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Abstract. The expediency of using Weather Research and Forecasting (WRF) numerical weather forecast model as
a source of meteorological data during modeling of radioactive substances transfer in the atmosphere is considered, WRF
technical details are briefly described. As the reference emergency scenario, the scenario of the maximum design accident
hypothetically occurring at Belarusian Nuclear Power Plant (BeINPP) 12 UTC 21.03.2021 was chosen. Four numerical exper-
iments with Global Forecast System (GFS) and WRF meteorological data and RIMPUFF and LASAT atmospheric diffusion
models were performed in JRODOS Decision Support Systems (DSS). For each experiment, maps of underlying surface
potential radioactive contamination of I;3; were created. The potential contamination of the underlying surface I;3; from 5 to
100 km from the BeINPP was assessed. The dependency graph of the maximum underlying surface contamination with I3
on the distance from the BeINPP was plotted based on the experiments results. The obtained results indicate the prospects of
using the WRF meteorological model in the DSS at various stages of the emergency situations development at the BeINPP.
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NCHOJb30BAHUE YUCJIEHHOM MOJEJU ITPOTHO3A MOI'OJbI WRF IIPU MOJAEJTUPOBAHUA
PA3BUTHUSI ABAPUMHBIX CUTYALIUIA HA BEJIOPYCCKOM ADC

AHHOTanms. PaccMoTpeHa BO3MOXKHOCTbh HCIIOJIb30BAHHUSI YUCICHHOW MOJEIHN NMpPOrHo3a noroisl Weather Research
and Forecasting (WRF) kak HCTOYHHKAa METEOPOJIOTHYECKUX JAaHHBIX NPH MOJCINPOBAHNN MEPEHOCA PaJHOAKTHBHBIX Be-
IIeCTB B arMocdepe, 0003HaYeHbI TEXHUYECKHE JeTall UCIoNb30BaHus WRFE. [l MOgenupoBaHNs aBapUUHON CUTYalllH
OBLT BBIOpaH CIEHAPHII MaKCHMallbHON MPOEKTHOH aBapuu, TUNOTeTHYeckH npounsomenmrei B 12.00 Ha benopycckoit ADC
(berADC) 21 mapra 2021. YeTbIpe YUCICHHBIX HKCIIEPUMEHTA C METEOPOJIOTHUECKUMHU AaHHBIMU Global Forecast System
(GFS) u WRF wu monensimu atmoceproit nuddysun RIMPUFF v LASAT Oblny BHIONTHEHBI B CHCTEMaX MOAJICPIKKH TIPH-
HaTHA pemieHuit JRODOS. lns KaxJIoro SKCIEpUMEHTa CO3AaHbl KapThl NOTEHIMAJIBHOIO PaAMOaKTUBHOIO 3arps3HEHUs
noAcTHiIaoUel noBepxHocTu Ij3;. Ilpoananu3upoBaHo NOTEHIUAIBHOE 3arpsi3HEHHE OACTUIAIOIEH oBepXHOCTH I}3; Ha
paccrostaum ot 5 10 100 kM ot benADC. [TocTpoeH rpaduk 3aBUCIMOCTH MaKCHUMAJIBHOTO 3arps3HeHus 13 moacTuiaromeit
TOBEPXHOCTH OT paccTosHusA oT bemnADC ans mpoBeAeHHBIX SKCIEPHUMEHTOB. [lodyueHHbIe Pe3ynbTaThl CBUAETENbCTBYIOT
0 MEPCIEKTUBHOCTH UCIOIb30BAHMS METEOPOJOrHUECKON Moienu WRE B cucTeMax NOAAEPKKH IPUHSITUS PELIEHUI HA pa3-
JIMYHBIX CTAJIUAX PAa3BUTHS aBapuiiHbIX cuTyanuu Ha benADC.

KuroueBblie ci1oBa: paguoakTuBHoe 3arpsasHenue, benopycckas ADC, ynuciieHHble MOAEIU IPOTrHO3a 0T 0/bl, CUCTEMBbI
TOAJICPKKHU MPUHATHS PEIICHUH, YNCICHHOE MOACTHPOBAHUE
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Introduction. Operational assessments during an accident, prediction of its development and pos-
sible damage are an integral part of the emergency response to any emergency with radiological con-
sequences. Currently, there is a large number of Decision Support Systems (DSS) that make it possible
to assess the predicted radiation situation at different stages of emergency development. However, the
result of their work directly depends on the quality of input parameters: release characteristics, weather
conditions, terrain parameters, etc.

The use of the Weather Research and Forecasting (WRF) [1] numerical meteorological model was ap-
plied to increase the spatial resolution of the initial fields of meteorological data in the works on model-
ing the transport of radioactive substances as a result of the Chernobyl accident [2] and the accident at
Fukushima-1 NPP [3]. The results obtained in these works demonstrate the consistency of such an approach.

The main goal of this study is to improve the characteristics of the forecast of the transport of radio-
active substances in the atmosphere by increasing the spatial and temporal resolution of weather data
using the WRF numerical weather prediction model.

This paper considers the possibility of applying the data of the numerical weather forecast model
WRF as inputs for short-term emergency forecasts, calculated on the basis of weather data of the Global
Forecast System (GFS) [4], which are supplied by the US National Weather Service. WRF data differ
from the initial GFS data in higher spatial and temporal resolution, which is achieved by numerical solu-
tion of non-hydrostatic equations and use of nested calculation grids, taking into account local terrain
features. GF'S data are used to initialize initial values and set WRF boundary conditions.

To predict the transport of radioactive substances as a result of a radiation accident, as well as the
expected dose loads, the JRODOS SRP [5] with RIMPUFF [6] and LASAT [7] atmospheric diffusion
models was used in this work. The maximum design basis accident (MDBA) scenario, described in the
environmental impact assessment report of the Belarusian Nuclear Power Plant (BeINPP) [7], was cho-
sen as the basic emergency scenario.

Preparing the WRF model for the experiment. The WRF predictive model is delivered as open-
source code, written primarily in the Fortran programming language. This approach allows for flexible
customization of the model at the source code level, taking into account the platform used and the tasks
to be solved. However, to run the model, it must be compiled beforehand. In addition to the compiler,
the required libraries must be installed, which makes it somewhat difficult to use the model for inexperi-
enced users. To simplify the deployment of the WRF environment on different platforms, it is proposed
to use the Docker application containerizer. WRF is intended to be used on Linux.

This paper uses version WRF 4.1.5, the source code of which was taken from the GitHub reposito-
ry [8]. Running the model requires pre-processing the data. For this purpose, the WRF Pre-Processing
System (WPS) is used, it consists of three modules. Similar to WRF, WPS is compiled from source code.
The WPS version is the same as the WRF version. A script was written to automate the sequential launch
of the WPS modules and the subsequent launch of WRF.

Description of the numerical experiment. In order to test the hypothesis about possibility and ex-
pediency of WRF use, in the present paper it is proposed to consider the IPA scenario at BeINPP for sev-
eral data sets: GFS and WRF built on its basis. It is also supposed to consider simulation of the chosen
emergency scenario using several atmospheric diffusion models: RIMPUFF and LASAT.

The weather data were selected for 21.03.2021. For the specified date the sets of forecast weather
data GFS were downloaded from the file storage NCAR (National Center for Atmospheric Research)
in GRIB2 format. The dataset contains many values of meteorological parameters with reference to
the spatial grid for different isobaric heights. The forecast duration is 48 hours with a step of 3 hours.
The spatial resolution of the data grid is 0.5° (for Belarusian latitudes the cell size is ~54 km in the north-
ern direction and ~30 km in the eastern direction).

The downloaded data is used as input for running the WRF. The spatial resolution of the obtained
data was ~5 km, and the temporal resolution was 1 hour. Figure 1 shows a cartographic visualization of
the air temperature at a height of 2 m for 06 UTC 21.03.2021 within a radius of 100 km from BeINPP
from two data sets — GF'S and WRF.
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Figure 1. Air temperature at 2 m altitude for 06 UTC 21.03.2021: a — GF'S; b— WRF

The emergency scenario of the PSA assumes release of a large amount of radioactive substances
(RYS) into the atmosphere in 1 hour. The main characteristics of the emergency release are presented in
the Table.

Characteristics of the maximum design basis accident RS release

Name Value
Simulation period 24 hours
Emission duration 1 hour
Dynamics of upper and lower limit of emission 21-25m
Effective diameter of the source 3m
Output speed 1.8 m/s
Overheating 30 °C
Activity I3, Bq 3.1 +EI5
Activity Csjz7, Bq 3.5+El4

It is assumed that the incident occurred at 12.00 UTC 21.03.2021. Taking into account the above, as
well as the parameters of the release, the initial simulation parameters were set in the created JRODOS
project. For modeling, the “EmergencyLite” model chain was used, which in addition to the models of
RS transfer and radiation dose assessment includes models on food contamination and taking counter-
measures.

Four numerical experiments were performed, which differed from each other by atmospheric diffu-
sion models and by the meteorological data sets used. The atmospheric diffusion model RIMPUFF with
the GFS and WRF meteodata sets and LASAT with the GFS and WRF sets were considered.

The obtained results of contamination of the underlying surface with Ij3; isotope in 24 hours
(22.03.2021 12 UTC) after the hypothetical incident are shown in the figures below (Figures 2-5).

Figure 6 shows the maximum values of I;3; contamination of the underlying surface at a distance of
5 to 100 km from the BeINPP, obtained as a result of numerical experiments.

Conclusion. The obtained results indicate the possibility of using the WRF model meteorological data
in the context of modeling an emergency situation with RS emission into the atmosphere. The created as
a result of its work meteodata of higher spatial and temporal resolution in comparison with the original
GFS data allow, probably, a more accurate assessment of the transfer of RS as a result of an emergency
incident. Especially promising is the possibility of connecting the module of assimilation of observational
data, the use of which can also potentially increase the quality and accuracy of the forecast.
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Figure 2. Contamination of the underlying surface with I;3; isotope as of 22.03.2021 12 UTC,
obtained using GFS and RIMPUFF, Bq/m?
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Figure 3. Contamination of the underlying surface with Ij3; isotope as of 22.03.2021 12 UTC,
obtained using WRF and RIMPUFF, Bq/m?
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Figure 4. Contamination of the underlying surface with I;3; isotope as of 22.03.2021 12 UTC,
obtained using GFS and LASAT, Bq/m2
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Figure. 5. Contamination of the underlying surface with I;3; isotope as of 22.03.2021 12 UTC,
obtained using WRF and LASAT, Bq/m?
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Figure 6. Maximum values of contamination density of the underlying surface I3;, Bq/m>

However, the use of WRF requires certain skills, as well as additional time for calculation, which
can negatively affect the speed of protective measures in case of an emergency. Therefore, the feasibility
of using WRF data requires additional research.
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