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Abstract 

Genetic algorithm methods are a global optimization approach based on the idea of natural 

selection. They evaluate a numerous of values corresponding to different sets of variables of the 

objective function, while other optimization methods consider only the present value of the 

function to be optimized.      

The primary goal of this study is to optimize the values of the inputs to Gaussian equation that 

give less emphasis to distributions of radioactive pollutants and therefore have less 

environmental impact. It was a test of inputs such as wind speed, atmospheric dispersion 

coefficients and mixing layer height with all types of atmospheric stability in cases of released 

from stack and ground level. It was the representation of each group unit of climate data which 

was selected with crossover and mutation probability. 

The results showed that the supposed higher velocities (5-10 m/s) with unstable air give 

minimum concentration of radioactive contaminants. Also for air dispersion coefficients the high 

values taken from  the International Atomic Energy Agency guide give lower values for the 

concentration of pollutants in the atmosphere with unstable and higher wind speed. Finally the 

results prove that genetic algorithm system (GA) is a suitable method with high efficiency to 

resolve complex problems, which have many variables. It finds out optimum values of the 

weather conditions that give minimum radioactive impact to take a decision in any weather 

conditions, the minimum pollution can be expected. 

Keywords: Genetic algorithm, Gaussian equation, Wind speed and radioactivity concentration. 
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1. Introduction 

 
Optimization has been an important goal in the field of applied mathematics and computer 

science. Genetic algorithms represent one branch of the field of study called evolutionary 

computation [1], in which solving for the fittest solutions mimic the biological processes of 

natural choice and reproduction. Like in evolution, many of genetic algorithms processes are 

random. This optimization technique allows one to set the level of randomization and control. 

These algorithms are far more influential and efficient than random search and comprehensive 

search algorithms [4], so far require no additional information about the given problem. This 

aspect allows them to determine solutions to problems that other optimization methods cannot 

hold due to a lack of derivatives, linearity, continuity or other features [2-5]. 

 

The atmospheric conditions, besides rough terrain topography and emission intensity, determine 

the distribution of air pollution impacts for a particular area. While an unstable atmosphere 

disperses pollutants and thus causes a wider impact area, a stable atmosphere can cause 

pollutants to be transported further downwind in a long, narrow impact area. Here we varied 

meteorological data in the chosen intervals that result in highest pollution. The input 

meteorological parameters used by Gaussian dispersion models are the wind speed, diffusion 

parameters, release rate and the mixing height. Radioactivity concentration category is then 

calculated from input data [5&6]. 

 

A Genetic algorithm offers an alternative to traditional search algorithms. It is a global 

optimization algorithm stimulated by the well known biological processes of evolution and 

genetics. A grouping of genetics and evolution is analogous to numerical optimization in that 

they both try to find a good result within constraints on the variables. Chromosome is the input to 

an objective function and the output of the objective function is recognized as fitness. Each 

chromosome consists of individual variables or genes. A cluster of chromosomes is known as a 

population [7].   

 

A GA implemented in Matlab [8] is presented in this work. Matlab is used for the next reasons: it 

provides many built in auxiliary functions helpful for function optimization; and it is efficient for 

numerical computations.  

 

In this study the minimum (min) and maximum (max) value for radioactivity concentration are 

calculated using GA for three cases: 

1- Release elevated 50 m 

2- Release elevated 100m 

3- Near ground level    

Radioactivity concentrations are calculated for three assignments of Pasquill stability classes; 

very unstable, neutral and stable. 
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2. Methodology 

 

2.1  Gaussian pollution dispersion model 
 

The most recurrently used approach to regulatory air quality modeling has been the Gaussian 

plume diffusion formulation. This approach stems from the fact that the well-known normal, or 

Gaussian, distribution function provides a fundamental solution to the classic Fickian diffusion 

equation. In the Gaussian plume model, the crosswind plume concentration distributions are 

taken to be Gaussian in form. This has been partially substantiated through field experiments for 

typical meteorological conditions. In the strict sense, Gaussian diffusion is valid only for long 

diffusion time and for homogeneous, stationary conditions. However, this type of model has 

been found to give useful results for many practical applications [9-11]. 

 

 

2.2  Genetic Algorithm 

 
GA (Genetic Algorithm) consists of three operators: Reproduction, Mutation and Cross over. 

Reproduction is the process in which the genetic information of an accessible individual string is 

derivative into the new population according to its fitness. The cross over operation by means of 

genetic recombination creates two new individuals from two existing ones after reproduction. 

The mutation operator plays a key role in GA, since it allows the creation of a new individual 

from an existing one by arbitrarily one or more characters in a randomly chosen individual [12]. 

 

Genetic Algorithm optimization tool is used. It is relatively tool in producing close to optimal 

solutions. It is derivative free method and can be applied to complicated objective functions with 

multiple local maxima [13-16]. Because of the varying terrain height and varying wind speeds, 

even for the stationary pollution emissions multiple maxima of the surface pollution occur. 

Therefore the genetic algorithm technique is well suited for this problem. Each individual set of 

meteorological data is represented by chromosome with different gene lengths and 1-bit string 

encoding wind speed, mixing height and diffusion parameters respectively. The search intervals 

for the three given variables of the input data are given by their minimum and maximum values. 

 

 

2.2.1 Genetic Algorithm Implementation Using Matlab 
 

One of the highest programming languages used nowadays is Matlab (Matrix Laboratory) which 

is a product of MathWorks. It is a scientific software package designed to give numeric 

computation. Matlab is originally written by Dr Cleve Moler, Chief scientist at MathWorks. The 

first version of Matlab was written in the late 1970s and it is used in courses such as linear 

algebra, numerical analysis and matrix theory. Matlab is implemented upon a basis of 

complicated matrix software [17]. 
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Coding and debugging problems such as Genetic Algorithm using Matlab in the form of m-files 

require less time than coding them in C or Fortran languages due to the flexibility of Matlab. 

Matlab’s flexibility appears when using it in higher data analysis, visualization tools and special 

purpose application domain toolboxes. 

 

The Genetic Algorithm Toolbox uses Matlab matrix functions to construct a set of methods 

written in m-files, which include the most important functions in genetic algorithms [18]. The 

Matlab code used for this work is written in two m-files, the first m-file includes the objective 

function (Gaussian plume equation). The second m-file includes the genetic algorithm code used 

for optimizing the radioactivity concentration (C) and this m-file calls the first m-file which 

includes the objective function. This Matlab code is executed with the three cases (including the 

three stability classes) found in the following section.  
 

3. Results and Discussions 

 
3.1 Release Elevated 50 m (Case 1) 

 

The Gaussian plume algorithm has the advantages of inherent simplicity, ease of use, flexibility 

and short computation time. For a steady-state Gaussian plume, the hourly concentration C at 

downwind distance x (m) from the source and crosswind distance y is given by eq. (1): 

  

         
 

         
  

   

   
    

       

   
   

       

   
                          

 

C(x,y,z) : radioactivity concentration (Bq/m
3
) at point (x,y,z) 

z: height above ground 

A: release rate (Bq/s) 

u: mean wind speed(m/s) 

x, y : diffusion parameters (m) which is a function of downwind distance x, and atmospheric 

stability 

H: effective release height (m) 

  : horizontal plume dispersion parameter (m)  

  : vertical plume dispersion parameter (m) 

Input meteorological data for computer code is created using genetic algorithm for every 

individual to imitate sharing and dispersion of pollutants across the given terrain. The observed 

radiation data were retrieved from IAEA Safety Series No. 50-SG-S3 in following limits where 

min and max pollution occurs: wind speed 0.5-10m/s, effective release height 50 m,  diffusion 

parameter       38-1000 and     19-1000 in unstable class,     22-730 and     17-1000 in 

neutral class and     29-500 and     7-220 in stable class. For given limits final detailed 

search with refined intervals gave min. and max. values. The optimization is achieved with 100 

generations. The objective function (fitness), which is either maximized or minimized by the 

(1) 
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genetic algorithm optimization procedure is the radioactivity concentrations at any of given 

receptors for all possible variations of meteorological data in given intervals.  

 

 

 

Figure1: Radioactivity concentration (C) against wind speed (u) for the three stability class. 

 

  

            (a) Horizontal plume dispersion (  )                     (b) Vertical plume dispersion (  )                             

 

Figure 2: Radioactivity concentration (C) against dispersion parameters. 

 

 

Figure 1 gives the optimization values for radioactivity concentration (C) against wind speed (u) 

for unstable, neutral and stable cases. The results show that the minimum (min.) radioactivity 

concentration (C) in the three stability cases corresponding to the maximum (max.) wind 

speed(u). The max. (C) corresponding  to min. (u). 
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 Figure 2 shows the radioactivity concentration against (a) horizontal plume dispertion (  ) and 

(b) vertical plume dispersion (  ). The results show that the min. (C) corresponding to the max. (  ) & 

(  ) , the max. (C) corresponding to the min. (  ) & (  ) in the three stability classes in case of elevated 

50m.    
 

 

3.2 Release Elevated 100 m (Case 2) 

 

In this case every individual in the genetic algorithm produce input meteorological data for 

computer code for the imitation of sharing and dispersion of pollutants across the given terrain. 

The observed radiation data were retrieved from IAEA Safety Series No. 50-SG-S3 in the 

following limits where min and max pollution occurs: wind speed 0.5-10 m/s, effective release 

height 100 m, diffusion parameter     22-1000 and     20-1000 in unstable class,     17-

900 and     14-400 in neutral class and     30-505 and     7-280 in stable class. The 

objective function (fitness), which is either maximized or minimized by the genetic algorithm 

optimization procedure is the radioactivity concentrations at any of given receptors for all 

possible variations of meteorological data in given intervals. The optimization was achieved with 

60 generations. 

 

Stability Class Cmin (Bq/m
3
) 

Variables 

u (m/s)    (m)    (m) 

Unstable 3.1786x10
-6 

9.9571 999.8817 998.4108 

Neutral 8.8628x10
-6 

9.9996 899.9972 399.9843 

Stable 2.142x10
-5 

9.9982 504.994 279.9997 

 
 

Table 1: Minimum radioactivity concentration (Cmin) value using GA and corresponding values for u and 

  in the three stability classes. 

 

Stability Class Cmax (Bq/m
3
) 

Variables 

u (m/s)    (m)    (m) 

Unstable 0.0134
 

0.5 25 35.0092 

Neutral 0.0517
 

0.5 25.8139 14 

Stable 0.0836
 

0.5 30 7 

 

Table 2: Maximum radioactivity concentration (Cmax) value using GA and corresponding values for u and 

  in the three stability classes. 
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Table 1 gives a summary to the min. (c) and the corresponding values of (u),           in the three 

stability. The results show that the min. (c) corresponding approximately to the max. (u)        

    in the three stability class, except in stable case the min. (c) corresponding to min.     

Table 2 summarize the max. (c) and its corresponding values of (u) and             The results show  

that the max. (c) corresponding to the min.(u) in the three class and they are within the allowed  

interval values of dispertion parameters. 

3.3 Near Ground Level (Case 3) 

 
If only concentrations at ground level are required then we can simplify the equation by setting H=0. 

This gives equation 2. 

 

 

 

         
 

         
  

   

   
 
   

   

   
 
  

   

   
 
  

 

 

The objective functional (fitness) equation 2, which is either maximized or minimized by the 

genetic algorithm optimization procedure, is the radioactivity concentrations for all possible 

variations of meteorological data in given intervals.  

 

 

Stability Class 
Input Variables 

   (m)    (m) 

Unstable 40-1000 7-1000 

Neutral 30-680 7.2-540 

Stable 18-360 9-200 

 

Table 3: Genetic algorithm input variables for case release near ground. 

 

Tables 3 represent the input variables to genetic algorithm program in case release near ground for the 

three stability classes: unstable, neutral and stable. Where the interval of (u) is 0.5-10 m/s.   
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Fig.3: Radioactivity concentration (C) against wind speed (u) for the three stability class. 

 

 

Stability Class Cmin (Bq/m
3
) 

Variables 

   (m)    (m) 

Unstable 8.7989x10
-23 

979.2192 988.1105 

Neutral 1.3298x10
-21 

667.5109 7.2 

Stable 4.6214x10
-15 

359.9973 90 

 

 

Table 4: Minimum radioactivity concentration (Cmin) value using GA and corresponding values for u and 

  in the three stability classes. 

Stability Class Cmax (Bq/m
3
) 

Variables 

   (m)    (m) 

Unstable 0.012
 

40.1435 64.9819 

Neutral 0.0137
 

30.0364 66.6334 

Stable 0.0144
 

25 64.9997 

 

Table 5: Maximum radioactivity concentration (Cmax) value using GA and corresponding values for u and 

  in the three stability classes. 

 

The results illustrated in figure 3 shows the min. and max. values for radioactivity concentration 

(C) against (u). Tables 4&5 summarizes the optimal value for (C) with the corresponding values 

of (  ) & (  ) for the three stability class. The results are within the allowed interval values of 

dispersion parameters recorded in table 3.   
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4. Conclusion 

A new methodology for optimizing the source term release rate characteristics of a continuous 

release is presented. It uses numerical Gaussian plume models and machine learning 

optimization.  GA is applied to Gaussian plume models for three cases: release elevated 50 m, 

release elevated 100 m and near ground level. In each case, three classes have been studied 

which are unstable, neutral and stable. GA gives the optimized value of the radioactivity 

concentration and its corresponding values for wind speed and dispersion parameters for each 

class in the three cases.  

Appling GA demonstrates that the supposed higher velocities (5-10 m/s) with unstable air give 

minimum concentration of radioactive contaminants. Also, for air dispersion coefficients the 

high values taken from the International Atomic Energy Agency guide give lower values for the 

concentration of pollutants in the atmosphere with unstable and higher wind speed. Finally the 

results prove that the proposed genetic algorithm model is capable to give the optimum values of 

pollution. 
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