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Abstract: In this study, the Screen 3 model is used to quantitatively estimate the PM concentration at ground level in the case of a point source emissions
over 11 months of the 2019 year. Results are presented versus the distance downwind from the source of 50 km. The influence of the plume rise mechanism
(buoyant and momentum) is correlated with the estimated maximum PM concentration. This study presents quantitative results obtained by the Screen 3
model in terms of PM concentration variations estimated at ground level after a point source emission during 11 months over the year 2019. Initial emission
parameters were classified in four seasons (winter, spring, summer, and autumn) including the months in which the experimental measurements were made.
The model was completed with meteorological data measured by an air monitoring station located near the point emission source.
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1. INTRODUCTION
The United States Environmental Protection Agency (US EPA) developed the Screen 3 model to estimate the
pollutant concentration from air—dispersed Gaussian plumes emitted by point, area, volume, or flare sources [1,
2]. Screen View (Lakes Environmental) is a user—friendly interface for this model, which gives the results as a
function of downwind distance from the source.
The equation to calculate the concentration of pollutant at distance x from the emission source in the wind
direction, at ground level (y =0,z =0) is [1, 3-6]:
1(H)?
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where: Q (g/s) is the emission rate, oy, o, (M) are the dispersion coefficients, u (m/s) is the wind speed, H = h +
Ah (m) is the effective stack height, h (m) is the built stack height, Ah (m) is the plume rise.
The emission plume rises from the stack due to forces: momentum determined by the impulse of the emission
flux oriented vertically with a certain speed and buoyancy determined by the temperature difference between
the warmer stack emission (with lower density) and atmospheric air, which leads to an ascending force [4].
To establish the dominant mechanism of plume rise (buoyant or momentum), if the temperature of the
emission gas is equal or greater than the air temperature, the EPA dispersion models require the calculation of
the crossover temperature difference (AT), by [3, 41:
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where: Ty (K) is emission gas temperature, v (m/s) is emission gas velocity, d(m) is stack inside diameter. The
buoyancy flux is calculated as follows [3-5]:
—.y.g2.Ts=Ta (m*
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where: g (S%) is acceleration due to gravity, T, (K) is air temperature.
If AT = Ty — T, = (AT), the plume rise mechanism is buoyant, but if AT = Ty — T, < (AT),, the plume rise mechanism
is by momentum.
The momentum flux Fnis given by [3-5]:

F, =v2-d? 1o (“‘—“) (5)
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The maximum ground-level concentration can be reached at great distances from the emission source. In the
vicinity of the source, the ground concentration is zero due to the high altitude at which the emission is made
and the air currents that carry the pollutants [7, 8]. At very long distances from the source, the pollutant
concentration tends to zero as a result of dispersion. The expected variation of pollutant concentration at
ground level is shown in Figure 1 where the maximum value (Cray) is reached at the distance Xmax. [7].

This study aims to estimate, using Screen View software, the PM concentration at ground level using data from
stack emissions from a cement factory during 11 months (February to December) in the year 2019 [9].
Meteorological conditions about air temperature, wind direction and speed over the 11 months were collected
from online data of an air monitoring station near the factory [10].
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2. CASE STUDY

The initial parameters needed for the Screen
3 model are given in Table 1. All values are
taken as averages over each season of 2019,
i.e. winter (months February and March),
spring (months April, May, and June),
summer (months July, August, and
September), and autumn  (October,
November, and December [9, 10].

S Pollutant
________ concentration

------- at ground level

C(x.,0,0)

Wind direction
D

Z - direction
concentration

Figure 1. Gaussian plume parameters and expected pollutant concentration variation [7]
Table 1. Initial parameters for Screen 3 model [9, 10]
Average values corresponding to 2019 year seasons

Parameter Winter Spring Summer Autumn
(Months 2, 3) (Months 4, 5, 6) (Months 7,8, 9) (Months 10,11, 12)

Emission gas temperature, (°C) 148.85 155.12 161.09 170.15
Emission gas velodity, (m/s) 10.53 10.73 11.09 10.54
Emission gas flow rate, (m*/h) 42988237 438190.87 452894.42 430287.11
PM concentration in emission gas, (mg/ m’) 7.8030 74183 113140 8.6215
PM emission rate, (9/5) 09318 0.9029 14234 1.0305
Air temperature, (°C) 6.21 16.41 20.47 9.56
Wind speed, (m/s) 2.6 2.2 2.1 2.1

Emission parameters (temperature, flow rate, and PM concentration in emission gas) were recorded at a point
source, i.e. the stack of a cement factory [9]. The emission gas velocity (in m/s) was calculated as the ratio
between the emission gas flow rate in (m?/s) and the transversal area of the stack in (m? knowing the
geometrical parameters of the stack (height of 90 m and diameter of 3.8 m [9]).

The PM emission rate was calculated (see values in Table 1) from the following relation and given in (g/s) [11]:

mg

g) PM emission rate (_)

. m
PM concentration (F = =

©)

.. m3
Emission gas flow rate (T)

In Figures 2.a—d are shown the meteorological data (air temperature and wind rose for the direction and wind
speed) recorded by an air monitoring station situated nearby the factory (BH-4) [10]. From these data, the
average values of air temperature and wind speed recorded for each season were estimated are given in Table
2. The wind roses show that throughout the year 2019, the predominant wind blowing direction was east and
south—east (Figures 2.a-d).
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Figure 2. Meteorological data of the 2019 year seasons [10]: left, wind rose (direction and speed) and right, air temperature
In addition, in the Screen 3 model, the “flat terrain” option was chosen referring to the topography around the
point source. The maximum distance from the source to estimate the PM concentration was set at 50 km, while
for the dispersion coefficients the ‘rural’ conditions were set.
3. RESULTS AND DISCUSSION
As several initial parameters do not vary much (see values in Table 1), e.g. emission parameters (gas flow rate
and velocity, PM emission rate) and wind speed, results analysis may be performed on much variable with the
seasons, emission gas temperature, and air temperature.
The difference between the temperature of the emission Table 2. Screen 3 estimations of buoyant and momentum fluxes

gas and the air temperature influences plume rise by forthe 2019 seasons

buoyant or momentum mechanism and eventually the 2019season Buoyant fluxF, Momentum flux F

pollutant concentration at ground level [2-4, 12-14]. (m'/s’) (/s

To evaluate the plume rise mechanism, the buoyant and winter 132563 288109

momentum fluxes were estimated by the Screen 3 model spring 126.465 294.949

for the considered periods and given in Table 2. As is the summer 125.005 29.58/
autumn 140.642 279.046

4
case, for F, = 55 T—3 the relation (3) was used to calculate

the crossover temperature difference (AT).. Comparing the obtained value with the temperature difference
AT = Ts — T, resulted that predominant mechanism for the plume rise is by buoyancy.

Analyzing the values of F, from Table 2 one may observe that the smallest value is estimated in summer (125.005
m?*/s*) while the biggest is estimated in autumn (140.642 m*/s°). Otherwise, the smallest estimated value of the
momentum flux Fy is in winter, while the biggest is in summer with direct dependence on the emission gas
velocity value of 10.53 m/s and 11.09 m/s respectively (Table 1).

Figures 3-6 show the estimated variations of PM concentration at ground level, along the centerline of the
plume, during the considered periods. Differences can be observed in terms of maximum concentration, in
(ug/m3) and the corresponding downwind distance from the stack, in (m).

Among the obtained results (Figures 3-6), minimum PM concentration of 0.1379 ug/m?is estimated in the
autumn season of 2019 (Figure 6), while the maximum estimated value of 0.2167 pg/m?is estimated in the
summer season of 2019 (Figure 5). The indirect dependence with corresponding buoyant fluxes is evident, i.e.
in summer the calculated value of Fy, is minimal, while for the autumn season it is maximal (see values in Table
2). This indirect dependence is explained by the increase of the buoyant flux value that increases floatability of
the plume in air, so the pollutant concentration at ground level is expected to decrease [13, 15].
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Figure 3. Variation of PM concentration along plume centerline, winter season of 2019
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Figure 4. Variation of PM concentration along plume centerline, spring season of 2019
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Figure 5. Variation of PM concentration along plume centerline, summer season of 2019
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Figure 6. Variation of PM concentration along plume centerline, autumn season of 2019

For the winter season, the estimated maximum PM concentration at ground level is of 0.1568 pg/m? (Figure 3),

while for the spring season the estimated value is 0.1409 ug/m? (Figure 4).

4, CONCLUSIONS

This study presents quantitative results obtained by the Screen 3 model in terms of PM concentration variations

estimated at ground level after a point source emission during 11 months over the year 2019. Initial emission

parameters were classified in four seasons (winter, spring, summer, and autumn) including the months in which

the experimental measurements were made [9]. The model was completed with meteorological data measured

by an air monitoring station located near the point emission source [10]. In concussion, the estimated values

PM concentration were correlated with estimated buoyant flux values, which was shown that it is the main

mechanism of plume rise.
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