POLLUTANT SOURCE IDENTIFICATION IN A CITY DISTRICT
BY MEANS OF A STREET NETWORK INVERSE MODEL

Nabil BEN SALEM, Lionel SOULHAC, Pietro SALIZZONI, Massimo MARRO

Direct Model

=

Wing > = Sources .9

Sou rce S « Ric.:eptors o Po"utant qr;ui
(Q,T,V)(M) Il : :iii: " || concentration T
e oo 0

o

Inverse Model

15th International Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
6-9 May 2013, Madrid, Spain

@4 Rh(ﬂ)nG\IRpeg@s B} CENTRALELYON



[ LA

{8) CENTRALELYON

I Introduction

Il.  Formulation of inverse problem
1.  Simple cases
2.  General case
3.  Philosophy of inverse model
4.  General algorithm

Ill.  Pollutant source identification in a city district
1. Inverse modelling tools
2. Source strength
3.  Source location

IV. Conclusions and Perspectives

Outline



EEEEE

CENTRALELYON

. Introduction




| — Introduction
[ LA

B8} CENTRALELYON . Inverse modelling is used to identify the characteristics of pollutant sources
(position and emission rate) using the receptors measurement.
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. The aim of the study is to identify a single stationary pollution source placed
in a city district and whose position and flow rate are unknown.

. To that purpose we use :
. Direct model - SIRANE.
. An inverse algorithm
. Observations — wind tunnel experiments.
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II. Formulation of inverse
problem

Simple cases

General cases

1
2
3. Philosophy of inverse model
4

General algorithm
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1 — Simple cases
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* Single solution. * No exact solution. * Infinity of solutions. ¢
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2 — General cases
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Il - Formulation of inverse problem
2 — General cases
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3 — Philosophy of inverse model

. The actual code solves the problem in the sense of least-squares:
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) = %”C-ATC*Q” = %(C-ATC*Q)t (C-ATC*Q)

. Specific algorithms are implemented to treat the cases where the
problem is ill-posed and ill-defined.
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lll. Pollutant source identification
in a city district

1. Inverse modelling Tools
a)  Direct model : SIRANE

b)  Wind tunnel experiments
2. Source strength

3. Source location

a)  Search algorithm

b) Test case
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1 — Inverse modelling tools
a — Direct model : SIRANE

Unsteady pollutant
budget in each street

. B
Network of streets

Exchange at intersections

e N
o

\ Transport over the roof level
(Gaussian puff model)

See (Soulhac et al., 2011; 2010)
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a — Direct model : SIRANE
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Concentration model for each street

*  Budget of pollutant fluxes within the street

98 + Ql,ent + Qpart,l—i - QH,turb + Ql,sort + Qpart,sol + Qlessivagel =0

A4 i h'd
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Turbulent exchange at the interface
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b — Wind tunnel experiments and direct model validation

e The experimental measurements used are
those presented by Garbero et al. (2010).
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* a) The receptors locate in four different streets :
* Conf.2={2;8;13;18}
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8 CENTRALELYON  * b) The receptors placed in a same street:
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3 — Source location
a — Search algorithm

e We apply a direct method algorithm to identify rapidly the position and the
emission rate (strength) of the source. The algorithm tests different source

locations, distributed over a regular mesh. It selects the source location that
minimizes the cost function J.
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L A 3 —Source Iocat.lon
a — Search algorithm

* We apply a direct method algorithm to identify rapidly the position and the
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emission rate (strength) of the source. The algorithm tests different source
locations, distributed over a regular mesh and selects the one that minimizes a
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3 — Source location
b — Test case

SIRANE model
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Plot contours of the cost function J
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3 — Source location

Gaussian puff model

2
K, K, K, J

* Relative error of strength = 200%

b — Test case

SIRANE model

* Relative error of strength =30,5%
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Plot contours of the cost function J
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IV. Conclusions and Perspectives
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. Conclusions
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. We presented a few tests of inversion to identify position and
emissions rate of a pollutant source located within a city district.

. The inverse made by combining the street network dispersion
model SIRANE and wind tunnel measurements.

. The use of the model SIRANE is more efficient than using the
Gaussian puff model with the inverse algorithm to identify
position and emissions rate.

. Perspectives

. Future work will concern the extension of this analysis to different
wind directions, obstacle layout, and time-dependent pollutant
emissions.

We study the consistency of the inverse model to invert the unsteady emission rate

. 21
(see poster section T7 )
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