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Abstract: The industrial zone of Le Havre in the River Selfstuary (France) is characterized by the presehseveral major sources of
SO, emissions, with several refineries and a largegugelant. The air quality in the area is undergbpervision of the AIR NORMAND
Air Quality Management Board, which operates aremoéd network of automatic stations. There werargel number of SQOepisodes
during year 2007 when observed concentrations aleose regulatory limits: this situation has dritie Regional Authority for Industry
Research and Environment (DREAL) to undertake #tailbd numerical simulation of all episodes, idesrto determine with precision the
emission reductions that had to be imposed to cpmiph EU regulations.

The simulation of all the 77 episodes observednduyear 2007 was performed, with a very high spatsolution (down to 100m) and a
time step of 15mn for averaged S&ncentrations, using full 3D simulation tools.eTAQ emissions from all the main stacks of the “Top
3” industrial sources were defined on an hourlyiias sequence of nested mesoscale meteorologiodéls (MM5 + NSWIFT) was used
to represent the flow over the Seine Estuary, aBB &agrangian Dispersion model (SPRAY) was usesirtalate the time dependent SO
concentration distributions.

The paper presents the comparisons between maédtsreand measurements and the model evaluatioriusions, and focuses on the
difficulties of high-resolution micro-meteorologiaaodelling in weak winds and stable condition@mEstuary situation, with topographic
and sea breeze effects.

A subset of the episodes for which the qualityhef tesults was fairly good was selected and thdtsesf the simulations for these cases
have been actually applied to the computation tifegd emission reductions.
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INTRODUCTION

During year 2007, in Le Havre’s industrial area agrounding, 77 periods presented,SiDservations exceeding the
European Commission regulations about mean daificentration (threshold : 125ugiitiay max) and/or mean hourly
concentration (threshold : 350 pg/mmax). Four sensors in the area were concernieid. fict urged the local Industry
authority DREAL to consider emissions reduction plasing a dispersion model validated over thessodps.

The domain main characteristics are:
* awide estuary extended by the river Seine,
e a100m high cliff along the north border of theuasy,
e the city of Le Havre,
* and the two industrial zones : Le Havre on the &rasside and Notre Dame de Gravenchon on the pasths.

The total area of interest is then 45x21km wide.
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Figure 1: Topography of the domain — Origin: IGN€fich National Geographic Institute) - 100m resofut
Yellow stars represent the referenced Sénsors
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THE MODELS
The simulations where performed taking into accahettop three plantaccounting for90% of the total S, emissions.
These sites have provided us with their hourly, emission rates for every epde: 47 chimneys were taken into accc

Meteorological analysis was performed starting frii@ data provided by the AIR NORMAND monitoring netl; the
French Meteorological Office local stations, MM5tewrological model and the SWIFT diagnosmodel. SWIFT is a non
divergent interpolation model, derived from the NHRVE model, taking into account large scale modéputs togethe
with local meteorological measureme

Simulation of the pollutant dispersion evolutionsyarocessed by the SPR 3D non steady state lagrangian disper:
model. Meteorological fields produced by MM5/SWIEfe used by SPRAY as an inj

DOMAINS DEFINITION
Regarding meteorological modelling, two separate@aghes have been follow

e Aclassical nested approacting MM5 and SWIFT to take into account large s@avell as smaller scale effec
The MM5 model was used with three nested domams 27km resolution to 3km resolution. SWIFT wasntt
configured with a nested approach: a 400m resalutiomain usincas meteorological inputs the smaller sc
MM5 output and a 100m resolution domain using asuts the previous SWIFT outputs and the I
meteorological stations (dfigure).

« A simpler approach, using only SWIFT supplied witbal meteorological measureme
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Figure 2 Nested domains used to run MM5 simulation togetith NSWIFT nested approe
For each episode, the two approaches have beerutetnmandhe one giving the best results taken into acc

For the dispersion simulation, the SPRAY model was using a 100m resolution domain. To reduce thepeting time,
three domains were considered: one covering Le édaone for episodes that only com the western sensors, anot
covering Notre dame de Gravenchon zone for episthdé®nly concern the ND2 sensor, and a globalaiemmcluding bott
areas for situations that concern sensors from &idés.

Le Havre domai Notre Dame de Gravenchon dom

4.400E-+00% 4.300E-+00% 4.G00E-+00% 4.700E-+00%

Domain including both industrial are

Figure 3 Domains used for the dispersion simulations ut#iiegSPRAY lagrangian mod
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DATA ANALYSIS

Measurements from the four $8ensors have been analysed for the whole periadsifog on concentration values hig

than 100pg/min order to identifyparticular weather conditions leading to high corition measuremelr. As shown in
Figure 4 most sensors presented high corrations for moderate to high wind speeds. On theoejte, the CAU sensc

situated on the western part of the domain, presmigh concentration for low and moderate wincess

In each case, concentration roses signatures piakyROM and GOR meured high levels of concentrations for wir

coming from Le Havre refinery, TAN for winds comifigm Notre Dame de Gravenchon refinery. Only theUCensor i

not that well signed, presenting wind directionsnetg from the North East: as those winds associated with low wind
speeds, relationship with a precise industrial tplahazardou
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Figure 4 Concentration roses and wind histograms for comagon measurements higher that 100}3.

VALIDATION METHODOLOGY

The scores described the well Model Validation Kit (Hannah, 1991) haveem used in order to evaluate the mc
performances. As only high concentration valuesdraterest, scores have been calculated for cdretion measure
higher than 100pg/inThis prevents the sccs from being distorted by low concentration values.

In a point to point comparison and for short terrmudations, the sensitivity of the scores to theosgn modelles
concentration reference point is very high. In case, this situation worsenedy the short distances between the emiss
and the sensors (about 2 km): at such distancegpltime’s width is low and the concentration gratli@ the crosswis
direction is high. On the other side, the meteagmial sensor from the French Metewogical Office has a directic
measurement precision of 492, At a 2km distance, such an error on the winddiion can introduce a 180m error on

plume centreline, to be compared to the 100m réisalwf the simulation. The same influence can héerlined for the
wind speed precision: the French Meteorologicaldg®fprovided us with wind speeds at a precisioa/- 0.5 m/s. At 2km
from emissions, this error can introduce a delag tead of 15mn on the plume transport. To smduthghenomenorthe
scores presented here have been calculated takimgdcount the best point among the 4 cornereetell containing th
sensor + the interpolated value at the sensor pliatimes T and T~ 15mn.

MODEL RESULTS

Notre Dame de Gravenchon domain

The model results for the episodesated tt Notre Dame de Gravenchon (western side)varg good as shown in Table
For this particular domain, only two episodes whareulated with difficulty, due to very low wind epds. During thes
episodes, thewto meteorological stations close to the ND2 semsesented uncorrelated wind directions and low v
speeds associated with stable atmospheres thernolegioal models were not able to reprodt

Table 1 Scores at ND2 sensor for episodes that orncerned the Notre Dame de Gravenchon doi

Optimum

Correlation coefficient
FB
MG
FA2
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Le Havre domain
Most episodes impact tHeOR sensor and only few episodes impact the ROM and §#asors. The scores obtained

these episodes are summarized in the table belogrdsults obtained at the GOR and ROM sensors @eeaquirect but thi
CAU sensor is not well simulated.

Table 2 Scores at GOR, ROM and CAU sensors for episddgohly concerned the Le Havre don

Optimum

Correlation coefficient
FB
MG
FA2

A detailedobservation of the nearest meteorological datheatdp and at the bottom end of the cliff show Bngoccasion
highly uncorrelated wind directions, as presentt Figure 5 This vertical wind shear is associated with loimds. The
model hardly showthe wind vertical structure as none of the estumaegasurements delivers any vertical wind informat
This is the case of most episodes related to the €&idol
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Figure 5 Episode presenting vertical wind direction divargebetween the bottom and the top of the

Whole domain
9 episodes involve all studiesbnsors. The global results are presented in Table 3 cases out of 9, the wind is w

established and each domain plume impacts a limitedber of close sens. For these cases, the model performance
good.

The 6 other episodes correspond to very low wireedpdisorganized wind directions, very stable @@t associated wit
fog. The latest episodes (4 days) correspond t@®0& Christmas period where the whole North ohEeawas concerne
with high mllution peaks: in Paris, the ATMO air quality isdior reached a 10/10 level. For these cases, tuel
performances are poor: further work should be dorieetter represent the meteorological and turlmeldields.

Table 3 Scores at GOR, ROM and (U sensors for episodes that only concerned theendminail

Optimum
Correlation
coefficient

FB
MG
FA2
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EMISSION REDUCTION SCENARIOS

Regarding the model results, a subset of the episads chosen among the previous episodes, retaimisg which best
represent the sensors observations. Simulations e@re taking into account the reduction emisseamario as planned for
2015. The contribution of each chimney to the cofregion calculated at the sensors position wasroéhed. The model
error was reported on time series plots (green) harensure a better interpretation of the resoljether with the maximal
threshold (red line).
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Figure 6: Example of provided outputs for episodsdtér emission reductions

As a conclusion of this part of the study, only @pésode still presents concentration values exngdatie European limit.
The study of each chimney contribution has revealeitits where emission efforts should be made timige the S@
impact.

CONCLUSION

For this site particular case, the meteorologiitabtions leading to high concentrations observegtiare frequent due to the
presence of the cliff, the Seine estuary, togettighr big industrial plants. In this case, the u$e8D meteorological and
dispersion models using a proper turbulence paeaisation can provide an appropriate quantifiedwansto emission
scenario studies. Looking at each chimney influda@so important as its contribution is not neegy proportional to its
emission rate.

Further work on models is recommended in orderetteb simulate very stable weather conditions aatext with low wind
speeds, as for 2007 Christmas episode.
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