SUITABILITY ASSESSMENT OF PROTECTION SYSTEMS IN TORRENTS
A METHODOLOGICAL APPROACH
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ABSTRACT

In Switzerland's torrents thousands of protection structures and systems have been built. Many of these protection structures have reached
the end of their lifespan. In view of the developments to be expected in the future (e.g. climate change, increasing damage potential) and
the limited financial resources, existing protection systems need to be understood and assessed in terms of their suitability. On behalf of
the cantonal administration Uri (Switzerland), the engineering companies geo7 AG, HOLINGER AG and DUWAPLAN GmbH developed and
applied a methodological approach to assess the suitability of protection systems. The approach, consisting of four parts, enables a com-
prehensive view and a standardized comparison of various protection systems. It considers the four aspects reliability/ effect on process,

overload capability, adaptability and conformity. Finally, the assessment results are clearly presented in a fact sheet.

INTRODUCTION — NEED FOR ACTION

Since the middle of the 19th century, many protection structures and systems have been built in Switzerland's torrents. Many of these pro-
tection structures have reached the end of their lifespan. Over the years, changes have taken place in the protection systems, e.g. through
additions, adaptations or abandonment of measures. The catchment areas of torrents have changed due to altered use, events, or climate
change. The changes that have taken place in society are reflected, for example, in changes in protection requirements and demands on

protection systems.

Due to the developments to be expected in the future and the limited financial resources, the question of how to deal with ageing pro-
tection systems in torrents arises throughout the entire Alpine and pre-Alpine regions and is highly relevant. The publication for dealing
with ageing protection systems by the BAFU (2022) guides systematically through the decision-making process on how to transition ageing
protection systems into the future. However, it does not provide any practical guidance for assessing the suitability. According to BAFU
(2022), it consists of the following factors reliability/ effect on process, robustness, overload capability, flexibility and adaptability. Therefore,

a methodological approach has been developed and is presented in this paper.

METHODS

To answer specifically how to deal with ageing protection systems in torrents, existing protection systems need to be understood and as-
sessed in terms of their suitability. The methodological approach has been developed by engineering companies geo7 AG, HOLINGER AG
and DUWAPLAN GmbH in the framework of a mandate in close collaboration with stakeholders from cantonal administration Uri, Switzer-
land. It is based on literature, i.e. BAFU (2022) and Suda (2012). Finally, the proposed approach has been applied to the torrent catchment

area of the Kummetbach in the canton of Uri, Switzerland.

GENERAL INFORMATION ON THE APPROACH

The assessment is carried out at the level of the protection system (catchment area), whereby a system comprises all protective structures
(i.e. structures with a protective function against water processes) within a catchment and impact area. Other structures without a protec-
tive function against water processes in the watercourse area (e.g. infrastructure structures such as bridges) are not regarded as protective
structures and are therefore not counted as part of the protection system. However, bridges can represent significant weak points and thus
have a negative impact on the hazard situation. Such weak points must be identified within the assessment of suitability, documented in the
fact sheet and considered in the conclusion. The assessment refers to the protection system at the time of the assessment (present). Future
natural and cultural environmental conditions are considered, as shown in Fig. 1. The suitability assessment consists of different steps, as

explained below in Fig. 2, resulting in a fact sheet.
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Figure 1: Embedding of the methodological approach (dashed red box) in the concept dealing with ageing protection systems (BAFU, 2022).
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Figure 2: Flow chart of the methodology.

PART I: FRAMEWORK CONDITIONS
Step 1:
For a comprehensive analysis of the existing protection system, a complete overview of all existing data is needed. Therefore, acquisition

and evaluation of existing data must be done. The central questions to be answered in step 1 are:

e  What does the natural environment (topography, vegetation, geology, hydrology, geomorphology, climate) look like?

e  What does the cultural environment (land use, settlements, infrastructure, conservation areas, stakeholders) look like?

e What are the relevant natural hazard processes (past events, discharge peak, bedload, driftwood)?

e  What is the relevant damage potential in the catchment?

e Which legal framework applies at the time of the review (federal and cantonal laws and ordinances, guidelines, recommendations,
practical aids and standards)?

e  Are the data considered as complete and plausible?

PART II: ANALYSIS OF EXISTING PROTECTION SYSTEM

Step 2:

In most cases, protection systems consist of numerous individual protection structures (e.g. dams, check dams, sediment retention basins).
For the assessment of the following aspects, the protection systems must be divided into sections, representing homogeneous units in terms
of space (catchment area, cone neck, alluvial cone), morphology, function (stabilize, retain, transmit, divert), structures including their con-
dition and extent of engineering. Thus, the central question to be answered in step 2 is:

e What spatial, morphological, functional and structural units can the protection system be sectioned in?
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PART III: SUITABILITY ASSESSMENT OF PROTECTION SYSTEM (PRESENT STATE)

Step 3:

As mentioned above, the suitability is assessed for each section considering the following four aspects: (1) Reliability/ effect on process, (2)
overload capability, (3) adaptability and (4) conformity. Each aspect is assigned a class from 1 (high) to 4 (not given, none). The assessment
is on the one hand based on the assumption that the status is good (structural safety fulfilled) and on the other

hand on the assumption of the actual status. This enables a view independent of the status.

First, with the reliability the structure-specific function (structural safety) and functional properties (serviceability) as well as the durability
are assessed. This allows the robustness of the structures within the section to be determined regarding the defined load case. Afterwards,
the effect on the process must be derived. Special attention must be paid to a negative effect, which occurs for example when a series of

check dams breaks and retained bed load is discharged suddenly.

The central questions to be answered in step 3 are:
e <Are the structures in the section reliable?

e +What effect do they have on the process?

Step 4:

In addition to the reliability/ effect on process the overload capability is assessed. This is used to assess whether the structures within the
section are able to withstand the effects of the overload case without losing the intended function. It thus describes the robustness regarding
the defined overload case (event greater than the load case considered in the dimensioning of the structures). The central questions to be
answered in step 4 are:

e How does the system behave in the event of an overload case?

e Does it withstand (no abrupt increase of damage) or does it fail (e.g. in the event of overtopping)?

Step 5:

However, a suitable protection system must also be adaptable. Therefore, with the adaptability, the ability of the structures to adapt to
changed natural or cultural conditions without losing its intended function is assessed. It thus denotes the flexibility of the system while
maintaining its function. Regarding climate change, changing natural conditions typically comprise an altering water balance, but especially
increasing frequency and intensity of heavy precipitation associated with changing runoff conditions (BAFU, 2021). The adaptability is as-
sessed based on the following criteria. The central questions to be answered in step 5:

e Which relevant main types of structures (riprap, check dams, earth dam) and which materials (wood, concrete, stone) are used?

e  What do the spatial conditions (topography) look like in terms of adaptation?

e  How accessible are structures for adaptation measures (road, forest trail, helicopter, temporary ropeway)?

e  What is the ratio between adaptation costs and the original construction costs?

Step 6:

Finally, the conformity is assessed. It represents the compliance of the structures in the section with the applicable regulations of the legal
context. A high conformity shows that the systems comply with the applicable regulations (e.g. nature-based design in terms of materials
and construction, fish passage, bedload passage and fulfillment of the requirements of a technical standard. The central questions to be
answered in step 6 are:

e Do the structure types correspond to the state-of-the-art?

e Does the system comply with the (environmental) regulations?

Step 8:
The suitability of each section is calculated considering a weighting of the aspects, where reliability/ effect on the process is weighted at
70%, overload capability at 20% and adaptability at 10% by default (step 7). Hereby conformity is not considered but is only included in the

conclusion (part IV). Suitability for the entire protection system is calculated considering a weighting of the sections.

PART IV: CONCLUSION OF PROTECTION SYSTEM (PRESENT STATE)

Step 9: Based on the previous assessments for each section (steps 1 to 8) a conclusion is drawn on the existing overall protection system,
which on the one hand includes the achievement of the desired safety level based on the technical consideration of the structures (step
9). On the other hand, the natural processes and the natural and cultural environment conditions as well as the conformity are taken into

account. It also includes an expert assessment of conceptual deficiencies (e.g. existing weak points such as bridges, etc.).
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Step 10:
Finally, in the last step, the suitability of the existing protection system in its current state is assessed in relation to future requirements. An

outlook for the future protection system is done.

The central questions to be answered in step 10 are:

e Does the current protection system fulfil the future requirements in terms of suitability and conformity?

e  What changes in the framework conditions (natural processes / damage potential) are to be expected in the future (qualitative descrip-
tion)?

e  How is the adaptability of the current protection system assessed and can it be adapted to future requirements (framework conditions)?

e Based on the previous assessments, which strategy makes sense? Maintenance (preservation), adaptation (modification) or change

(redesign) of the protection system?

APPLICATION EXAMPLE KUMMETBACH (CANTON OF URI, SWITZERLAND)

As part of the development process of the explained methodology, it was applied and tested using the case study of the Kummetbach in
the canton of Uri, Switzerland. Based on the consideration of 9 sections, the test shows high reliability/ full effect on the process and high
overload capability but low adaptability due to high adaptation costs and poor access options. It thus concludes a high suitability for the

entire protection system. A change of strategy was therefore not considered necessary.

% h .: :*’; =
[Figure 3-1 and 3-2]: Check dams at the Kummetbach in the upper section B3 (left, HOLINGER AG) and in the lower section B6 (right, DUWAPLAN GmbH).

CONCLUSIONS

The developed methodological approach shows a possible way to assess the suitability of protection systems in torrents in Alpine regions.
It enables a comprehensive view and a standardised comparison of different systems in a region. The applicability could be proved with
the case study in the typical torrent catchment area of the Kummetbach in the canton of Uri, Switzerland. However, the approach is based
exclusively on the use of existing data. The next step is to apply the methodology to other catchment areas in the canton of Uri and obtain
a complete overview of the suitability of protection systems. This enables a canton-wide plan of action to be drawn up for dealing with

ageing protection systems in torrents.
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