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Modelling concept
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Multiple scales involved

» Space: from sand grain to flooded city

- e Time scales: from seconds to days & years
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Sensors
» Timescales — pore-water pressures (secs)
* Micro-scale — point sources

¢ Models - Cellular Automata, Lattice
Boltzmann, Statistics
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Probability of dike failure

» Adapted to the UF EWS EUABLE = EE

» Takes sensor data input
¢ Plug-in in CIS
¢ Ported to the VM Cloud

Plan for 2 year:

¢ Find and program parameters for real dikes:
LiveDike, 1JkDijk, Ringdijk, Stammerdijk, NL;
Boston, UK
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Failure initiation
e Timescale — hours

e Mesoscale — dike sections
e Models - Finite-element, CFD
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Breaching
» Timescale — hours

e Mesoscale — dike sections

* Model - Empirical soil erosion, force balance
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Inundation modelling

-~ ¢ Timescale — hours
Macro-scale — city
Model - Shallow water equations
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UrbanFlood

Evacuation modelling

o Timescale — hours
{ ¢ Macro-scale — city
A . Model - Cellular automata
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Flood Simulator

* Done:

> Adapted to EWS & sensor input

> Ported to SARA Clouds

° Integrated in the CIS

° Simulated the flood in Amsterdam Science Park
* Plan for 2" year:

> Automate

> Simulate the flood in Eemshaven, RingDijk,
Stammerdijk
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UrbanFlood

Input

new
buildings
included

20m
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UrbanFlood

Input

* Flow discharge after dike breaching
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Modeling

 Simplified shallow water equations

* Digital topology model is processed
into special inundation zones.
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Simulated flood of UvA Science Park

Science Park 904 building
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Computational
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e Xen Server format -> Xen OpenSource, VM size 32Gb
e 128 cores (16 nodes X 8 cores, CPU dual quad core 2.2 GHz)
e 24 GB RAM per node, 500 GB local Hardisk
e network | Gbps per node
e backup storage: 100 TB, 20 Gbps connection
HPC Cloud Management Console
e LD e (a0 iy e e
last refresh was 10 seconds ago: [refresh now)
. . Deploy a new VM
Virtual Dike
Cloud vm's:
1d User VM State LCM State Cpu Memory Host VINC Port  Time Unks Selection e 2 )
427 tutorial_VM stopped it 0 524288 nodeld-one 6327 40d 5:34:44  [console] [detalls] [log] D
428 tutorial_VM_test stopped  Init 0 1048576 nodeld-one 6328 40d 5:29:12  [console] [detalls] (log] O
568 Ubuntu_03_configuration active funning o 8388608 nodell-one 6468 33d 3:10:51 [console] [details] [log]
759 Ubuntu_04_configuration  stopped  Init 0 4194304 nodeil-one 6659 28d 19:0:12  [console] [detalls] [log] O
867 valeria Ubuntu_conf_2disks stopped  Init 0 4194304 nodell-one 6767 25d 0:55:35  [console] [details] [log]
1010 \yalerla DRFSM_01 active running 0 2087152 nodel3-one 6910 22d 4:10:41  [console] [detalls] log] O
Flood simulator
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Multi-touch Table application

- e Define and create new simulations
- * Animated playback of water level
¢ Interactive sampling of flood dynamics

UrbanFlood
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Virtual Dike

* Done:
> Developed a multiscale model

> Simulated the dynamics of LiveDike under tidal
water load and flood conditions (in progress)

¢ Plan for 2" year:
o 3D simulation of the LiveDike

> Model ljkDijk failure mechanisms
> Consider seasonal changes & weather forecasts
> Integrate into the CIS and the EWS
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Modelling Live Dike, Eemshaven

¢ 2D full-scale simulation of porous flow & structural dynamics
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« Soil build-up
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Simulation components (1)

- * Porous flow:

L ° Richards’ eq. for water flow in partially saturated soils
~ © Van Genuchten model for water retention

- Van Genucht del for water retent

1000000

100000

10000

g

y
ie

g

3

absolute value of negative pressure head,m

T\

0 01 02 03 04

partially saturated soil

(C+8S) > KAV(p+ I x FSI coupling terms |

[ [—
UrbanFlood b o UF Workshop, 11-12 November 2010, Amsterdam 22




UrbanFlood Workshop 2010 - Amsterdam
november 11 & 12

Simulation components (2)

e Structural stability:
o Plane stress
° Linear elastic soil
o Mohr-Coulomb failure

7 criterion

T, =c+0,tan¢

f

Computational
Science

FSI coupling terms

unstable
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Boundary conditions

e Structural b.c.

l gravity

¢ Flow b.c. -

Pressure inlet: dynamic water level

2 tides per day 1.5 m amplitude / Walls: zero flux

Pressure
. —outlet:
water at
NAP
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Inlet condition: using harmonic approximation of
water level dynamics

Waterlevel obtained from sensor and its harmonic
approximation

‘— waterlevel (cm NAP) — 150cm™*sinus(2pi_nu_t) ‘
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Flow Structural
Par Description Sand Clay Par Description Sand Clay
Ks Saturated 1E-9, 1E-12 p.g Dry weight 15.11 18.00
hydraulic 1E-10 S kN/m3
conductivity, m?
Os Porosity 0.43 0.38 E Young’s 1E8 1E8
7 modulus
o Residual 0.045 0.3 Bulk 1E8 1E8
s or saturation K modulus
S Storage 1E-7 1E-8 c Cohesion 0 6.3 kPa
coefficient,
[1/Pa]
a alpha parameter, 14.5 1.9 (P Friction 30 10
[1/m] angle, grad
n n parameter 27 1.2 Y, Poisson’s 0.34 0.34
ratio
m m parameter 1-1/n
| Pore 0.5 0.5
( connectivity
<O parameter
— "
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Comparison of simulation results with
sensor data
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Possible inhomogeneities

Pressure sensor E4 in different sections

ok * Agquifer level
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UrbanFlood

Soil build-up and sensor locations

g
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Issues with sensor data

* Lots of noise

* Cycle-to-cycle
inconsistency
(irregular patterns)

=» Smooth sensor
data is needed to
calibrate the Virtual
Dike
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Flood condition: simulation results

Mau: 1.00
Suaface: Becive saturation
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