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1. Introduction 
 

Nuclear power plants are complex systems that follow the highest safety standards. Its construction, 

operation and decommissioning is done following protocols that guarantee the safety, prevention and 

mitigation of accidents. The purpose is to ensure a safe operation, the safety of the public and the 

environment. 

 

In history around the world three major nuclear accidents can be mentioned: the Three Mile Island accident, 

which occurred on March 28, 1979, the Chernobyl accident, on April 26, 1986, and the most recent, the 

Fukushima Daiichi accident, on March 11, 2011. Each of these accidents brought lessons and revisions in 

the concepts, standards and safety Nuclear Power Plants procedures. Moreover, they showed the 

importance in the development of atmospheric dispersion models. In order to estimate the source term, and 

consequently the estimation of the release rate to the atmosphere to support decision making in case of a 

radiological emergency. 

 

This paper presents a methodology based on Particle Swarm (PSO) algorithm [1] and Gaussian plume 

dispersion calculation [2] to estimate the particulate contaminants rate emitted by multiple sources, whose 

values are unknown using only the identified values by receivers distributed around the sources. Here, the 

PSO was used to optimize (find) the release particulate contaminants values released from 4 broadcasting 

sources, in order to obtain a solution for the sources emission rate values for a given concentrations data set 

measured in 9 receptors. 

 

The results found with Particle Swarm Optimization Dispersion Model (PSODM) were effective in solving 

the problem approached and demonstrate that the proposed methodology is a promising tool in problems of 

this nature, in the nuclear area. 
 

2. Methodology 
 

Given a nuclear accident with the radionuclides/particulates release into the atmosphere, we want to 

estimate the radionuclide rates release from each of these sources based on data obtained by receivers 

(detectors) located around the sources. Knowing the positions and sources emission rates, and having the 

atmospheric conditions well defined, it is possible to calculate the concentrations in receivers, according 

to their positions on the ground [3, 4, 5]. 

 

To solve this problem, a model was developed using the PSO algorithm coupled with the Gaussian plume 

dispersion model, called here the Particle Swarm Optimization Dispersion Model (PSODM) [6]. Applying 

PSODM to the studied problem, each PSO particle is a solution for the particulates emission rate into the 

atmosphere released by the four sources (S1, S2, S3 and S4). The output is the solution that the best 
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represents the emission rates of these four sources, that is, it is the solution with the best fitness, which is 

given by the smallest error between the values measured in the real receivers (VR) and the values measured 

in the calculated receivers (VC) [6]. The Eq. 1 represents the PSO fitness and calculates the mean squared 

error between the actual data measured and those estimated by the PSO. 
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(1) 

 

To evaluate the fitness function, the values of the velocity and position vectors are calculated at each 

iteration. The value of the new velocity is obtained by Eq. (2), where the iteration t+1 is given by the 

vector vij
t+1

. The new position of the particle is obtained by Eq. (3), which presents xij
t+1

 as the position 

vector in iteration t+1. 

 
vij

t+1 = wvij
t + c1r1

t(pbestij
 - xij

t) + c2r2
t(gbestj-xij

t) (2) 

xij
t+1 = xij

t + vij
t+1 (3) 

The Fig. 1 presents the PSODM flowchart, developed based on the standard PSO flowchart, that presents 
two steps. The first step is given by the PSODM initialization performing the particle loop, where the 
random particles (p) of the velocity (vij) and position (xij) vectors are initiated. Then, the forward2 
program (plume dispersion) [2] is applied to calculate the concentrations of the four sources in the nine 
receivers at ground level. Afterwards, the fitness function is evaluated using the mean squared error. If 
fitness (p) is less than fitness (pbest) then pbest is replaced by particle p. In the second step, the loop takes 
place up to the maximum of the iterations evaluating if fitness (pbest) is less than fitness (gbest), then gbest 
is replaced by pbest. Thus updating the particle's velocity and position. When reaching the maximum 
number of pre-defined iterations, the PSODM stops running providing the best value found for gbest, 
which is the best result found for the problem. 
 

 
Figure 1:  PSODM flowchart [6]. 
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The PSO is applied to Eq. 4 [3], which estimates the particulate emission rate using the values obtained in 

the receivers around the sources. The Eq. 4 is a derivation of the Gaussian plume solution, which takes into 

account the deposition and sedimentation velocities in the soil. Using the linear least squares method the 

expected results for the emission concentrations rates of the four sources are found. 
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where,  𝑤𝑜 = 𝑤𝑑𝑒𝑝 − (0.5)𝑤𝑠𝑒𝑡 e 𝑒𝑟𝑓𝑐(𝑥) = 1 − 𝑒𝑟𝑓(𝑥) is a complementary error function. 

 

 

PSODM program solves the atmospheric dispersion problem directly, using Eq. (4); Calculates the 

concentration value of particulates emitted by four sources at ground level in mg/m³. Given set of nine 

receptors located at ground level; Sums the particulate concentrations from each source at ground level as 

input data using Eq. (5); Find the concentration at each receptor considering A * dt * wdep to obtain a total 

mass deposition in mg over the time interval dt by Eq. (6). 

 

glc =glc + ermak (xmesh-source.x (i), ymesh-source.y (i), 0,0, source.z (i), source.Q 
(i), Uwind, Wdep, Wset) (5) 

dep = dep + (A * dt * Wdep)*ermak( recept.x-source.x(i), recept.y-source.y(i), 
recept.z, source.z(i), source.Q(i), Uwind, Wdep, Wset ) (6) 

 

 

3. Results and Discussion 

 

The PSODM model was developed using python. Different sensitivity tests of PSO parameters such as 

inertia weight w, number of particles (population), number of iterations and values of constants c1 and c2 

were performed. The seed for each algorithm round was made randomly using python's random function. 

 

Table I presents the best results found with the PSODM, for values of w equal to 0.2, with the population 

varying between 60 and 200, c1 equal to 1.6, c2 equal to 2.4, and iterations equal to 1000. Five tests were 

performed with different seeds for each parameter presented in the Table I. It is observed that the PSODM 

presents better fitness results using a population value equal to or greater than 60, and number of iterations 

in 1000. 
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Table I: PSODM results [6]. 

 

 Results Obtained – Mean Values 

p Fitness  Source - S1 Source - S2 Source - S3 Source - S4 

60 6,7382086744091E-20 34,99999993 79,99999999 4,99999992 4,99999933 

80 6,7382086744091E-20 34,99999993 79,99999999 4,99999992 4,99999933 

100 6,7382086744091E-20 34,99999993 79,99999999 4,99999992 4,99999933 

150 6,7382086744091E-20 34,99999993 79,99999999 4,99999992 4,99999933 

200 6,7382086744091E-20 34,99999993 79,99999999 4,99999992 4,99999933 

        Note: values of sources S1, S2, S3 e S4 em kg/s. 

 

4. Conclusions 

 

This article presents an optimization model called PSODM, based on the particle swarm algorithm (PSO), 

and Gaussian plume model in order to determine the rates of particulates into the atmosphere by multiple 

contaminant sources, after a release accident using the concentration values collected by receivers 

distributed around these sources. The good results found with the PSODM show that the developed model is 

a good tool to determine the release rate of sources, through measurements using devices that detect the 

presence of radionuclides in the atmosphere. 
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