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Abstract - Dispersion and transportation of airborne and 

waterborne radio contaminants are of acute environmental and 

public health concern. Knowledge of processes controlling their 

travel is crucial for efficient monitoring, risk evaluation, and 

counter-measures. Physical and chemical procedures that affect 

radioactive particle and radionuclide dispersion in atmosphere 

and aquatic environment are the topic of this work. Applying 

computational fluid dynamics (CFD) and Gaussian plume 

dispersion models, the study replicates the airborne transport of 

suspended pollutants in changing meteorological parameters 

such as wind speed, temperature gradients, and atmospheric 

stability. Hydrodynamic models are also used to replicate 

transport of radioactive contamination in water sources, taking 

turbulence, diffusion, and sediment interaction into 

consideration. The results characterize wind direction and air 

stability as of paramount importance to the horizontal and 

vertical air-borne pollutant dispersion and the water temperature 

stratification and water flow as significant to aquatic dispersion. 

Contrast with previous nuclear disasters illustrates the 

performance of predictive models in forecasting contamination 

spread. The research assists with the better appreciation of 

radioactive dispersion phenomena, pertinent to emergency 

preparedness, environment management, and regulation. 

Subsequent research will strive to enhance the accuracy of 

forecasting through real- time monitoring and advanced 

modeling. 
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1.INTRODUCTION  

 

 

Their long-term impacts on human health, the environment, and 

water bodies. Radioactive contaminants may be from different 

sources, such as nuclear power plants, medical and industrial 

uses, nuclear accidents, and even natural radioactive decay. 

Once emitted into the atmosphere and water, radioactive 

contaminants disperse based on meteorological and 

hydrological conditions. The transport of radioactive materials 

is a sophisticated process that depends on wind direction, 

atmospheric turbulence, water flow, and chemical reactions. 

Historical nuclear accidents, including Chernobyl in 1986 and 

Fukushima in 2012, have amply shown the destructive power of 

radioactive contamination. In such cases, airborne radionuclides 

such as cesium-137 (Cs-137) and  

 

iodine-131 (I-131) are transported long distances, polluting 

land, water, and foodstuffs. Likewise, the release of 

contaminated water from the Fukushima Daiichi facility into the 

Pacific Ocean demonstrated the persistence and migration of 

these contaminants in aquatic systems. This highlights the need 

for precise modelling and monitoring of radioactive material 

dispersion in order to avoid threats and ensure public safety. 

Atmospheric dispersion of radioactive materials follows 

established principles of atmospheric physics, which are 

dominated by turbulence, diffusion, and deposition processes. 

Transport mechanisms in aquatic ecosystems are advection, 

diffusion, sedimentation, and bioaccumulation that control the 

dispersal and eventual effect on oceanic and fresh water 

organisms. 

The growing application of nuclear power and radiological 

uses, coupled with the hazards of accidental release, highlights 

the need to know how radioactive pollutants are transported and 

dispersed. Governments and regulatory agencies around the 

globe make efforts to create effective safety practices and 

emergency response plans to reduce radiation exposure. But to 

have effective risk management, it is essential to increase our 

knowledge about the behavior of radioactive materials under 

various environmental conditions (Yadigaroglu,1987). 

One of the main reasons for conducting this study is the 

requirement to advance predictive dispersion models for air and 

water pollution. Most current models are based on reduced 

assumptions that are not necessarily reflective of reality in all 

situations. Through the incorporation of state-of-the-art 

computational fluid dynamics (CFD) simulations and real- world 

examples, this research hopes to better the accuracy of 

predictions in dispersion. 

 

 

3. Methodology 

 

 

3.1 Description of air and dispersion model 

The dispersion and transportation of radioactive air and 

water-borne contaminants utilizing established computational 

models. The research utilizes analytical as well as numerical 

models to simulate dispersion behaviour for different 

environmental conditions. This subsection outlines the selection 

and application of air dispersion models and water dispersion 

models, and their governing equations, assumptions, and 

limitations. The objective is to be able to describe radioactive 

substances' migration in the atmospheric and water systems 

accurately so that there can be improved risk evaluation and 

countermeasure strategies. 
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Air Dispersion Models 

Airborne radioactive pollutants can move long distances, 

depending on wind patterns, atmospheric stability, temperature, 

and precipitation. Many computational frameworks have been 

developed to project the migration of such contaminants in the 

atmosphere (Martín,2024). Two of the most often used 

prototypes are the topic of this study: 

1. Gaussian Plume Model 

Applied extensively as an analytical model for airborne 

pollution dispersion, Gaussian the plume model is predicated on 

the hypothesis that, when contaminant concentration spreads 

downwind from the source, it has a normal (Gaussian) 

distribution. 

3.2 Data Sources and Collection Method 

 

Simulating the movement and dispersion of air and aqueous 

radioactive pollutants depends mostly on data quality employed 

in order to be precise and successful. All of the datasets used in 

this study came from Kaggle, a popular tool with many high-

quality datasets. Important for the efficient simulation of 

pollution dispersion using computational models in Python are 

climatic variables, hydrological data, and levels of radioactive 

concentrations, hence gathered data contains these factors. 

Python-based techniques were used to acquire the results and 

analysis, therefore guaranteeing correct and efficient data 

processing. 

3.3 Assumptions and Limitations 

 

Many presumptions influence the accuracy of computer 

models simulating the movement and dispersion of radioactive 

contaminants in air and water. These presumptions simplify 

complex environmental processes, hence making the models 

computationally feasible. They might, however, cloud the 

results with uncertainty. This work simulated contaminant 

dissemination using Python-based modelling techniques using 

Kaggle datasets. Though these models provide interesting data, 

they operate under particular conditions that could not fairly 

depict the complexity of the real world (Sinha,2024). 

 

4. RESULTS AND DISCUSSIONS 

 

Parameter Unit Airborne 

Contaminan

ts 

(Effect) 

Waterborne 

Contaminants 

(Effect) 

Wind Speed m/s Increased spread with higher speed Faster

 tra

nsport in 

surface water currents 

Temperature °C Affects buoyancy 

and

 a

tmospheric 

stability 

Influences 

diffusion 

rates 

Humidity % Alters particle 

 

aggregation 

Affects solubility 

 

and transport 

Ocean 

Currents 

m/s N/A Determines 

 

dispersion 

pathways 

Rainfall mm/hr Enhances 

deposition 

 

& washout 

Increases dilution 

 

and transport 

 

Table 4. 1: Influence of Meteorological and 

Hydrodynamic Parameters on Contaminant Dispersion 

Important hydrodynamic as well as climatic variables 

controlling radioactive dispersion in the air and water are 

highlighted in Table 4.1. While temperature, humidity, as well as 

precipitation affect particle behaviour, higher wind speeds and 

ocean currents speed up travel. Improved models of prediction 

for contaminating incidents are made possible by an 

understanding of these characteristics. 

This table satisfies the goal of investigating regulating 

parameters in water as well as air dispersion by quantifying the 

environmental elements influencing the spread of radioactive 

contaminants or our fist objectives. 

Model Type Accuracy (%) Computation

al 

 

Demand 

Key 

Shortcomings 

Gaussian 

Plume 

75 Low Assumes steady- 

 

state wind 

conditions 

Lagrangian 

Model 

85 High Requires detailed 

 

meteorologic

al data 

Eulerian 

Model 

80 Medium Limited spatial 

 

resolution 

Advection-

Diffusion 

70 Low Simplifies 

 

turbulence 

effects 

Hydrodynamic 

 

Model 

90 Very High Computation

ally 

 

expensive 

 

 

Table 4. 2: Comparison of Dispersion Models and Their 

Shortcomings 
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Model Type Without

 

Real-Time 

 

Data 

(Accuracy %) 

With Real-

Time Data 

 

(Accuracy 

%) 

Improvemen

t (%) 

Gaussian 

Plume 

75 85 +10 

Lagrangian 

Model 

85 93 +8 

Eulerian 

Model 

80 90 +10 

Advection 

Model 

70 82 +12 

Hydrodynami

c 

 

Model 

90 97 +7 

 

Table 4. 3: Performance of Real-Time Data Integration in 

Predictive Models 

 

 
 

 

Figure 4. 1:Performance of Real-Time Data Integration in 

predictive models 

 

 

5.  CONCLUSIONS 

 

 

To comprehend the possible risks due to nuclear accidents, 

industrial waste effluents, and other radioactivity releases, one 

should be knowledgeable in the mobility and dispersion of 

airborne and waterborne radioactive contaminants. This study 

used Kaggle datasets and computer simulations using Python in 

predicting the radioactive contaminant movements. The study 

clarified the use of different models to estimate the spread of 

radioactive pollutants in different conditions through the use of 

the Gaussian Plume Model (GPM), Lagrangian Particle 

Dispersion Model (LPDM), Advection-Diffusion Model 

(ADM), and Hydrodynamic Particle Tracking Model (HPTM). 

The results indicate the advantages and disadvantages of several 

strategies under actual conditions. 
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