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State-of-the-art

Pluriannual
reservoirs

Intra-monthly
reservoirs

Sedimentation is NOT 
a major issue

Annandale(2013)

Large alpine reservoirs

Sedimentation IS a an 
operational issue
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Example: flushing efficiency

Figure 2 - Plot of flushing projects from diverse environments showing that successful cases are characterized by impoundment ratios of 0.4 or less. 

That is, reservoir storage capacity divided by mean annual runoff (inflow to the reservoir) should be less than 0.4. (Kondolf et al. 2014)
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Questionnaire SCOD 2018

Context of the survey
- Survey regarding sediment management
- 105 operators contacted
- Universe of 120 large dams 
- 69 answers (1st round)
- 67 exploitable results (1st round)
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Photo J. Stamm/KWO (2015)
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Seasonal reservoirs

Source: Swissgrid

• Yearly cycle / seasonal transfer / Typical of Alpine reservoirs

• Lower filling ration in winter time / Higher filling ration in late summer / autumn

• Bed load in springtime mainly

• Fine sediments also from glacier melt flows and from short floods 

MonthReservoirs
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EPFL Innovative methods

In the reservoir At the dam

Forced stirring
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minimum water 

losses
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EPFL Innovative methods
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• Make use of the interaction between in-flows and reservoir hydrodynamics

• Hamper settling of fine sediment particles

• Apply in the design of new HPP/PSP outlets
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Operational stirring

Dam Dam

Towards
downstream

stage

From upstream stage

New PSP
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Operational stirring

α = 0°

α = 10° α = 20° α = 30°

α = -10° α = -20° α = -30°

Outflow-jets have major influence in deep reservoir hydrodynamics and turbulence levels. 
Adequate jet orientation can significantly reduce sediment deposition 
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EPFL Innovative methods
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Forced stirring

C

ljhi

h

Outflow-jets in swirling flow, 
ascending effect

On-demand operation

Customized operation (space, time, flow rate)
Potential energy or pumped supply

Modular 
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Case study: new Trift reservoir, periglacial context

Evacuated sediment ratio (ESR), ratio between evacuated and supplied sediment, 
is increased by five. 

Next steps : 1. build large scale demonstrator facility,  2. operate and monitor, 3. replicate 

20.11. 2018, Olten => azin.amini@epfl.ch
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EPFL Innovative methods
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• Reduce water losses whilst increasing sediment release
• needs adequate bottom outlet geometry and position (location, elevation)

• needs proper timing and therefore monitoring
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Venting of turbidity currents

Rhone river plunging into 

Lake Geneva (De Cesare 

et al., 2001)

ρw

ρt



Numerical model: validation

16

Venting of turbidity currents (PhD Thesis S. Chamoun 2017)

11 times faster
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Venting of turbidity currents: outlet position and height
1/5

5

2

( )

avw

L

out

g
K

Q

h



 
 

  

 Venting efficiency in linked with the height of aspiration hL

 Developed by Gariel (1949) and Craya (1949) based on saline currents.

 Fan (1960) adapted it for turbidity currents

Where to place the outlet to increase the efficiency of venting?
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• Influence of Outlet level from bed
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Venting of turbidity currents

Lower height of aspiration 

only reaches 8.5 cm above 

the bed

loutlet = 0 cm

loutlet = 12 cm

loutlet = 24 cm

The outlet should be placed at the lowest level possible, 

minimizing the dead storage,  for which the venting 
concentration remains the highest, the longest.

12 cm 24 cm0 cm



• Influence of Outlet height

11/8/2018
EPFL Sediment management options for Alpine reservoirs : current practices and innovative solutions 

Dr Pedro Manso
19

Venting of turbidity currents

 [hL + (houtlet/2)]/H = 

1.0 / 1.1 / 1.2 and 1.5 

for increasing heights

The height of the entrance of the outlet should be chosen in a way that the 

height of aspiration encloses the turbidity current body.
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Outlook

With water lossesNo water losses
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Customization

(life cycle)

From conception

(HPP expansion)

From conception

(greenfield / brownfield)
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