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Spillway design floods in Sweden: II.
Applications and sensitivity analysis

GORAN LINDSTROM & JOAKIM HARLIN

The Swedish Meteorological and Hydrological Institute, S-601, 76 Norrkoping,
Sweden

Abstract The recently developed guidelines for design flood calculation
in Sweden are based on simulation with a hydrological model. Several
meteorological and hydrological conditions are prescribed as input to the
model. The sensitivity of the floods according to the new guidelines
with respect to those prescriptions is checked as well as the sensitivity
to the modelling procedure. In this paper, the HBV hydrological model
is used. It is shown that the most sensitive input factor is the design 14~
day precipitation sequence. For autumn floods, the scaling relation
between the precipitation sequence and the generated floods is in the
order of 1:1. For spring floods on the other hand, snowmelt influences
the flood magnitude and reduces the sensitivity to precipitation to about
1:0.6. Soil moisture modelling was important m basins with high
evapotranspiration. Model calibration could have a large effect on the
design flood magnitude. The most sensitive parameter was the high flow
recession coefficient, K;. The water stage development in a multi-
reservoir system is further influenced by the regulation strategy and
spillway capacity. An increased spillway capacity can improve the
situation considerably for a particular dam but could at the same time
worsen the situation for downstream dams. After the filling of the
reservoir there was a clear relation between inflow peak and maximum
water stage. The study shows that it is difficult to assess the integrated
effects of extreme precipitation, snowmelt, soil moisture status and
regulation in a system beforehand.

Débits de crue de projet pour les déversions en Suede: II.
Appliquées et analyse de la sensibilité

Résumé Les directives récemment mises au point pour le calcul des
débits de crue de projet en Suéde sont basées sur une simulation par un
modele hydrologique. De nombreuses conditions météorologiques et
hydrologiques sont prescrites comme données du modele. On vérifie la
sensibilité des débits ainsi que la sensibilité de la procédure de
modélisation selon les nouvelles directives, en respectant ces
prescriptions. Dans cette étude, le modéle hydrologique HBV est utilisé.
I a été démontré que le facteur d’entrée le plus sensible est la série de
précipitation de projet de 14 jours. Pour les débits d’automne, la
relation d’échelle entre la série de précipitations et les débits obtenus est
de Pordre de 1 pour 1. Pour les débits de printemps par contre, la fonte
des neiges influence "amplitude des débits et réduit la sensibilité des
précipitations & environ 1 pour 0.6. La modélisation de I"humidité du
sol fut importante dans les bassins a forte &vapotranspiration. Le
calibrage du modele pourrait avoir un effet important sur Pamplitude du
débit de crue de projet. Les parametres les plus sensibles étaient le
coefficient K, de tarissement des hautes eaux. Les modifications des
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précipitations de projet présélectionnées, la couche de neige ou la
capacité du réservoir, tout avait un impact significatif sur le niveau
d’eau maximum dans les trois réservoirs. Les modifications sur les
stratégies d’exploitation du réservoir ont eu moins d’effets. Aprés le
remplissage du réservoir, il est apparu une relation nette entre la point
des apportés et le niveau d’eau maximum. L’étude montre qu’il est
difficile d’évaluer a I’avance dans le modele les effets des précipitations
extrémes, de la fonte des neiges, des conditions d’humidité du sol et de
Pexploitation du réservoir.

INTRODUCTION

New Swedish design flood guidelines were recently suggested by the Swedish
Committee for Design Flood Determination (Flodeskommittén, 1990). The
meteorological and hydrological flood generating conditions are explicitly
given. An extreme areal precipitation sequence over 14 days is the foundation
of the guidelines, and the design floods are simulated by using a hydrological
model. A description of the guidelines is given in the companion paper by
Bergstrom ez al. (1992). The present paper presents applications and a
sensitivity analysis of the guidelines for four headwater basins and one multi-
reservoir system in Sweden. The sensitivity analysis was performed by
evaluating the changes of the generated tlood peaks or maximum water levels
relative to changes in the input conditions, model parameters etc.. Singh (1977)
used this method for assessing the sensitivity of some runoff models to errors
in rainfall excess. It is also a commonly used method in sensitivity analyses of
model parameters (e.g. Rogers er al., 1985; Calver, 1988). No attempt is made
in this paper to estimate the uncertainty range of the design floods. If an
uncertainty range is sought a Monte Carlo approach like the one used by Harlin
& Kung (1992) could be appropriate.

Methods for design flood calculation and operational flood control differ
between countries and sometimes even within one country (ICOLD, 1988,
1992). Flood management models for multiple reservoir systems are often
analysed and described in the literature (e.g. Yeh, 1985; Unver ef al., 1987).
However, papers on simultaneous design flood simulations for multi-reservoir
systems, as reported here, are hard to find.

The objectives of the present study were to identify the most important
assumptions and factors in the Swedish design flood guidelines with respect to
generated flood peaks and maximum water stage development in a reservoir
system. The analysis shows the relative importance of the preset meteoro-
logical/hydrological conditions and the suggested modelling procedure. Further-
more, the factors influenced by subjectivity during applications, viz. model
calibration, selected climate period and regulation strategy, are analysed. The
study shows which modelling steps and factors are more important and which
factors are less critical. The intention was also to identify critical assumptions
in the guidelines and areas of further research.

Design inflow simulation to headwater basins was studied because these
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results can be generalized to other basins. The corresponding sensitivity of
the most important factors for inflow development was checked with respect
to water stage development in a multi-reservoir system. Applications including
level pool routing and reservoir operation are site-specific and difficult to
generalize. However, the critical water stage development in the application of
the new Swedish design flood guidelines is of large concern since its results
will determine which measures have to be taken in order to increase dam
safety.

MATERIALS AND METHODS
Basins studied

Four headwater basins in different parts of Sweden were selected: Tjaktjajaure,
Torrdn, Tringslet and Blankastrom (Fig. 1), representing different hydrological
regimes. A hydropower reservoir is located at the point of interest in each of
the basins. Torrén and Tjaktjajaure are mountainous, located partly above the
timber line. Their unregulated flow has a clear seasonal pattern, with large
snowmelt floods in spring (April to June), occasional rain floods in summer
and autumn (July to November), and base tflow during winter (December to
March). In Torrdn, floods are also sometimes experienced during winter,
Tringslet belongs to an inland regime and most of the basin is forested. Runoff
is dominated by snowmelt floods in spring and rain floods in autumn. Blanka-
strém belongs to the milder climate of southern Sweden. The evapotranspira-
tion is higher than in the other three basins. The snowpack in the short winters
is fairly small and the seasonal runoff pattern is less regular. It is partly
cultivated and the terrain is tlat to rolling.

Design flood calculations were also made for three of the reservoirs in
the multi-reservoir system of the River Ljusnan in central Sweden. The
reservoirs studied were: Lossen in the upper reaches of the river, Sveg in the
middle part and Arbrésj0arna, close to the river outlet in the Baltic sea (Figs 1
and 5). Most of the basin is covered by coniterous forest and the lake
percentage is 4%. Its unregulated runoff has a seasonal pattern similar to that
of the Trédngslet basin. The power production amounts to 3.9 TW h in a normal
year, and the installed capacity is about 750 MW. Key data on the three basins
and reservoirs within the River Ljusnan are given in Table 1.

Hydrological modelling

The applications and sensitivity analysis were carried out with a modelling
system based on the HBV hydrological model (Bergstrom & Forsman, 1973;
Bergstrom, 1976) complemented with level pool routing of inflow hydrographs
through the reservoirs. A brief description of the model is given in the
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Fig. 1 Location, key data and examples of specific runoff for the

basins studied.

companion paper by Bergstrom er al. (1992).

The HBV model

was set up and calibrated against the observed inflow

to each of the four headwater reservoirs: Tjakjajaure, Torrdn, Tringslet and
Blankastrom. No reservoir operation strategies were formulated in the head-
water basins, only inflow peaks were studied. For the River Ljusnan, the total
basin was divided into 16 sub-basing and the model was calibrated for five
points, namely the inflows to Lossen, Grundsjon and Lofssjon and local inflows
to Sveg and to Arbrisjdarna. Special attention was given to the model
performance over observed extreme floods.
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Table 1 Key data on basins and reservoirs within the River

Ljusnan

Reservoir Lossen Sveg Arbrasjdarna
Total basin area (km?) 1353 8490 14560

Local basin area (km?) 1353 5860 6070

Active reservoir volume (Mnr®) 500 237 40
Minimum prescribed release (m> s™) 3 0 0

Installed turbine capacity (m® s™') 60 200 300
Spillway capacity at top of pool (m® s) 620 1600 830

Regulation strategies

Tentative regulation strategies were formulated in cooperation with the river
regulation enterprise for the River Ljusnan. Regulation strategies were formu-
lated for all the major reservoirs in the system, and not only the three reservoirs
under study. According to the guidelines, the reservoirs should be operated in
a way which is normal in a situation with a large snowpack. The occurrence of
extreme rainfall is, however, not assumed to be known in advance.

At the start of the design calculations all reservoirs were assumed to be
lowered to the mean lowest level at the beginning of the spring flood. Those
levels were based on about 10 to 20 years of observations. Minimum release
requirements were followed, until the water level reached a certain level, above
which power production was started, and the spillways were gradually opened.
This level was, in most reservoirs, set equal to 1 m below the maximum pool
elevation. The spillways were assumed to be fully opened at the maximum pool
elevation. If the water level continued to rise, due to extreme inflow, the release
was calculated according to the rating curve for the tully opened spillways.

In accordance with the guidelines, the transmission from the power plants
was assumed to fail on the day with the most intense rainfall, day nine in the
design sequence. The release from the turbines was therefore stopped on the
beginning of that day. Power production was assumed during summer and
autumn, but the dams were tilled to maximum pool elevation no later than 1
August. After that level was reached, the water levels were not lowered below
it again. In this text, all events before 1 August are referred to as spring
events, and all events after this date are referred to as autumn events.

The top of dam levels referred to are the actual crest for some reservoirs
and the top of the impervious core in others. Such a level is primarily intended
as a reference, and should not be interpreted as a level causing dam failure. In
some simulations the water levels rose above the top of the dam. All calcu-
lations were therefore made with the assumption that those dams had been
raised in order to contain the high water levels. Furthermore, the possible
existence of emergency spillways (fuse-plugs etc.) was not taken into account
in this study. The results should thus be interpreted qualitatively rather than
quantitatively.






