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Background

I As intermittent power sources such as wind and solar power are becoming
more prominent it is likely that in the future, hydro power production will be
used in times of unfavourable conditions for wind and solar power. This
means that the discharge from the turbines can change rapidly with
changing weather conditions.

I HydroFlex is a research initiative funded under the EU Horizon 2020
programme. The HydroFlex project aims towards scientific and
technological breakthroughs to enable hydro power to operate with very
high flexibility in order to utilize the full power and storage capability.

I There are many known problems associated with high flexibility of hydro
power such as hydro-peaking and thermo-peaking.

I This study will investigate the transient behaviour in a bypass river when
there’s a rapid change in discharge. The results can then be used in future
work to properly model the bypass without having to resolve the reach.

Objectives

1. Capture the inherent damping in a bypass river.

2. Model the transient behaviour when the river is subject to a change in
discharge.

3. Study and model the behaviour of the bypass reach for future work
downstream of the Stornorrfors power plant.

Study Reach

I The study reach is a part of the Ume
river in proximity to the Stornorrfors
hydro power plant, see figure 1.

I In summer the reach is used for fish
migration and for spilling, in winter the
reach is dry.

I During summer the minimum flow in
the reach is 21 m3/s, during weekends
this flow is increased to 50 m3/s for
aesthetic reasons.

I The reach is approximately 6800
meters long.

I The bathymetry was measured with
drone photogrammetry during winter
time when the reach was dry [1]. From
these measurements a Triangular
Irregular Network (TIN) model was
created, see figure 2.

Figure 1: Ume river in proximity of
Stornorrfors.

Figure 2: TIN model of study reach.

Calibration, Validation and Model Setup

I In this study the hydraulic open-source
solver Delft3D was used. Delft3D
solves the Shallow Water Equations in
a curvilinear formulation.

I Water level time series measurements
were available in eight points, see
figure 3.

I The roughness of the model was
calibrated and the water surface
validated against the steady state case
where the discharge was 50 m3/s.

I The resulting Manning number
distribution in the reach can be seen in
figure 4.

I After the steady state calibration was
done, a new transient simulation was
set up for a change in discharge from
50 m3/s to 21 m3/s.

Figure 3: Location of validation points.

Figure 4: Calibrated Manning number
distribution.

Reults: Plots

I In figure 5 the normalized water level transient response has been plotted
for the eight points for the first 300 minutes after the change in discharge.

(a) Points 1-4. (b) Points 5-8.

Figure 5: Transient response for normalized water levels.

Results: Table

I In table 1 several transient properties has been tabulated for the eight
points. t0 is the time until a change in water level is noticed, t∞ is the time
until the new steady state is reached and D = t∞ − t0 is the inherent
damping.

Table 1: Transient properties, all units are in minutes.

Point t0,sim t0,measured t∞,sim t∞,measured Dsim Dmeasured

1 4 3 61 71 57 68
2 9 8 69 82 60 74
3 11 10 75 85 64 75
4 18 13 84 95 66 82
5 22 21 96 113 74 92
6 30 25 110 121 80 96
7 45 39 143 162 98 123
8 57 52 171 227 114 175

Conclusions

I Delft3D can be used to capture the dynamics of a bypass reach, see figure 5.
I The method of calibrating Manning numbers gives accurate results.
I The knowledge about the inherent damping in the bypass reach allows us to

properly model the reach downstream of the outlet (see figure 1) without
actually resolving the bypass.

Limitations

I The inherent damping was only evaluated for the case when the discharge is
changed from 50 to 21 m3/s. It’s likely that the dynamics are different
when there are bigger changes in discharge.

I This study only considers a decrease in discharge, it’s possible that the
damping for an increase in discharge will be different.

I There are parts of the bathymetry that are not very well resolved since the
photogrammetry measurements were done in winter when there is
significant ice build up in some regions of the reach.

References

[1] Anders G. Andersson and Kristian Angele.
Validation of a hec-ras model of the stornorrfors fish migration dry reach against new field
data.
12th International Symposium on Ecohydraulics, August 2018.

Acknowledgments

I This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 764011.

anton.burman@ltu.se


