EXCURSION GUIDE

END EXCURSION
INTERPRAEVENT 2020
Date: May 14-16th

INTRODUCTION

SCHEDULE

This excursion will take you through the Western
part of the country. You will meet the best of the
fjords, mountains, rivers and glaciers.

14 TH OF MAY
15:00-20:00

On the first day of the excursion, we will drive from
Bergen to Loen. We will stay at the Loenfjord hotel,
beautifully situated by the fjord in Loen, both nights.
On the second day we will go to the village Stranda,
where a helicopter will take us to Åkneset. Åkneset
is an unstable rock slope where rockslide tsunamis
can wipe out Stranda.
On our way back to Bergen, we will stop in Utvik and
Jølster. Both places were exposed to sudden and
heavy rainfall in respectively 2017 and 2019, which
caused damage to settlements and infrastructure.
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15 TH OF MAY
08:00-09:00
09:00-10:00
10:00-16:00
Åkneset
16:00-17:30
16 TH OF MAY
09:00-09:30
09:30-10:30
10:30-11:30
11:30-12:00
12:15-13:15
13:15-15:00
15:00-19:00

Bus: Bergen - Loen

Bus: Loen - Hellesylt
Boat: Hellesylt - Stranda
Lecture Stranda/helicopter
Bus: Stranda - Loen

Bus: Loen - Utvik
Lecture Utvik
Bus: Utvik - Ålhus
Lecture Ålhus
Lunch Jølstramuseet
Lecture/walk Jølster
Bus: Jølster - Bergen
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Location 1: Stranda/Åkneset
In Stranda we will visit the rockslide monitoring
center and have a field excursion by helicopter and
by walking to see one of the nearby high risk
rockslides – Åknes – and the 24/7 monitoring. At the
monitoring center we will look at various types of
monitoring equipment, and present and discuss the
monitoring of Åknes and the Norwegian Water
Resources and Energy Directorate (NVE) work with
management of rockslide hazards.

and the current rate of movement. A risk
classification is undertaken, which takes into
account the likelihood of failure together with the
number of people who may be affected by the
primary impact and secondary hazards such as
tsunami or flooding. After the risk classification, NVE
takes over the responsibility for following the
classified slopes with medium or high risk of
developing large rockslides.

Åknes is the rockslide in Norway with the highest risk
and consequences. Åknes has a volume of up to 54
mill. m3 and may cause a devastating tsunami in the
villages close to sea level in Storfjorden with a
maximum run-up in Hellesylt of 85 meters.
Movement is currently around 6-8cm/yr in the
western flank and 2-3cm/yr in a larger area. Fracture
openings were known since the 1960s and were
initially instrumented in 1993. A detailed
investigations and monitoring program was initiated
from 2004. The rock instability is now the most
studied and monitored rock slope in Norway (figure
1).

Seven large rock instabilities are currently classified
as high-risk objects; three in Northern Norway and
four at the west coast (figure 2). The high-risk
objects
are
monitored
24/7
by
various
instrumentation. The main objective is to measure
movement at the surface and in some cases at
depth in boreholes. Meteorological conditions and in
some cases ground water pressure is recorded as a
measure of driving forces. The aim is to identify
movement and acceleration that precursor a failure,
in order to issue a warning and evacuating
endangered population (figure 3).
The

Norwegian

building

codes

allows

for

construction and development in the tsunami hazard
zones, on the condition that the monitoring systems
allows for safe evacuation of inhabitants prior to
failure, with a warning time no less than 72 hours.
As the hazard zones in Storfjorden are extensive,
this exception is crucial for the development of the
society.

Continuous

real-time

data

from

the

mountain is required as well as redundancy in
instrumentation types and communication to the
Figure 1. The upper part of Åknes (NVE).

Monitoring Center. Data is processed, transmitted
by radio link and transferred databases and the

MANAGEMENT OF ROCKSLIDE HAZARD
IN NORWAY
Large rockslides originating from unstable slopes
are infrequent events in Norway with approximately
three events per century. However, they have
historically been one of the most fatal natural
hazards in Norway, mainly when they have failed
into fjords or lakes and caused tsunamis that have
devastated communities close to the shore line.
During the last 100 years, more than 170 people
have lost their lives to large rockslides and tsunami
waves in Western Norway.

Internet, with tailor-made platforms for data access.
Geologists at NVE study the data daily and
determine the hazard level (figure 3), based on an
overall assessment of the movements recorded. In
case of elevated hazard level a warning is issued,
which forms the basis of evacuation of endangered
population. The police is responsible for evacuating
people,

and

for

the

case

of

Åknes

(and

Hegguraksla), with large hazard zones, a company
owed by several municipalities is responsible for
communication and warning of the population.

The Geological Survey (NGU) in Norway is
responsible for mapping large rock instabilities in
Norway. The slopes are assessed from geological
structures, development, earlier events in the area

14th Congress INTERPRAEVENT 2020

3 / 12

(https://www.aknes.no/).

Three failure scenarios are drawn for Åknes (Figure
4), based on current movement and signs of
deformation:
Total: Volume 54 mill. m3, annual
probability: 1/1000-1/5000
B) Middle: Volume 18 mill. m3, annual
probability: 1/100-1/1000
C) Flank: Volume 10 mill. m3, annual
probability: larger than 1/100
A)

The movement is largest in scenario C (flank) with
5-8cm/yr, direction SSV. Scenario B (middle) moves
2-3cm/yr towards SE. No current movement is seen
the lower parts of the total scenario, but the
morphology and large fractures at depth indicates
earlier movement.
Figure 2. Monitored high-risk rockslides in
Norway (NVE).

Figure 3. Hazard level set from movement and
acceleration (NVE).

INSTRUMENTATION AND MONITORING
AT ÅKNES
Different types of instruments are used for
monitoring Åknes. Surface movement is measured
by differential GPS (figure 5), lasers towards
reflectors, extensometers and a robotic total-station
towards a number of prisms. Selected
instrumentation is shown in figure 4. Movement is
measured in seven different boreholes by 2D
inclinometers that measure deformation every
meter. Additionally, ground water level and in some
cases water pressure in individual fractures is
measured (figure 4 right). A seismometer, surface
geophones and a seismic array in a borehole
measure seismic activity at the site. A
meteorological station is located at the top.

ÅKNES GEOLOGICAL SETTING AND
SCENARIOS
Åknes is located in the Western Gneiss Region,
which was reworked during the Calodonian
Orogeny. The back scarp is located about 800-900
m a.s.l. and forms a graben structure to the west
which turns into a tension crack further east. The
western boundary is a steep NNW-SSE trending
strike-slip fault and the eastern boundary is a preexisting fault dipping 35°-45° to the west. The lower
limit is defined by a daylighting sliding surface along
a biotite rich layer of the bedrock with a network of
gouge-filled fractures (Ganerød et al, 2008). The
lower limit is also related to a spring horizon. The
general dip of the foliation is 30-35° south, and the
sliding plane is generally located along biotite rich
zones along the foliation.
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Figure 4. Left: Scenarios and selected
instrumentation. The red and black arrows indicate
velocity and direction of movement. Right:
Displacement measured in the uppermost borehole.
Two sliding planes (32 and 68 m depth) and water
pressure at different depths is shown (NVE).
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Figure 5. Movement the last seven years at one of the GPS’s in scenario C – flank (NVE).

DRAINAGE OF ÅKNES?
A feasibility study to investigate if Åknes can be
stabilized by drainage of groundwater was started in
2017. Drainage is implemented with success in
several other locations including Dutchman’s Ridge
and Downie Slide in Canada and Mt. de la Saxe in
Italy. An extensive data acquisition program was
undertaken to acquire information about the glide
plane, groundwater and movement of the unstable
mass. The acquisition program includes four
boreholes with multi-packer instrumentation. The
purpose of multi-packer instrumentation is to
simulate undisturbed rock in order to monitor the
natural state of groundwater. Groundwater levels
are correlated to climate data, to identify if
groundwater at specific glide planes is effected by
heavy rain events or seasonal changes, as well as
to movement along the glide planes. All data is
integrated in a 3D geological model using Petrel
software (figure 6 and figure 7). Sliding planes and
aquifers are interpreted from borehole and
geophysical data. The interpretation forms a basis
for a hydrogeological model and a numerical stability
analysis. The results will also include estimated
scale of drainage in order to stabilize the slope and
initial analysis of technical solutions to achieve the
objective.

Figure 6. Interpolated thickness of low resistivity
– saturated and fractured zones at Åknes,
modelled in Petrel (NVE).

THE MONTORING CENTER IN STRANDA
The centre in Stranda is one of NVE’s two
monitoring centres for rockslides in Norway, where
the other one is located in Kåfjord, Northern Norway.
The centre in Stranda houses a diverse group of
technical experts, a large workshop and is the
logistical centre of all field activities taking place in
the four high-risk objects in Southern and Western
Norway. Stranda is situated close to Åkneset (figure
8).
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Figure 7. Reprocessed 2D resistivity profile with
identification of saturated zones (NVE).
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Figure 8. Main tension fracture at Åknes. Right: Televiewer image inside a borehole, showing the main
sliding zone as a 40 cm thick layer of crushed rock and clay at 63 meters depth (NVE).

Hotel Loenfjord
“Hotel Loenfjord is beautifully situated
by the Loen river in Loen - Stryn Nordfjord, and is your first choice
when seeking high quality in inner
Nordfjord”
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Location 3: Utvik
On the 27th of July 2017, there was a major flood
event in the village of Utvik. The flood occurred after
a long period of hot and dry weather. The total
amount of rain in 4-5 hours was 150mm. Huge
amount of water in the Storelva river and the
Brulandselva river caused great material damage
(figure 9 and figure 10).

Mitigation measures in the Storelva River, figure 12:






Designed for a 200 year flood + 40%
climate change
Riprap; built to prevent erosion.
Mass pool
Measures that reduce the speed of the
water
Measures taken to safeguard the habitat of
anadromous fish.

Figure 9. The Bruland river after the flood
(NVE).
The river changed its paths, several houses were
damaged and three bridges were destroyed. Large
quantities of sediments were transported by the
rivers during the flood (figure 11).

Figure 11. The Storelva river after the event
(NVE).

Figure 12. The Storelva river today, after
mitigation measures (NVE).
Figure 10. The main road after the flood (NVE).
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Location 3: Jølster
RAINFALL EVENT AUGUST 2019
The summer of 2019 was warm and dry in the
western part of Norway. In the last part of July, this
area was hit by a heat wave, as shown in figure
13.

Figure 13. The yellow arrow shows high
temperatures in western part of Norway the 28th
of July (Severe Weather Europe) (NVE).
Then sudden and heavy rain set off landslides and
flooding in Jølster the 30th of July (figure 14).
Estimated rainfall in Jølster this day, was 83mm in
nine hours. 30mm in just one hour (Agersten et. al,
met.no).The estimates are regarded as minimum
estimates with unofficial measurements reported in
access of 200mm in three hours.

Vassenden, on the southwestern end of the lake was
hit hardest. Many events that appeared to be a
comparatively small failure on the upper slope,
possibly consisting of a failure at the intact rock,
which has then entrained slope material to become
a debris avalanche, like in figure 15. In this guide we
will have a closer look at the Årset river.

Figure 15. Small failures caused a debris
avalanche in Slåtten, Jølster (NVE).
CLIMATE CHANGE

For Sogn and Fjordane, an increase in annual
rainfall of 15 per cent is expected compared with the
period 1971-2000, with the largest increase in
summer and autumn. Rainfall episodes are
expected to increase significantly more, both in
intensity and frequency, and is the most intense and
short-term rains that will increase most (Klimaprofil
Sogn og Fjordane).

Figure 14. Meteogram Vassenden 30.07.19
(halo.met.no).
Landslides along the E39 highway blocked traffic
along a 32km section of the road. Around 150
residents were evacuated due to flooding and
landslides. At least 1500 consumers in the village
Førde lost power due to the storm. One person died
when his car was swept into the Jølstra lake by a
landslide.
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PROTECTION FOREST
The municipality of Jølster received a hazard zone
map for its inhabited areas in 2019 (figure 16).
These maps were produced by NGI on commission
of NVE. One of the products of this mapping is a map
showing forests that are important either for the
drawing of the hazard zone, or in some cases the
safety of the inhabitants.

Protection forest experts from Bavaria, Germany
and Switzerland were brought in to propose different
logging methods and NGI made hazard zones for
the area for a clearcutting scenario.

Large areas of Jølster and other parts of Western
Norway are dominated by spruce forests planted
after the 2nd world war (figure 17). These woods
have seen little to no maintenance after planting and
are now ready for logging.
In the last 50-70 years, these forests have provided
safety for buildings and other infrastructure and
areas down slope have been heavily developed.
Traditionally the only form of logging in Norway has
been through clearcutting. Since clearcutting might
lead to unacceptable risk for infrastructure down
slope, plans must be made to convert monoculture
stands to more varied and stable stands.
In Jølster, the municipal management started a
project to bring the mapped forests in to area
planning looking to outlaw clearcutting. They also
started planning for a maintenance scheme for the
forests. Sårheim was chosen as a pilot site.

Figure 17. Planted spruce is common in the
Western part of Norway (NVE)
The forested area is 25-40 degrees steep with
ravines made by debris and slush flows. And the
area has a history of snow avalanches before the
forest was planted.

Figure 16. Hazard zone map Jølster (NVE)
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THE ÅRSET RIVER
The Årset River with a lot of water and one large
slide crashing down the mountainside between
homes, was sending debris into the scenic lake that
quickly turned brown. Figure 18 shows the Årset
river the day after the event.

Mitigation measures were repaired and rebuilt in the
time after the event (figure 19 and figure 20).

Figure 19. Mitigation measures (NVE)
1.
2.
3.
4.
5.

Repaired measures for debris flow, length
150m
Reestablished river bed, length 325m
Repaired bridge and water supply
Reestablished riverbed, length 130m.
New bridge and road on both sides

Figure 18. The Årset river the day after the
event (NVE)
This event caused damage to:





Settlements
Infrastructure: roads, water supply,
electrical supply and telecommunications
E39, the main road in the area
Local industry, fishing and agriculture

Former measures in this river, dimensioned for
flooding, probably saved the houses. In July 2019
both debris flow and flooding occurred
simultaneous, but still the houses were saved.
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Figure 20. Support walls during construction in
the river (NVE).
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