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Abstract :

The river Suldalslagen, situated in the south-western part of Norway, has been subject to two
hydropower developments. It was presumed that the population of Atlantic salmon (Salmo salar) in
Suldalsldgen was affected by the new hydrological regime following these hydropower developments.
Since completion, mitigation measures have continuously been implemented and evaluated. Today
efforts are being concentrated on research in combination with testing of different hydrological
regimes. The aim is to find a regime that encourages salmon reproduction in the river and gives
increased power production.

1. Outline of the Project

The River Suldalslagen is situated in the counfrarfaland in south-western Norway (Figure 1). e has
its source in the Suldalsvatn reservoir, from whichuns 22 km and drops 68 m before it runs ihi® t
Sandsfjord. The river's catchments area has bégersio two regulation schemes; the Rgldal-Swétallation
in 1967 (operated by Hydro) and the Ulla-Fgarre leggun in 1980 (operated by Statkraft) (Figure 2).



Fig.-1 Location of the Ulla-Fgrre Catchments

Ulla-Fgrre is Norway's

largest hydropower

complex, with a total

capacity of 2.057 MW and

an annual mean production

of 4.5 TWh. Its main power

station Kuvilldal with a

capacity of 1.240 MW is

also Norway's higgest

station. The main intake for

the complex is established

at 600 m, where altogether

39 rivers and brooks are

collected. Storage capacity

is limited at this level and

the water is pumped

through the combined

pump and power station

Saurdal to the main storage

in the Blasjg reservoir.

Blasjg is an artificial lake at

a level of 1000 m,

established by damming a

number of small lakes. The

intake system at 600 m  Fig.-2 The catchment area of the river Suldalsldgeiffected by
level feeds the Kuvilldal the Rgldal Suldal and the Ulla-Fgrreropdwer schemes
power station for a head of

530 m down to Lake Suldalsvatn. From the Blasjervess the water is utilized first in the Saurdahmp/power
station, then in Kvilldal and finally 68 m from LalSuldalsvatn to sea level in the Hylen powerastail he
profile of the Ulla-Farre scheme is shown in figBre



Fig.-3 Profile of the Ulla-Farre scheme
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2. Features of the Project Area

Suldalslagen River is situated in the county ofdRmagl in south-western Norway. The river has itscaoin the
Suldalsvatn reservoir, from which it runs 22 knséa level where it runs into the Sandsfjord, inttken of
Sand. Sand has about 1200 inhabitants. The afaadsis for its scenic beauty, and the Suldalsdgenis
known for holding large salmon and is thereforégghlirprized fishing location. Catches have bested since
1880 and the mean annual catch taken by rod is»ap@tely 3000 kg. Fishing licences and accommalati
for visiting anglers make the salmon very valuédblie local community.

Suldalslagen is the river system with the largatstral water flow in the region. The unregulateteniow was
91 ni/sec in average during the year. During flood elgisdhe water flow could reach 708/sec, while in cold
periods in winter the flow could be as little as¥sec. As most of the catchment area is situatewimtainous
areas (a great deal above 1000 m elevation) mi®t @fater from melted snow flows from mid-June! late
July. Mean precipitation and temperature in theataént area is illustrated in figure 4.

(mm/year)

Fig.-4 Mean precipitation and mean temperatui®@dathern Norway
(The border of the Ul-Fgrre catchment area is marked with a red)

9000 - Catch of salmon (kg) (1957-2002)

8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -
1000 +

Catch of salmon (kg)

O L B B B B L L o B e A S T A B R e e e e

1957 1961 1965 1969 1973 1977 1981 1985 1989 1993 1997 2001

Fig.-5 Catch of salmon in the River Suldalslagetoading to
anglers’ catch statistics from the years 1957-2002



Production of hydropower will always affect theerime environment. In the River Suldalslagen tHantic
salmon (Salmo salar) has been an important coasaterAtlantic salmon (Salmo salagnd trout (Salmo
trutta) are produced along the entire the RivedlaslBgen. Regulating the river has been presiuoragbtavate
the situation. The only data on salmon from befoeeregulation is catch statistics from anglergséhdata do
not support the presumed effect (Figure 5).

The stress on natural salmon populations has gedteduring the last 30 years. The stress is nptrelaked to
the river phase of the salmon life cycle. The tiana in figure 5 are probably mainly explained dBa
temperature, fishing and salmon lice. However, rigigrt will focus on possibilities for managing thydro
system in a way that satisfies both hydro powetymiion and the principles of environmental managgm
Originally, efforts were made to maintain the Afilan

salmon population in Suldalsldgen by concentrating

stocking the river with artificially produced salmo

From the late 1980's the program took a different

approach, focusing on enhancements of the Suldal

salmon stock by attending to natural processelsein t

river and without interfering with the salmon lfgcle

through hatchery rearing. Huge efforts have beatema

in research to identify the factors with a negative

impact on juvenile salmon. Today's mitigation

measures are being concentrated on managingéne riv

in a way that will provide a hydrological regime

adjusted to salmon life cycles (Figure 6). Due to

naturally low water temperatures and food source

availability, the river has a marginal ability tmguce Fig.-6 Atlantic salmon life cycle
salmon.

Before the Ulla-Farre scheme

After the Ulla-Fgrre scheme
Hylen power station

Water from the Blésjg reservoir

Fig.-7 Changes in water flow in Suldalslagen dutéoUlla-Farre regulation scheme



The first regulation scheme in the catchment af&ulolalslagen river led to reduced water flowumsner,
increased flow in winter and hence higher temperatuwinter. The Ulla-Farre scheme resulted iuced
water flow throughout the year, close to natunaiperature in winter, but lower temperature in thienen
growth season (from May through to October). Tlvbsemges may have a biological impact. Changestir wa
flow are illustrated in figure 7.

3. Major Impacts

The density of juvenile Atlantic salmon was redudedthe years following the Ulla-Farre regulation.
Compensation was paid to the owners of fishinggjgind in 1988 Statkraft was compelled to comperisa
the loss by release of artificially produced salnmiimese releases did not prove to sdficiently effective.
There were also potential negative effects of selgesalmon,; the river's carrying capacity coulcekeeeded,
leaving the well-fed salmon from the hatchery asamners and the naturally-bred salmon as thesldSering
the sea phase, however, the natural stock seenhestechigher rates of survival than individualsireéng to
their natal river. It was therefore important tlowl juvenile salmon to develop in their natural itab in the
river's ecosystem. Results of extensive reseanotiwed that low food source availability and l@mperature
in the growth season are natural bottleneck fadtotbe River Suldalsldgen. The regulations cathdur
aggravate the conditions for the salmon by causing:

Stranding due to water flow reductions.
Sudden reductions in water flow can leave fismded in shallow pools and on dried out river b&tiending
episodes may cause a severe decline in the sabpataion.

Loss of preferred habitat due to sedimentation androwth of moss and algae.
Lack of flood episodes can reduce the river'stghili transport sediments and organic materialpikeethe
material in the river can help the low food soweailability, but can also leave the preferredtaalbovered in
finely grained sediments or overgrown by moss.

Reduced temperature in the growth season (from Matrough to October).
Reduced water temperature in the salmon growtbis&ak entail reduced growth of juvenile salmon.

Disarranging the migration of smolt from river to sea due to lack of flood episodes.
Flood episodes are factors triggering the migrasiosmolt from river to sea. The amount of freshewan the
fiord and the time of the smolt migration are coessd critical factors for surviving the sea phase.
Disarranging the migration of mature salmon from sa to river due to lack of water flow fluctuations.
The migration of mature salmon to the river depemdsater flow fluctuations in summer.

Mature salmon wrongly migrating to the Hylsfjord.
The amount of fresh water in the fjord is one effiéictors affecting salmon migration to the rividre Hylen
power station is situated at the head of the Hytfiwhich is a part of the Sandsfjord (FigureTde outlet of
Suldalslagen is further out in the Sandsfjord aatémfrom the Hylen power station is therefore ¢ibuio be
affecting the salmon migration.



Fig.-8 Suldalslagen and the Sand fjord

4. Mitigation Measures

In Norway permission to develop hydropower is gitlmough Government concessions. These concessions
include river management regulations. The origivar management regulations for Ulla-Fgrre fron7419
required a minimum flow, at a measuring point ledatear sea level (“Lavika”, see map in figureol)}12
mY/sec in winter and 51 #isec in summer (Figure 9). This was the highesiatsgl minimum flow in Norway.
During the fishing period 50 million hwere to be available for the owners of the fishigits to make floods

to initiate salmon migration from the sea to theeri These regulations still proved to be inadexjirat
safeguarding the Atlantic salmon. The flow regiraé ho restrictions on the speed of flow reductigroblLake
Suldalsvatn and hence resulted in sudden redugtiths water flow. The sudden reductions in witev left
juvenile fish stranded in shallow pools and oncdast river beds.

Features of the original regime (1974-1990): . 1974 -1990 at "Strépa” and "Lavika"
The Hylen power station could not produce in 160 —stipa_Laita
June/July due to fear of salmon wrongly migrating 160
. 140
the Hylsfjord. o
The flow from Suldalsvatn in May, June and Julytmus |£:wo %
not be less than the natural discharge plud$em Zz MR ;
50 million nT are to be available in the fishing seasan © :
to make flash floods to initiate migration of salmo 20 S
0
jan  feb mar apr mai jun ju aug sep okt nov des

Fig.-9 Features of the 1974-1990 regime
(Graph showing minimum instream requirements, exémpMay through July
where the graph shows actual mean flow througlpéhied of that regime)



In 1990, Statkraft applied for a trial flow reginmeorder to find solutions to the problems througsearch in
connection with full-scale testing of differenti@egimes. An important intention with the triagjoations was

to try out different flow regimes in cooperationttwiocal interests, the environmental authoritibs, water
resources administration and research institutibhe. new regime introduced a restriction on spédthw
reduction of 3% per hour. The control point fromevehthe flow was measured was moved from the gel le
closer to the outlet of Lake Suldalsvatn (“Strajsa& map in figure 2) to secure a stable and dabteowater
flow. Before regulation, damaging spring flows werecommon feature of the River Suldalslagen. After
regulation, these flows were controlled and thes flegime from 1990 permitted a maximum of 350 mt3/se
(Figure 10).

Features of the 1990 regime : 1990- 1997 at"Strépa’
200
The control point for water flow moved 180 [—svtea]
from "Lavika” to "Strépa” iig ]
The speed of of the water flow reduction not to 120
exceed 3% per hour and preferably be done over 3 ﬁgg “"\/\,\
dayS. 60 ™
The main intention of this trial flow regime was to ‘2‘8’ L‘—,_‘_
have more flexibility in trying out different flows 0I— : -
combination with research. Jan feb mar apr mei jun ju aug sep ok rov des

Fig.-10 Features of the 1990 regime
(Graph showing minimum instream requirements, eixtepMay through July
where the graph shows actual mean flow througlpéhniod of that regime)

In 1998, Statkraft received new trial river regalas, combined with research, for the period 199832In this
period two different hydrological regimes were @tbsted to find the hydrological regime that Ipestides
both hydropower and ecology. It is likely that finel manoeuvring regulations will be a combinatibinown
regimes. The regimes are designed to attend todimeimpacts described (Figure 11 and 12).

Features of the 1998-2000 regime: 00 1998 - 2000 at "Strépa’
Reduced amount of water in spring and early 180 e
summer to raise the water temperature. 158 |
Large one week flood in spring, initiated by naltura ﬁiﬁg
flood and hence varying in time form year to yeat. 80 [
Meant to wash out sediments and algae and help | 5 | 5 f 4
salmon migrate to sea. zg 41'/ iL

Flow fluctuating weekly between 50-72fsec in jan feb mer apr mai jn ju aug sep okt nov des
summer to initiate salmon migration to the river.

Fig.-11 Features of the 1998-2000 regime
(Graph showing minimum instream requirements)



Features of the 2000-2003 regime : 200 2000- 2002 at *Stpal
Smaller floods in spring to initiate smolt migratjo ig T e |
instead of the large spring flood. 140
Reduced flow to prevent important sources of fopd gf,ﬁ
being washed out and to increase temperature. ig
Flush flood in autumn to wash out sediments and 401 e
algae. e 3
jan feb mar apr mai jun jul aug sep okt nov des

Fig.-12 Features of the 2000-2003 regime
(Graph showing minimum instream requirements)

5. Results of the Mitigation Measures
The trial period of the hydrological regimes emd2003. It will take time before all the effectsaathange of the
hydrological regime will become visible, as theeegsh depends on the salmon life cycle. The réwarhave
therefore not yet concluded on all topics. Howes@me effects of the new regulation have been\aater
The measures to prevent stranding have proveieffiand stranding of salmon is eliminated.
Reduced flow in spring and summer has increasesldtes temperature and the growth of juvenile salmo
has increased.

The flush floods have proved efficient for washing) excess sediments and growth. Short periodigvof f
at 200 n¥sec seem to give a similar result as one wedkanfs at 150 ffsec.

Preliminary conclusions have also been drawn coimggfish migration:
Fluctuations in flow in summer seem to increaseatin of mature salmon to the river.
Smolt migration seems to be initiated by an ineréasvater flow, not by large floods.

The final conclusions will form the basis for hyldgical regimes in new water management regulatitims
trial period ends in 2003 and Statkraft aims alyampfor definite water management regulation2004.

6. Reasons for Success

The reasons for success are strongly associatedh&itcooperation between Statkraft and localdstsy the
environmental authorities, the water resourcesragingition and research institutions. Taking lotarests and
the importance of salmon in the River Suldalsl&geiously has been important to get acceptance.

The fact that the results from research in Sulizgsi can be transferred to other rivers justliieigh costs of
the mitigation measures and is an important fag@n considering the reasons for success. Alsiathéhat
today’s regulations gives an increase in powerymtizh, compared with the regulations 0f1974, fjestithe
costs of the project. The flexibility shown bygdirties has resulted in regulations that satigly @conomic and
ecologic considerations.

7. Outside Comments
1) Results of research connected to the projeetiben published in a series of reports.
2) There have been several articles about thecplogally and in national and international media.



©New Energy Foundation, Japan, 2
3) Posters have been presented.

Acid Rain 2000, Poster sessions.
J. Schjolden and A.B.S. Poldthysiological responses in Atlantic salmon to heawgin episodes in an

acidic tributary to the River Suldalslagen, WesternNorway. University of Oslo, Department of Biology,
POBox 1066 Blindern, 0316 Oslo Norway

S.Hytterad, J. Schjolden and A.B.S. PolBbysiological recovery in atlantic salmon from rive
Suldalslagen stock after exposure to acidic Al-richater. University of Oslo, Department of Biology,
POBox 1066 Blindern, 0316 Oslo Norway

A.B.S. Poléo, J. Schjolden and S.Hyttetadreased seawater tolerance in atlantic salmon egped to

aluminium and acidic water from a tributary to the river Suldalslagen, western norway: an
evidence of acclimationUniversity of Oslo, Department of Biology, POBox66Blindern, 0316 Oslo
Norway

A.B.S. Poléj C.S. Jensénl. Schjoldefilmpact of water quality on density of juvenile salnonids in
selected tributaries to the river Suldalslagen, Wesrm Norway.

University of Oslo, Department of Biology, POB®66 Blindern, 0316 Oslo Norway

“Statkraft Engineering AS, POBox 191, 1322 Haviknéy

4) There have been professional disagreements raincsubjects. Final conclusions have not yet been

reached.
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