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semi-automatic procedure
for modelling flood events

semi-automatic 
procedure
for modelling flood 
events

 CumLB method: 
numerical technique for 
the solution of the 
hydrodynamic problem

 parallelization

 The procedure includes 
the preparation of the 
input data and the 
visualizations of the 
results (Open source Qgis
platform)
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Note di presentazione
The aim of the presented work was to implement a new procedure for simulation of  flood events; thus, a semi - automatic procedure based on LB method using the CumLB was performed. The preparation of the input data and the analysis of the modelling results are assisted by an interchange routine using the OpenSource Qgis platform.
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PRESENTATION OVERVIEW

Shallow water – lattice Boltzmann (LB) innovative models

Wet - dry approach 

Case study: Malpasset dam-break
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Note di presentazione
In SWE, the hypothesis of an hydrostatic pressure along the vertical leads to quantities (in particular, water depth and velocities) that are averaged along depth. The SW equations have been extensively used to simulate large scale hydraulic problems using the continuous standard numerical methods.
The LBM here used is a mesoscopic model deriving from kinetic theory, located between microscopic and macroscopic models. It treats the fluid as an amount of particles, represented by a statistical function, that describes the motion field. 
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LATTICE BOLTZMANN MODEL
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Note di presentazione
The LBM consists in two main process: streaming and collision. During the streaming, the particles move in the direction of their velocities towards their neighbouring nodes; in the collision the particles collide into each other’s, conserving mass and momentum.
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Note di presentazione
Lattice Boltzmann models for SWE are characterized by a speed of sound (in yellow at the top of the slide) that is not constant but variable with the height of the water:  𝑐 𝑠 2 =gh/2. This the main difference between the shallow water model and the traditional Lattice Boltzmann solution, in which the speed of sound is kept equal to 1/3. The motivation is that in this model the conservation of mass and momentum have to be respected. The macroscopic variables (height and velocities) are then obtained as the zero order and first order moments of the distribution function.
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MRT CASCADED MODEL (CaLB)

𝜿𝜿𝜶𝜶𝜶𝜶 = �
𝒊𝒊,𝒋𝒋

𝒊𝒊 − 𝒖𝒖 𝜶𝜶 𝒋𝒋 − 𝒗𝒗 𝜷𝜷𝒇𝒇𝒇𝒇𝒇𝒇 i, j=− 𝟏𝟏,𝟎𝟎,𝟏𝟏

𝜿𝜿𝜶𝜶𝜶𝜶= central moments 𝒖𝒖 , 𝒗𝒗 = macroscopic velocities
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𝜿𝜿𝜶𝜶𝜶𝜶,𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 = 𝜿𝜿𝜶𝜶𝜶𝜶 − 𝝎𝝎𝜶𝜶𝜶𝜶 (𝜿𝜿𝜶𝜶𝜶𝜶 - 𝜿𝜿𝜶𝜶𝜶𝜶,𝒆𝒆𝒆𝒆 )

κ00 = h , κ10 = 0 , κ01 = 0 , κ20 = cs2h , κ02 = cs2h ,κ11 = 0 , κ12 = 0 , κ22 = 0

Central moments

Collision step

𝜅𝜅𝟐𝟐𝟐𝟐+𝟎𝟎𝟎𝟎,𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 = 𝜅𝜅20+02 − ω20+02 (𝜅𝜅20 - 𝜅𝜅20,𝒆𝒆𝒆𝒆 +𝜅𝜅02 − 𝜅𝜅02,𝒆𝒆𝒆𝒆 )
𝜅𝜅𝟐𝟐𝟐𝟐−𝟎𝟎𝟎𝟎,𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 = 𝜅𝜅20−02 (1 − ω20−02 )

Relaxation rates
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Note di presentazione
we put our attention in  two models, differing for the CO. The first is the MRT cascaded model, based on quantities, the central moments, that are Galilean invariant by definition. In this model, the collision step is performed in term of central moments. The 2° order moments k20 and k02 are relaxed together (in order to respect the isotropy of the model). The relaxation rates related to the viscosity are highlighted in yellow at the bottom.
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MRT CUMULANT MODEL (CumLB)

 The cumulant CO uses multiple relaxation rates (MRT CO)
 It relaxes observable quantities (cumulants) that are both Galilean invariant and

statistically independent of each other by construction

Cumulants: coefficients of the Taylor expansion of the logarithm of the Laplace 
transform of the distribution function 𝑓𝑓 (PDF)
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Theory of cumulant

Galilean Invariance
 Break of Galilean invariance: due to the finite number of velocities and a

resulting finite number of independent moments
 not Galilean invariant model: results depend on the reference frame → presence

of preferential directions

© Authors.
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Note di presentazione
The second model is the MRT cumulant model; the cumulant can be defined by its mathematical formulation, rather complicated. Or, intuitively speaking, cumulants can represent intensive quantities (such as temperature or velocity), different from moments (that represent extensive quantities). The Cumulant CO relaxes observable quantities (cumulants) that are both Galilean invariant and statistically independent of each other, by construction. 
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cumulants

MRT CUMULANT MODEL (CumLB)

ab abC κ= 𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮𝐮 𝟑𝟑𝟑𝟑𝟑𝟑 𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨𝐨

( )2
22 22 20 02 112C hκ κ κ κ= − +

𝐶𝐶𝜶𝜶𝜶𝜶, 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 = 𝐶𝐶𝛼𝛼𝛼𝛼 − ω𝛼𝛼𝛼𝛼 (𝐶𝐶𝛼𝛼𝛼𝛼 - 𝐶𝐶𝛼𝛼𝛼𝛼,𝒆𝒆𝒆𝒆 )

collision step

 The PDF is transformed into cumulants. 
 The collision step is performed in terms of cumulants; 
 After the collision, the backward transformation is applied, from cumulants to PDF.
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Note di presentazione
In cumulants model the collision step is performed in term of cumulants. Cumulants coincide with central moments until 3th order; then they can be found using the relation at the top of  the slide in yellow. From an operational point of view, The DF is transformed into cumulants before the collision, and, after the collision, the backward transformation is applied, from cumulants to DF.
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WET-DRY APPROACH
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It was necessary to develop a procedure simulating the flow  propagation over a dry bed. 
. threshold value: allows  to avoid the error due to 

the division by zero

The velocity is limited by means of the 
Froude Number, multiplying its value for 
the ratio between the Fr-limiter and the 
actual Froude Number
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CASE STUDY
MALPASSET DAM-BREAK (21/12/1959)

A. Valiani et al., ‘Case Study: Malpasset Dam-Break Simulation using 
a Two-Dimensional Finite Volume Method’, 2002

C. Biscarini et al., ‘ On the Simulation of Floods in a Narrow 
Bending Valley: The Malpasset Dam Break Case Study ’, 2016

Model AnalysisOverview ConclusionsValidation Case Study
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Note di presentazione
Finally, a real flood event, the Malpasset dam-break, is here presented. On 21 December of 1959, the Malpasset Dam in the Reyran River Valley failed explosively giving rise to a flooding wave more than 40 m high. Such an event is of intrinsic interest, for the tragic importance of the caused damages. In fact, the wave killed 421 people and produced vast damages. Moreover, it is an important test-case for the availability of experimental data and field data sets. In the slide, the localization of the dam and some recent images of the breach of the dam.
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𝐀𝐀𝐀𝐀 at hydroelectric plants (A, B, C)

WS and velocity at points measured by 
the police 𝑃𝑃𝑖𝑖 , 𝐢𝐢 = 𝟏𝟏, … ,𝟏𝟏𝟏𝟏

WS (water surface) and AT (arrival 
time), Physical model, EDF, 𝐺𝐺𝑖𝑖 𝐢𝐢 = 𝟏𝟏, … ,𝟏𝟏𝟏𝟏
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Note di presentazione
In the slide, the dimensions of the bounding box of the simulation domain; The available field data are: first of all, the arrival time at 3 hydroelectric plants (A, B, C); 𝐖𝐒, 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 at 100 points measured by the police, right and left bank of the river valley, named Pi (we used 17 of them for the validation);𝐖𝐒 and arrival time of the wave derived by a 1:400 Physical model, National Hydraulic and Environment Laboratory of EDF, named 𝐆_𝐢; 
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ET At obs
(s)

At sim
(s)

A 100 98.6
B 1240 1314
C 1420 1465

Arrival time (AT) at
Electrical Transformer

Comparison with 
simulation time

Model AnalysisOverview ConclusionsValidation Case Study

setup
Model: 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
Grid spacing ∆𝒙𝒙: 10 m, 20 m          
relaxation rate  τ: 0.8
Manning coeff. 𝒏𝒏: 0.03 𝑠𝑠 𝑚𝑚 ⁄1 3 (Hervouet and Petitjean, 1999)

Domain – bounding box
width: 17500 𝑚𝑚
height: 10000 𝑚𝑚

© Authors.
All rights reserved
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Note di presentazione
The setup of the simulation performed (by means of the GIS – Cumulant Routine) is shown in the slide; In particular, two different grid spacing were used (10 m and 20 m); the parameter of the Manning coefficient (to simulate the friction force) was taken in accordance with the work of Hervouet, equal to 0.03 𝑠  𝑚  1 3  . At the bottom of the slide, the accordance of the arrival times with the simulation times is good, in particular for transformer A and C. 
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Satisfying accordance between the arrival time (AT) at almost all 𝐺𝐺𝑖𝑖 points

AT comparison – Gi points
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Reyran Valley

© Authors.
All rights reserved

Relatore
Note di presentazione
In the slide, the evolution of the wave after the break of the dam in Reyran valley at different times (50 s, 200 s, 1500 s, 2400 s) after the collapse of the dam. At 200 s, the flood wave has already overtopped the A8 highway , where, according to the event record, the first fatality took place; then, the flood wave has propagated towards the valley and reached the town of Frejus about 21 min after the rupture of the dam. The simulation results are consistent with the damage reported during the flood, when 3 km of the mainline rail were destroyed between 1500 s and 2000 s after the dam collapse. 
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CONCLUSIONS

 The applicability of CumLB model to the propagation of floods has been 

successfully tested; 

 Innovative models exhibit satisfying characteristics of accuracy and stability 

in predicting a flood wave, introducing the possible application of the LB 

Cum- GIS routine to the assessment of the hydraulic risk.
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