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WP 4 ENVIRONMENTAL DESIGN

Main objective:

Expansion of the “environmental design in regulated salmon rivers”
concept to new ecosystem components and multiple services and
user interests

Tasks:

« T 4.3 Environmental design for multiple interests under
future flexible hydropower operation
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Discharge (m3/s)

* Originally developed for “salmon vs. hydropower”
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4.3 Broader environmental design
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Measures {m ethods) (T1-T5)

DATA COLLECTION AND TOOLS

= Mapping and survey of river types, substrate and sheltar

* Mapping and survey of extent and spatial distribution of spawning area
* Relaticnship between wetted area and flow

* Hydrological amalysis

* Tempearature data or modelling

= Collection of populaticn data

* Descripticn of hydropower system and regulation effects

CLASSIFICATION SYSTEMS

* The salmon pepuktion
® The hydropwer system

DIAGNOSIS
Habitat bottlenecks Hydrological bottlenscks
* Shelter ® Flowe

= summer and winter flow
- water |evel at spawning
- smdt migraticn flow
= O+ habitat
- river habitat consistency
- habitat detericraticn

* Y¥ater temperature
= Ot growwth
- smalt 2ge

* Spawning areas

Water use

* YWater temperature
- flexible discharge systams
= discharge volumes in key periods
-active use of different waterways

Habitat measures
* Shelter
- cleaning of gravel banks
- egtablishment of shalter
= removal of weirs and other

restoration measures * Flow
= "1 rivar in the rivar” = increased minimum flow
= Spawning habicat ‘-’ - redistribution

- oleaning of gravel bamks
= imstallation of spawning gravel

- veater level and flow at spawning
- situaticn-dependent flow release
= EXPANEICNE

NINA Speciz Report &

' Editors:
i Torbj@m Forseth and Atle Ha‘rzr;

CEDREN

Centre for En
Vironmental peg;
'9n of Renewable Ei
nergy

* Building Block Method
* The YWater Pool

= YWMater negotiations
* |mpact a58eEsMents-water uge
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4.3 Broader environmental design

* Expanding the concept to new river systems
* Inland river systems; trout, grayling and other fish species

* Adding more ecological elements and people
* biodiversity, recreational use, landscape perception

e Adding other hydropower services
* Flexibility and balancing
* Flood protection

Method Developments

Case studies




Method development

* Genetic kinship for comparing relative population sizes (for
connectivity assessments)

* eDNA and barcoding for mapping and classification of invertebrate
diversity

* Methods for mapping recreational use and interests

* Remote sensing for habitat mapping (satellites, drones, red and green
lidar, optical sensors and other instruments) PhD work
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Case: River Nea

Lake Selbusjgen

River Nea
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Case: River Nea

* The 30 km long stretch up to the
Heggset Dam (ca. 30 km)

e by far most important spawning river for
brown trout in the lake Selbusjgen

* The lake holds piscivorous large bodied
trout

* There are currently 32 weirs on the
stretch




Case River

* Trout (pike & minnow)

e Green LiDAR (own mapping)
e Biodiversity

* Recreational use

* Weirs, aesthetics and landscape perception
* Measures
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Biodiversity from a bottle of water

e Environmental DNA (eDNA) is currently revolutionizing biodiversity‘
assessment in lakes and rivers.

* To what extent can eDNA be used as a mapping tool

* Red-listed species
» Key species for ecological functioning
* Biodiversity

e Comparing graditignal m3ethod§1 with g—DNAESand rr;eta—barcoding

Cp]lect an DA e?(tractlon Amplify DNA High-throughput Bioinformatic Species
nnnnnnnnnn tal from environmental < : : P
sequencing processing identification
sample sample
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HydroCen — eDNA river projects

* Benthic diversity

e \Water Frame Directive
* Ecological status

e EPT-index (eutrophication)
* Order Ephemeroptera
* Order Plecoptera
* Order Trichoptera

* Kicknet-sampling and eDNA

Orkla river

HydroCen

.y Nea river

‘@ Atna river
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A striking pattern

ATNA river - Class Insecta

Insect EtOH

Kicknet EtOH
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Coleoptera, Diptera

ATNA river - Order Diptera

Insect EtOH

Kicknet EtOH

Water

1.00

0.754

0.504

0.254

oM |

0.00 1
1.00 7

Abundance

0.754

0.50 4

0.254

0.001

a4

A B c

A B c

Order Diptera and Family Chironomidae

~ dominates the DNA-data!

A B c

Family

. Muscidae
. Opomyzidae
B rediciidae
||

Phoridae

. Agromyzidae
. Anthomyiidae
B sibionidae

. Cecidomyiidae

ﬁﬁﬁa B rsychodidae
. Rhagionidae
. Chloropidae . Scatopsidae
B cuicidae B sciaridae

. Cylindrotomidae . Sepsidae

B ooiichopodidae [ simuliidae
. Drosophilidae . Sphaeroceridae
. Empididae . Syrphidae

. Ephydridae . Tipulidase

. Limoniidae
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Still some work to find optimal markers

Insects EtOH Water

BIN
Amphinemura borealis 001944585 000381064 0.00685842

Amphinemura sulcicollis 0.00687052 0.00054895 0.00223878
Amphinemura sulcicollis, Amphinemura standfussi

Kicknet-samplin

0.00222303 0.00083175
0.0007819

0.00187673

Capnopsis schilleri, Capnopsis chilleri

0.0281271 0.00060119

Isogenus nubecula 0.00799243 0.00106428

Isoperla difformis
0.00689313 0.00108021

0.00013787 0.00080087
0.00641626 0.00346327
0.02326122 0.00047056 0.00292855

Perlodidae s

Leuctra digitata

0.00142146

Leuctra nigra 0.00088116
Leuctra sp. MAA

Nemoura avicularis, Nemoura cinerea

Nemoura flexuosa

Nemoura flexuosa, Nemoura cinerea, Nemoura dubitans

Nemoura sp. G_BB3

0.00056475 .
Orkla river - Plecoptera

0.00106702
0.00781966 0.00227956
0.01896452 0.0010401 0.00116463
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Nea river — fish eDNA density
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ic kinship to test the effect of weirs
on the brown trout population
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Using remote sensing for hydrodynamic
modeling of weir adjustments or removals

* Green laser data

* Hydrodynamics

* Flow alteration

* Photo scenarios

e Tourism / local communities

-> How does tourists and locals react to
possible changes of flow and water covered
area in their rivers;

Visual preference assessment

Examples from HydroCen




From model to photo-
manipulations

Meters

annkant pa 6 m3/s ved terskel

Nea_nedre_Q_6_ingen_terskelendring
Nea_nedre_Q_6_terskelendring
Nea_nedre_Q_6_terskelfjerning

/ R T

120 Meters

'annkant pa 3 m3/s ved terskel 22
[ ] Nea_ovre_Q_3_ingen_terskelendring
| | Nea_ovre_Q_3_terskelendring
|| Nea_ovre_Q_3_terskelfjerning

annkant pa m3/s ved terskel 1
| | Nea_nedre_Q_1.5_ingen_terskelendring
| | Nea_nedre_Q_1.5_terskelendring
| Nea_nedre_Q_1.5_terskelflerning
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Thank youl!

Line Elisabeth Sundt-Hansen (Research scientist (PhD))

line.sundt-hansen@nina.no
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The role of reservoirs in flood protect
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Norwegian hydro and Danish wind

Energy services - flexibility

The HP systems ability to provide energy
supplies on a short, medium-long and
long time horizon by changing production
— with consequences up- and
downstream
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