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AIR QUALITY MODELLING OF ROAD PROJECTS USING A 3D COMPUTATIO NAL FLUID DYNAMICS
(CFD) MODEL
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Abstract: The air quality impact analysis is an importanttprthe regulatory studies (noise impact, landscimppact, hydrogeology,
wildlife impact...) of a road project. When the prfjéncludes urban areas, the impact on human ligity is one critical point. It is
necessary to demonstrate the air quality impaatsassent on human health of the road project basetlaffic-induced air pollution
dispersion modeling in urban areas. In complex roaufigurations (tunnels, buildings, hilly topoghgp acoustics panels, crossroads,
roadway design...), the air pollution dispersion frooad traffic is influenced by complex and turbalevind flows. Indeed, it is well
recognized that dilution is an important mechangmaerning the near-road air pollutant concentratidfrom the accuracy of the flows
simulation the correct estimation of the near rpatlution impact is possible. Simulations througRBCapproach provide the accuracy
expected by taking into account all the 3D eleniefitences. Parameters considered for the 3D dispemodel are altitude curves, street
width and length, building heights, wind-rose d@telocity and direction), ambient air temperaturackground pollution, traffic volume,
vehicle type and speed. This framework for assgsaimd visualizing urban pollution levels has besedufor the level crossing of
Molsheim, France. This spot is representative efdbmplex design of roads across a city. The maglesults of this case have been
compared to the local NOneasurements which included each time 20 diffgpeirits around the road project. The comparisowde 3D
modeled concentration and measurements campaigshoaen good agreement. The results from the 3Dmaideling have provided
valuable information for pollution impact analysisthose projects. Moreover it shows that CFD miodetan become a valuable tool in the
roadway designs process by providing importantrimédion to decision makers for air quality assesgraad management.
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INTRODUCTION

The French transcription of the European directivéerms of air quality near transport infrastruesiand land planning
projects (law 96-1236) requires from all projecaders working on land planning either by desigrengew road or by
modifying an existing road infrastructure to stutlg impact of their project on the local scalecpiality and on health of
nearby populations.

The latest guide to work on this impact study is ihter-ministry circular DGS/SD7B/2005/273 on impatudies for air
quality and health applying to every new road progd every modification of the existing road ratev This guide defines
the following objectives for the impact study:
e Evaluation of traffic pollutant emissions for thasting and future infrastructures included in fr@mework of the
urban project
e Qualification of the initial state of the air qusliby modelling the dispersion of these emissioospted to an
experimental campaign on site
e Appraisal of the air quality in future, 10 and 26ays from the current year with and without thejguid
modifications to the network and comparison toittial state
«  Comparison of the projected modifications, if sel’ecanpeting projects, in terms of air quality impac
e Comparison to the European standards in terms glaility
«  Evaluation of the sanitary impact on nearby inreatig
e Analysis of the collective cost of the pollution.

The software used for the qualification of theialistate as well as the estimation of pollutaspdision are generally of
Gaussian nature. However, the Gaussian softwamotaake into account strong declines (mountaiagrer urban context
with many obstacles (buildings but also trenchaktannels) which is where the strongest health ahgaexpected.

To quantify the impact of a road modification, 3DECEoftware are therefore more adapted to the ucbatext.

3D CFD models are able to model the 3D wind fielttgza on hilly terrains and over complex obstadigssolving the
Navier-Stokes equations for atmospheric flow in aN®Aformalism. It includes mass, momentum and epthal
conservation, state law and equations for advediffasion.

Such a use of a 3D CFD software, fluidyn-PANROADpissented here in the context of the modificatibm oailway
crossing in the city of Molsheim in France. The ¥ehonpact study will not be presented here, rafoeussing on the
dispersion models and results.

ROAD PROJECT

On the road network around the city of Strasboarthe East of France, the nodes at the town of iiis are of primary
importance on the local and regional level. Théma crossing of Molsheim is a focal point in termsenvironmental
impact, risks and delay in traffic (figure 1). Majmodifications are therefore under way, mainlytiwy creation of a lower or
upper passage.

The implications on the air quality, the benefitelauisances have to be analysed on three scalgsnt status, status
expected in 2012 and in 2022.
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Figure 1 Aerial view of the planned project (railways teg crossing in Molsheiin

The simulation of the intervening proces in atmospheric pollutatransport and dispersion requires the consiideratf
many parameters. These are:
e Topography and ground roughness parameter of tiily sirea according to different ground occupa
parameters,
«  Emission sources made up of ro.
e Weather conditions.

Amongstthe numerous pollutants that have to be studiede Europearregulatory context around road infrastruct, two
are presented here, N@nd GHg. They have been chosen because they are the roatribators to air quality an
experimental meases have been done for these two chemical spe

NUMERICAL TOOL: FLUIDYN- PANROAD

The softwardluidyn-PANROAD developed by TRANSOFT Internatiorhas been used here. This software is specifi
dedicated tahe traffic pollutant dispersion by solvii3D fluid mechanics equations (NavieGtokes equation:
Theresolution of the fluid mechanics equation is ¢ on a curvilinear unstructured embeddeesh, capable of followin
closely the differences in altitudes or terrainvat®ns to take into accnt their effects on the dispersion and to represe
detail the major areas in the study zone. In threeot study, the influence of the relief is not ingigle since the proct itself
is based on 3D features such as overheads or turihé thus ssential for the mesh to represent the terraingatbese
curves.

Besides, the terrain roughness, the effect of gragudipation parameters on the wind field is alsd@led with respect
the areas crossed (urban areas, empty terrairst$ore.

Two types of turbulence have an influence over elisipn: mechanical turbulence (vortices createdhieydifference ir
velocity of air masses or by the movement of aicantact with these objects), and the thermal terime (vortices creat
by the diference in temperature of air masses in the atnewiplayer).The turbulence model-¢, adapted for the flow
calculations over complex topography terrain haanhesed for these sulationsand a micro meteorological model provic
the initial atmospheciwind, turbulence and temperature profiles baseMonin Obukov similarity theor

The velocity profile in the boundary layer is detéred by a logarithmic law. This allows to takeoironsideration the lal
roughness on the forests and urban arehe gravity forces are neglected.

NUMERICAL MODEL OF T ERRAIN

Geometry

The simulation domain is determinég the roads directly or indirectly affected by theject. Moreover, the boundarit
have been chosen far enough from the consideredositeducetheir impact on the result$he domain is therefore sque
with 1.5 km sides (figure 2).

The simulation domain is globally flat t theprojected land planning requires local modificatiaf the terrain by road fill
and excavations. These configuratidifferences have been taken into account in thierdifit terrain models detailed 1
each variation. From this information, the terrabjects have been introduced into the numericahitemodel, thus takir
into account the important parameters ie study domain.

The information from the topographical databaseither converted into area with a roughnessfficient depending on tt
land occupancy (urban areas, forests, fields, waadies, open spaces, etc.) or is explicitly desctiin the mdel. In the
current study, each building near the railway dragias been integrated in 3D. The others have mduded in the forn
of built areas with an appropriate roughness caiefii

Finally from the varied information provided by thiy planring, the road sections represented in the studyadommave
been localised and integrated in the numerical inofttbe terrair
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Roads

Forét
Buildings

Urban areas

Altitude curves

Once the terrain model has been generdteidlyn-PANROAD builds a 3D unstructured embedded meshjilowgar and
refined at and around road levels where a highigicet is required and where the obstacles anditefemtures will

considerably modify the windfields and pollutarggirsion.
The following pictures present a top view and ai8@metric view of the mesh. The number of cellshie computational

domain is 225000 distributed along the three aXés. finer cells are mainly located near the roattase and are of the

order of a few meters.

ig.
e e
5 i R
52 o
o il
SR

e
LR
s

=
PR
A

o
Sra
=
Lk
A%
-

o

%
&7

W

w
i
i
g
el

i

e
o AR
foth

£}

7

e
T

o
tk

Tt
P

HENS S
g R
B

s
5
R

K5

SR,
iy
et

%
o
2

S
P
S

Al

o
g
2

PO S
iy s
ik

o
7

%

I
S
o
e

b

. =
i S
e

i
il

£

et
Sy,
iy
o
A R
RS
N

&

&

G,
A
o
s
e
At
Bt

P
i

0
- 5

1
i el
DO A
EorleE

R

£y

5%

oSl
s
£X

N
=
s
e

5

o
e

i
i
)
e
e
B
cd i
S
S
Ao
e

o

o
552
ww i,
e

Sela

S
5

e
ot

Ry
s
1
vt
ol
S

fL
i

i
el
e

Fr

St

AR S

KX

SRR

%}F

SR

RSO
W,
Tl

e
i
e
‘t:k
LRE;
o
S
A
Sl

P
iz,
A 5
o
P 5
5 et %
KRV o s s,
SRR 7 TS
B Sy & 3 R

et
e

o

P
=

Weather conditions

The transport and diffusion vectors of the atmosphgollutants are air and its movements. It isstlimportant to define
weather conditions to be simulated. These are éipptied to the computational domain boundary, &edsbftware defines
the wind fields (velocity and direction) at any poin the domain by solving the fluid mechanics &ipns. Since the
calculation is three-dimensional, the weather coon are different with respect to altitude ané @fluenced by the

numerical model of terrain: buildings, urban areappgraphy and fields.
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In the framework of an air quality impact studyisiimperative to use a sufficient number of weattenditions in order to

represent an average situation. For this reasenmigthodology depends on the construction of meana exposures by
the weighted summation of the results obtainedtHerchosen wind conditions. The maximum exposuresohtained by

individual examination of the concentrations focteaondition.

The selection of the weather conditions for theusation has been done from the wind rose obtainech Meteo France

along the following criteria: the winds taken iraocount are those with velocities greater than 4 ifihe least frequent
winds (less than 1%) have not been consideredaltieetr limited effects on the mean annual imp#@bus a number of 35

wind sectors have been extracted representingahdb90.1% of wind rose. These were then brougte total of 100 % to

calculate the mean annual impact.

Figure 4 shows an example of wind field for a Nawihd of 2m/s at a height of 10 m. The wind vectams presented on the
1.5 horizontal plane. The influence of topographg abstacles can clearly be seen, for examplegmebirculations behind

the buildings and acceleration between buildings.

Emissions

The traffic data was extracted from the survey ltesand traffic modelling done by the city plannisgrvices. The
calculation of the pollutant emissions in the atpiese from traffic data has been done with theasoft IMPACT-ADEME
version 2.0. This software tool is an adaptatiothef COPERT Il methodology for the quantificationtbé consumptions
and emissions induced by a given flow of vehiclesa@iven infrastructure at a given horizon in Eman

It uses an emission and consumption database ¢br\ahicle category of the current and future Vehpark and a dataset
of the annual structure of the park, elaboratetNBRETS.

Experimental campaign
The analysis of the initial state is defined bycemsite measurement campaign by passive tubes.réiogoto the CERTU
methodology, the Ngconstitutes a reference index for traffic pollutignseries of measurements for BTEX (benzene and
other hydrocarbons like toluene, ethylbenzene atehe ) has also been done.
7 measurement points of N@nd benzene have been chosen and each pointNast@bes (doubled) and one BTEX tube.
The distribution of the sample points has beemeeffin order to cover the entire study domain by:

« Measurements on different road axes near traffic

* Measurements in urban areas in order to evaluatali$persion of emissions from road traffic andrfrarban

background (used for the modelling)

Numerical results

From the weather conditions and road traffic emissiestablished on the traffic database and thesemifactors, the mean
annual concentrations are modelled by solving theeetion-diffusion equations. The resultant conign maps show a
representation of the air quality that can be eelab the road for the various pollutants and yearsidered.

This section presents a sample of results obtaifibé. first table shows the experimental campaiggulte with the
comparison with numerical results obtained for @éhaual average at current status in the cell coingithe measurement
spot as well as the standard deviation. The standieviation for NQ concentration results are between, 2 and 23% avith
average at 10%. The standard deviation for beniaebit higher ranging from 65 to 0%. These rasalte quite good
considering that the experimental results were dover a period of 15 days whereas the numericallteehiave been
produced for a yearly average (both for weatherteaftic data).

Table 1. Comparison of experimental measures withamical results

Experimental results Numerical results Standard deviation

Monitor NO; Cetls NO, Cotls NO, CeHe

concentration | concentration | concentration | concentration (%) (%)

(pg/md) (pg/md) (pg/md) (pg/md)

1 28.7 1.5 35 1.05 19.8 334
2 44.3 2.1 35 1.1 23.5 64.5
3 58.4 2.3 55 1.35 6.0 53.8
4 36.8 1.3 43 1.15 15.5 11.8
5 65.2 2.8 67 1.7 2.7 49.9
6 38.2 1.5 37.4 1.1 2.1 29.5
7 37.6 1.2 32.6 1.05 14.2 16.6
8 31.0 1.0 31.8 1 2.5 0.1

The following set of pictures in figure 5 shows centration contours of NCat ground level for two wind conditions at 0°
and 180°N and 3 m/s. This type of results can led s discriminate between the proposed layoutth®railway crossing.
The simulation indicates that the benzene levaleex the air quality norms in current status (Y&H8) but this is localised
near the road. No other pollutant from road tragficeeds the norms specified by the air qualitydtives.

By comparing the future references 2012 & 2022008, the benzene emissions decrease by more tlanNb0, decreases
by 30% on the entire domain. Even if the traffic 8012 and 2022 is more important than in 2008, rtieee severe air
quality emission norms for new vehicles, fuel sfieations and the technological evolution of mofastimated to be less
polluting and more environmental friendly in futyrears have contributed to this decrease.

As a direct consequence, a decrease in the maxiomnrentration of pollutants between 2008 & 2022 barseen. For
2022, only NQ exceeds in limited points the threshold valuesiofuality norms.
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Figure 6: Yearly average of N@oncentrations contours for 2008 (left) and 20&sh()
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Figure 7: Yearly average ofs8¢ concentrations contours for 2008 (left) and 20&#h()

CONCLUSION
This paper presents the results of the evaluatfoairoquality impact due to the construction of tteélway crossing at
Molsheim done with the 3D CFD dispersion model,idgln-PANROAD. According to the specifications ofetlinter-

ministry circular DGS/SD7B/2005/273 on air and heatbpact of road infrastructure projects, the stpdgsents the results
of road traffic pollution dispersion simulation the study domain conducted for reference years 22082 and 2022 for
several modifications of the project.

The

comparison of numerical results with experirmkenteasurements has shown that the simulationtsestd realistic even

though a direct comparison is not possible. Theparimon of each project has helped to provide isig the air quality
impact of crossing above or under the railroad.

The

3D CFD models can therefore be used for greatradge as a tool to comply with the European tlireon air quality.
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