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The Rance tidal power station :

J Opened in 1966 as the world's first and biggest
tidal power station in the world

 Peak capacity 240 MW, equivalent to electricity
consumption of a city with 215 400 people
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CONTEXT

14

The reported consequences of the tidal power station

12

y /7 \ /7N artificial forcing are :
. !/ \ / \ » damping of the estuarine water level
é 5 / \ / \ » observations of net siltation in the estuary
s / \ / — Sea X‘ However, there is no specific knowledge on the role of the

Basin plant on the propagation of the tidal wave and currents nor

on sedimentation.

oh

Bh 12h 18h

Main research question :

» What is the impact of the tidal power station on the hydrodynamics and tidal patterns of the Rance estuary ?
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2DH HYDRODYNAMIC MODEL

Sea boundary condition :

Tidal power station
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VALIDATION OF 2DH HYDRODYNAMIC MODEL
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VALIDATION OF 2DH HYDRODYNAMIC MODEL
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The tidal power station :

» reduces the tidal range in the estuary » extends the ebb duration and high/low water slack
» rises the mean level in the estuary » amplifies the water level in neap tides
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EVALUATION OF CHANGES OCCURRED IN THE ESTUARY

» Simulation of three different configurations:

Tidal Elevation

Tidal Elevation

Tidal Elevation
Cumulative Sediment Transport

flood duration =  ebb duration

Tidal wave in the offshore : 08/15 — 28/08, 2019
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» Currents and tidal asymmetry analysis: /Nidzieko & Ralston, 2012]

0= A Yo(w) n=—, ¥o(3)
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RESULTS : CURRENTS

1957 Without power station 2018 Without power station 2018 Wlth power station
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> The bathymetry doesn’t seem to have any major impact on the currents - @@ T
» Flood currents are amplified by the tidal power station upstream the sluice gates and 0 0.5 1 1.5 2
then reduced in the main channels of the estuary Maximum flood current (m/s)
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RESULTS : CURRENTS

1957 Without power station 2018 Without power station 2018 With power station
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> The bathymetry doesn’t seem to have any major impact on the currents
» Ebb currents are amplified by the tidal power station downstream the turbines and then u_z 15 . 05 "
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RESULTS: TIDES’ ASYMMETRY ANALYSIS
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»  With and without the tidal power station, the Rance estuary is a mainly a flood dominant system

Yo(u) [Nidzieko & Ralston,

a

[

2012]

» Close to the tidal power station, the zone upstream the sluice gates is switched from ebb dominant to flood dominant by the presence
of the TPS. Also the zone downstream the turbines is switched from flood dominant to ebb dominant by the presence of the TPS
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RESULTS: TIDES’ ASYMMETRY ANALYSIS

1957 Without power station 2018 Without power station 2018 With power station
- () ' (b) Yo (©) Yo(a/at) [Nidzieko & Ralston 2012]
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»  With and without the tidal power station, the duration of falling water is longer the duration of rising water

» The tidal power station extends the high and low water slack also the ebb duration. Therefore the amplitude of the asymmetry
parameter 1s reduced by the presence of the tidal power station
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CONCLUSIONS & WHAT’S NEXT ?

Conclusions :

The main impacts of the tidal power stations on the hydrodynamics and tidal patterns in the
estuary are :

» Reduction of the tidal wave and prolongation of high water slack inside the estuary
Flood currents amplification upstream the sluice gates
Ebb currents amplification downstream the turbines

Reduction of the currents far from the tidal power station zone

V V V V

With and without the tidal power station the Rance estuary exhibits a flood dominant
system, that enhances the sediment transport from the coast toward the estuary

What’s next ?

J 3D hydrodynamic model of the Rance estuary with the presence of the tidal
power station

1 3D hydro-sedimentary model for short term simulations
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APPENDIX



2DH HYDRODYNAMIC MODEL
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