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Introduction 

The Vaiont reservoir one of the highest arch dams in the world is located in the east of the Longarone town 100 Km north of Venice. The Vaiont slide is located in the southeastern part of Dolomite region of the Italian Alps in the Vaiont basin, on the northern flank of he mount Toc.

A disaster occurred during the night of 9 October 1963, when a mass of rock estimated at greater than 245 million meter cube slided down from the sides of mount Toc and crashed into the reservoir below in which the water level was about 700m above the mean sea level. The slide crashed down into the reservoir with such a great speed that the volume of water splashed up to 100m to 150m above the lake level on the opposite bank of the river and spilled over more than 50 million cubic meter of water from the lake. The scar of the sediments and vegetation taken away by the water force can be well seen in the aerial photograph of 1984. The large volume of water escaped from the dam rushed downward with tremendous speed until it reached the Piave river few hundred meter downward and destroyed completely the small town of Longarone and nearby villages killing almost 2043 people and injuring many with loss of billions of dollars. Due to slide the topography underwent enormous changes along the foot of the Mount Toc. The slide filled up the lower half of the Vaiont reservoir.

Geological setting

The Vaiont slide is located in the southeastern part of the Dolomite region of the Italian Alps. Mountains in the area are characterized by massive near vertical cliffs. The bedrock in the slide area consists of a thick succession of Limestone and Marly Limestone beds in addition to lesser amount of dolomites of upper Jurassic and lower and upper Cretaceous ages. Some of the Limestone and dolomite beds are locally porous due to solution features. The study area consists of complex geological structures of fold and fault and the presence of older slides.

GIS ANALYSIS
GIS analysis was carried out for the following objectives.

1. To calculate the total volume of water in the reservoir prior to the landslides

2. To calculate the  volume of water  that was removed from the reservoir during the landslide

3. To calculate the total  volume of the eroded material of the landslide

4. To calculate the total volume of accumulated materials of the landslide

5. To calculate the total volume of the landslide

Available Input Datas

1. Segment map Beforeco with the contours before the landslide happened

2. Segment map Before with other information before the landslide happened

3. Segment map Afterco with the contours after the landslide happened

4. Polygon map Carte3 with unique ID polygons, linked to a table with unique ID polygons, linked to a table with geological geomorphologic and landslide information

Methdology
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1. Generation of the DEM before (Beforeco) and DEM after (Afterco) by interpolating segment maps Beforeco and Aftereco with 2m resolution.

2. Creation of the mask for the study area  (Common) by overlaying the two segment maps and digitizing the common areas and then polygonising it and then masking out the area from the two dems as folllows,

Mdembefor:=iff((beforeco>0)and(Common="Study area"),beforeco,0)

Mdemafte:=iff((afterco>0)and(Common="Study area"),afterco,0)

3. Creation of a mask (Masklake) for the water level at 700m altitude by digitiging 

     700m with the lake boundary only and after Polygonising as well as Rasterising 

      it.

Calculation of the volume of water in the reservoir before the landslide was done as  

Follws.  Volbefor:=iff(masklake>beforeco,masklake-beforeco,?)

4. Calculation of the volume of water in the reservoir after the landslide was done as  

Follows.  Volafter:=iff(masklake>afterco,masklake-afterco,?)

5. Calculation of the volume of accumulation and Erosion due to the landslides was 

Done as follows.

Accumu:=iff(mdemafte>mdembefo,mdemafte-mdembefo,?)

Erosion:=iff(mdembefo>mdemafte,mdembefo-mdemafte,?)

7.   Creation of mask for the failure surface (Failmask) by overlaying segment map 

Failure over the contour map beforeco and digitizing it, which was then Polygonised and Rasterised.

8.   Interpolation i.e generating Dem (Failure) of the segment map failure. Calculation of   

The total volume of landslide using the DEM before (beforeco) And DEM of failure surface (Failure), which was done as follows.

      Lslide:=ifnotundef(failmask,iff(mdembefo>failure,mdembefo-failure,?))

Calculation: -

Volume of water in the lake before the landslide happened (Volbefor) = 81209900 m3









     = 81.2 m m3       

Volume of water in the lake after the landslide happened (Volafter) = 29958422.8 m3






       


 = 29.958 m m3
Volume of water escaped from the lake due to impact of the slide     = 51.251m m3 
Volume of Accumulation due to Landslides  = 144554044 m3






=  144.554 m m3
Volume of Erosion due to Landslides  = 142490578 m3





  =  142.490 m m3
Total Volume of the Landslides  = 243111586 m3




     =  243.111 m m3
Image Interpretation of 1954

Geomorphologic unit: - The main geomorphologic unit of the study area are steep slope mountains, narrow river valleys, River terraces, fluvial deposits, depressions on the top of the mountains. The main river in the study area are River Piave flowing from North towards south and river Vaiont itself running from east towards west and joining with Piave river at right angle. 

Topography: - The vaiont valley has an extremely deep and narrow inner gorge, which seems to have been formed due to extensive erosion of the glaciated valley once formed during the glaciation period by the Vaiont river. Mountains have steep slopes on either side.

Other features: - A paleolandslide of M-shape and a steep scarp is clearly observed in the northern flank of the Mount Toc. At the bottom part of this slide some newly formed slides are also observed. On the other side of the Vaiont river some white scar of active talus cone resulted from a series of fairly recent rockslide from the slopes above (Debris avalanches) is observed. Karst terrain along with many depressions around the mount Toc is observed. Some deep gully erosion was also observed clearly in the north at the right corner of the photograph. The lineaments through different directions are observed and are traced. Jointing is prominent in the area. Many other old and fresh landslides are also observed and delineated. Some river terraces and fluvial deposits are observed along the riverbanks and are delineated.

Aerial photograph of 1962

The scale of the photograph is larger than that of 1954. Lake Extent is clearly visible along with some infrastructure such as arch shaped dam and roads. Along the left bank of the lake some fresh landslide could be observed and are delineated. Some other fresh landslides are also observed along the river valleys in the eastern tributary. The white colored talus cone resulted from the rock fall (debris avalanches) as seen in the photograph of 1954 is also visible in it. Depression like feature is observed in the western part of the mount Toc. Some cracks are also observed on the northern slope (Scarp) of mount Toc. Some lineaments are observed and traced.

Aerial photograph of 1984

The aerial photograph was taken after the slide. Huge amount of slide deposited on the lower part of the dam is clearly seen. The arch shaped dam does not seem to be affected so much. The complete change of the morphology of the area due to the Vaiont slide can be seen in the photograph. The M-shaped scar of the landslide is also prominent which can also be detected in the aerial photograph of 1954. A Lineament almost parallel to the Piave River is also observed in this photograph and is traced. There is presence of huge amount of stream sediments along the riverbeds in the eastern tributary and in the upstream of the lake. The eroded part of the sediments and vegetation in the other side of the river due to the water waves caused by the slides can also be observed. 

Conclusions

The study of the aerial photograph of 1954 and 1962 give some clues for the occurrence of Vaiont slide.

For example Karst terrain and presence of Solution cavities (Sinkholes) at the top of the mountain might have played a role as water infiltrated through the solution cavities (sinkholes) and depressions which were enlarged by the solution of the carbonate rocks present. Besides this the presence of steep scarp and the M-shaped paleoslide along with other old slides also might have triggered for the cause of the Vaiont slide. It can also be said that the slide might be due to the reactivation of the old landslides. The lineaments and jointing present in the area also might have contributed in triggering the slides.
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