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B A C K G R O U N D  
I N F O R M A T I O N  

Santo Stefano di Cadore – Dolomiti UNESCO
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C U R R E N T  H A Z A R D  M A P
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HAZARD MAP

BASIN AUTHORITY MAP 2021-2027



7Studio API srl  - Eng. Marika Righetto BASEMENT Users Meeting 2024 Jan.24

P R O B L E M S
• We did not have recorded data for calibration

• It is a very complex area (large but with very small linear works such as retaining walls, it’s a built-up 

area with complex hydraulic and morphological processes at the confluence of rivers)

• it is a mountainous area dealing with torrential watercourses where the hydrodynamic processes 

must be considered together with the morphodynamical processes, if we hadn’t evaluated the 

erosion/sedimentation process correctly, we could have made errors in sizing the mitigation works

• We have to simulate the effect of the obstruction of bridges

• We have to manage a huge amount of data

The A I M  O F  T H E  S T U D Y  is to redefine the floodable areas and obtain a change in the current 

hazard maps through the design of mitigation works in order to build a new fire station

G O A L S

• The model application allows to reduce the hydraulic hazard in urban area

• It made possible the realization of strategic public works that were not permitted with stakeholders' satisfaction 

(mountain community, municipalities in the neighbourhood, citizens,…)

• this project led us to implement a GIS tool for the hazard definition from Basement Mesh (.2dm file and .xdmf file) 

following the Basin Authority mapping procedure

A I M  O F  T H E  S T U D Y
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P R E  P R O C E S S I N G  

Elevation data by Airborne
Laser Scanning (Lidar)

Domain area = 80 ha
Cells (Riverbed) 3 m2

Cells (Banks and walls) 0.2 m2

Cells (Floodplain) 5 m2
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P R E  P R O C E S S I N G  
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BOUNDARY CONDITIONS
• Morphology: single-grain bedload transport (mean grain diameter: 20 mm) 

derived from the granulometric analysis and BASE-Grain application
• Soil stratigraphy: Depth of possible erosion limits

Studio API srl  - Eng. Marika Righetto BASEMENT Users Meeting 2024 Jan.24

P R E  P R O C E S S I N G  



11

BOUNDARY CONDITIONS
• Morphology: single-grain bedload transport (mean grain diameter: 20 mm) 

derived from the granulometric analysis and BASE-Grain application
• Soil stratigraphy: Depth of possible erosion limits

Studio API srl  - Eng. Marika Righetto BASEMENT Users Meeting 2024 Jan.24

P R E  P R O C E S S I N G  



12Studio API srl  - Eng. Marika Righetto BASEMENT Users Meeting 2024 Jan.24

P R E  P R O C E S S I N G  
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P R E  P R O C E S S I N G  • Active river bed - Ks = 15 m1/3/s / Erosion limit assumed = -5 m
• non erodibile areas - Ks = 20 m1/3/s / Erosion limit assumed = -0 m
• Flood external areas - Ks = 10 m1/3/s / Erosion limit assumed = -2 m
• Retaining wall (object “HOLE” in the design simulations)
• Designed works - Ks = 20 m1/3/s / Erosion limit assumed = -0 m
• Existing works - Ks = 20 m1/3/s / Erosion limit assumed = -5 m
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River Piave basin

Padola stream basin

30, 100, 300 years return periods
Different precipitation duration
Different precipitation distribution

BOUNDARY CONDITIONS
• Hydraulics: Input hydrograph and output average slope, Ks
• Bed Load: Mayer Peter Muller equation, boundary equilibrium conditions

P R E  P R O C E S S I N G  
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1. the hydrograph that maximizes the peak of the liquid discharge (pmax hydrograph);
2. the hydrograph that maximizes the volume of the associated sediment discharge (vmax hydrograph).

BOUNDARY CONDITIONS
P R E  P R O C E S S I N G  
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10 Scenarios for model calibration trying different grain sizes, roughness and boundary conditions

6 Scenarios for preliminary simulations (pmax 30,100,300 and vmax30,100,300)

SCENARIOS DEFINITION
S C E N A R I O S  D E F I N I T I O N

• 6 simulations without obstruction, fully erodible domain

• 6 simulations without obstruction with non-erodible domain

• 5 simulations with obstruction of the bridge over the Padola stream at present (no obstruction occurs for maximum volume Tr30)

• 5 simulations with obstruction of the bridge over the river Piave in the current state (no obstruction occurs for maximum volume Tr30)

Total 22 simulations, 44 raster (max depth – max velocity)

For the mapping procedure the current EU Directive says that we must consider the possibility of collapse of structures or obstruction of 

bridges as well as to assign a “status” of functionality for each existing work
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BRIDGE OBSTRUCTION SCENARIOS

B R I D G E  O B S T R U C T I O N

In torrential watercourses we are supposed to evaluate the reduction of the section under 
a bridge caused by the deposit of vegetation

1. SURVEY: To verify the presence of vegetation in the riverbed and 

on the banks, at least 2 km upstream of the bridge, and to 

estimate the height of plants and the tendency for vegetation 

deposit or transport

2. GIS DATA PROCESSING: Spatial analysis to calculate the length of 

the banks and the surface of riverbed with vegetation or without 

vegetation

3. PARAMETERS SETTING: 

P0: Obstruction probability depending on to the geometry of the

bridge (C), the availability of vegetation (K) and the probability

that vegetation arrives under the bridge (T)

We follow procedure and methods of the 
“System for stream hydro morphological assessment, analysis, and monitoring” named 
IDRAIM (Flood Directive 2007/60/CE )
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In torrential watercourses we are supposed to evaluate the reduction of the section under 
a bridge caused by the deposit of vegetation
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deposit or transport

2. GIS DATA PROCESSING: Spatial analysis to calculate the length of 

the banks and the surface of riverbed with vegetation or without 

vegetation
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P0: Obstruction probability depending on to the geometry of the
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that vegetation arrives under the bridge (T)

We follow procedure and methods of the 
“System for stream hydro morphological assessment, analysis, and monitoring” named 
IDRAIM (Flood Directive 2007/60/CE )

LEGEND
 Banks with vegetation
 Banks without vegetation
 River with vegetation
 River without vegetation
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BRIDGE OBSTRUCTION SCENARIOS

B R I D G E  O B S T R U C T I O N

In torrential watercourses we are supposed to evaluate the reduction of the section under 
a bridge caused by the deposit of vegetation

We follow procedure and methods of the 
“System for stream hydro morphological assessment, analysis, and monitoring” named 
IDRAIM (Flood Directive 2007/60/CE )

1. SURVEY: To verify the presence of vegetation in the riverbed and 

on the banks at least 2 km upstream of the bridge and to 

estimate the height of plants and the tendency for vegetation 

deposit or transport

2. GIS DATA PROCESSING: Spatial analysis to calculate the length of 

the banks and the surface of riverbed with vegetation or without 

vegetation

3. PARAMETERS SETTING: P0=C*K*T

P0: Obstruction probability depending on to the geometry of the

bridge (C), the availability of vegetation (K) and the probability

that vegetation arrives under the bridge (T)
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BRIDGE OBSTRUCTION SCENARIOS

B R I D G E  O B S T R U C T I O N

In torrential watercourses we are supposed to evaluate the reduction of the section under 
a bridge caused by the deposit of vegetation

We follow procedure and methods of the 
“System for stream hydro morphological assessment, analysis, and monitoring” named 
IDRAIM (Flood Directive 2007/60/CE )

1. SURVEY: To verify the presence of vegetation in the riverbed and on 

the banks at least 2 km upstream of the bridge and to estimate the 

height of plants and the tendency for vegetation deposit or transport

2. GIS DATA PROCESSING: Spatial analysis to calculate the length of the 

banks and the surface of riverbed with vegetation or without 

vegetation

3. PARAMETERS SETTING: 

P0: Obstruction probability depending on to the geometry of the bridge

(C), the availability of vegetation (K) and the probability that

vegetation arrives under the bridge (T) –Reduction Factor (FR) and

Effective Area (AR)
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B R I D G E  O B S T R U C T I O N

1. A “standard” simulation without bridge obstruction

2. The results of the simulation are extracted by the «BMv3NodestringResults.py» tool

3. The time of obstruction T0 is defined (time in which the wetted area is equal to or greater than the effective area AR)

I d e n t i f i c a t i o n o f  t h e  t i m e  o f  o c c l u s i o n T 0

• A  RESTART SIMULATION is performed:

• In the Model.json file the internal boundary condition named «wall_internal» is added at the 

bridge cross section;

• In the Simulation.json file the «start time » is set equal to the time of occlusion T0

S i m u l a t i o n o f  t h e  b r i d g e  o b s t r u c t i o n

Model.json

W e t t e d A r e a  ≥ A R → T i m e  o f  o c c l u s i o n ( T 0 )



22Studio API srl  - Eng. Marika Righetto BASEMENT Users Meeting 2024 Jan.24

R E S U L T S  A N A L Y S I S

300-year return period - Max Peak
Erodible domain (existing structures with poor functionality)
No bridge obstructions
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R E S U L T S  A N A L Y S I S
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R E S U L T S  A N A L Y S I S

.. if we protect the retaining wall from erosion, stabilizing 

the riverbed, we will raise the water levels and we worsen 

the hydraulic conditions.

…it is important to define a set of interventions aimed both 

at hydraulic protection and at river stabilization.
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D E F I N I T I O N  O F  I N T E R V E N T I O N

New retaining wall

Raising the level behind the existing riprap
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D E F I N I T I O N  O F  I N T E R V E N T I O N
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D E F I N I T I O N  O F  I N T E R V E N T I O N

E s t i m a t e d  
e r o s i o n
( - 2  m )
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D E F I N I T I O N  O F  I N T E R V E N T I O N

E s t i m a t e d  e r o s i o n
( - 2  m )
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D E F I N I T I O N  O F  I N T E R V E N T I O N
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S C E N A R I O S  E N V E L O P E

For each return time the maximum flooding area is defined as the envelope of 

the areas obtained with all the scenarios implemented.

The map relating to the single return time was therefore obtained as an 

envelope of the maps relating to the two hydrographs max DISCHARGE and 

max VOLUME.
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W O R K S  V E R I F I C A T I O N  
W I T H  B R I D G E  

O B S T R U C T I O N S

Envelope of Max Depth for 30 yr

Envelope of Max Depth for 100 yr

Envelope of Max Depth for 300 yr
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W O R K S  V E R I F I C A T I O N  
W I T H  B R I D G E  

O B S T R U C T I O N S

Envelope of Max Velocity for 30 yr

Envelope of Max Velocity for 100 yr

Envelope of Max Velocity for 300 yr
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H A Z A R D  M A P P I N G

• h i g h  p r o b a b i l i t y :  T r  ≤  3 0  y e a r s .

• m e d i u m  p r o b a b i l i t y :  3 0  < T r  ≤  1 0 0  y e a r s .

• l o w  p r o b a b i l i t y :  1 0 0  < T r  ≤  3 0 0  y e a r s .

• h i g h  i n t e n s i t y :  h  >  2  O R  h * v  >  2 ;

• m e d i u m  i n t e n s i t y :  r e m a i n i n g  c a s e s

• l o w  i n t e n s i t y :  h  <  0 . 5  A N D  h * v  <  0 . 5 ;

P R O B A B I L I T Y

I N T E N S I T YIN
T

E
N

S
IT

Y

P R O B A B I L I T Y

HIGH
MEDIUM
LOW
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G I S  P O S T  
P R O C E S S I N G
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N E W  H A Z A R D  M A P
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N E W  H A Z A R D  M A P



LESSONS LEARNED

43

W e  n e e d  t o  d e v e l o p  t h e  m e t h o d o l o g y  o f  b r i d g e  o b s t r u c t i o n  i n  
t h e  2 D  s c h e m e  a s  w e  w e r e  u n a b l e  t o  i n s e r t  a  l e v e l  r u l e  a n d  
t o  p e r f o r m  o n l y  o n e  s i m u l a t i o n ,  b u t  w e  n e e d  t o  c a l c u l a t e  t h e  
i n s t a n t  i n  w h i c h  t h e  l e v e l  i s  r e a c h e d  a n d  t h e n  p e r f o r m  
a n o t h e r  s i m u l a t i o n  w i t h  t h e  r e s t a r t  f i l e

S e t t i n g  t h e  “ r i g h t ”  m i n i m u m  w a t e r  d e p t h  i s  i m p o r t a n t  i n  
f l o o d  m a p p i n g  p r o c e d u r e

T h e  m o d e l  h a s  p r o v e n  t o  b e  a d e q u a t e  t o  h a z a r d  m a p p i n g  e v e n  
i n  t h e  p r e s e n c e  o f  t o r r e n t i a l  p h e n o m e n a
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I t  i s  i m p o r t a n t  t o  a p p l y  a  s t a n d a r d  m e t h o d o l o g y  w h e n  y o u  
m a n a g e  o u t p u t  f i l e s  o f  a  l a r g e  n u m b e r  o f  s i m u l a t i o n s

W h a t  a b o u t  t r a i n i n g  a n d  s h a r i n g  e x p e r i e n c e s  . . ?



Thank  you  fo r  your  a t ten t ion
Marika Righetto
BASEMENT users meeting 2024
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