DEALING WITH AGEING PROTECTION SYSTEMS IN TORRENTS
CASE STUDIES AND GUIDELINES FOR PRACTICE IN SWITZERLAND
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ABSTRACT

Since the mid-19th century, numerous protective structures have been built in Swiss torrents. Many of these torrent-control measures are
ageing and many of them no longer meet the requirements. What next? The replacement value of the existing infrastructure is substantial.
Environment (watershed) and society (on the fan) have undergone and continue to experience changes. In view of this, should the existing
protection system be maintained in its function? Should it be adapted or completely redesigned? The question of how to deal with ageing
protection systems is currently a pressing issue in many Swiss mountain torrents and represents a growing challenge. On behalf of the Swiss
Federal Office for the Environment (FOEN) a practical guide for handling ageing protection systems has been developed. This concept
assists professionals in finding solutions at the conceptual level and inspires them to explore all possible options. Experiences from various

Swiss torrents illustrate the approach.

INTRODUCTION: AGEING PROTECTION SYSTEM — WHAT NEXT?

Flood protection structures have a long tradition in Switzerland. Since the mid-19th century, Swiss mountain torrents have been extensively
engineered with check dams, sediment traps, dikes, and other structures. Since then, the alluvial fans have been utilized more intensively.
According to various estimates from the Federal Office for the Environment (FOEN), the replacement value of the existing protection infra-
structure in Swiss rivers is approximately 35 - 40 billion CHF. A significant portion of this infrastructure composed of thousands of protective

structures of varying ages and conditions is located in mountain torrents.

Society often relies unconsciously on the assumption that the existing protective structures work without limitations. However, many of
these structures have reached the end of their operational life despite regular maintenance. Over the years, protection systems have been
modified through additions, adjustments, or the discontinuation of certain measures. Catchment areas have evolved, for instance, due to

the ongoing influence of climate change. At the same time the demands considerably increased and societal conditions changed (table 1).

Earlier times Today and in future

Objectives Gain land for agricultural cultivation and Increased need for protection in densely populated
settlement and heavily industrialized areas

Technical Means Relying on a significant amount of Utilizing state-of-the-art construction machinery.
manpower; Using modest construction Employing stable and durable building materials
materials

Function Stabilization of channel and slope, Stabilization channel and slopes, bedload retention
bedload retention and reduction of flow and reduction of flow velocity; emphasizing
velocity robustness and resistance to excess loads

Ecology Minor consideration Consideration of water ecology (e.g. fish passage,

bedload passage) and landscape protection

Economic Efficiency  Cheap manpower, employment programs Limited financial resources

Climate No consideration, Consideration of climate change, extreme events
disaster gap 1900-1970 and changing framework conditions

Table 1: Examples of evolving demands for protection systems.
When dealing with natural hazards, the focus has shifted from structural measures to an optimal combination of spatial planning, organiza-

tional, technical, and biological protective measures. Given these changes, a fundamental review of existing protection systems is essential

before substantial investments are made for their maintenance or replacement.
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Figure 1: Check dams at the Giirbe (Kanton Bern, Switzerland) around 1900 (left, C. Béhler in Salvisberg 2017) and in 2021 (right, Ingenieurbiro Speerli GmbH).

The question of whether the existing protection system still meets today's requirements and how it should be transferred into the future
already arises in many torrents in Switzerland and represents a growing challenge. For this reason, the partnership of geo7-AG and HOL-
INGER AG, commissioned by the Swiss Federal Office for the Environment (FOEN), has compiled experiences and recommendations for
dealing with ageing protection systems. These insights have been made accessible to a broad audience of professionals through a publi-
cation available in three languages (German, Frensch an Italian) (FOEN 2022). In this context, "ageing" refers less to the absolute age and

more to whether the existing protection system meets current standards.

METHODS

The recommendations for dealing with ageing protection systems are built on literature, analysis of case studies, and close collaboration

with professionals and stakeholders from both administrative and practical backgrounds.

Integration into existing concepts

The management of ageing protection systems aligns with the general management of protective structures and the lifecycle model of
protective structures (Suda 2012), as well as the systems engineering lifecycle model according to PLANALP (2014). However, the focus lies
not on individual structures but on the entire protection system. After a protective structure or system is realized, its effectiveness decreases
with increasing lifespan. Regular maintenance can extend the lifespan of protective structures. However, at some point, a critical condition
is reached (for example, in the case of severe damage or doubts about the system's reliability), and the protection system must undergo a
conceptual review. The end of a lifecycle is reached. The FOEN’s recommendations assist in the transition from one lifecycle to the next,
guiding the process from reviewing and evaluating an existing protection system to conceptualizing the future protection system (highlight-

ed in dark phases in Fig. 2).
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Figure 2: Lifecycle model of systems engineering according to PLANALP (2014).
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Case studies and experiences in Switzerland

Experiences on the subject have already been gained in numerous torrents in Switzerland. This knowledge has been acquired through close
collaboration with a large group of experts from government agencies (federal and cantonal) and private consulting firms. In addition, ten
case studies were examined in which a review of the existing protection system had taken place, and the decision for a new system had

been concluded and documented.
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Figure 3: Selected case studies from the Alpine and pre-Alpine region.

Each of the deliberately diverse selected case studies presents a solution for dealing with ageing protection systems. For each case study,
written materials such as documents, plans, or photos were analysed, and a detailed, oral exchange of experiences was conducted with the
involved experts and relevant stakeholders. From this, valuable insights and experiences were gained, and recommendations for practice

were derived.

A CONCEPT FOR DEALING WITH AGEING PROTECTION SYSTEMS
Knowing history — understanding the present — planning the future
"Who are you? Where do you come from? Where are you going to?" These are the three questions that a Swiss forestry expert once formulat-
ed for interventions in the forest and forestry. The concept for dealing with ageing protection systems is built upon these three steps. It aims
to understand the history and grasp the present before outlining and ultimately planning for the future. Based on this principle, a concept

with four steps was developed, providing guidance through the open-ended planning process.
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Figure 4: Concept for dealing with ageing protection systems with four steps. The exclamation mark symbolises the time the conceptual review of a protection system at the end of its life.

The fading colour symbolises the increasing uncertainty of prognosis.

The four steps encourage a comprehensive examination of the protection system, addressing relevant topics, and exploring all possibilities,
including maintenance (preservation), adaption (modification) or change (redesign) of the protection system. The assessments take place
during the SIA phases 1 (Strategic Planning) and 2 (Preliminary Studies) (SIA 102).
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Step 1: Knowing the framework conditions

Knowledge and understanding of past, present, and future conditions in both the natural environment (physical factors such as topography,
vegetation, geology, hydrology, climate) and the cultural environment (human use and development of the natural environment, such as
settlements and infrastructure) form an essential foundation. They determine the scope for the protection system, both physically and so-
cially. For example, laws and available space may constrain the study of options. Past natural hazard events can, among other issues lead to

a review and even questioning of an existing protection system and an increased acceptance of measures.

The central questions to be asked in step 1 are:
e  What are the conditions and needs in the natural and cultural environment at the time of the conceptual review?
e  What changes in the natural and cultural environment have occurred from the time of the protection system's establishment to the time

of review?

Step 2: Understanding the previous protection system

The existing protection system can only be understood when its history is known, which includes the understanding of its originally planned
function and purpose. Over time, protection systems are often adapted and evolve. Comparing the original intentions with the current state
of the protection system and its current effectiveness provides important insights. In addition to the visible condition of the protection sys-
tem, its emotional significance for the population should be examined. This is particularly important for communication and participation

in the planning of the future protection system.

The central questions to be asked in step 2 are:

e  What was the original concept of the protection system and what protection goals were aimed for?

e  What protective measures exist in what condition, with what function, reliability, and effectiveness and with what emotional significance
for whom?

e Does the existing protection system meet current requirements?

e  What has triggered the need for a conceptual review?

Step 3: Developing a future sustainable protection concept

The development of a concept for a future protection system that is supported by all stakeholders and is sustainable can only be achieved
by considering the framework conditions (Step 1) and understanding the existing protection system (Step 2). For each ageing protection
system, a deliberate and open-minded examination should be conducted to determine whether the existing protection system should be
maintained in its fundamental functionality and effectiveness, adapted, or completely redesigned. Regarding structural measures, system

maintenance, system adaptation, and system change are assessed and optimized with a combination of measures.

previous Svs?ern_ rljlaintenance . .
e % Maintaining the function of the structural measures in
their original geographical location.
@ Example: The series of check dams in the catchment
area is repaired and rehabilitated.

System adaptation

system system system Partial change in the function type and/or geographical

o maintenance  adaptation change location of the structural measures.

_E Example: Only the key structures of the series of check
future @® @® dams in the catchment area are maintained. The system
protecriontaysten > is supplemented by a sediment basin at the fan apex.

System change
s Change of function types and/or the geographical
T location of the structural measures.
optimal combination of protective measures Example: The series of check dams in the catchment
fﬁ: k‘\) (/I ) @ area is completely given up. A new sediment basin is
v s e e constructed at the fan apex.

Abb. 5: Study of variants at a conceptual stage.

During the study of variants, the entire upcoming life cycle of the protection system is considered whenever possible. With appropriate
maintenance, the ageing of protective structures can be delayed, and the existing safety level can be maintained for as long as possible.

Documenting current considerations will facilitate future conceptual reviews.

The central questions to be asked in step 3 are:

e  What are the demands for the future protection system and how do they differ from the existing protection system?
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e s the best solution a system maintenance, system adaptation or system change?

Step 4: Overarching aspects

In the fourth step, general success factors for a project are considered. These factors include having documentation of accurate and compre-
hensible project foundations, which encompass all recorded or obtainable knowledge and visual materials relevant to the project. Other key
success factors involve understanding the broader changes in the management of natural hazards (as indicated in Table 1) and maintaining

effective communication. Thoughtful organization and early communication efforts typically yield positive results.

Important questions include:
e  What decision-making foundations are needed?
e  How can trust and acceptance be established?

e  How can integral and sustainable management of natural hazards be ensured?

Experiences and recommendations for implementation
The presented concept with its four steps is illustrated in BAFU (2022) through experiences from the ten examined case studies. Each case
study is also presented in a two-page fact sheet. Explicit recommendations with varying levels of detail for applying the concept in practice

are provided.

CONCLUSIONS

The question of how to deal with ageing protection systems is highly relevant and arises throughout the entire Alpine and pre-Alpine
regions. The approach by the FOEN guides systematically through the decision-making process on how to transition ageing protection
systems in Swiss torrents into the future. It encourages an exploration of the system's history to gain a better understanding of the present,
which in turn enables thoughtful planning for the future. Consequently, each case is examined individually, and the most suitable solution is

identified to achieve the best long-term impact when dealing with ageing protection systems while working with limited financial resources.

The presented concept was developed for mountain torrents in Switzerland, where there is a particularly high need for action. It can be
adapted for use in other regions and applied in its fundamental principles to various bodies of water and/or gravitational natural hazards.
Regardless of the specific hazard process, it seems essential to focus on the entire system rather than individual structures. Moreover, in

every case, it is advisable to consciously consider all possible options during the study of variants.
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