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Hundred Years' War (1337–1453)
England v.s France  



Hydropower v.s Fish migration / 
conservation



SAFEPASS

Safe and efficient two-way migration for salmonids and European 
eel past hydropower structures (2015-2019)

➢ The largest research effort on fish migration solutions ever in Norway
➢ Funded by the Norwegian Research council, 12 HP-companies and 

management
➢ Approximately 25 mill NOK (2,5 mill EUR)

EnergiX program 



Partners

http://www.nina.no/
http://www.sintef.no/default.aspx?id=114
http://www.ntnu.no/
http://uni.no/


Atlantic salmon
(Salmo salar) 

European eel
(Anguilla anguilla) 

Brown trout
(Salmo trutta)
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SWIMMING BEHAVIOUR v.s HYDRAULICS
MANDAL RIVER (salmon smolts)
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SSIM YAPS

Photo: Hans-Petter F.
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Fish swimming speed

Fish swimming speed =
Groundspeed – flow speed
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• Fish diverge from the flow at speeds higher than
their sustained swimming speed (>0.38 m s-1)

• Direction of the flow strongly influences fish 
swimming behaviour

• Fish final destination depends on location of
approach and percentage of flow to the tunnel

Silva, et al. 2020  The effects of hydrodynamics on the three-dimensional downstream
migratory movement of Atlantic salmon, Science of The Total Environment, Volume 705

Behavioural models for fish swimming
speed and  fish swimming direction



Validation of the models

Orkla

Mandal

Flow

Flow

Paper in prep. 



Engineering solutions for safe fish migration



Orkla river (smolts) Mitigation measures:

Operational changes at the dam:

- Opened southern gate (AOG)

Permanent modifications:

- Spurs a.k.a: flow deflectors

- Riverbank regulation

Seasonal modification:

- Floating fish guidence booms

(rack vs solid)



Szabo-Meszaros, et al. (2018) Experimental hydraulics on fish-friendly trash-racks: an 

ecological approach. Ecological Engineering  



Fish Friendly thrashracks (Lab study) 



Marcell Szabo-Meszaros et al, 2018. Experimental hydraulics on fish-friendly trash-racks: an 
ecological approach. Ecological Engineering, 113, Pages 11-20,



SAFEPASS



FISH GUIDING STRUCTURES 
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SafePass

4.2. Ecological connectivity for fish in regulated rivers

HYDROCEN



National (Norway) Collaboration International Collaboration

Collaboration and augmentation are the foundational principles of innovation.

Vaclav Smil



FROM THEORY TO PRACTICE



• ~ 62 m long (several panels)

• 1.5m deep

• Bar space: 50 mm

• Bar thickness: 10mm

• Bar length : 100 mm 

• Bar type : angled bar rack  (90) 
or modified angled bar rack 

Guidance structure

4.2. Ecological connectivity for 
fish in regulated rivers



Predict fish movement
(Individual based model)

Improvement of future
management and engineering

solutions for safe fish migration

Dr. R. Andrew Goodwin

Future opportunities for collaborative
work with USA



ana.silva@nina.no

Thank you!

mailto:Ana.silva@nina.no


www.hydrocen.no 
Twitter: @FMEHydroCen
LinkedIn: HydroCen
Flickr: HydroCen

Office:
The Waterpower Laboratory, NTNU
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