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Preface

The world is like a river, running along in its bed, this way and that, forming sandbanks by
chance and then being forced by these to take a different course. Whereas this all proceeds
smoothly and easily and gradually, the river engineers have great difficulties when they seek to
counteract this natural behaviour (Goethe).

Goethe recognized that the dynamics of a river can only be controlled to a limited extent
by channel modifications and rigid river training works. The term “dynamics” refers to vari-
ations in hydromorphology over space and time due to flood discharges and sediment trans-
port. These processes regularly lead to the destruction of habitats, especially in riparian areas,
and the creation of space for new habitats. Dynamic watercourses require a lot of space. For
example, naturally meandering rivers may migrate laterally within a belt of roughly 5-6 times
the width of the channel bed. In the valleys of the Swiss Alps and Pre-Alps the rivers origi-
nally divagated over the entire valley floor.

To reclaim land for urban development and agriculture as well as to provide flood-
ing, watercourse alterations were carried out over the last two centuries in Switzerland.
Efforts were thus made to impede the dynamics; rivers and streams were channelized,
and channel bed widths were optimized with regard to sediment transport. This resulted
in monotonous watercourses, with almost no variation in hydraulic or morphological
characteristics.

Recognizing the ecological deficit of the Swiss, a new approach in the strategic plan-
ning of flood protection projects was promoted by the Swiss Government which gave
the basis for the first restoration programs more than 40 years ago. Since then much has
been achieved. Nevertheless, today’s challenge of river engineers, in collaboration with
environmental scientists, is to restore the channelized rivers under the constraints of high
urbanization and limited space. The behaviour of river systems is a result of the complex
interaction between flow, sediments, morphology and habitats. Furthermore, rivers pro-
vide important sources of water supply and energy production in addition to a means of
transportation.

Each year the Swiss Commission for Flood Protection (KOHS) of the Swiss Association
for Water Management (SWV) organizes a symposium where professionals, officers of public
administrations and researchers exchange their experiences on special topics and on-going
projects. In 2014 this symposium was organized as a special session of the seventh Interna-
tional Conference on Fluvial Hydraulics “River Flow 2014" at Ecole Polytechnique Fédérale
de Lausanne (EPFL), Switzerland. Aside from the Swiss participants, scientists and profes-
sionals from all over the world were informed about the Swiss competences in river engineer-
ing and restoration. In the presented book, invited and selected contributions regarding the
latest tendencies and key-projects in Switzerland are presented to an international commu-
nity of river engineers and researchers, hoping that they can enrich flood protection and river
restoration projects all over the world.

vii



We acknowledge the support of the Swiss Federal Office for the Environment, BG Con-
sulting Engineers, and Hydro Exploitation SA as main sponsors for the proceedings and the
River Flow 2014 conference. Further support to the conference and the special Swiss session
was given by the following sponsors: e-dric.ch, IM & IUB Engineering, Basler & Hofmann,
Met-Flow SA, and AquaVision Engineering; as well as Stucky, groupe-e, Patscheider Partner,
HydroCosmos SA, Kissling + Zbinden AG, Ribi SA, and Poyry. Finally, we recognize the
support of the Laboratory of Hydraulic Constructions (LCH) of EPFL and the Swiss Asso-
ciation for Water Management (SWV), which organized the special session «Swiss Compe-
tences in River Engineering and Restoration» in the framework of River Flow 2014.

Prof. Dr. Anton J. Schleiss, Conference Chairman of River Flow 2014

Prof. Dr. Jiirg Speerli, Chairman of the Swiss Commission on Flood Protection (KOHS)
Roger Pfammatter, Director of the Swiss Association for Water Management (SWV)

viii



Swiss Competences in River Engineering and Restoration — Schleiss, Speerli & Pfammatter (Eds)
© 2014 Taylor & Francis Group, London, ISBN 978-1-138-02676-6

Organization

MEMBERS OF THE INTERNATIONAL SCIENTIFIC COMMITTEE

Walter H. Graf, Switzerland ( Honorary Chair)

Jorge D. Abad, USA4

Jochen Aberle, Norway

Claudia Adduce, Italy

Mustafa Altinakar, USA
Christophe Ancey, Switzerland
William K. Annable, Canada
Aronne Armanini, l7aly
Francesco Ballio, Jraly

Roger Bettess, UK

Koen Blanckaert, China

Robert Michael Boes, Switzerland
Didier Bousmar, Belgium

Benoit Camenen, France

Anténio Heleno Cardoso, Portugal
Hubert Chanson, Australia
Qiuwen Chen, China

Yee-Meng Chiew, Singapore
George S. Constantinescu, US4
Ana Maria da Silva, Canada
Andreas Dittrich, Germany

Rui M.L. Ferreira, Portugal
Massimo Greco, ltaly

Willi H. Hager, Switzerland
Hendrik Havinga, The Netherlands
Hans-B. Horlacher, Germany
David Hurther, France

Martin Jaggi, Switzerland

Juha Jirveld, Finland

Sameh Kantoush, Egypt

Katinka Koll, Germany
Bommanna G. Krishnappan, Canada
Stuart Lane, Switzerland

Joao G.A.B. Leal, Norway
Angelo Leopardi, Italy

ix

Danxun Li, China

Juan-Pedro Martin-Vide, Spain
Bijoy S. Mazumder, India
Bruce W. Melville, New Zealand
Emmanuel Mignot, France
Rafael Murillo, Costa Rica
Heidi Nepf, US4

A. Salehi Neyshabouri, Iran
Vladimir Nikora, UK

Helena 1.S. Nogueira, Portugal
Nils Reidar Olsen, Norway
André Paquier, France

Piotr Parasiewicz, USA

Michel Pirotton, Belgium
Dubravka Pokrajac, UK
Sebastien Proust, France
Wolfgang Rodi, Germany

Jose Rodriguez, Australia
Pawel M. Rowinski, Poland
André Roy, Canada

Koji Shiono, UK

Graeme M. Smart, New Zealand
Sandra Soares-Frazdo, Belgium
Thorsten Stoesser, UK

Mutlu Sumer, Denmarik

Simon Tait, UK

Aldo Tamburrino, Chile

Wim S.J. Uijttewaal, The Netherlands
Zhaoyin Wang, China

Volker Weitbrecht, Switzerland
Silke Wieprecht, Germany
Farhad Yazdandoost, Tran
Yves Zech, Belgium



MEMBERS OF THE LOCAL ORGANIZING COMMITTEE

Anton J. Schleiss, EPFL, Conference Chairman
Giovanni De Cesare, EPFL, Co-Chairman
Mario J. Franca, EPFL, Co-Chairman
Michael Pfister, EPFL, Co-Chairman

Scarlett Monnin, EPFL, Secretary

Gesualdo Casciana, EPFL, Secretary



Swiss Competences in River Engineering and Restoration — Schleiss, Speerli & Pfammatter (Eds)
© 20174 Taylor & Francis Group, London, ISBN 978-1-138-02676-6

Sponsors

SUPPORTING INSTITUTIONS

Schweizerischer Wasserwirtschaftsverband mﬂﬂ
Association suisse pour I'aménagement des eaux

ZZ% Associazione svizzera di economia delle acque Swiss NATIONAL SCIENCE FOUNDATION

sHe (A

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

GOLD SPONSORS

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

W
HYDRO

EXPLOITATION

Swiss Confederation

Federal Office for the Environment FOEN

SILVER SPONSORS

Basleré<Hofmann g MET-FLOW
i M Engineering i U B Engineering e';""“- .dr.ic'cl.‘

AquaYision 0
Engineering oo mm

KOHS SPONSORS

patscheiderpartner f !,"Z'

E NG INTETET RS | hydrauliciens

< POYRY | s'ﬂm mos groupe@ Stl.lCl(Y'>

Xi



Swiss Competences in River Engineering and Restoration — Schleiss, Speerli & Pfammatter (Eds)
© 2014 Taylor & Francis Group, London, ISBN 978-1-138-02676-6

Table of contents

Preface
Organization

Sponsors

Invited papers

Swiss strategy for integrated risk management: Approaches to flood protection
and river restoration
J. Hess, O. Overney & E. Gertsch

Revitalization of rivers in Switzerland—a historical review
Ch. Goldi

Swiss contribution to bed load transport theories
M.N.R. Jaeggi & D.L. Vischer

Freeboard analysis in river engineering and flood mapping—new recommendations
L. Hunzinger

Alpine Rhine Project (Section River Il Lake Constance)
M. Mihr, D. Schenk, M. Schatzmann & A. Meng

Flood protection along the Alpine Rhone river: Overall strategy and 3rd correction project
T. Arborino & J.-P. Jordan

Flood control and revitalisation along the Aare river between Thun and
Berne—experiences with recreational use and other conflicts of interest
F. Witschi & B. Kiufeler

Flood characteristics and flood protection concepts in the Reuss catchment basin
P. Billeter, M. Mende & J. Jenzer

Innovative measures for management of bed load sediment transport: Case studies
from alpine rivers in western Switzerland
G. de Montmollin & A. Neumann

Integrated flood forecasting and management system in a complex catchment area
in the Alps—implementation of the MINERVE project in the Canton of Valais
J. Garcia Herndndez, A. Claude, J. Paredes Arquiola, B. Roquier & J.-L. Boillat

Flood protection and river restoration in the urban catchment basin
of Cassarate river: An opportunity to restore public areas along

an urban watercourse running through the city of Lugano

L. Filippini, S.A. Ambroise & S. Peduzzi

Intervention and management of floods in mountain rivers and torrents
in the Bernese Oberland
M. Wyss & N. Hihlen

vil
ix

xi

13

23

31

39

49

61

69

77

87

99

107



Driftwood retention in pre-alpine rivers
L. Schmocker, R. Hunziker, U. Miiller & V. Weitbrecht

Design of a bed load and driftwood filtering dam, analysis of the phenomena
and hydraulic design
M. Bianco-Riccioz, P. Bianco & G. De Cesare

Design of a diversion structure for the management of residual risks using
physical model tests
A. Magnollay, G. De Cesare, R. Sprenger, D. Siffert & P. Natale

From vision to realisation—opportunities and challenges in restoring the river Biinz
K. Steffen

Physical modeling of the third stage of Aire River revitalisation project
Z. Vecsernyés, N. Andreini, D. Consuegra & J.-L. Boillat

Restoration of the Broye delta into the Lake of Morat (Salavaux, Switzerland)
E. Bollaert, J. Duval, L. Maumary, S. André & P. Hohl

Hydropeaking and fish migration—consequences and possible mitigation measures
at the Schiffenen Dam
D. Brunner & B. Rey

Flow restoration in Alpine streams affected by hydropower operations—a case study
for a compensation basin
M. Bieri, M. Miiller, S. Schweizer & A.J. Schleiss

Morphodynamic changes in a natural river confluence due to a hydropower
modified flow regime
M. Leite Ribeiro, S. Wampfler & A.J. Schleiss

Author index

vi

117

147

155

165

173

181

191

201



Invited papers

Restored Aire River near Geneva (GE), Switzerland. Photo: Bernard Lachat, Biotec.






Swiss Competences in River Engineering and Restoration — Schleiss, Speerli & Pfammatter (Eds)
© 2014 Taylor & Francis Group, London, ISBN 978-1-138-02676-6

Swiss strategy for integrated risk management: Approaches
to flood protection and river restoration

J. Hess, O. Overney & E. Gertsch
Federal Office for the Environment FOEN, Switzerland

ABSTRACT: the Swiss strategy for integrated risk management is based on a holistic approach
secking the optimal combination of response, recovery and preparedness. This approach has been
developed in a strategic report in 2011 into 6 priorities for action: comprehensive knowledge of
hazards and risks (1); increased awareness of natural hazards (2); holistic planning of measures
(3): protective structures designed to accommodate excess loads (4); emergency preparedness (5);
timely identification of hazard events (6). The implementation of these priorities is illustrated with
examples from different flood risk management projects in various basins in Switzerland.

1 INTRODUCTION

Switzerland has a long history and experience in dealing with natural hazards. However, only
in 1987 in the aftermath of major floods, it became clear that structural measures alone are not
sufficient to guarantee protection. Since then spatial planning (master planning and land-use
planning) has obtained far greater priority in the context of sustainable and hazard-conscious
land use. The idea that sufficient space must be given to watercourses also became accepted.

Recent events in the years 1993, 1999, 2000, 2005 and 2007 also showed that damage could
be significantly reduced with the help of modern protection concepts: robustly designed pro-
tection structures that are conceived to cope with excess loads are the key factors for successful
prevention (Bezzola & Hegg. 2007). Moreover, the damage caused by floods can be reduced
by around one fifth if the authorities issue timely warnings and alerts and people takes suitable
measures to protect their lives and property as part of their own individual responsibility.

In 1997, the Federal Council founded the National Platform for Natural Hazards, PLANAT,
an extraparliamentary commission of the Federal Department of the Environment, Transport,
Energy and Communications (DETEC), with the aim of preventing an increase in the damage
caused by natural hazards, providing sustainable protection for living space and improving
hazard prevention. PLANAT was then commissioned by the Federal Council to develop the
strategy entitled Sicherheit vor Naturgefahren (“Safety against Natural Hazards™) (PLANAT,
2004). The aim of this strategy is to provide a comparable level of safety throughout Swit-
zerland for all natural hazards that would be ecologically justifiable, economically viable and
socially responsible. The PLANAT strategy raises awareness of a risk-based philosophy and
promotes integrative risk management in the area of natural hazards.

2 PRINCIPLES OF INTEGRATED RISK MANAGEMENT

2.1  Risk management approach

The tasks involved in risk management consist in the continuous monitoring of the relevant
factors and periodic recording of the relevant risks (see Figure 1). Risks should be assessed
in relation to their acceptability. The action required and priorities for the steering of future



developments through the implementation of suitable measures are deduced from this infor-
mation. Through suitable measures, new unacceptable risks are avoided, unacceptable risks
alleviated and acceptable risks borne. Intensive risk dialogue between all actors is a precondi-
tion for effective risk management. (PLANAT, 2013).

Risk management provides answers to three key questions (see Table 1):

2.2 Integrated flood Risk Management (IRM )

An integrated and holistic risk management assumes that all types of measures for natu-
ral disaster reduction are considered. Generally, measures of preparedness, response and
recovery (reconstruction) are equally applied. The measures for dealing with natural hazards
cover the three phases of the risk cycle (see Figure 2).

Planning flood protection works need to integrate both ecological and security aspects. All
measures must complain with sustainability and must provide a good cost-benefit relation.

Integrated flood risk management deals, on one side, with the natural hazard processes
and, on the other side, with damages and risks. Sound scientific knowledge in hydrology

What can happen?

What should be done? What is allowed to happen?

Risik Dialogu®

Figure |. Risk management approach (Source: PLANAT, 2013).

Table 1. Three key questions of risk management (Source: PLANAT, 2013).

Question Answer

What can happen? The risk analysis is based on systematic and scientific processes. Both
the intensity and frequency of natural hazards and the damage to be
expected are recorded.

What is allowed to happen?  As part of the risk assessment it is decided which risks are considered
acceptable and unacceptable. A risk that is assessed as bearable for
good reasons is an acceptable risk.

What should be done? Future risks are maintained at an acceptable level, existing risks are
reduced to an acceptable level and the approach to residual risk is
managed through the implementation of measures. Integrative action
planning is an optimization process, in which risks and opportunities
are weighed up, and proportionality must be maintained in relation to
all dimensions of sustainability. The extent to which risks should be
avoided, reduced and borne is also decided as part of this process.

4



and hydraulic are fundamental to evaluate correctly flood hazards. Access to information of
land use planning and to insurance data is also necessary for the evaluation of vulnerability
and resilience. Only with sufficient appropriate data, flood risk management will achieve an
optimal use of all chances to influence hazards and risks.

2.3 Implementation in a federal state

As Switzerland is a federal state, the institutional implementation of integrated risk manage-
ment is based on the delegation of competence at different levels (see Table 2). The responsible
actors are involved due to a legal obligation or because they assume individual responsibility.
Subsidiarity plays an important role as a principle of delegation.

The federal state defines the strategy and the legislative framework, the cantons and the
municipalities implement the strategy through land use planning, as well as maintenance and

1) N

Preparations for Intervention

« Early ing and
+ Raised readiness for intervention Intervention
* Alert / Instructions to behave
Emergency provisions rr— Fifscile

= Damage mitigation
+ Emergency measures

+ Managament .
» Warning and alert systems
* Ressources for intervention

* Emargency planning
« Training and exercises Recondition
+ Individual preparations 1 + Construgtions / Installations /
phsi el Assessing hazards Enterprises
and risks / : + Energy.aystama
i 3 * Communications
Prevention N B + Transport systems
* Legal bases '-
+ S and disposals

+ Land use planning pplynd dimpoes
* Technical measures
* Biological measures Event analysis

+ Organisational directives + Documentation of avent

+ Lessone learnt for preparedness,
response and recovery
Reconstruction
*+ Constructions / Installations / Enterprises
A and strenghtening
of resilience
+ Finaneing of reconstruction

Figure 2. Range of measures involved in integrative risk management and phases in which they are
implemented (Source: BABS, 2012).

Table 2. Task sharing in flood risk management.

Level Tasks

Federal authorities Legislation, policy, guidelines, financial support, support of research,
education, warning and alerting

Cantons (26) Enforcement of laws, cantonal structure planning, hazard mapping, planning
of measures on regional scale, cantonal emergency management

Municipalities (2408) Communal land use planning, building permissions, planning of measures on
local scale, local emergency management

Property owner Local protection, precautionary measures

Insurance Mandatory insurance (all buildings), covering the remaining risk




construction of flood protection works. The federal state support hazard mapping and flood
protection measures through financial subsidies. Property owners and insurances play an
important role, as they have to bear residual risks through flood proofing or compensation.

3 INTEGRATED FLOOD RISK MANAGEMENT WITH EXAMPLES
OF ACTUAL FLOOD PROTECTION PROJECTS

3.1 Actual flood protection projects

Many flood protection works in Switzerland were realised in the 19th century and need to
be completely rehabilitated. Recent flood events in the last 30 years (1987, 1999, 2000, 2005,
2007) have shown that design values should be revised to take into account statistic uncer-
tainties and climatic evolution. Hydraulic capacities that were designed at the beginning of
the 20th century are not sufficient to ensure contemporary safety standards, moreover with
the development of higher potential damages.

As a result, flood protection works along many rivers in Switzerland are being rehabilitated
in order to match modern standards (see Figure 3). The most important actual flood protec-
tion project is the third correction of the Rhone River. Another important flood issue is the
flooding risk due to the Sihl in the city of Zurich. Flood protection rehabilitation projects
are also undergoing on all important alpine and pre-alpine rivers (Aare, Reuss, Linth). These
projects can illustrate the way flood protection issues are tackled in Switerzland and how
actions are undertaken to reduce flood risks.

3.2 Priorities of action

In 2011 the Federal Office for the Environment FOEN has defined 6 priorities for action in a
strategy paper on “living with natural hazards™ (FOEN, 2011);

1. Comprehensive knowledge of hazards and risks
2. Increased awareness of natural hazards

Projects
m— planned

—— realised :

5 F =3 -
= _ Talboden 7 )
/Enggjbergeraé' r i .
77 \ { i

\ \ [ . 11‘: !

Figure 3. Major projects of flood protection in Switzerland.
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