ARMAND et al.

STATE-OF-THE-SCIENCE ATMOSPHERIC DISPERSION
AND SOURCE RECONSTRUCTION MODELLING
APPLIED TO THE NUCLEAR SECURITY

P. ARMAND
CEA, DAM, DIF, F-91297 Arpajon, France
E-mail: patrick.armand@cea.fr

C. DUCHENNE and L. PATRYL
CEA, DAM, DIF, F-91297 Arpajon, France

Abstract

This paper aims at providing an overview of the tas years improvements in atmospheric dispersiodelling
and radiological source term estimate and insightfiow 3D simulation in these fields can contribitenuclear security.
The progression through the paper is organizedlbsis. Firstly, we describe the multiscale modwgjlichain developed by
France atomic and alternative energies commissi&A] to forecast the weather and simulate the dssperof nuclear or
radioactive materials (or other noxious substanaes$)igh resolution in complex built-up environmeiindustrial site or
urban district) and to the inside of 3D mesheddings (indoor / outdoor transfers). The outcoméhefmodelling chain is
exemplified by the EMERGENCIES project in which weatprediction and fictive radiological (or othexitr) dispersions
were calculated at metric resolution over a huggamidomain under the responsibility of Paris figdde in a time suitable
for emergency preparedness and response. Secamdtigpict the validation of the flow and dispers&m» modelling suite
used by the CEA at the local and regional scalenagaixperimental wind tunnel and field campaignsadBenarking our
model in the framework of European and internati@xarcises is crucial to make simulation resuledlible for emergency
players and foster the use of 3D modelling andsiletisupport system in a radiological urgency for ather contingency).
Thirdly, we come to the source term reconstructising an original method based on together the Baygwobabilistic
approach, dispersion simulations in backward medd,an adaptive algorithm seeking for the sounca garameters. This
method is illustrated by a fictive complex urbaersario, in which detections are available from svoek of sensors and
utilized to identify the location and magnitudeafadioactive release. It is worth noticing that method could also be
used for a source of radiation. Finally, we briefhmment on the concepts of use and benefits ddtthespheric dispersion
(and irradiation) modelling in the pre-event, ie ttourse and in the post-event of a nuclear / lagical urgency. We argue
that state-of-the-art models combined with highfguenance computing are qualified to bring a verjuable contribution
to nuclear and radiological security in the frari@r@paratory, responsive, and remedial strategies.

1. INTRODUCTION

Nuclear or radioactive materials may pose a setieadth risk for the population when disseminated i
the atmosphere (or as liquid effluents) or pressnitradiating sources. The exposure of human beimghese
materials can occur in various circumstances ranffiim more or less serious accidents to crimintiviies.
Let it be of uncontrolled or of deliberate origavents such as the dispersion of radionuclidekeexkistence of
hidden / lost sources may be anticipated to résw@tlverse human consequences and social disruption

Thus, these events are a matter of concern fogtlernmental national and local authorities togethe
with the security services. They are also at tlissnoads of the scientific and technical advanoésrt, alia in
the field of dispersion and radiation modellingdded, decision-makers need reliable, and preferqibigk,
health impact assessments of the events implyinfeau/ radioactive materials before taking propetection
measures of the people. Nowadays, such accuraesassnts may be drawn on 3D modelling capabilétres
computational resources that have been drastigajiyoved in the last decades. The present papezlajey
three topics illustrating the input of modelling taclear or radiological security: 3D dispersiondaiting in
complex environments, “in-depth” validation of th@delling systems, and nuclear / radioactive sotece
estimate. After commenting on these topics, theepgjves feedback and guidance about the concéptsecof
models integrated in modelling and decision-suppgstems.
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2. DISPERSION MODELLING IN COMPLEX BUILT-UP ENVIRONMENS

Urban districts and industrial plants concentratesinof the economical activity and a large parthef
population and are thus likely targets. They desargpecial attention, all the more that modeliiregdispersion
in such areas is very complex due to the influesfcthe topography and the buildings geometry coebito
evolving meteorological conditions. To address thitical issue, a toolbox of generic and flexil@B® models
has been developed by the CEA to evaluate the @digppe(and irradiation) of radionuclides at theioagl scale
and the local scale, especially around and insidielihgs, and critical infrastructures as the casey be. The
models account for the strong effects of the bagdion the flow, dispersion, deposition and irradig as well
as the indoor / outdoor (and vice versa) transfetuclear / radioactive materials. Computationscaeied out
in 3D with high space and time resolution in ak hotentially affected area. The main technicahitketaibout
the modelling system are given hereafter.

For the last ten years, the CEA has developedguarand original suite of 3D models whose evolgtion
have enabled the construction of a comprehensivé-swale computational chain for atmospheric flawd
dispersion. The system is based on WRF weathemsgtmtion and forecast model and on Parallel-Micro
SWIFT-SPRAY (PMSS) that explicitly accounts for tinluence of the buildings on flow and dispersidinis
both downscaling and upscaling system is generitsasderlying principles are the same, irrespectf the
dispersion situation, and flexible as the compateti domains can be moved to any place in the world

Initially, Micro-SWIFT-SPRAY (MSS) (Tinarellet al, 2013) [1] was developed to provide a simplified,
but rigorous CFD solution of the flow and dispersia built-up environments in a low amount of tifdSS
includes the local scale versions of the 3D teffailowing mass-consistent diagnostic model SWIFick
accounts for the relief and buildings and provi@Bsfields of wind, turbulence, and temperature, ahthe 3D
Lagrangian Particle Dispersion Model SPRAY alsocaating for the buildings. The introduction of riegt
capability in SWIFT allowed the calculation of tivnd flow from the meso-scale to the local scaleigBenne
and Armand, 2010) [2]. Last years, parallel versiohSWIFT and SPRAY have been developed leadirieo
PMSS system (Oldrirét al, 2017) [3]. Furthermore, a momentum solver has beplemented in PSWIFT in
order to simulate more accurate velocity and pres8alds in built-up environments than those attdi with
the diagnostic flow model (Oldrimt al, 2016) [4].

In practice, weather predictions at the meso-saseproduced with WRF with different kinds of glbba
input data (NCEP/GFS, ECMWF or, more recently, ARDNata of “Météo France”). WRF is operated in two-
way nesting mode and provides the wind flow tofthest resolution (1 km) reasonably achievable \sitimeso-
scale weather model. Then, PSWIFT takes over thensicaling modelling. It is run in one-way nestingde,
introducing the topography and the land-use anhareasingly finer resolution. PSWIFT is able toetalccount
of the vegetation via a canopy model similar tontedel defined for the urbanized areas (CocealBeidher,
2004) [5]. Vegetation is featured by a mean hegtd density; a drag coefficient is applied to tludfcells of
the calculation domain where vegetation is presenmén, the final step of downscaling consists inoiducing
all the buildings at the local scale and the fimesblution (1 m). The flow in the built-up areaésolved using
either the mass-consistent diagnostic or the mamerrersion of the PSWIFT model.

Recent improvements in the PSPRAY model allow degaliith atmospheric dispersion not only inside
the inner most, often built-up, domain, but alsoalhthe nested domains where PSWIFT computatioas a
carried out with possible upscaling or downscalifige principle of the nesting in PSPRAY is to cdesithe
transfer of numerical particles from a domain tother with a different level of nest in the sameywaa their
transfer between the sub-domains or “tiles” ofrgdadomain in which PSWIFT computations are peréarim
parallel. Finally, PSWIFT has been coupled with @ede_SATURNE CFD model in order to achieve 3D
turbulent flow computations both outside and indiédings (among them critical infrastructures afehigh
interest). Then, PSPRAY uses together PSWIFT armdeC8ATURNE flow input to evaluate the distribution
and the transfers of harmful materials both indoudt outdoor (Nibartteal., 2000) [6].

One of the most relevant and emblematic applicadfotie multiscale 3D modelling chain developed by
the CEA is the EMERGENCIES project launched in 20b4his project, the dispersion of fictive atmbspc
releases was simulated in a giant domain covetingaais city, its urbanized vicinity and airportghich are
under the responsibility of Paris Fire Brigade. Toal was to demonstrate the feasibility and irstieo these
computations to support decision-making in an emweyg implying noxious or explosive releases inte #ir
(Oldrini et al, 2016) [7].
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The 3D simulations were performed at the High Rerémce Computing (HPC) center of the CEA on an
intensive cluster using from ~1,000 to 25,000 cotaonal cores. PMSS domain had more than 6 billiodes
with horizontal dimensions of 40 km x 40 km andeatical extent of 1,000 m. It was meshed horizdyntal
3 m, and divided in ~1,000 sub-domains (the sceddfliles”) distributed to cores computing in péehthe flow
with PSWIFT, then the dispersion with PSRAY. Detaibout the performances of the PMSS parallelizatio
time, space, and numerical particles can be fonr@ldrini et al. (2017) [8].

Weather was predicted with WRF over Paris regiofh.&tkm resolution and downscaled to the PMSS
domain accounting for the fine scale topography &ala million buildings. The turbulent flow fieldomputed
with PSWIFT was used by PSPRAY to transport angetise potentially noxious gases or aerosols fictstly
released near or inside public buildings in Paisniseum, a train station, and an administrativielibg were
chosen as examples). Moreover, nested domainsdeéireed to mesh the buildings inside at 1 m resmhuand
computations done with Code_SATURNE coupled to PN5S&saluate indoor / outdoor transfers.

As an illustration, Figure 1 shows the hazardowsgjbly radioactive) plumes in the districts of tren
station and the administrative building and indiake buildings 20 minutes after the releases andr&ig shows
the print of the plumes at a larger scale 2 hofies the first release. The intricate concentrapattern reflects
the complexity of the transport and dispersionhef teleased threat agents that are influencedebinttividual
buildings and the dense street network as by tbévieg meteorological conditions. This illustratesw much
the agent 3D distribution through the city may barger-intuitive, what can affect the practical @t®ns in the
field in case of a hazmat dispersion event. Faame, the simulation shows that the deploymett®fidvance
medical post should be done cautiously and thevaalee of its location confirmed (after the firstians have
been taken) by considering the local built-up ogunfation.

FIG. 1. Close views of the fictitious radioactivepleinear the ground in the vicinity of the admimistre building
(left) and the train station (right).

Al

FIG. 2. Web GIS view of the fictitious radioactivemes 2 hours after the first release.

Eventually, the EMERGENCIES project proved the talgg of PMSS modelling system to predict one
day of urban meteorology at high resolution in liss1 2 hours (thus, forecast could be carrieceaah day for
the next one) and 5 hours of dispersion in abolbdr (factor of 5 acceleration between the reaétand the
computational time). These high resolution simoladi could be produced and their operational reglikis 2D
maps of the exposure in case of radiological relEasansmitted from a reach back center to tledidinters and
their local and / or national authorities to tréie emergency players in the frame of a civiliacusiy exercise
as it was the case in the “Toxic 2014” exerciser{é@ndet al, 2015) [9], or even in a real emergency situation.
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3. MODELS “IN-DEPTH” VALIDATION AGAINST EXPERIMENTAL CAMPAIGNS

Still today, it is very challenging to model enviraents with complex characteristics in 3D, spealfic
within and around buildings in urban or indust@aéas. This fact is underlined by European andriat®nal
activities dedicated to validate models on divergperimental test-cases in the recent years. Thetbéties
encompassed among others the European “COST AE&I006” (Trini Castellet al, 2016; Armandet al,
2016) [10-11]. The test-cases in this Action welaberated with an increase in the complexity levedm
idealized to realistic urban mock-ups, wind tursele to full scale situations, and continuousasds to highly
variable puff releases. In parallel with its deyetent, PMSS has been permanently and thoroughigated
against experimental results. In particular, it wasolled in the COST Action ES1006 in which, ie finterest
of the benchmarking exercise, the PMSS simulatiezi® done by three independent teams of modeldtggna
different choices regarding the flow input data #imel numerical options, thus pointing out the rabess of the
modelling system. All PMSS results were comparedh&asurements and PMSS performances were evaluated
through a statistical analysis of the fractionasb{FB), normalized mean square error (NMSE), aactibn of
predictions over measurements in a factor of 2 (BA€ollowing Hanna and Chang (2012) [12], the ptaece
criteria for the results of dispersion models iflthup landscapes are |[FB| < 0.67, NMSE < 6, an@F4 0.30.
The whole results of the validation exercise athey@d in Trini Castellet al. (2018) [13]. After a description
of the experimental test-cases, this section givgiimpse of the COST Action ES1006 validation ejes.

Within COST Action ES1006, the wind tunnel facilitf Hamburg University was leveraged to make
measurements for continuous and puff releasesnautrally stratified boundary layer flow. The Midsiadt
experiment was designed in order to validate d&prrmodels within a fictive building structure repenting
an idealized city. Then, the complex urban teresdperiment (CUTE) was developed to test dispersiodels
in the real densely built-up downtown of a Centalopean city including measurements from wind &lramd
field. In order to make the exercise more challegdor the models and modelers, most of the triadse blind
tests with minimum information available for théldnw as it would be the case in a real accident.

In the case of Michelstadt test-cases, PMSS wadyuthe three teams of modelers to investigate the
sensitivity of the modelling system to the meteogidal input data or the numerical options. Thetecglots in
Figure 3 compare the predicted and observed meacentrations for all the continuous releases. Mdghe
numerical results are in a factor of two of theermental results. Different locations were choferthe source
of the release. One can notice the better agreefmeatrelease taking place in an open square t{#2) for a
release occurring in a street-canyon (S4 and 35, @ossroad (S6 and S7), or inside a courtya8). (Bhe
scatter plots in Figure 4 compare the predictedaosrved mean dosages and mean puff duratiorzsl fouff
releases. Notwithstanding the complexity of théstake passage of the puff is timely captured,aneasonable
accuracy is obtained for the largest values ofdbsage (while the smallest values of the dosage terbe
underestimated). As for the puff duration, quiteraimerical results are in a factor of two of theperimental
results.

Predicted conc (ppm)

Predicted conc (ppm)

FIG. 3. Scatter plots of Michelstadt continuouseses mean concentrations, for the non-blind (faft) the blind
(right) test-cases in three PMSS configurations.
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FIG. 4. Scatter plots of Michelstadt puff releadesages (left) and puff durations (right), for then-blind (blue)
and the blind (red) test-cases in three PMSS cardiipns.

In the case of CUTE test-cases, PMSS was agaibyuhree teams of modelers to study the sensitivity
of the system to the turbulence input data, thelvimput profile or the flow model. The scatter glat Figure 5
compare the predicted and observed mean concengdtr all continuous releases. For the field expent,
the best agreement is obtained with the most ratewiand direction profile (called MSS_W?2). For theénd-
tunnel experiment, the predictions fairly agreehwfte measurements in all configurations, espgdiatl highest
concentrations. The scatter plots in Figure 6 camplae predicted and observed mean dosages andpu#an
durations for the wind tunnel puff releases. While paired data are few, they provide interestirgights as
there is a tendency to underestimate the lowesigdss whereas the highest values are well reprddugé¢he
predictions. These results are fully in line witle findings in Michelstadt cases (see the previauagraph).
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FIG. 5. Scatter plots of CUTE field experiment comtius release (left) and wind tunnel continuousasge(right)
concentrations in five PMSS configurations.
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FIG. 6. Scatter plots of CUTE wind tunnel puff relemmean dosage (left) and mean duration (rightyim PMSS
configurations.

In the whole, albeit there is some variability amahe PMSS configurations, FAC2, FB and NMSE are
predominantly satisfying. The quality of the resu#t not better for the non-blind or blind caseggasting that
PMSS performances are robust. Finally, the conatairs and dosages are more accurate with no system
underestimation of the lowest values when the maamerversion of PSWIFT flow model is used compared t
the diagnostic version of PSWIFT.
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4. NUCLEAR / RADIOACTIVE SOURCE TERM ESTIMATE

In some cases, the irradiation or release by tleceocan be surreptitious without immediate obvious
trace (like smoke or an explosion). However, tHeatfof the source may be detected by a netwoden$ors or
people in trouble. Then, the quick and efficiergntification of the source location and strengtlofisrucial
importance for the recue teams. Once more, moaelsrathematical methods developed by the CEA cin he
in reconstructing the source term parameters, givegt of measurements coming from a network cfazsn

While the problem is very challenging due to itpibsed nature, different kinds of methods havenbee
developed in the field of source term estimate. tMdshe methods rely on an optimization problenergha
cost function has to be minimized using least segiar genetic algorithms (Winiarek al, 2012) [14]. Another
possibility is the probabilistic Bayesian approadtich has many upsides as it allows the incorpomnatif both
model and observational errors and the use of patem priori information about the source. Thenfiework
provided by Bayesian analysis formulates the pe@timation problem as the search of the postermgbility
density function of the source parameters. Sevetated examples exist in the literature, that theeMarkov
Chain Monte Carlo (MCMC) algorithm (Delle Monackeal, 2008; Keatst al, 2007; Yeeet al, 2014) [15-
16-17]. Nevertheless, these MCMC techniques araepto issues regarding the inherent burn-in tineessary
before the convergence, or the choice of how tialire properly the Markov chain. In the recenang the
CEA has focused on another Bayesian method calilgptive Multiple Importance Sampling (AMIS) addiag
advanced adaptive layer to the IS scheme. The mhéshmresented in Rajaoeéal. (2015) [18].

The computational time of a stochastic simulatiasédnl technique is highly dependent of the dispersio
model that is associated to it. Indeed, for eaaegdged sample of the source location, a forwardafuthe
dispersion model must be performed to evaluatdikbBhood of the measurements. In a complex emvirent,
an elaborate modelling system like PMSS has totliead to have an accurate evaluation of the dispe.
While each run of PMSS has a moderate computatimal, it can be time-consuming to run PMSS several
times during the procedure. Thus, the original méthas been improved in order to strongly redueentimber
of dispersion computations by utilizing the dualitationship between the dispersion model anddiint,
which is equivalent to the dispersion model rurbatkward mode. Furthermore, the output of the geade
dispersion model has been efficiently used bothéninitialization step and the adaptive proposstridhution to
improve respectively the convergence speed antbthestness of the inference approach.

The full problem formulation and the source terrinegtion in the Bayesian framework using the AMIS
algorithm and the PSPRAY Lagrangian Particle Disjper Model run in backward mode are documented in
Septieret al. (2019) [19]. While this approach was validatediagfathe FFT 2007 measurements (known to be
well adapted to benchmarking source term estimathaoads), the CEA applied it further to realistituations in
built-up environments. An example is given by tivntexperimented presented in the Figure 7 thaivshereal
urban district of 1.1 km x 0.9 km x 1.6 km meshedizontally and vertically at a resolution of 2 met The
green cross symbolizes the location of the fiaisisource of emission and the 20 red plus a vinaadork of
20 sensors. In the experiment, a radionuclide wapased to be released from the source and redlimyo
meteorological conditions were considered. The B in the urban district was computed with PSWI&Td
PSPRAY was first run in direct mode, from the seut@ the sensors, to generate synthetic measure@emn
be seen in Figure 7.

PMaa 1 D paollf
;_dis__ﬁm”?nﬁﬁ\ﬁ_i_ ik

Time

FIG. 7. Presentation of the fictive scenario undtrdy. Location of the source (green cross) aniti®®P0 sensors
(red plus) (left). Synthetic measurements obtaaenty minute by the 20 sensors in the simulateel piemiod (from 09:00
to 09:45) (right).
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The source term estimate was tested by applyingfinementioned described methodology. PSPRAY
was run in backward mode, with unit releases ethiétach minute from the 20 sensors (over a 45-mipertied)
to the whole simulation domain representing evereptial positions of the source. In this twin esipent, the
meteorological conditions varied gradually with thimd blowing successively from the west-northwiesthe
north-northeast. Finally, the retrograde dispersisults were used within the AMIS algorithm to gwioe the
probability density function (pdf) of the sourceperties. Figure 8 shows the results of the soignce estimate.
The horizontal coordinates; andys and release ratg of the source are presented on, respectively|ette
middle, and right parts of the figure. The pdftud source location is represented by the red ouhase peak is
very close to the true position represented bydtsh black line. The mean of the release ratesibldck curve
with a +% confidence interval in grey and it has to be comgdo the ground truth which is the red curve. The
results illustrate the very good performances ef AMIS algorithm for both the source location ahd telease
rate, even in this twin experiment combining a ctaxgnvironment and a complex time series of thease.
Moreover, it was demonstrated that using the outpdihe backward dispersion model in the initidiiza step
and the adaptive proposal distribution of the AMIBws sampling the region of highest interestalyein the
first iterations of the algorithm, thus leadingatoapid convergence to the correct solution.

plx.]y)
ply.ly)

a0 0 0 o 0 0 a0 o a0 0 o0 0 0 @0 10 5 20 E a0
ts y-axis in units Time in Minutes

FIG. 8. Results of the AMIS for the source terrmegion knowing the observations y. Pdf of the lamial
coordinatesp(x.|y) and p(y.|y) (red) and the true value (dashed black) (left aniddle). Pdf of the release rajs(g|y,%,)
(black) and & confidence interval (grey) compared to the grotnuth (red) (right).

5. CONCEPTS OF USE OF UP-TO-DATE 3D DISPERSION AND RADION MODELLING

The features of the 3D models as outlined in tlvipus sections give information on their conceptua
usage: on one hand, studies for safety or plarmimgose, on the other hand, real-time use withrgg@ervices
and their authorities wishing to know as quicklylaccurately as possible where the dangerous aedslso
the safe areas, are located. More precisely, ia cha radiological event, arising questions aremwand where
shelter-in-place, evacuation and / or iodine prdgtig are recommended to mitigate the populatignosure.
The contribution of 3D modelling in the phases ofualear / radiological event can be describebevis.

In the pre-event phase, simulations are of helps&ess a representative set of accidental or ioreaht
events implying nuclear / radioactive materialg#ding specific places as they can bring an inféinaaa priori
apprehension of the human, material and organizatimpact resulting from this kind of event. Ftimore,
scenarios for table top and field exercises magéeeloped that are more precise on a technicat pbiview
than the practice based on usual simple modellih@g should foster the in-depth work of the invalveervices.
Up-to-date 3D models are also useful for planniagppse of both the plant operators and the resarag, e.g.
in the development of evacuation procedures antsawr for the optimal design of detection networks

In the course of an emergency, experts agree libatngjor challenge for the players is to have &t b
possible representation of the past events andhti@tevolution of the situation. The aim of modsdi is not to
replace the first actions of the rescue teams (ésihein the case of events of short or mediumation) but to
help in diagnosing and anticipating the situatiBmen if the nature of the release into the airds known, a
preliminary 3D flow and dispersion computationristructive. In this situation, a realistic calcidatperformed
during the early stages of the emergency can peowsgful information regarding the features ofdiepersion
that may occur in built-up environments. This caralppreciable to make decisions regarding theviaiion of
rescue teams, even if the exact activity conceatrdévels are not yet known. It is worth noticitigat models
provide supporting information whatever the relsaaee prolonged (some hours for “continuous” redep®r
short (some seconds or minutes for puff releasggpdhe latter case, the end of the releasefisitgdy not the
end of the emergency.
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In the post-event phase or for the feedback, mduale still an important role to play, all the mémnat a
full range of reliable input data from the fieldagailable and the time constraint is less strih@leuat not absent)
permitting the most complete and detailed modellipons to be utilized. In most of the cases,ahent can be
precisely reconstructed in 3D and future possitdges after the urgency be analyzed for a setroédé@tion
actions with models participating in drawing ctti¢essons from the event.

In essence, there are at least two benefits igrating up-to-date modelling in emergency prepaeedn
and response: firstly, to enhance a common undhetisig. of the situation which evolves in both spand time
(what helps in making better decisions and takithgpted measures for the population protectionpredly, to
enhance the communication between the emergenggrpléwhat helps in optimally coordinating the loaad /
or national command centers). In this respecthallurgency players may take advantage of shasedtsef the
models supporting the operative decisions of tseue teams at the field level, providing a bettetaustanding
of the situation and its evolution at an interméslidecision-making level, and facilitating the coumication
with the population at the highest decision-makegl.

6. CONCLUSIONS AND PERSPECTIVES

This paper sums up the impressive capabilitiesoafatlays multiscale modelling developed by the CEA
in the field of atmospheric dispersion. The maingaf the paper are dedicated successively tpthgentation
of the downscaling and upscaling chain of 3D moeaeld its application to huge urban domains withedrim
resolution, the fundamental effort dedicated to @kperimental validation of the local scale modellsystem,
an innovative and efficient method developed byG@fA to estimate the probabilistic features of seulerms
using the measurements from detectors, and theipainconcepts of use of the dispersion models.

Throughout the paper, examples are given of agjgitaito the nuclear / radiological security of top-
date 3D dispersion modelling and simulation takéolyantage of the High Performance Computing. Actile
or terrorist attacks are poorly known, and gengraticur over a rough terrain, in a built-up enviremt, with
changing meteorological conditions. Simulationstates a promising way to tackle such complex sibuat and
provide to the rescue teams and their authoritesdjstic and reliable impact assessments withafiygropriate
level of details, from the location of the eventtaghe largest extent of the affected area, im@dd amount of
time consistent with the emergency managementdusirhoc computational resources).

The applications depicted in the paper highliglketworthy properties of timeliness, accuracy, reélityh
and relevance of the CEA chain of models. Besitteswn interest, the validation of the high resolutlocal
scale modelling suite addresses the positionirigagfangian Particle Dispersion Models as a traddetfiveen
speed and precision of the computations and théatslity to deliver a valuable support in the ddions of an
emergency.

In the nowadays practice, decision-makers in condreenters as first responders in the field aré stil
provided with results (which may be not consenegtiof simplistic Gaussian models definitely not yppiate
for complex environments. Response procedures basatis kind of models may thus be not effectinet
incisive, and sometimes misleading. It is thus timswitch to the modern paradigm drawing on 3Dtiscéle
modelling as already experimentally availed oftie framework of civilian security exercises (Armagtdal,
2014; 2015; 2017) [20-21-22].

In the recent years, R&D carried out at CEA infik& of atmospheric dispersion applied to the aacl/
radiological security has not only focused on miagl but also encompassed the adequacy of the Imadid
the organization and missions of the urgency pky€he soundness of this approach is well recodrérel it
translates into increasing appreciation and trish® emergency players for state-of-the-art 3Dugations to
diagnose and anticipate critical situations.
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