EXCURSION GUIDE

FLOODS, AVALANCHES
AND LANDSLIDES –
RISK MANAGEMENT
Date May 13th

INTRODUCTION

SCHEDULE

The excursion will take you through one of the most
popular tourist attraction in Norway, Sørfjorden. This
is a fantastic fjord landscape, in a fantastic season –
blooming fruit trees, steep mountainsides with
glaciers on top.

07:30

Meet at Radisson Blue Royal Hotel

07:45-09:45

Bus: Bergen – Granvin

10:00-12:00

Boat: Granvin – Tyssedal

12:00-13:00

Lunch: Tyssedal hotel

13:00-16:00

GROUP 1 & GROUP 2

GROUP 1
13:00-13:15
13:15-15:05
15:05-15:15
15:15-16:00
16:10-20:15

Bus: Tyssedal – Sandvinvatnet
Guided walk along the Opo river
Bus: Odda – Tyssedal
Film Hydropower + guiding
Boat to Bergen

GROUP 2
13:00-13:45
13:45-14:00
14:00-15:50
16:00-20:15

Film Hydropower + guiding
Bus Tyssedal – Sandvinvatnet
Guided walk along the Opo river
Boat: Odda – Tyssedal – Bergen

Along the Sørfjorden, there are five locations. All with
different stories with avalanches, floods and
landslides. The evidence from many events are more
or less visible, as well as the risk mitigations. We will
look at three of them from the boat, before we end up
for lunch in the village of Tyssedal.
The excursion will be divided into two groups in
Tyssedal. Taking turns on a guided walk along the
Opo river in the village of Odda, and watching a film
about the hydropower development at the Tyssedal
museum.
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Location 1: Voss
The water level in the Lake Vangsvatnet has always
been challenging for those living by the lake. The
water level has been monitored in Vangsvatnet since
1892, and the outlet of the lake has been lowered
twice. Huge flood events has caused large damage in
the settlement along the river Vosso and Lake
Vangsvatnet (figure 1 & figure 2). After the major
floods in 2014 and 2015, there has been a local crave
for increased safety against flood damage.

FORMER FLOODS

Figure 2. Floods at Voss. December 2015 (NVE).

Tabell 1. Known floods in Lake Vangsvatnet

FLOOD INUNDATION MAP

(Roald, 2013).
Year

WL
(m a.s.l.)

1604

55,47

Water
flow
(m3/s)
900

Comment

Flood mark on the
church Vangskyrkja
1719 54,21
700
Approximately like
1743
1743 54,21
700
Water to the church
choir
1745 53,90
650
The water level reach
the church
1790 54,21
700
Approximately like
1743
1864 51,63
400
Minor damage
1865-66: Outlet of lake Vangsvatnet was widened and
deepened
1873 51,63
600
Minor damage
1884 52,29
703
26 inches higher than
1873
1888 51,63
615
5 inches 3lmeni than
1918, approximately
same height as in
1873
1918 51,50
598
1990-91: Outlet of lake Vangsvatnet was widened and
deepened
2014 51,30
813
Larges ever monitored
in Vangsvatnet!

Figure 3. Observed water levels in December 2015,
and preliminary estimation of the year 2100 (NVE).

FLOOD PROTECTION
A pre-project is running concerning flood tunnels to
lower the floods in the lake. Several tunnel options
have been considered (figure 4).

Figure 4. Tunnel options (NVE).
Figure 1. Floods at Voss. October 1918
(Norwegian Water Resources and Energy
Directorate, NVE).
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Location 2: Granvin
An urban analysis of Granvin conducted in 2005,
showed a need to secure existing housing against
flood. Permanent mitigation measures were planned
by NVE, with construction start up in January 2015.

areas against flood. Today there are new housing and
better use of the area downtown Granvin.

In October 2014, the west of Norway was hit by heavy
rain over a period of three days. The extreme weather
resulted in a flooding event in the river Granvinselva,
and extensive erosion of the river base and sides.
Emergency measures had to be initiated and built.
The entrepreneur could then use the already existing
plan for mitigation measures, which was a timesaver
for the construction-work. Some customization
needed to be done.

TECHNICAL INFORMATION
• Length of mitigation measure: 2km
• Time of construction: November 2014 – March 2018
• Total costs: ~22 mill. NOK
• The municipality’s cost: ~1 mill. NOK
• The watercourse is permanently protected against
power plant development.
• Safety measures (figure 5 & figure 6): Flood
embankment, rip-rap and dry stonewall, scour
protection, footpaths along the river, mass pool in the
tributary river Hyrpo.

Figure 6. Safety measures Granvinselva (NVE).
There are also measures taken to safeguard the
habitat of anadromous fish. Along the river is a group
of protected pollarded trees. It was essential to take
care of and avoid destroying the trees. Unfortunately,
some of them were lost during construction work.
The measures include a strech of the river alongside
the school. As a part of the security measure, NVE
facilitate use of a flood land during dry season (figure
7). A side stream goes through the schools outdoor
area, where it is continously flowing water. This is a
nice place for the kids to play, learn and for teachers
to take the tuition outside.

Figure 5. Mass pool with sills (NVE).
Erosion and mass transportation is mainly from the
tributary river Hyrpo. The mass pool, with length
75m, was built with scour protection in the river side,
and in the upper and lower base. In the middle of the
pool, there was added sills to avoid erosion.
The municipality had a wish to expand and develop
downtown of Granvin. NVE entered into a
collaboration with a landscape architect. The area
along the river now consist of a mixture of recreation
areas and mitigation measures. As a result of the
measures, the municipality gained access to safe
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Figure 7. School uses flood land during dry
season (NVE).
NVE has made a drone film from the finished
constructions in Granvinselva and Hyrpo:
https://www.youtube.com/watch?v=Keg-BsrAi94
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Location 3: Aga
Due to the high avalanche activity in Aga, a 10m high
and 200m long, catching dam was planned in 1996/97, and was later built (figure 8).

The snow avalanche release areas are up to
300.000m2. The dam will stop most of the dense
snow, but the powder part will travel past (figure 9). A
northern arm of the avalanche will come down just
south of the Aga farm. The 1000 year return
period/hazard zone will be close to the old
farmhouses (partly museum) (figure 9).
a

Figure 8. Aga and close-up of the location of
the catching dam (Norwegian Geotechnical
Institute, NGI).

AVALANCHE HISTORY
1742, 1745, 1900, 1940, 1992, 2011: Large debris
flows, causing damage to houses and farmland,
reaching the sea.
During a storm in 2011, another debris flow hit the
dam. Because of an unfortunate construction of the
dam, some part of the flow came down south of the
dam, approaching the farm on the southwest side of
the catching dam.

b

1820 and 1940: Smaller debris flows.
1743, 1960’s, 1995: Large snow avalanches, both wet
and dry. Some of them reaching the sea.
The snow cloud developed by one of the avalanches
in 1995 threw a corrugated iron plate from the roof of
the barn from the uppermost farm and was never
recovered.
Several wet avalanches occurred 22.-26. April 1995
due to a lot of snow and warm weather with snowmelt
caused by day temperatures up to +20oC. The
avalanches stopped close to houses and four farms
where evacuated.

Figure 9. a) RAMMS-calculations for snow
avalanche velocity (NGI). b) Hazard zones
related to the Norwegian Planning and Building
Codes (NGI).

The history mentions an even bigger avalanche some
hundred years ago with longer run-out.
1743 and 1928: Slushflows reaching the sea and
damaging farmhouses.
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Location 4: Bleie
The written history of the Bleie farms dates back to
1293 a.d.

AVALANCHES WINTER OF 1994
A very large snow avalanche was released in the
morning of January 27th 1994, 1300 m a.s.l and struck
the farms at Bleie (figure 10 & figure 11). The
avalanche destroyed three dwelling houses, one barn
and three other farm buildings. Several persons were
in the buildings, but none was severely injured.

Figure 11. Close-up of outline of the outlet area
(NGI).
January 1994 had high winds and abundant snowfall.
From 21.-27.january, four major low-pressure
systems passed Western Norway with heavy snowfall
and strong westerly wind, 15-25 m/s. The total
precipitation the last week was 344mm, measured at
Kvåle station, 348 m a.s.l. This corresponds to about
3.5m of new snow.
The delay of the release was caused by gentle
inclination in release area, 30-35⁰, together with rain
on snow prior the heavy snowfall. The release volume
was approximately 1 million m3 plus 0.5 million m3
entrained snow along the avalanche path. The
avalanche had a run-out distance of 3.6km (figure 12)!
The estimated avalanche return period was 800-1000
year, based on climatic and topographic analyses as
well as historic records.

Figure 12. The avalanche path was 3.6 km long,
measured along the terrain (NGI).
Figure 10. Parts of the damaged houses were
pushed off the concrete foundation. A lot of
forest debris came down with the avalanche
(NGI).
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RETAINING DAM
There are built a concrete retaining dam for
protection (figure 13). Placed 750m upslope of the
farms, to increase the safety. The wall is 10m high
and 110m long. The municipality of Ullensvang
engaged Instanes AS, Consulting Civil Engineers, for
the design and planning of the new effective dam
design.

The concrete structure is five-and-a-half halfcylindrical shells, bound together in a monolithic
structure, with ribs and anchored to the bedrock by
22 rock anchors (figure 14). At the base ribs, that
increases the stability considerably; increase the
width of the structure. The estimated cost savings
was altogether 40% to a conventional concrete wall.

Figure 13. Concrete dam for protection (NGI).

Figure 14. The concrete structure is five-and-ahalf-cylindrical shells (NGI).
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Location 5: Måge
COLLUVIAL FAN
Måge is a lateral colluvial fan situated between
Sørfjorden and Nordfonna, a part of the Folgefonna
glacier (figure 15).
Fans in drainage areas containing glaciers, are
sensitive climate and sea-level archives.
The fan is build up through large flood events in the
past. A master thesis has found (Hans G. Grue – Inst.
Geo-science Univ. in Bergen, 2014) that there have
been multiple periods of deposition in the stratigraphy,
and relative age is calculated based on sedimentary
properties.
Four of these events correlate to known glacier
advances where the glacier assumable occupied
parts of the Måge gully through early Holocene:
Jondal Event 1, Jondal Event 2, Erdalen Event 1 and
Erdalen Event 2.
These finds give an indication of the rates of retreat of
the Hardangerfjord glacier of between 61 and 233
meter/year through early Holocene, indicating that
Odda was ice-free at 9555, 9670, 10108, 10362 or
11181 years BP.
Radiocarbon dating estimated the age of the
youngest parts of the Måge fan between 2859 and
2616 cal yr. BP.

Figure 15. Colluvial fan at Måge (NVE).

The fan is mainly deposited from a series of debris
flood- and debris flow events suggested to be
correlated to raising and lowering of the Nordfonna
glacier equilibrium line through Holocene. The glacier
advance Erdalen Event 2 is not previously
documented at the western side of Nordfonna,
indicating a difference in climate sensitivity between
the western and eastern part of the glacier.
The steep and narrow gully above the Måge fan is
now full of debris, and a heavy rainfall/ snowmelt
event or a glacier outburst of water into the gully can
demobilize the sediments, and put the settlement at
risk.
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Location 6: Tyssedal
Tyssedal is a small settlement situated 5km from
Odda (figure 16).

Figure 16. Odda, by the Sørfjorden (NGI).
Both settlement and the industry are prone areas to
rockfall because of steep terrain (figure 17 & figure
18). The Building and Planning Act demands physical
mitigations within the zones. Cost/benefit evaluations
decide what actions to take.

Figure 18. Hazard zones for the settlement in
Tyssedal from 2012. (NGI).
Odda Energi and Statnett are planning to increase the
electric power capacity to Odda. The local industry will
also benefit from this activity: The Swedish mining
and smelting company, Boliden, in Odda, producing
zink and aluminium fluoride. The smelter company,
Tizir, in Tyssedal, has 9 lmenite and raw iron smelters.
A new transformer station is planned at Åsen and an
upgrade of the power lines. The danger of rockfall
needs to be considered (figure 19).

Figure 17. The zink-factory is prone to rock-falls
from Tveitanuten (NGI).

Figure 19. RAMMS rockfall calculation above
power station (museum) (NGI).
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In 1975 and 2012, there were rockfall incidents where
rock fragments were thrown into the settlement (figure
20). High rockfall velocities together with crushing on
rock outcrops causes the effect with long jump
lengths.

Hazard zones, rockfall run-out calculations and
historic events caused a 70m3 large loose rock face
to be secured with wire ropes and bolts (figure 22).
The housing area below was struck by rockfall in 2012
(figure 23).

Figure 22. Unstable block secured with ropes
and bolts (NVE).

Figure 20. Rockfall incidents where rock
fragments was thrown into the settlement in
Tyssedal South (NGI).

Figure 23. Hazard map. Housing area was
struck by rockfall in 2012 (NGI).
Figure 21. Hazard zones Tyssedal South (NGI).
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Lunch: Tyssedal
THE NORWEGIAN MUSEUM OF HYDRO
POWER AND INDUSTRY
Tyssedal hydropower plant was built around 1900, in
the early phase of the hydropower development in
Norway (figure 24, figure 25, figure 26 and figure 27)
The power plant station Tysso 1, produced energy
from 1908 to 1989. The station was designed by
architects of late historical style. Today the old castlelike building is the main attraction at the
powermuseum, beautifully situated by the Sørfjord.

For more information visit http://www.nvim.no/bannerartikler/the-powermuseum-article886-555.html.

Figure 25. The hydropower station Tysso 1, at
Tyssedal museum by Sørfjorden. Photo: Anne
Gravdal, Kraftmuseumet.

Figure 26. Film: The industrial adventure. (Anne
Gravdal, Kraftmuseet).

Figure 24. Tysso 1 down by the Sørfjorden, with
the pipesystem and the construction at
Lilletopp, 410 m a.s.l. (Dag Endre Opedal,
Kraftmuseet).

Figure 27. Tysso 1 power station in 1908
(Kraftmuseumet arkiv).
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Location 7: Odda
AREAL PLANNING
Many dangers threatens Odda city centre. From steep
mountain sides comes rockfall and avalanches. The
river in the valley floor has many times shown its
power. With climate change, the floods and forces will
be greater. Marine deposits in Odda and quick clay
may cause major slides. In addition, the sea rises so
that previously flood-proof areas by the shore line can
be flooded in the future (figure 28 & figure 29).
As figure 30 shows, it is not easy for Odda to find
areas that are obviously safe from flooding, erosion,
landslides and quick clay. The river is so far secured,
but it requires land. Hazards identification and
physical security measures is costly, but necessary
for the local community Odda to face the future safely.

Figure 28. 200-years storm surge today (NVE).

In Norway, the municipality is responsible for spatial
planning within its boundaries. Also to ensure that
new buildings are only planned and built with
sufficient security for life, health, and economic
values. Technical regulation (TEK17) governs what is
sufficiently secure. TEK17 contains criteria for what is
acceptable risk. For example, the probability that a
detached house is exposed to damage due to
landslides should not exceed 1/1000.
Municipalities themselves usually carry out an overall
strategic areal plan (municipal plan). In this phase, it
is important to manage new development to naturally
safe areas, as far as possible.

Figure 29. 200-years storm surge in 2090 (NVE).

Areal planning at the detailed level (zoning plan) is
usually carried out by private builders, and the
municipality is the approval authority.
In both planning phases, the county governor and
NVE (the state) assists the municipality in the
planning work, to assure that development is not
planned in violation of TEK17's security requirements.
The county governor and the NVE also have the
authority to prevent plans from being adopted, if they
do not take sufficient consideration of natural hazards.
Figure 30. Hazard mapping, Odda (NVE).
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FLOOD MITIGATION
In October 2014, the west of Norway was hit by heavy
rain over a period of three days. In Odda, the flow
meter by the lake Sandvinvatn measured a new
record for water flow – 778m³/s.
The extreme weather resulted in a flooding event in
the river Opo, which lead to erosion of the river base
and sides (figure 31). Multiple houses in Odda were
undercut and the surrounding area destroyed.
Extent of damage:
• Several houses and commercial buildings got great
damage.

NVE has re-established and secured the riverbanks
in large parts of the river from lake Sandvin down to
the fiord.
The river has been given more room and the banks
are secured with rip-rap and dry stone wall. This had
to be done without disturbing existing infrastructure
and settlement. Scour protection and footpaths
replaced settlement destroyed by the flood.
After cooperation with landscape architects, the area
along the river now consist of a mixture of recreation
areas and mitigation measures. There are also
measures taken to safeguard the habitat of
anadromous fish.

• Considerable damage on roads and bridges

There has been industry in Odda, which polluted the
ground. This was exposed during the flood, and the
mitigation work had to take this into account.

• Damage to the water and sewerage networks

TECHNICAL INFORMATION

• Extensive damage from erosion along the river

• Length of mitigation measure: 2km

Soon after the flood were the erosion damage
secured as emergency measures. Necessary
measures and critical points along the river was rated
and considered at site. Simultaneously, permanent
mitigation measures were planned.

• Time of constrution: November 2014 – June 2018

• 5 residential buildings taken by the river

• Total costs: ~90 mill. NOK
• The municipality’s cost: ~3,5 mill. NOK of the total
cost.
• The watercourse is permanently protected against
power plant development.
• Rock used for rip-rap from Aga and Bestrandsfjord.
• Rock used for dry stone wall
Skånevikstrand and Hardanger Slate.

from Aga,

• Large rocks in the stream course is kept maintaining
stability in the river bed as well as variation in flow
pattern.
• The mitigation measure is dimensioned for a water
flow of 1040m3/s, which equal a return period of 500
years.

NVE has made a drone movie from the finished
constructions in Opo, Odda:
https://www.youtube.com/watch?v=3-CAKYPp410
There are also made an interview with Knut
Granheim, the leader of evacuating during the flood in
Opo, 2014:
https://www.youtube.com/watch?v=fBt2zu4AI8Y

Figure 31. Damage during the flood in 2014
(NVE).
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AVALANCES
Avalanche accidents January 17, 1993. Several large
snow avalanches struck houses and buildings around
Odda centre (figure 32 and figure 33). Heavy
precipitation, strong wind and an unstable snow
cower led to the avalanche situation.
Approximately 75 buildings are exposed to avalanche
threats. Previously the Odda-area had avalanche
winters in 1903, 1928, 1949, 1976, and in 1990. On
the average every 20 year.
One family saw the avalanche in 1993 come towards
their house. The power was gone, and they went
down to the cellar. The whole house moved a little
when the avalanche struck. After, the whole house
was covered with snow. The family crawled out
through the cellar window and were safe. This house
was built in concrete and could withstand the forces.

Figure 33. The huge avalanche Breiskreda
destroyed a lumber factory (NGI).
Physical mitigations were put up several places and
the total cost was 4 mill. Euros (Today that equals 16
mill Euros) (figure 34 and figure 35).

Figure 34. Physical mitigations were put up after
the accidents (NGI).

Figure 32. The avalanches in 1993 struck several
houses and buildings in Odda (NGI).

Figure 35. Large deflecting and catching dam
with cones where built to secure the area. Today
this area is covered with dense forest and the
mitigations is not easy to see (NGI).
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