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The proposed concentrations model was compared to observed
data from air diffusion studies for hexafluoride (SFs) conducted
in the northern area of Copenhagen, Denmark, and earlier work
for the Gaussian puff model. The predicted concentrations and
earlier studies were found to be within a factor of two of each
other, indicating that the predicted data is compatible with the
observed concentrations data. Under unstable conditions, the
statistical statistics show a reasonable agreement between the
expected and observed concentrations at the Copenhagen
Experimental. In contrast to the previous work's results, which
had an NMSE of 0.3 and an FB of 0.21, we discovered that the
data obtained using the statistical method had an NMSE of 0.2
and an FB of 0.25. The projected COR is 0.95, compared to 0.97
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in a previous computation. The observed concentration data was 88% of the expected value, compared to 78% in previous
research. The expected data are consistent with the observed concentration measurements. When compared to previous work, the
Copenhagen experiment was conducted under unstable conditions, and statistical data show good agreement between predicted

and observed concentrations.

INTRODUCTION

The puff model was used to simulate and predict
air dispersion based on a few fundamental
assumptions®. Parameterization of Gaussian dispersion
modifications in various models was used.?® Previous
notes were gathered in terms of Pasquill stability.

Its scattering parameters were created using the
planetary boundary layer (PBL) perturbation and
their capacity to replicate experimental scattering
data, primarily for regulatory purposes. Gaussian
models are quick and easy to use; the AERMOD
was the most widely.®

* Corresponding author: sawsanibrahim74@yahoo.com

AERMOD was the most famous Gaussian
model and one of the inflation models that defines
the CALPUFF Plume model, which is not a
Gaussian model .50

Discovered that increasing the number of
particles in the PUFF-UAF model, using a
scattering model based on the Lagrangian
approach, and tracking methods had a substantial
impact on the results. However, the PUFF-UAF
model predicted ash concentration but failed to
accurately depict dispersion.*?

Presents a basic introduction to air pollution
dispersion modelling in layman's terms and covers
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the currently available models. A special emphasis
is placed on models and applications that have
been cited in the recent five years Gaussian
distribution is a good approximation for transient
(instantaneously released) puff concentration
distributions within a short period after release.
Acrtificial neural network (ANN) models for puff
dispersion coefficients were developed.!?

In this paper, The proposed concentrations model
was compared to observed data from air diffusion
investigations for hexafluoride (SFs) conducted in the
northern area of Copenhagen, Denmark, and earlier
work for the Gaussian puff model.
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where C is the concentration of pollutant (g/m?), x
is the downwind distance (m), y is the crosswind
distance (m), z is the vertical height (m), Q is the
emission rate (g/s), u is the wind speed (m/s), H is
the effective height (m), o, and g, are the
dispersion parameters in crosswind and vertical
height (m).
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where Q by the At is the source term, n is the
number of puffs, (Xk, Yk, z«) are the locations of the
k" puff, and deviations from the Gaussian
distribution inside the k™ puff in the x, y, and z
directions, respectively. In a full 3D model, a
reflection o the puff's trajectory must also be
computed. The plume rise parameterization or a
combination of the trajectory and in-puff
treatments can be used to quantify the impact of
buoyancy. The model can illustrate the source's
temporal variability by multiplying the time-
dependent source intensity in Q by the puff release
frequency. Each puff follows the route specified by
the local wind's velocity vector from its centre.
Puff models assume that for each pollutant
emission in a time interval (t), a mass of pollutants
is released into the atmosphere. The model can
illustrate the source's temporal variability by
multiplying the time-dependent source intensity in
Q by the At release frequency of puffs. Puff
models assume that each pollutant emission in a
time interval t releases a mass of pollutants M = Q At

(xp —x)?

MATERIALS AND METHODS

Description of the Gaussian Models

The Gaussian Plume

Gaussian models have been frequently utilized
for near-scale dispersion modelling since they are
based primarily on the smooth analytical
formulations for both the Gaussian plume and the
Gaussian puff developed.*®

According to the formula for a Gaussian plume,
the concentration is given:

(z—h)?

(42

Puff Models

Puff models have been developed on the Gaussian
distribution of the focusing pattern. In contrast, the
plume's centerline follows a Lagrangian path rather
than a straight line downwind in (Fig. 1).

The concentration was the sum of all puff
distributions:
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into the atmosphere. Each puff has the mass M and
is carried by the varying wind in space and time.
The assessment of concentration in the diffusion
region is affected by wind speed.

Fig. 1 — Schematic representation of Gaussian plume
and puff models. Puff models still estimate a Gaussian
dispersion, but can take into account temporal and spatial
wind changes.

While each puff is defined as
Xg = TAtL; yg = DAL; and z, = WAL
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The puffs are emitted at time intervals
Aty = 600s, and the -calculation of the
concentration of pollutants is made with a time

resolution At,= 60s.
The total concentration of a pollutant at a
location in space is given by the sum of all puffs.!*

total of puffs "ﬂM[Juff
Cr(xy.zt) = Z 5
puffs J;:u Cpure(X ¥, 2, OH(t — to)

H is the Heaviside function, such that H (t-to) = 0
if (t-to) <0 and H (t-to) =1 if (t-to) > 0 and:

CpuefX Y, Z 1) = ¢ (X U2 (7, De3(z,0)  (4)

where c1, ¢z, and csz in the Gaussian models are
given as follows:
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, 0y, and o, are standard diffusion
coefficients, The lateral and vertical dispersion
parameters constitute the turbulent
parameterization and contain the physical
components that explain the dispersion process and
pollutant plume in the PBL under the influence of
turbulent motion.*®

The algebraic formula for the dispersion
parameters is modified as follows.®
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While, g, 9y and g, in the Gaussian models has
forms as follows:
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where, o = X, Yy, z are the three components in
horizontal, lateral and vertical directions and i = u,

v, w are the three components of the velocity in the
xw,
three directions respectively. £ = Uz

is a
i

nondimensional distance defined by the ratio of

travel time (x/U) to the convective time scale
L

(2w, ), € =o: 0.5+ 0.05}@Tk) 73 and - 32

=

for u, v, w components respectively.’

k = 04 is von Karman constant¥ =0.65,
* TE *
(fm)w = (Zle-) V¥ = g 17 and (fm)v = Z/l.SZl- 18

RESULTS AND DISCUSSION

Near Resound, the Copenhagen experimental
data set provided observational data for the data
used from.?®2° Sulphur hexafluoride (SFe) trace
concentrations and meteorological measurements
were released without buoyancy from a tower at a
height of 115 m in the Copenhagen experiment and
then collected at locations up to three crosswinds
of the detector sampling units, 2-6 km from the
point of release. For a total sampling time of one
hour, three consecutive concentrations were
measured over 20 minutes. With a 0.6 m
roughness.
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Table 1

Compares the concentration per emission rate under unstable conditions and downwind distance, according to research'®
Run no. Stability Downwind Distance(m) Concentration /Q (107 s/m®)

Observed Reference (16) Predicted
1 A 1900 105 5.34 6.67
1 A 3700 214 2.17 2.03
2 B 2100 9.85 7.67 6.85
2 c 4200 2.83 2.93 224
3 A 1900 16.33 13.74 15.33
3 D 3700 7.95 5.95 5.14
3 E 5400 3.76 3.72 6.67
5 c 4000 15.71 1751 16.59
5 A 2100 12.11 20.94 14.73
5 D 4200 7.24 11.49 4.23
6 B 6100 4.75 7.52 3.44
6 A 2000 7.44 8.02 5.22
6 A 4200 3.37 3.24 4.44
7 A 5900 174 2.07 2.62
7 A 2000 9.48 5.55 5.15
7 B 4100 2.62 2.03 341
8 c 5300 115 1.44 2.56
8 A 1900 9.76 8.43 7.66
8 A 3600 2.64 4.06 3.55
9 A 5300 0.98 2.59 2.04
9 B 2100 8.52 6.86 4.52
9 C 4200 2.66 2.55 2.33
9 A 6000 1.98 153 0.98

Table 2

The Copenhagen experiment's boundary layer height was described

Run no. 1 2 3 4 5 6 7 8 9
Zi [m] 1980 1920 1120 390 820 1850 810 2090 1890
Table 3
Shows the convective velocity (w [m/s]) for various runs
Run no. 1 2 3 4 5 6 7 8 9

1 1.17 2.04 1.21 1.32 0.93 1.92 1.93 1.99 1.35

2 2.33 1.85 1.10 1.45 1.10 1.34 1.86 2.27 1.63

3 1.35 2.02 1.40 1.29 0.90 1.22 2.37 2.35 1.77

4 1.22 2.11 1.18 1.37 0.82 1.66 2.15 2.32 1.43

5 1.81 2.15 1.09 1.15 1.05 145 1.57 2.42 131

6 1.67 1.89 1.37 1.10 1.02 2.34 2.67 2.07 1.47

7 1.98 2.39 1.29 0.89 1.02 1.11 2.37 2.49 151

8 2.18 2.26 1.48 0.85 0.89 1.03 2.62 2.35 1.63

9 1.56 2.25 0.92 0.77 0.76 0.88 2.87 2.24 1.74

10 2.29 1.69 1.38 0.77 0.76 0.79 2.15 231 1.59

11 1.88 2.28 1.18 0.77 0.76 0.74 1.45 2.54 1.82

12 2.00 1.54 1.37 0.77 0.60 0.65 2.08 2.57 2.03
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Fig. 2 — Shows the comparison of the observed and predicted concentrations.
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Fig. 3 — Shows the comparison between concentrations and downwind distance.

The relationship between the observed,
expected, and reference concentrations is explained
in (Table 1) and we discovered that the predicted
results are near to observed concentrations and
better than the reference. In (Table 2), boundary
layer height values (m) are shown. The convective
velocity (w [m/s]) for various runs is shown in
(Table 3).

One finds the predicted concentrations are
within a factor of two of the observed
concentrations from previous work as shown in Fig
2. While Fig 3 shows the comparison between
concentration per emission rate and downwind
distance, the dotted line represents the reference,
the dashed line represents the predicted, and the
straight line represents the observed.
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Model Evaluation Statistics

Use the following statistical techniques to

Fraction Bias (FB) =

describe the agreement between expected and
observed concentrations to assess the model's
correctness these measures define: 2
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Factor of Two (FAC2)=0.5<--<2.0

The factor of Two (FAC2) =0.5<Cp/Cy <
2.0, where opand o, are the standard deviations of
predicted (Cp= Cpred/Q) and observed
(Co = Cons/Q) concentrations, respectively.
Overbear indicates the average value. The perfect
model must have the following characteristics: the
normalized mean square error = the fraction bias
= 0, and the correlation coefficient = the factor of

two = 1.0.
Table 4

Shows a statistical evaluation of the predicted model against
the Copenhagen experiment

Models NMSE FB COR FAC2
Predicted 0.2 025 0.95 0.88
Reference (17) 0.3 021  0.97 0.78

According to (Table 4) analysis, our results
employing the statistical method's NMSE equals
0.2 and FB equals 0.25, while theirs equals 0.3 and
FB equals 0.21 when compared to old Reference

The COR was estimated and the Reference
study to range between 0.95 to 0.97. By a factor of
two, the data and observed data agree. Statistics
indicate that there is good agreement between the
concentrations reported by Reference (17) and
expectations.

CONCLUSIONS

The proposed concentrations model was
compared to observed data from air diffusion
investigations for hexafluoride (SF6) conducted in
the northern area of Copenhagen, Denmark, and
earlier work for the Gaussian puff model by
Reference (17). The anticipated concentrations and
previous study Reference (17) were found to be
within a factor of two of each other, suggesting

CB

that the predicted data is congruent with the
observed concentrations data.

The statistical data demonstrate a fair
agreement between the expected and observed
concentrations at the Copenhagen Experimental
under unstable settings. In contrast to the results of
the earlier work, where the NMSE was equal to 0.3
and FB to 0.21, we discovered that the data we
acquired using the statistical method have an
NMSE of 0.2 and an FB of 0.25. The anticipated
COR is 0.95, compared to a prior calculation by
Reference (17) that put the COR at 0.97. The
observed concentration data was 88% of what was
expected, compared to 78% in the earlier studies.
The expected data so agree with the concentration
data that have been seen. The Copenhagen
experiment was conducted under unsteady
conditions, and statistical data demonstrate good
agreement between predicted and observed
concentrations when compared to earlier work by
Reference (17).

List of Abbreviations

NMSE — the normalized mean square error
FB — The fraction bias

COR - the correlation coefficient

FAC?2 — the factor of two
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