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1. Introduction

Dispersion of hazardous material in urban area

« Context of prevention from short accidental
releases

— Accidental releases due to urban industrial facilities
— Transport of toxic materials
 Need of model tools in order to

— Simulate different scenarios in preparation and trainingy’
for an eventual release

— Predict the dispersion for emergency respoise

— Evaluate precisely the impact of a release in post-
accident analysi
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1. Introduction

Some orders of magnitude

Street scale District scale Agglomera yscale
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1. Introduction

Some modelling issues at district scale

* Which processes/parameters control
dispersion at district scale?

« How to model a district of thousands
street segments?

 How to predict one or two days of
V@g%; o P dispersion in a few minutes on a PC?

\ﬁ;@‘?g@ = Find an alternative to CFD codes

' i (Fluent, Mercure, ...)

Need to develop simplified models for
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1. Introduction

Plan of the presentation

Introduction

a

2. Wind tunnel experiments on urban district
3. SIRANERISK dispersion model
4

Preliminary comparison SIRANERISK / measurements
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2. Wind tunnel experiments on urban district

Experimental setting

Study of turbulent dispersion from a continuous point source in an urban district
Influence of wind direction

Atmospheric wind tunnel of the Ecole Centrale de Lyon
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2. Wind tunnel experiments on urban district

Experimental setting

Building geometry
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Establlshment of the
urban boundary layer g
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2. Wind tunnel experiments on urban district

Experimental setting

Concentration measurements with Flame lonisation Detector:

» Lateral profiles (y-direction) at different distance from the source
» Variation of the wind direction

e Continuous
release

* Point source
located in an
intersection

A\
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2. Wind tunnel experiments on urban district

Experimental results

Wind direction = 0° _
RANS CFD calculations

Wind tunnel concentration profiles (z = 0)

. The plumelfis channeled by the
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2. Wind tunnel experiments on urban district

Experimental results
Wind direction = 15°

Wind tunnel concentration profiles (z = 0)

* The plume spreads more rapidly
-3 than in the 0° case

e The plume centreline is shifted due
to a channelliing mechanism

Wind direction
Plume centreline
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2. Wind tunnel experiments on urban district

Experimental results
Wind direction = 30°

Wind tunnel concentration profiles (z = 0)

0.15 -
\. [/\
0.25 — ’ ‘ | ’

|
N 9 V0| N 0

AL

| 48

Wind direction
Piume centreline

The plume spreads even more
rapidly

The steps in the concentration
profiles correspond to the presence
of the streets
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2. Wind tunnel experiments on urban district

Experimental results
Wind direction = 45°

Wind tunnel concentration profiles (z = 0)
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The plume centreline deflection
disappears in the symmetric case

The concentration is almost constant
in each street but varies from one
street to the other
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2. Wind tunnel experiments on urban district

Experimental results
Wind direction = 45°

Wind tunnel concentration profiles (z = 0)
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Importance of the exchange
mechanism at the intersections
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2. Wind tunnel experiments on urban district

Experimental results
Wind direction = 45°

f f the transport = Two mechanisms control the
__over the roof level dispersion in a district :

1. Exchanges at each intersection

2. Exchange with the external
flow and dispersion over the

' chrgulations o

(roof level.z,= H)
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3. SIRANERISK dispersion model

Introduction

 SIRANERISK is an evolution of the SIRANE model, used for air quality
modelling in urban area (application on Lyon, Paris, Grenoble, Torino,
Milano, ...)

 SIRANE is a steady state model = SIRANERISK is an unsteady model
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3. SIRANERISK dispersion model

Geometrical description of a district
Urban geometry is complex at different scales

- need to simplify in an operational modei
- . ca!_e ofthe

Scale of the relief IS

d“etail_ on biIdins

¥t ML Y

. oughness length
Taken into account by a T e~
user-provided external wind field == '
: coupled with a puff model
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3. SIRANERISK dispersion model

Geometrical description of a district
Representation of urban canopy

Lilll

Simplification of
building geometry \ “

LMFA/ECL - 2007 Harmo 11 - Cambridge - 04/07/2007



3. SIRANERISK dispersion model

Concentration model in each street

« Analytical model for the average velocity in each street
(Soulhac et al., 2007, submitted to Boundary Layer Meteaorology)

» Budget of pollutant mass in the street
d (HW L.C
dt

treet )
L = QS + Ql,in h Qpart’HJ B QH,turb + Ql,out \ Qpart,ground i Qwet depos.

Vo Vo
In fluxes Out fluxes

» Turbulent exchange at the interface Qu,turb 0
l,out

Qwet depos. Qpart,H

\ o, WL

QH,turb - \/— (Cstreet - Cstreet,ext)
21 Qpart,ground
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3. SIRANERISK dispersion model

Exchange model for an intersection

LMFA/ECL - 2007
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RANS CFD
calculations

-

Calculation of exchange fluxes as a
function of wind direction :
P;,(6)
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3. SIRANERISK dispersion model

Puff dispersion model over the roof level

Each vertical flux of pollutant is
modelled by a source of puffs
s 3

Each puff is advected by
the wind field
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4. Preliminary comparison SIRANERISK / measur.

Wind direction = 30°

Concentration profiles
Wind tunnel
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4. Preliminary comparison SIRANERISK / measur.

Wind direction = 15°

Concentration profiles
Wind tunnel
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4. Preliminary comparison SIRANERISK / measur.

Wind direction = 0°
Concentration profiles
Wind tunnel

Grounld level  SIRANERISK Roof level

' 800 |
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5. Conclusions and perspectives

* Wind tunnel experimental study
=» Identification of main dispersion mechanisms

» Development of an unsteady puff-canopy dispersion model,
SIRANERISK, for operational purposes

= Need to validate SIRANERISK model

* A preliminary comparison between model and experiments shows that
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