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Abstract: An assessment of the current state of naturatemvient affected by air pollution, as well as, &asts
of pro-ecologic, economic and social activities aeey often performed using models for atmospheeaosport
and deposition of air pollutants. In the presemgrawe present an operational dispersion modedldped at the
Institute of Meteorology and Water Management inr¥sl. The basic assumptions and principles of theéeam
are described together with the operational doraath examples of model applications. Two examplenadel

application are described and discussed here. if$te dpplication is a simulation of the atmospberansport
and deposition of the radioactive isotopes releasedthe atmosphere during the Chernobyl Accident998.

The second example is related to simulation of apheric transport of the tracer released into thduing the
ETEX experiment. These two examples and previopdiGgtions of the model showed that presented dispe
model is fully operational, not only for long terapplications, but especially for emergency situstjolike

nuclear accidents or volcanic eruptions affectintish territory
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Introduction

Over the past several decades, air pollution hasrbe a serious problem all over the

world including Europe. It has been a significaadtbr in deterioration of human health and

in environmental degradation. In order to undeitdre link between air pollution sources

and adverse affects on health and environment,a# wecessary to develop different

analytical tools including mathematical models. Amgahese tools, air pollution models
play a very important role, because they providirect link between air pollution sources

on one side and concentrations, as well as depisijtof selected pollutants on the other

side.
Air pollution models have been developed for diéfar spatial scales from local
(several kilometers) to global covering the enfii@th. The air pollution issue in Europe
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has very international character, because pollsitamitted in one European country can be
deposited in another. Therefore, from the perspeadf Europe in general, and Poland
more specifically, the most important among airlgg@n models are those for the long

range transport, operating in the scale of oneveral thousand kilometers.

One of many environmental problems in Europe antaoly the most important in the
early seventies was the so-called "acid rain".dswaused by extremely high atmospheric
emission level of sulfur and nitrogen all over BpgoThe harmful effects of acid rain could
be especially seen in the area of Black Triangld am southern part of Poland [1].
A number of models of air transport of pollutant®ioEurope were used for the analysis of
this phenomenon. The most commonly used modelhisrgurpose was developed in the
framework of EMEP (European Monitoring and EvaloatProgramme) activities. Initially,
in the 1980s, it started as a relatively simplerhagian trajectory model [2]. After many
years of development it was transformed to a coxnfelerian model with more than
300 chemical reactions and species [3].

The latest version is called EMEP MSC-W model asdused for the acidifying
substances, ozone and particulate matter. Thededsanother EMEP model, called EMEP
MSC-E and this one is used for heavy metals [4] erdistent organic pollutants [5]. The
EMEP MSC-W model is presently used for both, analy$ air quality during one to
several years [6] as well as for air quality forgtsafor five days ahead [7]. The EMEP
MSC-W model has been also used to evaluate nitrdgpnsition to the European seas and
among them, to the Baltic Sea [8], which is pattidy vulnerable to eutrophication.

In recent years high concentrations of particulatgter (PM10, PM2.5) and ozone
have became a problem throughout Europe and efipeci®oland [9]. In this context, an
interesting example of the application of air ptiin models for different spatial scales is
the analysis of the impact of air pollution on tleah the region of Krakow [10]. This
analysis uses both, the global model GEM-AQ [11-16Band the local model MC2-AQ
[12]. In both cases the dispersion models are tinke-line to the meteorological models.
GEM-AQ model was also used to analyze the effe€tarleanization on meteorological
conditions and the level of contamination in southéoland [16].

Another interesting example of the application iofallution transport models was the
analysis of climate change effects on ozone anticpiate matter [10] as well as on §O
[11], in Central and Eastern Europe. For this psepmodels CAMx (www.camx.com) and
CAMQ (www.camg-model.org) were used.

Severe nuclear accident at nuclear power planher@byl in 1986 contributed to the
development of a whole range of models for emergsitoations that are currently used for
assessment of nuclear incidengg (17-22]), nuclear explosionsed [23]), transport of
dangerous bacteria in the atmosphere [24, 25)spart of harmful organic pollen [21],
large fires affecting air quality on the scale e¥eral hundred kilometers [25, 26], as well
as volcanic eruptions [20, 22, 25]. More than 20deis of this type from European
institutions and from the United States, Canada &dagan took part in the project
ENSEMBLE [27] which was intended to replace theedministic forecasts from the
individual model with the probabilistic, ensemblaskd forecast. In this way, the decision
makers in national radiation protection agenciesldcdetter assess the uncertainty of
emergency forecast in case of nuclear accident [28]

The model developed at the Institute of Meteorolaggt Water Management (IMWM)
[29] belongs to the emergency group, but it camw &ls used for diagnostic analysis of
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atmospheric transport and deposition of varioutupants €g acidifying compounds, heavy
metals and persistent organic compounds) over Euayring many years.

For operational applications the IMWM dispersiondabis coupled with operational
meteorological models. This paper describes thie lascept and principles of operational
air pollution model at IMWM, as well as selectechmples of its application. Concerning
earlier prognostic tasks, the IMWM model was used simulate the dispersion
of tropospheric ozone. It was also successfullyliagpfor diagnostic tasks such as
simulation of atmospheric transport and depositbrheavy metals [30] and acidifying
compounds. The model was also successfully usedef@r emergency situations, like
release of toxic phosphorus in Ukraine in 2007rapgon of Eyjafjallajokull in 2010 [31].

Operational air pollution transport model at IMWM

Operational model for simulating atmospheric tramsmnd deposition of selected
pollutants has been developed, implemented aneldtestiMWM [29]. This model is, fully
operational at present, first of all, for prognostipplications. Operational means in this
case that the model can be run at any time of ddynight in case of emergency, such as
nuclear accident or volcano eruption. Operationatdse of diagnostic application, means
that there exists, and is continuously updatedyng-term meteorological database which
allows multi-year model simulations for pollutanitke for example reactive nitrogen.

Several assumptions were made in development afgbeational IMWM air pollution
model. All of them can be found in [29], but twotbEm are also presented here. The first
one states that pollutants taken into accounténntiedel calculations (eg. aerosol) do not
affect the state of meteorological elements (foaneple, do not change the balance of
radiation). So, the dispersion equations can beedoindependent of the meteorological
equations and in practical applications the disparsnodel can be used off-line as well.
The second assumption states that computationahidooh the IMWM model is flexible in
principle both, in terms of size and resolutionpeleding on the user needs. However, for
operational applications in case of emergencydibpersion model domain is exactly the
same as the domain of the Numerical Weather PredicfNWP) model COSMO
(Consortium for Small-Scale Modeling, [29]), whith also operational at IMWM. This
domain covers the entire territory of Poland andsthod Europe with the resolution of not
less than 14kmx14km. This direct link between tlmleis avoids the time-consuming and
accuracy-reducing interpolation of input data. ibgld also be mentioned that vertical
boundary of the dispersion model domain can be werahigh level g 20 km) for some
specific applications like, for example, simulatiof dispersion from nuclear detonation.
This was a basis for mathematical formulation efitodel as a set of prognostic equations.

Model equations

Atmospheric dispersion of pollutants in the Euleregpproach adopted by the IMWM
model is described by a system of partial diffde¢retquations of the following form [29]:

Uy Moy ;= 12.m &

ot J 6xj

In the set of equations (1) spatial coordinatess x, X2 = y, X3 = z and timet are
independent variables, while dependent variablesamponents of the wind velocity field
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ul = u, u2 = v, u3 = w, pollutant(s) mixing ratigy,,, m= 1,2, ..M, and positive or negative
sources of pollutiors,, taking into account emissions and removal of paiits, as well as,
chemical reactions between them.

The dispersion model is based on a set (1) ofglartinlinear differential equations,
containing M independent variables - mixing ratiok selected pollutants which are
functions of space and time. However, both in theasnrements, as well as in the wide
range of practical applications, the main variabfeconcern is the concentration of air
pollutant - expressed as mass of pollutant perwgilitme of air. The equations describing
concentrations of pollutants in the air are eqe@mbalo the equations defining the mixing
ratio (1) and have the following form [32]:

o, _ 0 e,

m

ot 0X;

]

Q., m=12...M 2

wherec, = ¢cn(X,y,zt) is the concentration of pollutamt andQ = Q(x,y,zt) is a general
source term (positive or negative).

Application of Reynolds’ decomposition separateg tverage (over time) and
fluctuating (perturbations) parts of each variabldeq. (2). The perturbations are defined
such that their time average equals zero. In tniwdlation, the diffusion part of Eq. (2) is
associated with the tensor of turbulent diffusign

_Kjl % 3)
%

Additional simplification used was the assumptibattthe tensor of turbulent diffusion
Kj is diagonal Ky; = Kz, = Ky, Kg3 = K, with Kj; = 0 forj # 1) with Ky, being horizontal- and
K, - vertical turbulent diffusion coefficient. Finallyqg. (2) becomes:

ac,, m+awcm_a[K acmj+a[K acijra[Kvai}Gw @

. ouc, ovc 0 0c, |, 0 oc, |, 0
ot oax oy az oxl "oax) oyl "oy ) ozl oz

where operatorG = G(x\y,zt) describes chemical transformations and operator
Q = Q(xy,zt) describes emissions and removal of air pollutants

In the operational version of the model and in atrall diagnostic applications with
the grid resolution of 10-20 km, the parts of E4). §ssociated with horizontal diffusion are
neglected due to strong effects of the so-calledearical diffusion. These effects are of the
same order of magnitude as the actual horizonffalsitbn [33].

The system of equations (4) together with pararizetéons described in [29] is the
formulation of the IMWM air pollution transport mebifrom mathematical point of view.

Numerical algorithms

For the numerical solution of Eq. (4) a directiosalitting method was used [34],
which allows the solution of three-dimensional eisgpon equation as a system
of one-dimensional processes. Each of these prezessn be treated with a different
numerical method, appropriate for a given problémEq. (4) processes of emission,
advection, diffusion, deposition and chemical tfarmations are separated. The sequence
of processes solved numerically in this method he following: (1) emissions,
(2) advection, (3) diffusion, (4) depositions (welry, total) and (5) chemical and/or
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radioactive transformations. For this purpose, Hwe (2) can be reformulated in the
following way:
o, _ 0o, . 0c, . 0c, . m . 0C, (5)

ot ot

emission 6tadvection atdiffusi on 6tdeposition at::hem' stry

where the sub-script ,chemistry” means both, chaimieactions and radioactive decay,
depending on application.

Emission in Eq. (5) can be long-term, short-term and irreae cases instantaneous
depending on model application. In all this casds assumed that the mass of pollutant
injected at one time step into the air is instaatarsly well mixed in the box defined by the
grid size in horizontal direction and the thicknesthe layer where release occurs.

Advection part of Eq. (5) is solved using a numerical AFRe@ Preserving Flux)
algorithm developed by Bott [35, 36]. This algonithis applied separately to each
co-ordinate of the advection equation at each meide step. The AFP algorithm is
time-implicit, positive defined and mass-consematiThis method belongs to the class of
conservative methods of type FEIx Correction). Changes of concentration due to
horizontal advection are calculated separatelyefach vertical level and for orthogonal
directions, x and y. The vertical advection terms@ved using the version of AFP
algorithm developed for irregular grid. The operuhdary conditions in the horizontal
plane are appliede substances can go free outside the domain moHelclbsed boundary
conditions are applied to vertical advection. Oa libwer boundary pollutants are removed
from the atmosphere via dry deposition process.

Diffusion term in Eg. (5) is solved with a slightly modifi€gtank-Nicholson method
[29, 37], which is semi-implicit in time. Knowindhé turbulent diffusion coefficier(z)

(or Ky in Eq. (4)) one can specify the vertical derivasive concentrations in Cartesian
co-ordinates using the following boundary condision

oc oc

— = Oc, z=H,—=0 6
0z v 02 ©
Vertical diffusion term in Eq. (5) can be solvedmarically using the following semi-

implicit approximation [29]:

zZ= 7,K

Ki.l DM-K-_E Dw
0 ac "3 A2j+l 2 AZj_l
— K@ - = z . (7
0z 0z 4 z

whereg;, K; are the concentration and coefficient of vertigéiLision, respectively, gt level

(vertical grid node)dz.,, is the thickness of the layer between lekedsidk+ 1. For practical

reasons, the above algorithm, explained in Cartes@ordinates, is implemented in the

IMWM model in so-called terrain-following verticab-ordinate defined as:
Z zZ—- Zg

F=HM- H- )=HBG
H-z, H -z,

(8)

with H being top (constant upper boundary) of the madeheight above the sea level, and
z, - terrain elevation above the sea level.
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Chemistry in Eq. (5) includes both, chemical reactions betwgmllutants and
alternatively their radioactive decay during trensport. Chemical reactions are dependant,
in particular, on the model applications and palhis taken into account in the model
simulations. The same applies to radioactive deldatails of the parameterizations of these
processes in the model are presented in [29].

Model domain and vertical structure

As mentioned before, the computational domain efIMWM model is quite flexible
and can be changed for different applications. Hemefor operational applications and
especially for emergency applications, the dispershodel domain is compatible with the
domain of NWP model COSMO [38] which supplies atassary meteorological data for
the dispersion IMWM model. The COSMO domain covarssignificant part of the
European continent with territory of Poland locatddse to the center (Fig. 1). For local
applications, the domain of the dispersion modeLighbe within the COSMO domain with
some security margin necessary for proper treatwietiite lateral boundary conditions. As
an example, the domain of the dispersion model usedimulate the transport and
deposition of pollutants on Polish territory isakhown in Figure 1. The vertical structure
of the operational IMWM air pollution model is shovin the same Figure 1. For typical
operational applications it consists of ten layas,in the COSMO model. In diagnostic
version user can define it accordingly to task'scsfications.
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Fig. 1. Left - computational domain of the operatibmeteorological COSMO model at IMWM and
example of domain of the dispersion model (innetanegle) used to simulate the transport and
deposition of pollutants on Polish territory. Righin example of vertical structure of the IMWM
air pollution model (the number of vertical lay&<1 for diagnostic version)

Examples of model applications

From many applications of the IMWM air pollution del, those related to emergency
situations are of special interest, not only frém $cientific point of view, but also from the
decision making perspective in connection withehgergency preparedness organization in
Poland. Therefore here, we have selected two cdtke emergency applications for which
the IMWM model was applied in the past. One of ¢hsisuations - Chernobyl accident was
a historical case, but the other, the ETEX expaninequired the simulation in real time.
However, since Poland was not taking part in theEXTexperiment in real time, the
IMWM model was applied a posteriori for this case.
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The Chernobyl disaster

Approximately at 2:00 at night on 26 April 1986eth was an explosion at reactor unit
No. 4 of nuclear power plant at Chernobyl in therditke. This explosion destroyed the
safety shields and the reactor building. At the esaime, the first release of radioactive
substances into the atmosphere occurred. Parte afare (graphite and nuclear fuel) were
scattered outside the reactor building. Next, theas a second explosion of an accumulated
mixture of hydrogen and air formed when hot steaatted with zirconium and graphite of
the core. The consequence of the second explosasraviire in the reactor building and in
the machine room. The fire outside was extinguishdgte morning the same day, however,
the remains of the core continue to burn insider#iaetor building, causing strong release
of fission products to the atmosphere [39]. It basn assessed that about 4% of nuclear
fuel from the core entered the atmosphere, withuB6% of iodine radioactive isotope | -
121, 13% of the cesium-123 (Cs-137) and about 4%trohtium-90 (Sr-90). In absolute
numbers, this corresponds to about 28 kg of cesindh0.37 kg of iodine. Activity of the
total emission of radioactive substances was at 2&0° GBq (more than 50 MCi). About
30% of the total activity was released into theaaphere during the first day [40].

a L = T ) T3 ‘ M b) g

T

Fig. 2. Trajectories departing from the site of @iodyl disaster (starting point marked with an aske
500 meters above ground level) calculated for tfleviing periods: a) 27.04.1986, 0:00 UTC,
b) 28.04.1986, 0:00 UTC, c) 29.04.1986, 0:00 UT@ @n30.04.1986, 0:00 UTC
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To illustrate the meteorological situation and i@itransport directions, trajectories
released from the Chernobyl reactor (coordinat®23N, 51.27°N) on the level 500 m
above the surface are shown in Figure 3. Trajextasiere calculated for the period of first
three days after the accident start. They wereutstked using the NOAA HYSPLIT model
[41] on the basis of archive data (CDC Climate D@gmter). Figure 3 indicates that the
territory of Poland was mainly contaminated by oadiive material released into the
atmosphere during the most active emission petiad,is, during the first day of accident.

The IMWM model was used for a-posteriori modelinfigatmospheric transport and
nuclear contamination. Dispersion simulations vezneied out from April 2%, 1986, 00:00
UTC for twenty four days, when the radioactive cdantirely left the model domain. Total
activity was accepted as a variable determinindetiel of contamination and estimated for
the entire period of release to be about 50 MCis Blsumption has been caused by the fact
that uncertainty of emission levels of individuabtopes was far greater than the total
activity - as an equivalent of overall contaminatio

Figure 4 shows the development and location ofd@kéactive cloud in time.

b
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Fig. 4. Simulation of dispersion of the radioactiei®ud of pollution released from the Chernobyl
accident. The results are presented for the foligwdates: (a) 27.04.1986, 12:00 UTC,
b) 28.04.1986, 0:00 UTC, c) 28.04.1986, 12:00 UTE), 29.04.1986, 0:00 UTC.

Units - percent of maximum activity concentratich5 MBqg/nt) in the surface layer at the
disaster location
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Fig. 5. Simulation of dispersion of the radioactiei®ud of pollution released from the Chernobyl
accident. The results are presented for the foligwdates: a) 30.04.1986, 0:00 UTC,
b) 01.05.1986, 0:00 UTC, c) 02.05.1986, 0:00 UT@ al) 03.05.1986, 0:00 UTC. Units -

percent of maximum activity concentration (2.5 MBGy in the surface layer near the disaster
location

Because of meteorological situation over centralofge in late April and early May
1986, a cloud of radioactive contamination pas&aeal times over Poland. A centre of
high pressure stayed over Poland and Belarus Matji 3%, causing pollutions to drift over
the center of the continent (seg Figs. 4 and 5, map 4). This effect was picked yp b
stations detecting radioactive contamination andehsimulations. It should be noted, that
in case of the forecasts prepared in real timer&jpaal mode), it is more important to
determine the direction of transport of the radivaccloud (which was the result of this
simulation) than the accurate level of the conadiun or precise deposition value. This is
due to the fact that in an emergency situationianghrticular accidents causing emissions
of harmful substances and/or hazardous waste taithealue and nature of these emissions
can only be roughly estimated, and they are ontykmwith considerable uncertainty. In
such cases, routine measurements are carried dhe imicinity of the selected receptor.
Comparison of these measurements with the restifseomodel calculations can later be
used for scaling the source term and following ificemt improvement of the model results.

The ETEX experiment

The programAtmospheric Transport Model Evaluation Sudy (ATMES) was launched
in 1986, after the accident at the Chernobyl nugteaver plant, under the auspices of the
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European Commission (CEC), the World Meteorologi@aganization (WMO) and the
International Atomic Energy Agency (IAEA). It resed, inter alia, in identification of
main problems associated with modeling severe @&mnissvents (industrial accidents) in
real time Due to the considerable interest of titerhational scientific community and
success of ATMES, similar experiments were condlittehe United State#\¢ross North
America Tracer Experiment - ANATEX and Cross-Appalachian Tracer Experiment -
CAPTEX). Based on the success and important resfilgrevious experiments, a new
project was launched in Europe in 1995. It wasecatheEuropean Tracer Experiment
(ETEX). The main task of Phase | of ETEX was a carigon of computed tracer
concentration a specific time and place with thgied out relevant measurements. The
released tracer was a chemically passive, not defgla substance, dispersed only as
a result of atmospheric transport. The tracer wésased at a specific time and place with
known to modelers, who were asked to perform thelehsimulations in real time.
However, onlya posteriori simulations performed with the IMWM model are peted
here. Later on, the Phase Il of ETEX was organiZdee main goal of this phase was
a posteriori modeling of tracer concentration and comparisoresiilts with measurements
at ETEX stations [42]. Two experimental releaséREK 1 ETEX 2, were carried out at the
end of 1995. Tracer was released into the atmosplthen weather conditions indicated
that the cloud will pass over most of all measustagions. This procedure was successful
during the first experiment, but failed (due toiacorrect meteorological forecast) for the
second release, when a large part of the tracesegasutside the area covered by the
measurement network. The simulations with the IMWiddel were carried out using as
input relevant meteorological data and meteorokidields’.

ETEX1

Figures 6 and 7 show simulated positions of theetrzloud released in the ETEX 1
experiment, which was in the form of per-fluoro-mgicyclohexane (PMCH). These
positions were calculated first after 6 hours drhtin 12-hour intervals from the beginning
of release in October #31995, 16:00 UTC, to October 241995, 3:50 UTC. Calculated
maximrl%m concentration, for the entire period of thienulation was approximately
10 ng/m.

a b

5 S

(00,0 000

10.0 18.0
1.0 1.0

3 Data for calculations were provided by Data Supp®ection, DSS, of National Center for Atmospheric
Research, NCAR and Computational and Informatioste3ys Laboratory, CISL, USA



Operational model for atmospheric transport andsligion of air pollution 39t

c d

Fig. 6. Simulation of the movement of PMCH cloudtire ETEX 1 experiment: a) - after 6 hours,

b) - 18 hours, c¢) - 30 hours, d) - 42 hours frora #tart of release. Units - percent of the
maximum concentration of tracer (10 ngfm

Fig. 7. Simulation of the movement of PMCH cloudtire ETEX 1 experiment: a) - after 54 hours,

b) - 66 hours from the start of release. Units rceet of the maximum concentration of tracer
(10 g/n?)

ETEX 2

The simulation results of the second ETEX experinaga shown in Figures 8 and 9.
The positions of the tracer cloud (PMCP - per-fitarethyl-cyclopentane) as simulated by
the IMWM model are shown first after 6 hours andrnthin 12-hour intervals from the
beginning of the release in Novembef"14995, 15:00 UTC, until November 151995,
2:45 UTC. Calculated maximum concentration for éinéire period of the simulation was
approximately 8 ng/f

The results of two ETEX experiments showed that IM&VM model was able to
properly simulate the movement of the tracer clamdhe atmosphere. The problems
appeared when the calculated tracer concentratibtise stations were compared with the
measured values. In some stations the differeneéselen the calculated and measured
values were significant. However, it was not onjyrablem of the IMWM model, but it was
a common problem for all models which took parthie experiments.
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Fig. 8. Simulation of the movement of PMCP cloudtlie ETEX 2 experiment: a) - after 6 hours,
b) - 18 hours, c) - 30 hours, d) - 42 hours frora #tart of release. Units - percent of the

maximum concentration of tracer (8 ngjm

] 5 =] 5

Fig. 9. Simulation of the movement of PMCP cloudtlie ETEX 2 experiment: a) - after 54 hours,
b) - 66 hours from the start of release of thegradnits - percent of the maximum concentration
of tracer (8 ng/rf)

This problem was mainly caused by the technicdiicdities associated with the
analysis of the samples. The concentrations ofrteer in the samples were exceptionally
small, close to the detection limit. Therefore, #lteuracy of obtained values was relatively
low. Furthermore, poor representativeness of thectsl measurement locations for
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corresponding grid squares of the model domainatedgeadditional problem. This was
particularly evident in case of ETEX 2 experimemhen inaccurate weather forecast made
difficult the detection of the passing tracer cl@aidhe stations [43].

Discussion and conclusions

The operational IMWM model for atmospheric trangpof pollutants linked to
operational NWP models at was presented. The IMWddehtakes into account the most
important processes related to emission, atmosphemmsport, chemical and radioactive
transformations and dry and wet deposition of gafits. It can be used both for prognostic
and diagnostic purposes. In the past, the IMWM rhedes verified on a large group of
measurement data [29], showing good agreement thvthmeasurements for all analysed
contaminants. This agreement is quite acceptabtle foo the simulation of atmospheric
transport of acidifying compounds and heavy metaisr the Polish territory in the time
scale of one or more years [29]. It is also acddptior the simulation of emission events in
Europe, in the scale of few days, which includemicatpheric transport of volcanic ash,
radioactive isotopes and other trace elements.

Two additional applications, described here inctuddiagnostic simulation of
dispersion of radioactive isotopes emitted durimg €hernobyl accident and simulation of
tracer movement in the ETEX experiments.

Based on the previous operational applicationshef tMWM model, as well as
applications described here, we can conclude teatrtodel is able to correctly determine
the dispersion of pollutants in the time horizorseferal days. It performs especially well
concerning the direction of the transport and tiofearrival, whereas the calculated
concentration can differ from the measured valsegjetimes significantly. However, the
information about the concentrations and depossticn much less important then the
information about the direction of the transporttie initial phase of the emergency
situation.

Forecast of dispersion, based on the results ofenoali meteorological model is
highly dependent not only on the quality of numalrieather prediction but also on the
spatial- and temporal resolution as well as onithihe in period for which it is available.
Thus, working in IMWM, mesoscale meteorological mb@OSMO, with maximum time
range of forecast of 78 hours, provides data fedjstive version of the multi-pollutant
dispersion model for this period of time. For mapplications, this type of forecasting is
sufficient insofar as it allows to take early maasuin case of emergency, such as, for
example, evacuation of the areas in imminent dargfecontamination. In addition,
dispersion forecasts can be updated with the uprfateather forecasts even several times
a day. This coupling of the dispersion model witht@orological models is a big advantage
especially during emergency situations. It showddstressed that the model presented here
is fully operational in IMWM in the event of a seus threat such as nuclear power plant
accident or a volcanic eruption. This is a very amtant feature from the perspective of
practical application for emergency situation.
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Abstrakt: Do oceny aktualnego stangrodowiska naturalnego w zydku z rozprzestrzenianiem ¢si
zanieczyszczeatmosferycznych i do zazanego z tym prognozowania proekologicznych daigtaspodarczych

i spofecznych powszechnie stosowanen®dele transportu zanieczysztze atmosferze. W niniejszej pracy
opisano operacyjny model dyspersji opracowany wytnsie Meteorologii i Gospodarki Wodnej w Warszawi
Omowiono obszar jego obliczea take przyktady jego zastosowania: symulacja transpatinosferycznego

i depozycji substancji promieniotwérczych uwolnichypodczas awarii w Czarnobylu w 1986 roku. Drugi
przyktad dotyczyt symulacji transportu atmosferyega substancji pasywnej (tracera) podczas ekspatyme
ETEX. Te dwa przyklady i poprzednie zastosowanialeho wykazaty,ze zaprezentowany model dyspersji jest
w pehi funkcjonalny nie tylko do zastosofvadtugoterminowych, ale przede wszystkim w sytudtjac
kryzysowych, takich jak wypadkagirowe lub erupcje wulkaniczne, ktére mogptywat na starsrodowiska na
terytorium Polski.

Stowa kluczowe:sytuacje awaryjne, zanieczyszczenia atmosfery, hiyglpersji, skaenia promieniotworcze,
pyly wulkaniczne



