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ABSTRACT

Dams interrupt the river continuity, affecting sediment transport. Prevented from going downstream, sediments de-
posit in the reservoir, which ultimately becomes silted. Not only this deprives rivers of their natural sediment load,
but it also causes reservoirs to lose storage and water regulation capacity. Especially in alpine-type reservoirs, sed-
iment flushing is applied as a common management practice to restore the original storage volume. However, from
a hydro-power plant standpoint, this results in the periodic loss of energy production. In this work, we compared nu-
merically the sediment flushing carried out in the Rio di Pusteria reservoir (ltaly) in May 2019 with alternative flushing
scenarios, with the aim of proposing more efficient operations from the manager’s perspective. Results show that
lower reservoir filling can lead to shorter flushing periods, and to a minor stored water consumption.
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1 INTRODUCTION

Sediment flushing is a widespread practice which aims at restoring the lost capacity in hydro-power reservoirs
(Kondolf et al. (2014)). However, this management strategy affects the ecosystem downstream of the dam. One
key-aspect is the flushing duration, both from a managing and an environmental perspective. As a matter of
fact, a longer flushing costs in terms of energy production, and it produces a longer stress on the downstream
ecosystem, whose resistance to a disturbance has been linked to the duration of the exposure (Newcombe et
Jensen (1996)). In this work, we discuss whether more frequent flushing operations can be overall more efficient
compared to fewer but longer flushings.

2 FLUSHING EVENT OF MAY 2019

This study is related to the Rio di Pusteria hydro-power reservoir (ltaly), managed by Alperia Greenpower srl,
whose original capacity is 1 690 000 m3. Due to the deposition of silt and sand, it periodically undergoes
drawdown flushing. The last flushing took place in May 2019, five years after the previous one (June 2014).
The difference between the 2014 after-flushing DEM and the 2019 before-flushing DEM highlighted a deposition
of 538 995 m?3 of sediments, equal to a sedimentation rate of 107 799 m?3/year. The deposited sediments
were entirely removed by the 2019 flushing [Difference of DEM before-flushing and after-flushing = 580 542 m?3
(Vrer)]- The end of the flushing, identified as the moment in which the concentration value at the bottom outlets
tends to nearly zero-values, was reached in 10 days.

3 MATERIAL AND METHODS

The flushing event carried out in May 2019 was numerically compared with three alternative scenarios with
different initial sediment filling in the reservoir: 25%, 50%, 75% of the volume of the sediments in the reservoir
before the 2019 flushing, equal to V,.;. V,.; was set as the reference volume (100%) because it is the volume
of sediments flushed at the current flushings periodicity. The comparison was carried out through the 3D version
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Scenario  Flushing frequency  Flushing duration  Days of flushing in 10 years  Final stored water

100% 5 years 10 days 20 days ~0 m3

75% 4 years 9.5 days 24 days ~200 000 m3
50% 3 years 7 days 23 days ~400 000 m3
25% 1 year + 2 years 4.5 days 31.5 days ~500 000 m3

Table 1: Main features for the different flushing scenarios. In the 25% scenario, flushing is alternated between 1 and 2 years.
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Figure 1: a) Volume of flushed sediments over time. b) Volume of stored water over time.

of a semi-implicit numerical solver of the Navier-Stokes equations (Tavelli et al. (2020)).

4 RESULTS

The end of the flushing in the three alternative scenarios was set as the moment in which 25%, 50%, or 75%
of the reference sediments volume was flushed. As Figure 1a shows, the relation between the flushing duration
and the initial filling level in the reservoir is non-linear. Indeed, a lower filling of sediments in the reservoir
implies a higher volume of water and a higher inertia, which slows down the erosion process. Differences in the
erosion velocity among the scenarios are also due to the requirement for the mean concentration at the outlet
not to exceed 1.5%, for which the bottom gates were temporary closed in the simulations (i.e., the boundary
condition for the outlet discharge was set as 0) whenever the value was about to be overcome. However, in all
the alternative scenarios the water volume in the reservoir at the end of the flushing is higher (Figure 1b). At the
current sedimentation rate, the amount of sediment flushed in the reference scenario accumulates in 5 years,
75% of it accumulates in 4 years, 50% in ~2.5 years, and 25% in ~1.5 years (Table 1). Therefore, looking at the
10-years framework, the reference scenario is the one that requires the least flushing days (twice per decade,
10 days long each). However, the 50% scenario is really close to it and it allows for a saving of about 25% of the
stored water every time. Furthermore, being shorter, it is less stressful for the downstream ecosystem.
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