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Introduction

The resulting interpolated fields can be visualized using GIS software as additional layers in specialized maps.

The aim of this project is to develop tools and methods to monitor and predict dust pollution in local
environment. The problem is addressed from three sides:
• In-situ meteorological measurements – The basic set of meteorological quantities and aerosol concentrations can be measured in few points, typically outside of the most exposed mining area. The
experimental data were provided by the Ecoprogress a.s.
• Laboratory (wind tunnel) measurements – Detailed measurements can be performed on scaleddown models providing higher density of measuring points. The aerosol dispersion measurements
are however hard or impossible to perform at this scale. Wind tunnel measurement for the presented
terrain profile was performed in the Institute of Thermomechanics of the Academy of Sciences of
the Czech Republic.
• Numerical simulations – Serve as a complement and bridge for the experimental methods. Numerical models can be validated using experimental data and provide more details than any of the
measurements. The numerical simulations were performed by the group of Faculty of Mechanical
Engineering, Czech Technical University in Prague.
This complex approach allows for better understanding of the problem. The wide range of available
experimental data provides a chance to create databases for testing and validation of mathematical
and numerical models.

Figure 3: GIS visualization of interpolated data (wind, temperature, PM10 concentration)

The above presented measurements can be confronted
with the outputs of remote sensing. The Fig. 4 shows a
surface temperature obtained from infrared images of
Landsat8 satelite. It is good to note that this image
shows surface temperature, while the above (interpolated) data correspond to the air temperature measured
at about 2 meters above ground.
Figure 4: Surface temperature obtained
from Landsat8 satelite image

In situ measurements
Several meteorological stations were
placed in the area of opencast mine.
Long term continuous measurements are
performed for wind, temperature, humidity, solar radiation, PM10 aerosol
concentration providing data records in
one minute frequency. Besides of the
already existing 6 larger meteo-stations
located in the surrounding area, three
new pylons with wind and temperature
probes were place inside of the mining
area.

Numerical simulations
Numerical simulations of atmospheric boundary layer flow in the considered area were performed using in-house developed software based on finite-volume discretization of Reynolds-Averaged NavierStokes equations. The turbulence was modeled by SST k − ω model. Numerical simulations were
performed for detailed local orograpgy data from the year 2012.

Spatial interpolation of experimental data
Only very few meteo-stations are available, giving rather sparse information about the spatial distribution of measured quantities. In order to be able to identify spatial patterns and trends in corresponding
fields of these quantities, interpolation of measured values was performed using the Inverse Distance
Weighting (IDW) algorithm. The local values V (~x) are obtained as weighted average of measured
values Mi with weight wi(~x) being inversely proportional to the distance dist(~x, ~xi) from the i−th
measuring point.
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Figure 5: Surface concentration of passive pollutant.

Figure 6: Contours of computed longitudinal
velocity component.

Future extension of the work
The aim is to predict the wind flow and pollution patterns for the
expected orography as it will change depending on the progress
of the mining, which is scheduled to continue at least till the
year 2025.
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Figure 7: Orography differences according to the planned mining between
the years 2010-2025.

Conclusions
• The meteorological data were used to get a global picture of the typical flow and pollution patterns
in the mining area.
• Numerical simulations were performed, confirming the complexity of flow field in the domain of
interest.
• GIS visualizations were generated to make the results accessible to wider audience.
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Figure 1: Spatially interpolated data (wind, temperature, PM10 concentration)

Figure 2: Time-evolution of temperature

The contours of wind magnitude and PM10 concentrations
have similar shape with lower aerosol concentrations in areas with stronger wind. This is an indication that the local
dust pollution is strongly affected by wind. As expected,
the temperature field is rather flat with only minimal spatial variations. A one day time evolution of interpolated
temperature is shown in Fig.2 for the position of one of the
additional measuring pylons, and compared with the direct
local measurement.
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