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Design solutions — how to use water?
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Presenter Notes
Presentation Notes
Concept of envionmental design started as a method to find solutions about how to use water in regulated rivers




Presenter Notes
Presentation Notes
Regulation had extreme consequences in some cases as you see in the picture where the river goes dry during summer
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Fish dies only once!

Fryin Emergent
Gravel Fry
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Presenter Notes
Presentation Notes
In other more common cases, the alteration of the flow regime causes habitat bottlenecks affecting fish populations. But the consequences might be serious, after all the fish can die only once! 
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Guidance

Example: Impacts of peaking

Systematic
sequence

Factor

Indicator

Vulnerable
fish pop.

Robust fish
pop.

Dewatering

Ramping rate [cm/t]

<b

5-13

Dewatered area

Percentage of total

<5%

5-10 %

Ratio

Qmax / Qmin

<1,5

1,5-3

Frequency

# days with hydro-
peaking

<10 %
< 37 days

10-25 %
37-91 days

Peaking operation

Semi-quantative

Daily in < 2
periods

Daily > 2
periods

Timing

Peaking in sensible
seasons

Spring

Summer &
fall

Tabell 15: Forholdet

Tabell 4: Tabell 3: Sannsynli A .
- tet P— yniig mellom arsyngel og parr Tabell 5:
vesegr‘m‘an ets stadium for : for & bestemme Produktivitet
produktivitet bestandsregulering : .
begrensende livsstadium
\\
Tabell 16:
Oppsummering | [pest regulering Stadium for regulering - #a habitatkartlegging
pr segment Stadium for regulering - fra bestandskartleg; Yngel/parr/ingen
X Samlet vurdering stadium for regulerin; Yngellparr/ingen
Tabe”dﬁ.kEtndrlnlg IsHabitatflaskehal ensende habitatfak / Ingen/gyteareal/skjul/begge
JVEI 2 G ET ProduRtivitet ut fra / Lav/moderat/hay
habitatforhol (1-3)
Tabell 7: Endring | | Vannforing & M&nnlﬂring for produksion Liten/middels/stor
i lawvann totalproduksjon (1-3)
sommer og B g van "fﬂilng som @k, ingen/svak/moderat/sterk
) flaske (+,0-3)
vinter
W som flaksehals Qkt, ingen/svak/moderat/ sterk
(+,0-3)
Tabell 8: Gytevannstand som flaskehals Ingen/svak/moderat/sterk
AL
Gyteforhold (0-3)
Sannsynlighet for O+ habitat som | [ derat/hoy
IEEl ks flaskehal I \(0_3) d k
s + a
e / 0+ vekst som flaskehals pa grunn av lav ngen/moderat/ster]
temp: (0,2,3)
lav V‘ann_ Kombinerte msynllghel for homogenisering av elvelepet | Ingen/lav/imoderat/hoy
hastighet flaskehalser / som flaskehats (0-3)
>

Tabell 13: Vann- faktor€r
temperatur og [
endring i vekst

Msm Itproduksjon pa grunn av
emperatuj

Redusepd smoltoverlevelse under utvandring

Ingen/liten/moderat/stor
(0-3)
ke, ingen/ liten/moderat/ stor

(+,0-3)

S}d‘synllghel for habitatfbrringelse \

Ingen/lav/imoderat/hoy

(0-3)
/ / N
Tabell 12: homogenisering Tabell 14: Tabell 10: Tabell 11:
av elvelgpet Bestands- Vannfgrings- Endring i
effekter pga forhold under flomstgrrelse
redusert vann- smolt- og
temperatur utvandring flomfrekvens
gIEI8|E| ¢ H
£1i(18 &
H
o | 1| w0 el | oe oz[2 0 3 0 0
Fysiske data e Tt Joe
om lengde p3 3
strekrﬁngSg# ol e ;,10.015_
s

segmenter

Tabell 17: Oppsummering alle elvestrekninger og segmenter



Presenter Notes
Presentation Notes
More in detail: we collect and analyse data about the power plant and the fish population. This example shows the impact of peaking. Analyse the characteristics of peaking: dewatering rate and area, frequency, peaking operation, timing etc. The fish population characterstics can be related to the peaking features and a series of matrices assists in indentify criticalities and possible mitigation measures


Extended environmental design

Recreation and tourism

SINTEF

HydroCen ETI

Energy services

5

of river area.
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Norwegian Institute for Nature Research


Presenter Notes
Presentation Notes
The same concept can be transferred to other species and habitats. Rivers provide also an important set of ecoystems serives like flood protection, drought mitigation, water supply, water to support energy production, recreational and touristic services.  


Step 1: Diagnosis — what is the status?

HydroCen E“

Indicator

* Fish density
* Fish growth
* Fish population

 Suitability
for boating

* Water storage
* Water transfer
* Response time

Metric

* 0O"to 1" ratio
* Number of 0* pr m?
* Number of > 0* pr m?

e Suitability index

e Storage volume
* % of total flow
e MW/minute

Data source

e Electro-fishing
e Databases

* |nterviews

e Controlled water
release

* Modelling hydraulics

e Data bases
e Power station data



Presenter Notes
Presentation Notes
In some cases the application is very similar (for example for the trout or the arctic charr) for other species like mussels it needs more research to better understand the interactions. For services like recreational services the concept is similar (application of hydraulic habitat modelling) but requires interaction with the users to define the requirements. For energy production, the interaction with hydropower industry is necessary. First we collect data, establish metrics and indicators to diagnose what it the status for each service or species


.

Step 2: Impacts and bottlenecks

HydroCen E“

Topic

* Hydrology

* Temperature

e Habitat

* Fragmentation

* Hydrology
 Habitat
e Barriers

e Generation
 Reservoir
* Flexibility

Indicators

 Low flow

* Degree days
* Wetted area
* Barriers

* Acceptable flow
* Flood conditions
 Water depth
 Water velocity
* Weirs

* Annual generation
* Installed capacity
e Capacity factor

e Storage volume

* Ramping rates

Metrics

e 7-day low flow

* #days to 50% hatching

e Ration low/normal wetted area
e Shelter index

e # days between thresholds
* Changes in return period
 Changes in depth @thalweg
* Maximum velocity m3/s

* # of weirs

 Change in GWh
* Changein MW
* Changein %

* Changein %

e MW/min



Presenter Notes
Presentation Notes
Then we idenfity possible impacts of bottlenecks. Here are just some examples, but there are plenty of other examples in literature such as IPBES or EU projects such MARS, MAES, OPENNESS


Mitigation measures — design solutions

Introduce "a river in the river
when water is withdrawn

»

Two-way migration solutions Improving habitats "Water bank"
ANINA

SINTEF GNTNU

Norwegian Institute for Nature Research


Presenter Notes
Presentation Notes
The diagnosis and identification of the impact assist in choosing which measure can mitigate the impacts on the different services or species. My colleague Line now will describe in detail how this concept has been applied in the Nea River case study. 


Line Elisabeth Sundt-Hansen (PhD)

Senior scientist Norwegian Institute for Nature research (NIN
WP leader WP4c HydroCen

NORWEGIAN RESEARCH CENTRE
FOR HYORO POWER TECHNOLOGY

@ HydroCen




Status June 2024

43 partners

Hyd 0 Cen 8 years (2017-2024)

NORWEGIAN RESEARCH CENTRE i
FOR HYDROPOWER TECHNOLOGY 40 mill. EUR

25 active projects

HydroCen is a research centre for

environmentally friendly energy. >40 associated projects

Our main objective is to enable (~40 mill. EUR)
hydropower to meet complex

challenges and exploit new ~90 Scientists
opportunities through innovative

technological solutions. 36 PhD & Post doc.

>400 MSc. (estim.)

Research partners

®NTNU @ SINTEF A uma

>3000 m? laboratories



Presenter Notes
Presentation Notes
HydroCen er forskningssenter for vannkraft-teknologi, hvor vi jobber med nye teknologiske løsninger for vannkraft og bedre miljøløsninger. Vi ser på det fleksible kraftsystemet med bidrag fra vann-, sol- og vindkraft, der vannkraften er ryggraden i systemet. Det er en storstilt forskningsinnsats og tverrfaglig samarbeid hvor vi jobber aktivt med å knytte ingeniører sammen med biologer og samfunnsvitere slik at vi kan se hele energisystemet i en sammenheng: Fra vannet i elva til de massive tunnelkonstruksjonene, teknologiske turbiner og generatorer, ut til markedet der folk trenger strømmen, og ned i vannet der vi skal ta vare på naturen som gir oss de enorme kreftene fra vannet. 


per May 2024
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Work packages

Dam, tunnels, penstocks,
systems and sediments

projects

-
f—@ Variable speed operation,

fatigue and lifetime, pump

2 nd
turbines and guide vanes

. Hydropower Q§ Turbine and )
structures generators

Inter-
disciplinary
projects

Environmen- Market and
tal design services

- B

Costs, remaining lifetime,
power system and prices,
environmental constraintsA

”:3 HydroCen 'En

Fish migration, community
and social acceptance,
_environmental design




@MNA

Norsk institutt for naturforsknir

Demonstrating expanded environmental design in
Demo case River Nea

r?

: T. Forseth, T. Bongard, T. Forseth, F. Fossay, R. Sivertsgard, M. Majaneva, B. Kéhler, 1.J."-Hagen,-S.
; karlsson, (NINA), H. Skoglund (NORCE),H. Sundt (SINTEF/NTNU), A. Harby (Sintef Energi AS)


Presenter Notes
Presentation Notes
approach to assess bottlenecks fish, aquatic invertebrates and recreation in a regulated river


Environmental desigh expanded

- In Hydrocen, centre for
environmentally friendly hydropower §

- Expanding the concept to new river

systems
» Inland rivers, other fish species

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

‘ Test case:River Nea

NORWEGIAN RESEARCH CENTRE HydroCen IE n

FOR HYDROPOWER TECHNOLOGY
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Presenter Notes
Presentation Notes
Nea kraftverk ble satt i drift i 1962 og da ble Hegsetdammen og Hegsetfoss kraftverk bygget. På den ca. 14 km regulerte elvestrekningen mellom dammen og kraftverket ble det da bygget 32 terskler for å opprettholde et vannspeil.


Background River Nea

Historically important spawning river for large Brown trout from the Selbu Lake
Nea is known for sports fishing

Population reduced in the last decades

Changes in ecosystem

Water shed is regulated for hydropower
production by Statkraft

Water deferred in tunnel, no minimum discharge
in winter

32 weirs in 20 km

Introduction of non-native species such as
European minnow and pike

A



Presenter Notes
Presentation Notes
terskelbassengene favoriserer ørekyt


Research questions

* Are the weirs barriers for spawning migration and juvenile movement?
* Are the weirs impacting the ecosystem; invertebrates?
e How do people view the weirs?

Aim: Develop methods to provide answers to these questions

Foto: L. Sundt-Hans_e_n

HydroCen E'n


Presenter Notes
Presentation Notes
25 km av de ca. 34 km elv mellom Selbusjøen og Hegsetdammen sterkt redusert vannføring. 
Pålagt sommervannføring (1.5 m3) ingen minstevannføring vinter
Terskler : gir stillestående vann i terskelbassengene som favoriserer ørekyt og som dominerer strekningen arealmessig.
Endringer i fysisk habitat (mangel på dype høler for overvintring)
Terskelbassengene favoriserer ørekyt



Case studies: River Nea 32 weirs (20 km stretch)

Trendelag

Merejog Romsdal

Segniog'Flordane; s

.“..(_)[:-:Jle'mr.i Hedmark

* The River Nea case
* Genetical analysis of Brown Trout (pike & minnow) el )
Green LiDAR (mapping) i |
Biodiversity (eDNA & conventional methods) e By R
Recreational use (quantitative & qualitative methods)
Weirs, aesthetics and landscape perception

Aust-Agder
\Vest-Agder:




Bird perspective
River Nea case

Green lidar based terrain 3 m3/s — no weir changes 3 m3/s — weir removed

HydroCen
(Figures from Hdakon Sundt


Presenter Notes
Presentation Notes
PhD Håkon Sundt
Beskrivelse av levevilkårene for fisk og andre dyr��Simulering av ulike vannføringer og tiltak



" The river and the
landscape

Elvekant, skraning,
vanndekt i
ekstrem flom

e giret-elve

HydroCen


Presenter Notes
Presentation Notes
Nea important for local identity. Used for activities such as fishing, canooing, swimming +++
People are positive to changes that improves the ecological conditions


River Nea and weirs as landscape elements

Junker-Kéhler & SJHSIP%Zl



Presenter Notes
Presentation Notes
Social scientis t tested prefrences by manipualting pictures ,

Such as this with and iwithout weris and different discharges  to locals and tourists to identify their view on the many weirs in the rivers
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Presenter Notes
Presentation Notes
Også mer positiv til tiltak som man opprinnelig er negativ til



Fishing for answers...
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Presentation Notes
Siblings, serverall full sibling groups
Most familiy groups with the same year class and within a limted geographic area
Some full sibling groups from different years

The trout populations in Nea has very few effective spawners
Large degree of inbreeding, compared to a healthy trout population


The spawning habitat

| Fin gytegrus i terskelbassenget,
men stillestaende. Gyteforhold
trolig Iangt bedre far reguleringfterskel

Gode gytemuhgheter i stryk nedenfor tersklene
Egnet gytesubstrat i flere av terkselbassengene,
men stillestdende og nedsiltet. Har trolig veert
langt bedre for regulering og terskelbygging.

Terskel uten djupal, vanskelige
vandringsforhold ved lav vannfaring.
Gode gyteforhold i stryk nedenfor terskel,
gytefisk osbervert.

Terskel uten djupal, vanskelige
vandringsforhold ved lav vannfaring.
Gode gyteforhold i stryk nedenfor terskel.

Several weirs placed on old spawning grounds
(Potential spawning areas, [UEILCE RN JIIE)

- andlyellow |marks presently used spawning areas ﬁ), HydroCen



Biodiversity in weir pools and rapids

y .
A -9
-~
-
-

Blelcioptenal

Invertebrates \

Metode: F(2,45)=49.4, p<0.001
Habitat: p>0.05 ‘

All methods:

I
Conventional Meta- DNA water We found less species than expected:
Method barcoding * 62 % of expected invertebrate species

ethanol * Less biodiversity in pools compared to rapids

Majaneva, Sundt-Hansen, Brandseqg, Sivertsgdrd, Bongard & Fossagy 2024, Hydrobiologia

HydroCen g'n
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Presentation Notes
Able to map more species with eDNA water samples
Kick sampling and metabarcoding from etanol to tet differences in invertbrates between weirs and rapids

eDNA ; biodiversity from alrger area and not differntiating between locations close to each other



.

Diagnosis

* Small spawning stock of brown trout, inbread and fragmented because of
weirs

e The weirs are"Barriers for spawning trout migrating up from the lake

* Weirs create pools which are less productive and have lower biodiversity
than rapids.

Bl

“« Weirs important for people’s perception of landscape, but can be changed

== Without weirs the river would-become a «rock desert» low recreational

—

—— VaIUE.

ar

e, 2 .
~— <s*importantforitrout winter. survival.
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Presentation Notes
are stopping fish from moving upstream and downstream the river

Suggesting new plan for modification and removal of weirs


Design solution; potensial measures

Function requirements for modification of weirs

for spawners
2. Reestablish unused spawning areas

3. Maintain deeper areas for over wintering



Presenter Notes
Presentation Notes
Basert på de identifiserte problemene med dagens terskler ble det identifisert tre funksjonskrav i prioritert rekkefølge

Selv om det er sannsynlig at alle tersklene kan passeres av oppvandrende gytefisk på høy vannføring (spesielt av stor fisk), vil mange av tersklene være absolutte vandringshindre på lave eller midlere vannføring
Store terskelbasseng er habitatmessige mer homogene enn elvestrekninger som veksler mellom stryk, glattstryk, kulper og grunnområder, og har andre bunndyrsamfunn tilpasset mer stillestående vann.. 


Solution? Modity weirs, remove some weirs
Increase connectivity

Bune av stabile
stein med spalte  Median vannfering
i midten

Lavest vannfaring Lavvannsrenne (dypal), bunn 1-0,5 m lavere

Mellomrom mellom Stabile hjernestein Mer variable stein Overgang til
stein for 4 unnga for Celleterskel prinsippet vanlig

stor oppstuing ved lave elvebunn med
vannfgringer erosjonshud

Ramp weirs

HydroCen
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Increase water velocity


Basert på de identifiserte problemene med dagens terskler ble det identifisert tre funksjonskrav i prioritert rekkefølge:
Reestablish migration routes and connectivty for spawners
Reestablish unused spawning areas
3.      Establish deeper areas for over wintering and wetted area




Vannbank — vann til rett tid

* Ny sesongfordeling av vannbanken
- Stimulere til oppvandring

—>Sikre vinteroverlevelse av rogn,
ungfisk og bunndyr

Vannfering (m3k)

coB222883888

Q); HydroCen g'h



Summary case Nea

e Statkraft planning to use or
suggestions for Nea

* HydroCen has updated the tools
for an environmental design
assessment

* Excited for the future projects
and RenewHydro!




g

: +
2

» Modifying and removing weirs in combination-with release fo water will
improve conditions for fish and invertebrates in River Nea



Presenter Notes
Presentation Notes
Fjerner noen viktige flaskehalser for ørretbestanden og vil øke produksjonen av fisk i elva



Other cool projects in HydroCen

* Check out HydroCens knowledge bank!

HydroCen @“



CASE NEA COUNTING SPAWNING FISH USING DEGAS - ULTRASOUND CAN SAVE FISH

Improving environmental conditions by using DNA Sound waves can remove dissolved gas that
environmental design Method for estimating effective population size harms wildlife in rivers with hydropower
= = production

ENVIRONMENTAL CONDITION ENVIRONMENTAL MEASURES IMPACT ENVIRONMENTAL MEASURES IN
DEPENDS ON THE METHOD OM HYDROPOWER SYSTEMS EUROPEAN HYDROPOWER NATIONS
New method uses environmental DNA Effects on the flexibility of the hydropower system Balancing energy and environment in Austria,

— — Switzerland and Sweden



GUIDING FENCE FOR FISH
Solutions for fish migration

SPECIES DIVERSITY IN RESERVOIRS

Effect of water regulation on the meiofauna

REMOTE SENSING IN RIVER MAPPING
LIDAR, aerial photography, drones and satellite
images

STATE-DEPENDENT DISCHARGE
CONSTRAINTS
Dealing with state-dependent constraints in
operational planning models

SIMULATOR FOR OPERATIONAL COSTS
ProdRisk-SHOP simulator

THE DECK-OF-CARDS METHOD
ALTERNAFUTURE
Balancing environmental considerations and the
increasing need for energy

\
HydroCen
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 Hydrocen is getting close to the end, we would like to share our knowledge!


FME RenewHydro

Vannkraft i endring og fornyels

Malsetting:

RenewHydro skal utvikle kunnskap og I;asnlnger slik at
fleksibel vannkraft kan stgtte reallserlnE
energiomstillingen og na nasjonale energi-, klima- og
naturmal.

2025-2032
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Presentation Notes
Oppstart januar 2025

Oppfording om å engasjere seg tidlig, stor påvirkningskraft


Thank youl!

Line Elisabeth Sundt-Hansen
(Senior scientist NINA/
Leader of WP4 Environmental design in Hydrocen)
line.sundt-hansen@nina.no

Mobil: 98421195

HydroCen g'n


mailto:line.sundt-hansen@nina.no
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