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Dlzajnlranje gradova za odbranu
od poplava |

Ana Deletic









Kisni oticaji su deo problemal!
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Plavo-Zelena Infrastruktura — Blue Green Systems (BGS)

Wetlands




Kako radi BGS

Natural Urbanised Green Technology

« Oko 85% padavina * Oko 15% padavina « Prikuplja, zadrzava
se izgubi se izgubi infiltrira, preci§cava,
« Max 15% otekne  « Oko 85% otekne korist



10,000
raingardens in
Melbourne




Vertikalfigy,
Tehnologije




Zeleni vertikalni zid za regulaciju | preCiscavanje
Kisnice | sive vode

Pre-treatment

Biofilter

Additional
disinfection
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Kfar-Saba biofilter, Israel




Kfar-Saba biofilter precis¢ava kisnicu tokom kisnog
perioda, i zagadjenu podzemnu vodu tokom susnog

City drainage pipe
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Biofilter system

Recharge wells setup e L
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Da li moze BGS da se koristi za
odbranu gradova od poplava?




Tradicionalno modeliranje poplava u gradovima

(@
Design Storms

(2, 5,..., 100-yr)
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Da li ovo ‘radi’ za modeliranje BGS ?

« Koriscenje ‘design storms’ je problematicno

« Simulacije traju jako dugo

I'me [h]

Tradicionalni modeli ne mogu da ocene uticaj
BGS sistema na poplave, jel su oni obi¢éno jako
mali | veoma distribuirani




Konceptualni modeli poplava

« Jednostavni: Bazirani na topologiji | jednacini balansa

* Brzi: Simuliraju jednu kisu za samo nekoliko minuta

» Staticni: Rezultat je mapa maksimalnih inundacija (dubina) —
razvoj inundacije tokom padavina se ne simulira!




Konceptualni model poplava (1)

Contents lists available at ScienceDirect

Journal of Hydrology

journal homepage: www.elsevier.com/locate/jhydrol

Research papers

A rapid urban flood inundation and damage assessment model R

Check for
; updates

Behzad Jamali®*, Roland Lowe®, Peter M. Bach™®¢, Christian Urich”, Karsten Arnbjerg-Nielsen,
Ana Deletic™"




| Digital Elevation Model (DEM) :

Drainage network data

| Simulation start & end

: time and time-step

I Drainage network data I : Rain storm i (M 1) Pre_p ro C eS | ranJ e

Impact Zones (1Z25)

(M2) 1D drainage
network model
(SWMM/MOUSE)

Impact Zones (1Z5s)

List of neighbours

Minimum elevation between
neighbouring IZs

Volume elevation curves
Location of manholes
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| Flood damage maps

I Total damage costs




(M2) 1D model kisne (M3) Brzi model inundacija
kanalizacije
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RUFIDAM

Mapa maksimalnih inundacija sa

o RUFIDAM - 10 min

o 2D MIKE FLOOD - 64 hours
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Konceptualni Model Poplava (2) CA-ffe

Water Resources Research

RESEARCH ARTICLE A Cellular Automata Fast Flood Evaluation (CA-ffé) Model

10.1029/2018WR023679 12 23.4 . s . 1
Behzad Jamali™ , Peter M. Bach”~ , Luke Cunningham?, and Ana Deletic

Key Points: .. . ; ] . ;
Y . . . Water Research Centre, School of Civil and Environmental Engineering, University of New South Wales, Sydney, New
- A rapid urban flood inundation . ] o ) ) ] )
model was developed using a novel South Wales, Australia, “Monash Infrastructure Research Institute, Department of Civil Engineering, Monash University,
cellular automata approach and Clayton, Victoria, Australia, *Swiss Federal Institute of Aquatic Science and Technology (Eawag), Diibendorf,

tested against detailed
hydrodynamic models
« Our model successfully predicted

Switzerland, *Institute of Environmental Engineering, ETH Ziirich, Ziirich, Switzerland, SWater Technology Pty Ltd,
Notting Hill, Victoria, Australia




CA-ffé’s je bolji od RUFIDAM 27

Impact Zones Cells

L

RUFIDAM

Smanjuje se
vreme
simuliranja,
posto nema
pre-
procesiranja




Excess water volume
(Surcharge predicted by SWMM)
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Four simple CArules to
spread excess water

Boundary Type map
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Jamali, B., et al. (2019). "A Cellular Automata Fast Flood
Evaluation (CA-ffé) Model”“. Water Resources Research
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Testiran na 14.4 km? slivu
u Melburnu:

« TUFLOW: 4510 80 h

e CA-ffé: 8 s—2min

e
b Ay o

Max depth (m) 0.1 1-1.5
I ' I ) Inflow points [ 0.05-0.1 Jo.2-04Mo6-1 B 1.5-2.
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Primer:

Hvatanje | koris¢enje
kisnice kao mera za
odbranu od poplava

THE FTERNAL OPTINNIST

s —

GOOD NEWS, THE
WATER TANK IS FULL!
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M1. Tank Water Balance Water

demand demand m

Rainfall-runoff model

demand 3
demand 2
demand 1

Stochastic water demand model

¢ water level in

tanks tank m

RWHTSs behaviour storage model

rainfall

Rainfall events extraction

Fast Flood Inundation Modelling
| IDSWMM |  CA-ffé

M3. Risk and Economic analysis
GIS-based flood damage estimation

v
Flood risk analysis J Damage
cost [$]

Cost BenefitAnaIysis

A 4

time




PRIMER

= Scotchman’s Creek sliv

= 270 ha

= 2400 objekata (1 mali rezervoar za svaki objekat)
= Totalna zapremina rezervoara ~9,200 m?

= 85 godina istorijskih zapisa kisa (6 min rezolucija)




Kalibracija 2D modela
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Testirani scenarijl

= BAU — bez rezervoara

= LEAKY - rezervoari su prazni pre kise
= INDD — voda se koristi za toalete

= OUTD - voda se koristi za zalivanje

» FULLD - voda se za toalete | zalivanje




Analiza rizika od poplava
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Damage Cost [Million AUDS]
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Uticaj je 2 - 10-god kise je znacajan
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Limitacije

2-D model (Ca-ffe) treba da ukljuci dinamiku procesa.

Trenutno radimo na:

(1) Boljoj integraciji salD modelom kisnih cevi @

(2) UkljuCivanju jednacCine momenta u model,




(1) Dynamic Fast Flood Model

WMedelled Floos Extant

 Simulira razvoj inundacije tokom vremena ST E A e
* Povezuje 1D sa 2 D modelom u realnom :
vremenu
0 T
B MikeFlood
HEl Caffe
50 A
100 +
150
Scotchmans

Creek 200 A




(2) ‘Data Driven’ Metode za resavanje
jednacine momenta

Momentum Equation (1D)
J 0q d(h + z) gn®lalqg

—(hg®) + — + gh -+ 0

ax at g ax h7/3
Convective Local o
acceleration acceleration ~ Pressure + gravity force  Friction force

| Kinematic Wave

| Diffusion Wave

| Local Inertial Approximation

| Dynamic Wave



ML metode za resavanje jednacine odrazanja
momenta

'm a machine
learning method.
’'m highly trained
to quickly solve
the Momentum
equation for the
hydrodynamic

Wcal models/




Hibrid ML and Numericke metode

Received: 6 August 2020 | Revised: 21 January 2021 | Accepted: 22 January 2021
DOI: 10.1002/hyp.14064

Hydrological

RESEARCH ARTICLE

Processes

Machine learning for accelerating 2D flood models: Potential
and challenges

Behzad Jamali ©® | Ehsan Haghighat? | Aleksandar Ignjatovic® | Joao P. Leitao* |
Ana Deleticl®




Local Inertial Approximation

1.Curve fitting t

1 i~ T4, .3
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Trained Manning’s _ _
Trained Local Inertial

2. Artificial Neural Networks (ANNS)
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Simulation time [seconds]

Test  Local [ Curve] [ ANN
name Inertial Fitting

Model

(ItzT)
T1-H1 5.3 4.7 139.4
T1-H2 5.0 4.7 108.3
T1-H3 4.4 4.0 105.0
T2-H1 5.3 4.8 130.9
T2-H2 5.1 4.7 106.8
T2-H3 5.1 4.8 86.3
T3-H4 184.5 167.8 | | 5161.2
T4 3180 2427 ) | Failed

Test T3-H4

Local Inertial Curve Neural
Model Fitting Networks

Itzi

Trained Local Inertial

ANN

~23%
faster

Depth [m]
'..' & [7710.001 - 0.01
AT 0.01 - 0.03
RS, W 0.03-0.06
N 0.06 - 0.09
N 0.09 - 0.12
°P5 mN0.12-0.15
BN 0.15-0.18

~30X
slower




Physics Informed Neural Networks

L Journal of Computational Physics
| .t‘uz | Volume 378, 1 February 2019, Pages 686-707

Physics-informed neural networks: A deep
learning framework for solving forward and
inverse problems involving nonlinear partial
differential equations

M. Raissi ®, P. Perdikaris ° A &, G.E. Karniadakis ®

Show more v/

+ Addto Mendeley of Share %8 Cite

https://doi.org/10.1016/j.jcp.2018.10.045 Get rights and content




Physics Informed Neural Networks

PINN Generated Simulation

=5, y=5)

Fluid Height at (x
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= Pinn Simulation
—— Numerical Simulation

0 1 2 3 4

Time (seconds)

Numerically Generated Simulation



Active and attractive urban drainage
systems for management of flash floods




Sivi Kanalizacioni Sistemi




Obavezno je integrisati modele sa
merenjima u realnom vremenu!

@
 dln R
database Online data
adjustment
\\ NextGen
SENSOR
ARMY
< | o a

Flow detection = alarm




Old Joes Creek, Mel

Senzori su postavljeni u cevima:
» 22 sensora za protok (17 IND + 5 R&C)
» Brza instalacija (30 min po mestu)

Merenja oticaja tokom suvih perioda tokom 1
godine

* IND - 160 kiSa u industrijskoj zoni
 R&C - 79 kisa u stambenoj zoni

Trajanje zabelezenog protoka:
* IND — 51 min/kiSi (median)

* R&C — 45 min/kisi (median)
 Otijacaji traju ispod 90 mins
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Old Joes Creek, Mel

* INDO5: zabelezeni oticaji su uglavnom utorkom i sredom ujutru i oko podne
* IND13: zabelezeni oticaji su uglavnhom nedeljom u ponoc¢

IND_05
—

MON - 40 =

i 35 =

. TUE . .-
o WED A S
o Y H 20 ©
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S FRIY 15 =
o

SAT - 10 =

5 —

SUN - . 5

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

IND_13 -> Industrijski procesi?
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Vremenska Merenje
prognoza

Smart Urbam Dr

,,,,,

Kontrola u
realnom
vremenu
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