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Hymo supporting the Norwegian fish index
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Barriereeffekt beskriver i hvilken grad livsviktige
habitater for bestandens overlevelse er blitt
utilgjengelige giennom menneskelig aktivitet, og er
vanligvis aktuell som parameter for fisk som vandrer
mellom sj@ eller innsj@ og gyteplasseri elv (dvs. laks,
innsjg- og sjgaure, og sjgraye). | tilfeller der en har
god kunnskap om viktige habitater, er parameteren
ogsa relevant innen elver. Barriereeffekt (BE) beskrives
da som andelen av potensielt tilgjengelig gyteelv
(L) som er blitt utilgjengelig ved menneskeskapte
inngrep.

BE=1-(L,/L,)

Fragmentering og
barrierer L

t Fragmenteringsgrad
L

i BTy 1 =
Foml- S iml g N=3

Lrest
- Barriereeffekt

BE=1-(L_/L)

Rapport

derl  eravstandfrainnsjg eller fjord (eller
overvintrings-ellersommerhabitat) tilfgrste kunstige
vandringsbarriere. Det kan vaerestorforskjellmellom
fiskearter og -st@rrelser mht. hvilke strukturer som
fungerer som en barriere motvandring.

Tabell 6.18 Klassegrenser for pvirkningsfaktorene fragmenteri

Figur6.1lllustrasjonavfragmenteringsgrad og barrizereeffekt.
FraSandlundet.al(2013).

ngsgrad (FG) og barriereeffekt (BE).

Belastningsgrad Svaert god Sveert darlig
FG 0,2-0,4 0,4-0,6 0,6-0,8 >0,8
BE 0,2-0,4 0,4-0,6 0,6-0,8 >0,8
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Restore connectivity......ca 460 000 culverts in

Bekker og sidelop med
burin

Norway.... W e
- * How many are significant ng EE"-**:;
- - barriers (temporal/absolute)?
God praksis ved miljgforbedrende tiltak i elver og bekker ° What iS .the u pstre.a m :]‘%“Em:l »
restoration potential (and for S, Sy

/-‘,--""'
Oxbow med vegetasjon + \

which fish species)?

* Restore fish migration + climate
adaptation

~~~~~~~~~~~~~~ * Type of restoration measure
normally without impact on
the transport (= never? a

reason for HMWBs...although

Estuar/delta—,

costly measure)

Culvert that allows fish/fauna passage.
Photo: Morten André Bergan.

Source: amber.international



From «GEP core group»(2013) = ATG HYMO (2016 —
2018) = CIS guidance no 37 (steps for GEP) w=
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Ambitious international examples

River Research
and Applications

Special lasue:
Innovations in Hydropoaking Resesrch
Guest Ed2ors: Davide aras i
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6. Mitigation for
hydropeaking
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Dotation

Donau

Donaukraftwerk

Abwinden-Asten

OWH

Fig. 13. Does a minimum ecological flow requirement exist for every hydropower plant in your country?
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1. Upstream
continuity fish

Existing hydropower plants

Source: "Water management, Water Framework Directive & Hydropower” [national questionnaires]




= Bundesministerium
Land- und Forstwirtschaft,
Regionen und Wasserwirtschaft

Green standards

bml.gv.at

Mandatory mitigation measures legally fixed (relevant for new and existing hydropower plants)

Ecological
continuity
(fish passes)

Ecological flow

(quantity, dynamics)

Around 800 km of

Generallz Minimising negative effects
on river ecology

Impoundment:
change of river character,
losses in habitat diversity

rivers are affected
by hydropeaking

Hydropeaking

Energy and
Climate
crisis!

More than 80

Installed capacity
24,7 GW

Storage hydropower plants
represent one third of the
Austrian power plant capacity!
Flexible energy production
needed!

Fish Index Austria

I CONFLICT I!!

Welcome to

Hyporhithral rivers

Reference  Low intensity High intensity
hydropeaking hydropeaking

Most waterbodies
are designated as
HMWB

Biodiversity
crisis!

Poor Ecological status!
Grayling vulnerable!

Danube Salmon endangered!
Macroinvertebrates affected!

potential
hydropeaking
sources identified

MITIGATION in heavily modified water bodies™:

* Impact on use

* Ecological benefits

Strong differences
in hydrological
situations!

Sustainability in Hydropower 2023
Ecological mitigation, best practises and governance

OkoResch

020: Guidance Document No. 37 Steps for defining and assessing ecological potential for imprc

ving comparability of Hes

avily Modified Water Bodies, CIRCABC




Site specific impacts
— effects and
mitigation needs to
restore ecological

functionalities
(=GEP)

DRIVING FORCES RESPONSES

Human influences and Responses by

. — .
natural conditions driving government and society
environment change to the environmental

situation

PRESSURES IMPACTS
Stresses that human Biological, economic
activities and natural and social effects of
conditions place on the environmental change
environment

\ STATE /

State or condition
of the environment

Fesability study of relevant restoration or mitigation measure
—>Dam removal = «complete restoration»
- Restoring ecological functionality (> 90 % passability of relevant fish by BAT fish-pass

solutions)
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Emerging good mitigation measures 5
Sine 8 s 7 lies | T
 European measure library hierarchy i | Emacad
relevant to mitigate water storage due —— : R TTeT— © 7 Mitigation for
. . Upstream il ekl interrupted sediment
to HP, water supply impacts continuity fish continuity fish movement
* Eflows and best approximation to
ecological continuum
* Emerging good practice evolve i | -_
over time T ;
i A Do e 3. Mitigation — — ° &
g low flow 4. Mitigation 5. Mitigation 6. Mitigation for
el fish flow variable flow hydropeaking
R NRREI Ritee B o ol A 8. Mitigation lake ¢ 9. Mitigation ° 10. Mitigation for

level ponded river flow temperature




Site dependent mitigation need

based On Chara Cte riStiCS JRC TECHNICAL REPORTS

* Type of intakes/storage (storage vs Run-of-River HP) ol e
* Upstream impacts (littoral zone in lake reservoirs) ey e ..
* Potential for hydropeaking
* Sediment continuity e
* Thermal stress S

Diversion HP or Turbine in the dam
* By-pass Eflows
* By-pass valve
* Fish continuity

HP outlet (tailrace into long rivers, lake reservoirs or
the sea)

 Stranding/flushing?
* Supersaturation

Impacted habitats and ecological communities
* Natural vs artificial barriers
e HP dam/outlet on anadrome reach




Kraftverksutlgp i Norge

All str.
Kraftverksutlgp til N %
Elv (> 0,5 km) 785 51%
«liten innsjg» 17 1%
Innsj@/magasin 370 24 %
Fjord/sjo 359 23 %
Total 1531

Totalt antall kartlagt

>10 MW

K %
157 47 %

6 2 %
113 34 %
56 17 %
332

1.1-10 MW <1 MW
KS % M % A
339 50% 289 56%3
9 1% 2 0% @
159 23% 98 19%
174 26% 129 25%
681 518

Annual Production
@ <5GWh
® 5-10GWh
@ 10-50GWh

@ 50-250 Gwh

. >250 GWh

HP tailrace outlet

@ River

O River: Large

@ River: Tributary
O Lake

@ Lake: Small

@ Reservoir

@ Fjord

@ Cascade

A Pump Storage

0 4080 160 240 320
Kilometers

Halleraker et al., (2022)



Small scale vs large scale HP development in Norway

e VP 1-4-=
Permanent
Protected Water
Courses

* El-serticate:
«Green feed-in
tarif to boost
more renewable
in Norway &
Sweden

* HP <1 MW only
have CLF (and no
other license
requirements)
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1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year

Accumulated production: == <10 == >10 =— Total Installation(MW): <10 | >10

Source: Halleraker et al (in review) Development of hydropower impacts, water management and Eflow policies in Norway



Ecological (functioning) flows vs. Environmental flows

is not the same as the historical lowest minmum flow target (Gflows)

Ecological flows in the implementation

of the Water Framework Directive

Guidance Document No, 31

Flow requirements of aquatic ecosystems

* WFD provisions acknowledge the critical role of water
quantity and dynamics in supporting the quality of
aquatic ecosystems and the achievement of
environmental objectives.

A working definition of ecological flows for WFD implementation

In the context of this Guidance, the Working Group adopted the term of “ecological
flows” with the following working definition:

Visit Norway
https://www.visitnorway.com » nature-attractions » water... 3

10 of the world's tallest waterfalls are in Norway

Experience Veringsfossen on a Hardangerfjord in a nutshell tour with Fjord Tours.

For Norwegians, waterfalls are more than a good photo opportunity. Many ...



Alta — the Norwegian case in CIS Guidance no 35

Ecological flows in the implementation

* The most controvesial HP projects in Norway S ST

Guidance Document No. 31

* Good example BUT untypical

Alta controversy

traditional Sami territories. The project was
completed in 1987."
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Revision of HP licenses & Adverse Effects on HP

‘)Trc
. . Finnm
License revised
Awaiting ministry approval o N
ah_!arﬂk s v
Case being handled g
oBode
Claim filed
———r $
_— 5
5
®
Mitigation for
low flow
gSIemlqer
Tmndhermc |
- 3
Mol I iy
B
NVvE B
Dcv"’w o 0
F. Refidahe™ Vannkraftkonsesjoner
P g 3 som kan revideres innen 2022
Jo?\;p!ﬁe!qﬁ"*f‘; Nasjonal gjennomgang og forslag til prioritering
< Lwl‘i: =rr.me.":‘~, :
Voss YW\‘;‘ R JHam
operg N
Hardangervidda, " 4
£ 2 Oslo
o Q Dr: men
T S\"* oSkieng,
Tensberg

Source: NVE, august 2024

National assessment of costs/benefits in 2013.

— Priority exercise

- Highest priority 1.1 - 1.7 TWh

Estimated production loss so far is less then 30 % of the
original Qg estimate (NVE 49:2013).

Mitigation for
lake level alteration

Climate inflow: Available water for HP production, increased

by 7% since 1960s. (latest hydrological 30-years series)

A national estimate on “power loss” from all the total

minimum flow requirement (incl all revision cases by 2023),

in the range of less than 1.5 %
- so, Norway would have produced (in average) ca 1.8
TWh more if we removed all flow requirements.

Reservoir filling restrictions “ a no go measures” due to Sign

Adv Effect upon HP use

© Planungsbiiro Koenzen



Ecosystem adapted & mitigated hydropower

operations (ecopeaking)

3

Review

Daniel S. Hayes /2%

sustainability

, Miguel Moreira 3 Isabel Boavida *, Melanie Haslauer

Life Stage-Specific Hydropeaking Flow Rules

1

’

Discharge

>
b

Discharge

Discharge

4\9

Time (1 day)

Migration and spawning

Time (1 day)

Egg incubation and

A r/‘\ Day/nigm/\

alevins

k|

| /‘\ Hydropeaking
| hydrograph

|
| Hydrological mitigation
recommendations

Mitigation recommendations

@ Fiow cap. reduce ampiitude

A _n Day/night ]
el ERE
| \ e//\ \ @ | | | 1 l
| | | p: 2 | | \
/l I\ /| o L 51 4 ; -~ @
I I\/1I | NS §/1 e |
| N et AN
| | e
1 L Ve = . k___j 1 ©
Time (1 day) Early juvenile Fry Time (1 cay)
(parr) emergence
Legend

e Minimize or eliminate drawdown durafion

@ Very ow ramping rates [Emergence window]

o Allocate min. environmental flows e Reduced ramping rates

Kuppskapsstatus og rdd til

OIValtning og industri

Redaktarer:

JorHaakon Bakken, Torbjern Forseth & Atle Harby

——

Frequency and
timing of artificial

Intensity of
resulting water level

flow fluctuations
changes
Q L

”

| B TTRANTE N1

Ecological impact assessment

Vulnerability
of target organism
(treshold values)

&

A

General
habitat
availability

Relocating
tail race

Reducing
hydropeaking rate

© Planungsbliro Koenzen
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)

Constructing
external balancing
reservoir

© Planungsbiro Koenzen

Improving river
morphology

© Planungsbiiro Koenzen



Need to mitigate episodic (short term) and
long lasting impacts (if significant)

Sl A Roadmap
: for Best

»Harmful hydropeaking —

IEA Hydro

Acknowledge «new impacts» and
innovative solutions, e.g. ‘

* Supersaturation

~—ym-
TTTTT

* Thermopeaking/ extreme
temperatures

e HP turbine flow shut down
kkkskskskskskskskskskskskskskskskskskkskk

o o _m_,‘\_&lil o //,m )
* Sediment management to avoid s N oo

.\:‘:_ -
L e bl

habitat degradation

Figure 4.28 By-pass valve allows constant flow
release downstream in case of emergency
(modified from: [4.85])

Figure 3.10 Near-surface supersaturated “white-water” release
(Source: Pi-Lens/shutterstock.cor

e g LT P ST PP R P PR T S g ' Management Sustainable options



Risk assessment of total dissolved gas supersaturation n.a.

at hydropower installations J&7
Low risk
oderate 38 %
Aok 20 %
Z'..'-.":": ' s;’o;“ ‘
o9 . st Validation measurements

e < TDG %

o s of 2201

Norwegian Sea - '? : b 2001

“ee 180+

; 160
> 1 140' |
t“ 100<~ .____..‘.I‘v-L,.*bh_

= * Conclusion:

Gas supersaturation in rivers is likely more
common than expected.

Overlooked environmental effect of hydropower.

Should be addressed through systematic risk as-
sessment and monitoring.

Pulg et al. (2024). Assessing the potential of gas supersaturation. SCTOT 948



https://doi.org/https:/doi.org/10.1007/s10750-021-04709-410.1016/j.scitotenv.2024.174645

Reduction of TDGS - Total dissolved gas supersaturation

- E'S
et
R A

® Flow adjustments in secondary intakes
® Vacuum intakes
® Screen cleaners
® Alert systems

® Dilution

® Deflektor aereation



Status of HP mitigation measures

gp UL
-~ r—

_——

© Planungsbiiro Koenzen

Mitigation for
low flow

© Planungsbiro Koenzen

Mitigation for
rapidly changing
flows

No EﬂOW + Norestrictions

CLF Vague ORR (no treshold)
One Season « ORR (\-\-'I-th tl’ESh[ﬂd]
Same all year

TurbineROR baseflow
Two_level
Multi_level (BBM)

Figure 4.28 By-pass valve allows constant flow



Monitoring of
GEP => ecological

functionality (and
if needed adapt
GEP-measures)

7z <\
e Adaptiv management (or revisiting)
is in practise a key = in particular \
if you do not have so much
experience with type of measure

* “GEP is hard to understand for
“normal people”

L e e

Mitigation measures

i estimated to be effective
BID'Dg\j 1 Mitigation measures

inplace

GEP |- Ao - - e m-p-

i
| f?lé'\llTime'

‘ Manitoring 1 I Monitoring 2 |

Figur 11. Overvaking for G klassifisere det okologiske potensialet til SMVF og vurdere den
biologiske forbedringen (effekten) av avbotende tiltak



Protection

& Control

Sustainable hydropower — EU taxonomy

6. Biodiversity
& Ecosystem

5. Pollution
Prevention

- q

1. Climate
Change
Mitigation

Environmental

Objectives

SUSTAINABLE
GROWTH

3. Water
& Marine
Resources

© Planungsbiro Koenzen

(ii—i") § u § M
o
2. Downstream 3. Mitigation 6. Mitigation for
continuity fish low flow

hydropeaking

General requirements: do no significant harm to the good status or the good
ecological potential of water bodies.

Checklist for hydropower:
» Comply with the WFD — aim for GES or GEP.

» All technically feasible and ecologically relevant mitigation measures:
v" Ensure downstream and upstream fish migration.
v" Ensure minimum ecological flow, incl hydropeaking mitigation.

v Protect or enhance habitats.

» Monitoring of the ecological efficiency.

European Commission — FAQ:

‘A water body which would remain under the ‘lowered’ objective under Article
4(5) of WFD without putting in place the necessary measures (ecologically and
technically relevant) towards good potential, does not fulfil the DNSH criteria’.



To wrap ut

* Many ecological efficient mitigation
measures without adverse effect on
HP

* NO needs to scale up/intensify
implementation of several types of
MM

* Risk assessment
* Episodic supersaturation
* Harmful hydropeaking
 Safe fish migration

* Monitoring of GEP (ecological
functionality)

—also helpful to understand the
concept for «normal people»

- A requirement to fulfil HMWBs
principles

* Free-flowing-river
strategy/methodology

» Restoring and assessing the
lateral connectivity

* Adverse effect on agriculture

 Road culverts —in numbers a
massif challenge....

* EUs taxonomy easier to

Figure 8: Change of river into lake and links to upstream/downstream river sections
River NWB
HMWSB river | ¥
resemblinga
lake \ ‘
River N\WB

Notes: NWB=natural water body. The river water bodies upstream/downstream might also be HMWB but separate
water bodies.



Strategic HP related governance T

Scotland

- Flow restoration (limited to % of renewable energy production —
moving target)

- PP principle in place

Sweden

* National mitigation strategy includes
*  Best available mitigation standards

*  Flow restoration threshold (SAE*) of 1.5 TWh (2.3 %)

e National HP fund of to finance mitigation measures — ca 900
mill € (next 20 yrs)

Norway
- Partly PP principle (for HP with modern license)
- Flow restoration threshold - limited to 1.7 TWh (< 1.2 %)

—|$§v)eral special HP related management plans established (next
slide

Norwegian
Environment
Agency

in the Danube Basin

Guiding Principles

The alps

Energimyndigheten myndigheten Danube basin ( ICPD R)

* Sustainable HP guiding principles (2013)

Strategi fér atgarder i
vattenkraften
agning mellan energindl och milokvalictsmalet Levande sjoa Austria

- PP principles in place

- Min;stry fund of 180 mill Euro (2009 — 2015) to boost HP measure (up to 30% of
costs

- Mitigation measures (in forskrift)

- Evident based feasibility studies required

. Switzerland
> Sanierung Schwall-Sunk
» Strategische Planung

T T « Green label HP (Okostrom) been available since early 2004
* Detailed (legal) mitigation thresholds

* HP mitigation fee - electricity bill (2012-2030) to finance
hypeak, sediment measures - ca 1.07 billion €

.’“ ok




Recommended reading for sustainble and ecosystem based
hydropower development

Riverine Ecosystem Management

: : : Peter Rutschmann - Eleftheria Kampa -
Science for Governing Towards a Sustainable Future

Christian Wolter - Ismail Albayrak - Laurent David -
Ulli Stoltz - Martin Schletterer Editors

Aqaatic Ecology Seses

= Open Access

R v ‘ Novel Developments
e for Sustainable

Stefan Schinutz —— =
. JanSendzimir. Editors.

= Provides many best-practice examples of

sustainable river management Riverine A ; =
Ecosystem > T =1
= European-wide analyses plus case studies of Management ho YDROPOWER NDFISH Hyd TO pOWET
other parts of the world : e o

A Roadmap
for Best

Practi
https:iflink.springer.com/book/10.1007%2F978-3-319-73250-3 Practice

14,06.2019

IEA Hydro .
e OPEN ACCESS &) Springer

lune 2022
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