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Efficient and safe two-way migration

for salmonids and European eel pass 

hydropower structures

SafePASS



The project itself

SafePASS aims to find the best solutions for fish migration 

in regulated rivers, from the perspectives of both the fish 

and the hydropower industry. Includes:

• Trash-rack experiments in hydraulic laboratory

• Analysis of the impact of hydraulics on the behaviour of

eels at the vicinity and passing spillways

• Smolts tracking by using telemetry on river Orkla

• Numerical modelling of the reservoir and intake at 

Svorkmo HPP



Background

• During downstream movement some fish pass through

the intake towards to the turbine

• The crossing has high mortality for the fish

• What is the main aim goal of this work?

• Help to prevent fish to enter into the intake/tunel during 

their downstream migration with minimum of head-loss 

associated
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Fish-friendly trashracks
• Designs and laboratory work are based on recent studies (Calles et. 

al 2013, Raynal et. al 2013a and Raynal et. al 2013b)

• Angled trashracks

• Two different bar profiles: 

– Rectangular

– Drop shaped

• Three different bar positions

– Vertical bars: aligned to the flow

– Vertical bars: angled, perpendicular

to the axis of the rack

– Horizontal bars

• Bypass at the end of the rack
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Laboratory setup

• Flume size: 1 x 1 x 12.5m 

• Hydraulic conditions:

– Horizontal flume

– Water depth: 0.5 m

– Approach velocity: < 0.5 m/s at 170 l/s

– Discharges: 50 – 80 – … – 200 l/s

– Bypass discharges: ~ 8 l/s at 170 l/s

• Measuring system: 

– Head losses: 4 piezometers

– Water velocities: ADV and V3V

Piezometers

V3V cameras
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About the V3V system
• Volumetric 3-Component Velocimetry (V3V)

– Based on the method of

Particle Image Velocimetry (PIV)

– 140x140x100 mm measured volume

– Gives high resolution of 3D velocities

• Conditions:

– Installed laser and 

camera system 

(3 high speed cameras)

– 55 μm particles were

mixed into the water

• Method:

– Calibration in calm water

– Capturing when firing the laser 
Photo: Knut Alfredsen



Results of V3V
[m/s][m/s]

Materials plotted by: Christy Ushanth Navaratnam



Results of PIV

Velocity magnitude Rack #3        Q=170 l/s Velocity magnitude Rack #3        Q=200 l/s

Materials plotted by: Christy Ushanth Navaratnam



Thank you for your attention!
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