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INTRODUCTION 

This excursion will take you through the narrow and 

steep Norwegian fjord landscape, both at land and 

sea. Flåm represents one of the most visited places 

in Western Norway – it is beautifully situated by the 

Nærøyfjorden. The spring is usually gorgeous in 

Norway: There is likely snow in the mountains, 

blooming fruit trees and green grass in the valley.  

But, with the beauty of the steep terrain, comes the 

problems. Almost every kind of slides and 

avalanches are represented. This is also the theme 

of the excursion, as well as how we manage the 

danger. In Flåm there is also a large river that 

causes dangerous floods.  

The excursion starts in Bergen by train, then a bus 

will take us to Flåm. To get from Flåm to Gudvangen 

we will travel by the fully electric boat Vision of the 

Fjords.  

 

 

SCHEDULE 

07:57-09:05 Train Bergen-Voss 

09:20-10:30 Bus Voss-Flåm 

10:30-14:00 GROUP 1 & GROUP 2 

14:00-16:00 Boat Flåm-Gudvangen lunch and 

lecture 

16:00-18:30 Bus Gudvangen-Bergen 

GROUP 1 

10:30-10:40 Bus: Flåm – Flåm valley 

10:40-12:45 Guided walk Flåm river 

12:45-14:00 Lecture/walk Flåm village 

14:00  Departure Flåm/lunch 

GROUP 2 

10:30-11:45 Lecture/walk Flåm village 

11:45-11:55 Bus: Flåm – Flåm valley  

11:55-13:50 Guided walk Flåm river 

14:00  Departure Flåm/lunch 

 

For å legge inn et bilde:  

1. Sett pekeren her 

2. På «Sett inn»-fanen, velg «Bilder» 

3. Når du har lagt inn bilde, dra det i hjørnet slik at det fyller denne boksen. Hold inne SHIFT for å beholde proporsjonene. 

4. For å justere utsnittet: «Bildeformat»-fanen» > «Beskjær»-funksjonen. Dra i de hvite punktene, eller flytt på bildet mens funksjonen er aktiv. . 
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HOUSING CLOSE TO RUN-OUT ZONE 

The housing area lies within the hazard zone with 

an average avalanche return period of 1000 year, 

which is the return period for safety class S2 in the 

Norwegian Plan- and Building Act. Snow 

avalanche with a powder snow part can give 

material damage and strengthening the houses 

must be evaluated (figure 1). 

 
Figure 1. Ramms-avalanche simulation (The 

Norwegian Geotechnical Institute, NGI).  

The existing 6m high deflecting dam only secures 

the uppermost houses ( 

figure 2, figure 3 & figure 4).  

 

Figure 2. Hallinggrovi with deflecting dam for 

debris slides (NGI). 

 
 
 
 
 

 
Figure 3. Calculated debris flow deposits 

(NGI). 

 

 
 

 
 
 
 

Location 1: Skjerping – Hallinggrovi 

Figure 4. Hazard zone. Houses inside red 

zone – return period of 1000 years (NGI).  
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To improve the safety of the housing area and for 

more houses a 175m long and 8m high deflecting 

dam are planned for the whole regulated area 

(figure 5). 

 
Figure 5. New dam planned along the dotted 

line (NGI). 

In June 2010, a rock avalanche (20 000m3) 

released from “Nebbet” at the top of the cliff above 

Hallinggrovi (figure 6).  

Rock debris filled the valley. Three days after the 

rockfall, a 10 000m3 debris flow released (figure 8). 

Calc.: 200 year flood: Q=20m3/s. Debris flow 10 

000 – 20 000m3 (   figure 7 & figure 8 ). 

     
 Figure 6. Dust cloud from a rock avalanche             

18.06.2010. Photo Georg Hansen, 18.06.2010. 

 

   

Figure 7. Debris flow release area (NGI). 

 

Figure 8. RAMMS-calculation on 3D with 

hillshade, my=0,2 (friction) and release 

volume: 20 000m3 (NGI). 

 

Figure 9. Observed Avalanches in the area 

(NGI). 
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MITIGATION AFTER 2014 FLOOD 

The area attained damages during a flood 

28.10.2014. Big debris transport during the flood 

diverted the river. 

 6 houses, two farm buildings and two bridges 

were destroyed 

 6 houses and a school were left partly undercut 

on the riverbank 

 Inundation and siltation of town center 

 Comprehensive mitigation measures of 

approximately 5 km of the lower part of the river 

 53.000m3 river deposits removed from river in 

town center 

 Qdim=Q200+40%climate=400m3/s 

 Cost of all measures 45 mill. NOK (4,5 mill. 

EURO 

 140 people were evacuated, many by 

helicopter 

 Roads and railway were destroyed.  
 

Emergency measures were initiated and built 

simultaneously as permanent mitigation measures 

were planned. The river bank has been secured with 

placed and dumped riprap. The river is back in its 

original course but has in some places been given 

more space. 

Upstream Høga Bridge a large rock shifted towards 

a tunnel leading the river under the road and 

railroad. There was a danger of this blocking the 

tunnel which could lead to an overtopping of the 

railroad filling (figure 10). The rock was removed 

with dynamite (figure 11).  

 

Figure 10. Rock about to plug the tunnel 

(Norwegian Water Resources and Energy 

Directorate, NVE). 

 

 

 

 

Figure 11. Where the rock was dynamited 

(NVE). 

Looking towards Leinafossen Power Station from 

upstream the church, we can see the great 

escarpment, up to 15m high at the river edge. The 

working in the river is dangerous. 

All the sediment from the river edge was deposited 

further down the river and especially in Flåm centre. 

This greatly reduced the river´s capacity and 

approxmately 53.000m3 of sediment had to be 

cleared from the river in Flåm centre.  

HABITAT IMPROVING MEASURES 

Our society does not only demand better flood 

control but also improved ecological status in rivers. 

The research institute NORCE was involved in the 

habitat improving measures done in the Flåm river. 

The institute aims to develop more eco-friendly flood 

control measures, such as nature-like bank 

protection and river restoration. This is to increase 

hydraulic capacity and energy dissipation, but also 

improve aquatic life. In fact, these two purposes 

often fit well together. In the river we will see 

examples of principle to restore the river:   

- Collection/moving of roe, 

- Establishment of spawning grounds, 

- Digging large or smaller pools, 

- Put out larger boulders to give fish places 

to rest, 

- Put out round rocks along river side, to 

smaller fish and fry,  

 

Location 2: Flåm valley 
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Figure 13. Containment at «Rokka» brigde. 

This brigde probably created a damn in the 

river causing the flatter area of the river 

upstream, to hold onto large amounts of water. 

The water probably then came down the valley 

as a flood wave. 

Figure 12. Flåm valley.  

Figure 13. Expanded cross profile, partly 

hidden bank protection and nature-like 

sediment composition (Ulrich 

Pulg/NORCE). 

Figure 14. School in Flåm valley 

(NVE). 

Figure 12. Flood in Flåm valley (NVE). 

Figure 15. After the flood two houses vanished 

and three other houses was damaged – two of 

them completely. The bridge was verified to be 

safe but the road into it vanished (NVE). 

Figure 16. Habitat improving measures 

(NVE).  

Figure 17. Flåm Bridge (NVE). 



14th Congress INTERPRAEVENT 2020 7 / 14 

 

ROCK SLOPE FAILURE 

Joasetbergi is one of seven high-risk rock slides in 

Norway. It moves about one centimeter per year and 

a failure will create a tsunami in the fjord with large 

consequences. Joasetbergi have been permanently 

monitored since 2017 (figure 19). 

 

Figure 13. The total station overlooking the 

unstable area with a view to the village of 

Flåm (NVE). 

GEOLOGY, STRUCTURES AND 

MOVEMENTS 

Joasetbergi is a small part of Stampa, which is one 

of the largest unstable rock slopes in Norway with a 

volume of several hundred million cubic meter. The 

instability reaches from the mountain plateau above 

Aurland to Dalsbotn in Flåmsdalen (9km), and are 

characterized by large open fractures and 

deformations at the plateau and in the slope. The 

instability is developed in phyllite – the Jotun nappe 

from the Caledonian orogeny. Several years of 

measurements of movement in Stampa and 

Joasetbergi by GPS and periodic ground based 

InSAR measurements exists. Most parts of the large 

instability moves a few millimeters a year, while the 

scree deposits at the slope moves up to several 

centimeters per year. Different scenarios of Stampa 

have been mapped (figure 20). Joasetbergi 

(scenario 3a) is one of the smallest scenarios with a 

volume of 280 000m3. It is a free standing block with 

a graben-like back fracture and with a fractured and 

crushed basal foot, located steeply on the mountain 

side. The block moves approximately 1cm/year. 

  
Figure 14. Scenarios at Stampa. Note the large 

fractures at the plateau (NVE). 

RISK CLASSIFICATION AND 

CONSEQUENCES  

Joasetbergi was classified as a high-risk object by 

NGU (The Norwegian Geological Survey) in 2016, 

based on relative high velocities in combination with 

well-developed structures and the potential to 

create a tsunami in the fjord. When failing, the rock-

mass may entrain additional 120 000m3 loose 

material and a total volume of 400 000m3 may reach 

the fjord. Tsunami analysis made by NGI (The 

Norwegian Geotechnical Institute) indicate a run-up 

height in Flåm at 2 to 4.5 m.a.s.l. that may reach 

low-lying buildings (figure 15). During the summer, 

Flåm is inundated by tourists and cruise ships, 

making a failure during the summer potentially 

catastrophic

Figure 15. Run-out and hazard zone in Flåm (NVE). 

MONITORING ROUTINES AND HAZARD 

LEVELS 

In order to maintain and develop villages and 

populated areas along the fjords, the Norwegian 

building codes open for development in the hazard 

zones when high quality and robust permanent 

monitoring is in place. Therefore, in 2017, a 

permanent monitoring system for Joasetbergi was 

installed by NVE. The other scenarios at Stampa 

only require periodic monitoring. A geologist on duty 

Location 3: Joasetbergi  
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checks all data every day, in addition to threshold 

alarms on selected sensors. NVE uses color-coded 

hazard level based on movements and threshold 

values (figure 16).  

Figure 16. NVE uses color-coded hazard level 

determined from measured movement (NVE). 

Green is the normal, yellow and orange is elevated 

alert and more frequent data check in addition to 

preparation for evacuation. Red hazard level means 

extreme risk/eminent danger of a failure, and the 

police is responsible for evacuation of a predefined 

area.    

INSTRUMENTATION AT JOASETBERGI 

 
Figure 17. Map of the instrumentation at 

Joasetbergi (NVE). 

A permanent 24/7 monitoring system is operated at 

Joasetbergi ( figure 17). The system consists of a 

robotic total station with six prisms and three 

reference prisms, three regular extensometers and 

a wire extensometer measuring across fractures 

(figure 18 &  figure 19). In addition, a meteorological 

station is placed at the plateau. A generator and 

solar panels supplies power to the monitoring.  

Figure 18. Wire extensometer measures across the 

graben-like back fracture (NVE). 

 
Figure 19. Extensometer measuring movement 

across a fracture (NVE). 

From the lower part of the slope, displacement 

in the entire Stampa instability is measured by 

Ground based InSAR (figure 26). Also corner 

reflectors for satellite based InSAR is located at 

Joasetbergi, from which displacement is 

processed on a weekly basis and transferred to 

NVE network. The displacement recorded from 

the new instruments demonstrate a yearly 

movement of about 1cm/year (figure 21).   
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Figure 21. Movement measured for one of the prisms measured by the total station (NVE). 

Data is transferred from the mountain by radio 

link antennas to the radar house, and further 

routed to the internet. Redundancy in 

communication is achieved by mobile network. 

 

Figure 20. Radar location at Otternes (NVE). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. Example of movement during a 

summer season (NVE). 
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AVALANCHE SITE 

Two deflecting dams built in 1988; Nautagrovi and 

Langageiti. Total cost was 1,2 mill. EURO.  

 

 

Figure 23. The two deflection dams in 

Gudvangen (hoydedata.no). 

 
 

 
Figure 24. Grain size distribution analysis was 

performed on the finer material in three shafts 

at Nautagrovi area.  Sand, gravel and silt 

material (NGI). 

 
 
 
 
 
 
 
 
 

 

GEOTECHNICAL ASPECTS FOR DAM 

CONSTRUCTION 

The natural soil deposits in the area display a large 

amount of coarse material. To obtain finer local 

material for the dams it were necessary to dig 4-5 

meters below ground level. This was sandy, 

gravely material.  

 

Stability calculation:  

Friction angle, natural scree: 360 

Friction angle, compacted dam: 380 

Cohesion: 0 

Total unit weight: 19 kN/m3 

Factor of safety, Nautagrovi upper part: 1.5 

Langageiti follows the steepest descent of the 

scree, and judged to be stable as long as is resting 

on the lower, more gentler terrain => no stability 

analysis.  

 

Higher factor of safety in lower parts of both dams, 

due to gentler slope.  The depth to the rock surface 

below ground level was assumed to be too low to 

influence the stability calculations. Ground water 

table assumed to be below the depth of critical slip 

surfaces. Also not able to rise significantly during 

extreme wet periods. 

  

 
Figure 25. Cross section Nautagrovi dam 

(NGI). 

 

 

 

 

Location 4: Gudvangen  
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AVALANCHES THE WINTER OF 98-99 

Langageiti (figure 26 & figure 27) 

 
Two wet avalanches: 

 
Figure 26. Langageiti, after second 

avalanche, ’98-’99 (NGI). 

Estimated volume: 60 000m3 and 50 000m3 
Estimated velocity: 27m/s (design velocity: 40m/s) 
First one: no deposits in upper part of channel. 
Both avalanches overtopped the dam slightly. 
Observed run-up heights: ~11m in both events. 
 

 
Figure 27. Langageiti avalanche with 

dam (NGI). 

 
 
Nautagrovi (figure 28 & figure 35)  

 
Two wet avalanches:  

 
Figure 28. Nautagrovi, after the second 

avalanche, '98-'99 (NGI). 

Estimated volume: 100 000m3 pr event. 
Estimated velocity: 20m/s (design velocity (25m/s) 
Observed run-up heights: 7m in both events. 

Calculated run-up heights with 20m/s, =0.3, 
M/D=200m: 6-8m. 
The second avalanche ran on top of the deposits of 
the first one but were just kept inside the dam.  
 
 

 
Figure 29. Nautagrovi avalanche with dam 

(NGI). 
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The spectacular boat Vision of the Fjords will 
transport us from Flåm to Gudvangen. This 
represent a new standard within design and 
technology. In addition, the boat is fully electric! 
 
The lunch will be served on the boat.  
 

 
Figure 30. Fully electric boat – Vision of the Fjords 

(Visit Flåm/Sverre Hjørnevik). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. Boat trip from Flåm to Gudvangen. 

 

 

  

Boat trip & lunch: Vision of the Fjords 
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