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Abstract: The objective of this article is to investigaite tvalidity of a long-range transport model to Bediin a nuclear accidental context.
Model-to-data comparisons are presented using THeXH measurements campaign. A focus is put on ifipandicators useful for the
crisis management such as the arrival time. Somemgdicators concerning the plume location anddbge are introduced.
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INTRODUCTION

In case of an accidental situation involving radiae material, the Institute for Radiological Piten and Nuclear Safety
(IRSN) has to provide the decision makers with fesdtable, consistent and comprehensive informatidecision making
relies on a scientific estimation of the conseqesrfor human health and the environment. The emeygeentre operates a
complete model chain in order to compute the tairélements necessary to define the appropriatggeamcy actions to
protect the population and the agricultural countssures. Depending on the severity of the acgitdterduld be necessary
to address the problem of the dispersion of radilithess at large scale and in particular transbopndespersion. For this
purpose, the IRSN plans to use operationally thg-kamge transport model, 1dX, which simulates tiepersion of the
plume in the atmosphere. Qualification of the mddedart of its quality assurance and this issuedhieeady been addressed
in a previous work (Quélo, Kristat al. 2007) which indicates a good behaviour of IdX canag to other state-of-the art
models. The objective of this article is to repbe level of reliability of the forecast of IdX ugj specific indicators related
to the emergency context.

THE EMERGENCY CONTEXT

In France, if a nuclear installation is expectedstmn release or has already released radioactivitye environment, a
national organisation is set up to define the apyiate emergency actions to protect the populatiom the associated
consequences. A complete modelling platform, nar@); is operated to help the crisis centre of the IRSNstimate the

consequences for human health and the environfikatimpact is assessed using doses and protecdas are represented
on maps. The evolution of the activity in the atpteere and the radioactive fallout are computeddasean estimation of

the source term and the state of the atmospheneogitheric dispersion is modelled by a Gaussianmoffel at small scale
(up to 30 kilometres around the installation). &tge scale (regional to continental), the IRSNd&asloped the IdX model
which is going to be included in théXCplatform.

In an emergency context, decision makers haveadbvdéh the following constraints:
1/ they will have to anticipate since countermeasunay take time to initiate;
2/ they will probably have to deal with other extfses overestimating their own assessment;
3/ they will have to communicate as soon as ptessib

These constraints should be taken into accouttamtialification process.

THE LARGE-SCALE MODEL: LDX

IdX comes from the chemistry transport model P8Rir(Boutahar, Lacouet al. 2004) which is part of the Polyphemus
system. It uses the same numerical solvers andngseazations but differs by its comprehensive nae@m for radioactive
filiation and decay. In this application, using anedel or another is similar since the two modéle ghe same results (the
nuclear module is not used).

Before using IdX in an operational context, one mander about its range of validity. A classical eggzh is to realize
model-to-data comparisons as long as measurementuse available. Preliminary comparisons have lmmformed by
(Quélo, Kristaet al. 2007). The case studies were the ETEX-I campaignChernobyl accident and the Algeciras release.
The statistical indicators for model-to-data conggars indicated a good behaviour of IdX comparedtteer models. In
particular, when considering all measurements efEEX-I campaign, the correlation is 58 %, theufegof merit is 0.28,
the normalized mean square error is 3.98 and #utidnal bias is 0.82. We refer to (Brandt, Bastrirg-bt al. 1998) for a
description of these indicators and for the stiaisbf other models. IdX is inclined to overestim#te doses (the fractional
bias is positive) and the results of indicatorsdotidental situations (figure of merit in spacetiine,...) as recommended in
the ATMES-II methodology (Mosca, Graziaaet al. 1998) are satisfactory. For instance, the analiysigcated a good
agreement with observation as well for FA2 (73 ¥ &A5 (80 %). We refer to (Quélo, Kristh al. 2007) for a detailed
description of these results.

METHODOLOGY

To evaluate the agreement between measured antttpcedoncentrations, classical indicators meagutire skills of a
model are usually computed such as the correlatimefficient, the normalized mean square error @ thaximum
concentrations. In an emergency context, theseatalis are not appropriate. The main featurespafriect model dedicated
to emergency crisis management are described ifolloging:
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= |t appears to beore important to know where the plume is movingd amere the material is deposited thal
evalwate precisely the concentration levels. In a ipgbroach,he priority is to identifymore the location of the
contaminated areas than the contamination i

=  For communicatiofnissue, it is important to not reconsider any estimatigward.lt is then preferable th the
modeloverestimates the dos

=  For the crisis managem;, anticipaion is a key factor. The prediction of the timeasfival of the plume is
therefore crucial.

For this purpose, new indicators considered to beeraffective with regards to the crisis managengentext are introduci
in this study:
= Thelocation agreemenis defined for each station. The right situatiogré@ment) is when both model ¢
measurements agree that the plume pass throughtdtien, i.e. the model outputs and the measurer
contain at least one value above the detectiorshioid. The time when the plume is predicted or measur:
not important in this indicator. If the passingtioé plume is only predicted (and never measurad)means
larger area to consider by the crisis managemetitamay not be a major issue. The osite situation (the
model missed the passing of the plume) is of cooreee problematic. Thalarm agreemel completes the
previous criterion and adds information on the $atad concentration levels at a given stationhé tode
predicts the passingf the plume with a value ten times above the dietechreshold whereas nothing
measured, this corresponds to a false alarm. Tloe wd ten is chosen arbitra
= The dose agreemenndicates if the model reasonably overestimatesditees. he doses defined as the
concentration integrated over the duration of thene This indicator is computed at each station an
positive if the simulated dose is comprised betwéenmeasured dose and ten times this value. Te
ten is chosen arbitrary.
= Thearrival timeis the first time the concentration exceeds thea&n threshol

APPLICATION TO THE ETEX- | CAMPAIGN

The European Tracer Experiment (ETEX) campaignnis of the best instrumented dispersion experimantontinenta
scale to dateThe ETEX campaign consists in the release of art trecer in the western part of Europe and itfofeing
over Europe with numerous observational statior8 (ib total), which leads to 969 positive measu@dsove the limit
detection) and 2136 othersthin the background noise lev

ETEX-l constitutes a suitable playground since its fram has been used for model intercomparison es@sciFo
instance, one may refer to the ATMBSxercise or to the mu-model ensemble analysis performe(Galmarini 2004).

In the following, the deection threshold is set to01 ng/ni. Depending on the indicator computed, the set ofsareanen
stations used is different. The agreement on lonand the false alarm are plotted for all the mesment stations (16! A
smaller set is defined by &ping only the stations that had measured durihth@lexperiment (76 stations). The maps
dose agreement and the arrival time are represested this se

Agreement on location and false alarrr

Figure contains two maps. The first one shows the locadgneement. The stations with measured and prek
concentrations above the detection threshold gnesented in blue whereas stations with measuespétively predicted)
concentration above the detection threshold areesepted in red (respectively light blue). The secmap represents tl
false alarms in red.
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Figurel. Agreement on location (left) and false alarnigh@).
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From the crisis management point of view, the jsiois to identify the location of the contaminatadeas. The may
represented hereinbefore illustrate the reasorgdiy behaviour cldX since the impacted area is well defined. One sh
notice that the missed stations are localised enbibrder of the plun. This may be explained by a lack of horizoi
diffusion in the model. The stations in England missed by the mod:
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The modekives false alarms for 13 stations. One shouldcedtiat these stations are located close to poinése positive
measurements were made. Besides measurement prptiérs possibly due to local phenomena whichrenetaken intc
account in long-range transport models.

Dose agreement

Figure shows the agreement between measured and predizted at each complete sampling station. The statidere
the dosesd correctly predicted (in a factor of ten for o\stinmation) are represented in blue while those witberestimatiol
are represented in red. The points in green shawstations where the factor of overestimation for predicted dos
exceeds ten times the observed value.

Figure 2. Dose agreement.

Many stations are subject to underestimation odas particular on the border of the pl. One may wonder if it come
from an underestimation of the concentration l@refom a shorter duration che plume. To investigate this point, we hi
plotted the map of the simulated and observed duratf the plume (seFigure). On these maps, the stations where
predicted dose is underestimated correspond oftan tinderestimated duration. This is the case imi2el for instance.

Duration: observation
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Figure 3.Duration of theplumefor the simulation (left) and the observationstt).

Arrival time
The following map illustrateghe differencs between the simulated and the observed arrival ¢ifttleeplume.
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Figure 4.Differences between the simulated and observed arrival tintieeplume
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The arrival time simulated by IdX is mostly in adea compared with observations, as well as mosh®flong-range
dispersion models (Galmarini 2004). This can bdampd by the fact that, at the beginning of tHease, the concentration
of the tracer is instantaneously diluted in thetficell of the grid. However, we should notice ttta¢ arrival time of the
plume is hard to interpret. Indeed, close statgius very different values of arrival time.

DISCUSSION

A preliminary qualification on the ETEX-I campaitpad indicated a good behaviour of the model contptrestate-of-the-
art models. This complementary study introduces imglicators more appropriate to the emergency conbke general, the
model shows a good behaviour which is satisfackorgrisis management. Nevertheless, ETEX-I isd@mal case since the
release and the meteorology are well known. It inighdifferent in a real emergency situation. Saitag¢ions appear to be
more difficult to predict. All the more so, veryoske stations may have different scores. This majuleeto local phenomena
not taken into account in our large scale model.

To go further in the qualification process, compani to other models may be useful as well and kas nitiated in the
ENSEMBLE framework (Galmarini 2001). Some works inogress are devoted to other current topics. Reducin
uncertainties is a key issue for risk assessmérg.opportunity of using data assimilation and erfdemmodelling seems to
be promising as well in order to improve the techhassessment of a crisis.
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