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The French Committee on Dams and Reservoirs was 
created in 1926 and was one of the founding members 
of the International Commission of Large Dams (ICOLD) 
in which it has been and is still very engaged and active. 
With more than 500 members, the Committee has a long 
tradition of sharing, exchanging with its members and, 
more broadly, with all stakeholders in the field of dams and, 
more recently, of levees.

«Dams, the French expertise», published on the occasion 
of the 27th congress of ICOLD is in line with this tradition 
of exchanges and communications. Through 12 chapters 
covering many fields of activity, it presents the history, 
know-how, experiences, innovations, and research areas 
that the French Committee of Dams and Reservoirs choses 
to share, especially among the participants in the 27th 
congress of ICOLD.
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FOREWORD
The French Committee on Dams and Reservoirs (CFBR) is 
honored and happy to be hosting the 27th  Congress and 
the 90th Annual Meeting of the International Commission on 
Large Dams in Marseille in 2022. It is an opportunity to return 
to the long history, more than three centuries old, of our 
country’s dams and to try to summarize France’s contribution 
to this technology. 

Our country has a long history of dams which began with the 
construction of the Saint-Ferréol dam, 36 m high, between 
1667 and 1672, to supply the Canal du Midi connecting 

the Mediterranean Sea to the Atlantic Ocean. Mining, water supply to waterways and 
energy production were the main functions of dams built in the 18th and 19th  centuries. 
In the 20th  century, it was the development of hydroelectricity that enabled our greatest 
achievements. Finally, in the past two decades, irrigation, flood protection and the supply 
of drinking water have allowed the profession to continue operating, in parallel with the 
upgrading of our facilities.

Between France and ICOLD, there has been a long history of friendship and shared passion 
for dams, essential tools for developing and satisfying the basic needs of humanity: water, 
energy, security against floods and droughts. ICOLD was created in Paris in 1928. A founding 
member alongside the United States, Italy, Romania, Great Britain and Switzerland, France 
gave ICOLD its first president, Gustave Mercier, elected in London in 1931. Since then, 
France has given ICOLD two other great presidents: André Coyne (1946–1952) and Pierre 
Londe (1979–1982).

The CFBR brings together more than 500  actors from the world of dams: government, 
owners, contractors, engineering companies, teachers, researchers, and individual experts. 
It is a unique place for meetings and exchanges between all these professionals. With their 
different positions, each member brings their own vision and expertise to serve a common 
goal. The richness of the CFBR is to be able to bring all these stakeholders together in its 
annual technical conference, its working groups and its mirror groups of ICOLD’s technical 
committees. This book aims to share this richness with you.

The CFBR has always wanted to make all its productions available to its members, of course, 
but more broadly to the barrage community worldwide. The guidelines drawn up by our 
Committee on various subjects, relating in particular to the justification of the safety of dams, 
are therefore available on the CFBR website (https://www.barrages-cfbr.eu/). The same goes 
for the proceedings of our annual conferences which bring together a widespread French 
audience, as well as a regular European and African participation. Within ICOLD, the French 
Committee has always campaigned for a widespread and free distribution of the Bulletins of 
the technical committees.
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The CFBR’s involvement in the activities of ICOLD has always been strong, through our 
active participation in most of the technical committees with numerous presidencies 
or vice-presidencies and the establishment of mirror working groups to offer the French 
contribution. The production of reports for ICOLD congresses, generally wide-ranging and 
consistent, is the result of collective work by our members in order to develop and publicize 
the French vision on the issues debated during the congress. We are proud to have two 
general rapporteurs for questions at the Marseille Congress.

France’s dam facilities supply more than 13% of our electrical energy and a third of our 
renewable energy; they contribute to the drinking water supply and irrigation and help 
to protect against floods and droughts. However, the construction of dams is no longer a 
priority in France. The last few years have even marked a virtual halt in the construction of 
new dams. Our main current challenge is the intelligent management of this heritage of 
over 1,000 large dams in order to guarantee their services in a sustainable, economical and 
safe manner. Our Committee thus largely assisted the government in the development of 
the new French regulations implemented from 2007 which aim at keeping this exceptional 
heritage safe.

France played a leading role in the development of dams in the second half of the 20th century. 
After World War II, Europe had to be rebuilt and, here in France, hydroelectricity was one 
of the instruments of this renewal. André Coyne played a decisive role in the design and 
construction of arch dams. Following the failure of Malpasset dam, Pierre Londe was one of 
the founders of Rock Mechanics and was the inventor of symmetrical hardfill dams. François 
Lempérière proposed major innovations in spillway design with fuse gates and fuse blocks, 
and piano key weirs, and continues to offer brilliant and innovative ideas on new dam designs 
and their new uses in a context marked by climate change and the rapid development of 
intermittent renewable energies. 

I dedicate this book to these three great French engineers who continue to inspire the work 
of our committee and push us to put innovation at the forefront of our motivations.

French dam engineering was born from the development of hydroelectricity in the second 
half of the 20th century. In the 21st century, it has managed to survive the end of this great 
adventure and is now present on five continents. It is ready to tackle a new page in history 
where dams, in addition to their traditional water storage functions for agriculture, drinking 
water and irrigation and protection against floods and droughts, will be major tools of the 
new world energy policy, with their unique capacity to store energy on a large scale. The 
evolution of the utilization of dams and climate change should soon lead to the planning of 
new projects and we are preparing for it.

FOREWORD
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Our construction companies have also largely participated in the adventure of dams, both in 
France and abroad, particularly in Africa. After two decades of decline, they are back on the 
international markets where they offer an alternative to international competition.

What does this book contain? It is not a reference book on dams and does not purport to 
cover all aspects of the design, construction and management of dams. It is rather a series 
of spotlights on themes where there is a strong French doctrine and where our contribution 
has been significant.

Chapter 1 tackles the theme of multi-purpose reservoirs which is strongly anchored in the 
French tradition of waterway development and is the subject of the Symposium organized 
by the CFBR on the sidelines of the Marseille Congress. Chapters 2 and 3 deal with geology 
and hydrology and highlight the specificity of the French approach to these two disciplines 
at the heart of dam design. The following chapters are devoted to the French experience 
of design, construction and operation of the different types of dams (gravity dams, arches, 
embankment dams and river barrages) including the river and sea protection levees which 
recently entered the ICOLD field. Chapter 8 highlights good environmental practices. Finally, 
three chapters deal with hydromechanical and control system equipment, monitoring, and 
French practice in terms of hazard studies and risk analysis.

Its drafting is largely based on the contributions of the working groups and the proceedings 
of our technical conferences, of which it constitutes a summary that we are happy to share 
with you. 

In order to conserve the resources of our planet, the book is available in a free electronic 
version and in a paid paper version in French or in English.

I hope that reading these few lines will encourage you to go further and appreciate the 
French approach to dams.

To conclude, I warmly thank Patrick Le Delliou, Honorary President of the CFBR and President 
of the Editorial Committee, who directed the development of this book. I would also like 
to thank the various authors who were able to share the best of French expertise in dams in 
12 chapters with our colleagues and friends from around the world.

			 
 

Michel Lino
 Chairman of the French Committee on Dams and Reservoirs

FOREWORD
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MULTIPLE 
USES OF DAMS

CHAPTER

1
France has a rich heritage of dams and reservoirs, built up gradually over several hundred 

years (Section 1) with many dams intended for electricity production. A strong trend 
in recent decades has been the optimization of the use of existing reservoirs, trying to 
reconcile a wide variety of uses in a changing context: new societal needs, increased 
consideration of environmental needs, climate change.

Section 2 presents several examples of French dam facilities where multipurpose is, or 
has become, the central principle of their operation. It also shows that this question arises 
automatically for large dam projects in other contexts, with the emblematic case of the 
Niger Basin. This panorama shows that the question of multipurpose use is posed in a 
quite different way each time. There is no general rule. Another lesson is that reconciling 
different uses is a difficult issue.

This has led France to put in place specific tools for successful sharing of uses (see 
Section 3): governance and financing tools to steer projects, in-depth studies to make the 
right choices. 

In France, as in other countries, the construction of new dams has slowed down considerably. 
However, the evolution of uses and climate change should lead to the consideration of 
new projects. Section 4 lists a few avenues explored to achieve this, in a context where 
French public opinion remains generally opposed to dam projects.

Saint-Ferréol dam is the oldest large dam still in operation. Built by the engineer Pierre-Paul Riquet, it was 
commissioned in 1675 to supply water to the Canal du Midi linking the Mediterranean Sea to the Atlantic Ocean. 
The lake it forms is now an important place for tourist activities. It is 35 m high and consists of masonry walls and 
earthfill zones.

Figure 1.1 – Saint-Ferréol dam / © Voies Navigables de France – Archives des canaux du Midi
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F rance has 722 large dams according to ICOLD’s defi nition. They are located both in mainland 
France and overseas but the highest of them are in mountain areas (Alps and Pyrenees). The 

highest is the Tignes arch dam rising 180 m above the foundations.

According to the criteria of French regulations, approximately 2,000 of them are classifi ed as 
being of public safety interest. Partial censuses estimate the number of small dams (over 2 m 
high on natural terrain) to be over 100,000. The French portfolio is relatively old; many major 
dams were built after 1945 (Figure 1.2). Because of French engineering tradition and because 
they were built earlier, concrete dams are more frequent (52% of the total) than in the rest of 
the world (19%), see Figure 1.3. In particular, the proportion of arch dams is three times higher 
in France than in the rest of the world.

Hydropower dams account for nearly 50% of the total number (Figure 1.4). Conversely, the use 
of dams for irrigation is much less developed than in other countries of the world, although this 
function has become more frequent in recent years.

The statistics shown in Figure 1.4 concern the main use of dams. However, nearly 35% of the 
French large dams have multiple uses. The variety of the systems of dams and the variety of 
their purpose is illustrated with a few examples in the following sections.

1. THE FRENCH DAM PORTFOLIO

Figure 1.2 – Date of construction of large dams in France
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This section describes four systems of reservoirs and shows to what extent the multipurpose 
component has become established in France, either at the design stage or over time. This 

is the case of the valley of Saint-Étienne, an industrial region undergoing reconversion where the 
use of reservoirs has changed considerably over the years; of the Seine Grands Lacs reservoirs 
that temper the flows of the river Seine in Paris (floods, low water levels) where new uses have 
been imposed. It is also the case of the Durance-Verdon scheme which has very great economic 
importance for hydropower, water resources and tourism; and of the lakes on the Gascony 
hillsides, emblematic of the wealth of ecosystem services provided by the reservoirs.

2.1 The metropolitan area of Saint-Étienne: multiple and evolving uses

Saint-Étienne Métropole has a series of 12  dams whose construction was spread over nearly 
200 years, between 1789 and 1972. These structures were created for water storage in response 
to economic and demographic development and to regulate river flows.

First: the Couzon dam. This dam was set up to supplement the low-water levels of the river 
Gier to supply a navigation canal initially planned to link the Loire to the Rhône. Due to a lack of 
financial means and water resources, the canal was finally limited to 15.5 km, with the purpose 
of transporting coal to the city of Givors. Widely used at the beginning of the 19th century, it was 
then replaced by a railway, destroyed and filled in during the 20th century, giving way to a freeway 
linking Givors to Saint-Étienne. The dam was bought by the City of Rive-de-Gier for its drinking 
water supply at the end of the 19th century, a function that continues today.

The Furan River is historically a river with multiple uses: a driving force for the factories installed 
on its banks in the 19th century and a source of drinking water for the City of Saint-Étienne. Water 
quality and quantity of withdrawals have given rise to conflicts of use. Moreover, the flooding of 
the Furan River endangered the properties and populations settled too close to the banks. As a 
result, it became necessary to store the river’s water and regulate its flow. Gouffre d’Enfer dam 
(1862–1866) was built to reduce flooding and guarantee the supply of water of a quality that met 
the specific needs of the manufacturers (arms, steelworks, textiles, etc.) and the population.

From 1870 to 1970, with demographic and industrial development, further reservoirs were 
needed. For the City of Saint-Étienne, the capacity of Gouffre d’Enfer dam was insufficient and 
the construction of the Pas-du-Riot dam (1878) was started. Other reservoirs have been built for 
neighboring communes: La Rive (1870), L’Échapre (1898), Le Cotatay (1905), L’Ondenon (1904), 
La Chapelette (1907) and Lavalette (1917), Piney (1955), Les Plats (1958), Soulages (1970) and 
Dorlay (1972). 

Today, water requirements, specifically for industry, have declined with the territory’s economic 
transformation and water from dams is only used to produce drinking water. Dams contribute 
to supplying 98% of the inhabitants with surface water. In addition to this unique vocation as a 
drinking water resource, secondary uses are being added and developed: communication axes 
linking the two banks of a valley, particularly sought-after recreational activities. These activities 
must be reconciled with the necessary protection of the resource and the maintenance of the 
structures.

2. �MULTIPLE USES: SOME TYPICAL EXAMPLES
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Figure 1.5 – Fresco drawn in 2017 on a decommissioned dam:  
“le naufrage de Bienvenu” by Ella and Pitr  / © Service Communication Saint-Chamond

With climate change already 
perceptible on river hydrolo-
gy, structure functionalities 
that were almost forgotten 
of the (support of low water 
levels and flood control) are 
once again being discussed. 
For example, with the en-
couragement of riverside as-
sociations, a flood-control 
role for dams is under con-
sideration. Or, at the initia-
tive of other groups, a role in 
supporting low water levels. 
However, hydrological stud-
ies have highlighted the dif-

ficulty of fulfilling these three uses with the available reservoirs: storage for drinking water (as high 
up as possible in the catchments for better water quality, and with sufficient safety reserves for 
accidental episodes), flood control (further downstream in the valley) or low-water support.

2.2 The reservoirs of the Seine River: floods, low water levels  
and new uses

The four reservoirs managed by the Seine Grands Lacs (EPTB(1)) are the result of a political will 
to design and build a series of major hydraulic developments upstream of the Seine watershed 
to better protect the Paris urban area against floods, while ensuring a certain regulation of flows 
during low-water periods. 

The major floods of January 1910 and 1924, as well as the drought of 1921, indeed highlighted 
the great vulnerability of the Paris agglomeration to the natural variations in the river’s flow. The 
average discharge of the Seine in Paris does not exceed 300 m3/s and the natural low-water flow 
rate can fall below 50 m3/s, which is too low to meet the needs of an urban agglomeration of 
more than 10 million inhabitants. Conversely, a situation of severe flooding would result, as in 
1910, in the French capital being paralyzed for several months, and to losses estimated at several 
tens of billions of euros.

Figure 1.6 – Pannecière dam / © Seine Grands Lacs

Started in the 1930s, the first 
large hydraulic works involved 
the Pannecière dam, which was 
commissioned in 1949. It was 
followed by the development of 
three reservoirs diverting the river 
Seine and its two main tributaries, 
the rivers Aube and Marne. The 
latter, also known as Lac du Der, is 
one of the largest artificial lakes in 
Europe.
From the outset, these four 
reservoirs were assigned two distinct objectives, on the one hand flood control and on the other 
hand low-water support to ensure at all times a sufficient flow downstream to satisfy various 

(1) EPTB is the acronym for Établissement Public Territorial de Bassin – that could be translated into Public Territorial Basin 
Establishment.
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uses vital to the local economy, including drinking water supply, irrigation, navigation, cooling of 
industrial installations or dilution of effluents from wastewater treatment plants in order to restore 
the rivers’ healthy ecological status.
To meet these two objectives, operation rules (Figure 1.7) were drawn up, fixed by prefectural 
decree and optimized on the basis of a statistical analysis of the hydrological regime of each 
of the rivers. The principle is that the four structures, which together have a storage capacity 
of almost 850 million m3, are filled at the end of June in order to provide sufficient low-water 
support until the end of October at least, and sometimes until December.

Figure 1.7 – Principle of the operating rules for the reservoirs managed  
by EPTB Seine Grands Lacs / © Seine Grands Lacs

The flood-mitigation function of the reservoirs can be mobilized at any time, as the lakes are used 
to divert and temporarily store upstream flows.
The storage capacity of the lakes, which are in large, natural, impermeable basins surrounded 
by embankments, also makes it possible to divert fractions of the flood from the main river and 
release them a bit further downstream. This bypass function, which is used in addition to the 
storage function, also contributes to flood mitigation by limiting the risk of overflows along the 
section of river thus short-circuited; this helps to protect some highly exposed local places, in the 
cities of Troyes and Saint-Dizier.
The flood-control function assigned to the four reservoir lakes in the upper Seine basin is used 
very regularly, especially during the winter period. Since their commissioning, floods have 
been systematically capped, with the result that the alluvial valleys downstream have seen a 
sharp reduction in the frequency and extent of overflows. This has also contributed to certain 
developments in agricultural practices, with field crops replacing livestock grasslands despite 
their greater vulnerability in potentially flood-prone areas.
Even for major flood events, such as the one the basin experienced in January 2018, the action of 
the reservoir lakes is decisive. This last episode was characterized by cumulative rainfall over the 
entire basin, two to three times higher than normal, during part of December and all of January, 
with heavy rainfall until April. This resulted in two main flood peaks just 15 days apart.

In one month, the four reservoir lakes stored more than 500 million m3, with diverted flows that at 
times reached up to 70% of the natural flows upstream of the intake structures. These structures 
were used to their full capacity, with intake flows reaching 300 m3/s for the Marne intake and 
160 m3/s on the Seine inlet canal, a value never reached since the construction of the structure 
more than 50 years ago. 	  	  
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Figure 1.8 – The Seine inlet canal operating at full capacity 
in January 2018  / © Seine Grands Lacs

The effect of the structures on the pro-
tection of downstream urban agglom-
erations has been major, resulting in a 
strong curtailment of flows. In Paris, for 
example, the water line was lowered by 
65  cm thanks to the cumulative action 
of the lakes. Otherwise, the level would 
have remained above the critical 6.20 m 
elevation for about three weeks, making 
it difficult to protect underground in-
frastructures such as subways, railways, 
power stations and many underground 
basements and underground car parks. 
According to CCR (major French Reinsurance Fund), the direct damage avoided during this 
event, due to the action of the reservoir lakes, amounts to nearly 90 million euros, but the costs 
would actually have been much higher due to impact on networks, which are not included in this 
estimate. 

The effect of the reservoir lakes on low-water support is no less, since the structures can release up 
to 68 m3/s throughout the summer and fall, which represents up to 80% of the flows observed in 
the Seine at Troyes or the Marne at Châlons-en-Champagne. In 2018, as indeed in 2017 and, no 
doubt, more and more frequently as a result of global warming, this low-water support extended 
well beyond the period normally expected. Without this action, the flow rate of the Seine would 
have remained below the crisis threshold at Pont-sur-Seine for more than four consecutive months 
(until early December), necessarily compromising many activities, including the smooth operation 
of the Nogent-sur-Seine nuclear power plant.

Beyond these two main functions of flood control and low water support, the four reservoir 
lakes managed by “Seine Grands Lacs” have established themselves as sites of great ecological 
richness. Several nature reserves have grown up around the lakes, which over the years have 
become staging points for wildlife and a temporary refuge for many migratory birds, including 
the common cranes that congregate there by the thousands every year. Numerous leisure, 
fishing, hunting and water sports activities have been developed on the 10,000 hectares of the 
lakes, generating substantial tourism revenues for the local communities.

Simultaneously, Pannecière dam and the Seine lake outlet were equipped with licensed 
hydroelectric power stations as soon as they were built. Another hydropower production site 
has since been developed and studies are underway to further develop this renewable energy 
production potential through new hydropower and photovoltaic schemes. This confirms, if need 
be, that such structures can perfectly fulfill multiple uses in parallel, beyond their main objectives, 
and substantially promote both the environmental quality of the environment and local economic 
development.

2.3 Durance-Verdon scheme: hydropower and water sharing

The Durance is one of the most powerful torrential rivers in France, running from the high 
mountain ranges of the Alps to the sunny and water-scarce Provence. Nearly 55% of its water 
comes from melting snow. In the past, Provence used to suffer both devastating floods and 
seasonal shortages. “The Parliament, the Mistral and the Durance are the scourges of Provence”, 
said the people of Provence! Ironically, despite the presence of two major rivers (the Durance and 
the Verdon), the region lacks water. Its inhabitants fight over this resource, which is the object 
of real conflicts, as told by Marcel Pagnol in his novels. From the beginning of the 19th century, 
development projects in the Verdon and Durance valleys were envisaged. However, the technique 
of the time did not allow them to be carried out. 
It was not until after the Second World War that the project was technically possible. France 
needed to be rebuilt and had to meet the growing needs for water and energy. This reconstruction 
required the implementation of numerous hydropower scheme projects. The public utility law of 


