CHARACTERIZATION OF HYDROLOGICAL DISTURBANCE DUE TO HYDROPEAKING
REGIMES AND DEFINITION OF AN INDICATOR
REFLECTION ON MITIGATION MEASURES OF IMPACTS ON FISH POPULATIONS
ABSTRACT
Hydropeaking management of hydroelectric facilities (more than 150 in France) generates
sudden changes in flow on the river and can affect the composition, the abundance and the structure
of fish and invertebrates populations over long distances. The objectives of this thesis were (1) to
develop a method for characterizing hydropeaks within hydrograph and a synthetic indicator of
hydrological disturbance, and (2) to progress in defining mitigation measures of hydropeaking impacts
on fish.
From the analysis of 97 stations and 1575 years of flow data, rate of change of natural flow
variations have been characterized within 8 ranges between 5% and 4 times the mean inter-annual
discharge. Formulas representing the "fastest variations possible naturally" and taking into account the
type of change (increase or decrease), the size of the stream (via the mean inter-annual discharge)
and the flow range over which the variation takes place have been constructed and then used to
discriminate hydropeaks and natural events.
From the analysis of 80 stations and 491 years of flow data affected by hydropeaks, a method
was developed to identify, within the hydrograph, hydropeaks whose characteristics are beyond what
can occur in natural hydrology, using 3 criteria: a minimum range (≥ 10% of the mean inter-annual
discharge and ≥ 20% of the hydropeak base flow), a minimal rate of change (> to the maximum
natural rate of change) and an upper limit on the maximum flow rate (to remove flood events). A large
variation in hydropeaking regimes, due to the diversity of hydroelectric schemes and fluctuations in
incoming flow and energy demand, was observed and illustrated.
A synthetic indicator differentiating 5 levels of hydrological disturbance induced by hydropeaking
regimes was constructed. The level of disturbance of each of 491 years of flow data was evaluated by
3 expert operators according to knowledge of the biological impacts of hydropeaks. Linear
discriminant analysis allows reproducing this classification using 5 characteristic parameters of
hydropeaking regimes (87% of correct reclassification). Examples show that the indicator is sensitive
to changes in hydropower plant management and allows appreciating the spatial and temporal
changes in hydropeaking regimes, including the cushioning in downstream direction. The indicator can
be produced per year or per period corresponding to biological phases. Its automated calculation
requires only the hydrograph on the target period, the value of the mean inter-annual discharge and
the maximum turbine discharge of the hydropower plant upstream. This indicator is a tool for
managers of "pre-diagnosis" of biological impacts and for monitoring spatial and temporal changes in
hydropeaking.
Reflections were conducted on the studies, methods and criteria for defining mitigation
measures of hydropeaking impacts, based on the literature and on several case studies (Dordogne,
Maronne, Creuse, Gave d’Ossau). Studies mainly concern trout and Atlantic salmon, but also grayling
and cyprinids. Possible types of studies and mitigation measures have been listed and discussed.
Several issues raised by hydropeaking (functionality and dewatering of spawning grounds, strandingtrapping and drift of fry) have been reviewed in order to identify results and criteria to determine
effective measures.
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