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Hydropower dams threaten fish
habitats worldwide

HYDROPOWER PRESSURE
ON E“EEFEAH
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1 « There is a need for the development of new solutions
lithat help to mitigate the impact of anthropogenic

ra- structures on flsh populatlon

E‘l o . - ] o @ ABOUTUS .~ WHATWEDD ~  CAMPAIGNS v LATEST v CONTACTUS «
! e WWF

93% collapse in mll:gratory freshwater fish populations in
urope - new report

Posted on 28 July 2020
* : With hydropower, overfishing, climate change and pollution (Lrj\] @ & @ Q
= ?- | W roONMATL on the rise, populations of migratory freshwater fish species Freshwater fish are in trouble
¥ e have plummeted globally by 76% on average since 1970, B
WWF including a 93% collapse in Europe.
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https://doi.org/10.1103/APS.DFD.2016.GFM.V0111

Understanding fish locomotion and their
interplay with the hydrodynamics of the flow
allows to the development of new designs of

fish passage and fish guidance solutions
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SAFEPASS safe and efficient two-way migration for

salmonids and European eel past hydropower structures
(2015-2019)

NINA project, led by Torbjgrn Forseth
Funded by the Norwegian Research council, 12 HP-companies and management; 25 mill
NOK (2,5 mill EUR)
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National Institute of Aquatic Resources Universitat fiir Bodenkultur Wien



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

Sweden

European eel (Anguilla anguilla)




MANDAL RIVER (salmon smolts)

Turbine
intake

What determines smolts downstream migration?

Model for swimming direction and swimming speed as function of hydraulics

Science of The Total Environment

A 4 Volume 705, 25 February 2020, 135773
ELSEVIER

The effects of hydrodynamics on the three-
dimensional downstream migratory movement
of Atlantic salmon

AnaT. Silva ® 2 =, Kim M. Berum b, Richard D. Hedger 2, Henrik Baktoft <,
Hans-Petter Fjeldstad 9, Karl @. Gjelland ®, Finn @kland ?, Torbjgrn Forseth 2

Show more ~~

+ Add to Mendeley <& Share =3 Cite

https://doi.org/10.1016/j.scitotenv.2019.135773 A Get rights and content 2

Under a Creative Commons license »

® open dccess
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* Fish swimming speed and direction depend on the magnitude and
direction of velocity and turbulence and are related with fish swimming
capacity/mode

* Fish diverge from the flow at speeds higher than their sustained swimming
speed (>0.38 m s1)

* Fish “go with the flow” when water velocities are above 0.5m/s
* Direction of the flow strongly influences fish swimming behaviour

Silva, et al. 2020, Science of The Total Environment



~85m long (several
panels 10m)
1.5m deeg
Bar space: 50 mm
Bar thickness:
10mm

Bar length : 100
mm
Bar type : modified
angled par rack
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Guidance eﬁiciency of the
i fish that had contact with

the structure : 88 %

Foto: Steis Mek. Verksted As



Using tubulence
to guide fish _
EDDIES
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F i S h Pat h : Turbulent eddies to create paths

for safe downstream migration for salmonids and eel
past hydropower intakes

Affiliated to HydroCen (WP 4.4)

Project: NINA; Project leader: Ana T. Silva & Torbjgrn Forseth,
Duration: April 2021-2026;

Budget: 20 mill. Kroner (NFR)
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Goal :
Eddies-based behavioural fish Guidance Systems (EGS)
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Solutions for different Life stages
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KELT2SEA :

Towards new downstream passage solutions for repeated

spawners (kelts)

Olivia Simmons

KELT2SEA is an HydroCen funded project > mmor
Project Owner: NINA
Project leader: Ana T. Silva

Project period: June 2022-2024
Project Budget: 3 mill. kroner GOALS:

 Understand impact of hydraulics on kelt's

PARTNERS behaviour
O e Study of kelt behaviour at vicinity of trash-racks
@ NINA and bypass entrance
VATTENFALL  Develop a predictive model for downstream

I v antstan migratory behaviour of kelts

] UNIVERSITY




Tag number: 56736

991300

901500

Field work: Orkla case
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Swimming behaviour og Atlantic salmon kelts
affected by hydraulics and dam operations

Swimming behaviours of salmon kelts at hydropower dams

Passage
Swimming performance
position Larger kelts swam faster

Kelts were able to find a
than smaller kelts,
route past the dam : X
: particularly under high
when hydraulic cues )
_ bareed TKE and during the day.
» Biometric data LranpEt
Swimming depth Kelts swam faster when
water velocity increased

Kelts swam deeper .
but slowed down again

+
O Hydraulic data during the day than the :
night. when Tlincreased.

Conclusion: hydraulics and biometrics

Simmons, OM, Silva, AT, Forseth, T, Andreasson P, Calles, O,
Miiller, S, Aldvén, D. 2024. Passage performance and swimming
behaviour of Atlantic salmon kelts migrating past a hydropower 4 i

dam: effects of hydraulics and operations. Science of the Total Im pact sSwimm |ng behaVIOUFS.

Environment.

Simmons et al. 2024, Science of the total Environment
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Spillway gate

Fish ladder

@ Acoustic receiver

< ' Field data
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Information on effect of hydraulics on kelts will allow
for the development of predictive models and to

design new downstream passage solutions for kelts
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TIME Magazine Special (Artificial Intelligence A.l. ) 2024
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USING MACHINE LEARNING FOR IMPROVED EEL
DOWNSTREAM PASSAGE DESIGN
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Guiding fence at the Bjgrset dam

"
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* Inlet of Svorkmo power plant
Project Owner: Aneo/TrgnderEnergi

* Challenges with both smolt entering the
powerplant and kelts being stuck in the intake
basin.

e Old structure includes a smolt curtain with inlet to
the intake basin submerged by 2-2.5m.



Presenter Notes
Presentation Notes
Inlet to Svorkmo power plant
10-20% of smolts ends up in the turbine



Technical concept

e Utilizing same technology as guiding fence in the Mandal river
* Possibly newer generation with lower danger of clogging

* Concept allows for larger than usual light gap between bars, lower
head-loss and greater fish guiding efficiency

 Strong collaboration with ETH Zurich for the technology and Steis
Mekaniske and Lister Engineering for mechanical design and
implementation



Technical concept

p=45°

Modified Bar Rack Curved Bar Rack Foil shaped curved Bar Rack


Presenter Notes
Presentation Notes
From MBR to f-CBR a reduction in headloss in the order of 200-300%


Technical Concept

By Lister Engineering



Technical Concept

By Lister Engineering



Technical Concept

By Lister Engineering



Current status

* Work on design of bars for the fence

* TronderEnegi Kraft plans dredging work in the river outside inlet basin
in 2024/25

* Planned installation of guiding fence in spring of 2025
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