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Our site follows the water trail from the Jungfraujoch glacier saddle down 

to the Rhône River, finishing at the Illgraben Debris-Flow Measuring System.





JUNGFRAUJOCH

The Jungfraujoch is a glacier saddle that sits in between the Jungfrau and 

the Monch mountain peaks, at an altitude of 3,463 metres. The flat southern 

side is made up of the Jungfraufirn, one of the branches leading into the 

Great Aletsch Glacier, and has a subcontinental climate with annual mean 

precipitation of 758 mm. The Jungfraujoch railway station and sphinx 

observatory were built on the east side of the saddle and the railway station 

is the highest in Europe. The Jungfrau-Aletsch site provides an outstanding 

example of the geological formation of the High Alps resulting from uplift 

and compression which began 20 to 40 million years ago. The region covers 

an altitude range from 809 m to 4,274 m and displays 400-million-year-old 

crystalline rocks thrust over younger carbonate rocks due to the northward 

drift of the African tectonic plate. 
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MONCHSJOCH HUT

A crevasse feature near the Monchsjoch Hut.
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FIRN

An example of firn layering visible in the wall of a large crevasse on 

Weissmiesgletscher, Switzerland.
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JUNGFRAU-ALETSCH GEOGRAPHICAL FEATURES

A view of the Swiss Alps in the area of the Jungfrau-aletsch. 
  
1  U-shaped glacial valleys
2  hanging valleys
3  truncated spurs
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STILLS FROM VIDEO ‘SECURING THE JUNGFRAU RAILWAY’

(Top) Keusen using a micrometer. (Bottom) A measuring device positioned 

over a crack seen in the concrete reinforcement.
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THE MONCHSJOCH HUT
The Monchsjohc Hut is a refuge for 
climbers before their ascents to 
Jungfrau, Mönch and other peaks of 
the region. The hut is the highest-
altitude serviced hut in Switzerland, 
an impressive example of mountain 
engineering and architecture. 
A tank capable of holding 3000 
litres of water was installed at 
the Monchsjohc Hut that collects 
meltwater for tourism use.

FIRN
Firn is partially compacted granular 
snow that is at the intermediate 
stage between snow and glacial ice. 
Firn is found under the snow that 
accumulates at the head of a glacier. 
It is formed under the pressure of 
overlying snow by the processes 
of compaction, recrystallisation, 
localised melting, and the crushing 
of individual snowflakes. This 
process is thought to take a period 
of about one year. Annual layers of 
firn may often be detected by thin 
films of dust or ash that accumulate 
on the surface during each Summer. 
Further compaction of firn, usually 
at a depth of 45 to 60 m results 
in glacial ice, distinguished by its 
impermeability to air and water. 
The density of firn is generally 
accepted as 0.4 to 0.84 grams per 
cubic cm, and its grain size ranges 
from 0.5 to 5mm. Britannica, The 
Editors of Encyclopaedia. 

“Firn”. Encyclopedia Britannica, 
19 Nov. 2014, www.britannica.com/
science/firn)

JUNGFRAU-ALETSCH GEOGRAPHICAL 
FEATURES 
Arete: The narrow ridge of rock 
between two U-shaped valleys.
Col: The lowest point along 
mountain ridges that constitute 
passes between glacial valleys. 
Also referred to as Saddle, Wind Gap 
or Notch.
Horn: Steep peaks that have been 
glacially and freeze-thaw eroded 
on three or more sides. A horn 
occurs when glaciers erode three or 
more aretes.
Cirque: Bowl-shaped basins that 
form at the head of a glacial valley
Truncated Spur: The ends of aretes 
that have been eroded into steep 
V-shaped cliffs in the corresponding 
main valley.
Hanging Valley: Valleys of tributary 
glaciers that hang above the main 
valley. Hanging valleys are found 
high up on the sides of larger 
U-shaped valleys. 
U-Shaped Valley: Valleys with a 
U shape in cross-section, with steep, 
straight sides and a flat or rounded 
bottom. Formed by glaciation.

SECURING THE JUNGFRAU RAILWAY
Narrator: Permafrost is the invisible 
cement that binds mountain 
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peaks over 2,500 meters together. 
But today permafrost is a victim of 
climate change and mountains are 
beginning to crumble. The Jungfrau-
Eiger Massif in Switzerland, all the 
building structures here are built 
on permafrost, the problem is 
that when permafrost melts the 
subsurface begins to move, as does 
everything built on it.
Hans-Rudolf Keusen is one of 
Switerland’s leading experts when 
it comes to rock falls and mudslides 
and he is responsible for making 
sure that the Jungfrau Railway, 
a major tourist attraction, is secure. 
The cog railway travels high up 
into the Junfraujoch. It stops at 
an altitude of around 3,500 meters. 
On the edge of the north face of the 
Eiger is a small train station, here, 
windows have been blasted into 
the mountain face. These windows 
are Keusen’s first security check 
station as he makes his way to 
the Jungfraujoch. The problem is 
that if the mountain becomes too 
unstable, the Jungfrau Railway will 
be at risk. He regularly climbs out 
of the windows and measures the 
width and depth of the cracks in 
the rock with a geological compass. 
Such cracks have become more and 
more common as the north face 
of the Eiger loses its permanent 
ice covering.
Hans-Rudolf Keusen: “For some time 
now, as a result of climate change, 
the ice fields have disappeared and 

water has been able to permeate the 
rock through these vertical fissures. 
This water can then cause the rock 
to burst from the interior. And it is, 
of course, of the utmost importance 
to perform checks on the Eiger face 
where these window are located.”
Narrator: Keusen also monitors the 
railway’s tunnel system. The support 
pillars in particular must rest on 
securely frozen earth. Every year 
when summer arrives and the 
ice on the rock melts water can 
infiltrate the bedrock, the pillars 
warp and lose structural strength. 
Metal measuring gauges have been 
fixed into the walls. 
The geologist regularly checks 
to see if they have shifted using 
a micrometer. The pillars have 
already been reinforced with thick 
concrete. Not just in Switzerland, 
but everywhere in the countries 
of the Alps railway tunnels and 
cable car pylons are rooted into 
the permafrost. Both in and on 
the mountain the melting away of 
permafrost has repercussions. 
Keusen: “We are basically inside the 
mountain right now. It is subjected 
to pressure from the water masses. 
And the cable car pylons above 
are affected by the slow creeping 
movements caused by the 
permafrost melt, making them a risk 
factor that must be monitored.”
Narrator: Thanks to constant 
checks tourists on the Jungfrau-
Eiger Massif are safe from harm. 

13



Buildings of the future will, however, 
have to be engineered in a different 
manner completely if they are to be 
of long-term use.
‘Securing The Jungfrau Railway 
As The Permafrost Thaws’, 3 mins. 
britannica.com/video/179626/
railway-Jungfrau-permafrost-thaws

JUNGFRAUJOCH SOUNDSCAPE
Philip Samartzis is a sound artist 
and associate professor at the RMIT 
University in Melbourne. He spent 
three weeks recording sounds at 
the Jungfraujoch research station, 
mapping sounds of climate change 
and the site; of moaning winds 
formed by the cold (the Bise) and 
warm (the Fohn) winds mixing at this 
altitude, rocks breaking away from 
the mountain and ice movements at 
the Aletsch Glacier below. He also 
installed hydrophones (underwater 
microphones) to capture glacier 
melt sounds. Accumulating over 
150 hours of recordings he then 
made them into a 45-minute 
sound impression of natural and 
human-made sounds he recorded 
in the region. Sound has become 
a crucial tool to monitor unexpected 
movements in mountains due to 
climate change. A recent rockslide 
at the Matterhorn mountain 
has brought scientists to place 
a network of seismic and acoustic 
sensors to listen carefully to the 
mountains’ internal frequencies. 
Another intervention of this 
kind is the recording of forests. 
Marcus Maeder, who works at the 
University of Applied Sciences 
and Arts, has compiled recordings 
of the Pfynwald Forest in Valais. 
His recordings illustrate the 
quieting of the forest due to the 
drought and heatwave of 2018.
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KONKORDIAPLATZ

Konkordiaplatz, or Concordia Place, is a plateau situated south of the 

Jungfraujoch. It is a location of convergence, where four smaller glaciers – 

the Aletschfirn, the Jungfraufirn, the Ewigschneefäld, and the Grüneggfirn 

– meet to form the Great Aletsch Glacier. The area is completely uninhabited 

apart from the Konkordia Hut which lies above the glacier, on the western 

slope of Gross Wannenhorn.

15



16 17



16 17



FUTURE LAKES

Simulated extent of the Great Aletsch Glacier retreat by year 2100 with two 

climate scenarios. Study conducted by Guillaume Jouvet and Matthias Huss 

of the Laboratory of Hydraulics, Hydrology and Glaciology, 2019, (ETHz)

max. 2°C warming 4-8°C warming
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PROPOSAL FOR A NEW HYDROPOWER PLANT

Proposal for new hydropower plant at Gibidum Dam by 2050 at post-glacial 

reservoir site below Oberaletsch. Water from the Oberaletsch would 

generate electricity at the new plant.

New tunnel

New power plant

Oberaletsch Glacier

•
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KONKORDIA HUT (2850 m ASL)
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VIEWPOINT to observe Konkordia Hut, ogive and medial moraine features
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GLACIAL CREVASSES, OGIVES AND MORAINES
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GLACIAL CREVASSES
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FUTURE LAKES 
In 2020, hydropower energy counted 
for 56.4 % of domestic electricity 
production in Switzerland. Since the 
decision to close the Swiss nuclear 
power stations, which make up 
35.2 % of national energy, the Swiss 
Energy Strategy 2050 targets in its 
Energy Act that hydropower should 
produce at least 37.4 TWh a year 
by 2035. This places pressure on 
advancements in hydropower energy 
production. Glacial melting offers 
new perspectives for hydropower 
in the periglacial environment as 
suitable sites for new reservoirs 
become ice-free due to climate 
change. This potential has 
been studied by the Laboratory 
of Hydraulics, Hydrology and 
Glaciology (ETHz) with the Swiss 
Competence Center for Energy 
Research. Together the teams 
were able to identify 500–600 
depressions currently under 
glaciers, which might be filled with 
water and become new lakes after 
the glacier recedes. This includes 
a new lake at the Aletsch Glacier, 
the largest depression noted at 
Konkordiaplatz with a maximum 
depth of 300 m and a volume of 250 
hm3, which can be compared with 
the volume of Lac d’Emosson, one of 
the largest reservoirs in Switzerland. 
A further potential site has been 
recognised at the Oberaletsch 
Glacier, under its leading edge. 
By 2050, this site is expected to be 

a lake, therefore, engineers have 
proposed building a new power plant 
at the existing Gibidum Dam and 
reservoir and tunnelling under the 
mountain up to the site.

GLACIAL CREVASSES, OGIVES AND 
MORAINES
Due to the different speeds at 
which the glacier moves, tension 
builds within the brittle, upper part 
of the glacial ice. The top of the 
glacier fractures, forming cracks 
called crevasses. 
Ogives are bands that form on 
some glaciers just below icefalls. 
The bands alternate in both height 
and color, and result from seasonal 
patterns. Darker bands form through 
increased melt and refreezing in the 
summer, when sediment collects 
on the glacier surface. Lighter bands 
form in cooler months, when snow 
accumulates and traps tiny air 
bubbles. Because the ice flows 
faster down the center of the glacier, 
the ogives are shaped into arcs that 
point towards the end of the glacier. 
https://nsidc.org 
A moraine is material left behind by 
a moving glacier. This material is 
usually soil and rock. Just as rivers 
carry along all sorts of debris and 
silt that eventually builds up to 
form deltas, glaciers transport all 
sorts of dirt and boulders that build 
up to form moraines. 
www.nationalgeographic.org
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GREAT ALETSCH GLACIER

The Great Aletsch Glacier is the largest glacier in Europe, and the longest 

glacier in the Alps, at 20 kilometres in length. The weight is roughly 

10 billion tonnes. Due to climate change, the glacier is currently retreating 

at an average rate of 50 metres a year and melting significantly at its edges.
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MODES OF GLACIER EROSION

Plucking

Ice flow
Glacier
abrasion

28



FORMATION OF GLACIER MORAINES

     Lateral       Lateral
     Moraine      Moraine

              Moraine
              in transit

     Glacier    Glacier   Superglacial
     flow    flow    Moraine

Terminal             Medial
Moraine             Moraine
                 
              Bed Load  
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A valley floor post glacial plucking

MODES OF GLACIER EROSION

A rock fragmented via Freeze-thaw weathering

Glacial striations formed via abrasion
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Blue veins of rotated crevasse traces     Post glacier moraine

A glacier dirt cone            A glacier table

GLACIER PHENOMENA
31



THE ALETSCH ICE CAVES

(Top) Scalloped surface and (bottom) rock sedimentaion via glacial abrasion
32



THE ALETSCH ICE RIVERS
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ALETSCH GLACIER MOULIN

Exterior and interior views of a Moulin on the Aletsch Glacier.
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MODES OF GLACIER EROSION 
Compression melting refers to 
the glaciers’ force of weight that 
builds pressure, producing heat 
at the bottom of the glacier and 
melting a layer of ice. The glacier 
begins to slowly glide over this 
melted water, transporting with 
it huge amounts of rock, from 
small pebbles to huge boulders 
via “plucking”. The attached rocks 
mimic sandpaper, pushing and 
scraping the valley floor and walls, 
a process called “abrasion” or 

“bedrock sculpting”, leaving behind 
striations in the bedrock surface. 
This movement works to shape the 
valley from a V-shape to a U-shape 
as the force of the ice at its edges 
is significantly lower. 
Freeze-thaw weathering refers to 
meltwater or rain that flows into 
cracks in the bedrock. At night, 
this water freezes and expands thus 
causing the cracks to get larger, 
eventually fragmenting the rock.
Plucking refers to meltwater from 
a glacier that freezes around 
lumps of cracked and broken rock, 
often loosened by freeze-thaw 
weathering. When the glacier moves 
downhill, rock is plucked from the 
back wall. When a large amount 
of plucking has occurred, the rate of 
abrasion increases as more rock is 
embedded in the base of the glacier.

THE ALETSCH ICE CAVES
An ice cave located at Fiesch was 
formed via meltwater streams 
that carved out a tunnel at the 
base of the Aletsch Glacier and by 
the wind that aids to hollow out the 
tunnel. The outcome is scalloped 
and translucent walls that transmit 
a bright blue light.

THE ALETSCH ICE RIVERS
Meltwater runs across the surface 
of the glacier forming ice rivers, 
which normally end by flowing into 
a moulin, which takes the water 
underneath the glacier. The colour 
of the streams can vary depending 
on the ‘glacial sediment’ that is 
picked up via abrasion and plucking.
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ALPINE PILGRIMAGE
In 1674, the Catholic towns of 
Fiesch and Fieschertal began 
a pilgrimage and prayer in 
order to slow the growth of the 
glaciers after the towns endured 
a series of disasters. One such 
disaster happened when pieces 
of the Aletsch Glacier fell into 
Lake Marjelen, which caused 
immediate and devastating flooding 
in the villages below. During the 

‘Little Ice Age’, the Aletsch and 
Fiescher glaciers grew, reaching 
their maximum lengths around the 
year 1850, and since the 1860s, 
have been retreating. Since this 
time, the Aletsch Glacier has 
lost nearly 3 miles in length and 
200 metres in depth. The fear of 
flooding has instead turned into 
a concern of forest fires, drinking 
water and energy production. 
Therefore, in 2009, the local 
parish council asked the Vatican 
to approve a change in the wording 
of the prayer, from pro-glacier 
retreat to anti-glacier retreat. The 
transformed pilgrimage continues 
today each year on July 31st, 
starting from the village of Fiesch. 

MONITORING ROCK DAMAGE
Landslides and rockfall triggered 
by retreating glaciers are expected 
outcomes of climate change and 
pose a threat to alpine villages. 
The twentieth-century retreat of the 

Aletsch Glacier tongue has triggered 
a widespread but slow landslide 
movement. The precise processes 
within shrinking glaciers that result 
in rock damage and rock slope 
faults are difficult to observe as 
they happen under the glacier.
In 2017, the Swiss National Science 
Foundation funded the installation 
of custom-designed Shape Array 
monitoring systems, in order to 
survey this glacial change and its 
effects on the surrounding rock 
formations. The system consists of 
three inclinometer chains installed 
50 metres deep in vertical boreholes. 
These chains measure the horizontal 
strain and temperature within the 
rock slope that is adjacent to the 
glacier. Each chain includes a series 
of sensors that measure tilt relative 
to gravity. This data works to 
analyse the level of stress the rock 
is subjected to due to glacial retreat, 
giving an understanding of the risks 
of rockfall and landslides. 
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George, H. B., THE OBERLAND AND ITS GLACIERS: Explored and Illustrated 

with Ice-Axe and Camera. A.W. Bennett, 1866
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MASSA RIVER & GORGE

The Massa River is predominantly created from the running meltwaters 

of the Great Aletsch Glacier. From the tongue of the glacier, it runs down 

to the Morel Hydropower Plant before collecting in the Stausee Gibidum 

Reservoir. From there, it passes through the Massa Gorge before meeting 

the Rhône River. 

The Massa Gorge was carved by the movements of the Great Aletsch Glacier 

over millennia. It is 6.5 km long and continues to be polished and shaped 

by the meltwater of the Aletsch Glacier. 
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MOREL HYDROPOWER PLANT

(FORMER) BISSE DE RIEDERI (water channels)
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BISSE DE RIEDERI – MASSAWEG TRAIL (RIED-MÖREL TO BLATTEN)

BELALP-RIEDERALP SUSPENSION BRIDGE
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TRADITIONAL WOODEN WATER CHANNEL DESIGNS 
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TRADITIONAL STONE WATER CHANNEL DESIGNS 
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TRADITIONAL WATER HAMMER

Traditional Water Channel Designs. Illustrations from the book: Blotnitzki, 

Leopold. Ueber die Bewässerungs-kanäle in den Walliser-Alpen, Bern, 1871.  

Available at the ETH Library.
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MASSA GORGE
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RARE CRYSTAL AND MINERAL SITE AT THE MASSA GORGE

Calcite, Gypsum

Quartz, Hematite

Iron Rose, Molybdenite

62



MOREL HYDROPOWER PLANT
The water shortage in the alpine 
region of Ried-Mörel, combined 
with the boom in industry after 
the Second World War, led to the 
building of the Morel power plant 
in the 1940s. Situated on the 
Massa River above the Stausee 
Gibidum Reservoir, it is a small 
run-of-river power station with 
a 2.7 km gravity tunnel that leads 
to a hydropower plant in Morel 
called Laufkraftwerk Morel Aletsch. 
The plant has an average energy 
production of around 138 GWh 
per year. 

BISSE DE RIEDERI
The Valais region lies within a ring 
of high alpine mountains and thus is 
partially in a rain shadow, so areas 
of the canton can be defined as 
semi-arid. The traditional response 
was to construct irrigation systems 
to compensate for the periodic 
water deficit during the summer 
months. The Bisse de Riederi is 
an ex-irrigation channel first 
mentioned in documents dating 
from the year 1385. This has been 
further confirmed by a recent 
discovery of an old bisse structure 
preserved under the Aletsch 
Glacier, uncovered due to glacier 
melt. The meltwater at the Massa 
River was partially siphoned off 
and channelled via gravitational 
flow through dug earth channels or 

wooden structures installed around 
rock walls. This water was mainly 
used for cereal and hay production, 
as well as for washing and drinking 
water. The Bisse de Riederi is mostly 
wooden and remained active until 
the 1940s, since which time a hiking 
trail called the Massaweg has been 
created that follows the former 
bisse. From Blatten, it takes you 
across the Massa River, following 
the water trail towards the Rhône 
Valley, finishing at Ried-Morel. 
Traditionally, these channels were 
made with local wood and sealed 
with moss and sediments which form 
naturally with the flow of water. 
Sediment-rich water has recently 
been recognised as aiding a recent 
rewilding effort at other active 
bisse sites. For farmers in the 
past, sediment saturation was 
a problem when it came to watering 
crops and was removed before use 
by collecting the water in a pit, 
thus allowing the sediments to 
settle, before siphoning off the 
top layer for irrigation. At the turn 
of the 20th century, many bisses 
were replaced with galvanized 
metal, masonry and concrete, and 
in some cases PVC. There are many 
bisses in the Rhône Valley that 
are still active today, all of which 
you can find at www.les-bisses-
du-valais.ch. Two that are close to 
our site are Bisses de Stigwasser, 
Wyssa & Oberschta and Bisses de 
Niwarch & Gorperi.
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BELALP-RIEDERALP SUSPENSION 
BRIDGE
Belalp-riederalp suspension bridge 
is 124 meters long and is positioned 
80 meters above the river. 

TRADITIONAL WATER CHANNEL 
DESIGNS
The channels were prone to frequent 
damage from slope movements 
and rockfalls. In some cases, 
to confirm the flow of moving water 
a ‘Water Hammer’ system was 
designed where small water wheels 
were installed that drove hammers 
to hit the wood, creating a sound 
that would convey its working 
ability to the guard in charge. 
The sound of water flow was part of 
the working life of the bisse guards 
and farmers. Most irrigation was 
done at night, meaning the farmers 
had to be very sensitive to the 
sound of water flow as vision was 
limited, in order to not risk flooding.

RARE CRYSTAL AND MINERAL SITE
In 1965, during the construction 
of the hydroelectric power plant, 
a large cleft with huge rock crystals 
was discovered. The largest pieces 
were destroyed due to the use of 
explosives. Those that were saved 
reached lengths of up to one metre. 
The crystals included byssolite, 
halite, calcite and various fluids. 
In the 1990s, a second cleft opened 

revealing huge quartz, calcite and 
chlorite crystals. In the upper part 
of the gorge, veins with copper, 
lead and zinc ores are often found. 
A weak uranium mineralisation 
with finely dispersed pitchblende, 
argentopyrite, herzenbergite 
and uranium secondaries has also 
been reported.
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GIBIDUM DAM & RESERVOIR, HYDROELECTRIC POWER PLANT

Stausee Gibidum is a water reservoir first filled in 1969, after the 

construction of the Gibidum Dam was completed. The dam reaches a height 

of 122 metres and has a crest length of 327 metres. At maximum capacity, 

the reservoir can store 8.8 million cubic metres of water.
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ANNUAL FLUSHING OF STAUSEE GIBIDUM

(Left) Surface waves due to an anti-dunes regime during sedimentation in 

the flushing channel. (Right) High sediment load leading to the channel 

overtopping in 1999. (Below) Stausee Gibidum after the flushing process.
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ELECTRA-MASSA HYDROELECTRIC STORAGE POWER PLANT

Anti-corrosion protection coating on the inside and outside of the penstock
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MAP OVER CHANNEL, TUNNEL AND POWERPLANT CONNECTIONS

•  Dilution supply tunnel

•  Sediment reservoir

•  Flushing channel

•  Restitution channel

•  Sediment collection

•  Rhône River

•  Massa River
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•  Rhône River

  

          Gibidum reservoir

      Arch dam

          Supply gallery
   
         Massa river

          Penstock
    George section

              Power plant

           Restitution channel

         Sediment reservoir

        Flushing channel Rhône River
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ANNUAL FLUSHING OF STAUSEE 
GIBIDUM 
Unlike many other Swiss reservoirs, 
the quantity of glacier meltwater 
at Stausee Gibidum is very high, 
as around 65 % of its catchment 
area is glaciated, meaning the 
water is very rich in sediments. 
The dam acts as a huge sand and 
silt trap; the finer sediments settle 
down near the base of the dam 
while coarse material accumulates 
in the delta, which develops 
during the summer. This problem 
requires a unique solution; that 
the entire reservoir be flushed 
annually, during which energy 
production is paused for 4–7 days.
As a consequence of the flushing 
process, the 700 m long channel 
at the base of the Massa River has 
often suffered a silting process, 
leading to high surface waves due 
to an anti-dunes regime during 
sedimentation (see anti-dunes 
diagram on pg 88). In 1999, this 
resulted in the water overtopping 
the channel walls and flooding the 
local area. In order to improve the 
understanding of sediment input 
and output in the flushing channel, 
physical and numerical modelling 
was performed in 1994 and again 
in 2002 at the Laboratory of 
Hydraulic Constructions of the École 
Polytechnique Fédérale de Lausanne 
(EPFL). One outcome of this 
research was to introduce additional 
clear water via a dilution supply 

tunnel built at the upper limit of 
the channel, with the aim to reduce 
the sediment concentration at the 
outflow (see diagram on pg 76).

ELECTRA-MASSA HYDROELECTRIC 
STORAGE POWER PLANT
The Electra-Massa hydroelectric 
storage power plant is located 
in the town of Bitsch, positioned 
where the Massa River meets the 
Rhône River. When water inflow 
is high, the turbines process 
55 thousand litres of water per 
second, and in such cases, bear a 
sediment load of up to 40 tonnes 
per hour. The station includes three 
Pelton turbines that produce an 
average annual energy production 
of 564 GWh. Due to high levels of 
sedimentation, there is a heightened 
problem of erosion. In October 
2020, the reservoir was drained 
in order to complete renovation 
works, renewing the anti-corrosion 
protection coating on the interior 
and exterior of the penstock – 
the pipe connecting the reservoir to 
the power plant.
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RHÔNE RIVER

The Rhône River is one of the most significant waterways of Europe and 

is the only major river flowing directly to the Mediterranean Sea that is 

predominantly Alpine in character. It carries a high amount of sediment, 

giving it a milky colour. The section of the Rhône River that we are studying, 

from Bitsch to Leuk, has mostly been channelled, diked, narrowed and the 

surrounding plains have been drained.
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RHÔNE RIVER SECTIONS

Brig (left): The water from the Massa River joins the Rhône where the river 

is channeled. 

Brigerbad (right): Note the use of spur dikes along the river edge building an 

island of sediment deposit.
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Baltschieder (left): Note the fish farm situated in the circular pool on 

the bottom right; the use of spur dikes along the river edge; the water 

from the Vispa river merging with the Rhône; the Vispa containing far 

fewer sediments.

Baltschieder (right): Note the channeled banks with small spur dikes.
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Raron (left): Note the collection of sediment deposits.

Raron (right): Note the water collection pools.
78



Leuk (left): Note the hydropower operation at the bridge.

Leuk (right): Note the gravel, sand, and concrete works situated to the side 

of the river. At this point the river is unchanneled, leading to the natural 

widening of the riverbed.

Satellite maps can be found at map.geo.admin.ch.
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SEDIMENT TRANSPORT IN RIVER FLOW 

The diagram shows the most common bedform transitions and surface water 

configurations for lower and upper flow regime sedimentation. 

Chute and Pool

Anti-dunes

Plane Bed (UFR)

Dunes

Ripples

Plane Bed (LFR)
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MUD FLOW AT THE ILLBACH RIVER

YouTube 1:11 mins, 2016

THE DEBRIS-FLOW MEASURING SYSTEM AT THE ILLBACH RIVER

The measuring system positioned at the mouth of the Illbach River and 

the large amount of sediment transported into the Rhône River.
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SEDIMENT TRANSPORT IN RIVER 
FLOW 
Sediment can either be suspended: 
floating in the water column; 
or bedded: settled on the bottom 
of a body of water. Bedload is the 
sediment transported by a river 
in the form of particles too heavy 
to be in suspension, such as sand, 
gravel, or coarser particles that 
roll or bounce along the riverbed. 
If the water flow is strong enough to 
pick up sediment particles, such as 
sand, they will become part of the 
suspended load. The wash load is 
a subset of the suspended load, 
comprised of the finest suspended 
sediment (typically clay and silt, 
less than 0.00195 mm in diameter). 
These particles remain in permanent 
suspension as they are small enough 
to stay afloat. The diagram on 
the right shows the most common 
bedform transitions and surface 
water configurations for lower and 
upper flow regime sedimentation. 
Lower flow regimes are dominated 
by bedforms that differ from the 
surface of the water, and upper 
flow regimes are dominated by 
bedforms that correspond with the 
same line as the surface of the 
water. Diminished water quality 
occurs with unusually high sediment 
transport rates, as is the case at 
our specific site on the Rhône River, 
which has a high concentration 
of glacial silt. Turbidity can 
cause water temperatures to rise 

as sediments absorb more solar 
heat than water. Rising water 
temperatures will cause dissolved 
oxygen levels to drop, as warm 
water cannot hold as much oxygen 
as cold water. Suspended sediment 
can block sunlight from reaching 
submerged plants, decreasing 
photosynthesis rates and lowering 
dissolved oxygen levels further.

DEBRIS-FLOW MEASURING SYSTEM
The Illgraben catchment is one of 
the most active debris-flow sites 
in the Alps, which poses a great 
risk to the more populated areas 
downstream at Leuk. This problem 
has led to the installation of an 
alarm system that can provide an 
early warning of critical debris flow. 
The measuring system installed 
in 2019, developed by the Swiss 
Federal Research Institute WSL 
and the WSL Institute for Snow and 
Avalanche Research SLF, replaced an 
earlier system that was destroyed 
in 2016 by large boulders. The new 
measuring system is currently the 
largest in the world and consists 
of a force plate supported on a 
steel frame, and six load cells. It is 
installed in a concrete check dam so 
that when debris flow comes down 
the channel, it is directed to flow 
over the plate in a uniform manner 
before entering the Rhône River. 
The system is currently able to 
provide an alert signal 5–15 minutes 
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prior to the arrival of debris flow or 
flash floods.

GLOSSARY OF RIVER TERMINOLOGY
Aggradation (Aggrade): 
A progressive buildup or raising of 
the channel bed and floodplain due 
to sediment deposition. The geologic 
process by which streambeds are 
raised in elevation and flood plains 
are formed. Aggradation indicates 
that stream discharge and / or bed-
load characteristics are changing. 
Opposite of degradation.
Alluvial Fans: An alluvial fan is an 
accumulation of sediments shaped 
like a section of a shallow cone, 
with its apex at a point source of 
sediments, such as a narrow canyon 
emerging from an escarpment.
Avulsion: A change in channel 
course that occurs when a stream 
suddenly breaks through its banks.
Backwater: (1) A small, generally 
shallow body of water attached to 
the main channel, with little or no 
current of its own, or (2) A condition 
in subcritical flow where the water 
surface elevation is raised by 
downstream flow impediments.
Backwater Pool: A pool that formed 
as a result of an obstruction like 
a large tree, weir, dam, or boulder.
Bedrock: The solid rock beneath the 
soil and superficial rock. A general 
term for solid rock that lies beneath 
soil, loose sediments, or other 
unconsolidated material.

Bed Slope: The inclination of the 
channel bottom, measured as 
the elevation drop per unit length 
of channel.
Caving: The collapse of a stream 
bank by undercutting due to wearing 
away of the toe or an erodible soil 
layer above the toe.
Channel: An area that contains 
continuously or periodically flowing 
water that is confined by banks and 
a streambed.
Channelisation: The process of 
changing (usually straightening) the 
natural path of a waterway.
Critical Shear Stress: The minimum 
amount of shear stress exerted 
by stream currents required 
to initiate soil particle motion. 
Because gravity also contributes to 
streambank particle movement but 
not on streambeds, critical shear 
stress along streambanks is less 
than for streambeds.
Cut Bank: The outside bank of 
a bend, often eroding opposite 
a point bar.
Drainage Area: The total surface 
area upstream of a point on a stream 
that drains toward that point. 
Not to be confused with watershed. 
The drainage area may include one 
or more watersheds.
Drainage Basin: The total area of 
land from which water drains into 
a specific river.
Dredging: Removing material 
(usually sediments) from wetlands 
or waterways, usually to make them 
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deeper and wider.
Debris Flow: A rapidly moving mass 
of rock fragments, soil, and mud, 
with more than half of the particles 
being larger than sand size.
Debris Torrent: Rapid movement 
of a large quantity of materials 
(wood and sediment) down a stream 
channel during storms or floods. 
This generally occurs in smaller 
streams and results in scouring 
of the streambed.
Deltas: A river delta is a landform 
created by deposition of sediment 
that is carried by a river as the flow 
leaves its mouth and enters slower-
moving or stagnant water.
Embankment: An artificial deposit 
of material that is raised above the 
natural surface of the land and used 
to contain, divert, or store water, 
support roads and railways, or for 
other similar purposes.
Floodplain: Land built of sediment 
that is regularly covered with water 
as a result of the flooding of an 
adjacent river.
Fluvial Deposits: Sediments 
deposited by the flowing water of 
a river.
Incised River: A river that erodes its 
channel by a process of degradation 
to a lower base level than existed 
previously or is consistent with the 
current hydrology.
Levee: An embankment constructed 
to prevent a river from overflowing 
(flooding). A levee bank can also 
occur naturally. River may be 

immediately flanked by a buildup of 
sediment that forms natural levees. 
These provide some defense against 
flooding, but are occaisionally 
breached in areas producing flood-
plain splays—coarse fan-shaped 
deposit of sediment created during 
high flow events.
Mean Annual Discharge: Daily mean 
discharge averaged over a period 
of years. Mean annual discharge 
generally fills a channel to about 
one-third of its bank-full depth.
Meander: The winding of a stream 
channel, usually in an erodible 
alluvial valley. A series of sine-
generated curves characterized by 
curved flow and alternating banks 
and shoals.
Runoff: Water that flows over the 
ground and reaches a stream as 
a result of rainfall or snowmelt.
Sediments: Sediment refers to soil-
based, mineral matter (e.g. clay, 
silt and sand), decomposing organic 
substances and inorganic biogenic 
material, and during a high flow 
event rocks are also considered as 
sediment. Most mineral sediment 
comes from erosion and weathering, 
while organic sediment is typically 
detritus and decomposing material 
such as algae.
Sedimentation Tanks: Wastewater 
tanks in which floating wastes 
are skimmed off and settled solids 
are removed for disposal.
Watershed: An area of land whose 
total surface drainage flows to 
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a single point in a stream.
Weir: A weir or low head dam is 
a barrier across the width of a river 
that alters the flow characteristics 
of water and usually results in a 
change in the height of the river 
level. They are also used to control 
the flow of water for outlets of lakes, 
ponds, and reservoirs.
www.friendsofthereedyriver.org

85





TEAM 

ANNE HOLTROP
Professor. Present every two weeks on Tuesday and Wednesday for physical 
or online reviews and lectures.

STEPHAN LANDO
Main assistant in Design Studio. Present every week on Tuesday and 
Wednesday for reviews and lectures. 

YUIKO SHIGETA
Second assistant in Design Studio and responsible for the workshop and 
model making activities. Present every week on Tuesday and Wednesday for 
reviews and lectures. 

CECILIA MARZULLO 
Main assistant for Master Thesis. Present every Thursday, and for mid term 
and final reviews in Design Studio.

GRACE PRINCE 
Material Gesture Research Assistant.



• 

© CNES, Spot Image, swisstopo, NPOC

www.geo.admin.ch is a portal provided by the Federal Authorities of the Swiss Confederation to gain insight on publicly accessible geographical information, data and services
Limitation of liability. Although every care has been taken by the Federal Authorities to ensure the accuracy of the information published, no warranty can be given in respect of the accuracy, reliability, up-to-dateness or completeness of this information. Copyright, Swiss federal authorities.
http://www.disclaimer.admin.ch/terms_and_conditions.html

6km420
Scale 1: 300'000

Printed on 19.05.2021 10:00 MESZ
https://s.geo.admin.ch/90aefe96c4

• 

research assistant:
Grace Prince

student assistants:
Schweizer Jan
Philip Stöckler

graphic design:
Tomáš Celizna i.c.w. Kajsa Camilla Kövecses

studio location:   HIR C 11

office location:  HIL H 48

assistants:
Stephan Lando
Yuiko Shigeta
Cecilia Marzullo

lando@arch.ethz.ch
shigeta@arch.ethz.ch

marzullo@arch.ethz.ch

+39 347 648 45 16
+41 76 536 74 80
+41 76 680 14 39





Studio Anne Holtrop

ETH Zürich

Department of Architecture  HIL H 48

Stefano Franscini Platz 5

8093 Zürich Hönggerberg

Switzerland

+41 44 633 90 82

holtrop-all@arch.ethz.ch

holtrop.arch.ethz.ch

    Debris Flow 
Measuring

•  Station


	TG cover front
	2021 09 02 HS21 CHANGE Travel Guide SCREEN
	blank a4
	TG cover back

