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INTRODUCTION

The present report the procedures carried out in volume calculations of the Landslide occurred during the night of 9 
October 1963 in Vaiont, Italy. The calculations were done in a raster geographic information system (GIS) using the contours maps before and after the disaster occurred.

PROBLEM DEFINITION

In October 1963 a large disaster occurred when a mass of rocks went down from one side of the Mount Toc and crashed into the dam below. The water spilled over the dam crest and large amount of water went into the narrow gorge. The water increased the speed and reached the river Piave where destroyed towns and villages.

Using the topographic maps before and after the disaster happened and boundaries as digital information, calculate the volume (m3) of: (1) mass eroded from the slope to the dam, (2) mass accumulated, (3) dam water volume at 700m level and (4) water remove from the dam during the disaster.

MATERIALS

For this exercise was used the topographic contour lines digitised from the topographic maps after and before the disaster. Other segments maps which contains the limits of the dam crest, the older landslide scarp, the geology, drainage, roads, etc.

The contour lines are mainly every 10 meter and where digitised from maps at 1:5000 scale.

METHODOLOGY

The flow - chart in the figure 1 explain the procedure followed for the volume calculation and can be explained in the following steps:

Step1 Create the digital elevation models (DEM) at 2 meters resolution from the segments contour maps after and before.

Step 2 Create the mask for the study area digitised over one of DEM.

Step 3 Apply the study area mask for both DEM.

Step 4 Create the mask for the Dam at 700.00-meter level

Step 5 Calculate eroded and accumulated Volume.

Step 5.1 Calculate differences between both DEM:

Step 5.1 In the Histogram of the differences map, calculate the volume.

Step 5.2 Classify the process in “Eroded” and “Accumulated”.

Step 5.3 Adding the volume of both processes by the Aggregate Column Function, group by process type. The result will give the total eroded and accumulate volume values.

Step 6 Calculate Dam volume.

Step 6.1 Extract the DEM before the event for the Dam area.

Step 6.2 Subtract at 700 m Dam level, the DEM for the Dam.

Step 6.3 Extract the positive values of the Dam deep.

Step 6.4 In the histogram of the Dam deep map calculate volume per value.

Step 6.5 Adding all volume value will give the total volume of the Dam.

Step 7 Calculate the Volume Removed:

Step 7.1 For the Dam area subtract at 700.00 meter level the DEM after the event.

Step 7.2 In the of subtracted map histogram, calculate volume multiplying area per map value.

Step 7.3 Classify the areas in water “remain” and “no water” areas.

Step 7.4 Apply the Aggregate Column Function adding the volume values group by “remain” and “no water” classes. The remained total volume value will give the water which no went out of the Dam.

Step 7. 5 Obtain the removed water volume subtracting the total Dam Volume minus remain Dam volume.

CONCLUSIONS

The result values can be found in the figure 1. The real mass movement volume can be larger than eroded or accumulated volume values, because some part of the rock moved occupy the place where other rock was before. In addition, the eroded value is lower than accumulated value that can be explained by the compactness of the rock before to be slicing.

The accuracy of the map is not very good because in the differences map can be observed a lot of high values outside of the landslide area.
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Contour lines


� Beforeco





Contour lines


� Afterco





Boundaries Segments


� Before





Create DEM


 � Beforeco








Create DEM


 � Afterco





Create Mask Study Area Vaiont


� Digitise Vaiont over the Dem


� Polygonise Vaiont


� Rasterize Vaiont








Create Mask Dam700


� Extract 700m contour line


� Close the contour line


� Polygonize Dam700


� Rasterize Dam700








Apply Mask Study Area over Dem


� Meda=iff(isundef(Vaiont),?,Afterco)


� Medb=iff(isundef(Vaiont),?,Beforeco)





Calculate Eroded and Accumulated Volumes


� Diff=Meda-Medb


               � Diff Histogram Table


� Volumn=Area*Value


� Procces=iff(Volumn<0,”Eroded”,“Accumulated”)


� Aggregate Column Function:


Column = Volumn


Function = Sum


Group by = Process


Output Column = Totalvolume 








(1) Eroded = -141.611.488,80 m3


(2) Accumulated = 143.119.003,60 m3





Calculate Dam Volume


� Dtmdam=iff(dam700=”dam”,Beforeco,?)


� Dtmdiff=700-Dtmdam


� Damdeep=iff(Damdiff>0,Damdiff,?)


                � Damdeep Histogram Table


� Volumn=Area*Value


� Totalvolumn=sum(Volumn)





(3) Dam Volume = 81.308.936,60 m3





Calculate Volume Removed


� Damre=iff(isundef(Dam700,?,700-Meda)


             � Damre Histogram Table


� Volume=Area*Value


� Totalclass=iff(Value>0,”Reamain”,”No water”)


� Aggregate Column Function:


Column = Volume


Function = Sum


Group by = Totalclass


Outputcolumn = Totalvol








(4) Water Removed = DamVolume- Dam Remain 


Water Removed = 81.308.936,00 m3 – 28.204.790,8 m3


Water Removed = 53.104.145,2 m3











