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Water retention in reservoirs and concentrated turbine operations allow electricity to be produced on demand.
Sudden opening and closing of the turbines can produce highly unsteady flow conditions in the river downstream
of the tailrace channel, the so-called hydropeaking. Mitigating its adverse impacts on the aquatic ecosystems has
become a mandatory requirement in today’s water policies in many countries. Existing facilities are being
‘rehabilitated’ for habitat improvement or restoration, and new facilities designed with a focus on habitat
conservation. However, there are regions still suffering from a lack of experience in respect of hydropowerrelated ecological challenges and little scientific knowledge available on local ecosystems. The paper presents
two selected projects of hydropeaking mitigation in Switzerland: the Mauvoisin II scheme extension according
to project specific design guidelines and the Plessur hydropower scheme according to today’s mitigation policy.
For both projects the context, the evaluation procedure as well as the findings are given and compared, covering
a wide range of feasible solutions. Understanding the specific behaviour of local species is the starting point in
order to address the unique needs for each and every project. However, the approach how to define the best
performing intervention strategy can be defined and will be presented in the paper, considering the lessons learnt
from hydropeaking mitigation projects.

1. Background
High-head storage hydropower plants (HPP) contribute significantly to peak energy production as well as
electricity grid regulation. Water retention in reservoirs and concentrated turbine operations allow electricity to
be produced on demand. In Switzerland, for example, 32% of the total electricity in 2010 was produced by
storage hydropower plants. Sudden opening and closing of the turbines produce highly unsteady flow conditions
in the river downstream of the tailrace channel (Moog 1993). This so-called hydropeaking is the major
hydrological alteration in Alpine regions (Petts 1984, Poff et al. 1997). Due to the unpredictability and intensity
of flow change, sub-daily hydropeaking events disturb the natural discharge regime, a key factor in ecological
quality and the natural abiotic structure of ecosystems (Parasiewicz et al. 1998, Bunn and Arthington 2002).
These disturbances directly affect riverine biological communities (Young et al. 2011). Frequent and rapid
fluctuations change hydraulic parameters, such as flow depth, velocity, bed shear stress and temperature, e.g. as
shown for the Moesa river in Switzerland in Fig. 1, and thus influence habitat availability, stability and quality.

Fig. 1. Water temperature of hydropeaking impacted Moesa river donstream of Soazza HPP in February 2012.

Mitigating the adverse impacts on the aquatic ecosystems is a mandatory requirement in today’s water policies.
After decades of extensive use of water resources with some severe consequences for aquatic and riverine biota,
the government and the administration are starting to recognize the need of a water protection policy, e.g. the
European Union’s Water Framework Directive (WFD 2002). Several countries set environmental standards for
water. In Switzerland, the Parliament adapted the Law on Water Protection in 2009 to improve the quality of
Swiss waters, including hydropeaking mitigation. To cover the cost of the hydropeaking mitigation measures, an
annual amount of CHF 50 million is available. This money feeds a fund for full compensation of rehabilitation
costs undertaken by HPP operators. The river restoration measures have to be realized in the next 20 years.

2. Method
Hydropeaking mitigation measures include:
•

Operational measures: The operation schedule of a plant can be modified for specific ecological
requirements. This should be achieved without major production losses.

•

Construction measures: A compensation basin or cavern downstream of turbine release, a powerhouse
outflow deviation or morphological improvements of the river are technical measures to cope with
hydropeaking without impacting plant operation.

For all projects, understanding the specific behaviour of local species is the starting point in order to address the
unique needs for each and every project. However, the approach how to define the best performing intervention
strategy can be defined, as shown in Fig. 2:
•

Monitoring and data acquisition: The reference state needs to be documented, and the deficits of the
ecosystem have to be defined by appropriate indicators (e.g. flow velocity, sediment, temperature).
Beside the analysis of historic data series, hydraulic modelling, field investigations, or expert
involvement might be requested.

•

Potential operational and construction measures: Once the impact has been qualitatively and
quantitatively (indicators) addressed, measures need to be developed to compensate the deficit.
Potential mitigation measures should always focus on the target and threshold values (e.g. flow ramping
rate) defined. If a measure only improves the situation without reaching the set targets, it does not
account for a mitigation measure (e.g. reducing the flow ramping without achieving the target to avoid
fish stranding).

•

Comparison and decision-making: The impact of the mitigation measures needs to be compared to
the reference stage. Measures achieving the mitigation target should be compared considering economic
(construction cost and time), environmental (land use, disposal etc.) and social (relocation, agriculture,
etc.) criteria. Several decision-making approaches are known and can be applied for the selection of the
appropriate mitigation measure.

•

Design, implementation and commissioning: Once a mitigation measure has been chosen, it has to
undergo the common process of realisation. Well defined design criteria, especially focusing on the
hydropeaking mitigation relevant aspects, streamline the design and implementation process. Potential
adjustments should be included in the design (e.g. potential increase of release capacity).

•

Performance review and adjustment: Once the measure is under operation, its performance needs to
be approved. The same or similar approaches as applied for the deficit analysis should be applied for
the performance review. If the results do not show the expected performance, adjustments might be
needed. This is an ongoing activity and the process repeats during the lifespan of the hydropower
project.
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Fig. 2. Design procedure for hydropeaking mitigation measures.

3. Case studies
In Switzerland, legal guidelines for hydropeaking mitigation are new. Authorities, powerplant owners and
designers as well as the NGOs need to become familiar with the given conditions. A first project in the Swiss
Alps on the Hasliaare river has been implemented (Bieri et al. 2014, Person et al. 2014). However, the need for
attenuation of up- and downsurge is not an entirely new subject, besides ecology power peaking can have
adverse effects in many fields, such as irrigation systems or navigation. An example is the RandenigalaRantembe hydropower scheme on the Mahaweli Ganga in Sri Lanka, set into operation in 1986. The 90 m high
Randenigala dam, storing almost 900 million m3, has a plant factor in the range of 0.4, the same as the smaller
Rantembe stage which follows just downstream. Resulting fluctuations can be too high for the downstream
irrigation schemes. Thus, the live storage of Rantembe has been designed allowing flow regulation.

3.1. Mauvoisin II project, Canton of Valais, Switzerland
When in the 90s on the discussion on residual water issue was being settled in Switzerland, the mitigation of
hydropeaking also became subject of public discussion. One of the first projects confronted with this issue was
Mauvoisin II, a power increase project in the Canton of Valais in the southwestern area of Switzerland. Despite
the project being cancelled in the end, the planning had achieved all requirements for construction, including the
consent of the environmental organizations, and represents the state of the art without government impose
guiding principles.
The existing scheme went into operation in 1956 and 1958. The main element is the 252 m high Mauvoisin arch
dam at an elevation of 1,975 m asl, storing 200 million m3 of water. Besides the smaller upstream stage
Chanrion, the water is used by two principal stages, Fionnay and Riddes, and then restituted to the Rhone river,
as shown in Fig. 3. The rated capacity of the two power plants is 128 and 225 MW, respectively. The rated
discharge is 34.5 m3/s for Fionnay, but only 29 m3/s for Riddes. The combined operation required a
compensation pond at Fionnay.

Fig. 3. Longitudinal profile of Mauvoisin scheme. Black: existing; red: Mauvoisin II project.

Just a few years before the project development of Mauvoisin II, Mauvoisin dam had been elevated by another
13.5 m, increasing the storage capacity by 20 million m3. The next step was to be an increase of the power output
from 350 MW to 900 MW. The goal was not just to increase the peak output, but also to obtain better
operational conditions. Thus, a parallel single stage was foreseen from the reservoir down to a new power cavern
just nearby the old Riddes power station, with a gross head of 1,500 m. The total cost estimate was at CHF 650
million.
Despite the size of the project, its remaining environmental impact was predicted to be modest since most parts
were underground. The main issues were excavation disposals and the transient phenomena in the Rhone river.
The maximum release would have risen from 29 m3/s to 75 m3/s, i.e. by 160%. Just for comparison, the mean
annual flow of the Rhone river upstream of Riddes is about 110 m3/s, and in January and February even around
40 m3/s.
Thus, as a proactive measure a compensation basin with a volume of 470,000 m3 was included in the project,
occupying an area of about 100,000 m2. Both the existing Riddes units as well as the new Mauvoisin II units
would restitute their water into the basin, from where it would be released through a regulation gate and two
culverts – the existing and a new one – into Rhone river.
Fig. 4 shows a hydrograph for a typical winter week day (black curve) for existing conditions: The variations –
not just due to the existing Riddes power station but also including further upstream power schemes and the
natural glacier melt oscillation – can be in the range of 100 m3/s. Together with the new Mauvoisin II scheme
these peaks would have increased by another 40 to 50 m3/s, with production periods concentrated from 10 to 12
hours to 4 to 5 hours. For such small peaking periods, the compensation basin would have stored sufficient water
to attenuate the surge in the river almost to the level without Mauvoisin II implementation. The stored water
would then have been released during the night in order to increase the low flows. For longer turbine periods the
attenuation of the peaks was less, but the basin could still be used to reduce the gradients of the hydrograph. The
Mauvoisin II hydropeaking project would have improved the transient conditions in the river.
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Fig. 4. Theoretical operation of the compensation basin in a winter working day.

Although representing the main ecological investment of the project, the compensation basin was also an
ecological issue, as it would have been the most visible element of the project. Beside impacts on vegetation and
fauna, landscape issues had to be addressed due to the surrounding dam of about 9 to 10 m height. Much care
was given on the integration into the landscape by covering the slopes with adequate vegetation, as shown in Fig.
5.

Fig. 5. 3D view of the intended compensation basin. Note the existing Riddes power station at the right hand side and the
culverts connecting the scheme to the Rhone river on the left hand side.

3.2. Plessur project, Canton of Graubünden, Switzerland
The Plessur river in the Schanfigg valley between Arosa and Chur in eastern Switzerland is operated by a
cascade of three hydropower plants. The 4.7 MW Litzirüti HPP located upstream (including Isel dam and
reservoir of about 300’000 m3 storage) and the 8.8 MW Chur-Sand HPP downstream have been recently
rehabilitated and reliably produce energy for the local power grid. As shown in Fig. 6, the 6.7 MW Lüen HPP is
located between the two plants. This power facility, consisting of a 10 m high weir with a lateral intake, a 2.5 km
long power tunnel, a 700 m penstock and a powerhouse with three generating units, was commissioned in 1914.
Despite several refurbishments over the last decades, the hydropower scheme needs an extensive rehabilitation.
A layout with a considerably smaller river intake, providing space for environmental recreation of the now
completely silted-up storage area has been developed in the framework of a recent feasibility study, including
upstream and downstream fish migration facilities. The river reach between Litzirüti HPP and Lüen HPP has not
been exploited yet.
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Fig. 6. Schanfigg Valley with actual layout of the hydropower plants and the control sections for the ecological assessment

A major environmental concern is the flow regime of the Plessur river suffering from unsteady flow releases
from the Litzirüti storage HPP. The ecological evaluation of the current situation was based on biotic and abiotic
indicators proposed by the guidelines imposed by the Swiss federal administration (Baumann et al. 2012). The
value of each individual indicator was linked to a range of five ecological quality classes: (1) very good, (2)
good, (3) moderate, (4) unsatisfactory and (5) poor, being comparable to classes of the assessment guidelines of
the European Water Framework Directive (WFD 2000). Evaluation of each indicator was performed for the
reference (P0) as well as the three (P1, P2, P3) hydropeaking reaches (ANU 2014).The ecological analysis came
to the conclusion that the Litzirüti HPP generates highly unsuitable conditions in the Plessur river reaches
downstream of the turbine release. As shown in Tab. 1, especially “Substrate Clogging” (S1), “Minimum
Discharge” (D1) as well as “Fish Stranding” (F2) and “Fish Reproduction” (F4) have been found to majorly
impacted by hydropeaking. Thus, the local authorities ordered the Plessur river flow conditions to be mitigated
by appropriate measures.
A thorough analysis showed that a retention volume of about 30’000 m3 would be requested to mitigate the
negative impacts of hydropeaking for the relevant river sections. This volume would have to be implemented
between the tailrace of the Litzirüti HPP turbine and the Plessur river. As the Litzirüti HPP is used to generate
demand-driven, operational measures were excluded. The following potential construction measures were
evaluated:
•

Compensation basin could be built either on the left or the right side of the river in the valley at
Litzirüti. Such a facility would occupy considerable surface. Beside the construction cost of more than
CHF 15 million, high indirect costs were expected to compensate the agricultural and ecological loss.

•

Compensation cavern could be excavated in the mountain massif close to the Litzirüti powerhouse.
Thus, surface impact could be reduced to a minimum. Disadvantages of such a concept were the
relatively high cost of more than CHF 25 million as well as the spoiling of the excavation material.

•

Powerhouse outflow deviation could be achieved by a new hydropower scheme, connecting the
tailrace channel of the Litzirüti HPP to the headrace channel of the further downstream located Lüen
HPP. Thus electricity production could be increased and hydropeaking in the river avoided.

Tab. 1. Ecological evaluation of the hydropeaking section of the Plessur river applying biotic and abiotic indicators (ANU
2014).
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After comparison of the economic, environmental and social impact of the three alternative concepts, the
decision was made to avoid the cost intensive reservoir or underground facility and develop the Pradapunt HPP
on the river reach between Litzirüti HPP and Lüen HPP, providing a net head of 400 m. In the developed design
of the new Pradapunt HPP the tailwater of the Litzirüti HPP would be transferred to the 1,830 m long headrace
tunnel, as shown in Fig. 7. The tunnel provides storage volume to compensate for the unsteady water releases. A
steel-lined penstock leads the water to the powerhouse in Pradapunt, containing the Pelton power unit of 10 MW
installed capacity. The tailwater is directly injected into the headrace tunnel of Lüen HPP. The developed
concept allows an increase of electricity production, minimizing construction and maintenance costs, providing
best spatial integration and mitigating the negative impacts on the environment of the existing facilities. The
project has been developed to feasibility stage for concession agreement, power purchase as well as subsidies
(from hydropeaking mitigation fund) discussions.
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Fig. 7. Schanfigg Valley with the hydropower plants including the upgraded Lüen HPP and the new Pradapunt HPP

Conclusion
Demand-driven hydropower operation can result in unsteady water releases to rivers, altering the natural flow
regime. This can diminish the biomass and richness of species, including fish at several life stages and therefore
mitigating the adverse impacts on the aquatic ecosystems is a mandatory requirement in today’s water policies as
well as being best practice. Operational measures requesting a modified plant operation schedule can be for
specific ecological requirements, which should be achieved without major production losses. Construction
measures, such as a compensation basin or cavern downstream of turbine release, a powerhouse outflow
deviation or morphological improvements of the riverbed can often cope with hydropeaking without impacting
plant operation.
After decades of intensive use of water resources, many governments have implement water protection policies
through legal frameworks such as the European Union Water Framework Directive. This has had a mobilising
effect on parts of the industry. Several schemes are being transformed in order to meet stringent environmental
requirements, as shown for the Plessur scheme. Existing facilities are being ‘rehabilitated’ for habitat
improvement or restoration, and new facilities designed with a focus on habitat conservation according to
stringent guiding principles, e.g. imposed by the Swiss federal administration (Baumann et al. 2012).
Nevertheless, already in the past project specific approaches have been developed to address hydropeaking, as
for the Mauvoisin II scheme.
However, there are regions still suffering from a lack of experience in respect to hydropower-related ecological
challenges and little scientific knowledge available on local ecosystems. Even if the type of design constraints
are similar to common projects in developed areas, their magnitude is often much higher. Key constraints for
hydropeaking mitigation design in undeveloped areas include large biodiversity as well as large biomass rate.
The five steps presented in Fig. 2 cover the span of a hydropeaking mitigation project. To begin with it is
essential to have monitoring and data acquisition in place at the pre-build stage to ensure the ‘default’ wildlife
behavior and balance is logged. This will then inform pre-build decision making that will involve drawing
comparisons and commissioning the build to realise the most appropriate design. Finally, there must be ongoing
performance review and adjustment based on effects caused through operations. This is an ongoing activity and
the process is repeated during the lifespan of the hydropower project. Every HPP is unique so best practice is not
to apply the same design, but to apply the same guiding principles.
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