4b), and the bedload layer (Figure 4¢) until the original state reoccurred (Figure 4d). On 28th June 2023, geophone impulses
were recorded again, with the geophone bar also visible in the photos. The camera switched to night-mode during the event, indicating

low light conditions.

Figure 4 a) geophone device and slot sampler fully visible on the 21.06. 14:50, b) peak of event 21.06. 19:30, c) visible bedload layer covering the plate geophone 27.06. 6:00, d) visible
geaphone device 28.06. 16:40
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Figure 5 presents the profiles measured on 27th June 2023 and 19th October 2023 at two cross-sections downstream of the measuring sta-
tion, namely profile 1 hm 2.39 and profile 2 hm 2.16. The sediment layer has caused the bed elevation to increase by up to 0.3m at profile
1 and up to 0.2m at profile 2. The layer depth is generally higher throughout profile 1, while the bed level only increased in the middle

section of profile 2.
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Figure 5 profiles at hm 2.39 (profile 1 at bedload monitoring station) and profile 2 hm 2.16 (23m downstream of profile 1) during (27.06.) and after (19.10.) the sediment layer passed through.

Profile 1 with max. 0.3m of bed level change and profile 2 with max 0.2m bed level change

CONCLUSIONS

Alpine streams can transport significant amounts of bedload, including smaller grain sizes during low flow conditions. For instance, the
Johnsbach experienced a bedload layer up to 30 ¢cm thick being washed out over a period of approximately 7 days during low flow condi-
tions. Bed sedimentation can have a significant impact on events that occur in rapid succession, especially as it could significantly reduce the
cross-section capacity and thus increase the risk of overtopping and flooding. The observation of the event on 21 June 2023 highlights the
importance of investigating bedload transport peaks and subsequent sedimentation processes in detail. These findings are highly valuable
for designing protective structures, optimizing of channel cross-sections, and building bridges with freeboard. Optimization of design values

in high-sedimentation water sections is key to enhancing safety against the risks of flooding.
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