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Hydraulics & Sediment transport
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Tunnel hydraulics

Bypasses sediment during floods

Free — surface open channel flow
Execptional: pressurized flow

supercritical flow

Most time of the year closed

Hydraulic jumps, pressure fluctuations,
pulsations & subatmospheric depressions

enough sediment transport capacity &
economic tunnel cross section

Accelerated
Intake Supercritical
Flow

Decelerated
Supercritical Flow

Superecritical
Uniform Flow

Auel 2014




Tunnel hydraulics

Low aspect ratio B/H v

_ A

B = Width, H = flow depth

B/H between about 6 and 1

depending on discharge

z/h

(a)

Auel et al 2014



Sediment transport

Sediment is transported in saltating,

rolling, sliding motion or suspension

Main abrasion process
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Sediment transport

locations where bed shear stress is high

1 channel for B/H < 2

2 channelsfor2 < B/H< 3
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Auel et al 2014, Demiral 2021

Runcahez SBT, Miiller-Hagmann 2017

random potholes for B/H > 4
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Sediment transport

Curve: secondary currents sediment transported in the inner curve
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Auel et al 2018, Muller-Hagmann 2017



Abrasion - a common problem in infrastructure
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Asahi sediment bypass & o AR,
tunnel, Japan ‘_1 3 . , ‘? tunnel, Switzerland




Laboratory research on abrasion

Central Research Institute of Electric Power Industry . ‘ /,7 ETH Zurich

Japan 1968 ' y e Switzerland 2014




Abrasion prediction Models

Earth Surf. Process. Landforms (2017)
Copyright © 2017 John Wiley & Sons, Ltd.

Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/esp.4128

Sediment transport in high-speed flows over a
fixed bed: 1. Particle dynamics
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Sediment transport in high-speed flows over a
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Auel model
Auel et al. 2017 ESPL

Abrasion in a concrete-lined sediment bypass tunnel is estimated using a Japanese state-of-the-art prediction model and
validated by measured invert abrasion data at Asahi Reservoir, Japan. The model is described in detail, certain shortcomings
s of a kinetic energy term accounting for the impact by

are disclosed, and a revised version is proposed. The model consi
saltating particles, and a friction work term accounting for the grinding stress. It is found that the latter term yields concrete
abrasion values being consistently a multiple compared to its kinetic term contradicting other research. Based on that, and

Ishibashi model
Ishibashi 1983 Proc. JSCE

Auel et al. 2018 JAWER




Particle motion

= W, = Vertical particle impact velocity
" L, = Saltation length

" H, = Saltation height

= h = Flow depth

= U = Flow velocity




Estimation of abrasion resistance

Input

Discharge
Sediment flux
Sediment diameter
Material properties

Modelling
Ishibashi

Va = 1r'C1' rts z EiNini
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Model calibration
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Measure abrasion depth with laser scan
Know material parameters

Estimate sediment flux
—> obtain new C, and k,




Exemplary Results (granite)
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Exemplary Results (granite)
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