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The Eesearch Council
of Norway
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@ NINA

Norwegian Institute for Nature Research

EnergiX program

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)
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SWIMMING BEHAVIOUR v.s HYDRAULICS
MANDAL RIVER (salmon smolts)
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Hydraulics

Fish swimming direction

Fish swimming speed ( angular difference)

>

ASpace A

\
Atime N

Fish swimming speed =
Groundspeed — flow speed
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Validation of the models

Tunnel intége
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Paper in prep.
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Engineering solutions for safe fish migration
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Orkla river (smolts)

:

. . High-flow

[\

!

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)
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Modelling mitigation measures for smolt migration at dammed
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Fish Friendly thrashracks (Lab study)
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The Vattenfall Laxelerator

SR,

Specifications
SAFEPASS .
- Recirculatory flume

VATTENFALL - - Two 30 m long test arenas

- Cross-section: 2x4 m

- Max velocity = 2 m/s (8 m%s)
KARLSTAD UNIVERSITY - Controlled light and temperature
arause [ - River water: filtered/unfiltered
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FISH GUIDING STRUCTURES

\ t (
o P ‘
Bypass 1 ‘
1}' /

uw*“«

1/30 mm i -4 | ,‘ “Uﬂ\.i - | = ' | ’;‘ ’

Approach N
velocity

- - - ‘ A 4 ’f(‘-
Eel experiments — Inclined rack (a=30°) i Eel experlments Angled racK (B 30°)

“)a HydroCen g'h



HYDROCEN

@ HydroCen

MydroCen  Resesrchy pubcations v News Contser  About HydroCeny international v Search... o

nocetty for f

ulated TS

Hydropawes 3

Turking 3nd BENE”

Ecological connectivity for fish in regulated rivers Contact
Market and senvices

environmental design v

41 Market opporunites for e wi

aroteable eouironments! A8
sohsions

4.2 Ecological connectivity for

fish In regulated rivers >
43 envronmeneal design 190 \While solutions for upstream igration of saimanid fishes 31 well
mussiple Incerests under MBI developed, downstream migration and measures Lo prevent fatal wr ine 2017

ficnie nydropawer Operacon

passage remains & major hatienge for most species. This project will find
semina . ‘and test various methods for guiding fish awey from the twrbines.

sterdiscipinary projeets

st prevents fish from enterind e twrbine ared

ZOFO Zofl

o should be used in new facili

Laboratanes

esocistod BrOjECtS However, the design of severst existing large hydropower 14CK0=5 in Norway

| benefit trade affs for rack solutions point towards the need lor 0ﬁ4

jernative SORILIGNS.

Tre SalePass project (NRC 2015 - April 2019) address Lopi of Ana da Silva

Jigration along cearch: First, by providing

ks, (0 hydrautic conditio: Research sientist

Project leader

frant of HP @ o provide design criteria for guidiny

of targel species

ke and inlo bypass Structures Sec
WP facilities

easures, away from the i

Eomail: anas a@nir

developing ack solutions appcable f

f(\ HydroCen

Norwsy phone: &

503711

ries

e have pecformed detailes uding hesd

(osses) of different rack desigrs i \m, aad during

2018 SalePa:

will exgh

Wl

A msjor chalienge with sl bar spacing racks are rack cleant

\ave been developed he technotogy Lannot be

directy Norwegian |

e intake SLILCLUre:

aciities).

Based on e interdmplina®y competence profie of HydroCen, w

WP 4
Environmental design

noovative rack cleaning SysLems applicable 10

%
ke structures and smatl bat  pacing racks fincluding

Unique data

wracks of saimon smolts

The Salepass project has provided detaied migs
yeles (river Orkia), brown

(rivers Mandaiselva &

Torbjern Forseth

ad kel {civer Gudbrer siver eel (river Alran. Sneede

Senior Research Scientst

These datasess ace of unique quaity and combined with hydrau
o develop 1
sfow model based evalus ion of ¥

the ai sl €N predict migratus

igyaions mad p-mail:

effecss of different guid

n

e exiensive atasel

analyses of .

e praven

- arce demanding, and project & 2 wil provide adiitions 1ES0UTCES tofully Phone: 47 926 43 437

explo the rerial of the data collected.
= &

Guiding fish away from £he intake

:\) HydroCen



Collaboration and augmentation are the foundational principles of innovation.

Vaclav Smil

National (Norway) Collaboration International Collaboration
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4.2. Ecological connectivity for
fish in regulated rivers

ETH:zlurich

O g d e r en e rg i s W E c O ﬁ epartment of Civil, Environmental and Geomatic Engineering

Laboratory of Hydraulics, Hydrology and Glaciology

Guidance structure

~ 62 m long (several panels)

Steinffylling med
stopt topp og grindfc

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

Modified angled' bar rack
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Predict fish movement
(Individual based model)

¥

Improvement of future
management and engineering
solutions for safe fish migration

) Nina

Norwegian Institute for Nature Research

@ HydroCen

Dr. R. Andrew Goodwin US Army Corps
of Engi

Future opportunities for collaborative
work with USA
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Twitter: @FMEHydroCen
LinkedIn: HydroCen
Flickr: HydroCen

Office:

The Waterpower Laboratory, NTNU
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