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Foreword

Enhanced basis for flood hazard assessments
On 11 March 2011, the severe Tōhoku seaquake off Japan’s Pacific coast triggered
metre-high tsunami tidal waves that flooded an area of more than 500 square kilometres along the north-east coast of the main island of Honshū. The widespread
flooding caused devastation, claimed more than 15,000 lives and also triggered the
serious reactor accident at Fukushima. As elsewhere in Europe, the significant release
of radioactive substances in a comparably developed industrialised country raised
questions in Switzerland about the flood safety of its own nuclear power plants and
the general safety situation in case of extreme events.
Until now, calculations of discharges in our large watercourses for rare return periods have often been based on different methods. There is also a lack of long-term
statistics for some locations, so that the required discharge hydrographs were not
available for all relevant assessment sites.
In view of these shortcomings, the Federal Office for the Environment (FOEN), the
Swiss Federal Office of Energy (SFOE), the Federal Office for Civil Protection (FOCP)
and the Federal Office of Meteorology and Climatology (MeteoSwiss), together with
the Swiss Federal Nuclear Safety Inspectorate (ENSI), decided to develop a uniform
basis for assessing the site-specific hazard from extreme flood events. Under the coordination of the Swiss Federal Institute for Forest, Snow and Landscape Research
WSL, a number of Swiss and foreign universities, government research agencies and
private engineering firms have been working on the project in recent years. To validate the proposed approach and the results achieved, an expert advisory board was
set up to support the project through to its completion. It consists of experts from
various universities in Switzerland and abroad, who are internationally recognised in
their field.
The present study provides a basis for assessing the site-specific flood hazard along
the River Aare. The results are intended to enable the risks posed by extreme flood
events to be estimated more reliably in the future. As such, they will serve as a basis
for safety assessments of buildings, facilities and infrastructures that are of great
importance for public safety and for the Swiss economy. Critical structures in the
Aare drainage basin include 19 dams and the Mühleberg, Gösgen and Beznau I and II
nuclear power plants.
The development of possible protective measures was deliberately not part of
the EXAR project. This is a task for the various owners and operators as well as the
respective supervisory authorities at cantonal or federal level. It is their responsibility
to take risk mitigation measures as and when necessary. In general, the results of
the project may help to better protect infrastructure, towns and cities along the Aare
from flooding.

Karine Siegwart
Vice Director			
Federal Office for the Environment FOEN

Christoph Hegg
Acting Director
Swiss Federal Research Institute WSL
Birmensdorf, February 2021
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Background and goals of the EXAR project

A basis for better protection against flooding
With several of the country’s most densely populated metropolitan areas located in its drainage
basin, flood protection on the River Aare is vital to the safety of the Swiss population. The EXAR
project provides a sound basis for analysing the hazard for buildings, facilities and infrastructures
of critical importance to public safety and the local economy.

The main goal of the EXAR project (Extreme
flood events on the Aare and Rhine) is to review the principles and information previously
used to assess the hazard from extreme flood
events, to identify and close any gaps, and to
harmonise hazard assessment. The results
will be used to reassess the risks posed by extreme flood events for buildings and facilities
along the Aare. These include 19 hydropower
plant dams and the Mühleberg, Gösgen and
Beznau I and II nuclear power plants. One of
the aims was to clarify which phenomena and
chains of events could occur during extreme
flood discharges and to determine the likelihood of structural failures. These phenomena
include a partial or complete obstruction of the
river channel, such as can occur when bridges become blocked by large wood (driftwood).
The owners and operators of the facilities concerned as well as their respective supervisory
authorities should be able to use the results to
reassess, and if necessary improve, the safety
of these infrastructures. However, it should be
noted that the project does not carry out a risk
assessment and consequently does not provide
any information about potential damage. Such
assessments and the development of possible
measures to optimise flood protection are the
responsibility of the operators and supervisory
authorities. Nonetheless, EXAR’s results provide
an important basis for better protecting settlements and infrastructures on the Aare from
possible flooding in the future.
With the EXAR project, launched in 2013, the
participating federal agencies aim to extend the
time horizon for hazard assessment to 100,000
years and beyond, thus allowing them to cover
very rare events with their high peak discharges. Among other things, this is because the

safety analyses for nuclear power plants need
to consider the full range of events, including
the most extreme, for the purposes of risk assessment.
Until now, the statistical extrapolations used
for civil flood protection structures have covered a period of up to 300 years. For time horizons beyond this, the uncertainty increases. For
EXAR, the commissioning authorities deliberately set the range so as to include much longer
periods with very rare occurrences and the corresponding extreme values.

Definition of the methodology
At the start of the work, experts defined the
main features of the methodology in a preliminary study in order to better estimate rare flood
events. By the end of 2015, several working
groups had also compiled data and research
findings on extreme discharges on the Aare and
Rhine, examined historical flood events and
created a digital elevation model for the Aare.
In addition to extreme precipitation in the
drainage basin, the chosen approach was intended to cover, as far as possible, all the key
factors capable of heavily influencing the Aare’s
discharge locally, regionally or even on a large
scale. These include, for example, possible
landslides reaching the riverbed and thus narrowing the flow section, blockages of bridge
openings by large wood during flood events,
bank erosion, the failure of protective dikes or
human error – for example, in the regulation
of weirs during flood events. The very unlikely
eventuality of dam failures in the drainage basin during extremely rare earthquakes was also
investigated. Such processes have the potential
to change the flow paths of the Aare, with water
masses spreading beyond the existing riverbed.
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This would result in widespread flooding with
the potential to cause considerable damage.

Brief profile of the Aare
Running for a total length of 288 kilometres, the
Aare is the longest river located entirely in Switzerland. From its source in the Grimsel region to
its confluence with the Rhine, it drains an area
of approximately 17,700 square kilometres,
equivalent to around 43% of the entire country.
In addition to much of the northern Alpine ridge
and the Alpine foothills as well as some regions
of the Jura, this also includes large parts of the
Swiss Plateau. The Aare flows through several
towns and cities including Thun, Bern, Solothurn, Olten and Aarau. Flood protection on this
major river thus plays a key role in safeguarding
people, property and Switzerlandʼs standing as a
business location.
With an average discharge of 560 cubic
metres per second (m3/s), the Aare carries, on average, over a quarter more water than the Rhine
at their confluence. While its bottom width below
Thun is only 25 metres, this gradually increases
further downstream to over 150 metres ahead
of the confluence with the Limmat. Between Lake
Thun and the confluence with the Rhine, most of
the riverbed has been trained, with various weir
systems and lakes interrupting the transport of
bedload.

Division into four work packages
For the specific investigation of the issues,
the various topics were divided into four
work packages overseen by several research
groups and experts. For example, one team
evaluated the existing measurement data on
water levels and discharge rates, examined
historical flood events predating measurements, and developed a weather generator
especially for EXAR. This allowed precipitation
time series to be compiled, which were then
converted into discharge time series using a
routing model. Based on this, the flood discharges could be statistically evaluated.
A second working group simulated extreme
flood events and analysed the morphological
processes. These include possible changes in
the course of the Aare and its main tributaries,
whose impact on maximum water levels was
investigated. As well as possible channel and
terrain changes within an assessment site,
the project team also analysed the impacts on
the immediately surrounding area. This work
package also included a more precise estimate of the potential quantities of large wood
from natural sources.
A third working group examined potential landslide zones as well as hydraulic infrastructures whose failure could affect the
Aare’s discharge. Finally, another work package involved synthesising all the results and
coordinating the interfaces between the respective projects with their numerous links
and interactions.
In each of the work packages, the uncertainties in the applied models and the impact of
these uncertainties on the entire model chain
were also estimated. Among other things, this
involved assessing the flood hazard resulting
from the sequence of possible weather events
and structural failures at selected locations,
such as the nuclear power plant sites. The
corresponding calculations were made using
event tree analyses. This method is used in
safety analysis to map conceivable chains of
such occurrences and their outcomes and to
determine the associated probabilities.
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Innovative combination of known methods
In its work for EXAR, the project team mainly
relied on tried-and-tested methods. However,
some of these had to be adapted, refined and
tested for suitability because their original form
did not meet the requirements of the study.
Where EXAR broke new ground was in linking
the models and combining them in an inno
vative way.
With the help of the modular model chain developed for EXAR, the experts were able to gradually acquire crucial insights. It was thus possible to derive discharge hydrographs for extreme
flood events with return periods in the range of
100 to 100,000 years. In addition, by analysing
the influence of relevant structures on the flow
behaviour, it was possible to determine the key
sites in the Aare system whose possible failure
could also change the water flow supra-regionally. The developed principles were then put into
practice in the form of in-depth hazard analyses
for selected locations. As requested by the commissioning authorities, the focus here was on
the Mühleberg, Gösgen, Beznau I and II nuclear
power plants and the Paul Scherrer Institute PSI
site with the interim storage facility for radioactive waste (ZWILAG). The area around Olten was
also examined in detail.
The site-specific investigations into the hazard
for critical infrastructure encompass not only
the issue of high discharges but also the failure
of structures sometimes associated with extreme flood events, the occurrence of landslides
and possible changes in the course of the Aare.

A broad-based project
Under the coordination of the Swiss Federal Institute for Forest, Snow and Landscape
Research WSL, a number of Swiss and foreign
universities, government research agencies and
private engineering firms have been working
on the EXAR project in recent years. Seven
years after the first work began, solid results
are now available for the part of the Aare basin
from where the river emerges from Lake Thun
to where it flows into the High Rhine at Koblenz
(canton of Aargau (AG)). An expert advisory
board comprising internationally recognised
experts from various universities in Switzerland
and abroad supported the complex project
through to its conclusion and confirmed the
suitability of the models used and the way they
were combined.
Based on the newly acquired knowledge, it
is now possible to systematically review the
principles and information previously used to
assess the hazard from extreme flood events
on the Aare, to identify existing gaps in safety
systems, and to close these gaps by means of a
sound hazard assessment.
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Modular structure of the project

Discharge simulations for almost 300,000 years
The models and simulation programs combined for the EXAR project allowed the peak discharges
on the River Aare to be determined over a period of 289,000 years. This took the experts to the
very limits of computing capabilities.
A high-quality data set with precipitation observations from 105 weather stations spanning the
entire Aare drainage basin served as the basis
for GWEX, a weather generator specially developed for EXAR. For the 85-year period from 1930
to 2015, these rainfall data are available at daily
resolution, and even at hourly resolution from
1990. This data set is supplemented by temperature records at 26 stations. This makes it possible, for example, to simulate key factors influencing flow behaviour at higher elevations, such
as the snowline.
Compared with what is available in other countries, this is a database of extraordinarily high
spatial density and temporal extent. It can thus
also cover a correspondingly broad range of
spatial scales, from individual gauging stations,

through to sub-basins, right up to the entire Aare
drainage basin. On the time axis, evaluations for
one day, several days or even monthly periods
are possible.
Key characteristics of precipitation, such as the
frequency of wet and dry days, the length of wet
periods, seasonal patterns and cold spells with
snowfall, are included in the model, as well as
minimum and maximum values. Based on the
measurement data entered, GWEX simulated
precipitation over a period of 289,000 years at
hourly resolution.
The weather generator focused on calculating
very rare extreme events. In particular, the project team was able to improve the simulation of
large-scale precipitation events lasting several
days, something that is particularly relevant for
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Sample simulation of a three-day extreme precipitation event with a return period of around 100,000
years in the Aare drainage basin: peak values in the
eastern Alpine region can reach cumulative quantities
of almost 500 litres per square metre. This is equiva-

lent to about a quarter of the average annual pre
cipitation in the area concerned. For the hydrological
model, the Aare drainage basin was divided into
79 sub-basins.
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the Aare. To confirm the findings, the EXAR experts developed a second weather generator
called SCAMP. This yielded very similar results,
especially with regard to heavy precipitation,
thereby strengthening confidence in the accuracy of the precipitation patterns calculated by
GWEX.

Discharge calculation using a hydrological
model
The meteorological time series simulated by
GWEX were then imported into the hydrological
rainfall-runoff model known as HBV. This is a
drainage basin model operated with time series
of temperature and precipitation, which takes
account of key factors influencing runoff such as
the snowline, soil moisture or groundwater storage. For this purpose, the entire Aare drainage
basin was divided into 79 sub-basins, with the
model generating a long, continuous discharge
time series for each of them.
The composite data sets from the sub-basins
were used to calculate the propagation of flood

At points of intersection (ʼÜbergabepunkteʼ), the
simulated data were transferred to the RS Minerve
routing model, which enables the modelling of simpli-

waves in the Aare. In addition to the main river
from Thun, the overall system examined also
included parts of the River Saane and of the
tributaries into the three Jura lakes as well as
the Rivers Emme, Reuss and Limmat, so that a
total river length of around 400 kilometres was
assessed.
With the RS Minerve model, it is possible to
handle long time series at hourly resolution.
The Canton of Valais, for example, has been
using this tool since 2013 for hydrological forecasts for important sites on the Rhone and its
tributaries, in order to identify critical situations, to manage the reservoirs specifically with
regard to flood events and to trigger alarms. In
the case of the Aare, RS Minerve can also map
extreme conditions with large flooded areas.
In particular, it factors in important retention
effects below the points of intersection. The
flood retention areas, which are often used for
agriculture, can have a major effect on the flow
behaviour of the Aare, especially on the extensive valley floors such as the Grosses Moos or

fied channel hydraulics.The points of intersection for
hydraulic modelling are marked in red.
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The flooded River Aare in August 2005 at the confluence with the Reuss and Limmat near Brugg (AG),
an area known as the ʼWasserschlossʼ. 
		
Copyright: Swiss Air Force

the floodplains of the Emme and Reuss. Another
key factor is the considerable retention effect,
depending on the water level, of the ten large
lakes in the Aare region, six of which are regu-

lated, namely Lakes Brienz, Thun, Biel, Lucerne,
Zug and Zurich. There are regulations on the
relationship between water level and discharge,
which are mostly differentiated by season.

Rhine

Confluence with the Rhine
Stilli
Obersiggenthal-Thurgi
Windisch

Brugg
Aarau
Aarburg
Soleure

Walliswil
Derendingen

Golaten
Gümmenenbrücke

Halen

Thoune

To calculate the discharge during rare flood events,
the Aare and its tributaries were divided into subsystems. At the end of each subsystem there is a transfer
point (ʼTransferpunkteʼ, shown in black), at which the

calculated discharge data are passed on to the next
subsystem. The local hazard was examined in detail in
the five assessment sites framed in red.
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Results of the discharge simulations

Recalculation of extreme discharges on the Aare
With extreme water discharge values of over 7,000 cubic metres per second above the confluence
with the Rhine, the peak discharges of the Aare simulated as part of the EXAR project significantly exceed previous estimates, other than those in safety analyses for nuclear power plants. This
is especially true below Lake Biel. The main reasons for this are the much longer time horizon
compared with previous studies and the factoring-in of an overload of the Jura water correction
system.

charges then increase again significantly. For
example, an extreme discharge with a return
period of 10,000 years in Brugg in the canton
of Aargau reaches values of around 2,500 m3/s,
and a few kilometres downstream in the Wasserschloss near Stilli (AG) this rises to approximately 4,500 m3/s. The absolute extremes for
this location, just upstream of where the Aare
flows into the Rhine, could even exceed the
7,000 m3/s mark, but only at return periods of
100,000 years and more.

Specific peak discharge (m3/s km2)

Aare at Golaten

Peak discharge (m3/s)

The rarer extreme flood events are, the
greater their peak discharges can be. In flood
protection management, discharge scenarios must therefore always be considered
together with their probability. Thanks to
EXAR, continuous hydrographs are available
over the calculated period of 289,000 years
for around 80 points of intersection and
transfer points in various sub-basins of the
Aare.
For example, at the investigated Halen site
near Bern, discharges of around 650 m3/s
can be expected with a return period of
100 years, rising to around 850 m3/s for a
return period of 10,000 years. The maximum values in the period examined, with
a significantly longer return period, exceed
1,200 m3/s. After the confluence with the
Saane at Golaten (canton of Bern (BE)), the
discharge of the Aare can increase substantially for the same return periods. Thus, depending on the period under consideration,
rounded discharge values of 1,700, 2,800
and 4,500 m3/s are obtained for this transfer
point.
Since the first Jura water correction, in
which the Aare was diverted into Lake Biel,
the three Jura lakes have provided large retention basins for the Aare when it floods.
This retention effect is illustrated by the values calculated by EXAR for the outflow from
Lake Biel. A 10,000-year peak discharge of
the Aare of around 1,100 m3/s here only represents around 39% of the water volume at
Golaten. However, due to the other tributaries below Lake Biel, in particular the Emme,
Reuss and Limmat, the simulated peak dis-

Return period (years)

Range of possible peak discharges of the Aare after its
confluence with the Saane at Golaten (BE), depending on
the return period up to 289,000 years, compared with
previous evaluations.
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From Aarberg (BE), the Hagneck Canal (left) diverts
the waters of the Aare into Lake Biel.
Copyright: Markus Zeh, Bremgarten near Bern

Aare at Brugg (AG)

Return period (years)

Range of possible peak discharges of the Aare at
Brugg (AG) and a few kilometres downstream after its
confluence with the Reuss and Limmat in the

Specific peak discharge (m3/s km2)

Peak discharge (m3/s)

Peak discharge (m3/s)

Specific peak discharge (m3/s km2)

Aare at Stilli

Return period (years)

Wasserschloss at Stilli (AG). The longer the return
periods of calculated flood events on the time axis up
to 289,000 years, the higher the discharge.
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Reasons for the higher peak discharges
Particularly at locations below Lake Biel, the
maximum values simulated in the EXAR project
are in some cases well above the statistical extrapolations of the peak discharges observed
hitherto. For example, the FOEN’s calculations
to date cover a 300-year discharge. It should be
noted that, compared with the return periods
considered here, only very short series of peak
discharge measurements are available.
Some of the discrepancies observed can be
explained by the overload of the Jura water
correction (JGK) system taken into account in
EXAR. The project team assumes that with very

The discharge data in cubic
metres per second for different
return periods of possible extreme flood events in the Aare drainage basin are based on the EXAR
extreme value statistics (mean
values) of the hydrological simulations at important locations. From
Halen near Bern to the confluence
with the Rhine downstream of
Stilli (AG), the discharge increases
approximately fivefold. The
estimated or measured values of
previous flood events serve as a
benchmark.

Event or return
period in years

EXAR 100
EXAR 1000
EXAR 10 000
Floods summer 1480
Floods winter 1570
August 2005
August 2007
HQ300 f)

Aare
Thun
Solothurn

Former course of Kander

Lake Thun

Aare
Biel
Lake Biel

Cutting

Old Aare
Aarberg

3 km

Kander

Hagneck Canal
10 km

The diversions of the River Kander into Lake Thun
and the River Aare into Lake Biel have a moderating

effect on flow behaviour in the lower reaches during
extreme floods.

high discharges of 1,800 to 2,000 m3/s between
Aarberg (BE) and Hagneck (BE), the dikes on
the right bank of the Hagneck Canal would be
overtopped. This would mean that some of the
Aare’s water would not enter Lake Biel as usual,
but would follow the course of the old riverbed,
bypass the Jura lakes and flow towards Büren
an der Aare (BE). However, this flow path along
the ‘Old Aare’ (Alte Aare) is not represented in
previous measurement series because no dis-

charge values of this magnitude have yet been
recorded.
With return periods of 1,000 to 10,000 years,
significantly higher discharges can occur, causing a marked increase in the level of the Aare,
especially as far as Solothurn. However, the inflow of high-volume tributaries below Solothurn
means that the effect of higher discharges from
the Nidau-Büren Canal becomes much less important further down the Aare as far as Stilli.
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Calculated and measured peak discharges on the Aare
Halen near
Bern (m3/s)

Golaten (m3/s)

Outflow
Lake Biel (m3/s)

657

1666

911

736

2226

862

2826

n/a

n/a

Aarburg (m3/s)

Brugg (m3/s)

Stilli (m3/s)

1321

1630

2946

1005

1703

2107

3708

1094

2086

2522

4392

n/a

n/a

2400-2700

n/a

n/a

n/a

n/a

n/a

2100 -2300

n/a

605 a)

1514 b)

677 c)

n/a

1057 d)

2337 e)

524 a)

1273 b)

738 c)

n/a

1387 d)

2656 e)

598 (519-677)

1744 (880-2607)

791 (723-859)

n/a

1348 (1243-1454)

2626 (2329-2923)

As the EXAR simulations show, high discharge
values in the Aare can coincide with the discharge peaks in its major tributaries, the Emme,
Reuss and Limmat, within an even narrower
time frame than previously observed. This is
the main reason why the systematic deviations
from the previously assumed peak discharges
tend to increase downstream, with the differences being particularly pronounced below the
Aareʼs confluence with the Reuss and Limmat.
For example, the flood discharge simulated at
the Stilli site for an event with a 10,000-year return period exceeds the previous peak value of
2,656 m³/s measured in August 2007 by around
65%.

Confirmation by historical flood events
Research has shown that distinct phases with
varying frequencies of extreme flood events
have occurred over the past centuries. Studies of historical floods date the most extreme
discharges to the summer of 1480, when the
discharge of the Aare in Solothurn was around
1,700 m3/s. Based on the extreme value statistics of the EXAR long-term simulations, this
corresponds to an event with a return period
of approximately 30,000 years in the Solothurn
region and 10,000 years in Brugg, in the canton of Aargau, where the peak value exceeded
2,400 m3/s according to the available data. None
of the reconstructed extreme events exceeds
the peak discharges simulated in EXAR using the
hydrometeorological model chain. However, it

must be borne in mind that numerous river engineering training measures have changed the
Aareʼs flow behaviour since that time. As well as
the JGK, dating from 1878, the diversion of the
Kander into Lake Thun in the early 18th century
(1714) has also had a moderating effect on peak
discharges in the Aare.

a) Measured at the Aare-Bern gauging station in Schönau:
The estimated return periods are over 150 years (August 2005
and 2007).
b) Measured at the Aare-Hagneck gauging station: The estimated
return periods are 127 years (August 2005) and 46 years
(August 2007).
c) Measured at the Aare-Brügg gauging station in Aegerten: The
estimated return period for the flood event in August 2007 is
56 years. No information about the return period is available
for August 2005.
d) Measured at the Aare-Brugg gauging station: The estimated
return period for the flood event in August 2007 is over
150 years. No information about the return period is available
for August 2005.
e) Measured at the Aare-Untersiggenthal gauging station in Stilli:
The estimated return periods are 55 years (August 2005)
and over 150 years (August 2007).
f) Statistical extrapolation of the 300-year return period at the
indicated gauging stations (www.hydrodaten.admin.ch).
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Six key sites in the Aare drainage basin

Possible structural failures with far-reaching
consequences
The Aare drainage basin examined in the study contains over 420 objects such as structures and
landslide zones that could at least locally affect the flow behaviour in the event of a failure or process event. However, only six structures are able to influence the Aare’s discharge over a wide area.
In the very rare flood events considered, other factors besides the capacity of the riverbed
can also have an impact on the water discharge
and flow behaviour. Examples include malfunctions of dam control systems, the obstruction of
bridges by large wood, the failure of dikes under
heavy hydraulic loads, or landslides that narrow
the channel.
To analyse the impacts of such occurrences
more precisely, the corresponding scenarios

Solothurn

Aare

Walperswil bridge
Grosses Moos

Gümmenen bridge

Old

Aa

re

Aare

Aarberg
Golaten

Halen

Mühleberg

Saane

Schiffenen

Rossens

Five of the six key sites in the Aare drainage basin
are on stretches upstream of where the river flows
into Lake Biel. Owing to the retention volumes in the
Grosses Moos and the three Jura lakes, even large
floods waves are heavily moderated until downstream
of Solothurn.

were simulated using a hydraulic model. This
depicts the complex flow conditions caused by
substantial tributaries as well as the water levels and flow velocities outside the channel and
takes into account various forms of water retention, which is crucial for modelling flood retention volumes on floodplains. Thanks to this
model, it was ultimately also possible to determine the influence of key sites in the drainage
basin.
In the EXAR project, these are deemed to be
structures or landslide zones whose failure or
activation has a decisive influence on the discharge in the whole system, altering the runoff
values at the next major measuring point by
more than 5%. Along the Aare between Thun
and the confluence with the Rhine and on its
major tributaries, there are 421 objects such as
bridges, weirs, dikes or potential landslides that
could affect normal flow behaviour should an
event occur. The assessment found that the vast
majority of the objects investigated can only
change the discharge of the Aare locally, so that
they only have a minor influence on the hydrograph of an extreme flood event.
The situation is different if a structural failure
affects a large area, creates new flow paths and
fills or deactivates large retention volumes. In
the Aare drainage basin, this applies particularly
in the very unlikely eventuality of dam failures
caused by a powerful earthquake. Although the
return period for such scenarios lies outside
the 300,000-year period considered, they were
nonetheless examined as part of EXAR. The
hypothetical failure of a dam could trigger large
flood waves, far beyond anything seen in natural
flood events, thus affecting discharge over long
distances. Four out of the six key sites identified
in the Aare basin involve potential dam failures,
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Model representation of a possible dike failure
during an extreme flood event, creating new flow
paths.


namely Rossens (canton of Fribourg (FR)) and
Schiffenen (FR) on the River Saane, Mühleberg
(BE) on the Aare and Wettingen (AG) on the Limmat. The other two relate to structural failures
at the Aarberg hydropower plant and on the
Hagneck Canal due to hydraulic load during an
extreme flood event in the Bernese Seeland.

Failure of the Aarberg weir
One of the six key sites is the Aarberg weir. During high discharge, large wood carried by the
Aare could block the weir bridge and so reduce
the spillway capacity. Another possibility is that
the weir gates cannot be opened in time, for various reasons, so that the flood relief structures
are either completely or partially out of action in
an emergency. In all scenarios, when discharges
in the Aare are high, there is substantial overflowing of the right bank towards the Old Aare,
which reduces the retention effect of the Jura

Illustration: Ruth Schürmann, Lucerne

lakes and increases the discharge after the point
where the Old Aare flows into the Nidau-Büren
Canal at Meienried (BE). Without the moderating
effect of Lake Biel, the spillway in Aarberg being
out of action would lead to a higher peak discharge at the Solothurn transfer point.

Breach formation on the Hagneck Canal
If the discharge of the Aare in Golaten exceeds
2,500 m3/s, the Hagneck Canal can no longer divert the volume of water into Lake Biel in a controlled manner. Consequently, after Aarberg,
breach formation may occur on the right bank
due to overflowing. A key site in this connection
is the canal section preceding the Walperswil
bridge, roughly halfway between Aarberg and
where the Aare enters Lake Biel.
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Discharge (m3/s)

If a large wood event causes a blockage at this
transition point and dams up the Hagneck Canal, a breach of the right bank could occur even
at relatively small discharges of 1,400 m3/s. On
average over the considered time series, this
discharge is reached or exceeded around three
times per century. In most cases, however, the
flood wave channelled via the Old Aare only
causes an appreciable change in peak discharges as far as Solothurn, because downstream of
there they are mitigated and also occur with a
time lag.
Time (h)
Golaten hydrograph (SSBSSC)
Scenario hydrograph Solothurn (SSCSSD)
Scenario hydrograph Aarburg (SSESSF)
Scenario hydrograph Stilli (SSHSSI)
Hydrograph without failure Solothurn (SSCSSD)
Hydrograph without failure Aarburg (SSESSF)
Hydrograph without failure Stilli (SSHSSI)

The scenario of the spillway being out of action at the
Aarberg hydropower plant affects peak discharges on
the flooded River Aare as far as the confluence with
the Rhine. However, this effect weakens the further
downstream you go.

Three Lakes Region subsystems

Dam failures on the Saane
In the worst-case scenario, widespread impacts
on the Aare discharge could see the Seeland inundated by several metres of water from Lake
Murten to Solothurn. The most likely cause of
this would be very rare earthquakes triggering
dam failures on the River Saane.
Like all very large dams in Switzerland, the
Rossens arch dam on the upper reaches of the
Saane, which forms Lake Gruyère, is designed to
withstand at least one severe earthquake with a
return period of 10,000 years. However, much

If the dam in Rossens were to fail,
large parts of the Fribourg and
Bernese Seeland would be flooded,
as the simulation of maximum flow
depths shows. A lake several kilometres wide would form temporarily
in the plain between Lake Murten and
Solothurn.

Maximum flow depth
< 0,5 m
0,5 –1 m
1–2 m
2–4 m
4–6 m
6–8 m
8–10 m
10 –15 m
> 15 m
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A failure of the Rossens arch dam triggered by an
extremely rare earthquake could suddenly release
huge quantities of water from the River Saane,
which is dammed to form Lake Gruyère.


rarer quakes with a return period of between
1 million and 10 million years could cause the
dam to fail, triggering a flood wave in the Saane
and Aare that would propagate in the direction of
the Grosses Moos. Assuming a sudden and complete failure of the dam, the emptying of the 200
million m3 reservoir would, within a few hours,
lead to a peak discharge of around 12,600 m3/s
at the Golaten (BE) site below the Saane’s confluence with the Aare. That is more than four
times the extreme values simulated with EXAR
for a 10,000-year discharge at this location. This
would far exceed the maximum capacity of the
Hagneck Canal (just under 2,000 m3/s) and inundate large swathes of the Grosses Moos.
Were such a worst-case scenario to materialise, the experts assume that a new lake several
metres deep could temporarily form on the
Swiss Plateau between the Hagneck Canal and
Solothurn. However, already in Solothurn, the
significant moderating effect of the Seeland

Copyright: Markus Zeh, Bremgarten near Bern

floodplains would reduce the discharge peak to
around 1,360 m3/s. This is within the range of
maximum values for a flood discharge with a return period of 10,000 years.
A failure of the Schiffenen dam, located further downstream, would have slightly less impact, because the reservoir of the same name
only holds around a third of the volume of Lake
Gruyère. Nevertheless, the peak discharge of
over 9,300 m3/s would still be more than four
times the capacity of the Hagneck Canal and
thus also flood large areas of the Grosses Moos.
However, the peak discharge would be considerably mitigated as far as Solothurn. The experts
also examined a sequential failure of both dams
but were unable to assign a probability to this
extremely unlikely scenario.
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Only in the Mühleberg assessment site would
the failure of the Rossens and Schiffenen dams
lead to very high discharges with flooding,
whereas the river channel capacity at the Olten,
Gösgen, PSI and Beznau sites would only be exceeded slightly in isolated cases.

Dam failures on the Aare and Limmat
Another key site in the Aare system is the gravity dam at the Mühleberg hydropower plant,
north-west of Bern. It dams the Aare to form
the 12-kilometre-long Lake Wohlen, which has a
storage capacity of 21 million cubic metres. The
flood wave resulting from a partial failure of the
Mühleberg dam – also triggered by a very rare
and severe earthquake – would flood the Aare
valley over a large area between Lake Wohlen
and Aarberg. For approximately 20 minutes,
a discharge of more than 4,000 m³/s would be
recorded around 2 kilometres downstream.
The Mühleberg nuclear power plant on the left
bank would be flooded by up to 6 metres. The
Olten, Gösgen, PSI and Beznau study sites further downstream would no longer be affected.
However, due to their very low probability, such
scenarios fall outside the period considered by
EXAR and are therefore of little relevance even
for regulatory supervision.
A very unlikely breach of the weir in Wettingen (AG) would have much less of an impact. A
flood wave channelled via the Limmat would still
reach over 1,800 m3/s after the confluence with
the Aare at the Stilli transfer point. However, this
value is well below that of a 100-year discharge
at this location.
A breach of the Sihlsee dam was not studied in
detail. Although such an event would flood the
city of Zurich, any hazard for the critical infrastructures examined in EXAR, particularly in the
Beznau and PSI assessment sites, can be ruled
out.
Minor impact of key sites after Solothurn
For the Olten, Gösgen, PSI Villigen and Beznau
assessment sites that were studied in detail, a
failure of the six closely examined key sites is of
minor importance. The EXAR analyses show that
the flooding of the Aare below Solothurn caused
by supra-regional structural failures no longer
has a decisive effect on its discharge. Thus, the

resulting increase in discharge is already covered by the simulations of water levels after intense precipitation in the entire drainage basin.
An in-depth analysis of the impacts below Solothurn was therefore not necessary.
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Model representation of a bridge being blocked
by large wood. The obstruction causes the river to
burst its banks.


Illustration: Ruth Schürmann, Lucerne

Detailed hazard assessment for five locations

Possible flooding caused by blocked bridges
How likely is it that the nuclear power plant sites on the Aare, Olten railway station or the Paul
Scherrer Institute will be flooded by the river bursting its banks? To answer this question, the project team carried out detailed hazard analyses for five assessment sites by combining rare flood
events with the possible failure of critical structures and other events that could affect the discharge of the Aare.

Based on the long discharge time series, the
extreme value statistics developed for several
locations on the Aare and the impacts of structural failures at the six identified key sites, the
project team then undertook a hazard analysis
of the water level for the five assessment sites
Mühleberg (BE), Olten (canton of Solothurn (SO)),
Gösgen (SO), PSI Villigen (AG) and Beznau (AG).

To this end, extreme hydrological events were
combined with the potential failure of local
structures and with impairments of the flow section at the site due to large wood and landslides.
The experts used the event tree analysis to assign a probability of occurrence to each of these
processes and their chains, which only have an
impact locally and not on the entire Aare system,
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Example of a hazard curve for reference point C next
to the nuclear power plant in the Gösgen assessment site. The green line shows the elevation of the
reference point. Flood scenarios resulting from flood
events combined with local structural failures are
indicated by points on the blue ‘mean hazard’ curve.
Hydrological discharge events with a return period of

up to 100,000 years are not sufficient by themselves
to flood the site; they need to be combined with
structural failures or blockages. The red dashed lines
represent the uncertainty band. The term ‘frequency’ (x-axis) relates to both the scenario frequency of
individual points and the frequency of exceedance on
the hazard curve.

and then simulated the selected relevant scenarios using the hydraulic 2D model.
From the water level position determined for
the different reference points within the assessment sites, it is possible to derive a hazard
curve that overlays a frequency of exceedance
onto the respective water level. At the beginning
of each chain of events, there is an extremely
rare flood event with return periods of 1,000 to
100,000 years. In some cases, however, flood
events with a shorter return period can also lead
to significant flooding if they are accompanied
by the failure of structures or other processes
such as blockages or landslides.

Overview of assessment sites
Whether a site is flooded or not depends, on
the one hand, on its location and the difference
in elevation compared with the Aare, and, on
the other hand, on the possible impacts and
processes that heavily influence the water level in the immediate vicinity. Depending on the
location of the reference points investigated in
five assessment sites (ASs), different scenarios
therefore play a decisive role in each case.
Mühleberg AS: In Mühleberg, the hazard curve
is dominated by severe flood events without
structural failures or weir blockages. The site’s
location above the point where the Saane flows
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Model representation of a landslide that narrows a
river channel, causing the water to look for a new
path.
Illustration: Ruth Schürmann, Lucerne

into the Aare is significant because the inflow can
create a backwater effect during flooding, which
also causes the level of the Aare to rise in the AS.
This is the only assessment site in the EXAR study
for which the hydrographs of two rivers were required. In the event of a 1,000-year flood without a structural failure, the nuclear power plant
site remains dry. Even during a flood event with
a return period of 10,000 years, the site is only
under 4–7 centimetres of water. By contrast, a
100,000-year flood would inundate the area to a
height of 85 centimetres. This figure also factors
in the effect of erosion processes and changes
in the river’s course on the water level. Wide-impact dam failures on the Saane and Aare caused
by very rare earthquakes are not shown in the
hazard curve as they are outside the frequency
of exceedance under consideration.
Olten AS: In this assessment site, the examined reference points are only affected by flooding if a 100,000-year flood event coincides with

a blockage of the Trimbach bridge (see page 23
for more details).
Gösgen AS: The reference points in the Gösgen assessment site, which includes the nuclear power plant of the same name (KKG), could
already be inundated by a 1,000-year flood discharge, but only if the footbridge leading to the
facility also becomes blocked (see page 24 for
more details).
PSI Villigen AS: In the assessment site containing the Paul Scherrer Institute PSI in Villigen,
between the transfer points at Stilli and the confluence with the Rhine, all precipitation-related flood events can be discharged by the Aare
without flooding the PSI site. Neither a 1,000year nor a 10,000-year flood would submerge
the locations examined. The reference point on
the site is only flooded if the 200-metre-long PSI
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reinforced concrete bridge is simultaneously
blocked by large wood during a 100,000-year
flood. If the obstruction affects both the piers,
the dammed water level is close to the height of
the bridge deck. In this case, the water overtops
the right bank over a distance of 500 metres upstream of the blocked bridge, flows through the
PSI site and then back into the Aare. The reference point on the right bank would be flooded
to a flow depth of 20 to 25 centimetres.
Beznau AS: The Beznau assessment site includes the nuclear power plant of the same
name (KKB) and lies approximately 1 kilometre
below the PSI AS between the transfer points
at Stilli and the confluence with the Rhine.
Here too, the purely hydrological scenarios for
floods with a return period of 1,000, 10,000 and
100,000 years are not decisive for the hazard
curve. Significant issues in this case are blockages and possible operating errors at the Beznau weir, resulting in the flood relief structures
being partially or completely closed, as well as
a potential blockage of the Beznauerstrasse
bridge over the headrace canal by a small volume of large wood. If these structures fail, this
will lead to more backwater upstream of the
weir and in the headrace canal. Such combinations of scenarios result in water overflowing
the flood protection walls on the left bank from
a return period of 10,000 years, inundating the
entire Beznau island and thus also the KKB
site. At several reference points, the backwater in the headrace canal results in great flow
depths, up to a maximum of 2.1 metres when
a 100,000-year discharge is combined with a
spillway being out of action at the weir. In the
less built-up areas of the site, where there are
no buildings on either side to prevent the water from spreading, the flow depths drop to between 32 and 38 centimetres, depending on the
location examined.

A closer look at the Olten AS
The methodology and results of the detailed
analyses are explained in more detail here
using the Olten and Gösgen assessment sites,
which are located close to each other, as representative examples of the procedure adopted
in the EXAR hazard assessments.
The Olten assessment site includes, among
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Course of the Aare in the Olten assessment site. For
the local hazard assessment, the project team investigated all points on the overview map. Circled in red are
locations with structures and the Burgstelle potential
landslide area, which were analysed in more detail
using hydraulic 2D simulations.

other things, the large railway station at this
transport hub. Without structural failures, the
purely hydrological peak discharges in the examined flood scenarios play only a minor role
up to a return period of 100,000 years. Even in
the most extreme case simulated, the water level of the Aare remains almost 4 metres below
the level of the railway station.
As part of the detailed local analysis, the project team examined several potentially critical
structures as well as a possible landslide site,
Burgstelle, on the cut bank between the Olten
and Gösgen ASs. If the maximum landslide mass
were to reach the riverbed at this sharp right
bend in the Aare, it could obstruct around 30%
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Detailed map A
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A blockage of the Trimbach bridge combined with a
100,000-year flood event would inundate large parts
of the town of Olten, in particular the residential and
industrial areas on the right bank.

of the channel. However, the resulting backwater effects in the Aare are so small that they can
no longer be detected at the reference points in
the town centre.
This also applies to the regulation of the Winz
nau weir downstream of the assessment site .

Two bridges in unfavourable locations
A number of road and railway bridges cross the
Aare in Olten town centre. They are considered
to be critical structures because peak discharges
with large quantities of large wood could cause
debris jams and, in the worst-case scenario,
block the channel. This could lead to backwater
formation upstream of the obstructed bridges,

causing the water level to rise unless or until the
structure was washed away. Depending on the
topography, this could lead to flooding of the
surrounding area. However, the effects on flow
behaviour would usually be of a local nature
only.
The station bridge, and the Trimbach bridge
around 600 metres further downstream, are in
potentially unfavourable locations in terms of
possible flooding in the Olten AS. For this reason,
water retention and the associated likelihood of
blockage were investigated in more detail. It was
found that the distance between the water level and the underside of the station bridge only
falls below the critical threshold of 1 metre in
the case of flood discharges with a return period
of 100,000 years. However, even with a blockage that is possible in such cases, the water level
of the Aare, though elevated by several metres,
remains approximately 70 to 90 centimetres below the reference point at Olten railway station,
depending on the amount of large wood, so that
this location remains dry.

Hazard from the Trimbach bridge
By contrast, the station area could be up to
48 centimetres under water in the event of a
rare flood combined with a blockage of the
Trimbach bridge. Although the structure has no
central piers, it does have supporting arches,
the peripheral parts of which, near the banks,
are already submerged by more than 3 metres
during a 1,000-year flood event. Because of
the small distances between the vertical roadway supports, more and more large wood gets
caught in the structure as the water level rises.
Even if this does not result in a blockage over the
entire cross-section, the obstruction in the peripheral parts of the supporting arches restricts
the Aare’s discharge capacity.
As the hydraulic 2D simulation shows, the
amount of backwater caused by such a blockage of the Trimbach bridge is usually too small
to flood the reference points. Only in combination with a 100,000-year discharge does enough
backwater form to result in the Aare bursting
its banks in Olten. The flooding begins 1.8 kilometres upstream of the obstructed Trimbach
bridge, where it inundates the residential areas on both sides of the river. The flooded area
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extends along the railway line, with parts of the
industrial zone flooded to flow depths of over
2 metres. Besides the station area, other reference points are also flooded up to a depth of
3.1 metres.
Because flow velocities of more than 2 metres per second occur locally during rare flood
events, the escaped water can also form new
channels outside the riverbed, and bridge scour
cannot be ruled out.

Detailed analysis of the Gösgen AS
The Gösgen (SO) assessment site, including the
nuclear power plant of the same name (KKG),
is also located between the Aarburg and Aarau
transfer points. Here too, the purely hydrological scenarios are not decisive for the hazard
curve. Without structural failures, floods with a
return period of 1,000, 10,000 and 100,000 years
are channelled away without causing damage.
However, the situation is different for events involving bridge blockages.
In the Gösgen assessment site, the Aare
runs in large valley meanders, which are partly bounded laterally by the outcropping rock. At
some distance from the left bank, the headrace

canal connects the Winznau weir upstream with
the Gösgen hydropower plant, which is around
5 kilometres away. A little upstream, the KKG is
situated in a right bend of the Aare on an artificial embankment.
The reference points investigated for EXAR
with regard to a hazard from extreme events
are located on the nuclear power plant site, in
the Aare upstream of the KKG and at the headrace canal. This canal cuts off two natural bends
in the Aare, so that there is soon a difference
in elevation of several metres between the arti
ficial channel and the original course of the river.
The difference between the two water levels increases to 14 metres at the Gösgen hydropower
plant. If the dike on the right bank of the headrace canal were to fail, water would flow out
towards the Aare. The project team therefore
tested the stability of several sections of the dike
and examined the impacts of a possible failure.
The section of dike near the Schachenstrasse
bridge proved to be a critical case. A breach here
could lead to peak discharges of over 400 m3/s
and cause severe vertical erosion due to the
large hydraulic load. According to the EXAR bedload simulations, a channel up to 5 metres deep

In the Gösgen assessment site, the river
section containing
the residual flow of
the Aare runs roughly
parallel to the headrace canal between the
Winznau weir and
the Gösgen hydropower plant, at varying
distances.
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Model representation of bank erosion, which can
endanger riverside buildings and infrastructure.


would form near the dike breach. However, the
resulting mobilised material would be redeposited in the already flooded plain without affecting the water level in the area of the KKG.

Flood hazard from blocked bridges
The greatest flood hazard is posed by a blockage
of the bridges crossing the headrace canal and
the Aare in the assessment site. Particularly relevant in this regard is the KKG footbridge over
the Aare in the immediate vicinity of the assessment points. This 95-metre-long crossing leads
from the dike path beside the headrace canal directly to the nuclear power plant site. It has two
central piers in the main channel, with a third
support on the right side of the bridge, slightly
elevated on the usually dry bank. The distance
between the piers is just under 24 metres and
the clear height is 7.1 metres. During a 1,000year flood there is only around 1 metre of free-

Illustration: Ruth Schürmann, Lucerne

board remaining, while peak discharges with a
return period of 100,000 years overtop the underside of the bridge and reach the level of the
bridge deck. In such cases, there is therefore a
high likelihood of large wood getting trapped under the deck. Even with a 1,000-year flood event,
there is a heightened risk of blockage, which
could lead to a sharp rise in the water level with
a calculated flow depth of 5 to 31 centimetres
on the nuclear power plant site. Moreover, in a
blockage scenario with a 100,000-year discharge
and a frequency of approximately 1:300,000
years, the EXAR simulations show that the site is
submerged by up to 1.3 metres of water.
A blockage of the Sandackerstrasse bridge
over the Aare further downstream could also
raise the water level, but such scenarios are not a
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decisive factor in the hazard curve. At this structure, where the distance between piers is very
small (around 9 to 12 metres), the water level
reaches the underside of the bridge in relatively
frequent events. As the water level of the Aare is
already 30 centimetres above this position with
a 1,000-year discharge, the Sandackerstrasse
crossing is very likely to become blocked. Without the large wood effect, the nuclear power
plant site remains dry in case of discharge with
a return period of 10,000 years. However, if the
bridge is obstructed at the same time, part of
the site is submerged by 10 to 30 centimetres. In
the case of a 100,000-year discharge with more
large wood, the flow depths increase to around
40 to 60 centimetres according to the EXAR simulations.

Possible channel and terrain changes
In the case of large discharges, as investigated
for the EXAR project, lateral and vertical erosion
processes represent an additional hazard. During extreme events, these processes can lead to
channel widening, meander cut-offs or connections between two branches of the river. However, because the Aare has a relatively shallow
gradient between Thun and its confluence with

Course of the Aare at the Gösgen nuclear power plant
site (SO), with the headrace canal on the left.

Copyright: AURA photography agency, Lucerne
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Maximum flow depths of floods in the Gösgen
assessment site for a 10,000-year discharge
combined with a blockage of the footbridge at the
nuclear power plant.
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the Rhine, and the course of the river has been
able to adapt to current conditions over many
decades following the major engineering training works, possible changes in the riverbed and
channel are only of local significance here. This
is the conclusion of an analysis of the morphological processes and sediment budget carried
out for EXAR. The bed of the Aare has been narrowed and reinforced over long stretches and
therefore allows only limited dynamics. As the
examinations of the key sites show, the morphology overall has no significant effects on the
discharge hydrograph, which is why the project
team deemed a purely hydraulic calculation of
the scenarios in the overall system to be sufficient.
Nevertheless, in the five assessment sites,
the morphological processes were investigated

more closely with the help of additional 2D bedload simulations and estimates of the channel
changes, given that lateral and vertical erosion
can endanger the stability of buildings and infrastructure in the morphologically active zones.
In the case of Gösgen, an extreme event could
result in cross currents due to increased pressure on the banks, most of which are not built
on, in the area of the partially vegetated islands.
The lack of bank protection in the river bend at
the nuclear power plant site increases the probability of lateral erosion.
By contrast, large-scale shifts in the course of
the Aare or meander cut-offs that would fundamentally alter the flow of the Aare in the assessment site are, according to the experts, rather
unlikely – even in the case of very rare events.
For the analysis of the morphological processes
outside the channel, the effect of a dike breach
in the headrace canal was also examined. This
shows that for a 10,000-year flood discharge
without structural failure, only locally increased
loads occur, which do not exceed the selected
thresholds for shear stress and flow velocities
on the KKW site. If, on the other hand, peak
discharges with a return period of 10,000 years
cause the footbridge at the KKG to become
blocked, the calculated water forces could also
lead to surface erosion at the Gösgen nuclear
power plant site. Consequently, the morphological processes will be examined in planned detailed analyses, which will take greater account
of the local conditions.

Local morphologically active areas outside of the channel
(without failure)
Local morphologically active areas outside of the channel
(with failure)

Morphologically active areas in the channel area
Stream bed
Bank

0

200 400 m

In the Gösgen assessment site including the nuclear
power plant, erosion processes are possible on the
headrace canal and along the Aare given high shear
stresses and flow velocities. The top map shows active
zones outside the two channels in green. Below, expected channel widenings are marked in red.
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Dealing with uncertainties

An attempt to approximate to reality
Estimating infrequent flood discharges for very long time periods in an almost 300-kilometre-long
watercourse like the Aare with its large drainage basin cannot be an exact science. All expert assessments, calculations and simulations of natural processes and technical structural failures are
subject to uncertainties. Wherever possible, the extent of these uncertainties was quantified in the
EXAR project.

The main results of the EXAR project are based
on a long model chain and on simulations, which
always entail various uncertainties. Where possible, the experts determined these or estimated
them by means of expert opinions and indicated
them up to the event tree analysis. For example,
the variation in the hydraulic modelling is mostly
within a range of plus or minus 40 centimetres
of flow depth, and this was taken into account in
the calculation of uncertainties.
When selecting possible scenarios for the analyses of key sites in the Aare drainage basin and
for the hazard assessment, the project team had
to think through and calculate numerous possibilities and combinations of process sequences.
Finally, the relevant scenarios were identified
and realistically evaluated by means of repeated calculations gradually approximating to reality. In addition to the hydraulic calculations, the
assessment of the possible failure of hydraulic
structures and the triggering of potential landslides were included in this evaluation.

Comprehensive documentation
As knowledge continues to develop, certain
elements of the models used here may well be
superseded at some point by future findings.
However, because the simulations of the process sequences in the EXAR project have a modular structure, it will not be necessary to redo
all the calculations every time an adjustment
or update is required. For this reason, the participants have placed great emphasis on comprehensive and detailed documentation of the
scenarios examined. This can be supplemented
with new knowledge if, for example, structural changes take place along the Aare, such as
the demolition, renovation or construction of
hydraulic structures.
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The Old Town of Olten with the northern exit of the
railway s tation (left). EXAR provides an important
basis for planning future hydraulic engineering projects.
Copyright: Beat Jordi, Biel

Multiple benefits of EXAR
The EXAR project provides an important basis

The EXAR results will thus also serve as an im-

for in-depth follow-up studies and safety analy-

portant basis for future hydraulic engineering

ses of critical structures in the assessment sites

projects undertaken by the neighbouring cantons

examined. For example, the Swiss Federal Office

of Bern, Solothurn and Aargau and by the federal

of Energy, as the supervisory authority for dam

government. Other owners or operators of critical

safety, uses the findings as a basis for reviewing

infrastructure who are responsible for the safety

existing safety certificates. Similarly, the Swiss

of their structures and facilities, such as Swiss

Federal Nuclear Safety Inspectorate (ENSI), as an

Federal Railways (SBB) or dam operators, can

independent supervisory authority, also uses the

also make use of the findings by taking protective

EXAR results for safety reviews of nuclear facilities

measures themselves if necessary, either on their

in Switzerland. These include the Mühleberg,

own initiative or at the bidding of the relevant

Gösgen, Beznau I and II nuclear power plants

supervisory authority. With this in mind, the

along the Aare, the PSI site with the federal inter-

research results were discussed over the course

im storage facility for low- and intermediate-level

of the project with a support group made up of

radioactive wastes in Villigen, and the neighbour-

representatives from the cantons concerned,

ing interim storage facility for all categories of

power plant operators, the Federal Roads Office

radioactive wastes in Würenlingen (AG).

(FEDRO), SBB and other stakeholders.

Thanks to the discharge values calculated for

The next stage will be to apply the methodol-

very long periods, the necessary calculations are

ogy developed for the EXAR project to the Rhine

now also available for other assessment sites in

and other large rivers in Switzerland, with the

the Aare drainage basin with a view to investi-

aim of establishing a uniform basis for estimat-

gating flood hazards, whether with or without

ing extreme precipitation and discharge in the

structural failures.

country.
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