Hydropeaking in Norway:
Economy and ecology
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Background

= Hydropower in Norway

Hydropeaking

= Hydropower licences |

= Change in energy policy i

= Ecological impacts |
and research

m Case studies
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Hydropower in Norway

99% hydropower
2/3 of all watersheds are affected

~ 700 stations Iarger than 1 MW

i Hydropower stations
~700 > 1 MW
~330 > 10 MW, 97%
~ 80> 100 MW
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How is hydropower and hydropeaking regulated?

Water/hydropower Ilcences

Federal licence required to
build and operate

Such decisions and
licences are regulated by
three acts:

The Water Resource Act
(2000) — general, min. flows

The Water Regulation Act
(1917) — hydropower licences

- specific, detailed
The Energy Act (1991)

- new market energy policy

HydroPeaking 9 March 2009

Hydropeaking
Water/hydropower licences

ThC licence will SpCley Installed effect (MW) with time

how to operate, based on

- political (economic)
decisions

- best knowledge (at the time)

The licence 1s given for a

time period (~ 50 years);

most licences given

1960-1990 (see Figure)

Few changes within that

period
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Hydropeaking
Water/hydropower pollcylllcences

m Stable national energy
supply until ~ 1990
large reservoirs
sufficient domestic effect
— little hydropeaking
The water licences did
not consider
hydropeaking
— hydropeaking
unregulated
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Hydropeaking — right now
Deregulation and flexibility

Few hydropeaking operations :
Little hyd h rﬁp%ng infenergy-

A new deregulation policy Wlth . e rrnens|oned dropwer stations
export/import to an effect- ‘ s TN o

demanding (North-) European

market — hydropeaking

Large reservoirs — hydropeaking

Combine with alternative energy =..
sources (wind, wave) — B
hydropeaking

Many licences are coming up for
renewal

Response:

Federal: fund research on

in rivers

Producers: fund research on Mo
feasibility and mitigatiomniydropeaking 9 March 2009




ng In rivers :
-ndmg, stress,
abitat, movement™
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Eos A research collaboratlon between:

orsk institutt for naturforskning
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Environmental impacts of hydropeaking — EnviPEAK (8 mill. €,

Environmental impacts of hydropeaking

The main objective is to assess environmental impacts of
hydropeaking and to describe how, when and where
hydropeaking may be done with acceptable impacts on the
ecosystem. Mitigation strategies will also be addressed.

Also including: Model development
Catalogue of measures and mitigation
Categorizing hydropower plants

KMB project 2009-2012
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Daleelva
(5-30m3/s)

Vallardi (3-25 m3/s)
Invading species Phoxinus phoxinus =
expanding due to hydropeaking?

http://www.cbsnews.com/video/watch/?id=2003088n
http://www.youtube.com/watch?v=SGWiaqGjQaU
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Nidelva (30 - >110 m3/s)
+ experimental stream

Vallarai (3-25 m3/s)

11




Stranding of
young fish during;*
de-watering B
events
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Stranding
experiments

Netbag
at low flow

S HydroPeaking 9 March 2009




Stranding field experiments - wild Atlantic salmon (1+) -

papuess uogrodold

Lower figure. Stranding
of individual fish (PIT
tagged) subject to daily
peaking. (Water was
put back on to avoid
mortality.) The figure
shows that 50 fish
never stranded.

normal substrate

[hvcatening (st maeame o1 Trrkanbem rom b, Nodels

Dewatering
in the field

Saltveit et al, 2001
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Experimental stream

Upper figure. Box plot comparison of
proportion stranded summer-old (0+)
brown trout depending on dewatering
speed. The figure shows reduced
stranding by reduced dewatering speed,
but not total elimination of stranding.

Never Stranded Stranded Stranded Stranded Stranded Stranded
stranded once twice 3times 4times b5times 6 times
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Stress response and habituation
to daily flow fluctuations (brown trout)

—***_'. =~ Control
T == Fluctuation

Cortisol (ng/ml)

L

* Non-stranded brown trout seems to adapt to flow fluctuations within 4 days
* Flow fluctuations with little increase in dry river banks may be less harmful to fish
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Behavioural habituation
to daily flow fluctuations (brown trout)

Flodmark et al, 2006

m constant flow
o fluctuating flow

a

il

Position score

n
o

dm:wm (%)

Steep or
gently sloping river banks?
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Hydropeaking and
benthic fauna
(invertebrates)
before and after one
month of hydro
peaking

Zone 1:
Dry during all
peaking

m Chironomidae Zone 2:
Oligochaeta Dry at most
m Ephemeroptera peaking

Plecoptera

m Trichoptera

m Hydracarina —Zone 3
Tipulidae AlW&yS n
Zone 3 m Others water
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Hydropeaking in Norway:

How to do peaking environmental friendly in rivers?

ature, |gr?f substrate ﬁsh size, fish: specues divit
situl studles reqwreﬁkw A SV @ e
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Strandmg iS not aIways Iethal ﬁsh and benthos can surVIve some hours
in Wet substrate=s-short drawdownsr.substantlalmmjmumf', W
Juvenile® t‘?’ﬁ{:{’t’f‘nay appear to habituate to repeated peaking. The flrst
drawd6wn cause stress/strandmg»-» m partlcular the first drawdown
after stable flow should be gentle” -
Invertebrate fauna is heavily |mpacted by peaklng but can recover
rapidly — substantial minimum flow is required
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THANK YOU!
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http://www.energy.sintef.no/avd/Energisystemer/
hydrology/effekt/hydpeak.htm
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Hydropeaking
Preliminary federal crlterla for licencing

Economy:

m Size of hydropower station
m Reservoir capacity

m Location

m Transmission capacity
Ecology:

m Outlet (ocean, large lake/
reservoir)

m Waterways — length, type

by 16200 MW

Tonstad Hydropeaking Licence Application

KoNSESJo_

TILLEGGSINSTALLASJON |
TONSTAD KRAFTVERK
MED MULIGHET FOR PUMPING
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Radio telemetry on salmon
to study movements
during hydropeaking

return to
home site

electro fishing

recovery

anaesthetization
length, weight,
etc

transmitter
implant
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Juvenile (>10 cm) Atlantic salmon
movement and habitat use during

= Large individual variati S movements

= Juvenile salmon and trout move more in more diverse
| ha?ﬂ_):ats (and-less: 4n410mogenous habitatsiikedarge .
- Pools). _ e - . "

- »

_Juyenilezsalmon and: froUt‘sub]ected to hydropeakmg did

= not change position more oftenithan during stable flows.

= Juvenil®Salmon was observed to never occupy. areas with
high stranding risk.

m Juvenile salmon and trout move when habitat quality is
r?dlcally reduced, but not necessarily by habitat changes
alone

= Juvenile salmon changed positions less frequently after

rapid increase in flow compared to decreasing or stable
ﬂOW Berland et al. 2003
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Hydropeaking and water vegetation

Hydropeaking produces specialisation: 70

e Some species were only found in 60

50
permanently wetted areas 40

Some species were only found in 30

the "regulated zone” %8 ' 150-180

Hydropeaking may increase production
of water vegetation because of repeated
flushing of biomasses

There was a relationship between depth and
water vegetation

No such relationship were found between water
velocity and water vegetation
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